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The little lake, out of which the long and crooked river
with its dark cypress waters flowed to the sea. --- The
paper canoe shot into the whirling current which
rushes out of the lake through a narrow aperture into
a great and dismal swamp. --- Down the tortuous,
black, rolling current went the paper canoe with a
giant forest covering the great swamp and screening
me from the light of day. --- Festoons of gray Spanish
moss hung from the weird limbs of monster trees,
giving a funeral aspect to the gloomy forest, while
owls hooted as though it were night. The creamy,
wax-like berries of the mistletoe gave a Druidical

aspect to the woods.

Such is the character of the Waccamaw, this most

crooked of rivers.

N.H. Bishop, 1878, Voyage of the Paper Canoe



TABLE OF CONTENTS

LI ST OF FI GURES ... e e e e s e e e e e e e e e e e
LI ST OF TABLES ... . e e e e e e e e
ACKNOALEDGEMENT S . . ottt et e e e e e e e e e e e e e e
DI SCLAI VER . . e
1. CONCLUSI ONS . .. e e e e e
2. RECOMMENDAT L ONS .. o e e e e e e e e e e e e
3. I NTRODUCTT ON . oottt e e e e e e e e e
3.1. Description of the Waccamaw Watershed .................
3.1.1. Waccamaw Drai nage System (WDS) in North
Carolina ...
3.1.2. Wetlands . ...
3.1.3. Cassification of Surface Waters ...............
3.1.4. Sedinment Pollution ............. ... ... ..........
3.2 Study of the Waccamaw Drai nage System (WDS) ...........
3.2.1. Purpose and SCOPE ... ...t
3.2.2. Approach to the Study ..........................
4. METHODOL OGY . ottt e et e e e e e e e e e e
4.1 Data Base . ...... ...
4.2 Field Surveys .. ... .
4.2.1. Lower Waccanmaw River Profiling and Sanpling ...
4.2.2. Lake Waccamaw Profiling and Sanpling ..........
4.2.3. Geen Swanp and Upper Waccamaw Ri ver Sanpling .
4.2.4. Gound-Penetrating Radar Survey ...............
4.3. Aerial Photo MBpping ........... i
4.4, Geologic Framework Analysis ........... .. ... .. ...
4.4.1. Sedinment Analysis .......... ... .. i,
4.4.2. Radiocarbon Age Dating ........................
4.4.3. Stratigraphic Analysis ........................
5. GECLOG C FRAMEWMIORK & ottt e et e e e e e e e
5.1. Regional Structural Setting ............. ... .. ... ......
5.2. Stratigraphic Framework .......... ... ... . .. ... .. . ... ...
5.2.1. Cretaceous Through M ocene Stratigraphy .......
5.2.2. Pliocene and Early Pl eistocene Stratigraphy ...
5.2.3. Pleistocene and Hol ocene Stratigraphy .........
5.3. Ceol ogi ¢ Franmewor k--Waccanmaw Dr ai nage System ..........
6. DYNAM CS OF THE MODERN WACCAMAW DRAI NAGE SYSTEM .. ...........
6.1. Physiographic Provinces .............. ...
6.2. Lake VACCaMBW . ... ...
6.2. 1. Introduction ......... ... i
6.2.2. Regional Setting ........... ... .. . ..
6.2.3. Sedinentation in Lake Waccamaw .................
6.2.4. Ad Lake Shorelines ........ ... ... .. ...
6.2.5. Pal eo-Drainages in Lake Waccamaw ...............
6.3. Geen Swanp PocoSin ......... . ... e
6.3.1. Introduction ......... ... i
6.3.2. Relationship of Geonorphic Units (GW) to
Vetlands ... ...

11

12

12

13

17



10.

6. 4. Upper Waccamaw RiVer . ....... .. ... 85
6.4.1 Introduction ......... ... . . . .. i, 85
6.4.2 Stream Characteristics ............. .. ... ..... 85
6.4.3 GCeologic Framework ......... ... ... ... ... .. ... 89
6.5. Lower VAccamaw RiVer ......... ... ... 92
6.5.1. Introduction ......... .. ... . . . .. 92
6.5.2. Channel Segnments ........... ... .. .. 92
6.5.3. Rock-Bound River Segments ...................... 103
6.5.4. The Antecedent Floodplains (Wando GWJ) ......... 108
6.5.5. The Actively Meandering Segnents and Mddern
Floodplains ........ . .. e 110
6.5.6. Geonorphic Framework ........ ... . ... ... ... .. ..., 113
MODI FI CATI ON OF THE WACCAMAW DRAI NAGE SYSTEM . .................. 114
7.1. Land-Use History of the Waccamaw Drai nage System ...... 114
7.2. Geen Swanp Pocosin ... .. 114
7.3. Lower Waccamaw Riverine Floodplain Drainage ........... 119
7.4. Upland Swanp Drainage .............iiiiinnnnnnnan. 119
HYDROLOG C DYNAM CS . oottt et e e e e e e e e e 121
8.1. The Hydrologic Cycle ...... ... . . . . .. 121
8.2. Function of Rivers and Associated Swanplands .......... 121
8.2.1. Conponents of a Watershed ...................... 121
8.2.2. Concept of Sheet, Channel ed, and Base Flows .... 122
8.3. Role of Goundwater Discharge ......................... 123
8.3.1. Geologic Setting .......... .. 123
8.3.2. Stream Flow and Base Flow ...................... 123
8.3.3. Chenmistry of the G oundwater Base Flow ......... 124
8.3.4. Prognosis for the Waccanaw Drai nage System..... 125
8.4. Wetland DynamiCS .. ... .ottt 126
8.4.1. Sponge Effect of Swanp Forests ................. 126
8.4.2. Role of Vegetation and Fire .................... 127
8.4.3. Ditching and Draining of Pocosins .............. 130
8.4.4. Moderating Role of Floodplain Road Dans ........ 131
8.5. Historical Precipitation and Stream Fl ow Patterns ..... 132
SEDI MENT POLLUTI ON I N THE MODERN WACCAMAW RI VER . ............ 137
9.1. Sedinent Sources to the Waccamaw River ................ 137
9.1.1. Sand Sedinent in Lake Waccamaw ................. 137
9.1.2. Sedinentation in the Upper Waccanaw River ...... 138
9.1.3. Sedinent Production in Geen Swanp ............. 138
9.1.4. Drainage Ditches in Antecedent Floodplain ...... 139
9.1.5. Upland Agriculture and Silvaculture ............ 145
9.1.6. Erosion of the River Banks ..................... 145
9.2. Sedinent in the Lower Waccamaw River .................. 146
9.2.1. Thickness and Distribution of Sediment ......... 146
9.2.2. River Segments Wth < 1 mSurface Sand ......... 156
9.2.3. River Segments Wth > 1 mSurface Sand ......... 156
9.2.4. Sedinment ProblemAreas ......... ... ... ... ... 157
9.3. Sedinent CharacteristicCs ...........iiiiiiiiiinnn.. 158
REFERENCES ClTED . ...ttt e e e e 160




LI ST OF FI GURES

FI GURE 1-1. Map showing the distribution of wetlands and deepwat er
habitats in North Carolina. ......... ... . . . . . . . ..

FIGURE 1-2. Satellite imge of southeastern North Carolina show ng
the Brunswi ck and Col unbus County portions of the Waccamaw
drai nage SYSt em . ...

FI GURE 3-1. Map of the drainage basins of North Carolina show ng
the | ocation of the Waccamaw Ri ver Watershed within the Lunber
River Basin. ... ... e

FI GURE 3-2. Map of the Lunber River drainage basin in North and
South Carolina. ... ...

FI GURE 3-3. Schematic map of the WAccamaw dr ai nage system show ng
the three headwater streams, Lake Waccamaw, and surroundi ng

swanps in the north and central portions of the drainage system
These drai nages conbi ne south of Crusoe Island to formthe | ower
Waccamaw Ri ver. The foll owi ng four physiographic components of

the WDS will be addressed in the text: G een Swanp, Lake

Waccamaw, Upper Waccamaw Ri ver, and Lower WAaccamaw River. .........

FI GURE 4-1. Location map of 30 vibracores on the 15 cross-
sectional profiles of the Lower Waccamaw Ri ver channel and 5
vi bracores |l ocated on the antecedent floodplain. ..................

FI GURE 4-2. Location nmap of the 10 fathonmeter profiles across
Lake Waccamaw and the 28 vi bracores in Lake Waccamaw. .............

FI GURE 4-3. Location nmap of the 12 vibracores and associ at ed
geol ogi ¢ cross sections of the Upper Waccamaw Ri ver and adj acent
G BN SN, .t ittt e

FI GURE 4-4. Location nmap of the 100 km of ground-penetrating
radar lines run in the Waccanaw drai nage system as well as

| ocation of the interpreted portion of these GPR lines that are
included as figures in this volume. The pink dotted Iines show
the | ocation of three topographic profiles through G een Swanp.

FI GURE 4-5. Ground penetrating radar (GPR) surveys obtained in
the Waccamaw drai nage system ... ... ... .. ..

FI GURE 5-1. Ceologic nmap for the continental shelf from South
Carolina northward to Cape Lookout, North Carolina and show ng

the regional structural features and distribution of

stratigraphic units around the mid-Carolina PlatformHi gh or

Cape Fear ArcCh. ...

FI GURE 5-2. Ceologic map of the North Carolina coastal plain. .....

FI GURE 5-3. Ceol ogic map showi ng the distribution of
Cretaceous fornmations in southeastern North Carolina and
northeastern South Carolina. .......... . . ...

FI GURE 5-4. Ceol ogic map of the Waccamaw drai nage system These
formati ons occur primarily in the subsurface below a thin, but
variabl e layer of Quaternary surficial sedinments. .................



FI GURE 5-5. Map showi ng the distribution of Pleistocene
geonor phic units and | ocations of four geol ogic cross sections
t hrough the Waccamaw drai nage system (Figs. 5-6 and 5-7). ......... 52

FI GURE 5-6. Three schematic, west to east geol ogic cross

sections through the Waccamaw dr ai nage system show ng the

relative relationship between geonorphic units used in this

report (Fig. 5-5) . . 54

FI GURE 5-7. One schematic, south to north geol ogic cross section
through the Waccamaw dr ai nage system showing the relative

rel ati onshi ps between the geonorphic units used in this report

(Fig. 5-5) . 55

FIGURE 6-1-1. Profile of stream gradi ent extending fromthe
interstream divide at Seven M| e Bay, south through Buckhead

Branch, Friar Swanp, Big Creek, Lake Waccamaw, and down the

I ength of the upper and | ower WAaccamaw Rivers to the Carolina

state boundary. . ... ... 58

FI GURE 6-2-1. Aerial photographs of the Lake Waccamaw north
ShOr el i NE. 61

FI GURE 6-2-2. Phot ographs of the eroding rock bluff conposed
of fossiliferous sandy |inestone of the early Pleistocene
Waccamaw Formation on the north shoreline of Lake Waccamaw. ....... 62

FI GURE 6-2-3. Infrared aerial photograph of Big Creek flow ng
out of Friar Swanp and into the NE corner of Lake \WAccamaw
Ri Vel . 63

FI GURE 6-2-4. Infrared aerial photograph of the Upper Waccamaw
River flow ng out of the south shore of Lake Waccamaw and into
Lake and Ri VI SWanPS. . ...ttt e 64

FI GURE 6-2-5. Aerial photograph of the south and southeastern
shore showi ng the nmouth of the Upper Waccamaw Ri ver and
phot ograph of the weir dam ....... ... ... . .. . . . . . 65

FI GURE 6-2-6. Bathynetric map of Lake Waccamaw showi ng the
I ocation of 28 vibracores and six geol ogic cross sections of
the L ake. ... 67

FI GURE 6-2-7. Two geol ogi c cross sections of Lake Waccamaw
(Fi g B-2-68) . ottt 68

FI GURE 6-2-8. Four geol ogic cross sections of Lake Waccamaw
(Fi g B-2-68) . ittt 69

FI GURE 6-2-9. Bathymetric nmap on top of the Cretaceous Pee Dee
Formati on. showi ng the occurrence of a pal eodrai nage system
that existed before Lake Waccamaw forned. ......................... 70

FI GURE 6-2-10. Aerial photographs of the Lake \Waccamaw pal eo-
shorelines along the NWand SE shores of Lake Waccamaw showi ng
t he pal eo-shorelines of a forner and larger lake. ................. 71

FI GURE 6-2-11. Aerial photographs of the SE shore of Lake
Waccamaw show t he pal eo-shoreline of a former and |larger lake. .... 74




FIGURE 6.3.1. Profiles of stream and | and gradi ents extending
from Crane Savannah, south through Honey Island Swanp, Juni per
Creek, and to the confluence with the upper Waccamaw River. ....... 77

FI GURE 6-3-2. Infrared aerial photograph of the upper WAaccamaw
Ri ver and \Wite Marsh drai nages through the River and Boggy
Swanp portions of the Green Swanp pocosin. .............. ... ..., 78

FI GURE 6-3-3. Infrared aerial photograph of the upper WAaccamaw
Ri ver and \Wite Marsh drai nages through Boggy Swanp between
Snake and Crusoe Islands. ....... ... . . . 79

FI GURE 6-3-4. Infrared aerial photograph of the junction of
upper Waccamaw Ri ver and Juniper Creek to formthe | ower
VACCamBawW Ri Ver . .. 80

FI GURE 6-3-5. Infrared aerial photograph of the well devel oped
channel flow of Driving Creek as erodes into the sand ridge
form ng Caison, Big, and Little Islands. ........... ... .. ... ... .... 81

FI GURE 6-3-6. Four geologic cross sections of Green Swanp
(Fig. d-4) . 82

FI GURE 6-4-1. Photographs of narrow, shallow, and vegetation-
bound segnments of the upper Waccamaw River. ....................... 86

FI GURE 6-4-2. Phot ographs of narrow, shallow, and vegetation-
bound segnments of the upper Waccamaw River. ....................... 87

FI GURE 6-4-3. Photographs of wi de, deep, rock-bound segnents
of the upper Waccamaw River that are incised into the
under|yi ng Waccamaw and Pee Dee Formations. ....................... 88

FI GURE 6-4-4. Phot ographs of sand and organic matter sedinments
in the upper VWaccamaw RiVer. ... ... .. 91

FI GURE 6-5-1. Infrared aerial photograph of the upper portion
of the I ower Waccamaw Ri ver including N.C. highway 130 bridge
at New Britton. ... ... 93

FI GURE 6-5-2. Infrared aerial photograph of a segnent of the
| ower Waccamaw Ri ver between N. C. hi ghways 130 and 904 bri dges
and including Gore Lake and Seven Creeks. .......... ... .. ... ... .... 94

FI GURE 6-5-3. Infrared aerial photograph of a segnent of the
| ower Waccamaw River including N.C. highway 904 bridge. ........... 95



FI GURE 6-5-4. Schematic cross sections of the two types of

channel systens within the | ower Waccamaw Ri ver: actively
nmeandering river segnent that occurs totally within a nodern

fl oodpl ain of the Hol ocene GWJ and incised river segment in

whi ch the channel is cut into the antecedent fl oodpl ain of

the VANAO GV ...

FI GURE 6-5-5. Schematic cross section of an actively
nmeandering river channel and associated active fl oodpl ain,
which is incised into the Vando GMU. . ....... ... ... . ... ...

FI GURE 6-5-6. Map of the | ower Waccamaw Ri ver showi ng t he

general distribution of the two types of river channels:

1) incised channel with an antecedent floodplain and

2) actively neandering channel with an active floodplain. .........

FI GURE 6-5-7. Schenmatic cross section of an incised river
channel that is incised into the antecedent fl oodplain of
the WANdo GV, . ..

FI GURE 6-5-8. Map of the | ower Waccamaw Ri ver delineating the

regi ons used in the ground-penetrating radar survey of the

river and the distribution of two types of river channels:

1) incised or rockbound channel and 2) actively meandering

2) channel . ...

FI GURE 6-5-9. Phot ographs of an incised or rock-bound channe
during lowflow stage on the | ower Waccamaw River. ................

FI GURE 6-5-10. C ose-up photographs of an incised or rock-
bound channel during | owflow stage on the Lower Waccamaw Ri ver.

FI GURE 6-5-11. Photographs of incised or rock-bound channel s
during lowflow stage on the | ower Waccamaw River. ................

FI GURE 6-5-12. Photographs of rock-bound segnents of incised
channel s on the lower Waccamaw River. ............ .. . ...,

FI GURE 6-5-13. Aerial photographs of two segnents of the | ower
Waccamaw Ri ver and associ ated ant ecedent fl oodplain (Wando GW).

FI GURE 6-5-14. Photographs of an actively neandering segnent
of the lTower Waccamaw River. . ..... . .. . . . .

FI GURE 6-5-15. Photographs of a point bar within an actively
nmeandering segment of the | ower Waccamaw River. ...................

FIGURE 7-2-1. A 1955 aerial photograph of Friar Swanp show ng
the character of dry season |ogging operations utilizing steam
SKi dder S. o

FI GURE 7-2-2. Devel opnent history of drainage ditches and roads
in the Waccamaw dr ai nage systemin three tine periods: 1938,
1955, and 1990. .. ...

FIGURE 7-2-3. Infrared aerial photograph of a segment of G een
Swanp that has been extensively drained by a | arge integrated
network of ditches and associated road dams. ......................



FI GURE 8-4-1. April 8, 1955 aerial photograph of G een Swanp
shows prom nent water-flow patterns. ....... ... ... .. . .. . . . . ..

FI GURE 8-4-2. Plot of mean nmonthly percentage of 1940-1994

mean precipitation at Elizabethtown, N C. and 1940-1994 nean
stream flow at the | ower Waccamaw River at Freeland, N.C. This

pl ot shows the inter-relationship between rainfall, river flow,

and seasonal growth patterns of vegetation and associ ated
evapotranspirati ON. ... ... e

FI GURE 8-5-1. Daily precipitation data from El i zabet ht own and
VWhiteville plotted against the discharge data for the | ower
Waccamaw Ri ver at Freeland for two sinilar four-year tine

SEOIMBNL S, L ittt

FI GURE 9-1-1. Phot ographs of sheet flow over road dans in
the Green Swanp pocosin during flood-stage flow of Hurricane
Fran (97 1996) . . ...

FI GURE 9-1-2. Phot ographs of sheet flow eroding through a
I oggi ng road damin the Green Swanp pocosin during flood-
stage flow associated with Hurricane Fran (9/1996). ...............

FI GURE 9-1-3. Photographs of the |land preparation process by
timber conpanies in the Green Swanmp pocoSin. ......................

FI GURE 9-1-4. Phot ographs of the post-storm sedi ment deposited
in the streans during the waning stages of stormflow
associated with Hurricane Fran (9/1996). ........... ... ... ...,

FI GURE 9-1-5. Phot ographs of the post-storm sedi nment

deposited in the ditches in the G een Swanp pocosin during

the wani ng stages of storm flow associated with Hurricane

Fran (97 1996) . . ...

FI GURE 9-2-1. Map of sedinment distribution and thickness within
the northern portion of the | ower Waccamaw Ri ver channel. .........

FI GURE 9-2-2. Map of sedinment distribution and thickness within
the southern portion of the | ower Waccamaw Ri ver channel. .........

FI GURE 9-2-3. Ground-penetrating radar (GPR) data and data
interpretation for a portion of the | ower Waccamaw Ri ver that

is incised into the Cretaceous Pee Dee Formation. Location is

just south of the highway 904 bridge (Fig. 9-2-2). ................

FI GURE 9-2-4. Ground-penetrating radar (GPR) data and data
interpretation for a portion of the | ower Waccamaw Ri ver

al ong a straight reach downstream from a drai nage ditch.

Location is indicated on Figure 9-2-1. ... ... . . . . .. ..,

FI GURE 9-2-5. Ground-penetrating radar (GPR) data and data
interpretation for a segnment within a tight neander of the

| ower Waccamaw River. The upstream side of the panel is

| ocated at both the apex of a meander and point where a

tributary streamenters the Waccamaw River. Location is

indicated on Figure 9-2-2. ... ...



FI GURE 9-2-6. Ground-penetrating radar (GPR) data and data
interpretation for a segnment within a tight neander of the

| ower Waccamaw River. The upstream side of the panel is

| ocated at both the apex of a meander and point where a

drai nage ditch enters the Waccamaw River (Fig.) 9-2-2. ............ 153

FI GURE 9-2-7. Ground-penetrating radar (GPR) data and data
interpretation for a segment within a straight reach of the

| ower Waccamaw Ri ver that crosses the entrance of two

tributary streams (Fig. 9-2-1). ... ... 154

FI GURE 9-2-8. Ground-penetrating radar (GPR) data and data
interpretation for a segment within a strai ght reach of the

| ower Waccamaw Ri ver across the entrance of a major drainage

ditch (Fig. 9-2-1). .. 155

10



LI ST OF TABLES

TABLE 3-1. General uses of the land in the North Carolina
portion of the Waccamaw wat ershed area in 1982 and 1992. ..........

TABLE 3-2. Soil erosion trends in North Carolina. .................

TABLE 3-3. Potential inpacts of sedinment and sedinentation
to riverine and lacustrine systens. ........... ... .. ..

TABLE 4-1. Summary of the data base devel oped by the present
study for the North Carolina portion of the Waccamaw dr ai nage
SY S BN oo

TABLE 4-2. Data base for sanples with radi ocarbon age dates
in the Waccamaw drai hage system ... ... ... ... ...

TABLE 5-1. Geologic colum for the Waccanmaw drai nage system
as used in this report. .. ... .. .

TABLE 6-5-1. Major rock and sedinent units that characterize
the incised and actively nmeandering segnments of the Lower
VACCamBaW Ri Ver . ..

TABLE 6-5-2. Channel characteristics of the Lower Waccamaw
Ri ver based upon ground penetrating radar survey within the
riverine channel . ... ... . .

TABLE 8-3-1. Summary of pH data fromthree nonitor stations
along the main stem of the Waccamaw Ri ver between 1988 and 1992

TABLE 8-4-1. Exanpl es of road dans across the Waccamaw
drai nage SYSt em . ...

TABLE 8-5-1. Summary of rainfall (Wiiteville and Elizabet ht own)
and di scharge (|l ower Waccamaw River) data for two representative
four year periods from 1946-1949 and 1995-1998. ...................

TABLE 9-2-1. Approximation of the average vol une of sand

occurring within the river channel within the four different

sedi nent thicknes categories for the North Carolina portion

of the | ower Waccamaw River surveyed. ........... ... . .. .. ... .. .. ..

TABLE 9-2-2. Estimation of the total volume of sand occurring
within the active channels of the four different sedinent

t hi ckness categories within the Lower Waccamaw Ri ver between

the O d Dock—rusoe |sland bridge and South Carolina border. ......

TABLE 9-3-1. Mean sedinent grain size (in phi units) of 14

channel sands collected along three cross-channel transects
in the lower Vaccamaw RiVer. ... ... .. . e

11



ACKNOW.EDGEMENTS

The research docunmented in this report was sponsored by the
Di vi sion of Water Resources of the N.C. Department of Environment,
Heal th, and Natural Resources; by the Ceol ogy Departnent of East
Carolina University; and the N. C. Geol ogi cal Survey.

Speci al thanks go to the East Carolina University Ceol ogy
Department faculty, staff, and students for their extensive help in
carrying out the field work and the | aboratory analysis. Key to our
success was the great assistance of Dr. Catherine Rigsby,
sedi nent ol ogi st, who assisted not only with the field work and the
wor kshop, but al so gui ded devel opnent of some of the scientific
under standi ng of this conplex system M. JimWtson was boat captain
and supplied rmuch critical expertise in equipnent operation and
mai nt enance. The students that were significant participants include
Joel Svec, Britt Thomas, Warren Eadus, Jeff Cook, and many ot hers.

Sincere appreciation is extended to M. Jeff Bruton of the N C
Di vi sion of Water Resources, for his continuing support of this research
project. M. Harry Edwards of Lake \WAaccamaw State Park provided field
support facilities including canmping and boat access for our extended
field seasons. M. Bill More and Colin Mellor of the N.C. Department of
Transportation and M. Ron Crowson of Geo Solutions Ltd. Inc. supplied
bot h ground penetrating radar equi pment and their scientific expertise
in data analysis and interpretation. Ms. Deborah Kel so of the Friends of
Lake Waccamaw State Park and Dr. Al Delia of the Regional Devel opnent
Institute, East Carolina University provided essential |ogistica
support for our workshop and field trip on the Waccamaw Dr ai nage System

Personal thanks are also extended to Dwi ght Babson of New Britton
and Tomry Spivey of Crusoe Island, who contributed in many ways to the
success of this study. They provided many hours of water tinme, both on
the river and in the swanps, supplied us with essential information and
hi story about the Waccanmaw drai nage system opened doors for |and
access, helped obtain critical repairs during major breakdowns, allowed
us to canmp on their property and use their boat ranps and facilities.
Many ot her individuals and agencies within Brunswi ck and Col unbus
Counties supplied key information and resources that allowed this
project to succeed—we extend our greatest appreciation to all of you

DI SCLAI MER

The contents of this report reflect only the authors’ views, who
are responsi ble for the accuracy of the data, the data interpretations,
and the recommendati ons presented herein. The contents do not reflect
the official views or policies of the N.C. Departnent of Environnent,
Heal th, and Natural Resources, N. C. GCeol ogical Survey, or East Carolina
Uni versity.

12



1. CONCLUSI ONS

The stewardship of environment is a domain on
the near side of netaphysics where all
reflective persons can surely find comon
ground. ... An enduring environmental ethic will
aimto preserve not only the health and freedom
of our species, but access to the world in which
the human spirit was born.

The Diversity of Life: EEQO WIson, 1992

The Waccamaw drai nage systemis conposed of many parts, all of
which are intimately interrelated and operate in consort with each other
like the parts of a living organism However, this conplex systemis
under severe and conflicting pressures by many di fferent societal user
groups. Many | and-use nodifications and practices by specific user
groups are creating long-termand irreversible nodifications of this
delicately bal anced wat er-dependent ecosystem |n order to protect this
uni que and critical coastal resource for future utilization, this
mul ti faceted ecosystem nust be nanaged as a single entity with a focus
on the main conponent that drives this wetland system—water. Thus,
managenent of the Waccamaw drai nage basin nmust be guided by a conplete
under st andi ng of the conplex interactions between all parts of this
dynani c wetl and system

Bef ore European col oni zation, North Carolina contained about 11
mllion acres of wetlands (Dahl, 1990) including estuarine and fresh-
wat er marshes, riverine-floodplain swanp forests, and upl and swanp
forests (Fig. 1-1). O this original 11 nillion acres, about 2.5 mllion
acres consisted of upland swanp forests (Richardson et al., 1981) that
occur in pocosins, an Al gonquin word meaning “swanp on a hill”. G een
Swanp is a superb exanple of a pocosin. However, these vast coasta
pl ai n wetl ands have been under attack since European col oni zati on began
According to Dahl (1990), by the mid-1980s only about 5.7 nmillion tota
acres (51% of wetlands remained in North Carolina, including an
estimated 700, 000 acres of unaltered pocosins (Environnental Defense
Fund, 1989) or 28%of the original 2.5 nmllion acres.

Wetl ands in the vast Waccamaw drai nage systemoriginally
represented 7.3% of the original total wetlands in North Carolina.
However, today the Waccamaw systemis in serious jeopardy due to
centuries of extreme |and-use nodifications resulting fromgrowh and
devel opnent pressures (Fig. 1-2). This unrelenting assault has included
ditching and draining of vast wetlands; wi thdrawal from and decline of
associ ated groundwat er aquifer systems; replacenent of natural, high
diversity ecosystens with nonocul ture pine plantations; and ever-

i ncreasing anounts of runoff including massive vol unes of sedi nent,
fertilizers and pesticides, industrial waste, and human and agricultura
sewage. The continued assault upon remaining wetl ands, nodification of
stream flow, and withdrawal of groundwater will continue to inpact the
base flow of the Waccamaw drai nage system This will create greater
oscillations in riverine flowwith time causing it to becone flashier
with |l onger periods of |ow water and nore frequent periods of higher
high water. In addition, increased growth and devel oprent will continue
to degrade water quality.
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FI GURE 1-1. Map showing the distribution of wetlands and deepwat er
habitats in North Carolina. Notice that the wetlands, which include
coastal marshes, riverine swanp forests, and upland pocosin swanp
forests, are concentrated alnost totally within the Coastal Plain
province. Map is from Dahl (1996).
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FIGURE 1-2. Satellite imge of southeastern North Carolina show ng the
Brunswi ck and Col unbus County portions of the Waccamaw drai nage system
Notice the extensive pattern of drainage ditches for agriforestry

t hroughout the Green Swanp region. In addition, the photo shows the
Brunswi ck County barrier islands; Cape Fear; the Cape Fear, Black, and
Nort heast Cape Fear Rivers that flow together to formthe Cape Fear

Ri ver estuary; and the city of Wilnington. This is a 1996 | RFAN
satellite i mage obtained fromthe website of NOAA gov.
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To optinmize and integrate the utilization, devel opnent, and
preservation of the Waccamaw drai nage system (WDS) and its resources, it
is inperative that public, private, and managenent sectors have a basic
conpr ehensi on of the natural system This nust include understanding the
foll owi ng concepts:

1. Spatial and tenporal inter-relationships between the many and
di verse regi ons and physical, chemcal, and biol ogica
components of the WDS ecosystem

2. Driving forces operating within each region and conponent and
the interactive dynamnm cs between regi ons and conponents of WDS
ecosystem and

3. Human processes and their short- and | ong-term consequences
upon the WDS ecosystem

Qur basic goal in this nmonograph is to provide the initia
framework for understanding and integrating the fundanental scientific
processes and responses w thin the Waccamaw drai nage system W have not
answered all questions or solved all problens, but we have begun to
define the conponents and synthesize the dynami cs of this conpl ex
system W sincerely hope that this will represent a platformfor
gui ding future research and understanding of this awesone water-
dependent coastal system as well as formthe seeds for initiating a
managenent schene that night save this incredible wetland system for
future generations.
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2. RECOMVENDATI ONS

The time has conme, when scientific truth nust
cease to be the property of the few, when it nust
be woven into the common life of the world; for
we have reached the point where the results of
sci ence touch the very probl em of existence...

L. Agassiz, 1862

The environnental problens within the Waccamaw dr ai nage system
(WDS) did not happen overnight. Therefore, restoring this precious
resource will not only take tine, but nust be citizen driven, involve
al |l user groups, and be based upon good science and a conplete
under st andi ng of the entire plunbing systemof the WDS. To acconplish
this, it is inperative that a program be undertaken to educate both the
public, private, and political sectors about the inportance for making
changes and necessity for getting involved in the River. The action or
i naction that begins today will determine the character and quality of
t he Waccamaw dr ai nage system for our children and grandchil dren

1. Inplenent a basin-wi de study to deternmine the interaction and
I i nkages between the ground- and surface-water systens and define the
wat er budget for the WS

The entire WDS is either perched on top of or incised into the extensive
Cretaceous Pee Dee aquifer. The Pee Dee groundwater systemrepresents a
net discharge into the WDS that inpacts both the water chenistry and
river flow through tinme, even during the driest periods and in spite of
massi ve devel opnent of drai nage ditches. Thus, the WDS water budget is

i nt erdependent upon both the surficial and groundwater systens, but
these |inkages are very poorly understood. Due to the critical role of
groundwater to the surface drainage system dynamnics, the regional water
managenment schene nust include the long-terminpacts of urban
agricultural, and industrial utilization of groundwater.

2. Establish a Regional Water Managenent Council for the Waccamaw
Dr ai nage Basi n.

A. Conposition of the Council.

The Council should be conposed primarily of local citizens
representing public and private user groups of all interests
within the WDS, and key scientists and State and Federa
personnel representing relevant disciplines and agenci es.

B. Focus of the Council.

The Council should be charged with devel opi ng the regiona

wat er managenment policy for the entire WS including the
tributary drai nages, Lake Waccamaw, G een Swanp pocosin, the
upper and | ower Waccamaw Ri ver, and groundwater utilization

The Council should work closely with existing branches of
various State agencies (i.e., Division of Water Resources,
Division of Water Quality, etc.) to fornalize and inpl enent the
managenent pl an.
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Establ i sh and Fund the Foll owi ng Positions.

a. Director. The purpose of the director should be to
coordinate the efforts of devel oping and inplenenting the
regi onal wat ershed managenent plan, to oversee and carry
out the work of the Council, and to coordinate efforts
between the local citizenry and user groups, town and
county offices, and the various State and Federa
Agenci es, etc.

b. River and Lake Keeper. The River and Lake Keeper shoul d
organi ze a volunteer staff of citizens who regularly
patrol the lake, river, tributaries, and associated
wet | ands | ooking for pollution and flow probl ens,
moni toring water quality, and reporting their findings to
the River and Lake Keeper and ot her appropriate
authorities.

c. Education Coordinator. The Education Coordi nator shoul d
organi ze a volunteer staff of citizens to devel op
i nformati on packages for the WDS with a focus on al
aspects of watershed dynanics and the integrated basin
managenent approach. Strategies should be devel oped for
educating | ocal groups utilizing workshops and outreach
prograns that concern all age groups ranging from grade
school children to the various user groups and genera
publi c.

3. The Regi onal Water Managenment Council shoul d devel op a WAt er shed
Managenment Plan for the WDS that includes the foll ow ng conponents.

The Council should have the responsibility for defining a set of goals,
est abl i shing mechani snms for acconplishing these goals, determnning
procedures for inplenenting the plan within a specified tinme framework,
and nonitoring the inplenmentation of the proposed changes. The goal of
this plan should be to successfully put water back into the Waccamaw
drai nage system and keep sedi nment and ot her pollutants out.

A

Wat er use plan.

The Council should work with all user groups to devel op a water
use plan that includes taking water out, nodifying, or putting
wat er and associated pollutants into the drai nage system The
goal should be to maxim ze water retention in the Waccamaw
wet | ands, while at the same tinme maxim zing utilization by

mul tiple user groups. This would allow the water to seep slowy
into the river systemthrough tinme and restore the “sponge
effect” of the surrounding wetland system

a. Fornulate a nodel to integrate patterns of climatic
conditions and water availability for present and future
wat er user needs. This nodel should include the natura
seasonal rainfall patterns, tinm ng sequence for planting
and harvesting of forestry and agricultural crops,
patterns of changing | and use, and existing uses
(silvacul ture, agribusiness, urban devel opment, hunt
clubs, and sport fishing, etc.) and new or unconventiona
uses associated with devel opnents such as ecotourism The
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goal would be to define the carrying capacity of the WS
froma water-use perspective

b. Devel op a mmi ntenance plan for tenporary reestablishnment
of sheet flow conditions by managi ng the closing and
openi ng of drainage ditches and road danms. Various
procedures that could be considered for nodification of
drai nage ditch/road dam mai nt enance ni ght include cl ose
ditches at key di scharge points and cul verts, encourage
beaver dam construction w thin drai nage ditches, and
breach key road segnents to open specific areas to sheet
flow

c. Inprove |land use practices adjacent to streans, drainage
di tches, road beds, and steep-sloped banks. | nproved
| and- use managenent techniques will dimnish rapid runoff
and associ ated erosion and increase the sl ow water
rel ease. This can be acconplished through increased use
of best managenent practices (BMPs), no-till agriculture,
use of riparian buffers along drainage ditches and
tributary streans, and use of flashboard risers and weirs
to maintain i nstreamwetlands in the | ow gradient
streans, etc. At the same time, these practices wll
allow the soil to retain soil noisture and reduce soi

erosion, which in turn will dimnish pollution due to
sedi nents, associated nutrients, and other toxic
chem cal s.

B. Sedi nent Pollution Plan.

The Council should work with all user groups to develop a plan
to mninmze the input of sedinent and other pollutants into the
maj or wat erways of the WDS. As the water plan is inplenented,
there should be a significant decrease in pollutant input into
the WDS. However, in addition to the related conponents wthin
the water plan, the follow ng approaches are specifically
reconmended for consideration to nininize the sedinent

pol lution problemw thin the Waccamaw Ri ver.

a. Modify tinber practices on all steep-sloped banks al ong
river channels and riverine floodplains. The present
clear-cutting practices used on sloped | and adjacent to
fl oodpl ai ns and streans shoul d be abandoned and repl aced
by selective | ogging practices w thout the use of heavy
equi prent .

b. Plant vegetative buffer zones al ong stream banks.
Ef fective vegetative buffer zones will stabilize sedinent
banks along rivers and streans and reduce shoreline
erosion and sedi ment pollution.

c. Establish 'no wake zones' with speed linmits on specific
portions of the Waccamaw River during internmediate to
hi gh water stage. This will ninimze high bank erosion
and decrease the problenms resulting from downed trees and
sedi nent entrapment.

d. Inplenment a snagging plan for specific river segnents.

Certain portions of downed trees should be renmoved to
prevent sedinentation and shallow ng of the river and
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i mprove river navigation. However, some portions of
downed trees should be left in the water for wildlife
habi t at .

e. Evaluate the possibility of developing a |linited dredging
schene for river segnents with severe sedi ment probl ens.
Thi s eval uati on should include both an econonic and
environnental assessnent. |f there is enough sedinent, it
could be sold to pay for dredging and utilized for other
pur poses such as sand for much needed Brunswi ck County
beach nourishment projects

C. Recreational Plan.

The Council should develop a plan to cultivate new busi ness
opportuniti es based upon the WDS water resources in Brunsw ck
and Col unmbus Counties. Exanpl es of new ecotourism busi nesses

i ncl ude bl ackwater river and wi |l derness trips including hunting
and fishing, canoeing and kayaki ng, tubing and snorkeling,
wildlife tours, wlderness adventures in hiking and camnping,

hi gh-water float trips, etc. New businesses for |oca

devel opnment night include construction and nanagenent of base
canmps, boat drop-off and pick-up sites, hiking/backpacking
trails into significant natural areas with swanp platforns for
campi ng, river and wi |l derness guides, boat rentals, equipnent
outfitters, and devel opment and sal e of necessary gui debooks,
maps, aerial photos, etc.

4. Obtain designations of Qutstanding Resource Waters (ORW and Nationa
Scenic River status for the Waccamaw Ri ver system

The Council should work towards establishing ORWstatus for the entire
Waccamaw Ri ver drai nage system It is inperative that the WS be re-
eval uated for ORWdesignation using different criteria than previous
efforts. The Waccamaw drainage is a different kind of drai nage system
and using criteria concerning |ow pH and the epheneral nature of many
portions of the streams is not adequate justification to deny ORW
status. The water quality problens associated with el evated |evels of
mercury shoul d be defined and evaluated in order to maintain OAR
designation for this critical drainage system Al so, the Council should
wor k towards obtaining National Scenic River status for the Waccamaw
Ri ver system

5. Define sensitive habitats for specific managenent consi deration

The WDS contains many sensitive habitats due to the unique evol utionary
hi story of the drainage basin and the inportant role and chenica
character of groundwater input into this vast wetland system Two
different aspects of sensitive habitats should be considered for
inclusion within any regi onal managenent plan.

A. Uni que geonorphic habitats and bi ol ogi cal ecosystens that wll
be destroyed and gone forever with continued devel opnent.

This type of habitat ranges from Lake Waccamaw to the subtle

pal eo-ridge and swal e structures of ancient stream neanders
that occur within the antecedent floodplain of the I ower
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Waccamaw River. Other sensitive habitats night include Carolina
Bay depressions, pal eo-1ake shorelines, outcrops of specific
rock units such as the Waccamaw Li nestone bluffs on the north
shore of Lake Waccamaw, etc. Due to the unique characteristics
of these norphol ogi cal habitats, they often contain sensitive
bi ol ogi cal communities including rare and endangered organi sns.

Present or future |and use of specific habitats that seriously
conpron ses sone conponent of the WDS

This category includes forest and farm | and adjacent to stream
banks, the high banks bordering swanp forests, and areas of
hi gh storm wat er runoff such as paved urban areas, etc. Wthin
such habitats, managenent nethods could include the use of

buf fer zones, establishnent of hol ding ponds, controlled

nmet hods of | ogging, or conplete bans on |oggi ng. These
managenment practices will decrease the anmount of direct runoff
and associ ated pol | utants.
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3. | NTRODUCTI ON

| seened to have left the real world behind ne,
and to have entered upon a | andl ess regi on of
sky, trees, and water.

N. H. Bi shop, 1878

The Waccamaw drai nage systemis conposed of many parts. Al of
these parts are intimately interrelated and operate in consort with each
other like the parts of a living organism Therefore, to understand and
manage this drainage systemwe nust first conprehend the conpl ex
pl umbi ng system The pl unbi ng consi sts of nunerous inputs and outputs
that deternmine the ultimate conposition and vol une of water flow ng
t hrough the piping system

3.1 Description of The Waccanaw Wat er shed

The Waccamaw wat ershed is one of several small Coastal Plain
wat ersheds in the southeast corner of North Carolina that has been
included within the | arger Lunmber River Basin. The Waccamaw wat ershed is
situated on the narrow i nterstream di vide between two major Piednont -
draining fluvial systens: the Cape Fear River to the northeast and the
G eat Pee Dee River to the southwest (Figs. 3-1 and 3-2). During periods
of lowered sea | evel, the Waccamaw Ri ver devel oped as a tributary stream
systemto the Geat Pee Dee River just northeast of CGeorgetown, SC.

3.1.1. Waccamaw Dr ai nage System (WDS) in North Carolina

The WDS consists of three headwater streans: Wite Marsh Swanp on
the west, Juni per Creek and the associated Green Swanp on the east, and
t he upper Waccamaw Ri ver which drains Lake Waccamaw and surroundi ng
Friar, Boggy, and River Swanps in the north and central portions of the
drai nage system (Fig. 3-3). These three drai nages comnbi ne south of
Crusoe Island to formthe | ower Waccamaw Ri ver. The | ower Waccamaw fl ows
sout hwest into South Carolina where it joins the Pee Dee River to form
W nyah Bay, a drowned-river estuarine water body which ultimately flows
into the Atlantic Ocean south of Georgetown, South Carolina (Fig. 3-2).
For the purposes of this report, the North Carolina portion of the WS
wi Il be subdivided into four physiographic conponents: G een Swanp, Lake
Waccamaw, upper Waccamaw Ri ver, and | ower Waccamaw River (Fig. 3-3).

The North Carolina portion of the WDS i s approxi mately 1,044 m?
or 668,160 acres in size, including 1,028 m? of land and 16 ni? of
water (NC DWQ, 1999) situated primarily within Brunswi ck and Col unbus
Counties. Table 3-1 conpares the general pattern of land use in the two
counties between 1982 (NC DEM 1994) and 1992 (NC DWQ, 1999). The 1990
popul ati on of the WDS was approxi mately 48,586 as conpared to 42,691 in
1970 (NC DWQ 1999). This represents a 12. 1% growmh rate as conpared to
the statew de average of 12.7% (NC DWQ 1999). The projected popul ati on
grow h rates for Brunswi ck and Col unbus Counties to year 2015 are 79. 3%
and 3.5% respectively (NC DAQ, 1999). Most of the projected growth in
Brunswi ck County will occur along the Atlantic coast and within the
Coastal Drainage System rather than within the WDS. However, there wll
be long-termindirect consequences of this growh to both the surface-
wat er and ground-water systenms within the WDS as the denand for and use
of inland fresh water increases along the coastal zone.
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FI GURE 3-1. Map of the drainage basins of North Carolina showi ng the
|l ocation of the Waccamaw Ri ver Watershed within the Lunber River Basin.
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FI GURE 3-2. Map of the Lunber River drainage basin in North and South
Carol i na.
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FI GURE 3-3. Schematic map of the WAccamaw drai nage system show ng the
three headwater streans: Wiite Marsh Swanp on the west, Juni per Creek
and associ ated Green Swanp on the east, and the upper Waccamaw R ver
whi ch drai ns Lake Waccamaw and surroundi ng swanps in the north and
central portions of the drainage system These three drainages conbine
south of Crusoe Island to formthe | ower Waccamaw Ri ver. The foll ow ng
four physi ographic conponents of the WDS will be addressed in the text:

G een Swanp, Lake Waccamaw, upper Waccamaw River, and | ower Waccamaw
Ri ver.
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TABLE 3-1. General land uses in the North Carolina
portion of the Waccamaw wat ershed in 1982 (NC DEM
1994) and 1992 (NC DWQ 1999).

1982 1992
For est 63. 2% 66. 5%
Agriculture 27. 1% 24. 4%
Ur ban Devel opnent / Roads 3. 7% 3. 4%
O her 2.1% 5. 7%

3.1.2. Wet | ands

The WDS is situated primarily within Brunswi ck and Col unbus
Counti es, which consist of 58% hydric soils. Hydric soils are defined as
“soils that are saturated, flooded or ponded | ong enough during the
growi ng season to devel op anaerobic conditions in the upper part” (US
SCS, 1987). The water content of hydric soils is generally sufficient to
support wetl and vegetation. A large portion of the hydric soils within
the WDS rermain as wetlands in spite of the severe ditching and draining
done for expansion of the agriculture and forestry industries.

The WDS includes many bl ackwater streams bordered by extensive
bottom and swanp forests, a very |arge bay | ake, and vast areas of
poorly drained interstreamdivides called pocosins. Pocosin is an
Al gonqui n word that means "swanp-on-a-hill" (Richardson et al., 1981).
Since the entire WDS is situated on the outer coastal plain, it is a
bl ack-wat er drai nage system characterized by | ow hydraulic gradients and
dom nated by wetlands. Al of these wetland habitats are characterized
by high water tables, |ong hydroperiods, and organic-rich, hydric soils
overlying cl ay-based sedi nents. The WDS is “a showcase of bi ol ogica
ri chness” due to the diverse and extensive wetland habitats
characterized by a wide variety of plant conmuniti es(NC DAQ, 1999). The
ext ensi ve character of these wetlands resulted in mnimal growth within
the basin with developnent limted largely to forestry and agriculture

Wet| ands are generally transitional |ands between dry upland
regions and aquatic habitats. They have a water table that is usually at
or near the land surface and often are covered by shallow water. The WS
contains three general types of wetlands (Cowardin et al., 1979):
palustrine, riverine, and | acustrine.

1. Palustrine wetlands account for nost of the wetland acreage in
t he Waccamaw and are domi nated by energent vegetation that
i ncl udes swanp forests, scrub-shrub swanps, savannas, and
fresh-water marshes. Palustrine wetlands form as pocosins,
Carol i na bays, and riverine floodpl ains.

2. Riverine wetlands are the freshwater habitats within the river
channel s including the margins that may contain emnergent
vegetation. Al nmjor drai nages and associated tributary
streams within the Waccamaw wat ershed fall into this category
of wetland. Many portions of small stream channels within the
Green Swanp pocosin di sappear as the water shifts from channe
flow to sheet flow, causing riverine wetlands to grade into
pal ustrine wetl ands.
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3. Lacustrine wetlands include the natural |akes and reservoirs
dom nat ed by submergent vegetation within the water and
energent vegetation around the perineter. Lake WAaccamaw is a
natural Carolina bay and represents the only major |acustrine
habitat within the WS

The Waccamaw Ri ver below A d Dock is a well-devel oped streamt hat
drai ns an extensive and conpl ex set of upland swanp areas or pocosins
(Fig. 3-3). Above the “narrows” at A d Dock and Crusoe Island, is a very
| arge pocosin systemthat will be referred to generally as the G een
Swanmp pocosin. Green Swanp is a very young and i mmature drai nage system
that forned during the last few tens of thousands of years. The
resulting flat, perched wetlands are contained totally wthin smal
basi ns defined by the underlying geologic framework and have formed in
response to the climatic fluctuations during the |ast glacial and
i ntergl aci al episodes.

3.1.3. Classification of Surface Waters

Bot h the Waccamaw Ri ver and Lake WAaccamaw are nationally fanmous
for their diversity and abundance of faunal popul ations. “Perhaps no
other water body in eastern North Anerica contains such a nunmber of
endeni ¢ fishes and nol |l usks” (NC DEM 1995), along with a high diversity
of other vertebrates including snakes, alligators, and wadi ng birds.
Ful l er (1977) sunmed up the inportance as follows. “The Waccamaw basin
in southeastern North Carolina and northwestern South Carolina supports
nor e uni que non-mari ne nol Il usks than any other locale in the
state....protection of Lake Waccamaw i s the single nobst inportant goa
of conservation in the state.” Portions of the upper Waccamaw Ri ver
drai nage were previously considered for inclusion in the North Carolina
Natural and Scenic Rivers System however, no formal proposal was ever
made due to | ocal opposition

The waters in the Waccamaw River are generally classified as C Sw,
wher eas Lake Waccamaw is classified as B Sw (NC DEM 1994). The water
quality classification of C represents secondary recreation waters,
while the B classification represents primary recreation waters capabl e
of supporting swi nming. The Sw designation is the suppl enenta
classification for swanp waters characterized by I ow velocity flows, |ow
pH and di ssol ved oxygen, and hi gh organic content. The waters in both
t he Waccamaw Ri ver and Lake Waccamaw have been under consideration for
recl assification as Qutstandi ng Resource Water (ORW by the NC DEM This
suppl enental cl assification would designate these water bodies as
“uni que and special waters having exceptional water quality and bei ng of
exceptional state or national ecological or recreational significance”

In 1987 NC DPR recommended that Lake Waccamaw, the Waccamaw Ri ver,
and portions of White Marsh and Bogue Swanp be gi ven Qutstandi ng
Resource Water (ORW designation to provide additional protection for
the water quality in this system This recommendati on was based on the
| arge number of rare and endangered aquatic species and inportance of
associ ated bottom and forest ecosystens, which possess qualities of
state and national significance. In 1995 NC DEM agreed with this
recommendati on for Lake Waccamaw. However, they did not recomrend ORW
designation for the Waccamaw River or its tributaries because only one
river site had an “Excellent Bioclassification”. Al other river sites
were classified as “Good”, and “many tributary streams were difficult to
rate because of very | ow pH values (Juni per Creek) or epheneral flow
(Big Creek, Bogue Swanp)”. NC DEM (pers. Comm, 1997) did not pursue ORW
status for any portion of the WDS due to a 1994 linmited fish consunption
advi sory that included Lake Waccamaw (NC DEM 1997). The advi sory was
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based upon el evated nercury levels in fish tissues within the entire
Lunber River basin. However, in response to public concerns, ORW
designation was formally established in 1999, but only for Lake
Waccamaw.

3.1.4. Sedi nent Pol | uti on

According to Rudek et al. (1998) “the biggest threat to North
Carolina s |akes and rivers is---dirt---sediment washed into streans
from adj acent | and.” Sediment appears to be a benign substance; however,
it can dramatically inpact water quality, stream dynanics, and the
aquatic organisnms living within stream systens. Rudek et al. (1998)
claimthat “sedinment pollution remains the prinmary cause of stream
degradation in North Carolina.” The | eading causes of sediment pollution
are agriculture, forestry, and urbanization. Agriculture and forestry
generate sedinment pollution in three ways: clearing and pl owi ng open the
soil and subject it to erosion, drainage ditches deliver sedinent |aden
runof f directly into streanms, and stream bank destabilization leads to
severe erosion. Urbanization increases the amount of |and clearing and
subsequent construction, resulting in significant increase in inpervious
surfaces and sedi ment-|aden storm water runoff.

According to the NC DEM (1994) "sedinment is the nost w despread
cause of impairment to streamwater quality and biological integrity in
the (Lunber River) basin. While nuch has been done to reduce
sedi nentation resulting fromconstruction, agriculture and other |and-
di sturbing activities....further inprovenents and/or nore w despread
application of sedinment control measures....are needed." Upland regions
wi thin and around the swanps and pocosins of the WDS are utilized
largely for agricultural production while |arge portions of the | ow and
regions are extensively utilized for tinber production. Since both the
upl ands and | ow ands are poorly drained, they generally require
ext ensi ve ditching and draining. Consequently, drainage progranms have
essentially been in effect in nuch of Brunswi ck and Col unbus Counti es
since European settlenment. The long-termresult of these drainage
prograns is the | owering of the groundwater table and the shunting of
surface water directly through ditches into the adjacent streams. Once
the vegetative cover is broken, then surface sedinent is eroded and
delivered to the streans along with the surface water.

Tabl e 3-2 denonstrates the severity of the soil erosion problem
within the North Carolina drainage basins. The table summarizes the
average anount of sedinent that is eroded per acre of |and annually for
di fferent geographic regions of the state. These data are presented to
gi ve an overvi ew of the general volumes of sedinment and the potential
extent of the sedinment pollution problem The two categories that are
nmost relevant to the WDS are the coastal plain and coastal flatwoods
regions with an average of 3.9 and 3.2 tons of sedinent/acre/year,
respectively. Wthin the WDS, the coastal plain category would include
nmost of the upland agricultural areas, whereas the coastal flatwoods
woul d i nclude nobst of the drained lands utilized for forestry purposes.
Once the sedinment is eroded off the | and, suspended sedinent in the
wat er col utm and subsequent sedi nentation processes can have significant
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TABLE 3-2. Soil erosion trends in North Carolina. Data are from
1992 National Resources Inventory (USDA-NRCS, 1994).

REG ONAL TONS SEDI MENT/ ACRE/ YEAR

CATEGORY 1982 1987 1992
BLUE RI DGE MOUNTAI NS 12. 7 20. 8 18.3
Pl EDMONT 12. 3 12.0 10.5
SAND HI LLS 6.0 5.6 5.1
COASTAL PLAIN 3.9 3.9 4.0
COASTAL FLATWOCDS 3.2 3.1 3.2
TI DEWATER AREA 1.4 1.5 1.6

i mpacts upon drai nage systens. Sone of the major types of inpacts are
sunmari zed in Table 3-3.

According to the NC DEM (1994) the problem of sedinentation is too
wi despread and is caused by too nany sources to present sediment control
strategies for targeted water bodies. Thus, they describe nore than 19
State and Federal sedinment control-related prograns. Sedi nentation,
“deposition of sedinent in surface waters”, is a w despread nonpoi nt
source-rel ated water quality problemwhich results from | and-di sturbing
activities including agriculture, forestry, |and devel opnent, and
m ni ng. The NC DEM (1994) recomends the installation of acceptabl e best

TABLE 3-3. Potential inpacts of suspended and bed | oad
sedi nents and the processes of sedinentation to riverine
and | acustrine systens.

1. Fills river, stream and ditch channels and di m ni shing
di scharge capacity

2. Fills lakes and dim nishes hol ding capacity

3. Decreases light penetration dininishing plant production

4. Increases water tenperatures effecting type and functions of
or gani sns

5. Snot hers bent hic organisns

6. Cogs gills of nektonic animls and chokes filter-feeding
bent hi ¢ organi sns

7. Changes the texture and conposition of benthic habitats

8. Buries hardbottom habitats

9. Deconposi ng organi c sedi ments reduce oxygen concentrations

10. Carries and stores pollutants

a. Nutrients (P and O
b. Toxic Metals (Pb, Hg, Cu, Cd, etc.)
c. Toxic Organic Conmpounds (PCB, dioxin, etc.)
d. Pesticides and Her bicides
11. I ncreases cost of water treatnent

managenment practices (BWMPs). BMPs are ainmed at ninimzing the area of
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| and-di sturbing activity and the amount of time the | and renains

unstablilized; setting up barriers, filters or sedinent traps to reduce
the amount of sedi ment reaching surface waters; and recomrendi ng | and
managemnent approaches that mininize soil loss such as conservation

tillage, terraces, diversions, crop conservation grasses and trees,
filter strips, field borders, grass waterways, water-control structures,
and livestock exclusions. In spite of all the efforts of nunerous State
and Federal programs, there were still 116 nmiles of streams in the
Lunber Basin found to be inpaired by sedinment, and thus underscoring the
need for inprovenments in sedinment control (NC DEM 1994).

3.2. Study of the Waccamaw Drai nage System (VADS)

3.2.1 Pur pose and Scope

Citizens of Brunswi ck and Col unbus Counties expressed concern about
water quality, streamflow characteristics, and the generally poor water
and biol ogical conditions in the Waccamaw Ri ver. Along with these
concerns is the perception that the Waccamaw River is filling with

sedi nent. Residents describe "deep fishing holes that are no | onger
there" and "river reaches that are no | onger navigable during | ow water
conditions". However, there is no docunentation concerning sedi nent
filling or studies to define the source and rates of this process of
sedi ment ati on.

According to the NC DEM (1994) "sedinment is the nost w despread
cause of water quality use support inpairnment in the Lunber Basin." Mich
of this sedinent pollution is related to major changes in |and-use
patterns, increasing the role of both point and nonpoi nt sources
entering the river. During the recent past there has been an increased
utilization of these poorly drained | ands for expanded agricul tural and
ti mber production, along with growi ng industrial and urban devel opnent.
This has lead to an accelerated rate of ditching and draining. In
addition, growh and devel opnent throughout the region has lead to mgjor
i ncreases in groundwater withdrawals. Al of these changes inpact the
water flow patterns of the surface drai nage system and natural role of
i nt erveni ng swanpl ands.

To hel p understand the probl em and devel op possible solutions for
future managenment of the Waccamaw drai nage system it is inperative to
under stand both the dynanics of the natural drainage system and define
the societal demands and alterations to this system As one of a series
of studies funded by the North Carolina General Assenbly to address
these concerns, the Geol ogy Departnent of East Carolina University, in
cooperation with the North Carolina Departnment of Environment, Health,
and Natural Resources, Division of Water Resources, initiated two
i nvestigations in 1995 concerning the Waccamaw Ri ver. The two studies
concerni ng the Waccamaw Ri ver and their objectives were as foll ows.

1. SEDI MENTATI ON I N THE WACCAMAW Rl VER DRAI NAGE SYSTEM to define
the probl em of sedinent pollution by relating it to the
geol ogi ¢ framework and changi ng | and-use patterns, and to
eval uate the long-terminpact upon the drai nage system

2. LAND- USE PATTERNS AND GEOLOG C FRAMEWORK OF THE WACCANVAW
DRAI NAGE SYSTEM to determine the general pattern of |and-use
change during the past 60 years and relate this change to the
geol ogi ¢ franeworKk.
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To realize these objectives, we 1) verified the extent of the
problem 2) collected, analyzed, and eval uated the supporting data, and
3) developed this report with a set of reconmendati ons for potentia
corrective measures. |nplenmentation of the recommendati ons was not
within the purview of these studies.

3.2.2. Approach to the Study

Qur study of the WDS was carried out in four phases during the
time period of 1995 through 1999. Following an initial literature review
(Phase 1), we undertook a major field programduring the first two years
of the study (Phase Il1). A laboratory analysis of the field data, along
with an analysis of old aerial photograph sets (Phase IIl) was carried
out during the second two years. This report represents the fina
product of Phase IV of the project, which was the synthesis and
integration of data resulting fromthe previ ous phases.

When funded, the study was to be a two-year project considering
only the | ower Waccamaw River. After our initial evaluation at the end

of Phase I, it becane clear that we had to expand the study to include a
| arger portion of the WDS. Consequently, we expanded the field and
| aboratory analysis (Phases Il and I11) to include the upper Waccamaw

Ri ver, Green Swanp, and Lake Waccamaw regions. In order to nmeet our
initial project objectives, we also expanded our efforts to consider and
under stand the geol ogi ¢ framework and hydrodynani cs of |arger WS, which
nore than doubled the tinme commtnent for the project.
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4. METHODOLOGY

In nmy hands at |east, fluvial geology was an

i mprovi sed discipline, like history or
psychol ogy or economics---it could provide an
expl anation, or the appearance of an

expl anation, for why things were as things were,
but it had no predictive value at all, and its
chi ef function, perhaps, was to occupy the nind

F. Burroughs, 1992

4.1. Data Base

Tabl e 4-1 sunmari zes the data base devel oped for the study of the
North Carolina segnent of the WDS. To devel op the basic franmework
under st andi ng of the WDS dynanics, we carried out seven different
subprograns that included both field and | aboratory conponents. The
field conponent included the followi ng: 1) evaluation of the North
Carolina portion of the WDS under different hydrologic conditions, 2)
establishnent of riverine stations, 3) neasurenent of cross-sectiona
profiles at the riverine stations, 4) obtaining vibracores for
sedi nentol ogi ¢ and stratigraphic control, and 5) running ground-
penetrating radar surveys for subsurface stratigraphic information. The
| ab conponent included the follow ng: 1) anal yses of sedi nent texture
and conposition, 2) evaluation of stratigraphic units fromvibracore and
GPR data, 3) devel opnent of geol ogi c cross-sections through key segnents
of the drai nage system 4) anal yses of aerial photo sets through tine,
and 5) a re-evaluation of the USGS hydrol ogi c data.

Since the first project objective was to eval uate the source,
transport, and deposition of sedinent within the Waccamaw Ri ver, we
considered all potential sedinment sources and their pathways into and
through the entire WDS. Consequently, we carried out appropriate field
investigations within each of the foll owi ng norphol ogi cal regions of the
Waccamaw dr ai nage basin to address this objective.

1. The Waccamaw Ri ver channel, fl oodplain swanp forests, and
tributary stream systens.

2. Lake Waccamaw and the surroundi ng areas of urban devel opnent.

3. Associ ated pocosins that are extensively drained and used for
ti nber production.

4. Adjacent upland regions that are extensively used for
agricul tural production.

Sedi nent pollution is intimately tied to processes associated with
different | and uses and patterns of changing |land use, which in turnis
directly dependent upon the geol ogic franework of the WDS. Thus, we used
a two-pronged approach to our study. First, we defined the regiona
nor phol ogi cal units, defined the underlying stratigraphic franmework, and
t hen devel oped a pl ausible evolutionary history for the region. By doing
this we defined the inter-relationship between the different
nor phol ogi cal features and specific ecosystens such as the different
ki nds of wetlands, parts of the riverine systemand | akes, and the
different |and uses including urban, agricultural, and silvacultura
uses.
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TABLE 4-1. Summary of the data base devel oped by the present
study for the North Carolina portion of the Waccamaw dr ai nage

system
1. VI BRACORES 80 Cores
Lake Waccamaw 26
Upper Waccamaw River and Green Swanp 14
Lower Waccamaw Ri ver 35
Ant ecedent Fl oodpl ai n 5
2. GROUND- PENETRATI NG RADAR 100 km
Lake Waccamaw 20
G een Swanp 22
Waccamaw Ri ver 26
Ant ecedent Fl oodpl ai n 32
3. RADI OCARBON AGE DATES 31 Dates
Lake Waccamaw 9
G een Swanp 6
Waccamaw Ri ver 7
Ant ecedent Fl oodpl ai n 9
4. SEDI MENT ANALYSES 94 Sanpl es
5. GECLOG C CROSS- SECTI ONS 41 Sections
Lake Waccamaw 10
G een Swanp 4
Waccamaw Ri ver 15
Regi onal 9
H ghway Bri dges 3
6. AERI AL PHOTO ANALYSES 6 Sets

1938, 1951, 1955,
1981, 1983, 1988

The second approach eval uated aerial photo surveys through tine.
Wthin the WDS, ditching and draining of wetlands and nodification of
the natural drai nage system was of greatest inportance to the probl em of
sedi nent pol lution. These nodifications greatly changed the processes
and rates of drainage and systematically | owered the groundwater table,
all owi ng the basic changes in land use to take place. Consequently, we
used the changi ng pattern of drainage ditches and associ ated roads
through time as the indicator for the second objective.

4.2. Field Surveys

The Waccamaw River is relatively rembte with few access points
has dramatic variations in water |evel and flow conditions, and | arge
segnments are dom nated by severe channel neandering. These latter
segnments are extrenely narrow with extensive point-bar sand shoal s and
rapi dly eroding cut banks that frequently cause large trees to block the
channel and trap extensive sand shoals. Low water usually occurs in the
dry nonths of late spring to fall except when tropical storns influence
t he drai nage basin. Mderate to high water flow occurs after tropica
storns in the dry months and during the wet nmonths fromlate fall to
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early spring. During | owwater stages we used a |light weight, 14-foot

al um num jon boat with a 4 hp engine that could readily be portaged over
sand shoal s and downed trees. During high-water stages, a heavy gauge,
16-foot alum numjon boat with a 25 hp engi ne was used to navigate the
fast-flowi ng water. Canoes were used on small streams characterized by
channel ed fl ow. On Lake WAaccamaw we used the 16-foot jon boat and a 25-
foot boat with a 50 hp engi ne and cabi n.

The vast wetl ands surrounding the riverine channels are criss-
crossed with | ogging roads supplying basic access into the wetl ands.
However, the presence of deep drainage ditches on one or both sides of
all roads and very dense vegetation often linmted direct access into the
wetl ands. In addition, this severe ditching and draining led to mgjor
| and use changes in which I ogging and planting procedures broke down the
organi ¢ soil and destroyed the original surface norphol ogy of subtle
features such as the fossil scroll-bar topography.

4.2. 1. Lower Waccamaw River Profiling and Sanpling

Ri ver profiles were surveyed along the | ower Waccamaw Ri ver during
| ow-water conditions of sumrers 1995 and 1996 (Fig. 4-1). The 15
profiles represent straight and highly sinuous channel norphol ogi es and
were measured froma marked horizontal rope installed perpendicular to
the channel. River water levels were used as a base line for neasuring
bank hei ghts, with changing water levels corrected relative to water
| evel nmeasured daily at a water-level gauge attached to the NC H ghway
130 bridge. Depth fromthe horizontal ropes to the channel bottom was
nmeasured using a marked stainless-steel rod at regular intervals across
t he channel

The geol ogi ¢ section on both banks and al ong the bottom of the
channel was described and sampl ed for subsequent sedi nent anal ysis.
Four types of sedinent sanples were collected. Hand sanples were
obt ai ned fromthe exposed banks, ponar grab sanples were obtained from
t he subaqueous river channel. Auger and vibracore sanples were obtained
on the natural |evee on each side of the channel (Fig. 4-1).

The 7.6 cmdianeter by 5-9 mlong alum numirrigation pipe was
used to obtain the vibracores. Length of the vibracore sanpl es obtai ned
vari ed trenmendously dependi ng upon the sediment type. The vibracore pipe
was driven into the sedinent using a 3 hp engine attached to a nodified
cement vibrator. The vibrator generated a | ow anplitude standing wave
that fluidized and di spl aced sedi nent adjacent to the core pipe,
permitting the pipe to penetrate with mnimal resistance and sedi nent
di sturbance. The upper enpty portion of the core pipe was cut off,
filled with water, and sealed with a plunber’s helper to create a vacuum
and aid in holding the sedinent during retrieval. The cores were
retrieved using a 4-ton winch attached to a 5 neter high stainl ess-steel
tripod. The bottom of the core barrel was capped, the core was | abel ed
and cut into 1.5 msections, and transported to the lab for subsequent
anal ysis. We obtained 30 vibracores along the 15 river profiles and an
additional 5 cores in paleo-ridge and swale structures in the antecedent
floodplain (Fig. 4-1).



FI GURE 4-1. Location nmap of 30 vibracores on the 15 cross-sectional
profiles of the | ower Waccamaw Ri ver channel and 5 vi bracores |ocated on
t he antecedent fl oodpl ain.
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4.2.2. Lake Waccamaw Profiling and Sanpling

Lake Waccamaw profil es were obtained during the sunmer of 1995
using a recording fathoneter and a GPS navi gati onal systemfor |ocation
The fat honeter transducer was nounted to the side of 25-foot boat and
ten bathynmetric profiles were run on a grid across the |ake (Fig. 4-2).
Twenty six vibracores were obtained in the | ake at key | ocations on the
fathometer profiles (Fig. 4-2). The cores in the |ake were driven into
the | ake bottomand retrieved by SCUBA divers using the sane equi pnent
described in section 4.2.1. The work was done off the stern of the
anchored boat, which was used as a platformfor the equi pment. From
these profiles and vibracores, we produced geol ogi c maps of the | ake
bottom and cross sections across Lake Waccamaw.

4.2.3. G een Swanp and Upper Waccamaw Ri ver Sanpling

Fourteen vi bracores were obtained at several key l|locations within
Green Swanp using the same procedures outlined in section 4.2.1 (Fig. 4-
3). These vibracores were linited to a few key areas due to the problens
of access along the upper Waccamaw Ri ver and within G een Swanp.
Consequently, nost shall ow subsurface sanples and stratigraphic
i nformati on was obtained utilizing hand augers. Fromthese cores and
sampl es, three geol ogic cross sections were produced across the upper
Waccamaw Ri ver and one across Driving Creek

4.2. 4. G ound- Penetrati ng Radar Survey

A 100 km ground-penetrating radar (GPR) survey was carried out on
many segments of the WDS (Table 4-1; Fig. 4-4). The GPR survey utilized
a Geophysical Survey Systemlnc. (GSSlI) Subsurface Interface Radar
System?2 (SIR-2) with 100 and 200 mHz antennas. On the roads the SIR-2
was used out of the back of a 4-wheel drive pickup truck tow ng the
antenna at about 3 nph. The water segnents of the survey were run froma
16-foot jon boat with a 25 hp engine. The survey was run with the
current at just above idle speed and towed an 8-foot Avon with the
antenna resting directly on the rubber bottom Figure 4-5B displays the
uni nterpreted GPR data obtained in the river and Figure 4-5A shows the
geologic interpretation of the data. Fromthese data, interpreted cross-
sectional profiles were constructed along the roads and bridges across
various portions of the Waccamaw drai nage system (Fig. 4-4).

4. 3. Aerial Photo Mappi ng

Al'l sets of aerial photography available in Brunsw ck and Col unmbus
Counties were initially evaluated. Many sets were inconplete or in poor
condition. Therefore, the photo sets were sel ected based upon both
availability of high quality and conpl eteness, and tine intervals that
showed the dramatic changes for the Waccamaw drai nage system The
foll owi ng photo and data sets were utilized for this study.

1. 1938 black and white aerial photography flown by the U S
Department of Agriculture between March 19 and April 4.

2. 1955 bl ack and white aerial photography flown by the U S
Department of Agriculture on April 8.

3. 1990 data fromthe U S. Departnment of Conmerce, Bureau of
Census.

36



FI GURE 4-2. Location map of the 10 fathometer profiles across Lake
Waccamaw and the 28 vi bracores in Lake Waccamaw.
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FI GURE 4-3. Location map of the 12 vibracores and associ ated geol ogi c
cross sections of the upper Waccamaw Ri ver and adj acent G een Swanp.

38



FI GURE 4-4. Location nmap of the 100 km of ground-penetrating radar lines
run in the Waccamaw dr ai nage system as well as location of the
interpreted portion of these GPR lines that are included as figures in
this volunme. The pink dotted |lines show the |location of three

t opographi c profiles through G een Swanp.
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FI GURE 4-5. Ground penetrating radar (GPR) surveys obtained in the
Waccamaw dr ai nage system

PANEL A. Geologic interpretation of the raw GPR dat a.

PANEL B. Exanple of the raw GPR data.
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4. 1983 infrared aerial photography flown by the High Altitude
Program of the U.S. Departnent of Agriculture on March 29

5. 1995 infrared 35 nmm phot ography flown by the ASCS office in
Col unbus County for the U S. Department of Agriculture on
August 9.

The rel evant black and white photo sets that existed within the
U S. Departnment of Agriculture offices of Brunswi ck and Col unbus
Counties were photo copied utilizing bulk 35 mm bl ack and white film and
standard copy stands. The filmwas processed and photos printed to form
a duplicate set of the relevant photo series. Mysaics of each photo set
were produced for photo analysis. Specific frames were scanned into the
comput er for subsequent production of photographs for this report.

To devel op the history of drainage ditches and roads in the
Waccamaw dr ai nage systemthrough tinme, three tinme periods were utilized:
1938, 1955, and 1990. The data sources for produci ng these maps include
the foll ow ng.

1938: Data was digitized fromaerial photos obtained by the U'S
Department of Agriculture in March and April 1938; and
al | weat her road designation based on the 1941 U. S
Geol ogi cal Survey topographi c maps.

1955: Data was digitized fromaerial photos obtained in Apri
1955 by the U.S. Departnment of Agriculture.

1990: Data fromthe U. S. Departnent of Comerce, Bureau of Census,
Washi ngt on DC

4. 4. Geol ogi c Franework Anal ysis

4.4. 1. Sedi nent Anal ysi s

The vi bracores were split, photographed, described, and subsanpl ed
for subsequent anal ysis which included the follow ng: microscope
description, sieving for textural characterization, organic carbon
composition, and radi ocarbon age dating. Representative sedi ment sanpl es
obt ai ned fromthe vi bracores and surface sanpl es were anal yzed utili zing
standard | aboratory procedures as delineated in Folk (1974). Al
sedi nent data were entered into Mcrosoft Excel spreadsheets for
statistical analysis based upon Krunbein and Pettijohn (1988).

4.4.2. Radi ocar bon Age Dati ng

Thirty one, in situ and stratigraphically-constrai ned subsanpl es
obt ai ned from vi bracores were subnitted to Beta Analytical, Inc., Mam,
FL for radi ocarbon age dating (Table 4-2). Sanples included cal careous
shell's, organic-rich nmud, peat, and specific wod fragnents. Dating was
based on carbon remaining after rel evant pretreatnent procedures for
calcite shell and organic material. Both standard and accel erator mass
spectroneter (AMS) techni ques were used to provide age dates used to
establish an absolute chronostrati graphy for the WS

Al age dates used in the present study are calibrated *C years
before present (cal BP), where present is 1950 AD based upon the
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Tabl e 4-2. Radi o carbon data.

42



Pretoria Calibration Procedure (Vogel et al., 1993). Beta Anal ytical
Inc. supplied the conventional #C ages and the conversions to
calibrated ages in years before present. The nean of the calibrated age
range was used in this study (Table 4-2).

4.4.3. Stratigraphic Analysis

Sedi nent |ithofacies were assigned to specific sedinent units
based upon the textural, conpositional, and sedinment structura
anal yses. All stratigraphic data were put into Corel Draw for
devel opnent of interpretive maps and cross-sectional profiles.
Stratigraphic correl ati on was based upon integrating the lithofacies
analysis with the interpreted GPR profiles and based upon tinme control
devel oped by radi ocarbon age dating.
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5. GEOLOE C FRAMVEWORK

Every surficial drainage systemis unique and as
different fromthe others as the variation

bet ween i ndi vi dual people. Similar to humans,
the character and health of each drai nage system
i s dependent upon its inheritance fromthe gene
pool —+ts physical location relative to the
geonetry, lithol ogy, and pal eot opography of the
under | ying geologic units and the types,
magni t udes, and patterns of energy flow through
the ecosystem

S.R Riggs, 2000

5.1. Regional Structural Setting

The Waccamaw drai nage system (WDS) is situated on the outer
coastal plain and on top of a najor structural feature called the
Carolina Platform (Fig. 5-1). This structural high in the crystalline
basenent rocks separates the adjacent Southeast Ceorgia Enbaynent to the
south and Sal i sbury Enbaynent to the north (Grow and Sheridan, 1988).
The Carolina Platformis interpreted to be an Early Mesozoic syn-rift,
tectonic block left behind during the continental breakup of North
Anerica and Africa as rifting began about 225-200 mllion years ago
(Grow and Sheridan, 1988; Riggs et al., 1990; Osen et al., 1991
Snyder, 1994). The Carolina Platformis responsible for creating the
maj or seaward protrusion along the md-Atlantic continental nargin that
forns North Carolina and it’'s unique coastal system

Ext ensi ve seisnic studies on the nodern continental shelf suggest
the Carolina Platformis a fairly stable structural feature with only
m nor instability through nost of the Tertiary (Mteucchi, 1984;
Popenoe, 1990; Riggs et al., 1990; Snyder, 1994). These researchers
believe that the Carolina Platformis a topographically high erosiona
feature that formed an oceani c headl and and control |l ed coasta
deposition and devel opnent of the Carolina continental margin for the
last 100 million years (Figs. 5-1 and 5-2). Historically, the high
portion of the Carolina Platformhas been called the Cape Fear Arch
However, since the Carolina Platformis an structural block with an
eroded pal eot opogr aphi ¢ surface, Snyder (1982) renaned the
t opographi cally hi ghest portion as the mid-Carolina Platform High
(Snyder, 1982).

Many researchers believe that the energed coastal plain has been
tectonically active along the Cape Fear Arch initially upwarping during
the Cretaceous and continuing to rise sporadically through to the
Hol ocene (Zullo and Harris, 1979; Wnker and Howard, 1977; Sollier
1988; Prowell and Obernmier, 1991; and Soller and MIIls, 1991). W nker
and Howard (1977) denonstrated that elevations of the Orangeburg, Surry,
and Suffol k scarps and associ ated sedi nents were topographically higher
on the western flank of the arch and decreased away fromthe arch. They
defined three upwarping events during the Pleistocene. Zullo and Harris
(1979) established that el evations of the Hanover, Suffolk, and
Al'ligator Bay scarps and associ ated sedi nents were topographically
hi gher on the east flank of the arch. They hypothesi zed three upwarp
epi sodes at three million, 75,6000, and 30,000 years ago. Soller (1988)
delineated five river terraces within the Cape Fear River valley that



FI GURE 5-1. Ceologic map for the continental shelf from South Carolina
northward to Cape Lookout, North Carolina and showi ng the regional
structural features and distribution of stratigraphic units around the
m d- Carolina PlatformH gh or Cape Fear Arch. This geol ogi c map
represents those units that either crop out on the seafl oor or that
occur in the shallow subsurface (below < 1 mof surficial sedinment).
Figure is fromRiggs et al. (1990).
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FI GURE 5-2. Ceologic map of the North Carolina coastal plain. Map is
nmodi fied fromthe N C. Geol ogi cal Survey (1985).
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fornmed in response to episodic uplift of the river during the

Pl ei stocene. Location of the river terraces along the northeast side of
the river valley and the ongoi ng sout hwest nmovenent of the river within
its valley, suggested to Soller that uplift of the arch occurred

t hroughout the Quaternary and continues into the Hol ocene. Cronin (1981)
used biostratigraphic data from mari ne deposits throughout the

sout heastern US coastal plain to calculate a net post-M ocene, vertica
upwarp rate of 1-3 cnf 1000 years.

5.2. Stratigraphi c Franework

Table 5-1 is a geol ogi c colutm showi ng the basic stratigraphic
units that occur within the subsurface or crop out within the WDS. This
is the ternmnology that will be used in the present report.

5.2. 1. Cretaceous Through M ocene Stratigraphy

The Cretaceous stratigraphic units were deposited over the
Carolina Platformand constitute an extensive sedi ment sequence that
forns the geol ogic framework underlying the WDS (Figs. 5-1 and 5-2).
Three Cretaceous stratigraphic units formthe basenent sequence of
sedi nents that occur as seaward dipping units as depicted in Figure 5-3.
Only the youngest Pee Dee Formation crops out and has a direct inpact
upon t he nmodern dynamics within the WS

The Pee Dee Fm is generally a 400 foot-thick unit of interbedded
sequences of 1) dark green to gray glauconitic clayey sand, 2) massive
dense clay, and 3) cal careous sand that grades into inmpure |inestone
(Swift and Heron, 1969). Mst of the lithofacies contain concentrations
of mcrofossils that range up to 25% of the total sedinment. Dr. Scott W
Snyder (East Carolina University) prepared numerous sanples of these
sedi nent facies for nicropal eontol ogi cal exam nation. Based upon the
foram ni feral assenbl ages, Dr. Snyder deternined that all sanples
eval uated were Cretaceous in age (Pers. Comm, 2000).

Most of Green Swanp, associated streanms, and Lake Waccanmaw are
either underlain by or incised into the Cretaceous Pee Dee Formation, a
thi ck sequence of cal careous cenented sandstone, sandy noldic |inestone,
and tight nmudstone. The clays of the Pee Dee Formation act as a seal for
much of Lake Waccamaw and t he surroundi ng Green Swanp pocosi n. However,
the Pee Dee sandstone and |inmestone aquifers di scharge significant
vol unmes of ground water into the surface water system wherever the unit
is dissected by the surface drai nage system The surface of this very
tight nud has a significant anount of pal eotopography that probably
reflects the incisenment of an earlier phase of the nodern drainage
system

Throughout the Tertiary, shallow marine and coastal sedinents were
deposited around the headl and of Cretaceous rocks occurring on the nid-
Carolina PlatformH gh (Riggs et al., 1990). Mst Tertiary units on the
North Carolina coastal plain occur as a seaward thickening sedi nentary
wedge deposited off the northeast flank of the Cretaceous units. These
Tertiary units crop out on the continental shelf as they wap around the
seaward nose of the structure (Figs. 5-1 and 5-2) (NCGS, 1985; Riggs et
al ., 1990; Snyder et al., 1993). However, the WDS is situated high and
along the axis of the md-Carolina Platform H gh with no Tertiary units
of Pal eocene through M ocene age occurring within the region. Thus,
there was up to 60 nillion years of time when the Cretaceous sedinments
were severely weathered and eroded.
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FI GURE 5-3. Ceol ogic map shows the distribution of Cretaceous fornmations
in southeastern North Carolina and northeastern South Carolina. These
formati ons occur primarily in the subsurface below a thin, but variable
| ayer of younger surficial sedinents. Map is nodified fromDuBar et al.
(1974).
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The first Tertiary deposits preserved in the WDS were deposited
during the Pliocene (sonmetine after 5 nillion years ago) when major sea-
I evel oscillations alternately flooded and drained the WDS (Table 5-1).
Coastal marine sedinments were repeatedly deposited during sea-Ieve
hi ghst ands and severely eroded during subsequent sea-level |owstands.
The result is a highly dissected series of Pliocene and Quaternary
coastal sedinents perched on top of a severely eroded surface with
si gni fi cant pal eot opography and a pal eodrai nage systemcut into the
Cretaceous sedinents.

The sedinents Iying on top of the Pee Dee Fm wi thin the WDS are
of either Pliocene or Quaternary age resulting in a nmajor erosional
unconformty between the two sets of sedinents. Since the top of the Pee
Dee Fm has been severely eroded for up to 60 million years during the
Tertiary, the pal eotopography on the Pee Dee surface exerted a nmjor
control over the nodern drainage system including the deposition,
erosion, and preservation patterns of all subsequent sedinment units.

TABLE 5-1. Geologic colum for the Waccamaw drai nage system as used in
this report.*

PERI OD EPCOCH AGE FORMATI ON APPROX. AGE
OR GEOVORPHI C I N YEARS BP
UNIT (GW)
QUATERNARY HOLOCENE Hol ocene GWJ < 10, 000
PLEI STOCENE Late Wando GW 10- 100 t hous
M ddl e Socastee GWJ 100- 400 t hous
Penhol oway GMUJ  400- 700 t hous
Early Waccamaw Fm 0.7-1.7 mll
TERTI ARY PLI OCENE Late Bear Bluff Fm 2.2-2.0 m |1
Duplin Fm 3.0-3.5 m 1l
CRETACEQUS Late Maastrichtian Pee Dee Fm 75-66 m ||
Canpani an Bl ack Creek Fm 84-75 ml|
Sant oni an M ddendorf Fm 88-84 ml |

* Data conposited from Heron and Wheel er (1964); Swift and Heron (1969);
DuBar et al. (1974); NCGS (1985); Sollier (1988); Omens (1991); Sohl
and Omens (1991); Ward et al. (1991).
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5.2.2. Pliocene and Early Pl ei stocene Stratigraphy

Unconformably overlying the Pee Dee Fm are a series of very
fossiliferous sandstone and sandy |imestone units defined as the
Pliocene Duplin and Bear Bluff Fm and the Early Pl eistocene Waccamaw
Fm (Table 5-1). These units are irregularly preserved throughout the
WDS. Figure 5-4 is a geologic map of the Waccamaw wat ershed showi ng the
| ocal areas where Pliocene and early Pl eistocene sedinments are
pr eserved.

The Pliocene and early Pleistocene sedinents are generally thin (<
5 m and basically occur in the subsurface in the higher topographic
regi ons. The Waccamaw Fm crops out and fornms cliffs in two places
i ncluding the north shore of Lake Waccamaw and west nmargin of the
Waccamaw Ri ver at A d Dock (Johnson and DuBar, 1964). Due to the high
concentration of fossil marine shells, these units are comonly quarried
for use as aggregate or as sources of line (e.g., Crusoe and Snake
I sl ands).

5.2.3. Pl ei stocene and Hol ocene Stratigraphy

Superi nposed upon the geol ogic framework formed by the Cretaceous
and Pliocene stratigraphic units, is a surficial |ayer of Pleistocene
and Hol ocene sedi nents. These surficial deposits consist of a conplex
sequence of interbedded sand, nud, and peat sedinents. This surficial
| ayer of sedinments occurring throughout the upland areas was interpreted
by DuBar et al. (1974) to be a series of barrier and back-barrier
deposits that forned in response to high sea-level events during
Pl ei stocene intergl aci al s.

These Pl ei stocene deposits were subsequently reinterpreted by
Sollier (1988), Oaens (1991), and Sollier and MIIls (1991) based upon
t heir geonorphic character and el evation. The basal Pl ei stocene sedi nent
sequence contains marine fossils and was defined as the Waccanmaw
Formati on. The overlying Pl eistocene sedinents consisted of a conpl ex
sequence of nonfossiliferous sand and nud facies and were subdivi ded
into three formations based | argely upon el evati on and equated to age.
The units include the Penhol oway, Socastee, and Wando Formati ons that
occurred at +15 to +21 meters, +9 to +15 neters, and +6 to +9 neters
above nean sea | evel, respectively.

Qur research suggests that the Penhol oway, Socastee, and Wando
Formations are lithologically indistinguishable and little can be done
lithologically without a major subsurface research effort involving

extensive drilling and renpte sensing. Since these three units are not
lithologic formations, we suggest that they are at best geonorphic units
(GWJ). Consequently, we will consider the Penhol oway, Socastee, and

Wando to be GWJs in this report (Table 5-1). Each unit has been defined
on the basis of elevation with the hi ghest being the ol dest and
sequentially younger units cut into or occurring bel ow the previous.
Resol ving the conpl ex stratigraphy of the Penhol oway, Socastee, and
Wando GMUs is beyond the scope of this study. The remainder of this
report will focus on the Wando and Hol ocene GMJs that are incised into
t he Penhol oway and Socastee GMWJs.

Figure 5-5 is a map showi ng the distribution of the four
geonorphic units within the WDS. Also on this figure are the |ocations
of four schematic geologic cross sections through the WDS that display
the relative spatial relationships between the four GMJs and the
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FI GURE 5-4. Ceol ogic map of the Waccamaw drai nage system These
formations occur primarily in the subsurface below a thin, but variable
| ayer of Quaternary surficial sedinments. Map is nodified fromthe N C
Geol ogi cal Survey (1985).
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FI GURE 5-5. Map showi ng the distribution of Pleistocene geonorphic units
and | ocations of four geologic cross sections through the Waccamaw

drai nage system The four geologic cross sections are presented in
Figures 5-6 and 5-7.
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Cretaceous Pee Dee Fm The four sections are presented in Figures 5-6
and 5-7. Contacts between the GMUs and the Cretaceous are generalized
and are based upon many different lines of evidence including field

rel ati onships fromoutcrop data along rivers and in quarries, vibracore
and auger hol es, ground-penetrating radar surveys, NC Dept. of
Transportation bridge bore holes, and topographic characteristics. Mst
of these relationships for the upland areas and the Penhol oway and
Socastee GMUs are specul ative at best; the rel ationships of the Wando
and the Hol ocene GMUs are fairly well documented.

The upl ands around the Green Swanp Pocosin and Waccamaw Ri ver are
referred to as the Penhol oway Geonorphic Unit (Figs. 5-5, 5-6, and 5-7).
This uppernost plain was interpreted to be a narine terrace forned
during the Sanganon interglacial when sea level was up to 27-30 neters
above present (Cooke 1931; Doering 1960; Johnson and DuBar 1964; DuBar
et al. 1974). The Penhol oway GWMUJ includes all land in the WDS that is
greater than 15 nmeters above nmean sea | evel and extends sout heast from
the Surry Scarp and Ef fi ngham Sequence of sand ridges of Wnker and
Howard (1977) and includes their Chatham Sequence of sand ridges. The
latter sand ridges parallel the Atlantic Ccean and constitute the high
I and on the | andward side of the nodern estuarine system and upon which
much of U S. highway 17 is situated.

The Socastee GWJ is defined by the I and areas that occur between
+9 and +15 neters above nmean sea level. Figures 5-6 and 5-7 denpnstrate
that the Socastee is a narrow zone that is totally incised into the
Penhol oway GWUJ and occurs along the outer perinmeter of the very broad,
pal eo- Waccamaw Ri ver valley. The Penhol oway and Socastee GWJs toget her
formthe upland regions around the WDS. They are characterized by
extensive flat, poorly drained areas that are now doni nated by
agriculture. Scattered and irregularly shaped sand ridges, perched
pocosi ns, and Carolina bays occur on the surface throughout the
di stribution of these units.

Incised within the Socastee is what appears to be the nodern
Waccamaw River with its very broad floodplain (Figs. 5-6 and 5-7).

However, this valley fill does not all represent nodern floodplain and
can be further subdivided into the Wando GMUJ and Hol ocene GWUJ. Mbst of
the valley fill represents the Wando GWMJ, an antecedent fl oodplain that

has slightly higher elevations (+6 to +9 neters above nean sea | evel)
and is dom nated by pal eo-channel s and associ at ed poi ntbar scrolls. The
Hol ocene channel and active floodplain constitute a small portion of the
total valley fill occurring less than 6 neters bel ow nean sea | evel

Wher ever the nodern Waccamaw River is incised down into the Wando GW
the channel is w de, deep, and fairly straight with broad sweepi ng
nmeanders. These channels are usually rock bound al ong one or nore sides
and are very high so that they are not overtopped during normal fl ooding
condi tions.

The Hol ocene GWJ and the associ ated sedi nents of the Waccamaw
Ri ver occur within those river segnents doni nated by highly neandering
channel s bounded by active point bars and | ow cut banks. These active
sedi nent - choked portions of the Waccamaw Ri ver have narrow, shal |l ow
channel s with | ow banks and broad nodern fl oodplains. Since these
floodpl ains are fl ooded during nost of the yearly wet season, they are
characterized by wetland vegetation and are rarely converted to forestry
use.
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FI GURE 5-6. Three schematic, west to east geol ogic cross sections

t hrough the Waccamaw drai nage system show the relative relationship
bet ween geonorphic units used in this report. See Figure 5-5 for

| ocation of cross-sectional profiles.

PANEL A. Profile A-A" is along highway 904 and crosses the |ower
Waccamaw Ri ver.

PANEL B. Profile B-B extends from Butler Crossroads to hi ghway
211 and crosses the | ower Waccamaw Ri ver.

PANEL C. Profile CGC extends from hi ghway 905 east to the county
line and crosses White Marsh, the upper Waccamaw River, and the
Green Swanp pocosi n.



FI GURE 5-7. One schematic, south to north geol ogic cross section through
the Waccamaw dr ai nage system showing the rel ative rel ati onshi ps bet ween
the geonorphic units used in this report. See Figure 5-5 for location of

the cross-sectional profile.

PANEL D. Profile DD extends from Horse Pen Ridge north to the
town of Lake Waccamaw and crosses Juni per Creek, the G een Swanp

pocosi n, and Lake Waccamaw.
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5.3. Ceol ogi ¢ Franmewor k- - Waccanmaw Dr ai nage System

The Waccamaw drai nage systemis defined for this report as that
portion of the Waccamaw Ri ver wat ershed occurring w thin Brunsw ck and
Col unbus Counties of North Carolina. The WDS and associ ated habitats and
sedinents are either incised into or perched on top of an inherited
geol ogi ¢ framework of ol der stratigraphic units. Conposition,

di stribution, norphol ogy, and evolutionary history of these ol der
stratigraphic units control the geonetry and dynani cs of the nodern WDS.

The | ower Waccamaw River today is an underfit streamw th a nodern
channel that is significantly smaller than the overall river valley or
t he pal eochannels that occur within the antecedent floodplain of the
Wando GWUJ. The | ower WAaccamaw Ri ver drains the G een Swanp pocosin
through the O d Dock narrows forned by the Crusoe Island ‘cork’. This
‘cork’ is the result of nore resistant deposits of Plio-Pleistocene
sedi nents that occur on both Crusoe |sland and adjacent upl and areas
(Fig. 3-3). Consequently, the entire character of the drainage system
changes dramatically froma broad sheet-fl ow doni nated pocosin system
above Crusoe Island to primarily an incised riverine system bel ow the
I sl and.
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6. DYNAM CS OF THE MODERN WACCANMAW DRAI NAGE SYSTEM

6. 1. Physi ographi ¢ Provinces

It was as though there were two inpul ses at
wor k: one favored conplication, circum ocution
and obliquity, and was al ways correcting and
bei ng corrected by the other, which appealed to
comron sense, and urged the straightforward,
direct path fromthe source to the sea

El aboration and sinplification continually
expl ai ned each other away, and neither held the
advant age.

F. Burroughs, 1992

The upper portion of the Waccamaw drai nage system consists of the
Green Swanp basin, which includes Lake Waccamaw and t he upper Waccamaw
Ri ver as well as many other conponents (Fig. 3-3). The Green Swanp basin
drains into the well-devel oped riverine system of the | ower \WAaccamaw
River (Fig. 3-3). The juncture point of these two systens is south of
Crusoe |sland where the upper Waccamaw Ri ver, VWite Swanp, and Juni per
Creek all join to formthe | ower Waccamaw Ri ver. Crusoe Island, which is
situated within the | owernost portion of the Geen Swanp basin, is |like
a stopper in a vinegar bottle with well-devel oped streans flow ng al ong
both sides of the island. A streamvalley profile fromthe headwaters of
Green Swanp to the NC-SC border (Fig. 6-1-1) shows generally uniform
gradients with significant breaks in slope occurring only at Lake
Waccamaw and the A d Dock--Crusoe |sland bridge

Green Swanp is like a shallow saucer that is tilted gradually
uphill and away from Crusoe |Island. The saucer-like basin is dom nated
by swanps along the entire sloping surface and is broken only by a
series of irregular sized and shaped sand ridges or ‘islands’ rising
above the Green Swanp wetlands (Fig. 6-1-1). Wherever the drainage
system passes through narrows between sand ridges, the streans have
wel | -defined channelized fl ow. However, away fromthese sand ridges,
each stream channel has been subsequently filled and the nodern drai nage
shifts to sheet flow. O course, this drainage character has now been
extensively nodified by ditching of the wetl ands.

South of Crusoe Island, the | ower Waccamaw Ri ver occupies a well -
defined riverine valley that consists of three components. The broad
expanse of the floodplain composed of ol der sedinents with slightly
hi gher el evations was forned during an earlier phase of riverine
deposition under different climatic conditions than exist today. This
portion of the riverine systemconstitutes the antecedent fl oodplain or
the Wando geonorphic unit (Figs. 5-6 and 5-7). Incised into the
ant ecedent floodplain is the active channel of the nodern Waccamaw Ri ver
and smal |l segnments of active floodplain (Figs. 5-6 and 5-7). The latter
forms wherever the nodern Waccamaw River is not incised into the
underlyi ng Cretaceous Pee Dee Formation, but rather flows on top of it
and is able to devel op an active neandering channel that reworks the
ant ecedent fl oodpl ai n sedi nments.
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FIGURE 6-1-1. Profile of stream gradient extending fromthe interstream
divide at Seven Mle Bay, south through Buckhead Branch, Friar Swanp,

Bi g Creek, Lake Waccamaw, and down the |l ength of the upper and | ower
Waccamaw Rivers to the Carolina state boundary. Notice the rel ationships
between 1) Green Swanp pocosin, Lake Waccamaw, and the upper \WAccamaw
River to the presence of Pl eistocene age sedinents on top of the
Cretaceous Pee Dee Formation; and 2) the | ower Waccamaw River to the
Cretaceous Pee Dee Formation throughout its length. Profile data were
obtained fromthe U S. Geol ogical Survey 1:24,000 scal e topographic
maps—Aotice the extrenmely large vertical exaggeration on this draw ng.
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For the purposes of this report, we will subdivide the WDS into
four physiographic conponents: Lake Waccamaw, G een Swanp, upper
Waccamaw Ri ver, and | ower Waccamaw River (Fig. 3-3). The upper Waccamaw
Ri ver runs through the G een Swanp extending fromthe O d Dock-Crusoe
Island bridge northward to the weir dam on the sout heast corner of Lake
Waccamaw. Lake Waccamaw, a large Carolina bay |lake is an inportant and
di stinct conponent of the WDS. The name G een Swanp will be used as a
general termto include the entire and very | arge pocosin area north of
the A d Dock--Crusoe |Island--Freeland bridge road and including the
foll owi ng swanps (Al ligator, Boggy, Bogue, Friar, Gay, Geen, Lake,
Little, Rattlesnake, and River), along with various Bays (Alligator, Bee
I sl and, Good Luck, Singletree, and Wde), and Openings (Big, Reedy
Branch, etc.). White Marsh, a major riverine input to Geen Swanp, wll
not be discussed directly. The fourth physiographic province is the
| ower Waccamaw Ri ver, which extends fromthe O d Dock--Crusoe Island
bridge, southwest to the Carolina state boundary.
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6. 2. Lake Waccamaw

The shore was | ow, scarcely a foot above water,
and as perfectly flat as the lake itself. It was
lined with sumrer houses, each house basically a
box on stilts at the water’s edge, and each with
a dock extending a hundred feet or so out into
the | ake. Each dock had a boatshed at the end,
and a bi g outboard runabout suspended fromthe
rafters of the shed, so that the effect was of
com ng upon a | ake where all the boats had gone

to roost....snoke fromthe charcoal grills would
waft along the waterfront and the boats and
wat er skiers would buzz round and round, Iike

wat er bugs in a birdbath.
F. Burroughs, 1992
6.2.1 I ntroduction

Lake Waccamaw i s one of the largest natural Carolina bay |akes in
North Carolina, however it is distinctly different than nost bay | akes.
A rock bluff shoreline (Fig. 6-2-1) and the nearly neutral to slightly
al kal i ne pH of the | ake waters (Casterlin et al., 1984; Stager and
Cahoon, 1987; Cahoon et al., 1993) make Lake WAaccamaw a truly unique
North Carolina | ake. A portion of the north | ake shore is characterized
by an eroding rock bluff that ranges from3 to 5 neters in height (Fig.
6-2-2). The rock bluff is conposed of the early Pleistocene Waccamaw
Fm, a poorly indurated fossiliferous linmestone that is highly porous
and readily weat hered by shall ow groundwater flow (Fig. 6-2-2). This
Iimestone unit underlies nuch of the |lake and the entire upland area
north of the | ake shore (Fig. 5-4).

Due to the nearly neutral to slightly alkaline pH of Lake
Waccamaw, there is a remarkable array of endenic fish and nollusks with
a high diversity of other plant and aninmal species in the surrounding
swanps. Consequently, the NC DEM (1995) concluded “wi t hout question
Lake Waccamaw i s the single-nost significant |ake in North Carolina from
a biological point of view . Porter (1985) stated that the 21 plus known
speci es of endem c fresh-water nollusks nmake the | ake “one of the nost
species-rich lakes in the Western Hem sphere”. The abundance and
diversity of biota are intimtely interdependent upon and are the direct
results of two factors: 1) the origin and evol utionary devel opnent of
this unique | ake systemand 2) the daily to millennial scale
hydr odynam ¢ processes that naintain the | ake. To maintain and preserve
the lake and its living resources requires that we understand both the
| ake history and its dynam cs.

6.2.2 Regi onal Setting

Lake Waccamaw is an elliptical -shaped, Carolina bay |ake (Fig. 3-
3) that is about 5.5 nmiles by 3.5 niles in dianeter with a surface area
of 8,950 acres and a volunme of 44,000 acre-feet. It is a shallow water
body with an average depth of 1.5 mand a maxi numdepth of 3.3 mwith a
hydraulic retention time of 242 days (NC DEM 1995). Big Creek drains
into Lake Waccamaw from Friar Swanp to the north (Fig. 6-2-3) and the
upper Waccamaw Ri ver drains out of the | ake on the south side (Fig. 6-2-
4). A weir dambuilt in 1943 (Fig. 6-2-5) naintains water level in Lake
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FI GURE 6-2-1. Aerial photographs of the north shoreline of Lake
Waccamaw. The star indicates the same |ocation on both photos.

PANEL A. North shoreline showing the followi ng features: 1) sandy
I i mestone bluff formed by the outcroppi ng Waccamaw For mati on, 2)
devel opnent of the town of Lake Waccamaw on top of the bluff, 3)
shal | ow perineter platformshelf actively eroding into the rock
bluff, and 4) small sand waves on the perinmeter platformthat are
bei ng derived fromthe erosion of the sandy |inestone bluff.

Phot ograph was flown in spring 1988 by the Col unbus County ASCS
office, U S. Department of Agriculture.

PANEL B. | nfrared photograph of the sanme area along the north
shorel i ne showi ng the extensive subnerged aquatic vegetation that
is growing on the eroded perinmeter platform Photograph was fl own
on 8/9/1995 by the Col unmbus County ASCS office, U S. Departnent of
Agriculture
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FI GURE 6-2-2. Phot ographs of the Lake Waccamaw north shoreline.

PANEL A. Eroding rock bluff conposed of fossiliferous sandy
I i mestone of the early Pleistocene Waccamaw Formati on. The bl uff

is approximately 5 m high

PANEL B. d ose-up photograph of the Waccamaw Fm show ng the

fossiliferous character of the sandy |imestone. The whol e shell in
the I ower right side of the photo is approximately 10 cmin
di amet er.
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FI GURE 6-2-3. Infrared aerial photograph of Big Creek flow ng out of
Friar Swanp and into the NE corner of Lake WAaccamaw River. Notice that
1) the sheet flow domi nated character of Friar Swanp changes to
channeled flow in Big Creek as the generally unnodified drai nage
approaches Lake Waccamaw, 2) the growh of swanp forest and accunul ati on
of peat is slowy “drowning” the old Carolina Bays. Photograph was fl own
on 3/29/1983 by the High Altitude Program of the U S. Departnment of
Agricul ture.
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FI GURE 6-2-4. Infrared aerial photograph of the upper Waccamaw Ri ver
flowi ng out of the south shore of Lake Waccamaw and into Lake and River
Swanps. Notice the follow ng features: 1) high density of shoreline
devel opnent to the west and natural swanp forest shoreline of the Lake
Waccamaw State Park to the east of the dam at the upper Waccamaw Ri ver
di scharge point, 2) character of the generally unnodified drai nage
within a fairly natural portion of G een Swanp pocosin, 3) devel opnent
of a drainage systemand initial deforestation in the southeast corner
of the photo, and 4) the growth of swanp forest and accunul ati on of peat
slowy “drowns” the old Carolina Bays. Photograph was flown on 3/29/1983
by the H gh Altitude Program of the U. S. Department of Agriculture.



FI GURE 6-2-5. Photographs of the southern shoreline of Lake Waccamaw.

PANEL A. Aerial photograph of the south and sout heastern shore
showi ng the nouth of the upper Waccamaw Ri ver and | ocation of the
weir dam Notice the follow ng features: 1) undevel oped shoreline
of the Lake Waccamaw State Park and devel oped shoreline north of
the weir dam 2) shallow perineter platformcovered by an active
sand sheet doninated by NWSE oriented sand waves, and 3) aquatic
grasses growi ng on smaller sand waves at the river nouth and al ong
t he devel oped shoreline. Photograph was flown in spring 1988 by
the Col unbus County ASCS office, U S. Department of Agriculture.

PANEL B. Phot ograph of the weir dam at the upper Waccamaw Ri ver
mout h and | ooking north into Lake Waccamaw. Notice the black water
bei ng di scharged through the dam and the vast areas of aquatic
grasses growi ng on shall ow sand waves on top of the perineter
platform The line of grasses in front of the boat occurs near the
edge of the perinmeter platform
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Waccamaw. Lake WAaccamaw State Park occupies 1.5 niles of shoreline al ong
the southeastern portion of the | ake and adjacent swanpl ands (Fig. 6-2-
5). The remmi nder of the |ake consists largely of private residential
sites with a vast array of boat docks reaching into the |ake (Fig. 6-2-
1).

Figure 6-2-6 is a map of Lake Waccamaw showi ng t he general

bat hynmetry and distribution of 28 vibracore hol es and si x geol ogi c cross
sections. The six geologic cross sections are presented in Figures 6-2-7
and 6-2-8. Figure 6-2-9 presents the bathynmetry on top of the Cretaceous
Pee Dee Fm and a pal eodrai nage systemthat is incised into the surface
of the Cretaceous sedinents. Ceol ogic cross sections (Figs. 6-2-7 and 6-
2-8) denonstrate that the lake is essentially an erosional feature that
has two basic parts. The one-neter water depth contour line (Fig. 6-2-6)
generally defines the shallow perineter platformlike a lip around the
deeper, flat-bottomed portion of the bow that forms the central basin
of the lake. Both parts of the bowl, as well as the |ake shoreline, are
erosional features that are actively being scoured by stormwaves with
only local and m nor areas of sedinment deposition.

It is also interesting to note that Big Creek (Fig. 6-2-3), which
drains Friar Swanp into the NE side of Lake Waccamaw, is significantly
deeper than the floor of the Lake (Figs. 6-2-7 and 6-2-8). However,
there is a pal eodrai nage system underlyi ng Lake Waccamaw (Fi gs. 6-2-7
and 6-2-8) that is severely incised into the older sedinment units and
was subsequently back-filled with riverine sedi ments. The depth of
i nci sement within Lake Waccamaw is sinmilar to the present depth of Big
Creek NE of the Lake (Fig. 6-2-8). Neither the deeper channel of Big
Creek nor the shall ower Lake Waccamaw basin are accunul ati ng significant
anounts of nodern sedinent on their respective floors.

6. 2. 3. Sedi nent ati on in Lake Waccanaw

Figure 6-1-1 diagranms the stream gradient profile for both the
upper and | ower Waccamaw Ri vers. The uppernost interstream divide occurs
in the Seven Mle Bay with the stream profil e headi ng down Buckhead
Branch, through Friar Swanp, Big Creek, Lake Waccamaw, and the upper
Waccamaw Ri ver. The dam on Lake Waccamaw forms a temporary base | evel
for the upper portion of the drainage system (Fig. 6-2-5B).

Big Creek is a deep (> 5 m), black-water creek draining upper
Green and Friar Swanps. The floor of Big Creek is eroded into the dense
fossiliferous sedinments of the Cretaceous Pee Dee Fm (Figs. 6-1-1, 6-2-
7, and 6-2-8) with minor amounts of nobdern sand and organic detritus
scattered on the eroded sedi ment surface. Through tinme, the eroding
sandy |inmestone bluff along the north | ake shore supplied enough sand by
| ongshore transport along the perinmeter platformto form a subaeri al
sand spit (Fig. 6-2-3). This migrating spit formed a dam across the
swanp, closing off the Lake everywhere except for the Big Creek channel
itself. The bottom of Big Creek steps up into the rmuch shall ower bottom
of Lake Waccamaw.

As stated previously, the Big Creek channel and Lake Waccanmaw are
basically erosional bottons with only local sites of nodern sedi nent
accunul ation. In Big Creek nodern sedinent is generally less than 10 cm
thick and is clean quartz sand with some |large organic detritus. In Lake
Waccamaw there is less than 1 mof clean quartz sand that has
accunul ated on the shall ow perinmeter platformalong the north, east, and
south side of the |lake (Figs. 6-2-1, 6-2-5, and 6-2-10B). M nor ampunts
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FI GURE 6-2-6. Bathynetric map of Lake Waccamaw shows the |ocation of 28
vi bracores and six geol ogic cross sections of the | ake. The bathynetry
data is based upon a survey utilizing a recording fathoneter.
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FI GURE 6-2-7. Two geol ogi ¢ cross sections of Lake Waccanaw. See Figure
6-2-6 for location of vibracores and cross-sectional profiles.

PANEL A. Geol ogic cross section P8 that runs NWSE across the N
si de of Lake Waccamaw.

PANEL B. Geol ogic cross section P7 that runs NW SE across the
ni ddl e of Lake Waccamaw.
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FI GURE 6-2-8. Four geol ogic cross sections of Lake Waccamaw. See Figure
6-2-6 for location of vibracores and cross-sectional profiles.

PANEL C. Geol ogic cross section P9 that runs NWSE across the S
si de of Lake Waccamaw.

PANEL D. Geol ogic cross section P6 that runs SWNE across the W
si de of Lake Waccamaw.

PANEL E. Geol ogic cross section P4 that runs SWNE across the
ni ddl e of Lake Waccamaw.

PANEL F. Geol ogic cross section P11 that runs SWNE across the E
si de of Lake Waccamaw.
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FI GURE 6-2-9. Bathymetric nmap on top of the Cretaceous Pee Dee Fm
showi ng the occurrence of a pal eodrai nage systemthat existed before
Lake Waccamaw formed. See Figures 6-2-7 and 6-2-8 for the channe
geonetry and geol ogi ¢ character of the sedinents that backfilled these

channel s.
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FI GURE 6-2-10. Aerial photographs of the Lake WAaccamaw pal eo-shoreli nes.

PANEL A. The NWshore of Lake WAaccamaw showi ng t he pal eo-shoreline
of a former and larger |ake. The old portion of the |lake bed is
now filled with swanp forest wetlands and peat. Cove canal was dug
to supply fill dirt for devel opment of the coastal |ake rim around
this portion of the |lake (Figs. 6-2-7 and 6-2-8). Photograph was
flown in spring 1988 by the Col unbus County ASCS office, U. S
Department of Agriculture.

PANEL B. The SE shore of Lake Waccamaw and Lake Waccamaw St ate
Park showi ng the pal eo-shoreline of a former and | arger |ake. This
photo shows the follow ng features: 1) pal eo-sand ridge of a
fornmer and | arger |ake, 2) minor sand ridge associated with the
present |ake shoreline, 3) shallow perinmeter platformcovered with
an extensive and nodern sand sheet, 4) active sand waves that are
parallel with the orientation of the |ake, and 5) sand spit and

of f shore sand waves associated with the nouth of Big Creek

Phot ograph was flown in spring 1988 by the Col unbus County ASCS
office, U S. Department of Agriculture.
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of this surficial sand occur off the flank of the platformto and thin
into the deeper |ake basin (Figs. 6-2-7 and 6-2-8). This |ayer of nodern
sand has two possible sources. Sone of the sand is obviously being
derived fromthe ongoing erosion of the sandy |inestone bank al ong the
north shore (Figs. 6-2-1 and 6-2-2). It is also possible that Big Creek
flowing under drier climatic conditions that predate devel opnent of the
Friar pocosin, deposited deltaic sands that were subsequently reworked
al ong the shoreline (Fig. 6-2-3).

The remai nder of the deep basin in Lake Waccamaw has received | ess
than 10 cm of very fine grained, detrital organic matter (Figs. 6-2-7
and 6-2-8). Sone of this surficial |ayer of soft sedinent is probably
routinely resuspended and redeposited by najor stormevents. There are
three possible sources of this fine organic detritus: 1) erosion of the
swanp forest shorelines along the southern segnent of the Lake (Figs. 6-
2-4 and 6-2-5), 2) erosion of peat banks that crop out in shallow water
on the perimeter platformalong the SWto NWI ake segnment (Fig. 6-2-10),
and 3) inport of organic detritus from upstream swanp forests during
maj or flood events.

Certain types of Lake Waccamaw shorelines are slowy eroding for
the follow ng reasons. The N coast consists of a very porous sandy
i mestone bluff of the Waccamaw Fm The linmestone is actively weat hered
by chemical processes resulting frominteraction with the groundwater
flow As the rock is weakened, |arge segnents of the bluff subsequently
col | apse. But dense vegetative arnoring occurs on the bluff (Fig. 6-2-
2A), as well as the swanp forest shorelines, which slows the erosion
process significantly against direct wave attack. The sand shorelines of
the E and SE end of the | ake have anpl e beach sedinent to cover old
substrate and absorb wave energy. The remai ning portion of the devel oped
shoreline al ong Cove Canal represents dredged sedinments that are heavily
armored with grass and cypress and the shore is often bul kheaded. Somre
sedi nent is produced through this slow, but ongoing erosional process.

Fi ne organic matter and minor anobunts of clay go into suspension
during storms and are flushed fromthe |ake by the bl ackened fl ood
waters. Any quartz sand in the system stays behind as residual sedinent
and accurul ates al ong the shoreline and on the shallow perineter
platform All carbonate sedinents are quickly lost to chenica
weat hering. During nonstorm periods, fine sedinment in the water colum
settles out as a thin floc |ayer on the | ake bottom Continued discharge
of al kaline groundwaters fromthe underlying Waccamaw and Pee Dee
Formati ons causes the black waters to becone clear and nore al kaline
(higher pH). The next storm erodes the shoreline and flushes organic-
rich waters out of adjacent swanps causing the water to become bl ack
colored and nore acidic (lower pH). However, much of the fine organic
material in suspension is either flushed from Lake Waccamaw with the
di scharging flood waters or tenporarily settles out on the Lake bottom

Several possible explanations exist for |ack of sedinent
accunul ation in the Big Creek deep channel and Lake Waccamaw. First, is
the possibility that little or no sedinment (either sand, rmud, or organic
matter) has been transported by Big Creek during nodern times. This is
not likely since upstream Friar and G- een Swanps represent nmjor sources
of at |least organic detritus, as well as sands from previous hi ghway
construction through the swanp. However, if there had been sedi nent
i nput, the deep channel portion of Big Creek at the nouth and behind the
shal | ow water |ake floor, would have filled in to the base |evel of the
| ake. However, persistence of the deeply incised channel, absence of
fine organic detritus, and thin accumul ati on of clean quartz sand
suggests that there is a continuous and major flow of groundwater from
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t he underlying Cretaceous Pee Dee Formation into Big Creek. Discharge
from groundwat er springs wi nnow the sands and keep fine organic detritus
i n suspensi on.

6. 2. 4. A d Lake Shorelines

The NWand SE shores of the Lake display old shorelines that were
occupi ed during previous geologic tinmes when | ake | evel was
significantly different than present (Fig. 6-2-10). The eroded pl atform
on the NWside of the Lake (Fig. 6-2-10A) was eroded into the Waccamaw
I i mestone that occurs between 1-2 m bel ow the present Lake |evel. The
eroded surface slopes fromsonmething |l ess than 1 m bel ow present Lake
| evel at the pal eo-shoreline to about 2 mat the nodern shoreline (Fig.
6-2-7 and 6-2-8). The low slope of this pal eo-perinmeter platform
resulted in the formation of a long-termwetland that formed 1-2 neters
of in situ peat. Today, this paleo-perineter platformrenmins a swanp
forest habitat behind the stabilized nodern shoreline built from dredged
material in the construction of Cove Canal (Fig.6-2-10A).

The eroded pl atform bel ow t he pal eoshoreline on the SE side of the
Lake was filled with sand and small dunes and becane heavily forested
(Fig. 6-2-10B). Above the pal eoshoreline is a |arger topographic ridge
consi sting of nore extensive aeolian dunes and vegetated with upland
har dwood scrub forest (Fig. 6-2-10B). The well drained quartz sand soi
that constitutes this topographic ridge is about 2-3 mthick, thins to
the south, and di sappears as both ridge and pal eoshoreline approach the
S shore.

The abundant sand in the subaerial ridge extends offshore where
the sand has been eroded and reworked on the shall ow platform produci ng
the zone of maxi mum sand waves. The sand waves di m ni sh i n abundance and
size in both the NE and SWdirections. The sand waves occur at oblique
angles to the shoreline (Figs. 6-2-5A and 6-2-9B) and are oriented NW
SE, parallel to the axis of the lake itself. Exam nation of the 1938
(Fig. 6-2-11), 1955 (Fig. 6-2-11), and 1988 (Figs. 6-2-5A and 6-2-10B)
aerial photos denonstrate several interesting points. First, the sand
waves persist through tine with the same orientation. Second, there is
an apparent increase in both the size of sand waves and the latera
distribution of sand on the perinmeter platformfrom 1938 to the present.
The latter is nost obvious along the northern portion between Lake
Waccamaw State Park and Big Creek (Fig. 6-2-10B). Extensive devel opnment
of both the nodern shoreline and the area where the pal eo-sand ridge
coincides with the nodern shoreline has taken place between 1955 (Fig.
6-2-11) and 1988 (Fig. 6-2-10B)

6.2.5. Pal eo- Drai nages i n Lake Waccanaw

Figure 6-2-6 is a general bathynetric map of Lake Waccamaw. The
deepest portion of the lake is elongated NS and NE-SW reflecting an
ol d, pre-lake drainage system Figure 6-2-9 shows the depth to the top
of the Waccamaw Formation or ol der units depicting the pal eo-bathynetry
prior to formation of Lake WAaccamaw and subsequent fresh water
sedi nent ati on associated with the Green Swanp drai nage system This
pal eo-t opogr aphy was produced by the pal eo-drai nage systemthat existed
on this ancient |land surface. Several channel structures were cored
al ong these drai nages as indicated on the cross sections in Figures 6-2-
7 and 6-2-8. Interpretation of the pal eobathynetry and the associ at ed
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FI GURE 6-2-11. Aerial photographs of the SE shore of Lake Waccamaw show
the pal eo-shoreline of a former and | arger | ake.

PANEL A. Notice the 1) large pal eo-sand ridge and associ ated dunes
| andward of the pal eo-shoreline, 2) the minor and heavily

veget ated sand ridge associated with the nodern | ake shoreline,
and 3) the small and partially preserved Carolina Bay features
around the | ake perineter. Photograph was fl own between 3/19/1938
and 4/4/1938 by the US Department of Agriculture.

PANEL B. Notice the 1) |large pal eo-sand ridge and associ ated dunes
| andward of the pal eo-shoreline, 2) the minor and heavily

veget ated sand ridge associated with the nodern | ake shoreline,
and 3) the water flow structures in the swanp around the | ake
perinmeter. The latter structures are believed to be wind driven
fire debris flotsomfollowing a severe fire that burned G een
Swanp the prior nmonth in 1955. The high water levels resulted from
decreased |l evel s of vegetative transpiration following the fire

Al so, notice that the Carolina bays that were barely visible in
the 1938 aerial photograph (Fig. 6-2-10) are no longer visible in
1955. Phot ograph was flown on 4/8/ 1955 by the U. S. Departnent of
Agriculture
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channel structures suggest that prior to formati on of Lake Waccamaw, the
mai n pal eochannel connected Big Creek with the upper Waccamaw Ri ver.

The pal eodrai nage channel s appear to be Late Pl eistocene in age
based upon the followi ng three pieces of evidence (Figs. 6-2-7 and 6-2-
8). 1) They cut through the early Pl eistocene sediments (Waccamaw Fm
and associated units) and are incised into the Cretaceous Pee Dee Fm 2)
They have been backfilled with fining upward sequences of riverine
sedi nents that all date between 35,000 and 32,000 BP (Table 4-2). 3) The
channel fill sedinents are overlain by Hol ocene age sedinents with
radi ocarbon ages that are < 9,000 years BP and danpen the
pal eobat hynetry producing a nuch flatter central basin (Fig. 6-2-6).

The 30, 000 year radiocarbon dates on the channel fill sedinents
have | arge error bars (Table 4-2) since they are in the questionable
time period for this dating techni que. However, they do tell us that
these channels were active prior to and were backfilled during the
warmng climatic conditions of the mid-Wsconsin interglacial. This set
the stage for devel opnent of Lake Waccamaw during the cold climtic
regi me associated with the last glacial maxi nrum which occurred between
20,000 to 14,000 years BP. The evolutionary history of these channels
and the formation of Lake Waccamaw will be discussed in a later section.
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6.3. Green Swanp Pocosin

In tine of freshet, the water could spread out
hori zontally for mles, and so rose very little.
At present, the floor of the swanp was out of
the water, although you would stop short of
calling it dry land. It was dank and

0ozing....the closeness of the swanp....added to
the afternoon’s feeling of enptiness and
abandonment .

F. Burroughs, 1992
6. 3. 1. I ntroduction

Green Swanp is a broad, irregularly circular pocosin systemthat
surrounds Lake Waccamaw and the upper Waccamaw Ri ver drai nage system
(Fig. 3-3). This Pocosin is situated in a shallow, bow -shaped basin
with the upper rimoccurring at about 21 neters above nean sea | evel.
The entire slope of this shallow basin, as well as the upper flat rim
contain extensive wetlands. The discharge point occurs at the south end
of the ‘narrows’ around Crusoe Island at about 9 nmeters above nean sea
|l evel (Figs. 3-3 and 6-3-1). The upper Waccanaw River, in conbination
with White Marsh and Juni per Creek, formthe trunk streanms of the
pocosi n drai nage system (Figs. 6-3-2, 6-3-3, and 6-3-4). Many snall
tributary streans drain specific portions of the vast pocosin including
Driving Creek (Fig. 6-3-5), Friar Swanp and Big Creek (Fig. 6-2-3),

Ri ver and Lake Swanps (Fig. 6-2-4), along with numerous others.

The vast Green Swanp pocosin is generally underlain by a dense
clay with mnor pal eotopography that forns the higher ridges and i sl ands
such as Riegel, Cewes, Long, Big, and Horse Pen Ridge, etc. and Honey,
Kent uck, Caison, and Big Islands (Figs. 6-3-2, 6-3-3, and 6-3-5). Based
upon limted vibracore data (Fig. 6-3-6), the central portion of the
pocosin appears to be underlain by the tight, sandy nud of early
Pl ei stocene age, interpreted to be | ake deposits. Both higher along the
upper rimof the basin and lower within the ‘narrows’ around Crusoe
I sland, the | ake sedinents thin onto the Cretaceous Pee Dee Fm (Fig. 6-
3-6C and 6-3-6D). In these areas the Cretaceous sedinents rise to within
1to 2 mof the land surface with channels of the upper Waccamaw Ri ver
and Juni per Creek in the Crusoe Island area incised through the
Pl ei stocene and Cretaceous sedi nents. Consequently, in these areas the
streans are locally rock-bound within the underlying Cretaceous
sandstones (Figs. 6-3-2, 6-3-3, and 6-3-4).

The fossiliferous |inmestone of the Waccamaw Formation forns the
hi ghl and associated with both Crusoe and Snake Islands. The unit crops
out locally along the river banks and is quarried for shell aggregate.
It is the presence of the Waccamaw Fm preserved on the Cretaceous Pee
Dee Fm that produces the Crusoe Island ‘Narrows’ and is responsible for
the formation of the Green Swanp pocosin. The overlying Hol ocene sand
and peat sedinents constitute between 1-2 mof fill throughout nost of
the Green Swanp except in the major riverine valleys where the fill can
increase to 3 to 4 m
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FIGURE 6.3.1. Profile of stream gradi ent extending from Crane Savannah
sout h through Honey Island Swanp, Juni per Creek, and to the confluence
with the upper Waccamaw River. A land gradient profile, that runs
parallel to the streamgradient profile, denonstrates the topography

t hrough which the streans have eroded. Profile locations are on Figure
4-4. Data were obtained fromthe U S. Geol ogi cal Survey 1:24,000 scale

t opogr aphi ¢ maps.
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FI GURE 6-3-2. Infrared aerial photograph of the upper Waccamaw Ri ver and
Whi te Marsh drai nages through the River and Boggy Swanp portions of the
Green Swanp pocosin. Notice the character of the generally unnodified
drainage within a fairly natural portion of the pocosin. Photograph was
flown on 3/29/1983 by the High Altitude Programof the U S. Departnent

of Agriculture.
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FI GURE 6-3-3. Infrared aerial photograph shows the upper Waccamaw Ri ver,
White Marsh, and Boggy Swanp as they fl ow between Snake and Crusoe

I sl ands. Notice 1) how Boggy Swanp pinches down to the ‘narrows’ at the
A d Dock-Crusoe Island bridge and 2) the generally unnodified drai nage
within a fairly natural portion of the pocosin. Photograph was fl own on
3/29/1983 by the H gh Altitude Program of the U.S. Department of

Agricul ture.
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FI GURE 6-3-4. Infrared aerial photograph shows the junction of upper
Waccamaw Ri ver and Juni per Creek to formthe | ower Waccamaw Ri ver.
Notice the ‘narrows’ formed by the land areas of O d Dock—€rusoe |sland—
Juni per. Hi ghway 1928 fornms a road dam across the ‘narrows’, which
results fromthe Waccamaw Formation occurring near the | and surface on
each of these land areas (Figs. 5-4 and 6-1-1). Notice the 1) initial
stages of drainage ditch devel opnent and | oggi ng al ong the sout hern
margi n and 2) remants of pal eo-channel s and neander ridge and swal e
features that are in the process of being ‘buried by the accurnul ation
of swanp forest peat. Photograph was flown on 3/29/1983 by the High
Altitude Programof the U.S. Department of Agriculture.
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FI GURE 6-3-5. Infrared aerial photograph of the well-devel oped channel
flow of Driving Creek as erodes into the sand ridge form ng Caison, Big,
and Little Islands. The steeper gradient of the channeled portion
connects to the lower gradients in the pocosins dom nated by sheet flow
on the Penholoway GMJ to the east and the Socastee GWJ to the west.
Figure 6-3-1 shows the change in stream gradi ent across this sane sand
ridge slightly to the north. Photograph was flown on 3/29/1983 by the

H gh Altitude Program of the U.S. Department of Agriculture.
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FI GURE 6-3-6. Four geologic cross sections of the G een Swanp. See
Figure 4-4 for location of vibracores and cross-sectional profiles.

PANEL A. Geol ogic cross section across the channel of the upper
Waccamaw River at 1.5 km south of the Lake Waccamaw dam

PANEL B. Geol ogic cross section across the channel of upper
Waccamaw Ri ver at ‘burnt-out-bridge’ on the Red Bug | oggi ng road.

PANEL C. Geol ogic cross section of the eastern half of the
‘narrows’ along the A d Dock--Crusoe |Island bridge (NC Hw 1928)
over the upper Waccamaw Ri ver.

PANEL D. Schenmmtic geol ogic cross section along highway 211 across
Driving Creek, G een Swanp pocosi n.
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6. 3. 2. Rel ati onshi p of Geomorphic Units (GW) to Wetl ands

Figure 5-5 shows the lateral distribution of the four GVJs within
the WDS. Cross-sections B-B, CGC, and DD (Figs. 5-6 and 5-7) show
the cross-sectional relationship through various portions of G een
Swanp. Based upon the distribution and norphol ogi cal character of the
GWs, we can generally define four levels of wetland deposits within
G een Swanmp (Fig. 5-5).

The uppernost wetl ands (approxi mately 15 nmeters above nean sea
| evel and greater) occur above a major break in the slope of the basin
(Fig. 6-3-1). The Penhol oway wetlands (Figs. 5-5, 5-6, and 5-7) occur on
top of the drainage divides with the outer portion of the swanps flow ng
either into the Cape Fear River basin on the N and E or into the coasta
drai nage systemon the S (Figs. 3-1 and 3-2). The swanps on the
Penhol oway GWU were the first wetlands targeted for serious ditching for
agricul tural purposes back in the 1920's.

Prior to human devel opnment, drainage w thin the Penhol oway GMJ was
dom nated by sheet flow wi thout distinct channels. Stream gradients
i ncrease significantly over the break in slope of the Penhol oway surface
with the drai nage changing to well devel oped and deep channel fl ow.
Channel ed flow over this break in slope has caused the streans to incise
into and erode through the sand ridge as denonstrated in Figure 6-3-1
Stream gradi ents decrease bel ow the sl ope break causing the smaller
drai nages to revert to sheet flow A good exanple of this is Driving
Creek at Hwy 211, which drains The Nature Conservancy's Big Opening area
(Fig. 6-3-5). However, larger streams such as Honey Island Swanp
mai ntai n good channel ed fl ow bel ow the sl ope break (Fig. 6-3-1).

The geonor phic break results fromthe pal eot opographic rise of the
underlying Cretaceous Pee Dee Fm (Fig. 6-3-6D). Also, the late
Pl ei stocene | ake deposits that fill the |l ower Geen Swanp basin (Fig. 6-
3-6A, 6B, and 6C) grade upslope to an irregular sand ridge (R ege
Ri dge, Honey, Caison, Big, and Little Islands) that is perched al ong the
upper break in slope (Fig. 6-3-1) of the Penhol oway GW surface (Fig. 5-
5). This rimof sandy soil varies in thickness fromO0.5-1.5 neters and
tends to have slightly lower water tables relative to the adjacent areas
underl ain by clay and hunic (peat) soils. Consequently these sandy areas
are dom nated by |ongl eaf pine and grass savanna habitats and
historically have been called islands.

The mi ddl e group of wetlands occur approximately between 9 to 15
nmet ers above nean sea level (Fig. 6-3-1), are located on the Socastee
GW, and occur through the central portion of Geen Swanp (Figs. 5-5, 5-
6, and 5-7). These wetl ands have | ow gradients and are doni nated by
sheet flow, except for the major streans such as the upper Waccanaw
Ri ver and Juni per Creek—Honey |sland Swanp. The | ower boundary of the
Socast ee wetl ands occur above a major decrease in slope (Fig. 6-3-1 and
6-1-1) that occurs in the AOd Dock, Crusoe |Island, and Juni per areas
(Figs. 6-3-3 and 6-3-4). This |lower slope break is created by the
occurrence of the Waccamaw Fm that underlies the adjacent |and areas
(Figs. 5-4, 5-5, and 6-3-6C). The Socastee perched swanps were the
second group of pocosins to be extensively ditched and drai ned.

The | ower group of wetlands are subdivided i nto Wando and the
Hol ocene GMUs (Figs. 5-5, 5-6, and 5-7). The Hol ocene GWMU represents the
noder n dr ai nage system and includes the channel and active fl oodplain
(Fig. 5-5) that is incised into the Wando GWJ. The Wando is an ol der,
slightly higher, and inactive floodplain referred to as the antecedent
fl oodpl ain. The antecedent floodplain is topographically too high to be
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active except during the npost extrene events (Figs. 5-6A and 5-6B). It
is a fossil floodplain that forned in response to a dramatically
different set of climatic and hydraulic conditions during the Late

Pl ei st ocene.

The ant ecedent floodplain, or Wando GMJ, occurs throughout and is
t he doni nant conponent of the | ower \WAaccamaw River valley (Fig. 5-5).
Remmants of the Wando GWUJ can still be seen within the | owernost reaches
of Green Swanp in the ‘Narrows’ on either side of Crusoe Island (Figs.
6-3-3 and 6-3-4). However, if the Wando exi sted above Crusoe Island, it
has either been totally reworked by the nodern floodplain system or
systematically buried with nodern peat devel opnent in the active
fl oodpl ain swanp forest (Figs. 6-3-2, 6-3-3, and 6-3-4). The geol ogy and
genesis of both the antecedent Wando and Hol ocene GMJs will be di scussed
in a subsequent section of the paper.



6.4. Upper Waccanaw Ri ver (UWR)

The great forest that rose with its tall trunks
and weird, noss-draped arns, out of the water.
The owW s were still hooting. Indeed, the

dol orous voice of this bird of darkness sounded
t hrough the heavy woods at intervals throughout
the day. | seened to have left the real world
behi nd ne, and to have entered upon a | andl ess
regi on of sky, trees, and water.

N. H. Bi shop, 1878
6.4.1 I ntroduction

The upper Waccamaw River begins at the spillway of a weir dam on
the sout hwestern corner of Lake Waccamaw (Figs. 3-3, 6-2-4, and 6-2-5B)
It flows southward through the Lake, River, and Boggy Swanps, which are
part of the extensive G een Swanp pocosin wetlands, to the A d Dock
bridge south of Crusoe Island (Figs. 6-3-2 and 6-3-3).

6.4.2. Stream Characteristics

The upper Waccanmaw River has a snall neandering channel cut into a
vast and | ow swanp forest floodplain (Figs. 6-2-4, 6-3-2, and 6-3-3).
The small stream channel is nostly buried bel ow a vast forest canopy
that allows little light through (Fig. 6-4-1A). The narrow, |owflow
river channel is generally incised into and bounded by | ow banks of
swanp forest peat (Fig. 6-4-1B). Along the straight reaches, trees and
their extensive roots bind the channel bank and prevent active
meandering and mnim ze bank erosion (Fig. 6-4-2A). The shal |l ow neanders
are characterized by small and poorly devel oped point bar deposits (Fig.
6- 4- 2B) .

As the upper Waccamaw Ri ver approaches Crusoe Island, it locally
becones w de, deep, and straight (Figs. 6-3-2 and 6-3-3). Al ong these
river segnents, the river channel is rockbound and incised into the
Pl ei st ocene Waccamaw and Cretaceous Pee Dee Fornmmtions. The stream
gradient profile (Fig. 6-1-1) flattens out on the erosionally resistant
indurated to sem -indurated rock units between ‘Burnt-Qut-Bridge' and
the O d Dock-Crusoe |Island Bridge. The upper Waccamaw Ri ver dramatically
changes character in response to changes in the underlying geol ogic
units as can be seen in Figures 6-4-3A And 6-4-3B. The stream gradi ent
i ncreases downstream fromthe O d-Dock-Crusoe Island bridge to the
junction of Juniper Creek. Bel ow Juni per Creek, the slope becones very
gentle and uni formand the underlying Cretaceous Pee Dee Fm totally
controls the | ower Waccamaw Ri ver.

Several inportant features can be observed by conparing aeria
phot ographs of the broad fl oodplain valley above Crusoe Island (Fig. 6-
3-2) with the floodplain valley in the ‘narrows’ produced by the
rockbound upl ands at O d Dock and Crusoe Island (Fig. 6-3-3).
Phot ogr aphs of the northern segnent have very uniformtextures resulting
fromthe dom nance of sheet flow and a swanp forest characterized by
Hol ocene sedi nent deposition. Wthin the ‘narrows’ segnent of the
floodpl ain, the Cretaceous Pee Dee Fm approaches the surface and
controls the riverine processes. In the latter segnment, the floodplain
i s dom nated by pal eochannel s and pal eoneanders of a fornmer

85



FI GURE 6-4-1. Photographs of narrow, shallow, and vegetati on-bound
segnments of the upper Waccamaw Ri ver.

PANEL A. This portion of the river is narrow, shallow, and
generally flows beneath a vast forest canopy with banks that are
totally dominated by vegetation. The emergent grass beds and
submerged aquatic vegetation are growing on sand bars in the
river.

PANEL B. The vegetation bound river channel is incised into a | ow
sl opi ng swanp forest peat bank covered with a thin natural |evee
deposit of sand.
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FI GURE 6-4-2. Photographs of narrow, shallow, and vegetati on-bound
segnments of the upper Waccamaw Ri ver.

PANEL A. O ose-up view of a vegetation bound shoreline segnent
with extensive trees and roots that bind the channel bank and
prevent bank erosion and neanderi ng.

PANEL B. A shallow, sand-filled channel has a poorly devel oped

poi nt bar on the right side or inside of a broad river bend with a
veget ati on- bound cut bank on the left.
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FI GURE 6-4-3. Photographs of w de, deep, rock-bound segnents of the
upper Waccamaw River that are incised into the underlying Waccamaw and

Pee Dee Formati ons.

PANEL A. Wnter photo of the ‘fishponds’, a straight river reach
that occurs off the northwest tip of Crusoe Island.

PANEL B. Summer photo of another wi de and deep river segnent that
occurs off the southwest corner of Crusoe Island.
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Waccamaw River with a different climatic regine. The former is the
Hol ocene GWMU that grades downstreaminto the Wando GWU.

The patterns characteristic of the Wando GWMUJ becone nore preval ent
sout hward and dominate the entire | ower Waccamaw Ri ver fl oodpl ain. These
features will be discussed in the section on the | ower Waccamaw Ri ver.
Nort hward, the old channel features of the Wando GMJ have been buried by
the formati on of Hol ocene peat deposits in response to swanp forest
sheet flow dynam cs through tine. This is the sane process that
systematically buries Carolina Bays within nany G- een Swanp wetl ands.

White Marsh (Fig. 6-3-2) drains the Wihiteville area and northern-
nmost portions of the Waccamaw drai nage basin. Wiite Marsh flows into the
upper Waccamaw River just north of the O d Dock-Crusoe |sland bridge
(Fig. 6-3-3). Locally on Figure 6-3-2, Wite Marsh has a small channel
simlar to that of the upper Waccamaw Ri ver. However, throughout nost of
the marsh, the channel disappears as Wiite Marsh spills out over the
floodplain with the drai nage dom nated by sheet flow. This was the
general character of rmuch of the G een Swanp drainage prior to human
i ntervention and drai nage program devel opnent, which began slowy in the
1930’ s.

6. 4. 3. Geol ogi ¢ Franmewor k

As the upper Waccamaw Ri ver approaches Crusoe |sland, rock begins
to play an increasingly inmportant role in defining the norphol ogy and
dynanics of the river. Portions of the river channel adjacent to Crusoe
Island are significantly wider with straight channels and are generally
rock floored. The upland areas of O d Dock, Crusoe |Island, and Freel and
(Fig. 5-5) close down the drainage off the G een Swanp pocosin and form
t he bounding franework for the main stemof the | ower Waccamaw Ri ver.
Crusoe Island acts as a stopper in the throat of the bottle and further
cl oses down t he drainage system These upland areas, as well as Crusoe
I sl and, generally act as a partial dam across the drai nage---
construction of the road across the floodplain finished the dam Sheet
flow that once characterized nuch of the pocosin drainage is now forced
out of the floodplain and into channeled flow in the upper Waccamaw
Ri ver and Juni per Creek channels as they pass through the small bridge
openings in the road dam

Three geol ogi c cross sections across the upper Waccamaw Ri ver
channel (Fig. 6-3-6) were devel oped based on limted vibracore and auger
hol e data. The A d Dock--Crusoe |Island section (Fig. 6-3-6C)
demonstrates the erosional character of the pre-Hol ocene sedi nent
surface. Fossiliferous sandy nmud of the Cretaceous Pee Dee Fm forns the
‘basenment’ surface with eroded remants of the Pleistocene Waccamaw Fm
preserved on the river channel flanks. The Waccamaw Fm is a
fossiliferous linestone that crops out in the east bank of the Waccamaw
Ri ver just south of the bridge. Al so, it has been quarried fromboth
Crusoe Island on the east and the O d Dock to Snake |sland areas on the
west (Fig. 6-3-3).

Distribution of the Waccamaw Fm plays an extrenely inmportant role
in the formati on of the Green Swanp pocosin. The extensive outcrop area
of this unit (Fig. 5-4) was breached by both the Waccamaw River (Fig. 6-
1-1) and Juni per Creek (Fig. 6-3-1) forming a narrow constriction within
t he drai nage. The ‘narrows’ chokes down all of the drai nage coming out
of Green Swanp (Fig. 5-5), producing a well devel oped channel with
confined flow that characterizes the | ower Waccamaw River (Fig. 6-3-4).
Al so, the nore resistant character of the semi-indurated to indurated
unit, forms a shallow dam or tenporary base | evel along the O d Dock-
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Crusoe | sl and-Freel and road, changing the stream gradients as
demonstrated in Figure 6-1-1. This natural damwas and still is critical
to the hydrodynami cs of the Green Swanp pocosin.

The shal | ow dam produced by the Waccanmaw and Pee Dee Formations in
the Crusoe Island ‘narrows’ resulted in the upstream deposition of a
thin sequence of Late Pleistocene and Hol ocene sedinents on top of the
ol der erosional surface. Figures 6-3-6A and 6-3-6B are two short,
schematic cross sections across the upper Waccamaw Ri ver channel (Fig.
4-3). Figure 6-3-6A is 1.5 kmsouth of the Lake Waccamaw dam and Fi gure
6-3-6B is at ‘burnt-out-bridge’ on Red Bug road just north of Crusoe
Island. In both sections the upper Waccamaw River is cut down into a
weat hered surface on the pale blue, dense, sandy nmud. This Early
Pl ei stocene nmud forms the base for the Green Swanp region. The Late
Pl ei stocene and Hol ocene infill sedinents consist of about one neter of
clean, well sorted, graded coarse to fine to nuddy quartz sand (Fig. 6-
4-4A) with di ssem nated organic fragnments overlain by one neter of
twigs, leaves, and in situ roots in an organic nud with thin quartz sand
| ami nae (Fig. 6-4-4B). The surficial nodern floodplain peat layer is a
| ow- grade peat that only locally exceeds 0.25 min thickness.
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FI GURE 6-4-4. Phot ographs of sand and organic matter sedinents in the
upper Waccamaw Ri ver.

PANEL A. Active sand ripples occur on the flank of a point bar.
Notice that the tea-colored water is clear with no suspended

sedi nent | oad, but has enough flow velocity to actively transport
bedl oad sand. The ripples have approximtely 10 cm wave | engt hs.

PANEL B. A cross-sectional view of a subaerial point bar that has
been eroded to expose the interbedded character. The two

al ternating conponents are clean quartz sand (white) and | ayers of
leaf litter (dark) fromthe forest canopy. Scale: 1 cmon the

phot ograph = 5 cmin the sedinments.
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6.5. Lower Waccamaw Ri ver

Over the course of centuries and scores of
centuries, the river would withe slowy but
continuously across the floodplain, making its
way in noving coils and | oops, snoothing and
shifting sand and earth the way an eel would, if
you put the eel on a beach, and | et him squirm
back to the sea

F. Burroughs, 1992
6.5. 1. I nt roducti on

The | ower Waccamaw River (LWR) valley is a linear feature that
flows fromthe AOd Dock-Crusoe |Island-Freeland road dam southwest into
the Wnyhah Bay estuary (Fig. 3-2). The North Carolina portion of the
LWR cont ai ns several different norphol ogi cal conponents that are rock
controlled and into which the drainage systemis incised. Due primarily
to this underlying rock control, the character and processes of the LWR
are very different than that of the UAR and associ ated G een Swanp.

Fi gure 6-3-4 shows the junction of the upper Waccamaw Ri ver and Juni per
Creek to formthe | ower Waccamaw River. The next three Figures (Figs. 6-
5-1 through 6-5-3) are infrared aerial photos that show representative
segrments down the | ower WAccamaw Ri ver.

In 1878, Bishop recognized two dramatically different patterns
within the | ower Waccamaw Ri ver and described them as foll ows.

REACHES --- which in this vicinity are called wetches ....
were so long and straight as to afford open passages for
wind to blow up them and these fierce gusts of head w nds
give the raftsnen nmuch trouble while poling their rafts
agai nst them

MEANDERS --- So | followed the winding stream which turned
back upon itself, running north and south, and east and
west, as if trying to box the conpass by follow ng the sun
inits revolution. .... The swanps were subnerged, and as
the water poured out of the thickets into the river it would
shoot across the land fromone bend to another, presenting
in places the nystifiying spectacle of water running up
stream

These two types of river channels reflect the origin and evol utionary
history, as well as the nodern dynamics of the | ower Waccamaw Ri ver and
will be used as the basis for further discussion.

6.5. 2. Channel Segments

The entire nodern channel of the LMR is incised into and fl ows
within the broad antecedent floodplain of the Wando GMJ, an ol der
riverine-floodplain sedinment unit. However, as described by Bishop, the
LWR has two different norphologies that will be referred to as actively
nmeandering and incised river segnents (Fig. 6-5-4). The nodern and
active conponent of the | ower Waccamaw Ri ver is Hol ocene in age and will
be referred to as the Hol ocene GW (Figs. 5-6 and 5-7). The
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FI GURE 6-5-1. Infrared aerial photograph of the upper portion of the

I ower Waccamaw River including N.C. highway 130 bridge at New Britton.
Notice the 1) highly nodified drainage within the Wando GWU due to
construction of drainage ditches for initial |ogging and | and cl eari ng,
2) actively neandering river channel segments within the nodern

fl oodpl ain or Hol ocene GWMJ, 3) incised or rock-bound channels within the
ant ecedent floodplain or Wando GMJ, and 4) pal eo-channel s and pal eo-
meanders with their ridge and swale structures within the Wando GWVU.

Phot ograph was flown on 3/29/1983 by the High Altitude Program of the

U S. Department of Agriculture.
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FI GURE 6-5-2. Infrared aerial photograph of a segment of the | ower
Waccamaw Ri ver between N. C. hi ghways 130 and 904 bridges and i ncl uding
CGore Lake and Seven Creeks. Notice the 1) generally unnodified drai nage
within a fairly natural portion of the Wando GWJ, 2) actively neandering
river channel segments within the nodern fl oodplain or Hol ocene GV, 3)

i nci sed or rock-bound channels within the antecedent fl oodplain or Wando
GW, and 4) pal eo-channels and pal eo-nmeanders with their ridge and swal e
structures within the Wando GWJ. Phot ograph was fl own on 3/29/1983 by
the H gh Altitude Program of the U S. Department of Agriculture.
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FI GURE 6-5-3. Infrared aerial photograph of the | ower Waccamaw River in
the area of N.C. highway 904 bridge. Notice the 1) generally unnodified
drainage within a fairly natural portion of the Wando GWJ, 2) actively
nmeandering river channel segnents within the nodern floodplain or

Hol ocene GMJ, 3) incised or rock-bound channels within the antecedent

fl oodpl ain or WVando GMJ, and 4) well devel oped pal eo-channel s and pal eo-
meanders with their ridge and swale structures within the Wando GWVU.
Phot ograph was flown on 3/29/1983 by the High Altitude Program of the

U S. Department of Agriculture.
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FI GURE 6-5-4. Schematic cross sections of the two types of channel
systens within the | ower Waccamaw Ri ver.

PANEL A. An actively neandering river segnent that occurs totally
within a nodern fl oodplain of the Hol ocene GV

PANEL B. An incised river segnent in which the channel is cut into
the antecedent floodplain of the Wando GWU.
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two different types of river segnents are determ ned by the underlying
geol ogi ¢ characteristics of the antecedent floodplain. Wthin the
portions of the antecedent fl oodplain where the underlying Cretaceous
Pee Dee Formation is topographically high, the channel is incised into
the rock and forns the straight, w de, and deep rock-bound river
segments. Wthin the portions of the antecedent floodplain where the
Cretaceous Pee Dee Formation is topographically low, the nodern channe
is actively neandering and reworking the old floodplain sedinments. This
process has resulted in a narrow and shall ow, highly sinuous channe
that has devel oped an adj acent zone of |ow, nodern floodplain whichis
incised into the higher antecedent fl oodpl ain.

Wherever the nodern river channel flows totally within its own
active floodplain it constitutes the Hol ocene GW (Fig. 6-5-5). These
river segnments are characterized by an actively nmeandering channel (Fig.
6-5-4A) with a high sinuosity, active point bars, and | ow cut-banks
During the annual wet season and snall flood events, the Hol ocene
portion of the floodplain is regularly flooded and domi nated by sheet
flow About 50% of the river length is dominated by an actively
nmeanderi ng channel and associ ated active floodplain (Fig. 6-5-6).

However, the nodern riverine system does not al ways have an active
fl oodpl ai n. About 50% of the river length (Fig. 6-5-6) has a channe
that is incised into and flows through the antecedent floodplain of the
Wando GWJ (Fig. 6-5-7). This active channel is also cut down into the
ol der and underlying sedinent units of the Waccanmaw and Pee Dee
Formati ons. Consequently, the incised river segnents have hi gh sedi nent
banks with no nodern or active floodplain except during |arge flood
events, the channels are generally rock bound on one or nore sides and
tend to be straight to slightly neandering, and are generally w de and
deep (Figs. 6-5-4B, 6-5-6, and 6-5-7).

Infrared aerial photographs denonstrate the difference between
channel types and associ ated antecedent or nodern floodplains (Figs. 6-
5-1, 6-5-2, and 6-5-3). These photographs readily display the presence
of pal eo-channel and pal eo-ridge and swal e structures, as well as a
m xed assenbl age of upland and wetl and vegetati on characteristic of the
ant ecedent floodplain (VWando GWMJ). Werever the channel develops its own
active floodplain (Hol ocene GW), it is characterized by high sinuosity
and is dom nated by wetl and vegetation. Since the antecedent fl oodplain
has slightly higher elevations than the nodern floodplain, it can be
ditched and drained and is readily | ogged and converted to pine
pl antations. The nodern floodplain is slightly lower, is flooded for
ext ended periods during each high-water season. The latter areas are
dom nated by wetland tree species such as cypress, gum and swanp mapl e.

Seven basic rock and sedi nent types constitute the banks of the
| ower Waccamaw River as outlined in Table 6-5-1. River banks of the
actively neandering streans are domi nated by |ithol ogies 5-7, which
generally overly the hard rock surfaces of the Pee Dee Formation
(lithologies 2 or 3) at depth (Fig. 6-5-4). Cut banks of incised river
segnments are characterized by lithofacies 5 and 6 overlying extensive
out crops of the Pee Dee Formation (lithologies 1 through 3) with rare,
preserved segnments of the Waccamaw Formation (lithol ogy 4).
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FI GURE 6-5-5. Schematic cross section of an actively meandering river
channel and associ ated active fl oodplain, which is incised into the
Wando GVMU. Notice the rel ati onship between the Wando GWJ, Socastee GV,

and Cretaceous Pee Dee Fm

98



FI GURE 6-5-6. Map of the | ower Waccamaw Ri ver showi ng t he general
distribution of the two types of river channels: 1) incised channel wth
an ant ecedent fl oodplain and 2) actively meandering channel with an

active floodpl ain.
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FI GURE 6-5-7. Schematic cross section of an incised river channel that
is incised into the antecedent floodplain of the Wando GVMU. Notice the
rel ati onshi p between the Wando GWJ, Socastee GWMJ, and Cretaceous Pee Dee
Fm
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TABLE 6-5-1. Major rock and sedinent units that characterize the incised
and actively nmeandering segnents of the | ower Waccamaw Ri ver.

WANDO AND HOLOCENE GMUs: Upper sand sequence

7. Crossbedded and interbedded sequences of fine to nediumquartz sand
and organic detritus

6. Fining upward sequences ranging fromcoarse to nmedium quartz sand to
i nt erbedded sand and organic-rich mud to | am nated fine sandy nud and
fine sandy peat

5. Honogeneous, slightly organic-rich, fine quartz sand; the organic
matter and/or opaque minerals in this unit weather to an iron-
stained, nottled to clean fine quartz sand

WACCAVAW FORNMATI ON: Preserved locally in topographic | ows
4. Fossiliferous, nmuddy and gravelly fine quartz sand

PEE DEE FORVATI ON: Basal rock units

3. Dark greenish gray to blue gray, dense, very fine quartz sandy
nmudst one to nudst one

2. Indurated, cal careous cenented, fine quartz sandstone; often occurs
as discontinuous | am nae or irregular nodules within |ithol ogy one

1. Slightly rmuddy, tight, fine quartz sandstone

G ound- penetrating radar (GPR) data collected al ong the Waccamaw
River were utilized to determ ne the pal eo-topography of the underlying
rock surface within the Waccamaw Ri ver valley. The data were coll ected
on a single day (January 25, 1997) with the water |evel at about md-
stage. The following interpretations are based upon two assunptions: 1)
the water surface was constant during the survey period and 2) the boat
stayed in the mddle of the channel throughout the survey. The latter
assunption is an approxi mati on at best, causing the data to have nore
variability than really exists. Figure 6-5-8 shows the distribution of
two di fferent channel segments surveyed

The GPR data recorded a hard reflective surface throughout the
survey area that is interpreted to be the top of the Cretaceous Pee Dee
Formation. This interpretation is based upon vibracoring and cross-
sectional river profiles of Brant (1998). The incised and actively
nmeanderi ng channel segments have distinctive river patterns (width,
depth, and sinuosity) that reflect their relationship to the Pee Dee
Formati on and the general character of this rock surface. Table 6-5-2
summari zes the characteristics for the two channel types based upon the
GPR dat a.
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FI GURE 6-5-8. Map of the |l ower Waccamaw Ri ver delineating the regions
used in the ground-penetrating radar survey of the river and the
distribution of two types of river channels: 1) incised or rockbound
channel and 2) actively meandering channel.

102



TABLE 6-5-2. Channel characteristics of the | ower Waccamaw Ri ver based
upon ground-penetrating radar survey within the riverine channel. Figure
6-5-8 shows the river regions and their relationship to the two nmajor
channel types.

RIVER DEPTH TO DEPTH TO RELIEF  SED. SED. CHANNEL CHANNEL
REG ON CRETACE. CRETACE. CRETACE. TH CK. THI CK. W DTH SI NUGSI TY
AVERAGE  SURFACE AVE.

METERS METERS METERS METERS  METERS
UPSTREAM
Al C* 4.0-8.1 6.2 4.1 0-2.5 0.8 Medi um  Medi um
B-AMF*  3.9-6.5 5.0 2.6 0-3.0 0.8 Narrow  High
Gl 3.6-6.8 5.3 3.2 0-2.0 0.5 Medi um  Medi um
D- AM*  3.6-7.3 5.2 3.7 0-3.0 1.0 Narrow  High
E-1C 4.7-10.4 6.9 5.7 0-1.8 0.3 W de Low
DOANSTREAM
SUMVARY
AMF * 3.6-7.3 5.1 2.6-3.7 0-3.0 0.9 Narrow High
| C* 3.6-10.4 6.1 3.2-5,7 0-2.5 0.6 Med- W de Med- Low
* | C = Incised Channel
** AM = Actively Meandering Channe
6.5. 3. Rock- Bound Ri ver Segments

Ext ensi ve reaches of the | ower Waccamaw River are rock floored
with sidewalls conmposed of pre-Hol ocene stratigraphic units (Figs. 6-5-
9, 6-5-10, and 6-5-11). The basal rock unit is the Cretaceous Pee Dee
Formati on with remmants of the early Pleistocene Waccamaw For mati on
|l ocally preserved (Table 5-1). The rocks in the river bank are overlain
by a 1 to 3 neter thick sequence of unconsolidated sands (Fig. 6-5-9)
that were deposited by a fornmer Waccamaw Ri ver during different climatic
conditions of the early Pleistocene (> 10,000 years before present).
These surficial sand deposits constitute the antecedent fl oodplain of
the Wando GWJ i nto which the nodern river is incised.

The rock-bound channels (Fig. 6-5-12) tend to occur as w de, deep
and fairly straight (region Ein Fig. 6-5-8) to slightly meandering
river segments (regions A and Cin Fig. 6-5-8). However, the banks of
t hese pal eo-nmeanders are vegetatively bound (Fig. 6-5-12) with no active
nmeandering taking place today and only locally do they have ninor point
bar devel opnent associated with them The apparent neanders tend to
occur within pal eo-neanders of the fossil channel systemthat is being
reoccupi ed by the nodern channel. The incised channel segnents appear to
be occupyi ng ancient river channels wi thin pal eotopographic valleys that
were cut into the top of the Cretaceous Pee Dee Formation during some
previ ous geol ogi ¢ peri od.

The incised channel s have high river banks (Figs. 6-5-9 and 6-5-

11) that are rarely overtopped during normal high-water periods. Thus,
the river flowis totally constrained within the channel (Fig. 6-5-4 and
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FI GURE 6-5-9. Phot ographs of an incised or rock-bound channel during
I owflow stage on the | ower Waccamaw Ri ver.

PANELS A and B. High banks of the antecedent floodplain, the Wando
GWJ, conposed of soft sand sedi nent deposited by a pal eo- Waccanaw
River. Notice the 1) severe rate of bank recession that occurs
when the river is in internmediate- to high-flow stage, 2) upland
vegetation that occurs on top of the high bank, and 3) active
undercutting bel ow the nodern surficial root mat and associ at ed

sl umpi ng of sedi ment and vegetation off the bank. The eroding
banks are about 5 mand 3 m high, respectively.
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FI GURE 6-5-10. C ose-up photographs of an incised or rock-bound channe
during lowflow stage on the | ower Waccamaw Ri ver.

PANELS A and B. High banks of the antecedent floodplain, the Wando
GW, conposed of the Cretaceous Pee Dee Formation. This unit

consi sts of dark greenish gray to blue gray, dense, fine quartz
sandy nudstone that contains discontinuous interbeds of cal careous
cemented, fine quartz sandstone. Notice in Panel A the stair-step
geonetry along the contact (yellow line on left side of photo)

bet ween the hard Pee Dee Formation and overlying soft sand

sedi ments that have receded due to bank erosion. Panel Bis a

cl ose-up of the rocks in the Pee Dee Formation. The river bank in
Panel A is about 2 m high and the photograph in Panel B is about
0.5 m hi gh.
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FI GURE 6-5-11. Photographs of incised or rock-bound channels during | ow
flow stage on the | ower Waccamaw Ri ver.

PANELS A and B. High banks of the antecedent floodplain, the Wando
GW, conposed of the Cretaceous Pee Dee Formation. This unit
consists of slightly nmuddy and poorly iron-cenented, fine quartz
sandstone. The river bank in Panel Ais about 5 mhigh with the
contact (yellow line on right side of photo) between the nore

resi stant Pee Dee Formation and overlying soft sand sedi nents that
have receded due to bank erosion. Panel B is about 4 mhigh with
the contact (yellow line) between the nore resistant Pee Dee
Formati on and the overlying 2 mof soft surficial sand. Notice how
the surficial 0.5 to 1 mis bound by the dense root mass of
overlying vegetation and is slunmping into the river as a cohesive
mat as the underlying sand is eroded away during internediate- to
hi gh- st age water fl ow
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FI GURE 6-5-12. Photographs of rock-bound segnents of incised channels on
the | ower Waccamaw River. Notice the wi de and straight character of the
rock-bound channel s and the domi nance of upland vegetation al ong the
banks.

PANEL A. Photo was taken in sunmmer.

PANEL B. Photo was taken in w nter.
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6-5-7) except during the largest flood events. The high river banks that
consist of 1 to 3 nmeters of unconsolidated surficial sands overlying the
rock, are actively being eroded (Fig. 6-5-9). This erosion takes place
very slowy on a continuous day-to-day basis. However, rates of erosion
increase significantly during intermediate to high stages of river flow
when the river level intersects or floods this soft sedi nent bank. Bank
erosion is at a maxi mum during intermedi ate stages of river |evel when
the river is not too high for boat traffic and boat wakes interact
directly upon the sands and severely accentuating the erosiona
processes. Bank erosion of the upper sand beds of the Wando GWU supply a
maj or volune of sand to the river channel

The strong channelized flow during internediate to high | evel flow
regines tends to keep the rock-floored channels swept clean of sand. The
sand is transported downstreamthrough the rock-bound sections and into
the actively nmeandering segnents where velocity decreases and sand
accunul ates. However, if there is a major source of sand fromeither an
upstreamtributary or a highly eroding river bank, mnor sand will
I ocally be deposited on the inside of a meander form ng small-scale
poi nt bars within the rock-bound segnents.

6.5. 4. The Antecedent Fl oodplain (Wando GW))

A major portion of the antecedent floodplain, or Wando GWJ, is
characterized by pal eo-channel structures and pal eo-ri dge and swal e
topography (Figs. 6-5-1, 6-5-2, and 6-5-3). These |large fossil channe
and point bar deposits were produced by a former Waccamaw River with a
geonetry between two to four tinmes larger than sinmlar features being
produced by the nodern Waccamaw Ri ver (Brant, 1998). The ridge and swal e
topography reflects the nmigration of an actively meandering river
bet ween 10, 000 and 3,000 years before present based upon radi ocarbon age
dating of the sedinments in the channels and scroll deposits. W believe
that the ancient systemthat produced the antecedent floodplain had very
di fferent hydrol ogic conditions than the nodern river. The nmuch smnaller
Waccamaw Ri ver system that existed from about 3,000 years ago to the
present, has been incised down into the antecedent fl oodpl ain.

The ridge and swal e structures occurring on the Wando GWUJ are
| arge-scal e, extrenely | ow- sl ope norphol ogi cal features with deci neter-
scale relief. They produce distinctive alternating and arcuate habitats
that cause dramatic variations in the resulting plant communities. This
can be readily seen on old aerial photographs (Figs. 6-5-11 and 6-5-12).
The light zones are the sandy ridges fromthe old point bar deposits
that are dom nated by grasses, scattered |ong-I|eaf pine, and carnivorous
pl ants. Whereas, the dark zones are the swal es between accreting point
bars and are doni nated by wetlands and the associ ated plant conmunity of
cypress, gum and swanp maple. The hydric soils in the swales are
composed of thin peats and organic detritus that have accunul ated over
the years fromthe dom nantly forest comunity.

The subtle ridge and swale features were very striking and stood
out both on the ground and in old aerial photos (Fig. 6-5-13) due to the
great differences between these plant comrunities. However, use of ever
| arger | oggi ng equi pnent and the extensive construction of drainage
ditches on the Wando | and surface over the | ast several decades have
el i mi nated nost evi dence of these pal eo-geonorphic features. Along with
the 1 oss of the geonorphic features, conversion of these diverse
habitats to the ubi quitous nmonocul ture pine plantations, are rapidly
destroyi ng the uni que biological habitats of the Waccamaw Ri ver vall ey.
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FI GURE 6-5-13. Aerial photographs of two segnents of the | ower Waccanaw
Ri ver and associ ated antecedent fl oodplain (Wando GW).

PANELS A AND B. Notice the 1) prom nent pal eo-ridge and swal e
structures with alternating plant habitats: sand ridges are light
col ored and dom nated by a grass conmunity while the swales are
dark col ored and domi nated by wetlands with a plant community
composed of cypress, bay, and gum 2) highly neandering character
of the nmodern channel and associated active floodplain; and 3)
different scales of nodern riverine features conpared to those of
the antecedent fl oodpl ain. Phot ographs were flown on 4/8/1955 by
the U S. Departnment of Agriculture
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6.5.5. The Actively Meandering Segnents and Mdern Fl oodpl ai ns

In between the rock-bound stretches are river segments
characterized by an actively nmeandering river channel (Fig. 6-5-6)
within a nodern fl oodpl ain sequence (Figs. 6-5-2 and 6-5-5). These river
segrments (regions Band Din Fig. 6-5-8) tend to be narrow, relatively
shal  ow, and highly sinuous (Fig. 6-5-13) due to their active neandering
processes. The rivers have cutbanks in nodern riverine sedinents (Fig.
6-5-14A) and extensive point bar devel opnent associated with each
meander (Fig. 6-5-14B). Wthin the meander the river is shallow due to
abundant deadfall (Fig. 6-5-14A) that plays an inportant role in
trappi ng sand. The cutbanks are conposed totally of unconsolidated sands
of sedinment types 5 through 7 (Table 6-5-1) and are topped with natura
| evees and | arge trees.

During high-flow conditions, nuch of the water flowing into the
sediment-filled meanders is forced to | eave the channel and nove as
sheet flow through the adjacent nodern floodplain. During these high-
flow periods, the cut-bank is rapidly eroded supplying | arge vol umes of
new sedi ment to the stream and causi ng extensive bank col |l apse al ong
with many |large trees. These trees fall into the channel form ng natura
jetties that cause serious navigation problens and effectively trap nore
sedinent as the thalweg fills with sand, forcing even nore water out of
the channel and into the adjacent swanp forest sheet flow Thus,
sedi nent ati on beconmes the dom nant process within the highly sinuous
river segments during high water seasons and specific storm events.
Consequently, the apex of each neander is doni nated by shall ow, narrow
channels (Fig. 6-5-4) with extensive and active point bar and | evee
devel opnent .

Wthin the actively nmeandering river segnent, channels in both the
upstream and downstream reaches between nmeanders are generally rock
floored, but the channels are not incised into the rock. Thus, the
channel flanks contain only riverine sands allowing the river to
actively neander and rework the antecedent floodplain. This results in
sedi nent deposition within the apex of tight meanders and formation of
wel | - devel oped point bars. Figures 5-6, 5-7, and 6-5-5 denonstrate that
the actively meandering river segments have eroded into and reworked
significant portions of the antecedent floodplain to formthe nodern
fl oodpl ai n. Devel opnent of a nodern floodplain probably occurs within
pal eot opographic lows in the underlying Cretaceous Pee Dee Fm

Many active point bars contain several groups of river birch trees
that are zoned into different sizes with the smallest close to the river
and getting larger into the floodplain (Fig. 6-5-15A). Each zone is
separated by an erosional surface that contains a thick | ayer of
deconposing leaf litter (Fig. 6-5-15B). Based upon the distribution
pattern of various size birch trees and the erosional surfaces with
associated leaf litter, the point bars do not appear to be active on a
daily or even seasonal basis, but rather appear to be related to mgjor
stormevents. Thus, the stormhistory of the river and accretion history
of each point bar should be recorded within these point bar deposits.
Understanding these inter-relationships is critical towards devel oping a
managemnment program based upon the riverine system dynam cs. Resources
were not available in our project to undertake this detailed analysis,
but it would be a very inportant to do in a future research program
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FI GURE 6-5-14. Photographs of an actively neandering segnment of the
| ower Waccamaw Ri ver.

PANEL A. The outside of a sharp neander contains a 2 neter high
cut bank that is eroding into riverine sedinents of the Hol ocene
GWJ. Active cut bank erosion has under cut the trees, which form
danms across the channel trapping sedinment and inpairing

navi gati on.

PANEL B. The inside of a sharp neander contains an active point
bar. Notice at |east two erosional or nondepositional surfaces
delineated by a thick accurmulation of leaf litter that was buried
by sand during a subsequent storm event.
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FI GURE 6-5-15. Photographs of a point bar within an actively meandering
segrment of the | ower Waccamaw River.

PANEL A. An active point bar covered with a stand of river birch.
Notice that the 1) point-bar sand continues bel ow t he water
surface and 2) dark tea color of the water.

PANEL B. C ose-up photograph of a trench through the point bar
showi ng mul tiple interbedded | ayers of sand accretion and peri ods
of nonstorm periods when leaf litter accunul ated. Vertical height
is about 1 m
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6.5. 6. Geonor phi ¢ Fr amewor k

The geonorphic relationship of the | ower Waccamaw River to its
river valley and norphol ogy of adjacent upland areas is denponstrated in
Figures 5-5, 5-6, and 5-7. The LWR valley consists of two geonorphic
units (GMJs): the Hol ocene GVMJ and Wando GMUJ. These two units occupy the
present river valley and are incised into the Socastee GW, which is
incised into the upland Penhol oway GWJ (Figs. 5-7). Contact
rel ati onshi ps between the GMUs are partly based upon ground-penetrating
radar profile data across these unit boundari es.

Consi deri ng the geonorphic framework, it beconmes clear that the
| ower Waccamaw River is an underfit stream (Dury, 1964). The nodern
channel systemis up to four tinmes smaller than the pal eo-channels in
the antecedent floodplain of the Wando GMU. Similar ‘underfit’ pal eo-
riverine features occur on many other riverine floodplains throughout
the southeast Atlantic and Qulf coastal plains. Bernard (1950) naned the
terrace that the ‘underfit’ drainage is incised into as the Deweyville
Terrace. Gagliano and Thom (1967) mapped the Deweyville Terrace in the
Brazos, Trinity, Sabine, Quachita, Pearl, Pascagoula Rivers, as well as
the Great Pee Dee, Little Pee Dee, and Waccamaw Ri vers of the Carolinas.
Sexton (1999) mapped the pal eo-riverine features in the alluvial valleys
of the mddle coastal plain of South Carolina including the Santee,
Conagaree, and Wateree river valleys.

Wthin the | ower Waccamaw River valley, there are infilled pal eo-
channel s | ocat ed agai nst the sides of the river valley suggesting that
this larger paleo-riverine systemof the Wando cut the valley walls into
the Socastee GMJ. The Wando pal eo-riverine system which forned during
the last glacial maxi numof the |ate Pl eistocene, existed under an
extrenmely different climatic and hydrol ogic regine than exists at
present. Consequently, the rmuch |arger hydrol ogi c system conbined with
m ni mal vegetative cover to produce a streamw th maxi num devel opnment of
t he meandering process. The hydrologic results were a wi de floodplain
that filled the valley with extensive point-bar ridge and swal e
structures and associ ated channels (Figs. 6-5-1, 6-5-2, 6-5-3).

Wth todays climatic and hydrol ogic regine, the valley floor is
bound by a heavy vegetative cover that mnimzes the meandering process.
This, in conbination with a rmuch nore uniform hydrol ogic regine driven
by the pattern of rainfall and increased inportance of groundwater has
led to incisenment into the Wando. The nodern | ower Waccamaw Ri ver has
reoccupi ed sonme of the old rock-bound channels and | ocally has produced
a small nodern floodplain resulting froma m ni rum amount of active
nmeandering stream processes (Fig. 6-5-3). Gagliano and Thom (1967)
bel i eved t he pal eoneander scars of the | ower Waccamaw River are simlar
to the Deweyville Terraces in the Gulf coast, which forned by rivers
with significantly | arger discharges than their nodern equival ents
(Gagli ano and Thom 1967; Alford and Hol nes, 1985).
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7. MODI FI CATI ON OF THE WACCANVAW DRAI NAGE SYSTEM

You work the |l og woods in them days, and you
woul dn’t think noney growed on the trees around
here. Trees was all the noney they was.

Course the river had a heap nore water in it
then ... the steanmboats used to cone up from
Conway, right up here to Freeland on the high
water. Couldn’t do that now WAccamaw Lunber
Conpany and St. Regis and G P. nust of spent a
billion dollars altogether ditchin’ and draining
that swanp. What they done was taken water away
fromthe Waccamaw and give it to the Cape Fear
Ri ver. That’'s why the Waccamaw s got so nuch
sand in it now. Back then the freshets woul d
flush it right out. And of course there weren't
no trees laying in the water then; the rafters
kept it cleant out.

M. K. Babson in F. Burroughs (1992)

7.1. Land-Use History of the Waccanaw Drai nage System

The brief history of devel opnment within the Waccamaw dr ai nage
system sunmari zed bel ow i s based upon two general sources of
i nformati on. Several reports were obtained fromvarious tinber conpanies
and many conversations were held with nunerous |ong-tinme enpl oyees who
actually carried out rmuch of the drai nage work. The accuracy of the
foll owi ng summary can not be supported since all sources w shed to
remai n anonynous with the unpublished conpany information unreferenced.

7.2. Green Swanp Pocosin

Early courthouse records suggest that prior to 1795, the swanp
next to John Geen's field, referred to as Green’s Swanp, was
approxi mately 200, 000 acres. From 1795 to 1889, G een’s swanp was owned
by W Collins, S. Wllianms, and B. Powell. In 1889 the three owners sold
the land to Pennsyl vania and North Carolina Land and Tinber Co. In 1906
it was sold again to Waccamaw Lunber Conpany. In 1937, Riegel Paper
Cor p. bought 139, 000 acres of the original 200,000 acres and
subsequently sold it to Federal Paper Board Co. in 1972, who in turn
sold it to International Paper Corp. in 1995. Consequently, the nmjor
portion of Green Swanp has been associated with the tinber industry for
at least the past two centuries.

Al'l early | ogging operations were dependent upon the Waccamaw
River for rafting shingles and | ogs to Conway and Geor get own, South
Carolina. In the 1850's an east-west railroad was constructed from
WIlmngton to Fair Bluff with a spur line built to a pier in Lake
Waccawmaw. Ti mber was harvested in the swanp using steam skidders to
gather logs to collecting points and renoved fromthe swanp by railroad
tramspurs to the strategic mainline tramrailroad (Fig. 7-2-1). Tram
railroads were built by laying rails directly on a bed of 1o0gs. No
ditching and draining of the wetlands was done in those days. Loggi ng
operations were weather and water-level dependent, and therefore carried
out only during the yearly dry seasons and were based upon ol d-growth
timber.
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FIGURE 7-2-1. A 1955 aerial photograph of Friar Swanp show ng the
character of dry season |ogging operations utilizing steam skidders.
This techni que predated the period of agriforestry based upon extensive
| and-use alteration by ditching and draining the wetlands. Photograph
was flown on 4/9/1955 by the U S. Departnent of Agriculture.
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The first series of drainage canals were dug into the wetl ands
east and sout heast of Lake Waccamaw during the 1920's in a najor effort
to develop farm and (Fig. 6-2-3). However, these ditches, which include
the Main Line Canal and A through H lateral canals, could not adequately
drain the soil for standard agricul tural purposes. Consequently, only
m nor agriculture happened until a Civilian Conservation Corps (CCC)
canmp was established in Geen Swanp in 1938. Wth CCC | abor, there was a
burst of road, bridge, and trail construction, as well as a significant
boost in pine planting prograns.

Roads that existed within the Waccamaw wat er shed during the pre-
Wrld War |l era were few and nostly unpaved. Three paved roads existed
(Fig. 7-2-2) including highways 214 north of Lake Waccamaw, 17 south of
t he Waccamaw wat er shed, and 130 across the | ower Waccamaw Ri ver at New
Britton. The unpaved or ‘dry-weather’ roads were built with m ninma
ditching and infilling. Consequently, the flow of surface water was
relatively uninpeded, allowing infiltration and recharge of the
surficial ground water aquifer, as well as overland sheet flow Thus,
the storage capacity of the wetlands remained largely in tact and the
roads minimally inpacted the Waccamaw Ri ver base fl ow

Foll owing World War |1, growh and devel opnent began to occur
slowy within the Waccamaw wat ershed. The growi ng dermand for pul pwood
increased the rate and anount of tinmber production from G een Swanp.
Pul pwood continued to be shipped to mills in adjacent states until a
pulp mll was constructed at R egel wod on the Cape Fear River.

Post World War |1 devel opnent led to increased needs for ‘all-
weat her’ roads (Fig. 7-2-2). New roads were built and old roads were
‘flood proofed by elevating them Due to the | ow topography, flood
proofing occurred by ditching one or both sides of the road and buil di ng
an el evated roadbed with the excavated dirt. The inpact of this process
upon the surface water was two fold. First, the major ditches | owered
the surficial water table and effectively set the stage for subsequent
drai nage prograns of interior swanplands. Second, el evated roads acted
as road dams, decreasing sheet flow and shunting surface drai nage and
associ at ed eroded sedi nent and chemnical pollutants directly and rapidly
out of the swanplands and into channels. The 1955 panel in Figure 7-2-2
demonstrates this increased devel opnent activity since 1938. By 1962
Wl son estinmated that nore than 1 million mles of drainage ditches and
canal s had been constructed throughout the North Carolina coastal plain.

However, the npst extensive period of drainage alteration within
the WDS didn't begin until 1955 when a major fire burned through 117,000
acres of Green Swanp. In an effort to sal vage usabl e pul pwood and
ti mber, Riegel Paper Corp. began a short-range program buil di ng drai nage
ditches and associated roads. At that tine the conpany comrmitted to
develop a long-term programin which they would turn their wetland
hol dings in G een Swanp into an agricultural-style pine plantation
O her conpanies quickly followed suit. This | ong-term nmanagenment program
continues today, however, at nmuch reduced levels since the majority of
| and had al ready been ditched, drained, |ogged, and put into pine
pl antations by the nmd-1980's (Fig. 7-2-3). To acconplish this major
habitat nodification, the conpanies carried out an extensive program
that generally included the foll ow ng conponents (Figs. 6-3-5 and 6-5-
1):
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FI GURE 7-2-2. Devel opnent history of drainage ditches and roads in the
Waccamaw dr ai nage systemin three time periods: 1938, 1955, and 1990.
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FIGURE 7-2-3. Infrared aerial photograph of a segnent of G een Swanp
that has been extensively drained by a large integrated network of

di tches and associ ated road dans. Notice that this area of natural
pocosi n wetland has been totally converted to a nonocul ture of
controll ed pine plantation. This figure denonstrates various stages of
harvesting and planting (shades of black and gray), as well as
compartnments with different stages of pine growh (shades of red).
Phot ograph was flown on 3/29/1983 by the High Altitude Program of the
U S. Department of Agriculture.
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1. Primary drainage laterals (3 to 7 neters deep by 12 neters
wi de) were designed and constructed on approximately 0.4 to 1.6
kil oneter spacing with access |ogging roads built on the
adj acent dredge-spoil banks (Fig. 7-2-3);

2. Secondary drainage ditches (1 to 2 neters deep by 2 to 3 neters
wi de) were constructed on spacing that ranged from 30 to 300
nmet ers through individual fields dependi ng upon
the wetness (Fig. 7-2-3);

3. Residual brush was chopped and burned, organic and m nera
soils were bedded and fertilized, and seedling pine trees were
pl ant ed.

This has resulted in devel opnment of a ‘w ndow pane’ drainage pattern of
wet | ands that can be seen in a conpleted stage throughout nuch of G een
Swanmp (Fig. 7-2-3) and in all stages of nodification in the Sinmons Bay
area (Fig. 6-5-1).

Construction of all thoroughfare roads, as well as |ogging roads,
were associated with ditching and draining and built on el evated road
fill derived fromthe ditches. By 1990 there was a vast network or
‘wi ndow pane’ roads and drai nage ditches (Fig. 7-2-2) throughout G een
Swanp and antecedent floodplain of the | ower Waccamaw River. Only a few
portions of the Waccamaw drai nage system survived this period of nassive
nmodi fication: portions of Wite Marsh (Fig. 6-3-2), Friar Swanp (Fig. 6-
2-3), upper Waccamaw Ri ver and Juni per Creek (Fig. 6-2-4, 6-3-3 and 6- 3-
4), the actively nmeandering portion of the | ower Waccamaw Ri ver
floodplain (Figs. 6-5-1 and 6-5-2), and Driving Creek preserve of The
Nat ure Conservancy (Fig. 6-3-5).

7.3. Lower Waccanaw Ri veri ne Fl oodpl ai n Drai nage

Modi fication of the | ower Waccanmaw riverine fl oodplain only began
on a big scale during the late 1970's and into the 1980's as indicated
in the 1983 photos (Figs. 6-5-1 and 6-5-2). Initial drainage began on
the antecedent floodplain of the Wando GWUJ al ong the western side of the
| ower Waccamaw River. Figure 6-5-1 shows various stages of drainage
di tch—+oad construction, swanp forest clearing, and pine planting in the
Si nmons Bay area. Today, alnost this entire portion of the antecedent
floodplain is in extensive pine plantations, which have obliterated the
pal eot opography of the antecedent fl oodplain.

To date mnimal ditching and draining of the Hol ocene GWJ has
taken place (Fig. 6-5-2). This low and active nodern fl oodpl ain of the
| ower Waccamaw River is truly wet during the wet season when it is
dom nated by sheet flow conditions. To prevent further habitat |oss,
wat er | evel declines, and increased flooding problems, this portion of
the Waccamaw riverine system should not be nodified as the remai nder has
been.

7.4. Upl and Swanp Drai nage

During the nmd-1900's, the U S. Soil Conservation Service began
channel i zi ng the upland areas on the Socastee and Penhol oway surfaces
for the expansion and inprovenent of agricultural croplands (Figs. 6-3-
3, 6-5-1, and 6-5-2). Initially the farm and was devel oped on the high
sandy rinms adjacent to the Waccamaw Ri ver (Figs. 6-5-5 and 6-5-7).
However, with tinme the perched swanps behind the sand rinms were
i ncreasingly channelized and drained for agricultural purposes. These
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wet | ands were converted to marginal agricultural |ands by straightening
and deepening tributary stream channels and then field drains were
installed in wetlands that discharged directly into the tributary
channel s.

Di tching of upland wetlands and channeli zation of associ ated
tributary streans |lowers the surface-water aquifer. The new drai nage
networ k moves the water drained fromthis surface aquifer downstream
through a systemof increasingly larger ditches. During mgjor rainfal
events, surface water runs off, eroding and transporting topsoil, along
with portions of the applied fertilizers, insecticides, and pesticides
fromthe agricultural fields, through the new and efficient plunbing
system and discharges it directly into the trunk stream Prior to
channeli zation, rain water soaked into the shall ow groundwater system
mnimzing runoff and its resulting erosion. The surface water that did
flow through the swanp forest had a significant proportion of eroded
sedi rent and associated chenicals filtered out.
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8. HYDROLOG C DYNAM CS

Al the rivers run into the sea

Yet the sea is not full;

Unto the place fromwhence the rivers cone,
Thither they return again.

Eccl esi astes 1:7

8.1. The Hydrol ogic Cycle

The bl ue planet contains over 1.4 billion kn? of water on its
surface. This water occurs in a tightly interactive systemthat
continuously noves in an endless cycle that is powered by energy from
the sun and the force of the earth’s gravity. Water noves readily
between three different states of matter (solid, liquid, and gas) and
through the various earth’s spheres (hydrosphere, atnosphere,
I'ithosphere, and bi osphere).

The oceans are the greatest water reservoir, containing about 98%
of the earth’s water supply. The atnosphere is the vital |ink between
the salt water of the oceans and fresh water of the continents through
t he never-endi ng processes of evaporation and precipitation. About 2% of
the earth’s water has been precipitated onto the continents as fresh
water. OF this 2% about 1.6%is tied up in glacial ice, another 0.36%
has infiltrated into the surface |ayers of sedinment and rocks to form
the groundwater system while 0.04% constitutes the surface water
runof f. Most surface water flows downhill towards the oceans in response
to gravity and in the process forns the earth’s intricate system of
rivers and | akes. Sone ground and surface water are taken up and used by
pl ants and subsequently transpired back into the atnosphere through the
process of evapotranspiration

Running water forns a conplex network of streanms and rivers that

are the single nost inportant scul pting agent creating the unique

nor phol ogy of the earth’s | and surface. The water supply feeding al
streans is froma conbination of surface runoff and ground water, both
of which had their sources as rain or snow. Runoff initially flows
across the ground as thin sheets of water called sheet flow Wth
irregularities of the land surface, the sheet becones broken with water
becom ng concentrated into snall channels that begin to erode into the

land formng rills. The downhill flow of these channeled waters further
erode the rills into gullies and finally into an organi zed stream Many
smal | streans coal esce downhill into larger streans and finally into the

main trunk river that ultimately discharges the water back into the
ocean or simlar water body. These |arger water bodies act as base | eve
controlling the streamgradi ents, geonetry, and fl ow characteristics
within a drai nage system

8.2. Function of R vers and Associ ated Swanpl ands

8.2. 1. Conponents of a Watershed

A wat ershed is a basi n-shaped geonorphic feature in which all the
| and area contributes water to the streamthat occupies the | ow valley
floor. Each streamand its watershed are separated from adj acent
wat er sheds by an upland ridge called an interstreamdivide. Many snall
wat er sheds form col l ection systens that coal esce into ever-|arger
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streanms. The sum of these many small watersheds, discharging their
col l ected water downstream produces ever-larger drai nage basins.

The geonetry of a drainage basin is |like an open-ended, el ongate
bow tipped on its edge formng a concave upward sl ope. The headwaters
of the basin consist of many snall streans with steep gradients
(vertical drop per horizontal distance). The downstream nouth consists
of fewer, larger streans flowing into a trunk river with gentle
gradients controlled by the base I evel of the receiving water body.
Wthin any stream there is an inverse relationship between the gradi ent
and water discharge (volune passing a point/unit of tine). \Were the
gradient is steep, in the headwaters, discharge is small, and where
di scharge is large, the gradient is | ow such as at the nouth.

The basin valley contains the primary channel occupied by the
flowing water on a day to day basis. During specific stormevents or
during seasonal increases in rainfall, there is too nmuch water for the
pri mary channel to carry. The water flow now spills into a secondary
channel, or floodplain. The type of riverine channel and associ at ed
floodplain is dictated by the type and | oad of sedinment, frequency and
intensity of stormevents, geol ogy surrounding the streamvalley, and
the latitude and el evation of the basin. These factors interact to
determine the riverine character (braided, neandering, incised, etc.),
geonetry and nunber of fl oodplains and associ ated terrace devel opnent,
degree of floodplain wetness, and type of vegetation occupying the
f1 oodpl ai n.

8.2.2. Concept of Sheet, Channel ed, and Base Fl ows

Initially rainfall noves downsl ope as sheet flow over the I and
surface or it seeps into the ground and noves downsl ope as shal |l ow
groundwat er. The surface water travels rapidly (centineters to
nmet ers/ second) as sheet flow and ultimately feeds a gully, stream or
river where it noves as channeled flow. After a rain event, runoff feeds
a stream qui ckly as overland sheet flow and is then noved downstream
swiftly within the confined streamchannel. This results in a flashy
flowin response to the rapid rises and falls in water |evel. Shall ow
groundwat er flows at rmuch slower rates (centineters to neters/day) and
continues to feed the streamlong after the overland flow is gone. The
latter is referred to as a streanis base flow, which responds slowy to
rain events and keeps the streamfilled long after a storm has passed.
In sone drai nage systenms, such as the Waccamaw, deep groundwater
aqui fers are also inportant contributors to the base fl ow of streans.
Base flow is a crucial conmponent of flow dynam cs within stream systens.
In general, about two thirds of the total stream discharge in the North
Carolina coastal plain streans is estimted to be base flow (WI der et
al. 1978).

The anount of rain that runs off as sheet flowor infiltrates into
the soil is a function of many variables including | and sl ope, soi
composition, vegetative cover, degree of soil saturation, and character
of each rainfall event. Decreasing | and sl ope and increasing vegetation
significantly decreases surface water flow and increases infiltration
If the land surface has lowrelief with clayey soils, such as occurs
t hroughout eastern North Carolina, extensive palustrine wetlands devel op
with associated swanp forests (Cowardin et al., 1979). This type of
wet | and covers vast portions of the North Carolina coastal plain (Fig.
1-1), formon uplands between streamvalleys, and are comonly referred
to as pocosins, which neans “swanp on a hill”. Mich of Geen Swanp is a
pocosi n.

122



The hydrologic flow within the Green Swanp pocosin prior to human
nmodi fi cati on was probably doni nated by sheet flow with only | ocal areas
of channeled flow. The sheet flow was funneled into discrete channe
flow as the gradi ent steepened or as channel s passed through narrow
zones in the pal eot opography. For exanple, this still occurs where
Driving Creek has eroded a steeper channel through the Socastee GWVUJ at
Caison Island (Fig. 6-3-5). Once past the constriction the flow reverts
back to sheet flow. The entire flow out of G een Swanp pocosin is
ultimately funneled into the channel ed flow of both the upper Waccanaw
River (Fig. 6-3-3) and Juniper Creek (6-3-4) as they pass through the
‘narrows’ on either side of Crusoe Island and into the main stemof the
| ower Waccamaw Ri ver.

8.3. Role of Groundwater D scharge

8.3. 1. Geol ogic Setting

The major portion of the Waccamaw drai nage basin is superinposed
upon and occurs w thin the pal eot opography of the Cretaceous Pee Dee
Formation (Fig. 5-3). The Pee Dee is a thick sequence of cal careous
cement ed sandstone, sandy noldic |inestone, and sandy nudstone that is
an inportant deep, groundwater aquifer in the North Carolina coasta
pl ai n. Both Lake Waccamaw and t he Waccamaw Ri ver drai nage system are
incised into sediments of the Pee Dee Formation

Springs that flow from Pee Dee outcrops along the river banks
during low water are direct evidence that this aquifer is discharging
into the Waccamaw dr ai nage system However, little research has been
done concerning the inportance and role of groundwater discharge from
the Pee Dee aquifer within the Waccamaw drai nage basin. It is well known
that stream beds intersecting a groundwater aquifer with a significant
hydraulic head are recipients of groundwater discharge fromthat
aqui fer. NC DWQ (1999) states that “the Waccamaw Ri ver has | onger peak
flows than nost other rivers in the state, which suggests that a |l arge
majority of the streamflow originates as groundwater discharge”. This
deep aquifer discharge, in consort with the surficial aquifer discharge,
constitutes the base flow for the Waccamaw Ri ver.

Aqui fer discharge continues as long as it is recharged and the
wat er table (hydraulic head or potentionetric surface) remains above the
| evel at which discharge occurs. As the water table drops, the discharge
declines and will eventually go to zero when the water table falls bel ow
the Il evel of the streambottom Local lore conmonly refers to |arge
springs along the Waccamaw Ri ver banks that used to be far nore
ext ensi ve than today. Today, there are many small springs that slowy
weep fromriver outcrops of the Pee Dee Formation, suggesting a genera
decline in the water table.

8.3.2. Stream Fl ow and Base Fl ow

Stream fl ow consi sts of base flow plus the overland surface flow
According to Bal es and Pope (1996) the average base flow of the Waccamaw
Ri ver at the USGS gauging station (Freeland) was 53. 3% of total stream
fl ow between 1940-1994 with ranges from 28%in 1942 and 1981 to 72%in
1953 and 1958. Plots of their base flow and runoff data, using both the
95th and 75th percentiles, suggest that there is a:

1. General increase in variability and range of runoff
beginning in 1970 to 1994 as conpared to pre-1958 data, and
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2. Major decline in base flowin 1985 to 1994 as conpared to
the pre-1984 dat a.

These data (Bal es and Pope, 1996) suggest an increase in
variability of runoff with a declining input of base flow through tine.
Changes in runoff probably reflect the extensive drainage ditching that
has i npacted the Waccamaw dr ai nage system during the past severa
decades (Fig. 7-2-2). The recent decline in base flow reflects a genera
decline in the Pee Dee groundwater table wth decreasing discharge into
the Waccamaw Ri ver system These changes are denonstrated by the period
of 1991-1994 when precipitati on was greater than average but stream fl ow
was | ess than average.

8.3.3. Cheni stry of the G oundwater Base Fl ow

The Cretaceous Pee Dee Formation is generally an interbedded
sequence of calcite-cenented sandstone, calcite-rich sandy nudstone, and
fossiliferous sandy linmestone (Fig. 6-5-9A). Qutcrops of the Pee Dee
al ong the river banks display extensive evidence of ongoing dissolution
and reprecipitation of the mneral calcite. For exanple, secondary
cementation by calcite produces the pattern of weird-shaped nodul es that
characterize the incised river banks (Fig. 6-5-9B). Therefore, water
di scharging fromthis unit into the streanms is probably al kaline due to
abundance of cal cium carbonate. Pelletier (1985) measured the cal ci um
(Ca) contents of Pee Dee groundwater in Horry Co., SC and found ranges
bet ween 59-89 ng/l, which is significantly higher than any other
Cret aceous aqui fers.

The bl ack-water streans of eastern North Carolina are generally
characterized by high acidity due to the dom nance of organic matter in
the associ ated fl oodpl ai ns and swanp forests. Black waters generally
have a pH =5 or less within North Carolina. If a significant volunme of
Pee Dee groundwater were being discharged into the Waccamaw dr ai nage
system it would cause the surface waters to have a hi gher pH than
expected for swanp waters. In fact, this is the case and is the primary
reason for devel opnent of the very unique characteristics of this
drai nage system This is why the waters of the Waccamaw have
“exceptional water quality” and are a “showcase of biological richness”
(NC DWQ, 1999) with a high diversity and abundance of biota that has
“national ecol ogical or recreational significance” (NC DEM 1995).

Lake Waccamaw i s distinct among the bay | akes due to a pH range
from6.8 to 7.5 (Cahoon et al., 1993) as conmpared to a pHof 3.2 to 4.8
for most North Carolina bay | akes (Wiss and Kuenzler, 1976). Big Creek
the main bl ackwater streamthat feeds Lake Waccamaw, and its tributary
streans have pHs of 6.0 and 6.1 to 6.6, respectfully (Casterlin et al.
1984; Stager and Cahoon, 1987). The NC DEM (1994) reports pH for three
stations along the main stem of the Waccamaw Ri ver. Table 8-3-1 presents
a sunmary of pH at three nonitoring stations along the Waccamaw Ri ver.
The station at Freeland has the lowest pHin response to the large
vol ume input of water fromthe vast wetlands in the G een Swanp, nost of
which is sealed fromthe underlying Pee Dee aquifer by extensive clay
beds. However, within the Waccamaw Ri ver the pH increases significantly
downstream (Longs, SC) in response to the groundwater input since the
river is largely rockbound within the Pee Dee Fornation
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TABLE 8-3-1. Summary of pH data fromthree nonitor
stations along the main stem of the Waccamaw
Ri ver between 1988-1992 (NC DEM 1994).

Station M ni mum pH Maxi nrum pH Mean pH

Lake Waccamaw dam 6.1
Freel and (hwy 130) 4.3
Longs, SC 5.4

NOoN
»wo
o 0N
=)

Frey (1948) and Cahoon et al. (1993) attributed the high
al kalinity of Lake Waccamaw to the occurrence and chem cal weat hering of
the Waccamaw Formation that forms a |linmestone bluff along a portion of
the northern shoreline. Cahoon et al. (1993) cal cul ated that subaqueous
chemi cal weat hering could contribute approximtely 15% of the total |ake
wat er al kalinity, but does not account for the remaining alkalinity.
Sone alkalinity within the Waccamaw drai nage system may conme fromthe
surficial groundwater discharge through porous carbonate-rich sediments
of the Waccamaw Formati on. However, the WAaccamaw Formation is only
locally preserved and has linited |lateral extent. The nmajority of
alkalinity within Lake Waccamaw i s unaccounted for by previous workers.

More inmportantly, the Waccamaw Ri ver, which receives water from
t he swanps throughout the entire drai nage basin, has a pH of over 7.0
(Casterlin et al., 1984). Therefore, it is highly probable that the
uni que |l evels of alkalinity throughout the Waccamaw dr ai nage system
results largely from groundwat er di scharge out of the underlying
Cretaceous Pee Dee Formation. A water well in the Cretaceous aquifers at
Naki na school, about 7 miles west of the | ower Waccamaw River, records a
pH of 8.7 (Knobel, 1985). The Cretaceous Pee Dee aquifer in Horry
County, South Carolina, the downstream segnment of the | ower Waccamaw
Ri ver, contains groundwater with pH that ranges from6.9 to 9.6 and high
cal cium concentrations in three different wells (Pelletier, 1985).

If the Pee Dee Formation is an inportant contributor of
groundwat er to Lake Waccamaw, the pH and consequent col or of the |ake
woul d fluctuate dependi ng upon the relative anbunts of groundwater
di scharge and surface water inflow fromthe surroundi ng swanps. Hubbs
and Raney (1946) and Frey (1948) described the Lake as ranging froma
dark color with 400 ppm suspended solids to a rather |ight brown col or
with 159 ppm suspended solids and to al nost colorless with O ppm
suspended solids. Wth ever increasing utilization pressure and
declining hydraulic heads of the Pee Dee aquifer through tine, there
wi Il be decreasing groundwater discharge and declining pH of the surface
waters. This would be reflected by the darkening col or of |ake water as
organi c-rich, acidic waters of the surroundi ng swanps (400 ppm Frey,
1948) becone an increasingly |arger conponent.

8. 3. 4. Prognosi s for the Waccamaw Dr ai nage System

The Cretaceous aquifer system including the Pee Dee aquifer,
represents an economically inportant source of groundwater throughout
the central portion of the North Carolina coastal plain. It is under
severe utilization pressure with the potentionetric surface generally
declining at average annual rates up to 1 to 5 nmeters per year in the
maj or urban areas of Jacksonville, Kinston, Goldsboro, and G eenville
(Wnner and Lyke, 1989). The Pee Dee aquifer is also under severe
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utilization pressure in the high growh areas of WInington (Wnner and
Lyke, 1989; G ese et al., 1991; and Lautier, 1998) and Myrtl e Beach
(Pelletier, 1985). Brunsw ck and Col umbus Counties and the entire
Waccamaw dr ai nage system are situated between these two maj or urban
areas that are rapidly sprawling towards each other. This growth wll
result in ever-increasing pressure on the Pee Dee aquifer for high-
quality groundwater. Even if there is not major urban growh in
Brunswi ck and Col unbus Counties, continued devel opnment of golf courses,
hog farns, and agricultural irrigation are all water intensive

operati ons.

Si nce groundwat er di scharge (base flow) represents a major input

of water into the Waccamaw drai nage system there will also be an ever-
i ncreasing inpact upon the river systemthrough tinme. Increased
withdrawal s fromthe Pee Dee aquifer will lead to declines in the

potentiometric surface and decreases in base flow into the Waccamaw
drai nage system The conbi ned consequences of decreased base fl ow and
i ncreased drainage ditches, will be general decreases in nean river
flow, increases in river flow flashiness with rain events, and an
overall degradation in water quality through tinme

8.4. Wetl and Dynam cs

8.4.1. Sponge Effect of Swanp Forests

Swanp forests are nature’s sponges that slow down overl and fl ow,
filter the water, raise the water table, and increases
evapotranspirati on of water by the vegetation. In the hum d, md-
| atitude regions of the Atlantic coastal plain, extensive swanp forests
are the domi nant type of fresh water wetland habitat. These wetl ands
have | ow sl opes, heavy vegetative cover, and peat substrates that act
I i ke great sponges, absorbing and hol di ng tremendous anounts of shall ow
gr oundwat er .

Di sruption of this uniqgue water system can have dire effects upon
the associated stream systens. |f a swanp is dissected by a dense
networ k of ditches, the surficial groundwater |eaks out faster and the
water table is lowered—this is the basic purpose for ditching and
drai ning these wetlands. Draining of adjacent uplands into ditches that
bypass the swanp elimnates a major portion of water input into that
swanp system Also, if trees or other vegetation are renoved froma
swanp or adjacent uplands, particularly if there is any slope to the
land, there is little to hold the water and the water flows off rather
than soak into the sponge. Thus, the lower the water flow into and
adsorbed by a swanp forest, the less water held by the swanp for the
slow, long-term base-flow release to adjoining drainage systens.

Water stored in a swanp is slowy discharged as base flowinto
adj acent streans allowing themto flow even during periods with little
rainfall. This results in a nore uniformstreamflow through time with
sl ower responses to individual stormevents and continued flow during
dry seasons. To damage or elimnate the sponge effect of a swanp results
in extremely rapid water flow responses to individual storms with
qui cker and | onger |owflow periods. Thus, swanps tend to produce
“uniformflow’ and their elimnation results in “flashy flow of a
drai nage system A good analogy is to pour water onto a dry sponge unti
it is saturated and set it on a table--it slowy |eaks onto the table
and drips onto the floor. Then take the same anmount of water in a cup
and pour it directly onto the table and watch it quickly flow off the
tabl e and onto the fl oor.
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8.4.2. Rol e of Vegetation and Fire

Maj or attributes of coastal plain pocosins are the |arge and
contiguous size of many of these systens and their location within the
upper nost reaches of drai nage systems (Brinson, 1991). Because of these
attributes, Brinson believes that “individual inpacts to small areas are
relatively inconsequential until their cunulative effects begin to
encroach upon the | andscape-|evel processes and functions that they
di splay. Fragnmentation by drainage ditches and roads and i nterspersion
of agriculture and silvaculture expose the organic soils to peat fires
and bi ol ogi cal oxidation. The historically slowrate of organic matter
accretion is reversed to a nore rapid process of degradation.

Accel erat ed oxi dation and subsidence create a net efflux of carbon to
the atnosphere in contrast to the net influx that has been occurring for
nmllennia.”

Pocosins are characterized by poor drainage that is initially
determ ned by the |arge-scal e geol ogi c framework. The detail ed drai nage
wi thin any given pocosin will be quite conplex and will be determ ned by
t he pal eot opography and conposition of underlying sedinments. Due to very
| ow sl opes and the resulting i mmature drainages, the overall character
of the wetland system can be greatly nodified by very snal
perturbations upon the wetland system Fires, hurricanes, and beaver
activity beconme acute factors that can either tenporarily |ower or raise
wat er tabl es and associated patterns of evapotranspiration (Brinson
1991). Also, the accunul ation of fallen trees either through episodic
hurricane events or by beaver activity can greatly influence the
drai nage conditions by bl ocking and danmi ng | ow gradi ent streams. Dube
et al. (1995) denonstrated significant “watering up” of wetland water
tabl es due to reduced evapotranspiration in direct response to clear-
cutting. Cear cutting on poorly drained soils on the North Carolina
coastal plain caused a water table rise of several neters (WIlde et al.
1953).

Fires play a major role in pocosin hydrology. Fires that kil
vegetation, but do not burn peat are often foll owed by an abrupt rise of
wat er table due to transient decreases in evapotranspiration until | eaf
area is reestablished (Brinson, 1991). This was dramatically
demonstrated in the April 8, 1955 aerial photographs of G een Swanp that
followed the major fire that burned 117,000 acres of the pocosin.
Figures 6-2-11 and 8-4-1 show the after effects as vegetation debris was
phot ogr aphed formi ng dramatic arcuate flow structures. These fl ow
structures forned in response to sheet flow of the extrenely high water
table within the devegetated pocosin resulting fromthe dramatic
decrease in evapotranspiration. Inspection of rainfall data for spring
1955 show no anomal ous rain events that could have resulted in such high
water levels within the pocosin.

Veget ati on and evapotranspiration also play very inportant roles
in the seasonal pattern of runoff. Figure 8-4-2 (Bales and Pope, 1996)
compares nean nont hly percentage of 1940-1994 nean precipitation at
El i zabethtown with mean nonthly stream fl ow at the Waccamaw Ri ver stream
gauge at Freeland. An inportant inter-relationship exists between
rainfall, river flow, and seasonal growth patterns of vegetation and
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FI GURE 8-4-1. April 8, 1955 aerial photograph of G een Swanp shows

prom nent water-flow patterns. The interpretation of these patterns is
that they were formed during a very high water table event that followed
a major forest fire burn through large portions of G een Swanp during
March 1955. The subsequent rise in the water table resulted from
decreased evapotranspiration due to | ost vegetation at the begi nning of
the growi ng season (Fig. 8-4-2). Sheet flow transported and deposited
the vegetation debris into the flow patterns observed in the photograph.
This resulted in slight topographic variations, which are lost with time
due to their deconposition. These features were not visible in any
subsequent phot ographs avail able to the study. Photograph was flown on
4/ 8/ 1955 by the U. S. Departnent of Agriculture.
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FI GURE 8-4-2. Plot of mean nmonthly percentage of 1940-1994 nean
precipitation at Elizabethtown, N C. (black) and 1940- 1994 nean stream
flow at the | ower Waccamaw River at Freeland, N.C. (gray). Letters along
the horizontal axis represent the nonths of the year from January

t hrough Decenber. This plot shows the inter-relationship that exists
between rainfall, river flow, and seasonal growth patterns of vegetation
and associ ated evapotranspiration. Notice that the |ow rainfall nonths
of January through April have the highest river flow due to mininum
vegetative growh and evapotranspiration. In contrast, the high rainfall
mont hs of June through Septenber have the low river flow due to maxi mum
vegetative growh and evapotranspiration. Figure is nodified from Bal es
and Pope (1996).
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associ ated evapotranspiration. During the nmonths of January through
April, 30% of the average annual rain falls with 57% of the average
annual river flow, because evapotranspiration is at low levels. In
contrast, during the nonths of June through Septenber 44% of the average
annual rain falls with about 25% of the average annual river flow, due
to high rates of evapotranspiration during this period. March is the
month with mini num vegetati on growth, whereas June is the maxi num
period. March has < 9% of the average annual rainfall but discharges
over 17% of the average annual river flow Whereas, June has about the
same rainfall (< 10% but discharges |less than 4% of the average annua
river flow

8.4.3. Di t ching and Drai ni ng of Pocosins

Whol esal e ditching and drai ning of pocosin wetlands has a dramatic
and irreversible, long-termeffect upon the overall water table and
associ ated wetl and habitats. Water table positionis a vital control
over the formation, accumul ation, and preservation of organic peat
deposits in pocosins. Wen the water table is significantly dropped on a
per manent basis through the process of cutting of drainage ditches, any
exi sting organic peat horizons will begin to oxidize, particularly as
ti mbering operations break down and disrupt the surficial root mass.
Additionally, fires during periods of drought can nore effectively burn
the surficial organic matter.

Di t ching and draining pocosins results in permanently | owered
groundwat er table. There are several major consequences once organic
peat soils have been dried out due to pernmanent |owering of the
surficial groundwater table. The peat undergoes increased oxidation of
organic matter and decreased concentrations of organic carbon drain from
the former wetlands. Oxidation of the organic matter results in the
ultimate | oss of the peat deposit and | eads to regional |and subsidence.
Oxi dation processes are accentuated by today’s |ogging techni ques
utilizing heavy equi prent that severely disrupts the surficial organic
soils during both the planting and harvesting phases (Fig. 9-1-3). The
thin layer (< 0.5 m of poorly devel oped surficial peat that occurs
within nost of Green Swanp (lngram 1987) is thought to be a result of
ext ensi ve oxidation over the past half century of ditching, draining,
and intensive | oggi ng operations.

Waters draining relatively undi sturbed pocosins typically have
hi gh concentrations of organic carbon and organic nitrogen, and | ow
concentrations of essential nutrients such as phosphorus, inorganic
nitrogen, and nmetallic cations (Brinson, 1991). Humic matter in surface
wat er is dom nated by all ocht honous bacteria which provides an abundant
source of high quality food resulting in solid surfaces in blackwater
streans being very productive

However, nost portions of the WAccamaw dr ai nage system can no
| onger be classified as “natural” or “in transition” according to
Brinson (1991). Rather, nobst of the systemwould be classified as
“totally devel oped” since it has been extensively ditched and drai ned
with native vegetation removed, and soils prepared for comercial use
Bri nson believes that this has several nmjor consequences upon the
downstream surface water system

1. Changes water runoff and flow characteristics,

2. Increases anbunt and rate of denudati on and downstream
sedi nent pol I ution, and
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3. Decreases downstream water productivity.
8.4.4. Moderati ng Rol e of Floodplain Road Dans

Road dams within the Waccamaw dr ai nage system have two genera
occurrences: 1) |ogging roads associated with construction of drainage
ditches within the pocosin and fl oodpl ains and 2) hi ghway dans across
maj or streans and associ ated floodplains. Table 8-4-1 estimates the
extent of road dans at the three major highway crossings of the | ower
Waccamaw Ri ver based upon the primary or active and secondary or
ant ecedent fl oodpl ai ns.

For decades an integrated network of drainage ditches were dug
within Green Swanp to |l ower the water table and increase rates of water
delivery downstream The small field ditches connected to ever-1|arger
mai n di tches, which discharged into tributaries and ultimately the trunk
river. However, with each ditch came a road damthat subdivided the
swanp into a network of conpartments (Figs. 7-2-2 and 7-2-3) connected
by minimal -sized culverts through the roads. The growth in nunmber of
roads rmushroonmed in parallel with the construction of drainage ditches.

In addition, the North Carolina Departnment of Transportation built
three maj or roads across |large portions of riverine floodplains (Table
8-4-1). The broad floodplains were filled for construction of new raised
hi ghways utilizing mninmal-sized culvert and bridge openings. These
roads were engineered to balance the flow of a specific size rain event
agai nst the ninimzation of econonic cost. The primary bridges are
| argely over the main riverine channel and parts of the active
floodplain. There is mnimal effect fromthese road dans for normal flow
conditions and on a day to day basis. However, the antecedent fl oodplain
is very broad with only a few m nor channels that are either crossed
with mnimal bridges or culverts. None of the latter openings are
capabl e of carrying the greatly increased water discharge during high
flow conditions. Consequently, the road fill acts primarily as a road
damfilling large portions of the antecedent fl oodpl ain.

However, during high-flow events, sheet flowis mnimzed as water
backs water up behind the road fill along |arge stretches of the
floodplain as the road begins to act as a dam The water nmust now fl ow
along the damand into the limted fl owthrough areas causi ng much of
the floodplain to beconme a tenporary hol ding basin. The extrenely high
percentage of road fill across the antecedent floodplains suggests that
the road dans within the Waccamaw dr ai nage system coul d have a positive
ef fect upon the Green Swanp pocosi n.

Drai nage ditches and roads are intimately paired. Construction of
a drainage ditch automatically fornms an adjacent road bed, which is the
di sposal site for excavated sedi nent. Drainage ditches are engineered to
| ower the surficial water table and nove that water off the |Iand surface
as rapidly as possible. The ditch drains and | owers the day-to-day
surficial water table and converts the sheet flow that normally flows
slowy across the wetland into channelized flow that noves rapidly and
directly off the land, bypassing the adjacent wetlands. However, under
heavy rainfalls the adjacent road dam boxes in sone surface water and
forces excess water to nove as sheet flow across the road dans and
tenmporarily inmpounds water for a slower rel ease through tine
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TABLE 8-4-1. Exanpl es of road dans across the Waccamaw dr ai nage system

ROAD SYSTEM PRI MARY FLOCDPLAI N ANTECEDENT FLOODPLAI N
Bri dge Road Road Bri dge Road Road
Length Length Dam Length Length Dam
m m % m m
a d Dock Road 60 360 17% 20 2,900 99. 9%
H ghway 130 29 29 0% 20 6, 100 99. 9%
H ghway 904 95 95 0% 0 4,670 100 %

The role of the road danms is poorly understood and shoul d be
studied to determine the critical interrelationship between them and the
ditching, precipitation, and discharge within different parts of the
drai nage system In certain situations, it is possible that road dans
play a significant role in offsetting water retention problens resulting
from drai nage ditches.

8.5. Historical Precipitation and Stream Fl ow Patterns

Bal es and Pope (1996) used the average daily flow data base
(discharge in cubic feet per second) to develop an historical stream
fl ow anal ysis of the | ower Waccamaw Ri ver. The data were fromthe U S
Geol ogi cal Survey stream gauge station at Freeland, N. C. The gauge is
|l ocated 1 nile southwest of Freeland in Brunswi ck County, and is
situated on the east bank of the | ower Waccamaw Ri ver, 50 neters
downstream of the N.C. highway 130 bridge. Bal es and Pope (1996) used
data for the period fromJuly 1939 through Septenber 1993 for their
anal ysis. They concluded that “the relation between changes or trends in
Waccamaw Ri ver flow characteristics identified in this study and human
activities is very difficult to determ ne because of the absence of
quantitative information on changes in basin land use, irrigation, and
drai nage practices during 1940-1994."

Precipitation data for the years of 1946-1949 are from
El i zabet ht own (Table 8-5-1), located just over the interstreamdivide in
the adjacent Cape Fear drainage basin and about 22 nmiles due north of
Lake Waccamaw. Precipitation data for the period of 1995-1998 are from
Whiteville (Table 8-5-1), located in the Waccamaw dr ai nage basin and
about 10 miles due west of Lake Waccamaw. Vhiteville was not used for
the earlier period since conplete data was only avail abl e since 1949.
El i zabet ht own was used for the latter period except for 1995 due to an
i nconpl ete data set. Consequently, the 1995 data are from Witeville.
However, both data sets are presented for 1996-1998 (Table 8-5-1) to
demonstrate the simlarity in precipitation between the two sites.
Precipitation for the years of 1946-1949 was sinilar to the average
annual precipitation for Elizabethtown (annual nmean = 46.7 inches per
year) and ranges from 43 to 48 inches per year (Bales and Pope, 1996).
Precipitation for the years of 1996-1998 for Witeville was simlar to
that in Elizabethtown. However, the total rainfall for this latter
period had a slightly broader range that extended from 41l to 65 inches
per year (Table 8-5-1).
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TABLE 8-5-1. Summary of rainfall (Whiteville and Elizabet ht own) and

di scharge (|l ower Waccanmaw River) data for two representative four year
peri ods from 1946- 1949 and 1995-1998. These two time periods have
simlar rainfalls but quite different flow responses as denonstrated in
Fi gure 8-5-1.

"\HI TEVI LLE  ELI ZABETHTOWN

YEAR TOTAL TOTAL MEAN 2TOTAL MEAN
PRECI P PRECI P PRECI P DI SCHARGE DI SCHARGE
| NCHES | NCHES I N YR CFS CFS/ YR
1946 48 421 thou
1947 45 437 thou
1948 48 451 thou
1949 43 301 thou
1946- 1949 184 46 1.610 mi | 402 thou
1995 50 i nconp 372 thou
1996* 65 64 486 t hou
1997 41 48 149 thou
1998 63 59 471 thou
1995- 1998 219 171 54/ 57 1.478 m || 393 thou
El i zabet ht own 46. 7**

* Data includes one extrene event: Hurricanes Fran (12/9/96).

** Mean annual precipitation from 1940-1994, from Bal es and Pope (1996).

1 Data for the Wiiteville 7NWand Eli zabet htown Lock 2 stations were
provided by the State Climte Ofice of North Carolina at NC State
Uni versity, Raleigh, NC

2 Discharge data are fromthe National Water Information Systemfiles,
U S. Geological Survey Historical Streanflow Daily Values for
Waccamaw Ri ver at Freeland, NC (# 02109500).

Bal es and Pope (1996) denonstrated that the Waccamaw Ri ver had a
greater variability of total flow than the Lunber River and the
variability in runoff generally exceeded the variability in base fl ow
within the Waccamaw Ri ver. They al so denonstrated an apparent increase
in low flow volumes within the Waccanmaw Ri ver through time which they
attributed to the increased “channelization and artificial drainage in
the Waccamaw Basin”. They go on to say “it has been denonstrated that
bot h channelization and artificial drainage |ead to an increase in base,
or low, flows”. Mason et al. (1990) and Heath (1975) found that
channel i zation of small streans and devel opnent of artificial drainages
in the North Carolina coastal plain could increase base flow al nost 10
fold above pre-existing conditions.

However, wi thin the Waccamaw drai nage system ditching and
draining of the surficial sedinents directly inpacts only the surficia
aqui fer, which represents the short-term base flow to the Waccamaw
River. It is the surficial water aquifer that creates the vast Waccanmaw
wet| and system The surface water infiltrates into the sedinments, flows
laterally into the streans through tinme, and supplies a portion of the
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base flow on a short-termbasis (days to nonths). This water represents
the “sponge-effect” of swanp forests that ditches are designed to
elimnate by lowering the surficial water table and noving this short-
termstored water off the land nore rapidly.

The shal |l ow aqui fer water appears to represent only a portion of
the base flow feeding the | ower Waccanmaw Ri ver. Another inportant, but
poorly understood i nput conponent to the river’'s base flowis fromthe
deep groundwat er aquifer system of the Cretaceous Pee Dee Formation. The
Waccamaw dr ai nage systemis intimately |linked with the norphol ogy and
lithology of the underlying Cretaceous sedinent units; the drainage
systemflows on top of and is incised into this extensive geologic unit.
Consequently, ever-increasing demands upon the water in this deep
aqui fer systemlowers the water table through tine resulting in major
changes in the long-term (years to decades) base flow to the Waccamaw
drai nage system The changes in flow depicted in Figure 8-5-1 are
interpreted to reflect these large-scale, long-termresults.

If there is a decline in deep aquifer base flow through tinme, not

only will this have a severe inpact upon the river’s | owfl ow dynam cs
but there will also be a long-term decrease in overall water
characteristics. As the Cretaceous aquifer base flow declines, decreased
vol umes of this basic (high pH, Table 8-3-1) water will result in an
overall increase in water acidity (low pH) within the | ake and river
waters. This change in water chemistry will threaten the biol ogica

uni queness of Lake Waccamaw and the Waccamaw Ri ver as conpared to nost
other North Carolina coastal wetland systems. Wth tine and | oss of the
Cretaceous input to the base flow, the Waccamaw Ri ver systemwi || becone
j ust anot her bl ack-water drainage!

Figure 8-5-1 plots the daily precipitation data from El i zabet ht own
(years 1946-1949 and 1996-1998) and Witeville (year 1995) against the
di scharge for the | ower Waccamaw Ri ver at Freeland. Two tinme segnents
49 years apart, were selected to represent the periods of pre- and post-
ditching and draining (pre- and post-1958, respectively). Figure 8-5-1
demonstrates that the two tinme segnents were characterized by simlar
precipitation conditions. If this is true, then the differences in the
di scharge patterns between the two time periods should reflect the I|ong-
termflow response to alterations of both the surficial and deep water
aqui fers that control base flow within the drainage system Figure 8-5-1
demonstrates the followi ng characteristics for the two time periods
relative to each other.

1946- 1949

1. The day to day precipitation pattern is generally uniform
with all rainfall events having | ess than 3 inches per day.

2. River discharge is generally uniformw th | ower-high flows
and hi gher-1ow fl ows.

3. The River generally has a noderately high | evel of base flow

with only a few short periods characterized by really | ow
flow conditions.
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FI GURE 8-5-1. Daily precipitation data fromElizabethtown and Witeville
pl otted agai nst the di scharge data for the | ower Waccamaw Ri ver at
Freeland for two simlar four-year tine segments. The plots denonstrate
the critical role of seasonality and vegetative evapotranspiration in
controlling the Waccamaw Ri ver di scharge. Seasonal growth is indicated
with black bars for periods of |owest vegetative growth and rates of
evapotranspiration (primarily nonths of January through April) and green
bars for periods of highest vegetative growmh and rates of
evapotranspiration (primarily nonths of June through Septenber). The
simlar precipitation patterns between the two tinme periods suggest that
additional differences in discharge patterns should reflect the I ong-
termflow response to alterations of both the surficial and deep water
aqui fers controlling the river’'s base flow

PANEL A: The plot for years 1946-1949 represents the pre-1958
period with m nimal devel opment and | and nodification through
di t chi ng and drai ni ng.

PANEL B: The plot for years 1995-1998 represents the post-1958

period with rapid devel opnent and | and nodification through
di t chi ng and drai ni ng.
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1995-1998

1. The day to day precipitation pattern was generally uniform
however, 6 rainfall events exceeded 3 inches per day.

2. River discharge was generally flashier w th higher-high
flows and |l ower-low fl ows. This apparent change in base flow
is attributed to drainage system nodifications and | owered
wat er tables of both the surficial and deep aquifer systens.

3. In spite of anple day to day rainfall, the river’'s base flow
appears to have decreased resulting in nore and | onger tinme
periods with very | ow discharge

4. The largest rainfall occurred in response to Hurricane Fran
(in 1996) that produced record discharges with a very rapid
rise and fall response.

The plots in Figure 8-5-1 also denonstrate the critical role of
seasonal ity and vegetation in controlling the Waccamaw Ri ver di scharge
During the winter | owgrowh season (primarily the nonths of January
through April), runoff is the dom nant process and di scharge is high
Wher eas, during the sumrer high-growth season (prinmarily the nonths of
June through Septenber), evapotranspiration is the doni nant process and
di scharge is low and totally dependent upon both base flow and maj or
rainfall events such as tropical storms and hurricanes. |If ditching and
draining continues to increase, rates and vol unes of runoff wll
continue to increase resulting in the streamfl ow beconm ng even flashier
with time. Also, if the base flow is decreasing through tine, the height
of low floww |l continue to decrease and the nunber and duration of
|l owflow events within the streams will continue to increase.

I ndi vi dual hurricanes have significant inpacts upon the Waccamaw
Ri ver flow characteristics. In Septenber 1996, hurricane Fran cane
ashore in southeastern North Carolina with heavy rainfall that resulted
in severe and wi despread flooding (Fig. 8-5-1). Peak flow in the
Waccamaw Ri ver occurred on 9/12/96 and was about 20% hi gher than the
previous record peak flow, which occurred as a result of hurricane Di ane
in 1955 (Bales and Childress, 1996). Hurricane Fran produced a peak flow
for the Waccamaw that represented a 100-year flood recurrence interval
whereas the sane storm devel oped only a 10-year recurrence interval in
peak flow on the neighboring Lunber River with sinilar rainfalls (Bales
and Chil dress, 1996).

This significant difference between the peak flows of the Waccamaw
and Lunber Rivers probably reflects two conditions. First, slightly
hi gher amounts of post-Fran rain fell in the Waccamaw drai nage than in
the Lunber Basin, which is a somewhat |arger drainage basin. Generally,
both basins received < 6 inches of rainfall between 9/3 and 9/12
however, a very small portion of the uppernpst Waccamaw drai nage basin
received < 8 inches of rainfall (Bales and Childress, 1996). More
importantly, the difference probably reflects the vast anount of
drai nage ditching within the Waccamaw basi n, which noved nore water off
the land faster than occurred within the Lunber basin. Bales and Pope
(1996) concluded that “runoff per unit drainage area is greater in the
Waccamaw Basin than in the Lunber Basin” and that probably “artificia
drai nage has increased the efficiency of the drainage network in the
Waccamaw Basin relative to that of the Lunber Basin”.
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9. SEDI MENT POLLUTI ON I N THE MODERN WACCAMAW RI VER

Erosi on and sedi nentation are the nost

wi despread causes of nonpoi nt source
pollution and freshwater streaminpairnent
in North Carolina s river basins.

NC DWQ, 1996

9.1. SEDI MENT SOURCES TO THE WACCAMAW RI VER

Many different sources supply sedinent pollutants to the nodern
Waccamaw Ri ver. The actual source and anpunts at any specific |location
depends upon the location within the overall system and the underlying
geol ogi ¢ framework. Each of the follow ng sources was documented during
our study. However, it was beyond the scope of the present research
project to quantify volunmes and rates of sedinment input fromeach of the
recogni zed sources into the Waccamaw Ri ver.

9.1.1. Sand Sedi nent in Lake Waccamaw

A shal l ow perineter platformextends fromthe shoreline | akeward
to about 1 neter water depths where the | ake bottom drops into the broad
and flat central basin with depths between 2 to 3 neters. The perineter
pl at f orm surrounds Lake Waccamaw and is generally covered with varying
anounts of clean quartz sand. This surficial sand is particularly
ext ensi ve al ong the southern and eastern | ake shores where | arge NW SE
oriented sand waves occur at oblique angles to the shoreline (Figs. 6-2-
5A and 6-2-10B).

Prior to construction of Cove Canal (Figs. 6-2-4 and 6-2-10A) and
formati on of the dredge-spoil rimfor |akefront housing along the
sout hwest shore, there was a broad swanpy spillway where water drained
fromthe I ake into the UAR and adj acent Lake Swanp (Fig. 6-2-4). The
sout hwestern perineter platformwas dom nated by cypress trees and
aquatic plants that baffled the | ake sands and kept themlargely within
the | ake. However, with construction of the canal and subsequent
devel opnent, the di scharge becane focused at the nodern outlet and the
abundance of trees and other vegetation along the drowning shoreline
di m ni shed. Significant anmbunts of sand could now be contributed to the
river systemduring stornms and subsequently transported downstream by
hi gh-energy fl ood wat ers.

Construction of the first damat the nouth of the upper Waccamaw
Ri ver tenporarily curtailed sedinment contribution to the river. However,
| ongshore transport noved a significant volune of sand al ong the
ext ensi ve sand waves on the shallow perineter platformat the SE end of
the | ake (Fig. 6-2-5A) and deposited it in the area above the dam
During storms, the sand accunulated in the shallow flats behind the dam
was transported (Fig. 6-2-5B) and over the weir damand into the nouth
of the upper Waccamaw River. The large volune of quartz sand that occurs
bel ow the weir dam and general ly decreases downstream away fromthe | ake
is clearly com ng from Lake Waccamaw.

Lake Waccamaw does supply sand sedinment to the upper Waccamaw
Ri ver. However, it is not clear how nuch sediment is derived fromthe
Lake or how fast this sedinent is being delivered to the river. Nor is
it clear how much sand is ultimately being transported downstreamto the
| oner Waccamaw River. W do know that Lake WAaccamaw was produced as an
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erosional feature and continues to erode today produci ng sand sedi nent,
particul arly around the shorelines and shall ow perineter platforns.

Al so, ongoi ng devel opnent al ong the Lake Waccamaw shoreline, as well as
urban and agricul tural devel opment on adjacent upland regions during the
20'" century has increased rates of shoreline recession, land erosion
and resulting sand production. The increased amobunts of sand al ong the
SE perinmeter platformof the Lake are obvi ous when the aeria

phot ographs in Figures 6-2-11A (1938) and 6-2-11B (1955) are conpared
with 6-2-5A (1988).

9.1.2. Sedi nentation in the Upper Waccamaw Ri ver

Abundant sand deposits occur within the UAR (Fig. 6-4-4A) and
consi st of interbeds of two major conmponents (Fig. 6-4-4B). During storm
events, quartz sand is transported downstream from Lake Waccanaw and
deposited as natural |evees, md-channel bars, and neander point bars.
These sand deposits are subsequently buried by thick |ayers of autumm
leaf litter that settles out in the river bottom The next storm noves
nmore sand downstream burying the dense matted | ayers or organic debris
and produce thick interbedded accurul ations within and al ong the
channel . Downed trees and logs within the channel often control the
| ocus of sedinment accumul ation. These channel sand deposits are very
soft as the organic matter conpresses and deconposes with tinme. Each new
slug of sand into the UAR buries the previous accumrul ati on of | eaf
litter. Thus, the accumul ation of sand and | arge volunmes of leaf litter
tend to fill the channel within the upper reaches of the river.

The upper Waccamaw River is not an actively meandering channe
system Rather, the river has shallow channels incised into the adjacent
swanp forest peats. The peat banks are severely bound and | argely
protected by tree roots. Consequently, very little if any bank erosion
is taking place within this portion of the river and little to no sand
is produced by riverine bank erosion of these peat-doninated fl oodplain
deposits.

The recent period of human nodification within Lake Waccamaw i s
recorded within the fl oodpl ain sedinments. Formerly, flooding conditions
did not transport significant sedinment |oads. Consequently, the
fl oodpl ai n deposits were doni nated by the accumul ation of fairly pure
organi ¢ peat. However, during recent tinmes, flood waters that spill over
| ow channel banks and inundate the adjacent floodplain carry a
significant sediment |oad. The increased suspended sedinment load is
deposited as water velocity rapidly decreases fornmng small natura
| evees along the river banks and crevasse splays into the floodplain.
Today the floodplain deposits adjacent to the channel consist of m xed
| ayers of organic detritus and fine grained quartz sand reflecting
i ncreased sand input.

9.1.3. Sedi nent Production in G een Swanp

Human nodi fication and devel opment of an artificial drainage
system has dramatically changed the hydrol ogy of the G een Swanp system
Ext ensi ve ditching and draining of Geen Swanp over the past four
decades (Figs. 7-2-2 and 7-2-3) has created a situation where the
dom nant hydraulic flow is channelized through a massive network of
drai nage ditches. Today, sheet flow on the day-to-day scale is only
important in a few local and unaltered areas such as Wite Marsh (Fig.
6-3-2) and above Driving Creek (Fig. 6-3-5).

However, on the larger scale of extrenme stormevents, sheet flow
is still inportant. For exanple, sheet flow was observed as a dom nant
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component throughout Green Swanp in 1996 with Hurricanes Bertha and Fran
(Figs. 9-1-1 and 9-1-2), in 1998 with Hurricane Bonnie, and in 1999 with
Hurricane Floyd. During these nmajor events, water levels within many
parts of Green Swanp exceeded the ditch capacity and ultimately
overtopped the road dans and sheet flow becane an inportant process
again (Fig. 9-1-1). Conmmonly, the sheet flow eroded channels through the
road dans and ultimately blowi ng out |arge road segnents (Fig. 9-1-2).

The basic purpose of a drainage ditch is twofold. First, it |lowers
the surficial water table and dries out the upper portion of the hydric
soils to allow growm h of nonwetland species. Second, it facilitates
access for heavy equi pnent to work the cropland. Lowering the water
table totally dehydrates organic-rich hydric soils, which don't readily
rehydrate (Brinson, 1991). Because of the extrenme |land-altering
techni ques used by the nodern tinber industry, the devegetated and
dehydrated | and surface at various stages of the clearing, planting, and
harvesting process is severely broken and opened to extensive erosion by
sheet flow (Fig. 9-1-3).

If a major flooding event occurs when the land is in these
vul nerabl e conditions, the resulting sheet flow erodes vast amounts of
sedi nent fromthe opened fields. Also, significant anmounts of sedi nent
are eroded out of roads and ditch banks as the sheet flow bl ows out road
danms. During peak stormflow, unknown volumes of sand are transported
t hrough the drai nage ditches and di scharged directly into downstream
tributaries and ultimately into the trunk river channel (Fig. 9-1-4).
During the wani ng stages of each storm the decreasing fl ow deposits the
bed | oad sand that fills the ditches (Fig. 9-1-5).

Thus, two maj or sources of sand exist for sand deposits in the
upper Waccamaw River. First, shoreline recession and erosion of the
adj acent upl ands around Lake Waccamaw is ultimtely transported al ong
the shall ow perineter platformand delivered to the UAR over the weir
dam at the river nouth. Second, sheet flow erosion during tinber
pl anti ng and harvesting within the surrounding Green Swanp pocosin
delivers large volunes of sedinent via the network of drainage ditches
to the UWAR As previously discussed, both areas represent nmjor sedi nent
inputs into the riverine system However, to quantify actual vol unes of
sand being introduced fromthese two sources will require an extensive
research project nonitoring sedi ment dynanics.

9.1. 4 Drai nage Ditches in Antecedent Fl oodplain

Two di fferent geonmorphic units or GMJs (Fig. 5-6) characterize the
| ower Waccamaw River valley. The Hol ocene GWJ is the nodern fl oodplain
dom nated by: actively meandering river segnents, very |ow topography,
wel | devel oped wetl and vegetation, and characterized by seasona
flooding (Fig. 6-5-4A and 6-5-5). The Wando GWMU i s an ant ecedent
fl oodpl ai n dom nated by: pal eo-ridge and swal e structures, slightly
hi gher topography, marginal wetland vegetation, and an active fl oodplain
only during extrene flood events (Figs. 6-5-4B and 6-5-7). Because the
ant ecedent portions of the floodplain are topographically higher, some
of this area has already been ditched and drained for tinber production
(Fig. 6-5-1). Whereas, the active floodplain has rarely been nodified to
date (Fig. 6-5-2).
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FI GURE 9-1-1. Photographs of sheet flow over road dans in the G een
Swanp pocosin during flood-stage flow of Hurricane Fran (9/1996).

PANEL A. Sheet flow over |ogging road. Notice the abundance of
bedl oad sand being eroded fromthe recently | ogged area on the
left side of the road. Flowis fromleft to right.

PANEL B. Sheet flow over a state highway. Notice that both sides

of the road are highly vegetated resulting in the total |ack of
bedl oad sand. Flowis fromright to left.
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FI GURE 9-1-2. Phot ographs of sheet flow eroding through a | ogging road
damin the G een Swanp pocosin during flood-stage flow associated with
Hurricane Fran (9/1996).

PANEL A. Early stages of sheet flow as rising water begins to
overtop the road dam Notice the vegetative cover in the recently
pl anted (one to two year old) logging area to the left of the road
and the absence of sand on the road.

PANEL B. The sane road as Panel A after the fl ow breached the road
resulting in channelized streamflow through the road dam
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FI GURE 9-1-3. Photographs of the |land preparation process by tinber
conmpani es in the Green Swanp pocosin.

PANEL A. The land is cleared of swanp forest that still exists in
the background. At this stage all vegetation has been elim nated,
exposing the soil to erosive processes.

PANEL B. The land is being prepared for planting after harvesting
a stand of planted pine as can be seen in the background. At this
stage the land is nost vulnerable to soil erosion processes.

Noti ce how t he heavy equi pnent breaks up the soil.
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FI GURE 9-1-4. Phot ographs of the post-storm sedi ment deposited in the
streans during the waning stages of stormflow associated with Hurricane
Fran (9/1996).

PANEL A. Abundant sand bars deposited in a ditch and on the banks
where the ditch enters a small and nodified tributary stream

PANEL B. A new sand bar formed at the nouth of a drainage ditch

di scharging fromthe left into the upper portion of the Waccanmaw
Ri ver.
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FI GURE 9-1-5. Phot ographs of the post-storm sedi ment deposited in the
ditches in the Geen Swanp pocosin during the wani ng stages of storm
flow associated with Hurricane Fran (9/1996).

PANEL A. Sand deposited upstreamof a road damwi th a mini nal
sized culvert associated with a recently | ogged area in the
upstream bl ock of I and.

PANEL B. A roadside ditch downstream froma recently | ogged bl ock
of land with the ditch totally filled with sedinment.
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Drai nage ditches in the antecedent floodplain of the LWR cut
directly through the extensive ridge and swal e deposits (Fig. 6-5-1).
These deposits are pal eo-poi ntbars deposited by the Waccamaw Ri ver
during a forner time when the climate was significantly different than
the present climate. The point bars are conposed of clean, |oose quartz
sand that is readily eroded and supply large volunes of sand to the
eroding ditch. During floods, the sand is discharged fromthe ditch into
the LWR

9.1.5. Upl and Agriculture and Silvacul ture

Several |ogging operations were observed al ong the steep banks
bet ween t he Hol ocene and Wando GMUJs and the Wando and Socastee GWMUs t hat
occur within several hundred neters of the LWR channel. These banks are
often 4 to 7.5 nmeters high, quite steep, and occasionally are proxim
to the river channel. C ear-cut |ogging of these banks produces a
situation that is conducive to bank erosion and sedi ment production. In
all cases observed along the LWR, |arge plunes of sedinent were carried
into the lower swanp forest and into the LMR if a drainage ditch or
natural stream drained through the area. This results in fan deltas of
sand deposited at the nouth of the ditch or tributary stream (Fig. 9-1-
4B)

The poorly drained upland surfaces of the Socastee and Penhol oway
GWs are partially drained by a series of tributary streans that flow
into the LMR and include Bear Branch, Wt Ash Swanp, Core Creek and
Seven Creeks to nanme a few (Fig. 4-1). These upland surfaces were
di tched and drai ned decades ago for agricultural devel opnent with the
drai nage water being piped directly into the tributary streans. Severe
soil erosion is generally associated with this type of agriculture
(Table 3-2). In every case, where the tributary streamflows through the
Wando and Hol ocene GMUs, the stream channel and associ ated fl oodpl ain
has been filled with sand sedi ment. For exanple, in the |lower floodplain
of Bear Branch, the stream channel has been filled with > 3.3 neters of
medi um to coarse sand

Wherever | arge vol unes of bedl oad sedinments are delivered to the
Ri ver by either natural tributary streans or by major drainage ditches,
there is a large accunul ation of sand in the downstreamriver segnent
bel ow t he di scharge point. For exanple, the LWR bel ow the confl uence of
Bear Branch is often too shallow for navigation, highly nmeandering, and
locally referred to as “the narrows”.

9.1.6. Er osi on of the Ri ver Banks

Large segnments of the | ower Waccamaw Ri ver are deeply incised into
the antecedent floodplain (Fig. 6-5-6). Consequently, much of the
incised portion of the river has high banks occurring al ong the channel
The | ower part of these banks is rockbound and conposed primarily of
i ndurated Cretaceous Pee Dee Formation (Figs. 6-5-8 and 6-5-10).
Overlying this rock unit is 1 to 3 mof clean |oose sand that conprises
the sedinents of the antecedent floodplain. The surface has a thin and
poorly devel oped soil, commonly bound by a dense root mass. As the sandy
portion of the bank erodes, |arge curtains of the root mass drape down
across the bank face providing telltale evidence of bank erosion (Fig.
6-5-8 and 6-5-10B). The exposure of root crowns of many trees al ong the
| ower bank al so suggests bank erosion

Anal ysis of river profile geonetry in rock-bound segments suggest

that they have been actively receding but at amounts varying from3 to
12 meters (Brant, 1998). These banks had between 2 to 3 nmeters of sand
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on top of the Cretaceous unit. Based upon the size of undercut banks and
soil drapes, as well as location or relict stunps and roots, etc., a
conservative nunber can be cal culated for the anmount of sand potentially
eroded fromthe river bank. Based upon the range of nunbers, there is a
potential for sonewhere between 6,000 and 36,000 n? of sand supplied to
the river per kilometer of river bank eroded.

Actively neandering river segnents generally would develop a
bal ance between the ongoi ng erosion and recession of the cut bank and
deposition and progradation of the point bar. However, due to the active
nmeandering process, cut bank erosion brings down nany big trees during
both the winter high-water season and storms. These trees effectively
trap the bed-1oad sedinent, concentrating nore sedinment within the
meander segnments and further aggravating the navigation.

Boat wakes play an inportant role in the erosion of river banks
and contribution of sand to the river bottom During nornmal to | ow water
| evel s, boat wakes break | argely on nonerodi ble portions of the river
bank: underlying rock units (Figs. 6-5-8 and 6-5-10), active point bars
(Fig. 6-5-15B and 6-5-15A), and highly vegetated root nasses al ong | ow
banks. When the river is in high-water stage, water inpacts directly on
the vegetatively bound upper portion of the bank or actually overtops
the bank and spreads out into the floodplain. In addition, there are few
boats on the river during high-water stage. Thus, boat wakes are not
serious problens during either | ow or high-water stages.

However, when the river is at intermedi ate-water stage, there are
|l ots of boats on the river and their wakes directly inpact on the soft
sand portion of the bank. At this stage, boat wakes are devastating to
the bank as wakes severely erode the sand and undercut the vegetatively
bound surface |l ayer and associated trees. Then during the next storm
these trees are bl own down across the river, effectively trap sand, and
cause the river channel to shallow (Fig. 6-5-15A)

Boat wakes were probably not a significant factor in the eroding
sedi nent banks prior to 1975 due to the small sizes of outboard engines
and the fewer nunber of boats on the river. However, with devel opment of
nmoder n hi gh- speed out board engi nes and i ncreased popul arity of boating
and fishing during the |l ast quarter century, erosion along river banks
caused by boat wakes has becone a significant factor in sedinent
production. This source of sedinent pollution to the river will continue
to increase if the econony remains strong, unless some controls are
pl aced upon when and how the river is to be used by boaters.

9.2. Sedinent in Lower Waccamaw Ri ver

9.2.1. Thi ckness and Di stribution of Sedi nment

A general survey of sand thickness was made down the axis of the
| ower Waccamaw Ri ver using ground-penetrating radar. Figures 9-2-1 and
9-2-2 show the portion of the LWR that was surveyed and summari zes the
general distribution of sedinent thickness. The river channel has been
subdi vided into four categories based upon sedi ment thickness as follows
(Table 9-2-1).

1. River segnments that are rock-bound with 0 to 0.25 m of surface
sand,

2. River segnents with 0.25 to 1 mof surface sand

3. River segnents with 1 to 2 mof surface sand, and
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4. River segments with > 2 mof surface sand

The distribution of each of these categories for the river segnments
surveyed is displayed on Figures 9-2-1 and 9-2-2. The location of

Fi gures 9-2-3 through 9-2-9, which displays exanples of the GPR data, is
al so indicated on Figures 9-2-1 and 9-2-2.

Table 9-2-1 estimates the volunme of sedi nent occurring within each
of the four different sedinment thickness categories for the portion of
the | ower Waccamaw Ri ver surveyed. These data were periodically checked
inthe field with sedi ment probes and at neasured cross-sectiona
profiles (Fig. 4-1), which were control points for the GPR survey data.
The GPR survey data represent a first approxi mation of the total volume
and distribution of sand in the river since they are based upon a
single-track line down the center of the river channel

TABLE 9-2-1. Approximation of the average volume of sand occurring
within the river channel within the four different sedi nment thickness
categories for the North Carolina portion of the | ower Waccamaw Ri ver
surveyed (Figs. 9-2-1 and 9-2-2).

SEDI MENT SEDI MENT Rl VER AVE SEDI MENT
GROUP THI CKNESS DI STANCE CHANNEL VOLUME
CATEGORY SURVEYED W DTH* m/ Ri ver km
<1.0 m 0.0 -0.25 m 5.6 km 22% 22.7 m 0- 5,675
0.25-1.0 m 8.4 km 33% 22.7 m 5,675-22, 700
>1.0 m 1.0 -2.0 m 7.9 km 31% 14.0 m 14, 000- 28, 000
2.0 4.5 m 3.4 km 13% 14.0 m 28, 000- 63, 000
TOTAL 25.3 km 99%

* Average streamwi dth for river segnents (Fig. 6-5-4) is based upon
measured river widths during | ow fl ow stage at 15 river cross sections
(Brant, 1998).
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FI GURE 9-2-1. Map of sedinment distribution and thickness within the
northern portion of the | ower Waccamaw Ri ver channel. Al so indicated on
the map are the | ocations of Figures 9-2-4, 9-2-7, and 9-2-8, which

di spl ay exanpl es of the ground-penetrating radar data and its

i nterpretation.
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FI GURE 9-2-2. Map of sedinment distribution and thickness within the
sout hern portion of the | ower Waccamaw Ri ver channel. Al so indicated on
the map are the | ocations of Figures 9-2-3, 9-2-5, and 9-2-6, which

di spl ay exanpl es of the ground-penetrating radar data and its

i nterpretation.
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FI GURE 9-2-3. Ground-penetrating radar (GPR) data and data
interpretation for a portion of the | ower Waccamaw River that is incised
into the Cretaceous Pee Dee Formation. Location is just south of the

hi ghway 904 bridge and is indicated on Figure 9-2-2

PANEL A. Raw GPR dat a.

PANEL B. Interpreted GPR data showing a major flat rock surface
covered by surficial sand waves with wave heights of 0.5 to 1 m
and wave lengths from3 to 8 m The geonetry and downstream faci ng
steep side indicates active downstream migration. Notice that in
some places the troughs of the sand waves are on the rock surface.
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FI GURE 9-2-4. Ground-penetrating radar (GPR) data and data
interpretation for a portion of the | ower Waccamaw Ri ver along a
straight reach downstream fromthe drainage ditch in Figure 9-2-9.
Location is indicated on Figure 9-2-1.

PANEL A. Raw GPR dat a.

PANEL B. Interpreted GPR data showing a major, slightly undul ating
rock surface, Cretaceous Pee Dee Formation, covered by surficial
sand waves with wave heights of 0.5 to 1 mand wave | engths of 20
to 25 m The geonetry and downstream faci ng steep side indicates
active downstream migration.
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FI GURE 9-2-5. Ground-penetrating radar (GPR) data and data
interpretation for a segnent within a tight neander of the | ower
Waccamaw Ri ver. The upstream side of the panel is located at both the
apex of a meander and point where a tributary streamenters the Waccamaw

Ri ver. Location is indicated on Figure 9-2-2
PANEL A. Raw GPR dat a.
PANEL B. Interpreted GPR data showing a large (1 to 2.5 mthick)
| obe of sand at the nouth of a small tributary stream Notice that

the rock surface beneath the sand | obe crops out in the upstream
side, which is the nmeander apex.
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FI GURE 9-2-6. Ground-penetrating radar (GPR) data and data
interpretation for a segnent within a tight neander of the | ower
Waccamaw Ri ver. The upstream side of the panel is located at both the
apex of a meander and point where a drainage ditch enters the Waccamaw
Ri ver. Location is indicated on Figure 9-2-2

PANEL A. Raw GPR dat a.

PANEL B. Interpreted GPR data showing a large (2 to 2.5 mthick)

| obe of sand accunul ated on the downstream side of the neander
apex. This sand | obe probably represents the |ower portion of the
wel | - devel oped point bar that occurs on the downstream side of the
meander. Notice that the rock surface, Cretaceous Pee Dee
Formati on, beneath the point bar sand | obe drops off into the
nmeander apex where it crops out on the upstream side. A drainage
ditch discharges into the river at this point and could partly be
responsi bl e for deposition of this sedi nent | obe.
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FI GURE 9-2-7. Ground-penetrating radar (GPR) data and data
interpretation for a segnent within a straight reach of the | ower
Waccamaw Ri ver that crosses the entrance of two tributary streans.
Location is indicated on Figure 9-2-1.

PANEL A. Raw GPR dat a.

PANEL B. Interpreted GPR data showi ng a deposit of sand on the
downstream si de of each tributary. The |argest sand | obe is about
100 mlong by 1 to 2 mthick. Downstream of this large |obe, the
river is incised into the Cretaceous Pee Dee Formation and is
dom nantly rock floored with little to no sand. Location of these
data are indicated on Figure 9-2-1.
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FI GURE 9-2-8. Ground-penetrating radar (GPR) data and data
interpretation for a segnent within a straight reach of the | ower
Waccamaw Ri ver across the entrance of a mmjor drainage ditch. Location
is indicated on Figure 9-2-1

PANEL A. Raw GPR dat a.

PANEL B. Interpreted GPR data showing a 3 to 4.5 mthick | obe of
sand sedi nent, which has accumnul ated just downstream of the

drai nage ditch nmouth. Notice that the Cretaceous Pee Dee Formation
forms the floor of the River channel in the neander where the
ditch enters. This river segnent is incised in rock and is

dom nantly rock floored with little to no sand both upstream and
downstream of this figure. This is the thickest sedinment pile
recogni zed in the portions of the river surveyed.
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9.2.2. Ri ver Segnents Wth < 1 m Surface Sand

Along river segments with generally 1 mof sand or |ess, the
channel occurs essentially on the rock surface with thin and variabl e
anounts of sand either scattered on the surface or filling depressions
within the rock. These channel segnents have two general occurrences.

Ri ver segments with < 1 mof sand occur npbst extensively within
wi de, straight reaches that are incised into the underlying rock (Fig.
6-5-6). Figures 9-2-3 and 9-2-4 display typical GPR data of rock-bound
portions of the | ower WAccamaw River where it is incised into the
Cretaceous rocks. The attenuation of the GPR signal below the surficial
sand layer indicates a major lithologic change. This was confirmed wth
probes and cores along the nmeasured cross-sectional profiles and
determined to be the Pee Dee Formation throughout the extent of the GPR
survey (Brant, 1998). The flat rock surface is covered by surficial sand
(<1 mthick) that occurs as waves with wave heights of 0.5 to 1 m and
wave lengths from3 to 25 m The geonetry and downstream faci ng steep
sl opes indicate active bedformmigration in the downstream direction

Ri ver segnments with < 1 mof sand al so occur in the narrow,
actively neandering portions of the | ower Waccamaw River (Fig. 6-5-6).
Figures 9-2-5 and 9-2-6 present GPR data that denpnstrate the occurrence
of exposed rock within the apex of neander bends. Both of these figures
are located on short river segnents where water velocity increases
around the outside of a meander bend form ng a cut bank adjacent to a
deep, rock-floored surface within the river channel. In these
situations, sand being eroded fromthe cut bank (Fig. 6-5-15A), as well
as that noving downstreamwith the river flow, is transported to the
i nside and slightly downstream of the neander apex. As water velocity
decreases, sedinment is deposited to form extensive point bars on the
i nsi de and downstream of the meander apex (Figs. 6-5-15B and 6-5- 16A).
The result is a deep, narrow, rock-floored river channel on the cut bank
si de.

9.2.3. Ri ver Segnents Wth > 1 Surface Sand

A lot of sand occurs within the actively meandering river
segrments. This sand generally has three occurrences. The strai ght
reaches between tight meanders usually contain channel -fl oor sand
deposits that are between 1 to 3 mthick. Figures 9-2-5 and 9-2-6
demonstrate the sediment rel ationship between the reaches and neanders.

Cccasionally, the deep portion of a nmeander will fill with sand as
one or nore trees severely nodify the riverine processes and nake the
river virtually inpassible. Because actively meandering river segnents
are narrow, erosional processes along the cut bank frequently cause
trees to fall conpletely across the river channel. During high-water
conditions the channel sands are actively transported downstream
However, downed trees cause increased current flowwithin the active
floodplain and baffles the river current flow, causing sand to be
actively trapped by the trees, filling the neander.

Incised river segnents generally contain < 1 mof surficial sand
on top of the rock floor. Locally, the incised river segnents may
contain between 1 mto 3 mof surficial sand. The presence of abundant
sand is frequently related to the discharge of a tributary stream or
drai nage ditch i medi ately upstream of the sedinment (Figs. 9-2-7 and 9-
2-8). Both the tributaries and ditches flow off higher-1evel swanpl ands,
whi ch have been extensively drained for both agriculture and
silvaculture. Visual inspection during stormevents and probi ng surveys
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in the nouths of tributaries and ditches denonstrated | arge sand bodies
filling their I ower reaches with significant anmounts of sand deposited
into the adjacent swanp forest. Werever such a streamor ditch actually
enters the | ower Waccamaw Ri ver, the channel is deep and rock fl oored
with a major pile of sand i nmedi ately downstream Figure 9-2-8 shows the
rock floor of the river where a major drainage ditch enters the river
and a 3 to 4.5 mthick | obe of sedinent just downstream of the ditch and
little to no sand upstreamof this figure. This is the thickest sedinent
pile recognized in the portions of the River surveyed. Figure 9-2-4 is

| ocated on the straight reach i nmedi ately downstream of Figure 9-2-8

Thus, there appears to be a major and continuous source of sand
that maintains the large piles inmedi ately downstream of specific
tributaries and drainage ditches. It is assumed that this sand is
related to upland erosion and delivered into the Waccanmaw Ri ver as point
source di scharge during significant erosional events. The sand is then
systematically nmobilized and transported downstream as mej or sand waves
during high flow, flood conditions. Thus, the persistent occurrence of
these piles of sedinent bel ow the nouths of tributary streams and
di tches suggests that the tributaries and ditches represent major and
ongoi ng sources of new sand into the WAaccamaw Ri ver with each mgjor
di scharge event.

9.2.4. Sedi nent Probl em Areas

If the volunme of sedi nent being deposited within the | ower
Waccamaw Ri ver is adequate to cause the River to significantly shall ow,
it will hinder navigation during | owwater flow conditions. Table 9-2-1
demonstrates that within the portion of the R ver surveyed, 13% has a
serious problemw th sedinentati on within the channel, 31% has mi nor
probl ems, and 55% has no problens (Figs. 9-2-1 and 9-2-2). Assuming that
the distribution of sedinents within the total |length of the | ower
Waccamaw River is proportional to the portion of the River surveyed, a
total river distance with sedi ment problens can be estimted, along with
the total volunme of sand that has infilled the River.

The total River length fromthe A d Dock--Crusoe |Island bridge to
the South Carolina line is about 60 km Thus, approxinmately 8 km of
Ri ver have serious sedinentation problens with greater than 2 m of
sedinent infill, while 19 km have | ocal sedinmentation problens with 1 to
2 mof sedinent infill. About 33 kmare either rock floored or have |ess
than 1 m of sedinent cover and do not represent a sedinment problem

Table 9-2-2 presents a first approximation of the total anount of
river channel sand within the North Carolina portion of the | ower
Waccamaw Ri ver. These data suggest that about 8 km of river channel with
serious sedi nentation problenms contain between 218,000 and 491, 000 n? of
sand. About 19 kmof internmediate river segnents contain between 260, 000
and 521,000 n? of total sand within the channel. The no probl em segnments
contain a total of less than 112,000 and 450,000 n? of total sand within
the channel which is widely spread over 33 kmof the river.
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TABLE 9-2-2. Estimation of the total volume of sand occurring within the
active channels of the four different sediment thickness categories
within the | ower Waccamaw Ri ver between the O d Dock—€rusoe | sl and

bri dge and South Carolina border.

SEDI MENT SEDI MENT EST TOTAL SEDI MENT TOTAL EST CHANNEL
GROUP THI CKNESS Rl VER VOLUIVE* SEDI MENT | N LWR

DI STANCE nt/ Ri ver km nt in 60 km

<1.0 m 0.0 -0.25 m 13.2 km 22% 0- 5,675 0- 75, 000

0.25-1.0 m 19.8 km 33% 5,675-22, 700 112, 000- 450, 000

SUBTOTAL 33.0 km 55% 112, 000- 450, 000

>1.0 m 1.0 -2.0 m 18.6 km 31% 14, 000- 28, 000 260, 000- 521, 000

2.0 4.5 m 7.8 km 13% 28, 000- 63, 000 218, 000- 491, 000

SUBTOTAL 26.4 km 44% 478, 000-1, 012, 000

TOTAL 59.4 km 99% 590, 000-1, 537, 000

*  From Tabl e 9-2-1.

9. 3. Sedi nent Characteristics

The channel sedinment within the Waccamaw Ri ver was characterized
by anal yzing 14 surface sanples fromthree cross-sectional profiles
(Table 9-3-1). The grain size ranges from0.29 phi (coarse sand) to 2.72
phi (fine sand) with a nean of 1.47 phi (nedium sand). The sorting
ranged from 0.54 phi (noderately well sorted) to 1.90 phi (poorly
sorted) with a nmean of 1.14 phi (poorly sorted). The sanples from each
of the three profiles ranged fromfine to coarse sand and from
nmoderately to poorly sorted. The coarsest sedinent is generally in the
deepest part of the channel and on the adjacent point bar with the
sedinents fining into shallower water or towards the cut bank

TABLE 9-3-1. Mean sedinent grain size (in phi units) of 14 channel sands
coll ected along three cross-channel transects in the | ower Waccamaw
River. Data are fromBrant (1998). Profiles are |located on Figure 4-1

PROFILE SPL A SPLB SPLC SPL D SPLE MEAN PHI
pP7 1.00 0.87 0.55 1.47 2.26 1.23
P13 1.28 0.29 1.88 2.72 1.54
P9 2.53 2.51 1.05 1.07 1.16 1. 66

TOTAL SAMPLES = 14
MEAN GRAI N SI ZE: MODERN CHANNEL SANDS = 1. 47 phi

0.30 mm or MEDI UM SAND

The channel sanpl es were conposed dominantly of quartz with up to
a few percent heavy ninerals and vari able anpbunts of coarse organic
detritus in the formof |eaves, sticks, and seeds. Organic detritus
usual Iy constitutes less than < 1% of the sedinent, but occasionally it
will range up from5%to 10% QOccasional beds or |aminae, particularly
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in accretionary point bars (Figs. 6-4-4B, 6-5-15B, and 6-5-16B) may
represent up to 90% organic detritus.

The nmodern channel sands have sinilar textural and conpositiona
character as the sands within both the nodern and antecedent fl oodpl ain
sand sedinents. The big difference between the channel sand and the
fl oodpl ai n deposits is the anmount of nud and organic nmatter that dilutes
the sand to produce the various facies. Mddern channel sands al so have
simlar characteristics as the sand conponent of the Cretaceous Pee Dee
Formati on into which the nodern Waccamaw River is incised (Brant, 1998).
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