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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 wider the general supervision of Messrs. H. B.

Simmons, Chief of the Hydraulics Laboratory; F. A. Herrmann, Jr.,
Assistant Chief of the Hydraulics Laboratory ; and B. A. Sager, Chief of
the Estuaries Division , and wider the direct supervision of Messrs. B. 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 0. 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—
• verted to metric (SI) units as follows:

• Multiply By To Obtain

cubic f ee t  per second 0.02831685 cubic metres per second

cubic yards 0.761455149 cubic metres

feet 0.30148 metres

feet per second 0.30148 metres per second

inches 25.14 millimetres -•

miles (U. S. statute) 1.60931414 kilometres

square feet 0.092903014 square metres

square miles (U. S. statute) 2.589988 square kilometres
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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 mlles* 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-

tic Ocean and is located at the mouth of the Sainpit 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, 14.5 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 , Waccainaw , Black ,

and Sainpit 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 a significant factor with respect to shoaling.

3. The existing navigation project provides for a 27—ft—deep mean

low water (m iw)  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 boo ft wide to the Georgetown Harbor turning
basin (Plate 1).

* A table of factors for converting U. S. customary wilts of measure-
ment to metric (SI) units is presented on page 3.
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4. The route of the Atlantic Intracoastal Waterway passes through

Winyab 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. In 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 1936 to 1914 6 for the 18—ft

project averaged about 280,000 cu yd. Generally , the channel was poorly

main~~ ined during this period, resulting in the small dredging volumes.

Deepening of the channel from 18 ft to ~7 ft was initiated in 19147 and

completed in 1951. Annual maintenance dredging from 19147 to 19714 for

the 27—ft project averaged about i,1460,ooo cu yd. The average includes

periods when the project was maintained at less than project depth or

width. Annual maintenanc.e 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.

7. 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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8. The model was o2 toe i f x d — b ~~ ype , moldc d in concrete to
- 

conform to 1972 p r o t u ty p -~ coi~.htici ~~, and was constructel  to lin ear

scale rat ios , mode l—to— pr o to type , of 1:800 horizontally and 1:80 verti-

cally. Other pertinent scale r~jt jos , which were derived from the iLir~e~&r

scale ratios using the Froudian scaling law , were velocit y ,  1:8.914 ;

t ime, 1:89.1114; discharge, 1:572,1432; volume , 1:51,200,000; and slope
10:1. The salinity scale ratio for the study was 1:1. One protot rpe

seinidiur nal tidal cycle of 12 hr and 25 mm was reproduced in the model

in 8.33 m m .  The model was about 2~4O 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 model 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 E4iver and adjacent

marshes to 9 miles above the bay ; and the Waccamaw Piver 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 vies 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.

8
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PART II: WESTERN CHANNEL AND TURNING BASIN STUDY

Descr iption 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 miw to -35 ft miw 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—

thg basin located in the vicinity of the intersection of the Atlantic
Intracoastal Waterway and the Western Channel (Plate 2). A shallow -

draft —13 ft miw 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 Eastern Channel would be abandoned

and allowed to shoal to natural depths. The depth of the shallow-draft

channel in the Upper Western Channel (—13 ft nilw) would be less than the

natural channel depth in that area, so no maintenance dredging should be
required along the Upper Western Channel. After joining the existing

• alignment above the Western Channel, the shallow-draft channel would

continue through Upper Winyah Bay and Sainpit 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 Winyab Bay Channel and

Georgetoi~n 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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verificat ion descr ibed in Report 1 of ~1~is series in.-luded only the bay

and harbor shoaling distribution . To conduct entrance shoaling tests

would first require verification of the entrance channel shoaling

distribution .

U. The Western Channel and Turning Basin study involved testing

of Plans 1, 1A, and 2—6. Plan I consisted of a 35—ft—deep and 300—ft—

• wide channel and turning basin located in the West ern Channel , as shown
in Plate 2. The existing channel below the junction of the Western

Channel and existing channel was 35 ft deep by 1400 ft wide and above the

junction was 27 ft deep by 1400 ft wide. Plan 1 represented the condi-

tion that would exist m ediately after construction of the Western

Channel and Turning Basin scheme, i.e., the portion of the Georgetown

Harbor Channel upstream of the Wes tern Channel would be near its current
proj ect 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 1n depth to represent the —13 ft inlw depth

barge channel. The purpose of Plans 2—6 was to investigate the possi-

bilit ies 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 ident ical with Plan 1A , except that the

Western Channel and Turning Basin were overdepth-dred.ged to 115—ft depth

rather than dredged to project depth of 35 ft. Plan 3, elements of

which are shown in Plate 1-t , 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 junction with the existing channel and that a
5 side channel sediment trap (35 ft deep by 600 ft wide by 8,000 ft long)

was attached to the Western Channel. Plan 14, elements of which are
shown in Plate 5, was identical with Plan lA , 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 i.n 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

:1
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long) was added below the junction. Plan 6, elements of which are shown
— in Plate 7, was identical with Plan lÀ , 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
Plan lÀ 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 coflection 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 lÀ 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, Old Highway 17 Bridge, Sandy Island, Hasty Point, Wacca Wache,

and Topsaw Landing (Plate i). The elevations of high and low tides

measured at each gage for existing conditions (base test) and Plans 1

and. lÀ 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

lÀ are presented in Tables 2—5. Salinities were measured at 1—hr inter-

vals over a complete tidal cycle at surface and bottom depths at

12
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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, 14 station s in the Pee Dee River , and 3 stations in the Waccamaw

River (Plate i). Maximum, minimum, and average salinities observed at

each stat~ion for the various tests aro presented in Tables 6—9 .

i14. 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 upstream. The results of the predominance

computations for surface and bottom deptLs for Plans I 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 3/11—in. pipe suspended about 1.5 ft above the

water along the center line of the Georgetown Harbor Channel between

thoaling sections 1—27, then leaving the channel and cont inuing about
10 ft farther toward the Pee Dee River (Figure 14). 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

13
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Figure 14. 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 ohoa].Ing tests for Plans 1, l.A, 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
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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 plans can be arrived at using the following

r 
relationship:

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 14)
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
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Discussion of Results

Tides

17. As shown by the results in Table 1, Plan 1 had no major effect
on tidal elevations. Plan lÀ , however, raised low—water elevations in

Winyah Bay and the lower portions of the Sampit , Pee Dee , and Wacc ainaw

Rivers by 0.2 to 0.8 ft .  For the 12 ,000— and 35 ,000—cfs inflow s ,

Plan lÀ caused the low—water elevations to be raised a maximum of 0.5 ft
at the Sarapit River and. Old Highway 17 Bridge gages . For the 60 ,000—cfs

inf low , Plan lÀ caused the low—water elevat ions 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, Mll, Ml3, Ml4, WC1, and WC3; slightly increased at

sta Ml; and unchanged at all other stations.

19. For Plan 1 with the l2,000—cfs inflow (Table 3), maximum flood.

velocities ( average of surface , niiddepth , and. bottom ) were significantly

reduced. at sta M3, slightly reduced at sta M12 and M114, 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 WC1; slightly increased at sta Ml; and un-
changed at all other stations.

20. For Plan 1 with the 35,000—cfs inflow (Table 14), maximum flood

velocities (average of surface, niiddepth, 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

16
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reduced at sta WC1, WC3 , and W2; slightly increased at sta Ml; and un-
changed at all other stations.

21. For Plan I with the 60,000—cfs inflow (Table 5), maximum flood

velocities (average of surface, xniddepth , 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, WC1, and W2; slightly increased at sta Ml and M5; and.

unchanged at all other stations .

2.~. For Plan lÀ 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 Ml, M5, and M9;
slightly increased at sta WCO and WC3; and unchanged at all other sta-

tions. Maximum ebb velocities (average of surface, xnidd.epth, 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 M u ;  and unchanged at all other stations.

23. For Plan lÀ 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 Ml, M9, and M u ;
slightly increased at sta WCO ; arid unchanged at all other stations.

Maximum ebb velocities (average of surface , niiddepth , and bottom) were

significantly reduced at sta M5, WC2 , and W2; slightly reduced at sta M7;
sligh~ly increased at sta Mll, Ml2, WCO , and WC14; significantly increased
at sta M9; and unchanged at all other stations.

214. For Plan lÀ with the 60,000—cfs inflow (Table 9), maximum

flood velocities (average of surface, niiddepth, and bottom) were signifi-

cantly reduced at sta M9; slightly reduced at sta Ml, M3 , and M7;
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 M7, WC1,

WC2 , and WC3; slightly increased at sta Mll and WC4; and unchanged at
all other stations.

17
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- Flow predominance

25. For existing conditions with the l2,000—cfs inflow , examina-

tion of the surface predominance data presented in Plate 8 shows that
the surface flow in both the Georgetown Harbor Channel ( s-t a Mi-Mis) and
Western Channel (sta WCO—WCI4) was predominantly downstream at all sta-

tions. The bottom flow (Plate 9) in the Georgetown Harbor Channel was
predominantly downstream at sta Ml, predominantly upstream at sta M3,

M9, Mu , Ml2 , arid M15, and about equally distributed at sta M5, M7, Ml3,
and M114; and the bottom flow in the Western Channel was predominantly

downstream at sta WCO, WC2 , and WC3 and about equally distributed at

sta WC1 and WC14.

26. For exi sting 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 Ml5, which was about equally distributed , arid that

the surface flow in the Western Channel was predominantly downstream at

all stations. The bottom flow (Plate ii) in the Georgetown Harbor Chan—

nel was predominantly downstream at sta M5, M7, M13, and M114; predomi-
nantly upstream at s-ta M9 and M u ;  and about equally distributed at

sta Ml, M3, M12, and Ml5. 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 Plat e 12 show that the surface flow
in the Georgetown Harbor Channel was predominantly downstream at all

stations except s-ta Ml5, 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 downstream 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

18
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unchanged in the Georgetown Harbor Channel; however , in the Western

Channel , sta WC1 changed from equally distributed to highly flood—
predominant flow , s-ta WC2 changed from ebb-predominant to highly flood—

predominant flow , and s-ta WCO , WC3 , and WC14 remained unchanged. The

changes in bottom flow predominance at sta WC1 and WC2 were caused by
the deepening of the Western Channel from natural depth of about —15 ft

mlw to -35 ft miw. 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 predom inance was observed , and be-

cause the natural depth at sta WCO was relatively deep at about —25 ft

mJ.w.

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 WC1 changed from about
equally distributed. to highly flood—predominant flow, sta WC2 changed
from ebb—predominant to highly flood—predominant flow, and s-ta WCO , WC3 ,
and WC4 remained unchanged. Again , the changes in the bottom flow pre-

dominance at s-ta WC1 and WC2 were caused by the deepening of the channel

from natural depths to —35 ft miw.

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, s-ta WC1 changed from ebb-predominant to flood—

predominant flow, sta WC2 changed from ebb—predominant to about equally

distributed flow, and sta WCO , WC3 , and WC 14 remained unchanged. Again

the changes in the bottom flow predominance at sta WC1 and WC2 were

caused by the deepening of the channel from natural depths to -35 ft

mlw.

31. For Plan lÀ with the 12,000—cfs inflow, no sign ificant changes
f rom 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 Ml , M3 , M 5 , and M7 ; changed from

highly flood—predominant to ebb—predominant flow at sta M9, Mu , and
M12; changed from about equally distributed to ebb-predominant flow at
sta Ml3 and Mlb ; and changed from highly flood-predominant to about
equally distributed flow at s-ta Ml5. 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 lÀ were identical with

those that occurred for Plan 1.

32. For Plan lÀ 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 s-ta

Ml , 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 s-ta Ml2; and changed from ebb-predominant

to highly ebb—predominant flow at sta M13. As for the l2,000—cfs in-

flow , the changes in bottom predominance in -the George-town Harbor Chan-

nel were caused by raising the bottom depth of the upper portion of the

channel from —27 ft to —13 ft miw. In the Western Channel, bottom flow

changes for Plan lÀ were identical with -those that occurred for Plan 1.

33. For Plan lA with the 60,000—cfs inflow, no significant changes

from existing conditions in surface flow predominance were noted

(Plate 12). In the Georgetown Harbor Channel, bottom flow predominance

(Plate 13) was unchanged at sta Ml, M3, M5, M7, Ml3, Ml14, and Ml5; and
changed from ebb—predominant to highly ebb—predominant flow at sta M9,

Mu , 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

314. For Plan 1 with the 5,000—cfs inflow (Table 6 and Plate 114),
Georgetown Harbor Channel maximum surface and bottom salinities ,

20
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compared with base cond itions , wer e ~ign i f ican t 1y  decreased from s-ta M3

• to S2 with maximum decreases on the surface at sta M9 and bottom at

sta M13 of 3.6 ppt and 2.8  p~t , respectively . Minimum surface sal in—

it ies in the Georgetown Harbor Channel appea.~ed slightl, decreased from

sta N5 to Ml3 and unchanged elsewhere; minimum bot t om sal ini t ies  ap-

peared unchanged overall. Average surface and average bottom salinities

in the Georgetown Harbor Channel ( s ta  Ml—S2) were decreased by 1.1 p;~.

and 1.14 ppt , respectively. The tendency observed in both base and

Plan 1 conditions for minimum salinities to increa:~e at st~ ~15, TB ,

Si, and S2 compared with s-ta M114 results because sta MIL is located in

Upper Winyah Bay directly below the confluence of the Pee D c  and Wacca—

maw Rivers ; while s-ta Ml5, TB , Si , and S~ are located in Gec~rgetcwn Har—

bor , protected from the direct in~~ uence of the Pee Dee arid Waccamaw

outflows. Consequently , since the Damp~t River of:ers no significant

freshwater inflow to Geor getown Harbor, min imum salin it ies t end to be

higher than -those in the vicinity at s-ta M]~4. Western Channel maximum

surface and bottom salinit ies were :ignificantly decreased at all sta—

ions (WCO—WC14), with maximum surface and bottom decreases of 3.1 ppt

at s-ta WC2 and 3.8 pp at s-ta wc14, resrecUvely. Minimum surface salin—

i-ties in -the Western Channel were essentially unchanged , but rnininuc~

bottom salinit ies were significantly increased at s-ta WCO , WC1, and

WC2 (maximum increase of 7.0 ppt at WC2) and unchanged at sta WC3 and

wc14. Average surface salin ities in the Western Channel were decr eased

by 1.1 pp-t, and average bottom salinities were essentially unchanged
since the decrease in maximums was balanced by -the increase in minimums.

Waccamaw R iver maximum surface sal inities were slightly decreased at

s-ta W2 and W5 and unchanged at Wl3 with a maximum decrease of 1.5 ppt

at s-ta W2. Waccamaw River maximum bottom salinities were slightly

decreased at all stations with a maximum decrease of 1.3 pp at sta W2.

Waccamaw River minimum surface and bott om salinities were essentially
unchanged. Average surface salinities in -the Waccamaw River were de-

creased by 0.3 ppt , and average bottom salinities were d ecreased 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

21

-‘
•1

_______________________________________________________________________ p. .~~~~~~~~~~~
._.. 

~~~~~~~~~~~~~~~~~~~~~ ~ • ~~~~~~~~~~~~~~~~~~~~~~ . ._€ . S A  . .~~~~~ .



r ~~~~~~~~~~~~ 

—

~~

-

~~

--

~

-—-

~~ 

•--—---

~~~

-------

~

--- - —- --- - 

~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

with maximum surface and bottom decreases at sta PD2 of 2. 5 ~ I rt  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 P06. Pee Dee River minimum

bottom salinities were decreased at sta PD2, I D 6 , and PD8, and unchanged

at PD16 with a maximum decrease of 0.8 ppt at sta PD6 and PDB. Average

surface salinities in the Pee Dee River were decreased by o.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 ~5, Ml3 , arid M114 and un-

changed elsewhere ; while maximum bottom salinities were significantly

decreased from s-ta M5 to S2 with a maximum decrease of 2.2 ppt at s-ta

Ml2. Minimum surface salinities in the Georgetown Harbor Channel were

slightly decreased from s-ta M5 to Ml2 and unchanged elsewhere ; minimum

bottom salinities were unchanged overall. Average surface and average

bottom salinitles 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 WC1 and significantly decreased at s-ta WC2, WC 3,
and WCb with a maximum decrease of i.6 ppt at sta wC14 . Minimum surface

salinities in the Western Channel were essentially unch anged , but mini-
mum bottom salinities were greatly increased at sta MCD , WC1 , and WC2

( maximum increase of 16.3 ppt at WC2) and unchanged at sta WC3 and wC14 .

Average surface salinities in -the Western Channel (sta WCO—WC 14) were

unchanged, but average bottom salinities were increased by 2.7 ppt .

There was essentially no change in salinit ies 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 s-ta M5 to M13 (maximum decrease of 14.0 ppt at s-ta Mll)

and unchanged elsewhere ; while maximum bottom salinities were signifi-

cant l y decr~asei from s-ta M5 to Ml14 (maximum decrease of 14.5 pp at

sta Mil) and unchanged elsewhere. Min imum surface and bottom salinit ies
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in the Georgetown Harbor Channel were essentially unchanged, except for

- reductions at the bottom of sta Ml and M3. Average surface salinities

in the salinity zone of Georgetown Harbor Channel (s-ta Ml—Ml14) 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 WC1, but maximum bottom salinities were signifi-

cantly decreased at all stations with a maximum decrease of 14.1 ppt at

s-ta WC3. Minimum surface salinities in the Western Channel were un-

changed , but minimum bottom salinities were significantly increased at

sta WCO , WC1, and WC2 (maximum increase of 17.2 pp at WC2) and un-

changed at sta WC3 and WC I4. Average surface salinities in the Western

Channel were increased by 0.8 ppt, and average bottom sal init i es were
increased by 3.6 ppt.

• 37. For Plan 1 with the 60,000—cfs inflow (Table 9 and Plate 17),

Georgetown Harbor Channel maximum surface salinities were significantly

increased at s-ta Ml and M3 (maximum increase of 3.6 ppt at s-ta M 3 ) ,  but

reduced at sta M5, M7, and M9; while maximum bottom salinities were

• significantly decreased at all stations where salt was measured (s-ta Ml—

Ml2) with a maximum decrease of 2.5 pp at sta M T. Minimum surface and

botton. salinities in the Georgetown Harbor Channel were essentially un-

changed. Average surface salinities in -the salinity zone of Georgetown

Harbor Channel (s-ta Mi—Ml2) were increased by 0.3 p p ,  but average bot-

tom salinities were decreased by 0.9 ppt. Western Channel maximum sur-

face salinities were increased at s-ta WCO—WC2 , but were unchanged at

sta WC3 and WC14; while minimum surface salinities were unchanged. Maxi-

mum bottom salinities were reduced at s-ta WCO , WC1, and WC3, but were

unchanged at s-ta WC2 and WCLt ; however , minimum bottom salinities were
significantly increased at s-ta WCO , WC1, and WC2 (maximum increase of

9.8 ppt at s-ta WC2) and were unchanged at s-ta WC .S and WC~4. 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 lÀ with the 12,000—cfs inflow (Table 7 and Plate 15),

Georgetown Harbor Channel maximum surface salinities were significantly
decreased from s-ta M3 to S2 with a maximum decrease at s-ta M13 of
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14.5 ppt ; and maximum bottom salinities were signif icantly decreased

from s-ta MT to S2 with a maximum decrease at s-ta Ml5 of 11.3 ppt. Mini-

mum surface salinities in the Georgetown Harbor Channel were signifi-

cantly decreased from sta M3 to Mll and at s-ta 31 and 32 with a maximum

decrease at s-ta M9 of 3.14 ppt ; and minimum bottom salinities were sig-

nificantly decreased from sta Ml 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 salinfties were slightly increased at sta

WCO and slightly decreased at s-ta WC1—WC14. Minimum surface salinities

in -the Western Channel were significantly decreased at all stat ions
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 s-ta WC2) and were significantly decreased at sta WC3 and

wC14 with a maximum decrease at sta WC3 of 3.8 ppt. Average surface

salinities in the Western Channel were decreaset 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 (s-ta PD2 and PD5) and Waccamaw (sta

W2 and W5) Rivers were reduced by 1—5 ppt .

39. For Plan lÀ with the 35,000—cfs inflow (Table 8 and Plate 16),
Georgetown Harbor Channel maximum surface salinities were significantly

decreased from s-ta M3—M13 with a maximum decrease of 5.3 ppt at s-ta M5;

and maximum bottom salinities were significantly ~ecreased from s-ta MT
to M114 with a maximum decrease of 21.5 ppt at Mil. Minimum surface

salinities in the Georgetown Harbor Channel were significantly decreased

from sta Ml to MT with a maxirr-~ ii 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 s-ta MT. Average surface

salinities in the salinity zone of Georgetown Harbor Channel (sta Ml—

Ml14) 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 14.0 ppt at sta WC1, but were increased by about 14 ppt at
sta WC2 and WC3; maximum hotter . salinities were slightly decreased at
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all stations (maximum decrease of ;.O ppt at s-ta wco). Minimum surface

salinities in the Western Channel were -~ssentially unchanged , but mini-

mum bottom salinities were greatly increased at ~ta WCO , WC1, and WC2
(maximum increase of 16.3 ppt at WC~ ) aIII were unchanged at s-ta WC3 and

WC4. Average surface salinities in 4h
~ We~ terr~ Channel were essentially

unchanged, but average bottom salinities were increased by 2.0 ppt. The

upstream extent of saltwater intrusion was signif icantly red uced in the
main bay channel at both the surface and bottom depths (Plate 16).

40. For Plan lÀ with the 60,uOO—c fs inflow (Table 9 arid Plate 17),

Georgetown Harbor Channel maximum surface salinities were signi ficantly

decreased at sta Ml, M5, M7, and M9 (maximum decrease at M5 of 6.1 ppt)

and were unchanged at s-ta M3; while maximum bottom salinities were Un-

changed at sta Ml , M3, and M5 and greatly decreased at s-ta MT , M9, Mll ,
and Ml2 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 s-ta Ml, but essentially unchanged at other stations where
salt was measured (s-ta M3 and M5). Average surface salinities in the

salinity zone of Georgetown Harbor Channel (s-ta Ml—M9 ) were decreased

by o.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 , WC1, and WC2 (maxi-
mum increase of 7.2 pp at WC2) and were unchanged at s-ta WC3 and WC4.

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
hi. 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 rat e, provides a fair 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 above 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 .

142. 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 poss ible est imate 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,OGO cu yd.

The amount of material deposited (280 cc) in the Western Charnel 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 yd)

deposited in section WC14 (Table 10).

1414k Based on the above 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 rnlw 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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145. The results of the shoaling tests for Plan lA 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 percen 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).

146. The amount of material depos i ted (375 cc) in -the Western

Channel of Plan lÀ during model shoaling tests was about 3141 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 yd) would

ind icate the probable shoaling rate for Plan ~~ to be on the order of

97~
),O00 cu yd in the Western Channel. Of tIe 375 cc (970 ,000 cu yd) of

gilsonite deposited in the Western Channel for Plan LA , 10 cc (about

30,000 cu yd) deposited in section WC1, 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 WC14

(Table 10).

47. Based on the above results, annual Western Channel mainte-

nance dredging for Plan LA would be about 970,000 cu yd , with -the

greatest dredging requirement occurr ing in section WC3 (about 770,000

so yd). The total annual dredging requirement in the Western Channel

and the Georgetown Harbor Channel upstream of th~’: Western Channel would

be about 1,0140,000 cu yd (146 percent ) less than at present .
148. 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, shoal ing would be greatly reduced in the
Upper Winyah Bay and Sampit River (sections 19—27 and 28—1414) 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 145—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 , 5 cc

(about 10,000 Cu yd) deposited in section WC1 , 50 cc ( about 130 ,000

cu yd)  deposited in section WC2 , 570 cc ( about 1,1470 ,000 Cu yd)  depos—

ited in section WC3, and 1140 cc ( about 360 ,000 Cu yd)  deposited in sec-

tion WC14 ( Table I I ) .

50. Based on the above results, annual Western Channel mainte-

nance dredging for Plan 2 would be about 1,97 0 ,000 Cu yd , with the

greatest dredging requirement occurring in section WC3 (1 ,1470 ,000 Cu y d ) .

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 (it percent) less than at present . Compared with

Plan lA, 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 arid Sampit River (sections 19—27 and 28—1414) to 114 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 l,700,OGO
Cu yd less than at present).

52. The side channel trap caused significant changes in the ebb
flow pattern. Observation of the fl ow 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 or-i the order of 2 ,050 ,000 cu yd. Of -the

795 cc (2 ,050 ,000 cu yd)  of gi lsonito I posi ted in the Western Channel
for Plan 3, 10 cc (about 30 ,000 cu ~‘d) deposited in section WC1 , 300 cc

( about 770 ,000 cu yd) deposited in section WC2 , 460 cc (about 1,190 ,000

cu yd) deposited in section WC3, and 25 cc (about 60,000 Cu yd) depos—

• ited in section WC I-t ( 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 14,110 ,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 (91-i percent ) more than

at present. Compared with Plan lA , -the side channel sediment trap would

increase overall annual dredging requirements by about 2,170,000 cu yd

(260 percent).

524 . The results of the shoaling -tests for Plan 14 are presented in

Table 12. Based on the indexes for the two reaches of the shallowed

Georgetown Harbor Channel , shoaling would be great ly reduced in the

Upper Winyah Bay and Sainpit River (sections 19—27 and 28-1414) to 214 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 14 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 to the known annual

shoaling of the Eastern Channel (283,000 cu yd) would indicate the

probable shoaling rate for Plan 14 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 WC1, 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 wc4 (Table 12).
• 56. Based on the above results, annual Western Channel mainte—

• 
nance dredging for Plan 14 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 he about

• 890,000 cu yd (39 percent) less than at present . Compared with Plan lÀ ,

the Western Channel dam would increase overall annual dredging require-

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 woul d be greatly reduced in the

Upper Winyah Bay and Sainpit River (sections 19—27 and 28—144) 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-

• prototype shoaling conversion for -the Eastern Channel reach also is

applicable to the sediment trap, the 40 cc deposited in the trap repre-.

sent s only 100,000 cu yd.
58. The amount of mater~ il 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 thi s 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 depos ited in the
Western Channel for Plan 5, 15 cc (about 240,000 cu yd) deposited in
section WC1, 1140 cc (about 360,000 cu yd) deposited in section WC2,

14240 cc (about 1,130,000 cu yd) deposited in section WC3, and 15 cc

(about 140,000 cu yd) deposited in section Wcit (Table 12).
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59. Based on the above results, annual Western Channel maintenance

dredgi ng 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

3140,000 cu yd (15 percent) less than at present. Compared with Plan lÀ ,

the sediment trap east of the Georgetown 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—414) 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 l~~ s than at present).
61. The amount of material deposited (4 0 5 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 LndiCate the

probable shoaling rat e for Plan 6 to be on the order of l,0J~O ,000 cu yd.
Of the 405 cc (1,0140,000 cu yd) of gilsonite deposited in the Western

Channel for Plan 6, 85 cc (about 220,000 cu yd) deposited in section
WC1 , 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 WCI4 (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 (142 percent ) less than at present . Compared with

Plan 1A , the impermeable dike between the Western Channel and the
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Eastern Channel woul d increase overall annual dredg ing requirements by

about 90 ,000 cu yd (7 percent).

Conclusions

63. Conclusions are as follows:

a. Plan 1 did not significantly affect  the tidal heights or
tidal phasing within the model area. Plan lÀ 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.

1. Plan 1 caused a slight reduction in maximum ebb velocities
(average of surface, middepth, and bottom) at sta Ml, M5,
Mll , Ml3, WC1, 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 s-ta M9, Mu , Ml2 , and WC4. Plan lA caused
a slight reduction in maximum flood velocities at sta Ml,
M7, and M9; a significant reduction in maximum flood
velocities at sta M3; and a slight increase in maximum
flood velocities at sta WCO .

c. 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 lÀ did not significantly affect
the flow predominance in the Georgetown Harbor Channel,
other -than increasing the percent flow downsi reain 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 Flair 1.

d. Plan 1 caused a slight but significant decrease in salin-
ity within the region of saltwater intrusion (generally
on the order of i—it 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 caused 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 Channel and Thrn—
ing Basin. Thus the extent of saltwater intrusion was
increased in the Western Channel. ~lan lA caused a sig-
nificant decrease in salinity within the saltwater intru-
sion zone (generally 1—7 pt). As in Plan 1, the only
location that consis-tertly indicated an increase in salin-
ity was the bottom depth of the proposed Western Channel
(by an average of about 3 ppt).

e. The elements of Plans 1 and lA were identical except that
the abandoned Eastern Channel (sections 8—18), the Upper
Winyah Bay Channel (sections 19—27), and the Sampit River
Channel (secfions 28—414) were —27 ft mlw deep for Plan 1
and —13 ft mlw deep for Plan lÀ. Compared with Plan 1
(which assumed -that no dredging would be performed in the
existing Upper Winyah Bay and Sanipit River Channels whil
these channels shoaled from —2 7 ft mlw depth towar~i —13 ft
mlw dep th) ,  Western Channel shoalinG for Plan lÀ was in-
creased signifi cantly (about 35 percent) when the aban-
doned Eastern Channel, the Upper Winyah Bay Channel , and
the Sainpit River Char.nel were shallowed from —2 7 ft to
— 13 ft miw -to represent a shoaled condition . Overall
annual shoaling (Western Channel plus George-town Harbor
Channel) for Plan lÀ 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 preseL t depth of
—27 ft to a depth of —13 ft miw (Plan i ),  the total annual
dredging requirement would be about 68 percent less than
for the existing channel.

f. Plans 2—6 were modifications of Plan lA tested in an
attempt to decrease Western Channel shoaling and more
evenly distribute the shoaa ing along the channel length .
Plan 2 annual shoaling was 78 percent more than Plan lÀ
shoaling with no improvement in shoal irig dis t r ibut ion
along the Western Channel , and overall annual shoaling
for Plan 2 was 14 percent less than existing channel shoal-
ing. Plan 3 annual shoaling was 260 percent more than
Plan lÀ shoaling (including a iiiajor maintenance dredging
requirement for the side channel trap), with no improve-
ment in dis tr ibut ion along the Western Channel , and over—
all annual shoaling ( including the sediment trap ) for
Plan 3 was 914 percent more than exist ing channel shoaling .
Plan 24 annual shoaling was only 12 percent more than
Plan IA shoaling with a significantly improved distribu-
tion of’ mater ial along the Western Channel, and overall
r nual shoaling for Plan 4 was 39 percent less than exist-
ing channel shoaling . Plan 5 annual shoaling was 57 per-
cent more than Plan lÀ shoaling with no improvement in
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distr ibution 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 lA shoaling
with no significant change in shoaling dis t r ibut ion 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 r-rommended. The effects of Plan 14 on shoai~ ng, when
compared to Plan lÀ , were def ini te ly  beneficial because
of the much more even distribution of shoaling material
along the Western Channel. Although the annual siroaling
rate for Plan 24 is almost the same as that for Plan lÀ ,
the elimination of tire extremely hi gh choaling rate in
one section (section WC3) should permit dredging to be
performed on a less ~r ecw-nt ~ as~ s.
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PART I I I :  MARSH ISLAND CHANNEL AN !) TUP~NIN~ EA:~1N STUDY

DesoriILlunct ’ rests

64. The Marsh Island Channel and Turning Basin scheme (PJ ate 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 ft. rnlw to —35 ft miw, 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 nilw. A t rans—

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.

6~. The Marsh Island Channel and Turning Basin study involved

testing of Plan 7, which consisted of the Marsh Island Channel (shoaling

sections 1—11, see Plate iS) and turning basin constructed to -~ 5 ft miw ,

as shown In Plate 20. The Marsh Island Channel had the sane alignment
as the existing Georgetown Harbor Channel. The Georgetown Harbor Channel

above the turning basin was constructed to —13 ft miw, as was the harbor

itself , to represent a shoaled condition (barge traffic only).

b6. 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).

Gescription of Test Data and Results

Shoaling test

67. The shoalirig test procedure was identical with th e t  used for
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the Western Channel and Turning Basin slud~,-’ described previo~~; J ,’ in para—

graphs 41 and 143. The shoaling test results for tl ani 7 are shown in

Table 114. Tests of the base and P~an 7 were conducted in an identical

manner to assure comparable results. The reb~~ ts of the shoaling. test

for Plan 7 are presented as shoaling volumes in cubi - 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 de osit~~.1 in an

area during the plan test than deposited in the same area for the base

test. Am index less than 1.00 indicates that the pil an 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 insi~~ ificant.
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 114, the test- results show that the

overall annual channel shoalirig (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 Fesin (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 ycar 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 .
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PART IV : UPPER WINYAH BAY I~F CHANNEL !itAP STUDY

Descr ipt ion of Tests

71. The Upper Winyah Bay hi de  fharinel 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 tho Upper Win2ah Bay Channel at the

entr ance to Georgetown Harbor, thereby trapping the shoalind material

before it enters the harbor. The rationale behind thi s s~ hene s that

for the same volume of sediment , the dre~ifing and disposal are more
expensive in the harbor itself than in the upper bay sediment trap . The

present annual maintenance dredc~ing requirement for the Geurdetown Har-

bor p ro~ ent (excluding the entrance channel) is about 2..3 million cu yd

based on l972—J 976 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

r ed i s t r i bu t ion  of shoaling material from the harbor to the  sediment

trap with an attendant reduction in maintenance costs.

72. The Upper Winyah Bay Side Channel Trap study included testing

sf Plans 8 and 9. Plan 8 -involved the construction of a side channel
trap (2 , 300 ft  lonC by 600 ft wide by 27 ft deep ) at tached to the exist—

ing channel , as shown in Plate 21. In an effort to increase the effi-

ciency of the side channel t rap , Plan 5 cons isted -tf reali gning the

existing channel and construct~ no a side channel t .~~ ai ( 3 ,~~DO ft long by

600 ft wide by 27 ft deep), as shown in Plat e 22.

7~~. No hydraulic or salinity data were soile-~ted for the Upper

Winyah Bay Side Channel Trap scheme .

7) + , For shoaling distribution dat a , bot h Plan s 8 and 9 wcoe tested

with a tide range of 5.28 ft at the Yaw c~ c ; r\~ek ~a~ e and a sten hydro—

graph of 5,000—25,000 cfs . (fee Report 1 of this sei ies for shoaling

d i s t r ibu t ion  v e r i f i c a t i o n  p r o c e d u r e . )
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Description of Test hata and R e su l t s

Shoaling tests

75. The shoaling test procedure ~~ tO identical .tith that used for

the Western Channel and Turning Basin study described previously in para—

graphs 141 and 143. The shoaling test results for Plans 8 and 9 are shown

in Table 15. Tests of the base and Plans 8 an~ 9 were conducted in an

identical menner 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 shoaling index for each particular area was determined

by dividing the p-lan 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 considere.I insignificant.

76. While the results of the model shoaling test s are ~ualitat ive

rather than quantitative , it is believed that the test data are suffi-

ciently rel iable 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 (147 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 514 percent

and 72 percent , respect ively; and ~~t~ rn Channel shoaling for Plans 8
and 9 was increased by 27 r’ercent and lh percent , respectively . The

annual shoaling rate ia the sediment t i-nh was about 810,000 and 880,000

cu yd for Plans 8 anI 9, respectively .

Concl usions

78. Since the overall annual channel shoaling rate for Plans 8 and

9 was increased or-i the order of 800,OC I)—900,000 cu yd over the present

shoaling rate and Georgetown Harbor (Sampit River) shoaling was reduced

only on the order of 350,000—1450,000 on 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 concl usion.
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- PART V: INFLOW DIVERSION STUDY

Description of Tests

79. The inflow diversion scheme was designed to provide a reauc—

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 Wiriyah Bay to the

ocean . When inflows greater than 30,000 cfs occurred , 30,000 sfs would

be diverted to the ocean and the remainder of the in flow 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 dredging requirements , since the

sediment load to Winyah Bay would be greatly reduced.

80. The inflow diversion study involved testing of Plan 10,

elements of’ which are shown in Plate 23. For hydraulic and salinity

data , Plan 10 was tested far 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 cf’s over the dam. A

second test was conducted with a 5.28—ft tide range -i t  Yn~d’ies Dock and

a step hycirograph of 5 ,000—25, 000 cfs ove” the dam . For both te it s , the

gilsonite injection procedure was the same as ~n previous t notinf ,

except that the volume of gilsonite wan redunee by 90 percent . To

determine the overall shoaling charact eristics of Plan 10, the results
of the first and second tests were averaged. (See Report I of thi s

series for shoaling distribution verification procedure.)

Description of Tent Data and Results

• Hydraulic and salinity tests

81. Data obtained to evaluate the effects of Plan 10 consisted of

measurements of -tidal elevations , current veloc it ies, and salinities at

numerous locations throughout the model. Tidal elevat ions werc measured
at Yawkies Dock , Jones Creek , Sout h Island Road , Skinners Dock , Paper—

mill Dock , and Old 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 1—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 stat ion each at the mouths of the Wac camaw 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.

Sajinjties were measured at 1—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 stat ion 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 int rusion 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 effect s 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 Ui- 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 dur ing the plan test than depos ited 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 respect ive area. 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 qualitative

rather than quantitative, it is believed that the test data are suffi-
ciently reliable to show the overall e f f ec t s  of the proposed plan on

shoaling throughout the study area.

Discussion of Results

Tides

814. 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

- (Paperatill Dock) and the high—water e1evati~ ns to be raised a maximum of

0.14 ft at the Old Highway 17 Bridge gage; the tide range was increased a

maximum ot 0.9 ft at the Old 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 Saxnpit River gage and the high—water elevations to be

raised a maximum of 0.14 ft at the Skinners Dock gage ; the tide range was

increased a maximum of 0.8 ft at the Sampit River and Old Highway 17

Bridge gages. For the 60,000—c ft inflow , Plan 10 caused the low—water

elevations to be lowered a maximum of 0.5 ft at the Sampit R iver and Old

Highway 17 Bridge gages, and the high—water elevations to be raised a

maximum of 0.3 ft at the Skinners Dock , Sampit River , and Old Highway 17

Bridge gages; the tide range was increased a maximum of 0 .0  ft at the

Sampit River and Old 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

Old Highway 17 Bridge gages shown in Plate 214. The arrival times for

low water were earlier by about 3/14—1 hr than for the base test . High

- • - water was earlier by about 1/2 hr at Old Highway 17 Bridge (essen t ia l ly

at the dam), but was unchanged at the other gages.

Velo cities
85. As shown by Tables 17—19, the overall effect of Plan 10 was a

sij’nifjcant decrease in the maximum flood and ebb velocities in Winyah

7ay for all inflows tested (12 ,000, 35,000, and 60,000 cfs). This was

to be expected beca use of the substantial reduction in ti dal prism

caused by the dam. For the 12,000—cfs inflow (Table 17), max imum flood

velocities (average of surface , middepth, and botton-) were slightly

decreased from s-ta Ml -to M9, significantly decreased from s-ta ~!11 to

Mlh, unchanged at s-ta Ml5 and TB, unchanged from sta WCO to WC14, and

si gnif icant ly  decreased at sta PD2 and W2; maximum ebb velocities (aver—

ni~e of surface , middepth , and bottom) were unchanged at s-ta Ml and M3;

sLrnificantly decreased from s-ta M5 to M114, unchanged at sta Ml5 ans ‘TB ,
sliptht~ y decreased at sta WCO and WC1, significantly decreased at s-ta

~~~ to wc14, and significantly decreased at sta PD2 an :1 W2. For the
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35, 000—cfs inflow (Table 18), max~niwn flood velocities (average of sur-

face , middepth, and bottom) were slight ly decreased from sta Ml to M9,

significantly decreased from sta Mll to M114 , unchanged at s-ta MiS and

TB, unchanged from sta WCO to WCL& , and significantly decreased at s-ta

PD2 and W2; maximum ebb velocities (average of surface, middepth , and

bottom ) were unchanged at s-ta Ml , slightly decreased at sta M3 , signifi-

cantly decreased from sta M5 to M114 , slightly increased at sta Ml5 and

TB, slightly decreased at sta WCO , significantly decreased at s-ta WC1

to WC1~, and significantly decreased at sta PD2 and V’?. 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 s-ta Ml2 to Ml14, unchanged at s-ta M15 and TB, slightly in-

creased from sta WCO to WC3, unchanged at sta WC14, and signi f icantly

decreased at sta PD2 and W2; maximum ebb velocities (average of surface ,

middept h , and bottom) were significantly decreased from sta Ml to Mib,

slightly increased at sta M15 and TB, significantly decrease d from st a
WCO to WC14, and significantly decreased at s-ta PD2 and W2.

Flow predominance

86. For Plan 10 conditions with the l2 ,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 s-ta M5 and M7 and changed

from highly ebb—predominant flow to flood—predominant flow at sta M9 and

Mll . In the Western Channel the surface flow predominance changed from

highly ebb—predominant flow to equally dis tr ibuted.  In the Georgetown

Harbor Channel, bottom flow predominance (Plate 26) was changed from

equally distributed to flood—predominant flow at sta MU and Ml14 and was

changed from highly flood—predominant flow to equally distributed at
sta M15. In the Western Channel bottom flow predominance changed from

ebb—predominant flow -to flood—predominant flow at s-ta WC2 and WC3 and

changed from equally distributed to flood—predominant flow at sta WC 14 .

8~. For Plan 10 conditions with the 35,000—cfs inflow, the surface
flow predominance data presented in Plate 27 show hat the surfac e flow

predominance in the Georgetown Harbor Channel changed from highly
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eub—p t ’c1~ u :nuit. L -W to  ecLliaI  l v  li s tr  i n el at ota -15, .
~ ( , i l O l ~~ . 0

t i e  We s t  en.  mani c I t ic -;u r : a ’ e  - 
- ow Ore 1(01 ir i a i i ce  haio~~ I :~~~- u:i t i

e i - n — p r e  i- ) o l nant f l ow  to ~:li d-it ij  _ O L — ~~t . :  t J11 i t i t ’ h O W  at sta ~C i , mi

Wd:?, and V~ 3 and equally d i st i l  b~ t n - d a’. t .a ~ ‘d . In t ic duor ç~~t-jw n lIar—

t ot ’ Channel , bottom flow ~rcdc :~~n it t  :e ( ~ t t  e ~d ) W al eharig~-o fr~o on—

i non flow to flood—pr- nti ;.i tn~ ~ w at ota -Y , H? , I t i  - - , I’) , an

t L 5 ,  cha ng e d  1’ n r n  s l i gh t ly t i  ~-~ —- pi- t - J ; r n i r t a n ~ 1- ,w ‘ .-

~-rt dcniicir. t flow at sta M9 n i l  -~~i. i i i  t O n  h-~~t~~t ’~ Ch annei  U t t i- f - w

predcoi nance w a ;  changed Iron eb h—r r- i- -ti nan t t t . - -o I — i  r t - 1 - o ;  0 O~~

at  st a  ~~!—Wd - and was changed f r o m  high ty ebb—pr e-t-oninnot. t. ~~~ to

equally distrib ii ~~i at sta  W d J .

3-i~. For Plan 10 ccr;-citi ’c ri u witu tn~ 60,000—c It; ii;fY~~w , tic cu t - —

f ac e  flow predominance iat a  prese!d -:d in F ; a ~ e 29 ci nw t n o ~ th e  su ; t ace

fi-c~ ore ~u rn inance  in the ~ien:getown Fiorbcr Channel Thangeo Icor. hi~~h i y

e l b b — l c e t n m i r l a n t  to slightly ebb—pt edorntran t fL -
~~ at ;;ta til , M~ , I~t ,

H? , M9, and Mll , ao~ was unchanged at sta M12—Mi5. In the ~~-sterri

dhan;tel the surface flo w predominance changed :‘ror. hi ; h±y obb—~ - eoorc i nact

to ebh—u re-i -lrninant ~~~~ at all stotiots . In the Go r g c t - wn harbor

Cha nnel , hott~ n t’~ ~- -
~~ ore lcrsinarioe (t~ ato 30) was chang ~- . f r  on ; h i  ch1 :r

ebb—predom inan t to highly flood—predominant flow at sta i49 , ~il , -t? ,

and Mb , was changed f:-~m ebb—predominant tiow to at- - ut c-:tua. l y  J IS T o’ ib—

uted flow at sta M~ , M5, and ~7, and was changed from ecoally ti~ trib—

~it ~~-J to fiood—preuonin-ant flow sta .i15. In the Western Chan nel ,

:- :ttor. flow pred rninance was changed fr:-o highly eth—predominant to

fiusd—predomiriat-i. flow at sta Ml and abc ot e luaJly distributed flow at

sta WC2 and ,ZC 3 .

Salinit ies
89. As shown by rabies 2i~—2d and Pl ates 31—33 , the overall effect

of Plan 10 was a significant increase in  the salt content of the bay for

all in~ ln-ws tested (12,000 , 35,000 , and 60,000 cfs). This was to  he

expected from the reduction in freshwater inflow . For the l2,-3flO—cfs

and 3c ,000_cfs inflows , average surface salinities aol average ~ottoo

sil ini p ies were significantly increased at all stations. For the oD ,000—

cfs inflow , average surface salinities and average Lottorn salinities
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were significantly increased at all stat ions except PD2 and W2 , which
were essentially sal t-free for both base and Plan 10 condi t ions . 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—

stantia]. 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 cia yd
(63 percent). Shoaling in the Sarnpit River (sections 28_1414) 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 1324 percent of the existing volume .

Conclusions

91. The conclusions are:

a. Plan 10 s ign i f i can t ly  af fec ted  the tide heights and phas-
ing in Upper Winyah Bay and Georgetown Harbor for all
inflowb 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 occ ur s ignificantly
earlier than for existing conditions.

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

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

d. Based on the assumption that the 90 percent reduct ion 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 titan the existing
rate. The Georgetown Harbcr (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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e. Although not subjected to  meld - irlg, it 3h O L  I

expected that th~ pr p dam arid di’,urnion canal would
cause substantial  c h i n , e - to t ida l , .-‘e l o c i t y,  l a i t y ,
and shoaling charac~ e5 ci  i :0; t he 1 C t-’ l i t - c  and 4accamaw
Rivers  and in the N- ;’th It i - I  area.
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PART VI: DEEPENHD CHANNEL STUDY

Descr iption of Tests

92. The deepening of the main na;igation channel to Georgetown

Harbor from —27 to —35 ft miw would allow passage of larger vessels than

presently use the channel to and from Georgetown Harbor , hut probably

at the cost of significantly incrcased 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.

914. 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 cfs. For shoaling distribution data, Plan 11

was tested with a 5.28—ft tide range of the Yawkies Dock gage and a step

hydrograph of’ 5,000—25,000 cfs. (See Report 1 of this series for shoal—

ing distribution verification procedure.)

Descr iption 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 velocit ies , and salinities at

numerous locations throughout the model. Tidal elevations were neasured

at the Yawkies Dock , Jones Creek , South Island Road , Skinners Dock ,
Sampit River , Old Highway 17 Bri~ ge , 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 214. Cur-

rent velocities were measured at 1—hr intervals over a complete tidal
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cycle at ~urfacc , middepth , and bottom at 11 station ; in tire ex i sting

Georgetown Harbor Channel, 5 stations aiorng the Won ~~~~~ Ch ann el , and 1

station each at the mouths of the Waccu.rnaw and Pee Dee Rivers (h ate 1).

Maximum flood and ebb measurements obn ,ervcd at each stat ion for I- lan 11

are presented in Tables 25 and 26. SaL ;ities were measured at 1—hr

intervals over a complete tidal cycle at surface and bottom depths at

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

Sampit River above Georgetown H :rbor , 5 stations along the Western Than-

nd , ii stations in the Pee Dee Riv~ r, and 3 statioro: in the Waccanaw

River (Plate 1). Maximum , minimum , and average sulinities observed at

each station for the two inflow c - -r~iitions (12 ,0cc ‘tad 35,00L cfc) are

1-resented in Tables 27 and 28.

96. The current measurements at both surface and bottom depths in

the Georgetown Harbor Channel and the Wc;: tern Channel were also analyzed

to determine what percentage of the total flow ever 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 -lownstrean1 at the joint

of measurement , and conversely , percentages less tbon 50 indicate the

predominant flow direction to be upstrcam . The results of tic nrec~nri—

nance computations for surface aret bottom depths for Plan 11 are l~~~—

sented in Plates 314—37 as curves of predominance ve~’sus channel ;:tations.

Shoaling tests

97. The shoaling test procedure Wa:: ~d ; ’n t i cal  wi th  tha t  u sed for

tt~e Western Channel and Turning Basin stiid1r described previously in para—

graphs 141 and 143. The shoaling test results for Plan 11 are cniown 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 present ed as shoaling volumes in cubi c cent imetres 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 ~n an

area during the plan test than dc-~~: : i  t -’il i n  t O e  same area for the base

14 ()



test. An index less than 1.00 inheri t : that  the plan a :lo -aunt a ‘to—

crease in shoaling in tIlO re;nn ;ctive OC t  C. i r id ~ c- i t - - - i t I ring - ;: i~ ss t I an

+10 percent (indexes between 0.90 and 1.10) are et-te-ro Liv considered

insignificant .

98. While the results of t:h model . ;}a-eling tests are qualitative

rather than quantitative , it is believed tha t, the t est data are ;-;uffi —

ciently reliable to show the overall ef’ft- - - ts of tot- pr-ype::ed plan on

stioaling throughout the study area.

Di scussion of Pesults

Tide s

99. As indicated by Table 214, Plan 11 had no major effects on

tidal elevations in Winyah Bay , Georgetown Harbor , or the Wacnasnaw and

Pee Dee Rivers; however , both high—water and low—water elevations were

raised slightly (0.2 ft) in the Upper Winyah Bay ari d G. cr ,— c-towo lIarbor

areas. No significant changes in tidal sha r i n g occurred.

Flow predominance

100. For existing conditions and the 12,000—cfs inflow , examination

of the surface predominance data pre-so-ate l i i i  Plate 30 shows that the

surface flow in the Georgetown Harbor Channel (MI-h!-) was l-:’e-lerlinantly

downstream at all stations. Bottom predominance data tot ;xisting con-

ditions and the l2 ,000—cfs inflow , pro:’ented in P la t o 35, show tha t the

bottom flow in the Georgetown Harbor Channel was predernliiaritly downstream

at sta Ml , predominantly ups t ream at sta h3, M 7 ,  Mu , t112 , and h15, and

equally distributed at sta M5, M7 , M13, oTiS du O.

101. For exi”t ing  conditions and th e -  35, 000—ef o in f low , the  surface

predominance data presented in Plate 36 sew that t) surface ;‘1 ow in

the Georgetown Harbor Channel was nre—lom i nnntiy downstream at all sta-

tions , except sta M15 where it was slightly upstre;ui . Bottom ;;ia dnm j—

nance data for existing conditions and 35,000—cfs inflow , presented in

f- l -nte 37, show that the bottom flow in the deoroetewn Harbor Channel was

predominantly downstream a~ eta 145, M7, M13 , and M1 1i , predominantly up-

stream at sta M9 and Mll , and equally distributed at sta Ml , Md , Mlf ,

and M15.
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1 ) . For I h i t  11 rend It l O l i s  and he L1. , Pt — c Cr; in 01 -Sc , no si g r i t  —

c - n t  c h a n ge- :: fret ;; - - I-: I n ing ;an - I i  t sno in surface fl- a pee du ich  rstn ;e were

n t  ted iii t ht- - - - - t - v i ,  1;irbor ( ‘}; :uin i-l , t t5  OV~ ‘lenct d by I t o t t  314. i-or

it- - tt-j:’, f~ - a pro  I s r i t i O C ri the George-town h arbor (iI~ar;n.~l , ;:~ a Ml oi ,;~rief- -1

a ;l i  g h t ly ‘~h i — g r e r i es: ni ;Lnt to oPt--predominant flow ; sta 1— I d haT gea

ron ci - :bt ly 01 -od — ~ redominan t t o  slightly ebb—predominant flow ; to

M ) :i;angod from flood—pro-dominant to highly flood—predomi nant flow ;

1413 changed from equally d i s t r i bu ted  to hi ghly flood—tiredomin ant  flow ;

sta Mi, changed from highly flootI—peridominant flow to equally distrib-

uted; and ota 1-IS , 147, 1411, 1412, and Mib wi-nc essentially unot:w;oed

(Plate 35).

103. For Plan 11 conditions and the 35,0°fl—cf;: inflow , no signifi—

-cant changes from existing ccnditi en ; in surface flow predominance- were

noted in the Georgetown Harbor Channel, as evletenced by i-late 36. For

bottom flow predominance in the Georgetown Harb r Otanin el , sta 1-11

changed from equally distribut ed to ebb-predominant flow ; sta 143 cuange-J

from equally dis t r ibuted to slightly ebb—predominant  f low; e ta  145 arid

1-17 changed from ebb_predominan t flow to equally distributed ; sta 149 ani

1411 changed from slightly flood—predominant to flood- :-:-eiominam t flow ;

sta M12 was unchanged; sta 1413 changed fr or :  ebb-or- is-m i ~ :tnt to flood—

predominant flow ; sta MI -b changed from ebb—ur e-dcrnir;a;-t tI ow to  -:punuly

distributed; and eta 1415 ctiarn’ed from eoually distributed to

f-r-adominant ft-sw (Plate 37).
Sa l in i t y

lo14. For Plan 11 and the l2 ,000—cfs  in flow ( Table 27 and Plate 38),

Georgetown Harbor Channel maximum surface salinities , compared with base

conditions , were significantly deerean c- i free ; sta 1-h to I-TI and sta i-t13

to Ml5 (maximum reduction on the surface at ~lsa 145- of 3.6 ppt), we~ e un-
changed at sta 149 and MIT , and were s l g r ; i f i c r i nt l y  increased at m a  1411

(14.0 ppt) and sta TB; m i n i m u m  surface salir,it h e ;  went sli ghtl :-/ increased

(0.8 ppt ) at sta IT T ari d u rehangod from ~l -~ 14± t o  I-! ’ and ;;ta :—7) to P- .

Maximum bottom salin i t ies , compared w i t h  base conditions , si~-’nificaualy

;v-crea:;ed from s11 Ml to V7 (maximum reduction of 2.2 opt at sta 1 4 - c ) ,

were unchanged at sta 149 and Mil • and e~~ ni, ficar:tly increased fr-on
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sta 1412 to TB (maximum increase of 5.1 ~- ‘a t - at sta T B ) ;  minimum bottan

salinities were significantly decreased -at ;-;ta Mi , 1-13 , ‘-n O 147

reduction of 1.8 ppt at sta M3) and w ’-ne -  si gn i f i can t ly  increased at

sta M5 and sta M9 to TB (maximum increase of 13.6 n-n t at eta 1413). ‘j ’ I e

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

was significantly increased (Plato 38).

105. For Plan 11 and the 35,000—cfs inflow (Table 28 and Plate 39),

Georgetown Harbor Channel maximum surface salinitien- , compared with bar-c

conditions, were significantly increased at eta 141 (1.9 ~pt ) ,  were sir—

nificantly decreased from sta 14? to 1413 (maximum reduction of 5.3 ppt at

sta M5), and were unchanged at sta 14114 to- uP ; minimum surface salinities

were essentially unchanged at all stat i ons along the channel . Maximum

bottom salinities , compared with base conditions , were significantly de-

creased at sta Ml to 145 (maximum reduction of 3.0 r -pt at sta M 5 ) ,  were

unchanged at sta 147, and were significantly h:- ’reaeed from sta 1411 to TB

(maximum increase of 114.9 ppt at sta T B ) ;  mi nimum bottom salinit ies were

unchanged at sta Ml and significantly increased from sta 143 to TB (maxi-

mum increase of 16.2 ppt at sta Mll). 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 ri :;ults show ti at the

overall annual channel shoaling was increased, by about 1,980,000 Cu pd
(88 percent). The increase in shoaling vol-us e for this plan is base-i.

on the assumption that the additional shs’aling material is available

to Winyah Bay and Georgetown Harbor . T hu s , tie result-s of the Plan 11

shoaling test indicate that if su f fic i ent  additional material  is avail-

able , the deepened channel will alter the hydrodynamic s of the  system to

allow a tremendous increase in the overall shoaling volume. fhoaling in

the Sampit Biver (sections 28—1414 ) was i n c r e ase d  by 36 percent of the

exist ing volume . Shoaling in the Upper 14i n~-oh Bay (section s 19—27) was

increased by 138 percent of the existing volume. Shoaling in the Eastern

flbannel was increased by i14 percent of the existimg volume .

52

- -
• I - - --~~~-~~~ 



_ _ _ _  - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

- _ _ _

Conclusiona

107. Conclusions are as follows :

a. 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 eleva-
tions in Upper Winyah Bay and Georgetown Harbor .

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 in-
creased flood predominance or decr eased ebb predominance
in both Central and Upper Winyah Bay .

c. For the inflows tc~~ ed , Plan 11 caused an overall signifi-
cant increase in salinity in Winyah Bay and Georgetown
Harbor ; however , a decrease ins average salinity for the
12,000— and 35, 000-u f ;:  flows was noted in Lower Winyah
Bay .

d. Overall annual channel shoaling rate was 88 percent more
than the existing shoaling rate. Georgetown Harbor
( f a r e r i t  River ) shoaling rate was 36 percent more than the
existing rate. The Upper Winyaln Bay shoaling rate was
138 percent more than the existing rate. The Eastern
Channel shoaling rate was 2114 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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PART VII: SUMMAR Y OF CONCLUSIONS

Tides

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

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

lower portions of the Sampit , Pee Dee , and Waccamaw Rivers, Plan 10

significantly affected the tide heights and phasir.r in Tlpjer Winyah Bay

and Georgetown Harbor for all inflows tested. The tide ~ange in this

area was increased ‘by a slight lowering of low water aol a slight

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

harbor because low water tended to occur signific’rntLy earlier than

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

significantly affect the tide heights or phasing with in the model area,

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

Winyah Bay and Georgetown Harbor.

Velocities

109. Plan 1 caused a slight reduction in maximum ebb velocities

( average of surface , middepth , and bottom ) at sta Ml , 145, 1411, 1413 , WC1 ,

WC3 , and W2 and a signif icant  reduction in maximum ebb veloci t ies  ( 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 147, a signif icant reduction in maximum ebb velocit ies
(average of surface, middepth , and bottom) at sta 145, WC2 , and ~2, and

a slight increase in maximum ebb velocities at sta 149, 1411, 1412, and

wc14. Plan 1A caused a sli ght reduct ion in maximum flood veloc ities at
sta Ml, M7, and M9; a significant reduction in maximum flood velocit ies

at sta 143; and a slight increase in maximum flood velocities at sta WOO.

Plan 10 significantly decreased maximum ebb and flood currents for all

inf l ows t ested , except in the harbor itself where velocities generally

were unchanged.
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Flow Predomin anc e

110. Plan 1 did not significantly aff e c t either the surface or

bottom flow predominance in the Georgetown Harbor Channel or toe 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 lÀ did not s ignif icantly af fec t  the flow pre-

dominance in the Georgetown Harbor Channel, other than increasing the

• percent flow downstream at the bottom depth in the shallowed port ion of

the Georgetown Harbor Channel; however , in the We stern Channel, the

bottom flow predominance changes were essentially the seine 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 Bay.

Salinity

111. Plan 1 caused a slight but significant decrease in salinity

within the region of saltwater intrusion (generally about l—~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 lÀ caused a significant decrease in salinity
within the saltwater intrusion zone (generally 1—7 ppt). As in Plan 1,

the only location that consistently indicat ed an inc rease in sali nity
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

average salinity for the 12 ,000— and 35 ,000—cfs flows was noted in Lower

Winyah Bay .

Shoali~~~

112 . The elements of Plans 1 and lA 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_1414)

were —2 1 ft mlw for Plan 1 and —13 ft mlw for Plan lÀ. Compared with

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 si gn i f i c a n t l y  (about 35 nor-

cent ) when the abandoned Eastern Channel , the Upper ~‘1inyah Bay Channel ,

and the Sampit River Channel were shaliowed from —2 1 ft to -13 ft mlw to

represent a shoaled condition. Overall annual shoaling (Western Channel

-- plus Georgetown Harbor Channel) for Plan lÀ was about 
~5 

v-e-roent less

than that in the existing channel . ?urir~ the period in which tIss

Georgetown Harbor Channel upstream from th e  Western Channel is allowed

to shoal from its present dept-h of 27 ft to a depth of 1? 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 lÀ tested in an attempt to decrease Western Channel shoaling and

more evenly distribute the shoalinig along the channel length. Plan 2

annual shoaling was 78 percent more than Plan IA shoaling with no im-

provement in shoaling distribution along the Western Channel, and overall

annual shoaling for Plan 2 was 14 percent less than existing channel
shoaling. Plan 3 annual shoaling was 260 percent more than Plan lÀ

shoaling (including a major maint enance dredging requirement for the
side channel t rap) ,  with no improvement in distr ibuti on along the Western
Channel ; and overall annual shoaling (including the sediment trap) for

Plan 3 was 914 percent more than existing channel shoaling . Plan 14
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annual shoaling was only 12 percent more than Plan IA snealing with a
s ignificantly improved distr ibution of material along the Western
Channel , and overall annual shoaling for Plan 14 was 39 percent less

than existing channel shoal~ng. Plan 5 annual shoaling was 57 percent

more than Plan LA shoaling with no improvement in distribution along

the Western Channel , and overall annual rhoalirig ( inc lud ing  sediment

trap) for Plan 5 was 15 percent less than existing channel shoaling.

Plan 6 annual shoaling was 7 percent more than Plan lÀ shoaling with

no significant change in shoalin~’ d ist r i but i o n  along the Western  Channel ,

and overall annual shoaling for Plan 6 was about 142 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 lÀ wer’~ detri-

mental rather than beneficial and therefore cannot be recommended. The

effects  of Plan 14 on shoaling , when compared wi th  Flan lÀ , were defi-

nitely beneficial because of the much n -re  even distribution of shoaling

material along the Western Channel. Although the antnuai shoaling rate

for Plan 14 is almost the same as that for Plan lA , tne elimination of

the extremely high shoaling rate in one section (section WC3) should

permit. dredging to be performed on a less frequent basis. Since the

overall annual shoaling rate was reduced to 143 percent of the existing

rate and no unacceptably high shoaling rates occurred in any individual
section, Plan 7 was an effective scheme for reducing the maintenance
dredgine requirements for the Georgetown Harbor project. Since the

cverall 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—1450,000 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

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

Ri-icr) 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-

quirement s for the Georgetown Harbor project . Although not subject ed to

model testing , it should be expected that the proposed dam and diversion

canal would cause substant ial 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 rat e 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 2114 percent more than the exist ing

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 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 283,000 110 970 — —  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 0.11 150,000
(sections 28~ 1~~) _________ _____ _____ _______

Subtotal 2 ,258,1~O0 2 ,590 1,360 270,000

Western Channel
Section WC1 —— 5 85 17.00 220,000
Section WC2 —— 15 275 18.33 700,000
Section WC3 —— 50 35 0.70 90,000
Section WCIC- (TB) —— 5 10 2,00 30,000

Subtotal —— 75 ~05 1,0140,000

Tot al 2,258,1400 2,665 1,765 0.58tt 1,310,000

* Yearly average (1969—1972) for sections 8—114; yearly average (1972-.
1976) for sections l5_141.4 ,

** Approximate prototype (redging.
t Under Plan 6, Eastern Channel abandoned.

-r -~ Approximate prototype dredging divided by prototype.
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Table 14
- 

Effects of Plan 7 on Shoaling

Plan 7
Prototype Base Plan 7 Plan 7 APD**

Shoaling Section cu yde 
- cu cm cu Cm Index cu yd

Lower Eastern Channel — 66 ,000 25 200 8.00 530 ,000
Marsh Islan d Channel
and Turning Basin
(sections i—li )

Upper Eastern Channel 217,000 85 75 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 0.13 170,000
(sections 28—144) 

_________ _____ — _____ _______

Total 2,258,1400 2,590 605 0.143t 970,000

* Yearly average (1969—1972) for sections 1—14; yearly average (1972—
1976) for sections 15—44.

** Approximate prototype dredging.
t Approximate prototype dredging divided by prototype . 
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Table 16

Effects of Plan 10 on Tide ~~jghts*

Yawkies .Jones South Skinners Papermill Old Kwy 17

Dock Cree1L Island Rd Dock Dock Bridge

Test HW LW 11W LW 11W LW 11W LW 11W LW HW LW

Total Inflow 12,000 cf’s (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 3.7 -.0.2 3.8 — 0.6 3.9 —0.5 3.8 —0.9 14.0 —0.8

Total Inflow 35,000 cf’s (5,000 cf’s over

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 14.0 —0.14 3.8 —0.9 14.0 —0.7

Total Inflow 60,000 cf’s (30,000 cf’s over Darnl

Base 3.5 — 0.2 3.6 — 0 . 14 3.6 — 0.2  3.7 0.0 3.6 —0.2 3.8 0.0

Plan 10 3.6 —0. 2 3.8 — 0.2 3.8 —0 .3 14.0 — 0.2 3 .9 —0 .7 14 .1 —0.5

* Tide heights are referred to mean sea level (msl) in prototype feet;

SW is high water; LW is low water.
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Table 29

Deepened Channel Study Effects of

Plan 11 on Shoaling

P3an 11
Prototype Base Plan 11 Plan 11 APD~*

Shoaling Section cu yd* cu cm cu cm Index cu yd

~ ~ Eastern Channel 283,000 110 3L~5 3.l1~ B90,000
(sections 8—18)

Upper Wiriyah Bay 652~OOO l~65O 3,935 2.38 1,550,000
(sections 19—27)

Sampit River 1,323 ,!~OO 830 1,125 1.36 i~8OO ,OOo
(sections 28-.11i4) — _________

Total 2,258,1400 2 ,590 5,1405 1.881- 1~,214O ,OOO

0) Yearly average (1969—1972) for sections 8—i}~; yearly average (1972—
1976) for sections 15—~~ .

*0) Approximate prototype dredging.
-f- Approximate prototype dredging divided by prototype.
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