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PREFACE

This report is the second report to be published on the results of

model tests on the Georgetown Harbor comprehensive model conducted for
the U. S. Army Engineer District, Charleston. Report 1 covers the veri-
fication phase of the model investigation.

The studies were conducted in the Hydraulics Laboratory of the
U. S. Army Engineer Waterways Experiment Station (WES) from January
1976 to March 1977 under the general supervision of Messrs. H. B.
Simmons, Chief of the Hydraulics Laboratory; F. A. Herrmann, Jr.,
: Assistant Chief of the Hydraulics Laboratory; and R. A. Sager, Chief of
the Estuaries Division, and under the direct superﬁision of Messrs. R. A.
Boland, Jr., Chief of the Interior Channel Branch, and M. J. Trawle,
Project Engineer. Mr. A. J. Banchetti was senior techician for the
study, assisted by Mr. D. M. Marzette. This report was prepared by
Mr. Trawle with the assistance of Mr. Boland.

Directors of WES during the performance of this study and the pre-

paration and publication of this report were COL G. H. Hilt, CE, and
COL John L. Cannon, CE. Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con- :

! cubic feet per second

verted to metric (SI) units as follows: 1
Multiply By To Obtain 1

0.02831685 cubic metres per second

cubic yards 0.76455k49 cubic metres

feet 0.3048 metres

feet per second 0.3048 metres per second

inches 25.4 millimetres

miles (U. S. statute) 1.60934L kilometres

square feet 0.0929030k square metres

square miles (U. S. statute) 2.589988 square kilometres
3
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GEORGETOWN HARBOR, SOUTH CAROLINA

EFFECTS OF VARIOUS CHANNEL SCHEMES
ON TIDES, CURRENTS, AND SHOALING

Hydraulic Model Investigation

PART I: INTRODUCTION

The Problem

1. Georgetown Harbor is about 90 miles¥* northeast of Charleston,
South Carolina, and 120 miles southwest of Wilmington, North Carolina ’
(vicinity map, Figure 1). The harbor is about 18 miles from the Atlan- i
tic Ocean and is located at the mouth of the Sampit River near the head
of Winyah Bay (Plate 1).

2. Winyah Bay is an irregular-shaped tidal estuary extending about

16 miles from the ocean to the confluence of the Pee Dee and Waccamaw
Rivers near Georgetown, South Carolina. Bay width is about 0.75 mile at
the entrance between North and South Islands, 4.5 miles in the middle
section where it widens into a shallow expanse known as Mud Bay, and
1.25 miles in the upper section. Freshwater inflow to Winyah Bay, which
averages 13,000 cfs, includes flow from the Pee Dee, Waccamaw, Black,
and Sampit Rivers with a total drainage area of about 18,000 square miles.
Under most conditions, Winyah Bay is a partially mixed estuary in which
density currents are aisignificant factor with respect to shoaling.

3. The existing navigation project provides for a 27-ft-deep mean
low water (mlw) channel from the ocean to the turning basin in the
Sampit River, a distance of about 18 miles. The authorized channel is
600 ft wide across the outer bar and into Lower Winyah Bay, a distance
of about 6 miles, then 400 ft wide to the Georgetown Harbor turning
basin (Plate 1).

* A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 3.




4. The route of the Atlantic Intracoastal Waterway passes through
Winyah Bay, entering the bay from the north by way of the Waccamaw River
and then southward through the Western Channel and the Esterville-Minion
Creek Canal.

5. The original navigation project to Georgetown, authorized in
1882, provided for a 15-ft-deep channel aligned, as shown in Figure 2,
generally the same as the existing channel. Annual maintenance dredging
for the 15-ft project averaged about 200,000 cu yd. 1In 1913, a deepened
channel of 18-ft depth, realigned along the western shore as shown in
Figure 2, was constructed. Annual maintenance dredging for the 18-ft
project averaged about 400,000 cu yd. In 1939 the 18-ft channel was
realigned as shown in Figure 2 to the existing alignment (Eastern
Channel). Annual maintenance dredging from 1938 to 1946 for the 18-ft
prcject averaged about 280,000 cu yd. Generally, the channel was poorly

maintained during this period, resulting in the small dredging volumes.
Deepening of the channel from 18 ft to °7 ft was initiated in 1947 and
completed in 1951. Annual maintenance dredging from 1947 to 197L4 for
the 27-ft project averaged about 1,460,000 cu yd. The average includes
periods when the project was maintained at less than project depth or
width. Annual maintenance dredging from 1972 to 1976 for the 27-ft
project, not including entrance (jetty) dredging, averaged about
2,300,000 cu yd.

6. Since the need for a channel deeper than 27 ft has increased .
in recent years, one purpose of this model study was to determine the
effects on the hydraulic, salinity, and shoaling characteristics of a

deepening from 27 to 35 ft of the main navigation channel to Georgetown

Harbor.

T. Because of the additional costs imposed on dredging activity by
environmental considerations in recent years, maintenance dredging costs
for the existing Georgetown Harbor project have become increasingly
burdensome. Another purpose of this model study was to determine
whether present maintenance dredging costs could be reduced by proposed
schemes involving channel revisions, sediment traps, or freshwater

inflow diversion.
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GEORGETOWN
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ATLANTIC

NAVIGATION CHANNEL ALIGNMENT

----- PRIOR TO 1913
— = — 1913 TO 1938
1938 TO 1977

Figure 2. History of Georgetown Harbor Channel alignment




The Model

8. The model was ol the fixed-bed type, molded in concrete to
conform to 1972 prototype conditions, and was constructed to linear
scale ratios, model-to-prototype, of 1:800 horizontally and 1:80 verti-
cally. Other pertinent scale ratios, which were derived from the linear
scale ratios using the Froudian scaling law, were velocity, 1:8.9k;
time, 1:89.4k4; discharge, 1:572,432; volume, 1:51,200,000; and slope
10:1. The salinity scale ratio for the study was 1:1. One prototype
semidiurnal tidal cycle of 12 hr and 25 min was reproduced in the model
in 8.33 min. The model was about 240 ft long, 130 ft wide at its widest
point, and covered an area of about 17,000 sq ft, reproducing approxi-
mately 388 square miles. The area reproduced in the meodel is shown in
Plate 1 and included that portion of the South Carolina coast from
Debidue Island at a point about 8 miles north of North Inlet to a point
on South Island about 5 miles south of the Winyah Bay entrance; the
portion of the Atlantic Ocean adjacent to the above-mentioned coastal
area and extending seaward about 9 miles; all of Winyah Bay including
Mud Bay; North Inlet and marshes between Winyah Bay and North Inlet;
the Sampit River to 12 miles above the bay; the Pee Dee River and adja-
cent marshes to 26 miles above the bay; the Black River and adjacent
marshes to 9 miles above the bay; and the Waccamaw River and adjacent
marshes to 30 miles above the bay. The topographical features of the
model were reproduced to scale to the +10 ft mean sea level {(msl) con-
tour. A general view of the model viewed from the ocean toward George-
town Harbor is shown in Figure 3.

9. Model appurtenances and hydraulic, salinity, and shoaling veri-

fication of the model are discussed in Report 1 of this series.
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PART II: WESTERN CHANNEL AND TURNING BASIN STUDY

Description of Tests

10. The Western Channel and Turning Basin scheme was designed to
provide a reduction in the overall maintenance dredging requirements for
the Georgetown Harbor project, while at the same time providing a deeper
channel. The basic scheme consisted of deepening the lower portion of
the Georgetown Harbor Channel from -27 ft mlw to -35 ft mlw and realign-
ing and shortening the deep-draft channel so that it traversed the Lower
Western Channel rather than the Eastern Channel and terminated in a turn-
ing basin located in the vicinity of the intersection of the Atlantic
Intracoastal Waterway and the Western Channel (Plate 2). A shallow-
draft -13 ft mlw barge channel would then continue above the turning
basin through the Upper Western Channel and meet the existing alignment
in Upper Winyah Bay. The existing Fastern Channel would be abandcned
and allowed to shoal to natural depths. The depth of the shallow-draft
channel in the Upper Western Channel (-13 ft mlw) would be less than the
natural channel depth in that area, so no maintenance dredging should be
required along the Upper Western Channel. After jeining the existing
alignment above the Western Channel, the shallow-draft channel would
continue through Upper Winyah Bay and Sampit River along the existing
alignment. A transfer facility would be provided at the Western Channel
Turning Basin so that cargo could be transferred from deep-draft vessels
to barges and vice versa. The present annual maintenance dredging re-
quirement for Georgetown Harbor Channel, not including the entrance bar
dredging, is about 2.3 cu yd, based on 1972-1976 dredging volumes. Im-
plementation of this scheme should result in a significant reduction in
the annual maintenance dredging requirements. It should be noted that
all shoaling tests results include only the Winyah Bay Channel and
Georgetown Harbor portions of the navigation project and not the en-
trance channel adjacent to the ocean jetties. The bay and harbor shoals
consist mainly of cohesive sediments (clay-silt), whereas the entrance

bar is primarily noncohesive sediment (sand). The original model

10
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verification described in Report 1 of this series included only the bay
and harbor shoaling distribution. To conduct entrance shoaling tests
would first require verification of the entrance channel shoaling
distribution.

11. The Western Channel and Turning Basin study involved testing
of Plans 1, 1A, and 2-6. Plan 1 consisted of a 35-ft-deep and 300-ft-
wide channel and turning basin located in the Western Channel, as shown
in Plate 2. The existing channel below the junction of the Western
Channel and existing channel was 35 ft deep by L00 ft wide and above the
Jjunction was 27 ft deep by LOO ft wide. Plan 1 represented the condi-
tion that would exist immediately after construction of the Western
Channel and Turning Basin scheme, i.e., the portion of the Georgetown
Harbor Channel upstream of the Western Channel would be near its current
project depth, as would the abandoned Eastern Channel. Plan 1A, shown
in Plate 2, was identical with Plan 1 except that the abandoned Eastern
Channel was set at 13 ft deep to represent a shoaled condition that would
develop naturally in the future and the Upper Winyah Bay and Sampit
River Channels were reduced in depth to represent the -13 ft mlw depth
barge channel. The purpose of Plans 2-6 was to investigate the possi-
bilities of further reducing the maintenance dredging requirements by
modifying the basic scheme represented by Plan 1A. Plan 2, elements of
which are shown in Plate 3, was identical with Plan 1A, except that the
Western Channel and Turning Basin were overdepth-dredged to L4L5-ft depth
rather than dredged to project depth of 35 ft. Plan 3, elements of
which are shown in Plate 4, was identical with Plan 1A, except that the
lower end of the Western Channel was realigned slightly to result in a
less abrupt angle at the Jjunction with the existing channel and that a
side channel sediment trap (35 ft deep by 600 ft wide by 8,000 ft long)
was attached to the Western Channel. Plan U4, elements of which are
shown in Plate 5, was identical with Plan 1A, except that an impermeable
barrier (such as a lock and dam structure) was included above the turn-
ing basin. Plan 5, elements of which are shown in Plate 6, was identical
with Plan 1A, except that the Western Channel was realigned slightly as
in Plan 3 and a sediment trap (35 ft deep by 1,600 ft wide by 5,600 ft

il
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long) was added below the junction. Plan 6, elements of which are shown
E- in Plate 7, was identical with Plan 1A, except that an impermeable dike
‘ parallel to the Western Channel was constructed from the downstream tip
of Western Channel Island to just above the channel junction.

12. For the collection of hydraulic and salinity data, Plan 1 was

tested for a mean tide condition (3.88-ft range at Yawkies Dock) and
total freshwater inflows of 5,000, 12,000, 35,000, and 60,000 cfs; and

E i Plan 1A was tested for the same mean tide condition and total freshwater
inflows of 12,000, 35,000, and 60,000 cfs. Plans 2-6 were not subjected

to hydraulic or salinity testing. For collection of shoaling distribu-

tion data, all Western Channel plans (Plans 1-6) were tested for a
5.28-ft tide range and a step hydrograph of 5,000-25,000 cfs. The
shoaling test procedure is described in paragraph 15, and the model

shoaling verification is described in Report 1 of this series.

Description of Test Data and Results

Hydraulic and salinity tests
13. Data obtained to evaluate the effects of Plans 1 and 1A con-

sisted of measurements of tidal elevations, current velocities, and
salinities at numerous locations throughout the model (Plate 1) for
existing and both plan conditions. Tidal elevations were measured at
the Yawkies Dock, Jones Creek, South Island Road, Skinners Dock, Paper-
mill Dock, 0ld Highway 17 Bridge, Sandy Island, Hasty Point, Wacca Wache,
and Topsaw Landing (Plate 1). The elevations of high and low tides
measured at each gage for existing conditions (base test) and Plans 1
and 1A are presented in Table 1. Current velocities were measured at
1-hr intervals over a complete tidal cycle at surface, middepth, and
bottom at 11 stations in the existing Georgetown Harbor Channel, five
stations along the Western Channel, and one station each at the mouths
of the Waccamaw and Pee Dee Rivers (Plate 1). Maximum flood and ebb
measurements observed at each station for the base test and Plans 1 and
1A are presented in Tables 2-5. Salinities were measured at l-hr inter-

vals over a complete tidal cycle at surface and bottom depths at
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11 stations in the existing Georgetown Harbor Channel, 2 stations in the
Sampit River above Georgetown Harbor, 5 stations along the Western Chan-
nel, 4 stations in the Pee Dee River, and 3 stations in the Waccamaw
River (Plate 1). Maximum, minimum, and average salinities observed at
each station for the various tests are presented in Tables 6-9.

14, The current measurements at both surface and bottom depths in
the Georgetown Harbor Channel and the Western Channel were also analyzed
to determine what percentage of the total flow over a complete tidal
cycle was in a downstream direction at the locations of the various
velocity stations. Percentages so determined and found to be greater
than 50 indicate that flow was predominantly downstream at the point of
measurement, and conversely, percentages less than 50 indicate the pre-
dominant flow direction to be upstiream. The results of the predominance
computations for surface and vottom depths for Plans 1 and 1A are pre-
sented in Plates 8-13 as curves of flow predominance along the length
of the channel.

Shoaling tests

15. Tests to determine the probable annual dredging that would be
required to maintain the proposed Western Channel and Turning Basin were
made by injecting a mixture of 5 percent gilsonite, screened to pass a
No. 35 screen and be retained on a No. 60 screen, and 95 percent water
into the model through a 3/4-in. pipe suspended about 1.5 ft above the
water along the center line of the Georgetown Harbor Channel between
shoaling sections 1-27, then leaving the channel and continuing about
10 ft farther toward the Pee Dee River (Figure 4). After the model was
operated for a sufficient time to become stable with a total freshwater
inflow of 5,000 cfs, injection of shoal material was begun. Material
was injected during flood tide for six consecutive tidal cycles with the
freshwater inflow still at 5,000 cfs. After completion of gilsonite in-
Jection, the total freshwater inflow was increased to 25,000 cfs, and
model operation was continued for 21 additional cycles to allow the
currents ample time to disperse and deposit the material. Model opera-
tion was then stopped, the water in the model was pooled, and the mate-

rial deposited in each channel shoaling section was retrieved and

43




SECT 8 &

BAY INJECTION LINE

Figure 4. Location of gilsonite injection
line for shoaling tests

measured. The shoaling test results for the base test and each plan
are shown in Tables 10-15. Tests for the base and plans were conducted
in an identical manner to assure comparable results. The results of
the shoaling tests for Plans 1, 1A, and 2-6 are presented as shoaling
volumes in cubic centimetres (cc) for base and plans and as indexes so

that test results can be compared. A shoaling index for each particular

14
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area was determined by dividing the plan test volume by the base test
volume; therefore, an index greater than 1.00 indicates that a larger
volume of shoal material was deposited in an area during the test of
the plan than was deposited in the same area for a test of existing
conditions. An index less than 1.00 indicates that the plan would cause
a decrease in shoaling in the respective area.

16. The shoaling indices for the plans in Tables 10-15 provide a
good indication of the comparative shoaling rates of the plans if con-
structed in the prototype; however, the shoaling indices alone do not
permit an evaluation of the probable quantities of dredging that will
be required to maintain plan depths and dimensions. Where the prototype
shoaling rate is known, as in the Georgetown Harbor Channel, the plan
shoaling index, applied to the known prototype shoaling rate, provides
a fair approximation of the new shoaling rate to be expected, if that
particular plan is constructed. Since the shoaling characteristics in
the Western Channel are not known, the standard method of evaluation
described above is not applicable. It is believed that the best pos~
sible estimate of the quantities of maintenance dredging to be expected
for the Western Channel plens can be arrived at using the following

relationship:

WCM
ECM

WCP = x ECP
where

WCP = Western Channel prototype maintenance dredging requirement
in cubic yards per year for the plan being tested

WCM = Western Channel model gilsonite volume in cubic centimetres
for the plan being tested

ECM = Adjacent Eastern Channel (shoaling sections 8-18) model
gilsonite volume for the base condition (110 cc)

ECP = Adjacent Eastern Channel (model sections 8-18; see Figure 4)
prototype maintenance dredging requirement (283,000 cu yd/yr)
A similar procedure has been used in previous model studies, and it
appears to be the only way to obtain a reasonable comparison between

the effects of various plans.

15




Discussion of Results

Tides

17. As shown by the results in Table 1, Plan 1 had no major effect
on tidal elevations. Plan 1A, however, raised low-water elevations in
Winyah Bay and the lower portions of the Sampit, Pee Dee, and Waccamaw
Rivers by 0.2 to 0.8 ft. For the 12,000- and 35,000-cfs inflows,

Plan 1A caused the low-water elevations to be raised a maximum of 0.5 ft
at the Sampit River and 01d Highway 17 Bridge gages. For the 60,000-cfs
inflow, Plan 1A caused the low-water elevations to be raised a maximum
of 0.8 ft at the Sampit River gage. Since high-water elevations gener-
ally were unchanged, tidal ranges were decreased by approximately the
amount of increase in the low-water elevation. For all inflows, no
significant changes in tidal phasing were noted.

Velocities

18. For Plan 1 with the 5,000-cfs inflow (Table 2), maximum flood
velocities (average of surface, middepth, and bottom) were slightly
reduced at sta M3 and M12, slightly increased at sta WCO, and unchanged
at all other stations. Maximum ebb velocities (average of surface, mid-
depth, and bottom) were significantly reduced at sta WC2; slightly re-
duced at sta M5, M1l, M13, MlL4, WCl, and WC3; slightly increased at
sta Ml; and unchanged at all other stations.

19. For Plan 1 with the 12,000-cfs inflow (Table 3), maximum flood
velocities (average of surface, middepth, and bottom) were significantly
reduced at sta M3, slightly reduced at sta M12 and Mll, and unchanged at
all other stations. Maximum ebb velocities (average of surface, mid-
depth, and bottom) were significantly reduced at sta WC2; slightly re-
duced at sta M5, M13, and WCl; slightly increased at sta Ml; and un-
changed at all other stations.

20, For Plan 1 with the 35,000-cfs inflow (Table 4), maximum flood
velocities (average of surface, middepth, and bottom) were significantly
reduced at sta M3, slightly reduced at sta ML, and unchanged at all
other stations. Maximum ebb velocities (average of surface, middepth,

and bottom) were significantly reduced at sta M5 and WC2; slightly
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reduced at sta WCl, WC3, and W2; slightly increased at sta Ml; and un-
changed at all other stations.

21. For Plan 1 with the 60,000-cfs inflow (Table 5), maximum flood
velocities (average of surface, middepth, and bottom) were slightly re-
duced at sta M3, slightly increased at sta WCO, and unchanged at all
other stations. Maximum ebb velocities (average of surface, middepth,
and bottom) were significantly reduced at sta M5 and WC2; slightly re-
duced at sta Mll, WCl, and W2; slightly increased at sta M1l and M5; and
unchanged at all other stations.

22. For Plan 1A with the 12,000-cfs inflow (Table 7), maximum
flood velocities (average of surface, middepth, and bottom) were signifi-
cantly reduced at sta M3; slightly reduced at sta M1, M5, and M9;
slightly increased at sta WCO and WC3; and unchanged at all other sta-
tions. Maximum ebb velocities (average of surface, middepth, and bottom)
were significantly reduced at sta WC2 and W2; slightly reduced at sta M5;
slightly increased at sta Ml, M9, and M12; significantly increased at
sta Mll; and unchanged at all other stations.

23. For Plan 1A with the 35,000-cfs inflow (Table 8), maximum
flood velocities (average of surface, middepth, and bottom) were signifi-
cantly reduced at sta M3; slightly reduced at sta M1, M9, and Mll;
slightly increased at sta WCO; and unchanged at all other stations.
Maximum ebb velocities (average of surface, middepth, and bottom) were
significantly reduced at sta M5, WC2, and W2; slightly reduced at sta MT;
slightly increased at sta M1l, M12, WCO, and WCh; significantly increased
at sta M9; and unchanged at all other stations.

2k, For Plan 1A with the 60,000-cfs inflow (Table 9), maximum
flood velocities (average of surface, middepth, and bottom) were signifi-
cantly reduced at sta M9; slightly reduced at sta M1, M3, and MT;
slightly increased at sta WCO; and unchanged at all other stations.
Maximum ebb velocities (average of surface, middepth, and bottom) were
significantly reduced at sta M5 and W2; slightly reduced at sta MT, WC1l,
WC2, and WC3; slightly increased at sta M1l and WClW; and unchanged at

all other stations.
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Flow predominance

25. For existing conditions with the 12,000-cfs inflow, examina-~
tion of the surface predominance data presented in Plate 8 shows that
the surface flow in both the Georgetown Harbor Channel (sta M1-M15) and
Western Channel (sta WCO-WCh) was predominantly downstream at all sta-
tions. The bottom flow (Plate 9) in the Georgetown Harbor Channel was
predominantly downstream at sta M1, predominantly upstream at sta M3,
M9, M11l, M12, and M15, and about equally distributed at sta M5, M7, M13,
and M14; and the bottam flow in the Western Channel was predominantly
downstream at sta WCO, WC2, and WC3 and about equally distributed at
sta WC1l and WCh.

26. For existing conditions with the 35,000-cfs inflow, the sur-
face predominance data presented in Plate 10 show that the surface flow
in the Georgetown Harbor Channel was predominantly downstream at all
stations except sta M15, which was about equally distributed, and that
the surface flow in the Western Channel was predominantly downstream at
all stations. The bottom flow (Plate 11) in the Georgetown Harbor Chan-
nel was predominantly downstream at sta M5, M7, M13, and Mlk4; predomi-
nantly upstream at sta M9 and M1ll; and about equally distributed at
sta M1, M3, M12, and M15. The bottom flow in the Western Channel was
predominantly downstream at all stations.

27. For existing conditions with the 60,000-cfs inflow, the sur-
face predominance data presented in Plate 12 show that the surface flow
in the Georgetown Harbor Channel was predominantly downstream at all
stations except sta M15, which was equally distributed, and that the
surface flow in the Western Channel was predominantly downstream at all
stations. The bottom flow (Plate 13) in the Georgetown Harbor Channel
was predominantly downstreap at all stations except sta M15, which was
equally distributed, and the bottom flow in the Western Channel was
predominantly downstream at all stations.

28. For Plan 1 conditions with the 12,000-cfs inflow, no signifi-
cant changes from existing conditions in surface flow predominance are
noted in the Georgetown Harbor Channel or Western Channel, as evidenced

by Plate 9. Bottom flow predominance (Plate 9) was also essentially
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unchanged in the Georgetown Harbor Channel; however, in the Western
Channel, sta WCl changed from equally distributed to highly flood-
predominant flow, sta WC2 changed from ebb-predominant to highly flood-
predominant flow, and sta WCO, WC3, and WC4 remained unchanged. The
changes in bottom flow predominance at sta WCl and WC2 were caused by
the deepening of the Western Channel from natural depth of about -15 ft
mlw to -35 ft mlw. No large change in bottom flow predominance was
noted at sta WCO, possibly because of its proximity to sta M5, where

no significant change in bottom flow predominance was observed, and be-
cause the natural depth at sta WCO was relatively deep at about -25 ft
mlw.

29. For Plan 1 conditions with the 35,000-cfs inflow, no signifi-
cant changes from existing conditions in surface flow predominance
occurred in either channel (Plate 10). Bottom flow predominance
(Plate 11) was also essentially unchanged in the Georgetown Harbor
Channel; however, in the Western Channel, sta WCl changed from about
equally distributed to highly flood-predominant flow, sta WC2 changed
from ebb-predominant to highly flood-predominant flow, and sta WCO, WC3,
and WCL remained unchanged. Again, the changes in the bottom flow pre-
dominance at sta WCl and WC2 were caused by the deepening of the channel
from natural depths to -35 ft mlw.

30. For Plan 1 conditions with the 60,000-cfs inflow, no signifi-
cant changes from existing conditions in surface flow predominance oc-
curred in either channel (Plate 12). Bottom flow predominance (Plate 13)
was also essentially unchanged in the Georgetown Harbor Channel; however,
in the Western Channel, sta WCl changed from ebb-predominant to flood-
predominant flow, sta WC2 changed from ebb-predominant to about equally
distributed flow, and sta WCO, WC3, and WCL remained unchanged. Again
the changes in the bottom flow predominance at sta WC1l and WC2 were
caused by the deepening of the channel from natural depths to -35 ft
mlw.

31. For Plan 1A with the 12,000-cfs inflow, no significant changes
from existing conditions in surface flow predominance occurred in either

channel (Plate 8). Bottom flow predominance (Plate 9) in the Georgetown
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Harbor Channel was unchanged at sta M1, M3, M5, and MT7; changed from
highly flood-predominant to ebb-predominant flow at sta M9, Mll, and
M12; changed from about equally distributed to ebb-predominant flow at
sta M13 and Mllh; and changed from highly flood-predominant to about
equally distributed flow at sta M15. The changes in bottom predominance
in the Georgetown Harbor Channel were caused by raising the bottom depth
of the upper portion of the channel from -27 ft to -13 ft mlw. In the
Western Channel, bottom flow changes for Plan 1A were identical with
those that occurred for Plan 1.

32. For Plan 1A conditions with the 35,000-cfs inflow, no signifi-
cant changes from existing conditions in surface flow predominance were
noted in either channel (Plate 10). In the Georgetown Harbor Channel,
bottom flow predominance (Plate 11) was essentially unchanged at sta
M1, M3, M5, M7, Ml14, and M15; changed from flood-predominant to highly
ebb-predominant flow at sta M9; changed from about equally distributed
to highly ebb-predominant at sta M12; and changed from ebb-predominant
to highly ebb-predominant flow at sta M13. As for the 12,000-cfs in-
flow, the changes in bottom predominance in the Georgetown Harbor Chan-
nel were caused by raising the bottom depth of the upper portion of the
channel from -27 ft to -13 ft mlw. In the Western Channel, bottom flow
changes for Plan 1A were identical with those that occurred for Plan 1.

33. For Plan 1A with the 60,000-cfs inflow, no significant changes
from existing conditions in surface flow predominance were noted
(Plate 12). 1In the Georgetown Harbor Channel, bottom flow predominance
(Plate 13) was unchanged at sta M1, M3, M5, M7, M13, MlL, and M15; and
changed from ebb-predominant to highly ebb-predominant flow at sta M9,
M1l, and M12. As for the 12,000-cfs and 35,000-cfs inflows, the changes
in bottom predominance in the Georgetown Harbor Channel were caused by
raising the bottom depth of the upper portion of the channel from -27 ft
to =13 ft mlw. In the Western Channel, bottom flow changes were identi-
cal with those that occurred for Plan 1.

Salinity
34, For Plan 1 with the 5,000-cfs inflow (Table 6 and Plate 1k),

Georgetown Harbor Channel maximum surface and bottom salinities,
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compared with base conditions, were significantly decreased from sta M3

to 52 with maximum decreases on the surface at sta M9 and bottom at

sta M13 of 3.6 ppt and 2.8 ppt, respectively. Minimum surface salin-
ities in the Georgetown Harbor Channel appeared slightly decreased from
sta M5 to M13 and unchanged elsewhere; minimum bottom salinities ap-
peared unchanged overall. Average surface and average bottom salinities
in the Georgetown Harbor Channel (sta M1-S2) were decreased by 1.1 ppt
and 1.4 ppt, respectively. The tendency observed in both base and

Plan 1 conditions for minimum salinities to increase at sta M15, TB,

S1, and S2 compared with sta MlL results because sta M1h is located in
Upper Winyah Bay directly below the confluence of the Pee Dee and Wacca-
maw Rivers; while sta M15, TB, S1, and S2 are located in Georgetown Har-
bor, protected from the direct influence of the Pee Dee and Waccamaw
outflows. Consequently, since the Sampit River offers no significant
freshwater inflow to Georgetown Harbor, minimum salinities tend to be
higher than those in the vicinity at sta MiLk. Western Channel maximum
surface and bottom salinities were significantly decreased at all sta-
tions (WCO-WCL), with maximum surface and bottom decreases of 3.1 ppt

at sta WC2 and 3.8 ppt at sta WCh, respectively. Minimum surface salin-
ities in the Western Channel were essentially unchanged, but minimum
bottom salinities were significantly increased at sta WCO, WCl, and

WC2 (maximum increase of 7.0 ppt at WC2) and unchanged at sta WC3 and
WCL. Average surface salinities in the Western Channel were decreased
by 1.1 ppt, and average bottom salinities were essentially unchanged
since the decrease in maximums was balanced by the increase in minimums.
Waccamaw River maximum surface salinities were slightly decreased at

sta W2 and W5 and unchanged at W13 with a maximum decrease of 1.5 ppt

at sta W2. Waccamaw River maximum bottom salinities were slightly
decreased at all stations with a maximum decrease of 1.3 ppt at sta W2.
Waccamaw River minimum surface and bottom salinities were essentially
unchanged. Average surface salinities in the Waccamaw River were de-

creased by 0.3 ppt, and average bottom salinities were decreased by

0.5 ppt. Pee Dee River maximum surface and bottom salinities were

slightly decreased at sta PD2, PD6, and PD8 and unchanged at sta PD16




with maximum surface and bottom decreases at sta PD2 of 2.5 ppt and

1.8 ppt, respectively. Pee Dee River minimum surface salinities were
unchanged at sta PD2 and PD16 and slightly decreased at sta PD6 and PD8
with a maximum decrease of 0.8 ppt at sta PD6. Pee Dee River minimum
bottom salinities were decreased at sta PD2, PD6, and PD8, and unchanged
at PD16 with a maximum decrease of 0.8 ppt at sta PD6 and PD8. Average
surface salinities in the Pee Dee River were decreased by 0.6 ppt, and
average bottom salinities were decreased by 0.7 ppt.

35. For Plan 1 with the 12,000-cfs inflow (Table 7 and Plate 15),
Georgetown Harbor Channel maximum surface salinities were slightly de-
creased compared with base conditions at sta M5, M13, and M1l and un-
changed elsewhere; while maximum bottom salinities were significantly
decreased from sta M5 to S2 with a maximum decrease of 2.2 ppt at sta
M12. Minimum surface salinities in the Georgetown Harbor Channel were
slightly decreased from sta M5 to M12 and unchanged elsewhere; minimum
bottom salinities were unchanged overall. Average surface and average
bottom salinities in the Georgetown Harbor Channel were decreased by
0.5 ppt and 1.2 ppt, respectively. Western Channel maximum surface
salinities were unchanged overall; maximum bottom salinities were un-
changed at sta WCO and WC1l and significantly decreased at sta WC2, WC3,
and WC4 with a maximum decrease of 1.6 ppt at sta WCh. Minimum surface
salinities in the Western Channel were essentially unchanged, but mini-
mum bottom salinities were greatly increased at sta WCO, WC1l, and WC2
(maximum increase of 16.3 ppt at WC2) and unchanged at sta WC3 and WCL.
Average surface salinities in the Western Channel (sta WCO-WCL) were
unchanged, but average bottom salinities were increased by 2.7 ppt.
There was essentially no change in salinities in the Pee Dee and
Waccamaw Rivers.

36. For Plan 1 with the 35,000-cfs inflow (Table 8 and Plate 16),
Georgetown Harbor Channel maximum surface salinities were significantly
decreased from sta M5 to M13 (maximum decrease of L.0 ppt at sta Ml1l)
and unchanged elsewhere; while maximum bottom salinities were signifi-
cantly decreased from sta M5 to M1k (maximum decrease of 4.5 ppt at

sta M11l) and unchanged elsewhere. Minimum surface and bottom salinities
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in the Georgetown Harbor Channel were essentially unchanged, except for
reductions at the bottom of sta M1l and M3. Average surface salinities
in the salinity zone of Georgetown Harbor Channel (sta M1-M1L) were
decreased by 0.3 ppt, and average bottom salinities were decreased by
1.5 ppt. Western Channel maximum surface salinities were increased at
all stations except sta WCl, but maximum bottom salinities were signifi-
cantly decreased at all stations with a maximum decrease of 4.1 ppt at
sta WC3. Minimum surface salinities in the Western Channel were un-
changed, but minimum bottom salinities were significantly increased at
sta WCO, WC1l, and WC2 (maximum increase of 17.2 ppt at WC2) and un-
changed at sta WC3 and WCL. Average surface salinities in the Western
Channel were increased by 0.8 ppt, and average bottom salinities were
increased by 3.6 ppt.

37. For Plan 1 with the 60,000-cfs inflow (Table 9 and Plate 1T),
Georgetown Harbor Channel maximum surface salinities were significantly
increased at sta M1 and M3 (maximum increase of 3.6 ppt at sta M3), but
reduced at sta M5, M7, and M9; while maximum bottom salinities were
significantly decreased at all stations where salt was measured (sta Ml-
M12, with & maximum decrease of 2.5 ppt at sta M7. Minimum surface and
bottom salinities in the Georgetown Harbor Channel were essentially un-
changed. Average surface salinities in the salinity zone of Georgetown
Harbor Channel (sta M1-M12) were increased by 0.3 ppt, but average bot-
tom salinities were decreased by 0.9 ppt. Western Channel maximum sur-
face salinities were increased at sta WCO-WC2, but were unchanged at
sta WC3 and WCL; while minimum surface salinities were unchanged. Maxi-
mum bottom salinities were reduced at sta WCO, WCl, and WC3, but were
unchanged at sta WC2 and WCW; however, minimum bottom salinities were
significantly increased at sta WCO, WC1l, and WC2 (maximum increase of
9.8 ppt at sta WC2) and were unchanged at sta WC3 and WCL. Average
surface salinities in the Western Channel were increased by 0.5 ppt,
and average bottom salinities were increased by 3.9 ppt.

38. For Plan 1A with the 12,000-cfs inflow (Table 7 and Plate 15),
Georgetown Harbor Channel maximum surface salinities were significantly

decreased from sta M3 to S2 with a maximum decrease at sta M13 of
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4.5 ppt; and maximum bottom salinities were significantly decreased
from sta M7 to S2 with a maximum decrease at sta M15 of 11.3 ppt. Mini-
mum surface salinities in the Georgetown Harbor Channel were signifi-
cantly decreased from sta M3 to M1l and at sta S1 and S2 with a maximum
decrease at sta M9 of 3.4 ppt; and minimum bottom salinities were sig-
nificantly decreased from sta M1l to S2 with a maximum decrease at sta
M9 of 15.3 ppt. Average surface and average bottom salinities in the
Georgetown Harbor Channel were decreased by 1.9 ppt and 6.9 ppt, respec-
tively. Western Channel maximum surface salinities were generally un-
changed; but maximum bottom salinities were slightly increased at sta
WCO and slightly decreased at sta WC1-WCh. Minimum surface salinities
in the Western Channel were significantly decreased at all stations
with a maximum decrease of 3.1 ppt at WC2; minimum bottom salinities,
however, were greatly increased at sta WCO-WC2 (maximum increase of
13.5 ppt at sta WC2) and were significantly decreased at sta WC3 and
WCh with a maximum decrease at sta WC3 of 3.8 ppt. Average surface
salinities in the Western Channel were decreased by 1.6 ppt, but aver-
age bottom salinities were increased by 1.9 ppt. Maximum salinities in
the salinity zones of the Pee Dee (sta PD2 and PD5) and Waccamaw (sta
W2 and W5) Rivers were reduced by 1-5 ppt.

39. For Plan 1A with the 35,000-cfs inflow (Table 8 and Plate 16),
Georgetown Harbor Channel maximum surface salinities were significantly
decreased from sta M3-M13 with a maximum decrease of 5.3 ppt at sta M5;
and maximum bottom salinities were significantly decreased from sta MT
to MlL with a maximum decrease of 21.5 ppt at M1l. Minimum surface
salinities in the Georgetown Harbor Channel were significantly decreased
from sta M1 to M7 with a maximum decrease of 1.6 ppt at sta M3; and
minimum bottom salinities were significantly decreased from sta Ml to
M9 with a maximum decrease of 12.2 ppt at sta M7. Average surface
salinities in the salinity zone of Georgetown Harbor Channel (sta Ml-
M1k4) were decreased by 0.7 ppt, and average bottom salinities were de-
creased by 6.0 ppt. Western Channel maximum surface salinities were
reduced by 4.0 ppt at sta WCl, but were increased by about 4 ppt at

sta WC2 and WC3; maximum bottom salinities were slightly decreased at
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all stations (maximum decrease of 2.0 ppt at sta WCO). Minimum surface

salinities in the Western Channel were essentially unchanged, but mini-
mum bottom salinities were greatly increased at sta WCO, WCl, and WC2
(maximum increase of 16.3 ppt at WC2) and were unchanged at sta WC3 and
WClh. Average surface salinities in the Western Channel were essentially
unchanged, but average bottom salinities were increased by 2.0 ppt. The
upstream extent of saltwater intrusion was significantly reduced in the
main bay channel at both the surface and bottom depths (Plate 16).

40. TFor Plan 1A with the 60,000-cfs inflow (Table 9 and Plate 17),
Georgetown Harbor Channel maximum surface salinities were significantly
decreased at sta M1, M5, M7, and M9 (maximum decrease at M5 of 6.1 ppt)
and were unchanged at sta M3; while maximum bottom salinities were un-
changed at sta M1, M3, and M5 and greatly decreased at sta M7, M9, Mil,
and M12 with a maximum decrease at sta M9 of 21.8 ppt. Minimum surface
and bottom salinities in the Georgetown Harbor Channel were slightly
decreased at sta M1, but essentially unchanged at other stations where
salt was measured (sta M3 and M5). Average surface salinities in the
salinity zone of Georgetown Harbor Channel (sta M1-M9) were decreased
by 0.6 ppt, and average bottom salinities were decreased by 4.0 ppt.

In general, Western Channel maximum surface, maximum bottom, and mini-
mum surface salinities were essentially unchanged. Minimum bottom
salinities were significantly increased at sta WCO, WCl, and WC2 (maxi-
mum increase of 7.2 ppt at WC2) and were unchanged at sta WC3 and WCL.
Average surface salinities in the Western Channel were essentially un-
changed, but average bottom salinities were increased by 4.4 ppt. The
upstream extent of saltwater intrusion was slightly reduced in the main
bay channel at the surface and significantly reduced at the bottom
(Plate 17).

Shoaling

4i. Where the prototype shoaling rate is known, as in the George-
town Harbor Channel, the plan shoaling index, applied to the known pro-
totype shoaling rate, provides a feir approximation of the new shoaling
rate to be ~xpected, if that particular plan is constructed. Since the

shoaling characteristics in the Western Channel are not known, the
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standard method of evaluation described sabove is not applicable. The

method used in the Western Channel (paragraph 16) has been successful

on other studies, but the shoaling tests results are qualitative, not

quantitative. The volumes reported are only intended to be indicators
of relative rates and patterns for plans tested, and the accuracy with
which the model duplicated identical tests is +10 percent.

L2. The results of the shoaling tests for Plan 1 are presented in
Table 10. Channel section locations are shown in Plates 18 and 19. As
evidenced by indexes for the three reaches of the Georgetown Harbor
Channel (which are upstream of the proposed Western Channel), the shoal-
ing rate for the three reaches of the Georgetown Harbor Channel was
essentially unchanged by Plan 1 (index £ 0.96). The shoaling distribu-
tion among the three reaches was also unchanged.

43, As described in paragraph 16, the best possible estimate of
the quantities of maintenance dredging to be expected in the Western
Channel for Plan 1 can be arrived at in the following manner. The aver-
age annual shoaling for the Eastern Channel (model sections 8-18), which
lies adjacent to the proposed Western Channel, is about 283,000 cu yd.
The amount of material deposited (280 cc) in the Western Channel of
Plan 1 during model shoaling tests was about 255 percent of the amount
deposited (110 cc) in the Eastern Channel during the model base test
(Table 10). Application of this percentage (255) to the known annual
shoaling of the Eastern Channel (283,000 cu yd) would indicate the
probable shoaling rate for Plan 1 to be on the order of 720,000 cu yd.
Of the 280 cc (720,000 cu yd) of gilsonite deposited in the Western
Channel for Plan 1, 10 cc (about 30,000 cu yd) deposited in section WC1,
30 cc (about 80,000 cu yd) deposited in section WC2, 210 cc (about
530,000 cu yd) deposited in section WC3, and 30 cc (about 80,000 cu ya)
deposited in section WCl4 (Table 10).

L4, Based on the sbove results, annual Western Channel maintenance
dredging for Plan 1 (interim period during which the Upper Winyah Bay
and Sampit River Channels shoal from -27 ft mlw depth to -13 ft mlw
depth) would be 720,000 cu yd, with the greatest dredging requirement
occurring in section WC3 (530,000 cu yd).
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45. The results of the shoaling tests for Plan 1A are presented

in Table 10. Based on the indexes for the two reaches of the shallowed
Georgetown Harbor Channel (-13 ft mlw), shoaling would be greatly re-
duced in the Upper Winyah Bay and Sampit River (sections 19-27 and
28-44) to 12 percent and 13 percent of base conditions, respectively.
For the two reaches, the model results indicated an annual shoaling
rate of about 250,000 cu yd (1,730,000 cu yd less than at present).

46. The amount of material deposited (375 cc) in the Western
Channel of Plan 1A during model shoaling tests was about 341 percent
of the amount deposited (110 cc) in the Eastern Channel during the
model base test (Table 10). Application of this percentage to the
known annual shoaling of the Eastern Channel (283,000 cu vd) would
indicate the probable shoaling rate for Plan 1A to be on the order of
970,000 cu yd in the Western Channel. Of the 375 cc (970,000 cu yd) of
gilsonite deposited in the Western Channel for Plan 1A, 10 cc (about
30,000 cu yd) deposited in section WC1l, 35 cc (about 90,000 cu yd) de-
posited in section WC2, 300 cc (about 770,000 cu yd) deposited in sec-
tion WC3, and 30 cc (about 80,000 cu yd) deposited in section WCL
(Table 10).

L7. Based on the above results, annual Western Channel mainte-
nance dredging for Plan 1A would be about 970,000 cu yd, with the
greatest dredging requirement occurring in section WC3 (about 770,000
cu yd). The total annual dredging requirement in the Western Channel
and the Georgetown Harbor Channel upstream of the Western Channel would
be about 1,040,000 cu yd (46 percent) less than at present.

L8. The results of the shoaling tests for Plan 2 are presented in
Table 11. Based on the indexes for the two reaches of the shallowed
Georgetown Harbor Channel, shoaling would be greatly reduced in the
Upper Winyah Bay and Sampit River (sections 19-27 and 28-44) to 11 per-
cent and 10 percent of base conditions, respectively. For the two
reaches, the model results indicated an annual shoaling rate of about
200,000 cu yd (about 1,780,000 cu yd less than at present).

49, The amount of material deposited (765 cc) in the U5-ft-deep

Western Channel of Plan 2 during the model shoaling tests was about
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695 percent of the amount deposited (110 cc) in the Eastern Channel
during the model base test (Table 11). Application of this percentage
to the known annual shoaling of the Eastern Channel (283,000 cu yd)
would indicate the probable shoaling rate in the Western Channel for
Plan 2 to be on the order of 1,970,000 cu yd. Of the 765 cc (1,970,000
cu yd) of gilsonite deposited in the Western Channel for Plan 2, S cc
(about 10,000 cu yd) deposited in section WC1l, 50 cc (about 130,000

cu yd) deposited in section WC2, 570 cc (about 1,470,000 cu yd) depos-
ited in section WC3, and 140 cc (about 360,000 cu yd) deposited in sec-
tion WCh (Table 11).

50. Based on the above results, annual Western Channel mainte-
nance dredging for Plan 2 would be about 1,970,000 cu yd, with the
greatest dredging requirement occurring in section WC3 (1,470,000 cu yd).
The total annual dredging requirement in the Western Channel and the
Georgetown Harbor Channel upstream from the Western Channel would be
about 90,000 cu yd (4 percent) less than at present. Compared with
Plan 1A, the overdepth dredging in the Western Channel would increase
overall annual dredging requirements by about 950,000 cu yd (78 percent).

51. The results of the shoaling tests for Plan 3 are presented in
Table 11. Based on the indexes for the two reaches of the shallowed
Georgetown Harbor Channel, shoaling would be greatly reduced in the
Upper Winyah Bay and Sampit River (sections 19-27 and 28-L4k) to 14 per-
cent of base conditions. For the two reaches, the model results indi-
cated an annual shoaling rate of about 280,000 cu yd (about 1,700,000
cu yd less than at present).

52. The side channel trap caused significant changes in the ebb
flow pattern. Observation of the flow pattern during testing indicated
that much of the ebb flow through the abandoned Eastern Channel was
captured by the side channel trap and diverted through the Lower Western
Channel, resulting in extremely large volumes of shoaling material in
the Western Channel and the sediment trap. The amount of material de-
posited (795 cc) in the Western Channel of the Plan 3 during model shoal-
ing tests was about 723 percent of the amount deposited (110 cc) in the
Eastern Channel during the model base test (Table 11). Application of
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this percentage to the known annual shoaling of the Eastern Channel

(283,000 cu yd) would indicate the probable shoaling rate for the West-
ern Channel of Plan 3 to be on the order of 2,050,000 cu yd. Of the
795 cc (2,050,000 cu yd) of gilsonite deposited in the Western Channel
for Plan 3, 10 cc (about 30,000 cu yd) deposited in section WC1l, 300 cc
(about 770,000 cu yd) deposited in section WC2, L60 cc (about 1,190,000
cu yd) deposited in section WC3, and 25 cc (about 60,000 cu yd) depos-
ited in section WCh (Table 11). By use of the same analysis procedure
as for the Western Channel, the 800 cc deposited in the side channel
sediment trap would represent about 2,060,000 cu yd.

53. Based on the above results, annual Western Channel (including
side channel sediment trap) maintenance dredging for Plan 3 would be
about 4,110,000 cu yd, with the greatest dredging requirement occurring
in the side channel sediment trap (2,060,000 cu yd). The total annual
dredging requirement in the Western Channel (including the side channel
sediment trap) and the Georgetown Harbor Channel upstream from the
Western Channel would be about 2,130,000 cu yd (94 percent) more than
at present. Compared with Plan 1A, the side channel sediment trap would
increase overall annual dredging requirements by about 2,170,000 cu yd
(260 percent).

54, The results of the shoaling tests for Plan 4 are presented in
Table 12. Based on the indexes for the two reaches of the shallowed
Georgetown Harbor Channel, shoaling would be greatly reduced in the
Upper Winyah Bay and Sampit River (sections 19-27 and 28-LL) to 24 per-
cent and 23 percent of base conditions, respectively. For the two
reaches, the model results indicated an annual shoaling rate of about
730,000 cu yd (about 1,530,000 cu yd less than at present).

55. The amount of material deposited (355 cc) in the Western Chan-
nel of Plan 4 during model shoaling tests was about 323 percent of the
amount deposited (110 cc) in the Eastern Channel during the model base
test (Table 12). Application of this percentage tc the known annual
shoaling of the Eastern Channel (283,000 cu yd) would indicate the
probable shoaling rate for Plan 4 to be on the order of 910,000 cu yd.
Of the 355 cc (about 910,000 cu yd) of gilsonite deposited in the
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. Western Channel for Plan 4, 85 cc (about 220,000 cu yd) deposited in
section WC1l, 90 cc (about 230,000 cu yd) deposited in section WC2, |
135 cc (about 350,000 cu yd) deposited in section WC3, and 45 cc (about
110,000 cu yd) deposited in section WCh (Table 12).

56. Based on the above results, annual Western Channel mainte-
nance dredging for Plan 4 would be about 910,000 cu yd, with the great-
est dredging requirement occurring in section WC3 (about 350,000 cu yd).
The total annual dredging requirement in the Western Channel and the
Georgetown Harbor Channel upstream of the Western Channel would be about
890,000 cu yd (39 percent) less than at present. Compared with Plan 1A,
the Western Channel dam would increase overall annual dredging require- F
ments by about 150,000 cu yd (12 percent).

57. The results of the shoaling tests for Plan 5 are presented in
Table 12. Based on the indexes for the two reaches of the shallowed
Georgetown Harbor Channel, shoaling would be greatly reduced in the
Upper Winyah Bay and Sampit River (sections 19-27 and 28-LL4) to 13 per-
cent of base conditions. For the two reaches, the model results indi-
cated an annual shoaling rate of about 250,000 cu yd (about 1,730,000
cu yd less than at present). The sediment trap east of the Georgetown
Harbor Channel was quite ineffective. Assuming that the model-to-

A prototype shoaling conversion for the Eastern Channel reach also is
applicable to the sediment trap, the 40 cc deposited in the trap repre-
sents only 100,000 cu yd.

58. The amount of material deposited (610 cc) in the Western Chan-
nel of Plan 5 during model shoaling tests was about 555 percent of the
amount deposited (110 cc) in the Eastern Channel during the model base
test (Table 12). Application of this percentage to the known annual
shoaling of the Eastern Channel (283,000 cu yd) would indicate the
probable shoaling rate for Plan 5 to be on the order of 1,570,000 cu yd.
Of the 610 cc (about 1,570,000 cu yd) of gilsonite deposited in the
Western Channel for Plan 5, 15 cc (about 40,000 cu yd) deposited in
section WC1, 140 cc (about 360,000 cu yd) deposited in section WC2,

:' 440 cc (about 1,130,000 cu yd) deposited in section WC3, and 15 cc
(about 40,000 cu yd) deposited in section WCh (Table 12).
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59. Based on the above results, annual Western Channel maintenance
dredging for Plan 5 would be about 1,570,000 cu yd with the greatest
dredging requirement occurring in section WC3 (about 1,130,000 cu yd).
The total annual dredging requirement in the Western Channel and the
Georgetown Harbor Channel (including the sediment trap) would be about
340,000 cu yd (15 percent) less than at present. Compared with Plan 1A,
the sediment trap east of the Ceorgetown Harbor Channel would increase
annual dredging requirements by about 700,000 cu yd (57 percent).

60. The results of the shoaling tests for Plan 6 are presented in
Table 13. Based on the indexes for the two reaches of the shallowed
Georgetown Harbor Channel, shoaling would be greatly reduced in the
Upper Winyah Bay and Sampit River (sections 19-27 and 28-4L) to 18 per-
cent and 11 percent of base conditions, respectively. For the two
reaches, the model results indicated an annual shoaling rate of about
270,000 cu yd (about 1,710,000 cu yd less than at present).

61. The amount of material deposited (L0O5 cc) in the Western Chan-
nel of Plan 6 during model shoaling tests was about 368 percent of the
amount deposited (110 cc) in the Eastern Channel during the model base
test (Table 13). Application of this percentage to the known annual
shoaling of the Eastern Channel (283,000 cu yd) would indicate the
probable shoaling rate for Plan 6 to be on the order of 1,040,000 cu yd.
Of the 405 cc (1,040,000 cu yd) of gilsonite deposited in the Western
Channel for Plan 6, 85 cc (about 220,000 cu yd) deposited in section
WCl, 275 cc (about 700,000 cu yd) deposited in section WC2, 35 cc (about
90,000 cu yd) deposited in section WC3, and 10 cc (about 30,000 cu yd)
deposited in section WCL (Table 13).

62. Based on the above results, annual Western Channel maintenance
dredging for Plan 6 would be about 1,040,000 cu yd, with the greatest
dredging requirement occurring in section WC2 (about 700,000 cu yd).

The total annual dredging requirement in the Western Channel and the
Georgetown Harbor Channel upstream from the Western Channel would be
about 950,000 cu yd (L2 percent) less than at present. Compared with
Plan 1A, the impermeable dike between the Western Channel and the




Eastern Channel would increase overall annusl dredging requirements by

about 90,000 cu yd (7 percent).

Conclusions

63. Conclusions are as follows:

a.

|o

ie

Plan 1 did not significantly affect the tidal heights or
tidal phasing within the model area. Plan 1A raised low-
water elevations and reduced tidal range by 0.2 to 0.8 ft
in Winyah Bay and the lower portions of the Sampit, Pee
Dee, and Waccamaw Rivers.

Plan 1 caused a slight reduction in maximum ebb velocities
(average of surface, middepth, and bottom) at sta M1, M5,
M1l, M13, WCl, WC3, and W2 and a significant reduction in
maximum ebb velocities (average of surface, middepth, and
bottom) at sta WC2. Plan 1 caused a slight reduction in
maximum ebb velocities (average of surface, middepth, and
bottom) at sta M7, a significant reduction in maximum ebb
velocities (average of surface, middepth, and bottom) at
sta M5, WC2, and W2, and a slight increase in maximum ebb
velocities at sta M9, M1l, M12, and WCk. Plan 1A caused
a slight reduction in maximum flood velocities at sta M1,
M7, and M3; a significant reduction in maximum flood
velocities at sta M3; and a slight increase in maximum
flood velocities at sta WCO.

Plan 1 did not significantly affect either the surface or
bottom flow predominance in the Georgetown Harbor Channel
or the surface predominance in the Western Channel; how-
ever, bottom flow predominance in the proposed Western
Channel and Turning Basin was significantly affected,
changing from ebb-predominant to flood-predominant flow
at sta WC1 and WC2. Plan 1A did not significantly affect
the flow predominance in the Georgetown Harbor Channel,
other than increasing the percent flow downstream at the
bottom depth in the shallowed portion of the Georgetown
Harbor Channel; however, in the Western Channel, the bot-
tom flow predominance changes were essentially the same
as those for Plan 1.

Plan 1 caused a slight but significant decrease in salin-
ity within the region of saltwater intrusion (generally

on the order of 1-4 ppt). Thus the extent of saltwater
intrusion was reduced in the Georgetown Harbor Channel.
Evidently, the deepened lower end of the Georgetown Har-
bor Channel ceused an increase in the bay freshwater
storage and a corresponding decrease in salinity within
the bay. The only location that consistently indicated an
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increase in salinity (by an average of about 3 ppt) was
the bottom depth of the proposed Western Chanriel and Turn-
ing Basin. Thus the extent of saltwater intrusion was
increased in the Western Channel. Flan 1A caused a sig-
nificant decrease in salinity within the saltwater intru-
sion zone (generally 1-7 ppt). As in Plan 1, the only
location that consistently indicated an increase in salin-
ity was the bottom depth of the proposed Western Channel
(by an average of about 3 ppt).

The elements of Plans 1 and 1A were identical except that
the abandoned Eastern Channel (sections 8-18), the Upper
Winyah Bay Channel (sections 19-27), and the Sampit River
Channel (sections 28-4L) were -27 ft mlw deep for Plan 1
and -13 ft mlw deep for Plan 1A. Compared with Plan 1
(which assumed that no dredging would be performed in the
existing Upper Winyah Bay and Sampit River Channels while
these channels shoaled from -27 ft mlw depth toward -13 ft
mlw depth), Western Channel shoaling for Plan 1A was in-
creased significantly (about 35 percent) when the aban-
doned Eastern Channel, the Upper Winyah Bay Channel, and
the Sampit River Channel were shallowed from -27 ft to
=13 ft mlw to represent & shoaled condition. Overall
annual shoaling (Western Channel plus Georgetown Harbor
Channel) for Plan 1A was on the order of 45 percent less
than in the existing channel. During the period in which
the Georgetown Harbor Channel upstream from the Western
Channel is allowed to shoal from its present depth of

-27 ft to a depth of -13 ft mlw (Plan 1), the total annual
dredging requirement would be about 68 percent less than
for the existing channel.

Plans 2-6 were modifications of Plan 1A tested in an
attempt to decrease Western Channel shoaling and more
evenly distribute the shoaling along the channel length.
Plan 2 annual shoaling was T8 percent more than Plan 1A
shoaling with no improvement in shoaling distribution
along the Western Channel, and overall annual shoaling

for Plan 2 was L4 percent less than existing channel shoal-
ing. Plan 3 annual shoaling was 260 percent more than
Plan 1A shoaling (including a major maintenance dredging
requirement for the side channel trap), with no improve-
ment in distribution along the Western Channel, and over-
all annual shoaling (including the sediment trap) for

Plan 3 was 94 percent more than existing channel shoaling.
Plan 4 annual shoaling was only 12 percent more than

Plan 1A shoaling with a significantly improved distribu-
tion of material along the Western Channel, and overall
annual shoaling for Plan U was 39 percent less than exist-
ing channel shoaling. Plan 5 annual shoaling was 5T per-
cent more than Plan 1A shoaling with no improvement in
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distribution along the Western Channel, and overall
annual shoaling (including sediment trap) for Plan 5 was
15 percent less than existing channel shoaling. Plan 6
annual shoaling was 7 percent more than Plan 1A shoaling
with no significant change in shoaling distribution along
the Western Channel, and overall annual shoaling for

Plan 6 was about 42 percent less than existing channel
shoaling. Based on these results, the effects of Plans 2,
3, 5, and 6 on shoaling when compared with Plan 1A were
detrimental rather than beneficial and therefore cannot
be rocommended. The effects of Plan 4 on shoaling, when
compared to Plan 1A, were definitely beneficial because
of the much more even distribution of shoaling material
along the Western Channel. Although the annual shoaling
rate for Plan 4 is almost the same as that for Plan 1A,
the elimination of the extremely high shoaling rate in
one section (section WC3) should permit dredging to be
performed on a less frequent basis.
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PART III: MARSH ISLAND CHANNEL AND TURNING BASIN STUDY

Description of Tests

64. The Marsh Island Channel and Turning Basin scheme (Plate 20)
was designed to provide a reduction in the overall maintenance dredging
requirements for the Georgetown Harbor Channel project. The scheme con-
sisted of deepening the lower portion of the Georgetown Harbor Channel

| from -27 £t mlw to =35 ft mlw, terminating the deep-draft channel in a
turning basin adjacent to Marsh Island, and reducing the channel depth
upstream from the turning basin from -27 ft mlw to -13 ft mlw. A trans-
fer facility would be provided at the turning basin so that cargo could
be transferred from deep-draft vessel to barge and vice versa. The
present annual maintenance dredging requirement for Georgetown Harbor
(excluding the entrance channel) is about 2.3 million cu yd, based on
1972-1976 dredging volumes. Implementation of this scheme should re-

sult in a significant reduction in the annual maintenance dredging

requirements.
65. The Marsh Island Channel and Turning Basin study involved E
testing of Plan 7, which consisted of the Marsh Island Channel (shoaling

sections 1-11, see Plate 18) and turning basin constructed to -35 ft mlw,

as shown in Plate 20. The Marsh Island Channel had the same alignment

as the existing Georgetown Harbor Channel. The Georgetown Harbor Channel
above the turning basin was constructed to -13 ft mlw, as was the harbor
itself, to represent a shoaled condition (barge traffic only).

6. No hydraulic or salinity data were collected for the Marsh
Island and Turning Basin scheme. For shoaling distribution data, Plan 7
was tested for a 5.28-ft tide range at the Yawkies Dock gage and a step
hydrograph of 5,000-25,000 cfs (see Report 1 of this series for shoaling

distribution verification procedure).

Description of Test Data and Results

Shoaling test
67. The shoaling test procedure was identical with that used for
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the Western Channel and Turning Basin study described previously in para-

graphs 41 and 43. The shoaling test results for Plan 7 are shown in
Table 14. Tests of the base and Plan 7 were conducted in an identical
manner to assure comparable results. The results of the shoaling test
for Plan T are presented as shoaling volumes in cubic centimetres for
base and plan and as indexes so that test results can be compared. A
shoaling index for each particular area was determined by dividing the
plan test volume by the base test volume; therefore, an index greater
than 1.00 indicates that a larger volume of material deposited in an
area during the plan test than deposited in the same area for the base
test. An index less than 1.00 indicates that the plan would cause a
decrease in shoaling in the respective area. Indicated changes less
than +10 percent (indexes between 0.90 and 1.10) are generally con-
sidered insignificant.

68. While the results of the model shoaling tests are qualitative
rather than quantitative, it is believed that the test data are suffi-
ciently reliable to show the overall effects of the proposed plan on

shoaling throughout the study area.

Discussion of Results

69. As indicated in Table 1L, the test results show that the
overall annual channel shoaling (shallowed Georgetown Harbor Channel
plus Marsh Island Channel) was reduced by about 1,290,000 cu yd (67 per-
cent). Shoaling in the Marsh Island Channel and Turning Basin (sections
1-11), compared with existing conditions, increased from 66,000 to about
530,000 cu yd per year in shoaling volume, with a maximum shoaling rate

of about 260,000 cu yd per year occurring in section 9.

Conclusions

70. Since the overall annual shoaling rate was reduced to 43 per-
cent of the existing rate and no unacceptably high shoaling rates oc-
curred in any individual section, Plan 7 was an effective scheme for
reducing the maintenance dredging requirements for the Georgetown Harbor

project.

36




PART IV: UPPER WINYAH BAY SIDE CHANNEL TRAP STUDY

Description of Tests

Tl. The Upper Winyah Bay Side Channel Trap scheme, designed to
provide a reduction in the overall maintenance costs for the Georgetown
Harbor project, consisted of constructing a side channel sediment trap
adjacent to the upstream end of the Upper Winyah Bay Channel at the
entrance to Georgetown Harbor, thereby trapping the shoaling material
before it enters the harbor. The rationale behind this scheme is that
for the same volume of sediment, the dredging and disposal are more
expensive in the harbor itself than in the upper bay sediment trap. The
present annual maintenance dredcing requirement for the Georgetown Har-
bor project (excluding the entrance channel) is about 2.3 million cu yd
based on 1972-1976 dredging volumes. It was anticipated that implemen-
tation of this scheme probably would not result in any significant reduc-
tion in present annual maintenance dredging volumes, but might induce a
redistribution of shoaling material from the harbor to the sediment
trap with an attendant reduction in meintenance costs.

T2. The Upper Winyah Bay Side Channel Trap study included testing
of Plans 8 and 9. Plan 8 involved the construction of a side channel
trap (2,300 ft long by 600 ft wide by 27 ft deep) attached to the exist-
ing channel, as shown in Plate 21. In an effort to increase the effi-
ciency of the side channel trap, Plan S consisted of realigning the
existing channel and constructing a2 side channel trap (3,900 ft long by
600 ft wide by 27 ft deep), as shown in Plate 22.

T3. No hydraulic or salinity data were collected for the Upper
Winyah Bay Side Channel Trap scheme.

T4, For shoaling distribution data, both Plans 8 and 9 were tested
with a tide range of 5.28 ft at the Yawkies Dock gage and a step hydro-
graph of 5,000-25,000 cfs. (See Report 1 of this series for shoaling

distribution verification procedure.)
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Description of Test Data and Results

Shoaling tests

3 75. The shoaling test procedure was identical with that used for
the Western Channel and Turning Basin study described previously in para-
r graphs 41 and 43. The shoaling test results for Plans 8 and 9 are shown
| in Table 15. Tests of the base and Plans 8 and 9 were conducted in an

-‘ identical manner to assure comparable results. The results of the shoal-
ing tests for Plans 8 and 9 are presented as shoaling volumes in cubic
centimetres for base and plan and as indexes so that test results can

be compared. A shcaling index for each particular area was determined

by dividing the plan test volume by the base test volume; therefore,

an index greater than 1.00 indicates that a larger volume of material
deposited in an area during the plan test than deposited in the same

area for the base test. An index less than 1.00 indicates that the plan
would cause a decrease in shoaling in the respective area. Indicated
changes less than +10 percent (indexes between 0.90 and 1.10) are

generally considered insignificant.

76. While the results of the model shoaling tests are guazlitative
rather than quantitative, it is believed that the test data are suffi-
ciently reliable to show the overall effects of the proposed plan on

shoaling throughout the study area.

Discussion of Results

77. Following the argument presented in paragraph 16, the proto-
type shoaling rate for the sediment trap can be determined approximately
by applying the model-to-prototype shoaling ratio in Upper Winyah Bay
(sections 18-27) to the model shoaling rate in the sediment trap. As
indicated in Table 15, the test results show that the overall annual
channel shoaling rates (Georgetown Harbor Channel plus sediment trap)
for Plans 8 and 9 were increased by about 800,000 cu yd (35 percent)
and 1,010,000 cu yd (47 percent), respectively. Sampit River shoaling

for Plans 8 and 9 was reduced by 33 percent and 28 percent, respectively;
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Upper Winyah Bay shoaling for Plans 8 and 9 was increased by Sk percent
and 72 percent, respectively; and Eastern Channel shoaling for Plans 8
and 9 was increased by 27 rercent and 18 percent, respectively. The

annual shoaling rate inu the sediment trap was about 810,000 and 88C,000

cu yd for Plans 8 and 9, respectively.

Conclusions

78. Since the overall annual channel shoaling rate for Plans 8 and
9 was increased on the order of 800,000-900,000 cu yd over the present
shoaling rate and Georgetown Harbor (Sampit River) shoaling was reduced
only on the order of 350,000-450,000 cu yd, neither Plan 8 nor Plan 9
appears to be an effective solution to the existing maintenance dredg-
ing problem in the Georgetown Harbor project; however, an economic

analysis is required to confirm this conclusion.
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PART V: INFLOW DIVERSION STUDY

Description of Tests

79. The inflow diversion scheme was designed to provide a reduc-
tion in the overall maintenance dredging requirements for the existing
Georgetown Harbor project. The scheme consisted of constructing a dam
across the Pee Dee and Waccamaw Rivers and diverting all freshwater
inflow less than 30,000 cfs through a canal bypassing Winyah Bay to the
ocean. When inflows greater than 30,000 cfs occurred, 30,000 cfs would
be diverted to the ocean and the remainder of the inflow allowed to pass
over the dam into Winyah Bay. Based on inflow data for 1972, implemen-
tation of these schemes would result in a 90 percent reduction of fresh
water entering the bay. For the purpose of model testing, it was as-
sumed that upland sediment load into the bay would also be reduced by 90
percent. Unfortunately, insufficient data were available with which to
define the amount of suspended sediment load as a function of fresh-
water inflow; thus it cannot be determined whether the assumed reduc-
tion in sediment supply is high or low. The present annual maintenance
dredging requirement for the Georgetown Harbor Channel (excluding the
entrance channel) is about 2.3 million cu yd, based on 1972-1976 dredg-

ing volumes. Implementation of this scheme should result in a signifi-

cant reduction in annual maintenance
sediment load to Winyah Bay would be
80. The inflow diversion study

elements of which are shown in Plate

dredging requirements, since the
greatly reduced.

involved testing of Plan 10,

23. For hydraulic and salinity

data, Plan 10 was tested for a mean tide condition (3.88-ft range at

Yawkies Dock) and total freshwater inflows of 12,000, 35,000, and 60,000

cfs. During model testing, no fresh

water was actually diverted to the

ocean; the selected inflow was simply reduced by 30,000 cfs to simulate

the diversion. For example, the 12,000~cfs inflows were simulated by no

flow over the dam, the 35,000-cfs inflow was simulated by 5,000-cfs

flow over the dam, and the 60,000-cfs inflow was simulated by 30,000 cfs

over the dam. For shoaling distribution data, Plan 10 was tested first
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with a 5.28-ft tide range at Yawkies Dock and 0 cfs over the dam. A
second test was conducted with a 5.28-ft tide range at Yawkies Dock and
a step hydrograph of 5,000-25,000 cfs over the dam. For both tests, the
gilsonite injection procedure was the same as in previous testing,
except that the volume of gilsonite was reduced by 90 percent. To
determine the overall shoaling characteristics of Plan 10, the results
of the first and second tests were averaged. (See Report 1 of this

series for shoaling distribution verification procedure.)

Description of Test Data and Results

Hydraulic and salinity tests

8l. Data obtained to evaluate the effects of Plan 10 consisted of
measurements of tidal elevations, current velocities, and salinities at
numerous locations throughout the model. Tidal elevations were measured
at Yawkies Dock, Jones Creek, South Island Road, Skinners Dock, Paper-
mill Dock, and 0ld Highway 17 Bridge (see Plate 1). The elevations of
high and low tides measured at each gage for Plan 10 are presented in
Table 16. Current velocities were measured at l-hr intervals over a
complete tidal cycle at surface, middepth, and bottom at 11 stations in
the existing Georgetown Harbor Channel, 5 stations along the Western
Channel, and 1 station each at the mouths of the Waccamaw and Pee Dee
Rivers. These constituted all model velocity stations located down-
stream of the Plan 10 dam (see Plate 1). Maximum flood and ebb measure-
ments observed at each station for Plan 10 are presented in Tables 17-19.
Salinities were measured at l-hr intervals over a complete tidal cycle
at surface and bottom depths at 11 stations in the existing Georgetown
Harbor Channel, 2 stations in the Sampit River above Georgetown Harbor,
5 stations along the Western Channel, and 1 station each in the Pee Dee
and Waccamaw Rivers. These constituted all model salinity stations lo-
cated downstream of the Plan 10 dam (see Plate 1). Maximum, minimum,
and average salinities observed at each station are presented in Tables
20-22. Since the location and design of the proposed diversion canal

was not established at the time the model study was conducted, no
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testing was conducted in the area above the dam. Drastic reduction in
tidal amplitude, current velocities, and saltwater intrusion could be
expected to result in the tidal areas upstream of the proposed dam. If
and when the diversion plan is found to be economically justified by the
Charleston District, further model studies are recommended to determine
the effects of the dam and canal on the hydraulic and salinity condi-
tions in the areas above the dam and in the canal proper.

Shoaling tests

82. The shoaling test procedure was identical with that used for
the Western Channel and Turning Basin study in PART II, except that for
Plan 10 testing the amount of gilsonite injected into the model was
reduced to 10 percent of previous testing volume to simulate a 90 per-
cent reduction in sediment load caused by the inflow diversion. The
shoaling test results for Plan 10 are shown in Table 23. The results
of the shoaling test for Plan 10 are presented as shoaling volumes in
cubic centimetres for base and plan and as indexes so that test results
can be compared. A shoaling index for each particular area was deter-
mined by dividing the plan test volume by the base test volume; there-
fore, an index greater than 1.00 indicates that a large volume of ma-
terial deposited in an area during the plan test than deposited in the
same area for the base test. An index less than 1.00 indicates that the
plan would cause a decrease in shoaling in the respective aresa. Indi-
cated changes less than +10 percent (indexes between 0.90 and 1.10) are
generally considered insignificant.

83. While the results of the model shoaling tests are gqualitative
rather than quantitative, it is believed that the test data are suffi-
ciently reliable to show the overall effects of the proposed plan on

shoaling throughout the study area.

Discussion of Results

Tides
84. As shown by the results in Table 16, Plan 10 significantly
affected the water-surface elevations in Upper Winyah Bay and George-

town Harbor. For the 12,000-cfs inflow, Plan 10 caused the low-water
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elevations to be lowered a maximum of 0.6 ft at the Sampit River gage

(Papermill Dock) and the high-water elevations 4o be raised a maximum of
0.4 ft at the 01d Highway 17 Bridge gage; the tide range was increased a
maximum of 0.9 ft at the 014 Highway 17 Bridge gage. For the 35,000-cfs
inflow, Plan 10 caused the low-water elevations to be lowered a maximum
of 0.7 ft at the Sampit River gage and the high-water elevations to be
raised a maximum of 0.4 ft at the Skinners Dock gage; the tide range was
increased a maximum of 0.8 ft at the Sampit River and 0ld Highway 17
Bridge gages. For the 60,000-cfs inflow, Plan 10 caused the low-water
elevations to be lowered a maximum of 0.5 ft at the Sampit River and 0ld
Highway 17 Bridge gages, and the high-water elevations to be raised a
meximum of 0.3 ft at the Skinners Dock, Sampit River, and 0ld Highway 17
Bridge gages; the tide range was increased a maximum of 0.8 Tt at the
Sampit River and 0ld Highway 17 Bridge gages. For all inflows, signifi-
cant changes in tidal phasing were noted in the upper bay and harbor, as
evidenced by the tidal plots for the Skinners Dock, Sampit River, and
01d Highway 17 Bridge gages shown in Plate 24. The arrival times for
low water were earlier by about 3/L-1 hr than for the base test. High
water was earlier by about 1/2 hr at 0ld Highway 17 Bridge (essentially
at the dam), but was unchanged at the other gages.
Velocities

85. As shown by Tables 17-19, the overall effect of Plan 10 was a
significant decrease in the maximum flood and ebb velocities in Winyah
Bay for all inflows tested (12,000, 35,000, and 60,000 cfs). This was
to be expected because of the substantial reduction in tidal prism
caused by the dam. For the 12,000-cfs inflow (Table 17), maximum flood
velocities (average of surface, middepth, and bottom) were slightly
decreased from sta ML to M9, significantly decreased from sta Mll to
MLh, unchanged at sta M15 and TB, unchanged from sta WCO to WCh, and
significantly decreased at sta PD2 and W2; maximum ebb velocities (aver-
age of surface, middepth, and bottom) were unchanged at sta Ml and M3;
significantly decreased from sta M5 to MLY, unchanged at sta ML5 and TB,
slightly decreased at sta WCO and WCl, significantly decreased at sta
WC2 to WCh, and significantly decreased at sta PD2 and W2. For the
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35,000-cfs inflow (Table 18), maximum flood velocities (average of sur-
face, middepth, and bottom) were slightly decreased from sta ML to M9,
significantly decreased from sta Mll to MlL, unchanged at sta ML5 and
TB, unchanged from sta WCO to WCk, and significantly decreased at sta
PD2 and W2; maximum ebb velocities (average of surface, middepth, and

bottom) were unchanged at sta ML, slightly decreased at sta M3, signifi-

E cantly decreased from sta M5 to MlL, slightly increased at sta M15 and
TB, slightly decreased at sta WCO, significantly decreased at sta WC1
to WCh, and significantly decreased at sta PD2 and W2. For the 60,000~
cfs inflow (Table 19), maximum flood velocities (average of surface,
middepth, and bottom) were unchanged from sta Ml to Mll, slightly re-
duced from sta MI2 to MLL, unchanged at sta M5 and TB, slightly in-
creased from sta WCO to WC3, unchanged at sta WCh, and significantly

1 decreased at sta PD2 and W2; maximum ebb velocities (average of surface,
middepth, and bottom) were significantly decreased from sta ML to Mllk,
slightly increased at sta M15 and TB, significantly decreased from sta

WCO to WCh, and significantly decreased at sta PD2 and W2.

Flow predominance
86. For Plan 10 conditions with the 12,000-cfs inflow, the surface

flow predominance data presented in Plate 25 show that the surface flow
predominance in the Georgetown Harbor Channel changed from highly ebb-
predominant flow to equally distributed at sta M5 and M7 and changed
from highly ebb-predominant flow to flocod-predominant flow at sta M9 and
Mll. 1In the Western Channel the surface flow predominance changed from
highly ebb-predominant flow to equally distributed. In the Georgetown
Harbor Channel, bottom flow predominance (Plate 26) was changed from
equally distributed to flood-predominant flow at sta M13 and Ml4 and was
changed from highly flood-predominant flow to equally distributed at
sta ML5. In the Western Channel bottom flow predominance changed from
ebb-predominant flow to flood-predominant flow at sta WC2 and WC3 and
changed from equally distributed to flood-predominant flow at sta WCL.
87. For Plan 10 conditions with the 35,000-cfs inflow, the surface
flow predominance data presented in Plate 27 show that the surface flow

predominance in the Georgetown Harbor Channel changed from highly
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ebb-predominant flow to equally distributed at sta M5, M7, and M9. In

the Western Channel the surface flow predominance changed from highly
ebb-predominant flow to slightly ebb-preicminant flow at sta WCO, WCl,
WC2, and WC3 and equally distributed at sta WCL. In the Georgetown Har-
bor Channel, bottom flow predominance (Plate 28) was changed from ebb-
predominant flow to flood-predominant flow at sta MS, M7, M13, Mik, and
Mi5, changed from slightly flood-predominant flow to highly flood-
predominant flow at sta M9 and Mil. In the Western Channel bottom flow
predominance was changed from ebb-predominant to flood-predominant flow
at sta WC1-WCL and was changed from highly ebb-predominant flow to
equally distributed at sta WCO.

88. For Plan 10 conditions with the 60,000-cfs inflow, the sur-
face flow predominance data presented in Plate 29 show that the surface
flow predominance in the Georgetown Harbor Channel changed from highly
ebb-predominant to slightly ebb-predominant flow at sta M1, M3, MS,

M7, M9, and Mll, and was unchanged at sta M12-Ml5. In the Western
Channel the surface flow predominance changed from highly ebb-predominant
to ebb-predominant flow at all stations. In the Georgetown Harbor
Channel, bottom flow predominance (Plate 30) was changed from highly
ebb-predominant to highly flood-predominant flow at sta M9, Mil, Mi2,
and MlL4, was changed from ebb-predominant flow to about equally distrib-
uted flow at sta M3, M5, and M7, and was changed from equally distrib-
uted to flood-predominant flow at sta M15. In the Western Channel,
bottom flow predominance was changed from highly ebb-predominant to
flood-predominar¢ flow at sta ML and about equally distributed flow at
sta WC2 and WC3.

Salinities

89. As shown by Tables 20-22 and Plates 31-33, the overall effect
of Plan 10 was a significant increase in the salt content of the bay for
all inflows tested (12,000, 35,000, and 60,000 cfs). This was to be
expected from the reduction in freshwater inflow. For the 12,000-cfs
and 35,000-cfs inflows, average surface salinities and average bottom
salinities were significantly increased at all stations. For the 60,000~

cfs inflow, average surface salinities and average bottom salinities
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were significantly increased at all stations except PD2 and W2, which

were essentially salt-free for both base and Plan 10 conditions. For
each of the inflows, average surface salinities were increased on the
order of 5-15 ppt over substantial portions of the system, and average
bottom salinities were increased on the order of 10-20 ppt over sub-
stantial areas.
Shoaling

90. As indicated in Table 23, the test results show that the
overall annual channel shoaling was reduced by about 1,650,000 cu yd
(63 percent). Shoaling in the Sampit River (sections 28-4kL) was de-
creased to 8 percent of the existing volume. Shoaling in the Upper
Winyah Bay (sections 19-27) was decreased to 19 percent of the existing
volume. Shoaling in the Eastern Channel (sections 8-18) was increased

to 134 percent of the existing volume.

Conclusions

91. The conclusions are:

a. Plan 10 significantly affected the tide heights and phas-
ing in Upper Winyah Bay and Georgetown Harbor for all
inflows tested. The tide range in this area was increased
by a slight lowering of low water and a slight raising of
high water. Also, phasing was affected in the upper bay
and harbor because low water tended to occur significantly
earlier than for existing conditions.

b. Plan 10 significantly decreased maximum ebb and flood
currents for all inflows tested, except in the harbor
itself where velocities generally were unchanged.

c. Plan 10 caused a significant increase in salinity within
the estuarine area downstream of the proposed dam for all
inflows tested.

d. Based on the assumption that the 90 percent reduction of
freshwater inflow to the bay would reduce the sediment
supply by 90 percent, the overall annual channel shoaling
rate for Plan 10 was 63 percent less than the existing
rate. The Georgetown Harbor (Sampit River) shoaling rate
was only 8 percent of the existing rate. Plan 10 is an
effective scheme for the reduction of maintenance dredg-
ing requirements for the Georgetown Harbor project.
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Although not subjected to model testing, it should be

expected that the proposed dam and diversion canal would
cause substantial changes to tidal, velocity, salinity,
and shoaling characteristics in the Pee Dee and Waccamaw
Rivers and in the North Inlet area.




PART VI: DEEPENED CHANNEL STUDY

Description of Tests

92. The deepening of the main navigation channel to Georgetown
Harbor from -27 to -35 ft mlw would allow passage of larger vessels than
presently use the channel to and from Georgetown Harbor, but probably
at the cost of significantly increased maintenance dredging requirements.
The present annual maintenance dredging requirement for the Georgetown
Harbor Channel (excluding the entrance channel) is about 2.3 million
cu yd based on 1972-1976 dredging volumes; any significant increase in
dredging requirements caused by the deepening would severely affect the
economic justification for the deepened project depth.

93. The deepened channel study involved testing of Plan 11, which
consisted of deepening the existing Georgetown Harbor Channel from -27
to -35 ft mlw.

9L, For hydraulic and salinity data, Plan 11 was tested for a mean
tide condition (3.88-ft range at Yawkies Dock) and total freshwater in-
flows of 12,000 and 35,000 c¢fs. For shoaling distribution data, Plan 11
was tested with a 5.28-ft tide range of the Yawkies Dock gage and a stex
hydrograph of 5,000-25,000 cfs. (See Report 1 of this series for shoal-

ing distribution verification procedure.)

Description of Test Data and Results

Hydraulic and salinity tests
95. Data obtained to evaluate the effects of Plan 11 consisted of

measurements of tidal elevations, current velocities, and salinities at
numerous locations throughout the model. Tidal elevations were measured
at the Yawkies Dock, Jones Creek, South Island Road, Skinners Dock,
Sampit River, 0ld Highway 17 Bridge, Sandy Island, Hasty Point, Wacca
Wache, and Topsaw Landing (see Plate 1). The elevations of high and low
tides measured at each gage for Plan 11 are presented in Table 24. Cur-

rent velocities were measured at l-hr intervals over a complete tidal
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cycle at surface, middepth, and bottom at 11 stations in the existing

Georgetown Harbor Channel, 5 stations along the Western Channel, and 1
station each at the mouths of the Waccamaw and Pee Dee Rivers (Plate 1).
Maximum flood and ebb measurements observed at each station for Plan 11
are presented in Tables 25 and 26. Salinities were measured at l-hr
intervals over a complete tidal cycle at surface and bottom depths at

11 stations in the existing Georgetown Harbor Channel, 2 stations in the

=

Sampit River above Georgetown Harbor, 5 stations along the Western Chan-
nel, 4 stations in the Pee Dee River, and 3 stations in the Waccamaw
River (Plate 1). Maximum, minimum, and average salinities observed at
each station for the two inflow conditions (12,000 and 35,000 cfs) are
presented in Tables 27 and 28.

96. The current measurements at both surface and bottom depths in
the Georgetown Harbor Channel and the Western Channel were also analyzed
to determine what percentage of the total flow over a complete tidal
cycle was in a downstream direction at the locations of the various
velocity stations. Percentages so determined and found to be greater
than 50 indicate that flow was predominantly downstream at the point
of measurement, and conversely, percentages less than 50 indicate the
predominant flow direction to be upstream. The results of the predomi-
nance computations for surface and bottom depths for Plan 11 are pre-
sented in Plates 34-37 as curves of predominance versus channel stations.

Shoaling tests

9T7. The shoaling test procedure was identical with that used for
the Western Channel and Turning Basin study described previously in para-
giaphs 41 and 43. The shoaling test results for Plan 11 are shown in
Table 29. Tests of the base and Plan 11 were conducted in an identical
manner to assure comparable results. The results of the shoaling test
for Plan 11 are presented as shoaling volumes in cubic centimetres for
base and plan and as indexes so that test results can be compared. A
shoaling index for each particular area was determined by dividing the
plan test volume by the base test volume; therefore, an index greater
than 1.00 indicates that a larger volume of material deposited in an

area during the plan test than deposited in the same area for the base
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test. An index less than 1.00 indicates that the plan wculd cause a de-
crease in shoaling in the respective area. Indicated changes less than
+10 percent (indexes between 0.90 and 1.10) are generally considered
insignificant.

98. While the results of the model shoaling tests are qualitative
rather thar quantitative, it is believed that the test data are suffi-
ciently reliable to show the overall effects of the proposed plan on

shoaling throughout the study area.

Discussion of Results

Tides

99. As indicated by Table 24, Plan 11 had no major effects on
tidal elevations in Winyah Bay, Georgetown Harbor, or the Waccamaw and
Pee Dee Rivers; however, both high-water and low-water elevations were
raised slightly (0.2 ft) in the Upper Winyah Bay and Georgetown Harbor
areas. No significant changes in tidal phasing occurred.

Flow predominance

100. For existing conditions and the 12,000-cfs inflow, examination
of the surface predominance data presented in Plate 34 shows that the
surface flow in the Georgetown Harbor Channel (M1-M15) was predominantly
downstream at all stations. Bottom predominance data for existing con-
ditions and the 12,000-cfs inflow, presented in Plate 35, show that the
bottom flow in the Georgetown Harbor Channel was predominantly downstream
at sta Ml, predominantly upstream at sta M3, M9, Mll, M12, and M15, and
equally distributed at sta M5, M7, M13, and Mlk.

101. For existing conditions and the 35,000-cfs inflow, the surface
predominance data presented in Plate 36 show that t': surface flow in
the Georgetown Harbor Channel was predominantly downstream at all sta-
tions, except sta M15 where it was slightly upstream. Bottom predomi-
nance data for existing conditions and 35,000-cfs inflow, presented in
Plate 37, show that the bottom flow in the Georgetown Harbor Channel was
predominantly downstream at sta M5, M7, M13, and MlL, predominantly up-
stream at sta M9 and Mll, and equally distributed at sta M1, M3, Ml2,
and M15.
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102. For Plan 11 conditions and the 12,000-cfs inflow, no signifi-

cant changes from existing conditions in surface flow predominance were
noted in the Georgetown Harbor Channel, as evidenced by Plate 34. For
bottom flow predominance in the Georgetown Harbor Channel, sta M1l changed
from slightly ebb-predominant to ebb-predominant flow; sta M3 changed
from slightly flood-predominant to slightly ebb-~predominant flow; sta

M9 changed from flood-predominant to highly flood-predominant flow; sta
M13 changed from equally distributed to highly flcod-predominant flow;
sta M15 changed from highly flood-predominant flow to equally distrib-
uted; and sta M5, M7, Mll, M12, and Ml4 were essentially unchanged

(Plate 35).

103. For Plan 11 conditions and the 35,000-cfs inflow, no signifi-
cant changes from existing conditions in surface‘flow predominance were
noted in the Georgetown Harbor Channel, as evidenced by Plate 36. For
bottom flow predominance in the Georgetown Harbor Channel, sta Ml
changed from equally distributed to ebb-predominant flow; sta M3 changed
from equally distributed to slightly ebb-predominant flow; sta M5 and
MT changed from ebb-predominant flow to equally distributed; sta M9 and
M1l changed from slightly flood-predominant to flood-predominant flow;
sta Ml2 was unchanged; sta M1l3 changed from ebb-predominant to flood-
predominant flow; sta Mlhk changed from ebb-predominant flow to equally
distributed; and sta M15 changed from equally distributed to flood-
predominant flow (Plate 37).

Salinity

104k. For Plan 11 and the 12,000-cfs inflow (Table 27 and Plate 38),
Georgetown Harbor Channel maximum surface salinities, compared with base
conditions, were significantly decreased from sta M1 to M7 and sta M13
to M15 (maximum reduction on the surface at sta M5 of 3.6 ppt), were un-
changed at sta M9 and M12, and were significantly increased at sta M1l
(4.0 ppt) and sta TB; minimum surface salinities were slightly increased
{0.8 ppt) at sta M7 and unchanged from sta ML to M5 and sta M9 to TB.
Maximum bottom salinities, compared with base conditions, significantly
decreased from sta Ml to M7 (maximum reduction of 2.2 ppt at sta M3),

were unchanged at sta M9 and M1ll, and significantly increased from
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sta M12 to TR (maximum increase of 5.1 ppt at ste TB); minimum bottom
salinities were significantly decreased at sta Mi, M3, and M7 (maximum
i reduction of 1.8 ppt at sta M3) and were significantly increased at

sta M5 and sta M9 to TB (maximum increase of 13.6 ppt at sta M13). The

upstream extent of saltwater intrusion on the bottom of the main channel

Ty —

was significantly increased (Plate 38).
105. For Plan 11 and the 35,000-cfs inflow (Table 28 and Plate 39),

Georgetown Harbor Channel maximum surface salinities, compared with base
conditions, were significantly increased at sta ML (1.9 ppt), were sig-
nificantly decreased from sta M2 to M13 (maximum reduction of 5.3 ppt at
sta M5), and were unchanged at sta Ml4 to TB; minimum surface salinities
were essentielly unchanged at all stations along the channel. Maximum

bottom salinities, compared with base conditions, were significantly de-
creased at sta Ml to M5 (maximum reducticn of 3.0 ppt at sta M5), were

uiachanged at sta M7, and were significantly increased from sta M1l to TB

(maximum increase of 14.9 ppt at sta TB); minimum bottom salinities were
unchanged at sta Ml and significantly increased from sta M3 to TB (maxi-
mum increase of 16.2 ppt at sta M11l). The upstream extent of saltwater
intrusion on the bottom of the main channel was significantly increased
(Plate 39).
Shoaling

106. As indicated in Table 29, the test results show that the
overall annual channel shoaling was increased by about 1,980,000 cu yd
(88 percent). The increase in shoaling volume for this plan is based
on the assumption that the additional shoaling material is available
to Winyah Bay and Georgetown Harbor. Thus, the results of the Plan 11
shoaling test indicate that if sufficient additional material is avail-
able, the deepened channel will alter the hydrodynamics of the system to
allow a tremendous increase in the overall shoaling volume. ©Shoaling in
the Sampit River (sections 28-U4) was increased by 36 percent of the
existing volume. Shoaling in the Upper Winyah Bay (sections 19-27) was
increased by 138 percent of the existing volume. Shoaling in the Eastern

Channel was increased by 1k percent of the existing volume.
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107.

i

Conclusions

Conclusions are as follows:

a.

|o*

|es

For the inflows tested, Plan 11 did not significantly
affect the tide heights or phasing within the model aresa,
other than a slight raising of low- and high-water eleva-
tions in Upper Winyah Bay and Georgetown Harbor.

For the inflows tested, Plan 11 did not significantly
affect the surface flow predominance; however, bottom
flow predominance was affected by a trend toward in-
creased flood predominance or decreased ebb predominance
in both Central aund Upper Winyah Bay.

For the inflows tested, Plan 11 caused an overall signifi-
cant increase in salinity in Winyah Bay and Georgetown
Harbor; however, a decrease in average salinity for the
12,000- and 35,000-cfs flows was noted in Lower Winyah
Bay.

Overall annual channel shoaling rate was 88 percent more
than the existing shoaling rate. Georgetown Harbor
(Sampit River) shoaling rate was 36 percent more than the
existing rate. The Upper Winyah Bay shoaling rate was
138 percent more than the existing rate. The Eastern
Channel shoaling rate was 214 percent more than the
existing rate. These results are based on the assumpticn
that the additional shoaling material required for such
increases is available to the system.
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PART VII: SUMMARY OF CONCLUSIONS

Tides

108. Plan 1 did not significantly affect the tidal heights or

E tidal phasing within the model area. Plan 1A raised low-water eleva-
tions and reduced tidal range by 0.2 to 0.8 ft in Winyah Bay and the

i lower porticns of the Sampit, Pee Dee, and Waccamaw Rivers. Plan 10
significantly affected the tide heights and phasing in Upper Winyah Bay
and Georgetown Harbor for all inflows tested. The tide range in this
area was increased by a slight lowering of low water and a slight

[ raising of high water. Also, phasing was affected in the upper bay and

harbor because low water tended to occur significantly earlier than

that for existing conditions. For the inflows tested, Plan 11 did not

significantly affect the tide heights or phasing within the model area,

other than a slight raising of low- and high-water elevations in Upper

Winyah Bay and Georgetown Harbor.

109. Plan 1 caused a slight reduction in maximum ebb velocities
(average of surface, middepth, and bottom) at sta M1, M5, M1l, M13, WC1,
WC3, and W2 and a significant reduction in maximum ebb velocities (aver-

age of surface, middepth, and bottom) at sta WC2. Plan 1 caused a slight

reduction in maximum ebb velocities (average of surface, middepth, and
bottom) at sta M7, a significant reduction in maximum ebb velocities
(average of surface, middepth, and bottom) at sta M5, WC2, and W2, and
a slight increase in maximum ebb velocities at sta M9, M1l, M1l2, and
WCk. Plan 1A caused a slight reduction in maximum flood velocities at
sta M1, M7, and M9; a significant reduction in maximum flood velocities
at sta M3; and a slight increase in maximum flood velocities at sta WCO.
Plan 10 significantly decreased maximum ebb and flood currents for all
inflows tested, except in the harbor itself where velocities generally

were unchanged.
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Flow Predominance

110. Plan 1 did not significantly affect either the surface or
bottom flow predominance in the Georgetown Harbor Channel or the surface
predominance in the Western Channel; however, bottom flow predominance
in the proposed Western Channel and Turning Basin was significantly
affected, changing from ebb-predominant to flood-predominant flow at
sta WC1 and WC2. Plan 1A did not significantly affect the flow pre-
dominance in the Georgetown Harbor Channel, other than increasing the
percent flow downstream at the bottom depth in the shallowed portion of
the Georgetown Harbor Channel; however, in the Western Channel, the
bottom flow predominance changes were essentially the same as those for
Plan 1. For the inflows tested, Plan 11 did not significantly affect
the surface flow predominance; however, bottom flow predominance was
affected by a trend toward increased flood predominance or decreased

ebb predominance in both Central and Upper Winyah RBay.

Salinity

111. Plan 1 caused a slight but significant decrease in salinity
within the region of saltwater intrusion (generally about 1-4 ppt);
thus the extent of saltwater intrusion was reduced in the Georgetown
Harbor Channel. Evidently, the deepened lower end of the Georgetown
Harbor Channel caused an increase in the bay freshwater storage and a
corresponding decrease in salinity within the bay. The only location
that consistently indicated an increase in salinity (by an average of
about 3 ppt) was the bottom depth of the proposed Western Channel and
Turning Basin; thus the extent of saltwater intrusion was increased in
the Western Channel. Plan 1A caused a significant decrease in salinity
within the saltwater intrusion zone (generally 1-7 ppt). As in Plan 1,
the only location that consistently indicated an increase in salinity
was the bottom depth of the proposed Western Channel (by an average of
about 3 ppt). Plan 10 caused a significant increase in salinity within

the estuarine area downstream of the proposed dam for all inflows tested.
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For the inflows tested, Plan 11 caused an overall significant increase in
salinity in Winyah Bay and Georgetown Harbor; however, a decrease in 4
average salinity for the 12,000- and 35,000-cfs flows was noted in Lower

Winyah Bay.

Shoaling

112. The elements of Plans 1 and 1A were identical except that
the abandoned Eastern Channel (sections 8-18), the Upper Winyah Bay

Channel (sections 19-27), and the Sampit River Channel (sections 28-kl)

were -27 ft mlw for Plan 1 and -13 ft mlw for Plan 1A. Compared with

P Plan 1 (which assumed that no dredging would be performed in the exist-
ing Upper Winyah Bay and Sampit River Channels while these channels
shoaled from the 27-ft mlw depth toward the 13-ft mlw depth), Western {

Channel shoaling for Plan 1A was increased significantly (about 35 per-
cent) when the abandoned Eastern Channel, the Upper Winyah Bay Channel,
and the Sampit River Channel were shallowed from -27 ft to -13 ft mlw to
represent a shoaled condition. Overall annual shoaling (Western Channel
- plus Georgetown Harbor Channel) for Plan 1A was about L5 percent less
: than that in the existing channel. During the period in which the
Georgetown Harbor Channel upstream from the Western Channel is allowed
to shoal from its present depth of 27 ft to a depth of 13 ft mlw (Plan 1),
the total annual dredging requirement would be about 68 percent less
than that for the existing channel. Plans 2-6 were modifications of
Plan 1A tested in an attempt to decrease Western Channel shoaling and
more evenly distribute the shoaling along the channel length. Plan 2
annual shoaling was T8 percent more than Plan 1A shoaling with no im-
provement in shoaling distribution along the Western Channel, and overall
annual shoaling for Plan 2 was 4 percent less than existing channel
shoaling. Plan 3 annual shoaling was 260 percent more than Plan 1A
shoaling (including a major maintenance dredging requirement for the
side channel trap), with no improvement in distribution along the Western
Channel; and overall annual shoaling (including the sediment trap) for

Plan 3 was 94 percent more than existing channel shoaling. Plan L
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annual shoaling was only 12 percent more than Plan 1A shoaling with a
significantly improved distribution of material along the Western
Channel, and overall annual shoaling for Plan 4 was 39 percent less
than existing channel shoaling. Plan 5 annual shoaling was 57 percent
more than Plan 1A shoaling with no improvement in distribution along
the Western Channel, and overall annual shoaling (including sediment
trap) for Plan 5 was 15 percent less than existing channel shoaling.
Plan 6 annual shoaling was 7 percent more than Plan 1A shoaling with

no significant change in shoaling distribution along the Western Channel,
and overall annual shoaling for Plan 6 was about 42 percent less than
existing channel shoaling. Based on these results, the effects of
Plans 2, 3, 5, and 6 on shoaling when compared with Plan 1A were detri-
mental rather than beneficial and therefore cannot be recommended. The
effects of Plan 4 on shoaling, when compared with Plan 1A, were defi-
nitely beneficial because of the much more even distribution of shoaling
meterial along the Western Channel. Although the annual shoaling rate
for Plan 4 is almost the same as that for Plan 1A, the elimination of
the extremely high shoaling rate in one section (section WC3) should
permit dredging to be performed on a less freguent basis. Since the
overall annual shoaling rate was reduced to 43 percent of the existing
rate and no unacceptably high shoaling rates occurred in any individual
section, Plan T was an effective scheme for reducing the maintenance
dredging requirements for the Georgetown Harbor project. Since the
overall annual shoaling rate for Plans 8 and 9 was increased on the
order of 800,000-900,000 cu yd over the present shoaling rate and
Georgetown Harbor (Sampit River) shoaling was reduced only on the order
of 350,000-450,000 cu yd, neither Plan 8 nor Plan 9 appears to be an
effective solution to the existing maintenance dredging problem in the
Georgetown Harbor project; however, an economic analysis is required to
confirm this conclusion. Based on the assumption that the 90 percent 1
reduction of freshwater inflow to the bay would reduce the sediment

supply by 90 percent, the overall annual shoaling rate for Plan 10 was

63 percent less than the existing rate. The Georgetown Harbor (Sampit

River) shoaling rate was only 8 percent of the existing rate. Plan 10
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is an effective scheme for the reduction of maintenance dredging re-

quirements for the Georgetown Harbor project. Although not subjected to
model testing, it should be expected that the proposed dam and diversion
canal would cause substantial changes to tidal, velocity, salinity, and
shoaling characteristics in the Pee Dee and Waccamaw Rivers and in the
North Inlet area. Overall annual channel shoaling rate was 88 percent
more than the existing shoaling rate. Georgetown Harbor (Sampit River)
shoaling rate was 36 percent more than the existing rate. The Upper
Winyah Bay shoaling rate was 138 percent more than the existing rate.
The Eastern Channel shoaling rate was 214 percent more than the existing
rate. These results are based on the assumption that the additional

shoaling material required for such increases is available to the system.
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Table L
Effects of Plans 1 and 1A on Maximum Current Velocities

Total Inflow 35,000 cfs
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Table 5
Effects of Plans 1 and 1A on Maximum Current Velocities

Total Inflow 60,000 cfs
Georgetown Harbor Channel
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Table 7

Effects of Plans 1 and 1A on Maximum, Minimum, and Average Salinities

Total Inflow 12,000 cfs

Plan 1A
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Table 8
Effects of Plans 1 and 1A on Maximum, Minimum, and Average Salinities

Total Inflow 35,000 cfs

Plan 1A

Plan 1
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Bottom
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Table 13
Effects of Plan 6 on Shoaling

) Plan 6
Prototype Base Plan 6 Plan 6 APD*#*
Shoaling Section cu yd#* cu cm cu cm Index cu yd
Eastern Channel 283,000 121o 970 - ot
(sections 8-18)
Upper Winyah Bay 652,000 1,650 295 0,18 120,000
(sections 19-27)
Sampit River 1,323,400 830 95 0,12 150,000
(sections 28-Lk)
Subtotal 2,258,400 2,590 1,360 270,000
Western Channel
Section WC1 - 5 85 17006 220,000
Section WC2 - 15 275 1:85.38 700,000
Section WC3 - 50 35 OLTO 90,000
Section WCL (TB) - 5 10 2.00 30,000
Subtotal -- 75 Los 1,040,000
Total 2,258,400 2,665 1,765 0.58t+ 1,310,000

* Yearly average (1969-1972) for sections 8-1L4; yearly average (1972~
1976) for sections 15-Lk.

** Approximate prototype dredging.

+ Under Plan 6, Eastern Channel abandoned.

t1+ Approximate prototype dredging divided by prototype.




Table 1L
Effects of Plan T on Shoaling .
Plan 7
Prototype Base Plan T Plan T APD¥*#
Shoaling Section cu yd* cu cm cu cm Index cu yd
Lower Eastern Channel - 66,000 25 200 8.00 530,000
Marsh Island Channel
and Turning Basin
(sections 1-11)
Upper Eastern Channel 217,000 85 5 0.88 190,000
(sections 12-18)
Upper Winyah Bay 652,000 1,650 220 0.13 80,000
(sections 19-27) :
Sampit River 1,323,400 830 110 Q.13 170,000
(sections 28-Lk)
Total 2,258,400 2,590 605 0.43t+ 970,000

* Yearly average (1969-1972) for sections 1-1li; yearly average (1972-
1976) for sections 15-lk.
*#* Approximate prototype dredging.
+ Approximate prototype dredging divided by prototype.
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- Table 16

Effects of Plan 10 on Tide Heights*
; Yawkies Jones South  Skinners Papermill 0ld Hwy 17
; Dock Creek Island Rd Dock Dock Bridge

Test HW IW_HW LW

|2

IW HW LW HW LW HW LW

— e—— — —

Total Inflow 12,000 cfs (0 cfs over Dam)

Base 3.6 -0.2 3.6 -0.4 3.6 -0.2 3.6 -0.2 3.7 -0.3 3.6 -0.3
Plan 10 3.6 -0.2 3.T -0.2 3.8 -0.6 3.9 -0.5 3.8 -0.9 4.0 0.8
Total Inflow 35,000 cfs (5,000 cfs over Dam)

Base 3.5 -0.2 3.6 -0.5 3.7 -0.3 3.6 -0.1 3.7 =-0.2 3.7 =0.2
Plan 10 3.6 -0.2 3.7 -0.2 3.7 -0.5 4.0 -0.4 3.8 -0.9 4.0 -0.7
Total Inflow 60,000 cfs (30,000 cfs over Dam)

Base 3.5 -0.2 3.6 -0.4 3.6 -0.2 3.T 0.0 3.6 =0.2 3.8 0:0
Plan 10 3.6 =-0.2 3.8 -0.2 3 8 -0.3 k4.0 -0.2 3.9 -0.7 k.1 -0.5

* Tide heights are referred to mean see level (msl) in prototype feet;
HW is high water; LW is low water.
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Table 17

Effects of Plan 10 on Maximum Current Velocities

Total Inflow 12,000 cfs (0 cfs over Dam)

Georgetown Harbor Channel

Plan 10
Middepth

Base
Middepth

Bottom

Surface

Bottom

Surface
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Table 18
Effects of Plan 10 on Maximum Current Velocities

Total Inflow 35,000 cfs (5,000 cfs over Dam)

Georgetown Harbor Channel

Plan 10
Middepth

Flood

Base

Middepth

Flood

Bottom

Flood

Surface

Flood

Bottom

Surface

Flood Ebb Ebb Ebb Ebb

Ebb

Ebb

Flood

Station

Georgetown Harbor Channel
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Table 19

Effects of Plan 10 on Maximum Current Velocities

Total Inflow 60,000 cfs (30,000 cfs over Dam)

Georgetown Harbor Channel

Plan 10
Middepth

Base
Middepth

Flood

Bottom

Flood

Surface

Flood

Bottom

Flood

Surface

Ebb Ebb Ebb Ebb Flood Ebb Ebb

Flood

Station

Georgetown Harbor Channel
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Table 20

Effects of Plan 10 on Maximum, Minimum, and Average Salinities

Total Inflow 12,000 cfs (0 cfs over Dam)

Georgetown Harbor Channel

Plan 10

Base

Bottom

Surface

Bottom

Surface

Avg

Min

Avg

Min

Avg

Min

Min Avg Max

Max

Station

Georgetown Harbor Channel
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Table 21

Effects of Plan 10 on Maximum, Minimum, and Average Salinities

Total Inflow 35,000 cfs (5,000 cfs over Dam)

Georgetown Harbor Channel

Plan 10

Base

Bottom

Surface

Bottom

Surface

Avg

Min

Avg

Min

Avg

in

Max

Avg

in

Max

Station

Georgetown Harbor Channel
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Table 22

Effects of Plan 10 on Maximum, Minimum, and Average Salinities

Total Inflow 60,000 cfs (30,000 cfs over Dam)

Georgetown Harbor Channel

Plan 10

Base

Bottom

Surface

Bottom

Surface

Avg

Min

Min Avg Max Min Avg Max Min Avg

Max

Station

Georgetown Harbor Channel
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Table 25
Effects of Plan 11 on Maximum Current Velocities

Total Inflow 12,000 cfs (0 cfs over Dam)
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Table 26
Effects of Plan 11 on Maximum Current Velocities

Total Inflow 35,000 cfs (0 cfs over Dam)
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Table 27
Deepened Channel Study
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d Average Sal
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Table 28
Deepened Channel Study
Effects of Plan 1] on Maximum., Minimum, and Average Selinities

Total Inflow 35,000 cfs
Georgetown Harbor Channel
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Table 29

Deepened Channel Study Effects of

Plan 11 on Shoaling

FPlan T1
Prototype Base Pien 171 Plan 11 APD* ¥
Shoaling Section cu yad* cu cm cu cm Index cu yd
Eastern Channel 283,000 110 345 3.1h 890,000
(sections 8-18)
Upper Winyah Bay 652,000 1,650 3,935 2.38 1,550,000
(sections 19-27)
Sampit River 1,323,400 830 1 1e5 1.36 1,800,000
(sections 28-Lk)
Total 2,258,400 2,590 5,405 1.88% 4,240,000

* Yearly average (1969-1972) for sections 8-1k4; yearly average (1972-
1976) for sections 15-4k.

** Approximate prototype dredging.

t Approximate prototype dredging divided by prototype.
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Trawle, Michael J

Georgetown Harbor, South Carolina; Report 2: Effects of
various channel schemes on tides, currents, and shoaling;
hydraulic model investigation / by Michael J. Trawle,
Robert A. Boland, Jr. Vicksburg, Miss. : U. S. Waterways
Experiment Station ; Springfield, Va. : available from
National Technical Information Service, 1979.

58, [29] p., 39 leaves of plates : ill. ; 27 cm.
(Miscellaneous paper - U. S. Army Engineer Waterways Ex-
periment Station ; H-78-6, Report 2)

Prepared for U. S. Army Engineer District, Charleston,
Charleston, South Carolina.

1. Fixed-bed models. 2. Georgetown, S. C. -- Harbor.

3. Hydraulic models. 4. Navigation channels. 5. Salt water
intrusion. 6. Shoaling. 7. Tidal currents., 8. Tides.

I. Boland, Robert A., joint author. II. United States. Army.
Corps of Engineers. Charleston District. III. Series: United
States. Waterways Experiment Station, Vicksburg, Miss.
Miscellaneous paper ; H-78-6, Report 2.

TA7.W34m no.H-78-6 Report 2




