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SECTION 2: INTRODUCTION AND BACKGROUND INFORMATION

2.1 Introduction .

~ A study of the White Oak River was undertaken at the direction of the White
O0ak River Advisory Council. The Council was formed in mid 1980 as a result of
concerns that the viability of the White Oak River is being threatenéd by -

continuing siltation. The Council consists of six members representing the

. governments of the Town of Cape Carteret, the Town of Swansboro, Carteret County

and Onslow County, as well as the Commercial Fishing Industry and the Izaak

Walton League. The Members of the Council are identified in Appendix A of this

report. The 0n§1ow County Planning Department acted as the Lead Agency for the

study and administrator;of the funding for the study. A memorandum of agreement

forming the Counéi] and stating its specific aims is also found in Appendix A.
The study was performed by Henry von Oesen and Associates, Inc., Consulting

Engineers and Planners, under a contract with the White Oak River Advisory

Council dated January 12, 1981.

2.2 Background
"~ The White Oak River Advisory Council was formed as a result of expressions

of concern by local ihterests that the White Oak River is a valuable natural
resource which is beingvthreatenéd by continuing siltation and other forms of
pollution, particulér]y in thé lower 5ortions of the estuary. The Council has
noted that the fisheries and shellfish productivity of the river and normai
economic development of the ports of Swansboro and Cape Carteret are constraihed
by this continuing deqgredation process. In response to these concerns, the -
Council requested funds from the N. C..Office of Coastal Management (OCM) to

perform a technical study of the problem. In recognition of the need for such a
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study, the Office of Coastal Management provided a grant which was combined with
funds from the participating local units of government to fund this study and

report.

2.3 Study Purpose and Scope

The scope of the study has been defined in a detailed work task description

which is a part of the contract for the study. A copy of this task description

may be found at the end of this report as Appendix B. . Briefly, the study effort

included a review of existing data on the hydrology, tidal hydraulics, sources
of pollution, fisheries resources, land use patterns, etc., of the White_Oak'
River Basin. This data, once compiled, was used to define the problems and to

propose both structural and non-structural solutions (see Section 5).

2.4 Study Area

The general area of concern for this study is the White Oak River Basin, as

‘defined by the N. C. Environmental Management Commission in the White Oak River

Basin Plan as Sub-Basin 0l1. (See Bibljography, Section 8). A map of the study

-area is shown in Figure 2.1. Although the study effort includes the entire

river basin area, the focus of attention is on the lower estuarine portion of
the river south of the Seaboard Coastline Railroad Bridge near Stella. Specific
emphasis is centered on the area in the vicinity of the N. C. Highway 24
causeway aﬁd bridge complex which links the Town of Swansboro with Cedar bofnt
and the Town of Cape Carteret. ]

The White Oak River is used by man for waterborne commerce, extraction of

fish and shellfish for food, recreation, and to a limited extent, water supply

withdrawal in the upper river basin (irrigation of crops).
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SECTION 3: EXISTING CONDITIONS IN THE STUDY AREA

3.1 General Description of White Oak River System

The White Oak River system is located in the south-central coastal area of
North Carolina. The watershed lies entirely within the lower coastal‘ plain with
ground e]eyations ranging from 120 feet above sea level to sea level at Bogue )
Inlet. The White Oak River is relatively small and drains directly into the
Onslow Bay area of the Atlantic Ocean through Bogue Inlet.

The White Oak River forms the border between Onslow, Carteret ar_wd_ Jones

Counties of North Carolina. Tts source and origins are in the Hoffman Forest of

Jones and Onslow Counti‘e‘s. " The rivér has a 1éngth of about 48.5 miles (78 km).
from its source to where if'empties into the Atlantic Ocean through Bogue I'nliét-.'
The approximate extent of the drainage area is 400 square miles. 'Itiis eﬁti- :
mated that about 77 percent of the watershed is covered by Hoffman For’ést and

Croatan National Forest. There is relatively 1ittle urban deve]obnie_nt in the

watershed, with Swansboro being the largest town. The major tributaries of the

White 0ak River are Hunter Creek, Grant Creek, Pettiford Creek, Starkey Creek,

Black Swamp, and Holston Creek. A1l the tributaries are small and densely

- vegetated. The river itself averages about 0.9 miles (1.5 km) wide from the

Atlantic Ocean to the vicinity of Webb Creek (see F‘igurev 2.1). The depth is
about 4 feet (1.2 m) with numerous oyster reefs and a narrow, obscu_ré channel.
Th'e river bottom is primarily sand and mud with sand shoals along the edges.’
From Webb Creek to Grant Creek, the river is about 12 feet (3.7 m) deep, 490
feet (150 m) wide, and meanders. The bottom type. is primarily mud and detritus
and 'lS bordered by fresh and brac»kish marsh. Above Grant Creek, -the river flows
through hafdwood swamp at a depth of 5 to 14 feet (1.5 to 4.3 m), Below U.S.

Hfghway 17, the river flows through seven distinct lakes of the Martin Marietta
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Belgrade Quarry. These lakes comprise approximately 140 acres of water and
range fkom 15 to 31 feet (4.5 to 9.5 m) in depth with steep sides and a mud
bottom. The lakes were dug between 1940 and 1960 during mining operations for
limestone. Water flow is very slow in the lakes except where they are.COnnec-
ted. Thesevlakes may.act as sediment tfaps for upstream inputs. However, this
has nct been investigated or quantified by previous investigatoré. Ffbm the
Quarry to immédiate]y abové U.S. Highway 17, the rivgr is narrow and fromAZ to
3.9 feet (0.6 to 1.2 m) deep with a rock bottom. Stream velocities are very
‘swift in riffle areas. Above U.S. HighWay 17, the river is a‘small iypicéT
coastal st;eamiwith the water being highly stained from swamp drainage. :

The White -Oak River syétem}is predominantly tfda], except for the region
above the limestone quarry énd-the headhaters of the tributaries. Thé ;tréam

velocity fs slow when unconstricted.

3.2 Area Geology - General

The Peedee formation forms the basement rock for ihé near surface (500 feet
- deep and less) geology of the area. Towards the coaét, the Peedéevlies under a
thick wedge of the Castle ﬁayne ijestone formation. .The Yorktown formétion
(a]éo 1imestone)-over]ies the Castié Hayne 1iméstone‘and reaches a thickness of
about 60 feet along the coast. A.Eﬁ}n Tayer 6f sand and clay (chiefly sand) of
Pleistocene age conceals the older formationsrin the interstream areas and forms

the surficial sands which characterize the surface soils in the area.

3.3 Area Soils
v -Map 3.1 shows the general soil associations within the estuarine portion of

the White Oak River Basin south of Stella, North Carolina.




GENERAL SOIL

I,#\

o

APPROXIMATE SCALE IN MILES

LEGEND

ONSLOW - LUMBEE ASSOCIATION: Nsarly tevel fo gently sloping
moderately wall to poorly drained soils with on Intermittent subsurfocs
fayer of thin hardpor and friable sondy cloy toam subsoils.

LEON - LYNNHAVEN ASSOCIATION: Nearly level somewhat pocrly
to very poorly drainsd soila with sand surface layers and dark
reddish brown saondy hordpan subsoif. '

LAKELAND -BAYMEADE - DRAGSTON ASSOCIATION " Exceszivoly
droined sondy soils 1o somewhat poorly drained soils with sandy
loam subszoils, -

TIDAL MARSH - COASTAL BEACH ASSOCIATION: Nearly level .
lond ovarflowed by high tidewatsr and sond dunes. '

PONZER - PAMLICO ASSOCIATION: very poorly drained orgonie

s0ii3 12 to 30 inches of muck over sandy to loamy textured solls.

JOHNSTON - BIBE™ ASSOCIATION: Nearly (evel very poorly 1o poody
droined soils on flood plaina in drainageways.

PORTSMOUTH - TORHUNTA ASSOClATlON: Nearly level very poorly
drained soils with blaci; surfoce loyars and gray friabis sondy loam to
nandy clay loam subsoils. : ’

SOURCE: U.S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
RALEIGK, N.C.

MAP 3.1 - GENERAL SOIL MAP



3.4 Area Climate

The White Oak River area is located in a humid mesothermal climatic regime
that is characterized by mild winters and hot, moist summers. This reg{me is
tempered by the effect of sea temperatures and breezes in areas within 1 to 2
miles of the'AtIantic Ocean. The moderating effect of the sea is clearly
illustrated in the fact that Swansboro has markedly fewer days when surface
temperatures exceed 90 and fall below 32 degrees Fahrenheit than do such towns
as New Bern and Elizabeth City which have more inland‘locafions. |

The mean annual temperature for the North Carolina coastal region ranges
from 61 to 64 degrees. July is the hottést month and has a monthly average
temperatﬁre of_approximéte]y 80 degrees F. Januafy is the@coldest monthvwith
mdnth]y means ranging from 46 to 48'degreés F. in the southern coastal areas.
Temperatures along the coast seldom exceed the 100 degree mark and virtually
never fall below 0 degrees F; The average dates for the first freeze in autumn.
and the last in spring.occur dufing mid November and Maréh, respectivély.

Relative humidities along the North Carolina coastal region are high and
average 70 to 75 percent annug]]y. Seasonal variance is not great, but there is

a slight tendency for highest relative humidities to occur in winter and lowest

“during spring. A distinct diurnal variation does exist with maximums generally

being attained during the early morning and minimums usually occurring during
late afternoon.

The Whjte 0ak River Basin receiQes an average of 56 inches of precipitation
annually, most of which falls as rain. Precipitation in the summer is usually
in the-form of convectional thundershowers while in the winter it is principally
of cyclonic origin. Though there are no easily discernible wet-dry seasons,
greatest month]yirainfall generally occurs during July, August and September.

Each of these months receives 4 to 7 inches of rainfall annually throughout the
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coastal region. Fall, particularly October, is the dryest part of the year,
even though monthly averages would not seem to indicéte this. Precipitation
during thlS per1od is often associated with tropical storms and fa]]s primarily
in intense bursts of short duration. Snowfall may occur 1 to 2 times a year
with a mean annua] accumulation of 1 to 2 inches near the immedia‘,te éoast.
However, many years may pass with ]ibtt]e'or no accumulation.

The prevailing wind direction along the coast is from the southwest, except
during the fall and winter months when northeasterlies caused hy offshore storms
may prevail. Surface wind speeds average 10 -to 13 mph with ma‘ximums' commbn]_y
reached during m1d afternoon and minimums just before sunmse | |

The east coast of North Carolina mc]udmg the Wh1te Oak River Basin is
vulnerable to hurricanes; at least 43 such storms affected this region between
1910 and 1966. During hurricane per'iodé the River/AIWW Complex receives a
tremendous inf]ux- of sediments. When storms are of unusual _,sevefity, new inlets
may be formed or ex-isting ones closed. The hurricane season lbegvins. in June and
:often extends into November." From June to September the gréatest number of
storms originate over the Atlantic Ocean, frequently in the vicinity of the
Bahama, Windward or Léeward Islands. These storms will usually move inland well
south of the State,. or move horthward paralleling ’thé coast. The latter is the
type that most frequently crosses the North Caroh‘na‘coast. However, most 6f
these have storm centers which pass well offshore and thus, damage is usually
restricted to that associafed with heavy rain, high tides; Aand seas. As the.
“hurricane season progresses into late September and October, :the‘ center'of
© maximum act.ivity shifts to the western Caribbean. Storms originating in this =
region frequénﬂy move inland over the Florida land mass and travel in a
northerly to northeasterly arc. By the time they reach North Carolina, they
havé lost most of their‘ intensity because of their overland passage. 7 '
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Northeast storms which occur primarily during the fall and winter are
. perhaps a more significant source of erosion along the coastal area tﬁén are
hur;ricanes‘. These storms are created when low pressure areas move up the
coasfh’ne causing a counterclockwise flow of moisture-~laden air. The storms are
accompanied by heavy rain and strong northeaét winds which may ‘cause unusdaﬂy
high tides and seas. Duration of the storms is variable but they often persist .

for from 2 to 5 da_ys..

3.5 Plant and Am‘ma1‘ Communities -

The planm’ng"a'rea 11'és wifhin the coasté] plain region of North Caro]_ina. )

The area serves as a meeting Qround for salt fo]erant and fresh water biotic.

communities. The inferaction of fresh wa.ter m’th sa’lt_water and the mild <_:Hr’nate'

pravide numerous habitatg for a‘large diversity of aquatic and terestrial

wildlife and flora. Table 3.1 enumerates the general biotic“communities and

‘ their respective residents for the coastal region, inc]ud]’nc; the White Oak River
Basin. | . _

"The Atlantic Coast Eco]ogic.a1 Inventory” (see Bibliography) indicateé that

the many marshes, inlet, and bays in the White Oak River area provide exée]]e,nt

habitats for a variety of spécies. Shorebirds, Wading birds, and waterfowl
‘migrate along the coast and overwinter in many of the bays and sounds. Wild
turkey is common in a broad band of upland forests paralleling the coast and_
sev.era] mammals, 'particularly deer, are recreationally important.

Croatan National. Forest occupies over 123,887 hectares (306,000 acres) and
provides sport hunting opportunities for a variety of game animals. Th‘is forest
co'ntainjs Great Lake, which has a shoreline that is considered to be one of the

better localities for birds in North Carolina. Nesting birds in the forest

. include ospreys, herons, double-crested cormorants, and warblers.
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Abundant populations of the American Alligator, several colonies of red-
cockadgd woodpeckers, and nesting ospreys make the White Oak River and its
marshes an important habitat fér rare or endangered wildlife. The Loggerhead
Sea Turtle, an endangered species, nests at Hammocks Beach at the mouth of the
White Oak River.

3.6 Land Use

Land uses within the White Oak River Basin were characterized based on the
Land Use and Land Cover maps published by the U. S. Géo]ogica] Survey (see Maps’
3.2, 3.3 and 3.4). As can be seen from the maps, most of the land adjacent to
the rivervand its tributariés is fbrest land or forested wetland. Agricultural
use of land is next in extént, followed by urban and built-up uses. ft appears
that silvicultural and agricultural practices have the‘greatest pbtentia] 1ﬁpact

on the river. Present urban uses have a relatively lesser impact. The Water

Quality Management Plan, White Oak River Basin (Subbasin 01) presents the

distribution of land uses as shown in Table 3.2.

3.7 Water Quality

Only limited data on.the water quality.of the White Oak River is avaijab]e
from existing references. Back in the earfy 1950's thevState Stream Sanitation
Committee of the N. C. State Board of Health conducted a pollution survey of the
White Oék River Basin (see Bib1iography of References, Section 8). The only
significant source of pollution noted in the entire White Oak River drainage
basin was the partia]]y-treated wastewater discharge from the Town of Swansboro.
As a result of this survey, the Stream Sanitation Committee established a
}estrjcted area around the Swansboro discharge to protect the public health.
The survey report also identified pollution from domestic wastes from individual

" homes from Maysville and Belgrade which dischargéd to the upper river from the
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Cateéory
of Use
1. Federal
2. | Urban
3. Water Areas
4. Cropland
| 5. Pasture
6. Forest
7.  Other
Totals

TABLE 3.2

Land Uses

White Oak River Basinl

No. of
Acres

116,100
1,000
50,000
32,900
2,000
167,800
31,500
401, 300

% of

Total

28.9
0.3
12.5
8.2
0.5

41.8

7.8
100

1 source: Water Quality Management Plan, White Oak River Basin,

Sub-Basin-01. 1975.

NCDEM, Raleigh, N. C.



mouth of Grape Branch to the mouth of Hunter Creek (see Figure 2.1).

Beginnihg in 1968, the N. C. Division of Environmental Maﬁagement estab;‘
1ished seyera] water quality sampling stations in the White Oak-River. The
locations and descriptions of the stations are shown in Figure 3.1. Detailed
records of the results of the sampling are found in the Water Quality Managemént
Plan published in September, 1975 by the N. C. Environmental Manégement Commis-
sion (see Bibliography). In summary, the results show good quality water with
virtually no water quality standards contraventions. .However, al]bstations shéﬁ
slight water quality degradation on occasion. These'conditions haQé been attri-
buted to land ruhoff and, in the case of stations near‘SWansboro, dischérges '
from the Town of Swansboro's fdrmer primary wastewater treatment fac%]ity. o

In 1979; the wan of Swansboro began operation of a new tertiary waétéwater
treatment facility located at Fosters Creek southwest of the Town. Discharges
to the White Oak River from thé old facility have since ceased and a génera]
improvement in water quality in the lower estuary has béén noted by NCDEM from
.reéent samplings.

| Certain zones within the study area have been degraded by pollutants to the
extent *that the harvesting of shé]]fish.for marketing has "been prohibited b} the\
Office of the North Carolina Shellfish Sanitation Progfah, Division of Health
Services, based in Morehead City, North Carolina. Those areas which have been
closed to shellfishing are shown on Map 3.5. The prohibited areas include most
of the upper river estuary north and west Qf Godfrey Branch, Hargetts Creek,i
Holland M111 Creek, Stevens Creek, Pettiford Creek, and an extensive zone in and
around the Town of Swansboro including Queens Creek. The total she]]fish.
harvesting area consists of some 8,500 acres of which 1,292 acres (15.2 percent

of. the total) are closed to shellfishing.

3-7



LCCATION

- NUMBER

1

2
3
4
5
®
@

STATION
NUMBER

27

28

29

30

31
02092744
02092760

FIGURE 3.1
DIVISION OF ENVIRONMENTAL MANAGEMENT

WATER QUALITY STATIONS

Secondary
Network
Secondary
Network
Secondary
Network
Secondary
Network

..Secondary

Network
01d Primary

New Primary

STATION NAME

White Oak River near Stella, NC

White Oak River near Peletia, NC

' White Oak River near Swansboro; NC

White Oak River at Swansboro, NC
Bell Swamp at Starling, NC
White Oak River at Stella, NC

White Oak River at Swansboro, NC



Y e T R s T Do, LT

s o Gy

MAP 3.5
PROHIBITED AREA MAP

l" Hargetts Ck. ) £
. ] Galdffey Braonch PROH'BITED AREA S »

*See Deer Creek Area Map for

“Hunting Island and Goose Creeks

Holland Mill Ck. :
‘ : coordlnates. :

 Honcock Pi.

Pettiford Ck.

Stevens Ck.

10-5-?3 (Rav.) P.ev- 2—4-70
7-2-80 (Rev. )) _
7-17—80 (Rev

No person.shall take or attempt to ta&e any oysters or clams or pc-ssc-ss, sell or offe.r for s;de: '
" any oysters or clams taken from the fo!lowmg argas, at any time: . . s N

(22) White Oak Ba.ver Area.

(a) In Whlte Oak Rlver and all its tnbutames up.stredm from 2 st‘r-alr:h"' llne :r."un:\.ina i
from the south side of the mouth of Godfrey Branch 300° M, to a point of marsh, .
- and in Pettiford Creek, from its origin to a point one m.le downstrean from 'hha .
N. C. Highvay 58 Brldge over said stream; in Slevens Creek, in Folland Mill Creek
and its tributaries and within three hundred yards of its mouth; and begimning
-~ at a point on Mt. Pleasant at 34° 42' 03" N, 77° 06' 50" W; thence in a straight
" line to = po:Lnt on the northern end of Jones Island at 34° 41' 54¥ N, 77° 06' 30"
W; thence in a straight line to eastern end of Highway 24 Bridge at Swansboro 34°
1;.1' 08" N, 77° 06! 58" W; thence to a point on the southeast shore of the IGUW
at 34° 1,0' 13" N - 77° 08! oo™ W, near Beacon #49; thence follouwing the southeast
shore in a southwesterly direction, crossing all tributaries, to 2 point on the
shore at 34° 39' 19" N - 77° 09' 31" W, near Channel Marker #53; thence straight
‘ "across ICUWW to a point on the northwes’c. shore atlt 34° 39! 29” N — 77° Qor 36" V.-
This is to include all the waters of Queens Creck. :

(b) A1l waters upstream from a line across Hargetts Creek beginning at a point on the
north shore at 34° 44' 54" N - 77° 08' 12" W; thence to the south shore at 34° 44! 44" N-
77° 08' 06" W, oo



The sanitation requirements for approved shellfish growing areas are set by

‘ the U. S. Public Health Service in its National Shellfish Sanitation Program

‘Manual of Operations, Part 1, Sanitation of Shellfish Growing Areas (1965

Revision) and are as follows:
"Growing areas may be designated as approved when:

(a) The sanitary survey indicates that pathogen1cim1cro organ1sms,
radionuclides, and/or harmful industrial wastes do not reach the area in
dangerous concentratmns and

(b) This is verified by laboratory findings whenever the sanitary survey
indicates the need. Shellfish may be taken from such areas for direct
market1ng " :

uSatisfactory Comp11ance - This item will be satisfied when the three
fo]lowing criteria are met:

(a) The area is not so contaminated with feca] material that consumpt1on
of the shellfish might be hdzardous, and

(b) The area is not so contaminated with radionuclides or industrial

: wastes that consumption of the shellfish might be hazardous (see Section C,

' Item 7 in the Manual of Operation, regarding toxins in shellfish growing
areas), and .

(c) The coliform median MPN of the water does not exceed 70 per 100 m].,
and not more than 10 percent of the samples ordinarily exceed a MPN of 230
per 100 m1. for a 5-tube decimal dilution test (or 330 per 100 ml. where
the 3-tube decimal dilution test is ‘used) in those portions of the area
most probably exposed to fecal contamination during the most unfavorable
hydrographic and pollution conditions. (Note: This concentration might be
exceeded if less than 8 million cubic feet of a coliform-free dilution
water are available for each population equivalant (coliform) of sewage
reaching the area). The foregoing limits need not be applied if it can be
shown by detailed study that the coliforms are not of direct fecal origin
and do not indicate a public health hazard. This MPN value is based on a
typical ratio of coliforms to pathogens and would not be applicable to any
situation in which an abnormally large number of pathogens might be
present. Consideration must also be given to the possible presence of
industrial or agricultural wastes in which where is an atypical coliform to
pathogen ratio."

Thus, the areas shown on Map 3.5 have been closed because they have not met
the . above requirements. Due to the fact thét there are no known sources of

’ radionuclides or industrial wastes in the area, the closings are due mainly to
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coliform levels in excess of the 70/100 m1 standard. The source of the coli-
forms is presumed to be seapage from failed or malfunctioning septic tanks, from
domestic waste point sources, from urban runoff or a synergistic combination of
these sources. The reason for the closure of the area above Godfrey Branch
where there is Tittle or no development is unknown.

In July of 1980, the Shellfish Sanitation Program Office issued a report of -
a sanitary survey of the White Oak River Area D-3 covering the sampling period
of January, 1979 to June, 198'0. The report noted that improvements have been
made in the area resulting in the opening of some 600 acres of preﬁous]y closed
shellfish waters in the lower estuary Mosf of the improvement was attributed
to the operatmn of the new wastewater treatment fac1hty at Swansboro. The
report went on to conclude that unsat1sfactory results were still bemg obtamed '
from sampling stations between Jones Island and Stevens Creek (see Map 3.5).
However, it was expected that this area would continue to improve-because of the
new wastewater -treatment *acility and the abandonment of the old discharge.

3.8 Sources of Pollution

3.8.1 Point Sources of Pollution

The Water Que]ity Man_agement Plan,.White Qak River B‘asin\'published' by the
N. C. Environmental Ménagement'Commis'sien in 1975 identifies the point sources
of pollution in the White Oak River System. Table 3.3 Tists fhe sources and
Figure 3.2 shows the locations of the discharges A1l of the major d1schargers
are in compliance with State regulations and are considered by NCDEM to be .
providing adequate treatment of wastes. If all the sources were to d1scharge
the maximum volume of treated effluent as specified in their permits, a total of‘

1.43 MGD could be discharged to the river system. However, the aver'a'ge daily

discharge is more likely to fall in the range of 50 to 75 percent of the maximum

. (0. 72 to 1. 1 MGD).
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FIGURE 3.2

SOURCE. WHITE OAK RIVER POINT SOURCES OF

WATER QUALITY MANAGEMENT POLLUTION
PLAN. {1975). _ WHITE OAK RIVER
SYSTEM.

PURZN

HENRY YON OSEN & ASSOCIATES - CONS JLTING ENGINEERS & PLANNERS - WILMINGTON, K. C.



3.8.2 Non-Point Sources of Pollution

3.8.2.1 General

Non-point or diffuse sources of pollution include urban stormwater runoff,
si]vicu}tura] anq agricuitura] runoff and residuals from individuél'septic
tanks, etc. These sources have not been quantified to the same degree as have
been the point source discharges within the basin. However, some estimates of
their magnitude and influence have been made. |

3.8.2.2 Stormwater Runoff

Water pollution ofiginating from stormwater runoff from urbanized or
developed areas is recognized as a éomplex.problem which has been on1y partially
solved. Whenever it rains,‘the'stréams in the White Oak River-Baéin receive a
varfety of pollutants iﬁcluding-heavy meté]s; chemiéals, sediment, fifter,
residual oils and bacteria. The Etormwater flows across streets, parking 1ots;
rooftops, 1§wns, and gutters cérrying‘po]lutants directiy to waterways'without
treatment. The urban and built-up areas shown on Map 3.2 would be most likely
to contribute such pollutants to the White Oak River. The Maysville - Belgrade
area in the upper river basin aqd the Swansboro - Cedar_Point‘area in the lower
estuary wou]d-be the major generators-of stormwater runoff. It is suspected,
but not confirmed, that higher co{jform counts occur in the_ioca1 receiving

waters near these areas immediately after periods of heavy rain. Such runoff is

~ probably a contributing cause of the closing of shellfishing waters as indicated

in Map 3.5. v
The N. C. State-Wide 208 Area Management Plan, Water Quality and Urban

Stormwatér, indicates that nationwide research on the stormwater problem has

been considerable but information on the effectiveness of controls is still
rudimentary. The Plan recommends certain practiceé that can benefit water
quality along with serving other beneficial purposes such as flood control. The

3-10



recommended practices include street cleaning, catch basin cleaning, covering
chemical stockpiles, use of small-scale detention basins and infiltration
methods, 'erosion control, litter control, and protection of flood plains.

3.8.2.3 Agricultural Runoff

Another source of surface water pollution is agricultural runoff. The
magnitude of this source depends upon the frequency and duration of intense
rainfalls. fhe agricultural activities that are most likely to cause pollution
‘and/or affect water quality include:

(1) The use of fefti]jzers, pestiqides, and herbicides on row crops and
pastures, ‘ \ |

(2) Pb]]ufion from farm animals, especially livestock and pod]try,

- (3) Po]fution originating from farm based septic tanks used for the
disposal of domestic wastes, and ~

(4) Exposure of the land to erosion during the cultivation of fields and
Tand clearing for bui]dings, roads, or other developments.

The first three items are expected to increase the concentrations of
substances dissolved in water leaving the basins., The last item is expected to
increase concentrations of suspended sedimgnt and\constituents adsorbed on or in
some way associated with_sediment. : | |

The Depértment of Natural Res&d;ces and Commuﬁify Development, Division of

Environmental Management's Water Quality Management Plan for the White Oak River

Basin (Sub-Basin-01) estimates that the poi]ution loading from agricultural’
runoff is on the order of 1841 pounds of BOD5 per day. The rainfall

frequency in this area average§ one significant rainfall event (one “inch or
more) every thirty days. The pollutional loadings from one of these events can
be estimated from the size of the drainége area and using a conservafive runoff
Acoefficient of 0.2. The calculation is as follows:

3-11




Drainage Area = 400 square miles = 11,151,360,000 square feet.

Volume of runoff resulting from a one-inch rainfall event =

(0.2) (1/12 ft.) (11.15136 b.1.sq.ft.) = 185,856,000 cubic feet = 1,390 MGD
Waste Load = (30 days) x (1,841 pounds 80b5/day) = 55,230 pounds BODs

Waste Concentration = 39.73 pounds BODg per million gallons = 4.76
milligrams per liter.

The pollution load associated with surface runoff in terms of BODg appears

to be relatively less significant than point sources- within the sub- basin.

A recent study of the environmenfa] effects of agricultural land develop-

ment on the drainége waters in the N. C. tidewater region was'completed‘by the
Agricultural Research Serv1ce 1./ wh11e th1S study focused mainly on the

development of the high organic §o1ls in Dare, Hyde, Tyrrell and wash1ngton

Counties'of N. C., some of the findings are pertinent to this study on the White .

Oak River Basin:

(1) Peak runoff rates occur earlier and are three to four times higher on
developed lands than on similar undeve]oped lands.

(2) The largest potential eutroph1cat1on hazard resu1t1ng from deve]opment
may be the increase in phosphorus in dra1nage waters. The effect of deve]opment
upon phosphdrus 1osse§ in drainage waters is very dependent upon soil type.

Inorganic soils react with fertilizer phosphorus to prevent its loss. The

solubility of phosphonus in shallow and deep organic soils is much greater than

in inorganic soils, so much of the added phosphorus can be lost to drainage
water. The weighted average concentration in drainage waters from the two
develnped organic soils was 1 - 2.5 mg/1 for a total phosphorus efflux of 7 - 10

kg/ha/yr. The amount of this phosphorus which reaches major streams or estuaries

1./ Skaggs, R.W., etal. (August 1980). Effect of Agricultrual Land Develop-
ment on Drainage Waters in the North Carolina Tidewater Region. Water
Resources Research Institute Report No. 159, Raleigh, N. C.
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will depend on distance the water must travel to reach the outlet, the type of
sediment in the collector ditches, and the soil material in the banks. If the
sediments are from inorganic soils or the canals are cut into mineral layers,
much of fhe inorganic orthophosphate may be removed from solution by these
sediments. Fortunately, much of the current agricultrual development is on
mineral soils where P losses are small. However, it should be recognized that
agricultural development of organic soils .low in mineral content immediately
adjacent to estuaries or major streams will very sfgnificant'ly increase the
entry of phosphorus into these waters.

(3) The higfﬂy' organic blackland soils are very flat so erosion is not a
problem, but development does cause a small increase in the sediment load of
drainage waters. This increase is partibu]ar]y apparent durﬁ‘ng the developmen-
tal phase of farming. Turbidit:y of the drainage water is increased dulring.»
clearing and land shaping. Once initial deve]dpment is completed, erosion and
turbidity during normal agricultural production is no’t ﬁke]y to cause a watér
quaiit_y problem.

(4) ‘There are several water quality parameters which are measurably
affected by development, but the change is re]ative_l‘y‘s_ma]]. For example, D.O.,
BO'D, temperature, and pH, are all slightly highér in drainage Water from
‘developed areas. Other parameters which change upon development but are not
generally considered critical in evaludtion of water quality in this region are.
Ca, Mg, C1, Na, and K. There is very little effect of development upon efflux
of the metals Cu, Zn, and Fe. /

(5) One pote'ntiaf problem with development of the organic soils for
pastures near shellfishing waters is the loss of fecal organisms in drainage
waters. The counts of fecal and total coliform bacteria 1“n c¢rainage water from
the p-astured site were considerably greater than from natural waters. This
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increase in coliform bacteria from graied lands is common throughout the U.S.
and apparently causes few problems. However, a problem could result if grazed
" land is located immediately adjacent to shellfish watérs. Development also
caused an increase in coliform bacteria from the cropped shallow organic soil
even though no domestic animals were ever kept on this site.

(6) Concentrations of the herbicide alachlor in drainage water after
application suggested that‘sbme applicators were careful to avoid spraying the
V-ditches draining the fields but that some may have gprayed directly over them,
or so close that heavy drift of sprays occured,:caUSing gxceSsive]y high con-
centrations of herbicide in drainage water during the first few days after some
applications. More diligence and cére‘durfng application of all pesficides useq‘
on many farms in the Tidewater Region of North Caro]ina, where ecologically
sensitive areas exist in close pfoximity tov1arge agricultural areas, wdu]d
reduce or even eliminate significant Hazards caused by direct spraying of, or
drift onto water in drainage canals. :

(7) Transport of the herbicide alachlor and probably other pesticides as
well in surface runoff from the high organic soils of the Tidewater Region of
éastern North Carolina and similar areas elsewhere does not appeérAio pdse a
significant hazard fo aquatic life. ”Howevef; it appeérs that some hazard from
overspraying of or drift into drainage ditches exists in ecologically sensitive
areas which the experimental site§ represent. Most likely, more diligence and.
care during app]icatioh would greatly reduce such hazards. )

Beginning in 1977, the N. C. Division of Marine Fisheries with the coopera-
tion of the N. C. Office of Coastal Management began a study of the effects of
upland drainage on the estuarine‘nursefy areas of Pamlico Sound. The results of

this study are pertinent to the White Oak River estuary.
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‘The N. C. Division of Marine Fisheries established four sampling stations
. in tributaries of northern Pamlico Sound, N. C. The four stations received
éither heavy, moderate or no drainage through man-made water courses. The
period of study was from 1977 to 1980. The following conclusions were derived
from the study.:-

(1) Drainage of surface water from upland areas into nurserrj areas
through man-made ditches and canals creates unstable salinity conditions
when rainfall exceeds one inch in a 24—hour; period. The unaltered nursery
areas showed much more stable salinity readings during the same rain

periods.

(2) The nursery areas appear to have the capacity to receive a certain

amount of "unnatural" dra]’r_lage and buffer the effects of'rainfail on
salinity, except during periods of eitended rain.
. (3) Extensive drainage into a single nursery area-reduces its value as
| ~estuarine habitat by reducing average salinities and' making it more sensi-
tive to the effects of rainfall within the drainage basin.
(2) Re‘latfve productivity of estuarine organisms (brqwnlshrimp and
juvenﬂe\finfish) was lower eacﬁ _yeaf in the ﬁur"se‘r‘y area with extensive
drainage. -

(5) The data did not show that there were any mass or complete move-

ments of juvenile brown shrimp from the nursery areas as a response to

rapid changes in salinity readings. The most serious effects df drainage
into nursery areas appear to be_the degree of alteration and the danger
that alteration will be severe enough to create an unsuitable habitat
during periods of normal rainfall.
. In recognition of the appeal and value of the seafood resources derived
. from the estuarine areas and the fact that changing uses of lands surrounding
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[ vital nursery areas is inevitable, given the current trends in the value of
i ‘ agricd]tura] and recreational developments, the Division of Marine Fisheries
made the following recommendations:’ |
; (1) 1t is importaﬁt that resource agencies stress the value and

fragile nature of small estuaries and encourage development of adjacent
lands in such a way as to minimize .its adverse' impacts.

(2) Identification of critical nursery areas must be made and protec-
tion of these areas enhanced with proper 1egis1a£fon. Local, state, and.
federal agencies should develop joint comprehe‘nsive' programs which will
allow the wisest use of coastal lands and minimize degradatjon ‘of water
quality and wetland habitat.

(3) Particular attention should be piaced on developing .drai'nage‘
progréms which promote: (a) strict controls over construction of new .

' drainage systems discharging into critical nursery areas; (b) maintenance
of existing ditches and canals during periods of least biological activity
in the receiving waters; (c) analysis of the hydrologic and biological
ippacts of expanding existing drainage systems; (d) development of water
management and water cohtro] schemes which limit discharge points, and
_(é) consideration of the cumulative effects of exfensive alteration of

small estuaries.

3.8.2.4 Silvicultural Runoff

Due to the large ‘percentage of land in thé White Oak River Basin devoted to

~ forests (see Map 3.4 and Table 3.2, above), silvicultural activities (harvest of
trees)i could have a significant impact on water quality in the White Oak River
Basin. However, the pollution potential of these activities are perhaps the

. 1ea'st studied and understood of all of the non-point sources of pollution in
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the White Oak River Basin. The mechanical methods of harvesting timber have an
obvious adverse effect on vegetation and the land with potential for adverse

impacts on water quality. The State's Water Quality and Forestry Management

Plan (see Bibliography) identifies the following areas in which additional
information is needed:

(1)' The impact of intengive mechanical site preparation activities on
water quality of receiving streams.

(2) Acceptable a1ternativés to intensive mechanfcal-site preparation such
as the use of herbicides and/or éontro]]ed fire.

(3)' The frequency and degree of use of measures'to protect water quality
during timber harvesting and site prepération activities.

(4) The éxtent to which forest management plans are requested énd prepared
early enough prior to harvesfing to include recommended water quality protection
'measures. |

(5) The extent to which the recommendations in forest management plans are

followed. _
. (6) The water quality management impact of draining wetlands for intensive
forest management in the coastq1 plain region. | \ ‘
However, despite’the prevalence of many unknowns in this area, . the Divisibn
of Forest Resources of the N. C. Department of Natural Resources and Community
Development has independently developed a set of forest practice guidelines
related to water quality (see Bibliography, Section 8). The guidelines cover
Togging, site preparation and the use of pesticides, fertilizers and fire

retardants. The extent to which these guidelines are or are not being followed

in the White Qak River Basin is unknown.
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3.8.2.5 Septic Tank Effluent Pollution

Another source of non-point or diffuse pollution is from on-site waétewater
disposal systems, mainly from septic tanks. The State of N. C. has'conducted
limited monitoring of suspected problem areas and site investigationg in order
to define current water qua]ity~§rob1ems caused by septic tanks. As a part of
the development of the State 208 Plan, the coastal area around Wilmington, N. C.
was selected for monitoring by virtue of having high septic tank densities

adjacent to shellfish waters. Monitoring was peformed on four tidal creeks

emptying into the Atlantic Intracoastal Waterway in this area. The creeks have

no point source.discharges.. Residential development on these creeks kanged from
heavy (Whiskey and Bradley Creeks) to almost non-existent (Futch Creek). Bac-
teriological (total and fecal co]iform) samples were obtained from these creeks
during the period of July to October, 1978. The test results along with density
and soil fdctors which might be expected to affect coliform levels are shown in
Table 3.4 following this page. The fol}owing conc]usioHs were made as a result
of these findings: ‘

(1) As the intensity ofvunsewered residential development in the area
increases, béth total and fecal cofiform counts iﬁ the creeks rise. The highly
developed Whiskey and Bradley Creek watersheds exhibited fecal counts far higher
than the undeveloped watershed (Futch Creek). Total coliform counts in Whiskey
and Bradley were respectively 60 and 40 times higher than those observed in
Futch Creek. |

(2) Residential deve]opmenP in the area has historically occured in
watersheds containing the.lafgest percentages pf soils which are severely .
limited for septic tank installations.

(3) An apparent dichotomy appearing in the data for Whiskey and Bradley

-Creeks (a much higher septic tank density in the latter, accompanied by no
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TABLE 3.4

Results of Monitoring of Tidal Creeks
In New Hanover County, North Caro]inal/

Whiskey Bradley Pages Futch
Creek Creek - Creek Creek
Fecal Coliform* .
(colonies/100 m1) 196 228 64 21
Total Coliform*
(colonies/100 ml) 3970 2452 2007 66
Estimated o
Septic Tank Density** '
(units/acre) ‘ .367 .563 154 .036
Soils with Severe
Limitations for Septic
Tanks*** (percentage
of basin) 78 70 - 47 . 10

1./ Source: North Carolina Department of Natural Resources and Community
Development. July 1979. Water Quality and On-Site Wastewater Disposal, a
Management Plan. = Raleigh, N. C.

*  Mean values determined by disregarding the high and low value samples.

**  Estimate based on data from Wilmington-New Hanover Planning Commission map
of dwelling units in New Hanover County, drawn from 1975 aerial photos.

. **%  Estimated from detailed soils map of New Hanover County, U.S. Soil
Conservation Service. ' :



appreciable rise in mean coliform counts) may be related to the fact that
development in the Hhiskey Creek watershed is concentrated more closely to thé
creek itself.

(4) A much more elaborate study would be necessary to determine defini-
tively that septic tank§ are the cause of the pollution observed. However, the
fact that all residences in the area are.serVed by septic tanks tends to'support
the hypothesis that thg pollution is related to sepfic tank usage.

In view of the above, it can be reasonably COnc1uaed that septic tanks are
definitely a contributing factor to thé closing of certain areas of the White

O0ak River to shellfishing and are a source of surface water pollution.

3.9 Fisheries Resources

Several studiés of the fisheries resburces of the White Oak River have been
completed in recent years. In 1964, the Division of Inland Fisheries of the
N. C. Wildlife Resources Commission conducted a survey of the White Oak River in
order to determine basic reference data on the biological, chemical and physical
characteristics of the streams in the watérshed.  The physical and chemical
characteristics of the streams within tﬁe White Oak‘River\WaterShed were found
to vary considerably from theuheadWaters to‘the coastal area; Genera]]y, the
waters were found to be re]étive]y'free from pollution and chemically suitable
as fish hébitat. |

" The dissolved oxygen conéentrations varied from 1.0 ppm to 8.0 ppm. .The
Jower concentrations invarfab]y were found in streams containing intense swamp
drainage. Generally, the concentrations..of dissolved oxygen were adequate for
the fish life present.

"~ The chjoride content (ppm NaCl), expressed as chlorinity, ranged from 0.0

_ ppﬁ in the strictly fresh-water habitat to 29,250 ppm in the marine habitat.
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Lunar tides, which affect approximately 70 percent of the water area, are
. canstantly changing the fresh-water habitat, and particularly during extremes
associated with severe storms and hurricanes. During the study, the transition
zone between fresh- and salt-water habitats appeared to be a fairly well defined

area, usually with only two to three miles separating the upper and lower

limits. The transition zone between the fresh- and salt-water habitat is shown
in Figure 3.3.1.7 . ‘ ' _

The fresh-water fish habitats are typical b]aékiwater, swamp-drainage
streams usually with an imperceptible flow, sand#detrftus‘bottom, and Very
Tittle turbidity. Most of the small streams are choked with fallen trees and
overhanging bushes. The Tower coastal reaches of the watershed are typically

marine habitat and support an important shellfish, sport-fish, and food-fish

industry.
. ~ The more important fresh-water géme species found during the survey, listed

in decending order of their frequency of occurance, were:i

Redfin pickerel Esox americanus americanus
N Chain pickerel Esox niger

Warmouth 7 . Chaenobryttus gu]oSuﬁ»
Bluegill v  Lepomis macrochirus
Pumpkinseéd _ Lepomis gibbosus
Redbreast sunfish Lepomis cyanellus
Largemouth bass . Micropterus salmoides
Mud sunfish Acantharchus pomotis

The more important fresh-water non-game species'found during the survey,

also listed in decending order of their frequency of occurance:

‘ 1./ Recent studies of sediment cores by UNC scientists, Martens and Goldhaber
(see Bibliography, Section 8), indicate that seawater influenced sediment
chemistry farther upstream in the past than at present.
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Banded sunfish Enneacanthus obesus

Pirate perch Aphredoderus -sayanus
Bluespotted suﬁfish . Enneacanthus gloriosus
Golden shiner - Notemigonus crysoleucas
Ironcalor shiner ' Notropis chalybaeus

Some of the more important salt-water species collected during the survey

are listed in phylogenetic order as follows:

,American shad Alosa sapidissima
Atlantic menhaden Brevooriia tyrannué
Bluefish . - " ‘Pomatomus saltaltrix
Spotted seatrout "~ Cynoscion nebulosus
Spot _ | ' ) Leiostomus xanthurus
Atlantic croaker | Micropogon uﬁdulatus'
Black drum . Pogonias cromis
Red drum Sciaenops oce]]ataf
Striped mullet ~ Mugil cephalus

< Summer flounder Paralichtys dentatus
Southern flounder Paralichtys lethostigma.

The dominant freéhwéter predator species collected in the watersheds were
the redfin énd chain pickerel.

The fisﬁ populations were genera]i& well balanced with a relatively high
ratio of game to non-game fishes. This ratio was attributed to several factors:
High water quality, good physical habitat, and low fishing pressure.

Detailed assessments of each of the major tributaries of the White 0Oak
River are found in the apendicies to the study (see Bib]iography) which is

available from the Wildlife Resources Commission.
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From October, 1973 to June, 1975, the N. C. Division of Marine Fisheries
. conducted a survey of anadromous fisheries of the White Oak River System. This
study identified a total of six anadromous species which enter the White Oak

River including the Striped bass (Morone saxatilis), American shad (Alosa

sapidissima), Hickory shad (A. medjocris), blueback herring (A. aestivalis),

~ alewife (A. pseudoharengus), and Atlantic sturgeon (Acipenser oxyrhynchds). A1l

six species are considered both sport and commercfa] fish and are taken by
standard commercial fishing gear. The objectives'of the Marine'Fisheries'
study was to determine the distribution of migrating and spawning adult anadro-
mous fishes, tq_détermine_spawning areas and periods of major spawning activity
for anadromous:species, to defermine nursery areas, and the growth and movements
of juvenile anadromous fishes. The Marine Fisﬁeries‘ researchers found.thai
the White Oak River supports a substantia] run of blueback herring and smaller
‘runs of alewife, American shad, and hickory shad. Adult blueback herrin§ were
found to enter the river in January. Juvenile blueback herring werelsubse-
quently found to uﬁe the Martin Marietta Belgrade Quarry Lakes, the river below,
and certain tributaries as nursery grounds. Their seward migration was found to

occur in October. | |

Adult alewife were found‘fo enter the river in April. Only a few juvenile
American shad were found.

A1l three species of anadromous fish used the Martin Marietta Belgrade:
Quarry Lakes as spawning areas during April and May. Although the lakes repre-
sent an altered environment, they still appear to support adequate populations
of anadromous fish. 1In addition, in 1975, river-herring were found to use
Holston and Grant Creeks as spawning areas with spawning probably occuring in

Hunter and Webb Creeks.
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SECTION 1: EXECUTIVE SUMMARY

A study of the White Oak River basin was conducted to define ex1st1ng
conditions and problems and to suggest recommendatlons for further study along
with proposed non-structural and structural solutions to identified problems.
Also included herein is a plan of action for the White Oak River wherein each’
specific recommendation is identified and estimated costs are suggested for
bomp]etion of.thé recommendation. While certain identified problems must
receive‘additiona] study, some actions can be undertaken immediate1y with little
or no add1t1ona1 delay o |

The f1rst maJor conclusion of this study is that the water depths in the
lower White Qak R1ver have decreased during the past century and partlcu1ar]y
since the major construction pro.jects of the AIWH and N.C. Routé 24 Bridge and
Causeway which occured in the early 1930's. The-redistribgtion of unconsoli-
dated spoil materials frqm the dredging of the AIWW to ‘the area above the N.C.
24 Bridge/Causeway is considered to be a major cause of this major shoaling and
depth loss problem in the lower estuér_y. The construction of the bridge and
causeway reduced the effective width of -the river, blocked off one channe{ of
the river, and preéumab]y acted tb éontribute to the shod]ing problem.

A second major conclusion def;;éd is that mény 6f the seafood resources in
the White Oak River are apparently undefuti]ized. Pollution from septic tank
effluents and other.ndnfpoint sources have contributed to this underutilization
by placing vast areas of productive shellfish bottoms off Timits to commercial
fishermen. While "an oyster rep]anting program’conducied-by"thewN.Cﬂ‘ Division—-
of Marine Fisheries has been successful, a similar program for relaying of

polluted clams has not been attempted due to a lack of funds and the restraints
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imposed by current fisheries regu]ationﬁ. Aggressive initiatives on the part of
responsible individuals and agencies will be required to fully exploit the
fisheries resource potentials of the White Oak River Basin.

In recognition of these problems, the following plan of action is recom-
mended for the White Oak River: - |

" A. Overall River Basin Management and Control

(1) " A study to be conducted undér the UNC-Sea Grant Program to deVe]opv
a mathematical model of the whife Oak River Bagin with the goal of predic-
ting future changes and_abétihg boTiution.

(2) A reactivation of the PL 83-566 Watershed Project on the White Oak
River administered by the USDA-SCS with the goal of developing a comprehen;-

sive watershed plan.
(3) Improvement of eXisting agricultural, silvicultural and septic
tank installation practices throﬁghout the White Oak River Basin.

B. Fisheries Resources

. (1) A shellfish bottom survey of>the White Oak River Estudry to be
conducted by the N. C. Division of Marine Fisheries.

(2) " A new management regulation to be developed by the Marine
Fisheries Commission to permit relaying of clams from polluted to c]éan
areas for self-cleansing and subsequent marketing.

(3) An expansion of the shéi]fish relaying program conducted by the
N.C. Division df Marine_Fishefies in the White Oak River by greate;
-utilization of private contractors.

(4); A continuation of a study of the stunted oysters inAthe thte Oak
River by the Duke University Marine Laboratory.-

C. Sedimentation: An expansion of the existing Bogue Inlet study conduc-

ted by the Wflmington District of the U.S. Army Corps of Engineers to include
1-2
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! investigation of shoaling and the effect of canalized flows in the lower White

. Oak River estuary.
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The Marine Fisheries study conclud;d that the greatest problem facing
anadromous .fish populations in small rivers like tﬁe White Oak is flood control
activities such as channelization and watershed development. The impact of such
alterations has been seen in the case of the New River which once had a signifi-
cant anadrohous fish population prior to a significant channelization project
for flood control above Jacksonville. As aAresu1t, the N. C. Diviéion of Marine
Fisheries recommends that future channelization projects be given close
scrutiny,-especia]ly'where anadromous fish resources are involved.l/

Discussions held with Mr. Bob Chapoton of the National Marine Fisheries
Service (NMFS) .in Beaufort, N. C. revealed that the White 0ak River is an
important nursery area'for juvenile Atlantic menhaden. Menhadenvare spawned in_
the ocean and eﬁter the whife Oak.River esfuary as larvae from November to May.
Once strong enough to swim against the tidal currents, they move upstream
towards fresh water where théy transform into juveniles by mid-May. They remain
in the estuary for their first'growing season, gradua]ly:moving down stream in
the summer and reaching the lower estuary or open sea by autumn.

Menhadeh are very important economically to North Caroiina.A Menhaden are

“processed into fish oils and meal for agricultural feed supp]ements.'.The
menhaden are harvested in the nearshoré ocean waters after they migrate to the
ocean via Bogue Inlet.  The NMFS repdrts that the White Oak River exceeds the

Cape Fear River in importance as a nursery for menhaden.

1/ Martin Marietta aggregates recently received CAMA and Corps permits for
the proposed. construction of a 90-foot wide, . 45-50 foot .long fill roadway -.
crossing the White Oak River at their Belgrade, N. C. quarry. As proposed,
approximately 1,000 cubic yards of clay will be placed below the normal water
level contour elevation for the crossing which is located immediately
downstream from the existing quarry lakes. Three 90-foot long, 12-foot
.diameter culverts are to be emplaced in the river channel to accomodate
normal and 25-year flood flow requirements. '
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In addition to finfish resources, the White 0ak River is very important as
- a productive area for shellfish, mainly oysters and clams. The N. C. Division
of Marine Fisheries (NCDMF) is of the opinion that the resourée is considerable.
However, to date it has not been quantified by méans of a shellfish bottom
survey. Since 1972, the NCDMF has conducted a very successful, oyster relaying
project in the upper river estuary. Oysters are relayed from over crowded.
oyster bars in mid river and emplaced in public oyster management areas. Map
3.6 shows the locations of the public oyster managemént areas and the quantities
of oysters which were relayed in the years 1978, 1979 and 1980. These public
areas are opened and closed by procfamation.

In addition to oysters, clams are another important shellfish resource jn
the river. .At present, the river is opened to claﬁming all year long except for
the areas closed due to poliution (see Map 3.5). Significant clam resources are
found in the closed areas. However, lack of funds and existing regulations have
hindered any efforts to relocate these to non-pol]uted;areas for self cleansing
and ultimate marketing. (See Section 5.2.2 for a further discussion of this
matter).

3.10" Seafood Landings

The N. C. Department of Natﬁra] Resources and Community Deve]ophent,
Division of Marine Fisheries has kept records on the pounds and va1uevof the
seafood which has been obtained from the White Oak River system since the year
1959. However, the data prior to the year 1978 ié often sketchy and incomplete
making an accurate analysis difficult, if not impossible. WNevertheless, despite
the difficulties with the data base, overall trends can be noted.

‘The trends in landings of hard clams, oysters and blue crabs from the White
Oak River are shown in Figures 3.4, 3.5 and 3.6, respectively. Up and down
fluctuations from year to year are noted in each case. fhis may be due in part
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to normal biological fluctuations, as well as errors or omissions in data
collection or reporting. Data from 1978 to 1979 are to be trusted more than
data collected in prior yéars due to substantial improvements in the data
collection program. Landings in recent years appear to be generally greater
than those reported in the past. In the case of clams and blue crabs, these
increased landings have been attributed to increased effort. 1In the case of
oysters, the increased landings have been attributed to the success of the
NCOMF's relaying program (see Section 3.9).

The trends jn'1andings of finfish and shrimp are not as clear due to a lack
»of data. Finfish landings in 1966 were 3,580 pounds, with 57,300 pounds in 1978
and 112,100 pounds in 1979ﬁ These increases appeaf to be due in part to better
~reporting and data collection methods. Shrimp landings héve f]uctuated'from
25,795 pounds in 1966 down to a low of 4,100 pounds in 1978 and back up to
19,600 pounds in 1979. Shrimp landing data appear here to reflect the poor
biological conditions of the 1978/79 season. Shrimp Tandings statewide were
Tess than average during both years due primarily to adverse weather conditions
(Tow salinities and 1ow.temperatures). However; the NCDMF personne] indicate
that shrimp have never been a significant resource in the White 0ak River. This
is due to the fact that most of the embéyments in the river are closed to
shrimping because these areas serve as nursery areas for juvenile shrimp.
Furthermore, the shrimp in the river tend to migrate frdm the estuary rapidly.
Therefore, most of the White Oak Riyer shrimp are taught in the'ocean off of
Bogue Inlet and are landed in other ports in the area rather than at Swansboro.

The economic value (dockside value) of seafood derived froa the White Qak
River approached $315,000 in 1979. Trends are shown in Figure 3.7. The quantum
Jump in'value in 1978 is attributed in part to better data co1]ection and to
inflation as well as increased harvests of shei]fish from the estuary.
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The dockside value of seafood landed is only a fraction of the final value
after it filters through normal marketing channels. Using an economic multi-
plier of 2.0, the actual value of seafood to the area for the year 1979 is about
$630,000. A

The data presented here does not reflect a general diminution of fisheries
resources from the White Oak River. To the contrary, it appears to show an
increase (whetﬁer it be contrived or real) in both pounds landed and dockside
value. N. C. Division of Mérine Fishereis personnel feel that increased effort

to harvest seafood is a primary reason for these increases.
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'SECTION 4: IDENTIFICATION OF EXISTING PROBLEMS

4.1 Sedimentation

4.1.1 General

| Pollution, sedimentation and shoaling, particularly in the lower river
estuary, have been identified by the White Oak River Advisory Council as the key -
problems to be addressed in this study and report. The pollution problem was
discussed extensively in Section 3 and will be addressed again later in the
report. Sedimentation is a natural process which is inf]uénced by severa;
factors. The following section presents a brief congideration-of the basic
principies of estuarine sedimentation which is based primarily on the réport
entit]ed; "Hydro]ogy'of Major Estuaries and Soundslof North Carolina" (see
Bibliography, Section 8).

4.1.2 Principles of Estuarine Sedimentation

’ fhe mechanics of transport and deposition of sediment %n an estuary are far
more complex than in ordinary streams. Yet, because of.the impact of sediment
deposition on.aquatic life and on navigation, and because ltarge sums of money
are spent in Qredging qnd maﬁntainigg navigation channels and boat facilities,
it is important to develop a clear understanding of the principles of estuarine
sedimentation;" | |

Sediment, whether moving in a free-flowing stream or in an estuary, has two

components--suspended sediment and bed load. Suspended sediment is comprised of

particles that are held in suspension by the upward components of turbulent

currents and finer particles held in colloidal suspension. Bed load consists of

material too heavy to be held in suspension but which nevertheless moves by
sliding, rolling or skipping along the bed of a stream or estuary. 1In a free-

flowing stream, however, net flow (and, therefore, sediment discharge) is always
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downstream and usually changes in magnitude slowly, whereas in an estuary the
tide-affected flow (and, therefore, sediment discharge) generally changes
rapidly in magnitude and direction. Changes in chemical quality a]ohg streams
are usually small and have negligible effect on sediment concentrations, whereas
quite dramatic changes in chemical quality occur within estuaries and theée may .
profoundly influence sediment transport characteristics.

In many estuaries, a characteristic zone of high concentrations of
suspended sediment and high turbidity begins near the saltwater front and, in
some estuaries, continues downstream for miles. Upstream from this zone, in the-
freshwater portﬁoﬁ of the estuary, eohcentrations are less; downstream from this
zone, in the ocean, concentrations are also less. The probable explanation for
this zone is that such estuaries_act as sediment traps. Thi§ may be befter
understood by referring to the net circulation patterns on Figure 4.1 for a
highly stratified estuary. Imagine suspended sediment being carried out to sea
in the top layers of freshwater during ébb flow. As tee time of slack water
approaches where the estuary widens towards the mouth or as the freshwater
spreads out over the bays and adjacent ocean, velocities decrease, thus allowing
heavier sediment particles fo settle.  As they setf]e, they are.entrainea in
‘water moving upstream.a]ong the channel bottom. At the upstream end of the
saline water zone, flow circulates upward and downstream, and sediment partieles
may again be entrained upward and f]ow%towards the sea in the upper freshwater
Tayers. Again, the particles may settle as velocities decrease, and thus a
sediment particle may be caught in a loop pattern several times.

This sediment-trap phenomenon is found to some extent in Highly stratified
situafions, but is even more pronounced in partially-mixed estuaries where net
upstream velocities near the channel bottom and net downstream velocities near
the surface are much greater than in highly stratified estueries. This pheno-
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menon is probably not found to any significant extent in well-mixed estuaries,
“where there is no significant net upstream flow along the channel bottom.

The sediment trap zones in estuaries are, néturaHy enough, zones of high
sediment deposition. Most of the depbsited sedir'nent' in these zones is of clay
or silt size. The particles tend to settle to the channel bottom wherever or
whenever instantaneous or net velocities suddenly decrease or approach zero.
The tip of a saltwater wedge is one aréa of rapid deposition because net velo-
cilty is zero in that vicinity. Other potential areas of deposition are where .
tf‘ibutaries enter a slow-moving main channel, in bays, and in boat slips.

Another potential factor that may account for some sedimen_tafion in the
sed‘iment trapA zone is f]occu]ation ‘and subsequent deposition of’ c]ay-siiecl'
particles in the water. This process depen&s on the presence of e']ectrofytes,_
such as sodium chloride, which neutralize the electro-negative characteristics
typically associated with sediment particles. Salt water is an electrolyte, and
the setting of fine-grained particles is indeed observéd in the saline water
zone. However an additional or alternative binding mechanism brought about by
filter feeding organisms has bgén advanced by certain researchers based on the
results of an extensive size-analysis study of partic]Aes in suspension at .aH
depths in Chesapeake Bay and'.the Susquehanna River, It was reported that hany
composite particles were observed, particularly in fhe lower 1éyer, which were
’agg1omerates-weak1y bound by organic matter and mucus. These agglomerates were
brobab]y produced by filter-feeding zooplankton. Preliminary éxpériments have
indicated that suspension-feeding zooplankton probably play a major role in the
agg]orﬁeratioﬁ bf fine particles in the water column, and in the subsequeht depo-
sition of those particles. The large popu]ation.of filter-feeding zooplankton
present in the Chesapeake Bay proba-bLy filter a volume of water equivalent to
that of the entire estuaryAat least every few weeks, and perhaps every few days.
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Potential sources of silt and clay-sized sediment deposited in a sediment-
trap zone are many. Studies or many United States estuaries have shown that
sediment from upland discharge is fnadequate in most cases to account for the
shoaling rates that are observed in river channels and harbors. Other sources

of shoaling material are as follows:

(1) marsh areas adjacent to the estuary with runoff draining into the

tidewater;

(2) matériq]s in larger estuaries being eroded from the shores by wave

action and moving by'densify currents into the deeper'portions,

(3) 'matenia1s being displaced by dredging and propeller wash and moved by
density or tidal currents, ' | |

(4) organic materfa]s as a result of the biological cycleslof estuarine
h]ant and animal environment.

(5) industrial andlhuman wastes dischafgéd into the estuary,

(6) windborne sediment. .

In addition to these sources, sediment‘resuspended from the channel bottom
and later redeposited in shoaling areas may also be an important factor in high
local shoaling rates in some estuaries. In some casés, the open ocean“adjacent
to an estuary may also be a significant source df sediment. This, and (3)'ab6ve
are thought to be the primary sources for shoaling occuring in the lower White
Oak River estuary.

Regarding sediment deposition, and attempts to improve existing shoaling
characteristics, the fo]]owihg points are made:

(1) sediments settling to the bottom zone in an estuary wii] on the
average be transported upstream and not downstream,

(2) sediments will accumulate near the ends of the saltwater intrusion
~zone and form shoals. Shoals will also form where the net bottom velocity 1is

o

4-4




zero due to local disturbances of the regime such as by tributary channels.

(3) the intensity of shoaling will be most extreme near the end of the
intrusion for ‘stratified estuaries and will be more dispersed in the well mixed
estuary.

Therefore, with regard to human interferences in existing estuary patterns,
the following general rules may be derived:

(1) the major portion of sediments introduced from whatever source into an
estuafy during normal conditions will be retained therein, and if transportable
by the existiné currents will be deposited near the ends of the salinity
intrusion, or at, locations of zero net bottom velocity, |

(2) any measure contributiﬁg to a shift of the régime fowards stratifica-_
tion will cause increaéed shoa]ing. Such measures méy be: structures to reduce
the tidal flow and priém, diversion of additional freshwater into the estuary,
deepening and narrowing the channel, g -

(3) dredging of channels should be accompanied by ﬁérmanent removal of the
sediments from the estuary. Dumping downstream is highly suspected and almost
always use]ess. Agitation dredging falls into the same category. Permanent
removal is desiréd. | |

Although the principals discussed in this section are useful in understand-
ing general aspects of estuarine sedimentation, the actual MOvement and deposi-
. tion patterns of sediment in real estuaries are.usually extremely complicated in
detail, and may require hydraulic model studies to adequately define. Model
-studies of this kind are lacking for most sounds and estuaries in North Carolina

including the White Oak River.
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4.1.3 Sedimentation in the White Qak River

4.1.3.1 Background

In recognition of shoaling and sedimentation which was occuring in the
Lower White Oak River Estuary, members of the Cape Carteret Chapter of the Issac

Walton League conducted an informal study of silting problems in the river in

-1977. Depth measurements were taken at several locations at low tide and

plotted on a map of the lower river estuary. Also, several local fishermen,
boat captains and local residents were interviewed and asked to indfcate to the -
best of their recollection the depths in the river about the year 1920; The map

was completed and subsequently published in the Tideland News of February 27,

1980. A copy of the map is reproduced in this report as Map 4.1. The ma@
indicates a high rate of shoaling throughbut the lower eétuary. The publication
of this map and the subsequent arousal of public concern over the matter
represented one of the catalysts for the formation of the White Oak River

Advisory Council.

4.1.3.2 Historical Perspectives

In an effort to obtain_iﬁformation on the historical depths of the White
Oak River, we contacted Mr, Tucker R, Litt]etoh, a privéte,historian from
Swansboro, Mr, Littleton kind]y'searched his records for information which
might shed some light on the historical depths in the ri&er and Bogue Inlet.
Table 4.1 presents a ]iéting of some fourteen ships which either were
constrqcted at several waterfront shipyards in Swansboro and/or which used Bogue
Inlet to obtain access to the Atlantic Ocean during the period from 1796 to
1897. Noting the drafts (when known) and-tonnages of the vessels, it appears
that "the depth of the river and inlet must have been much superior to its

présent condition," Mr. Littleton concludes.
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Mr. Littleton also supplied some information on the history of Swansboro as
a commercial seaport. Prior to the year 1787, the inlets of Onslow Couﬁty were
in thé customs district of the Port of Beaufort which is located in Carteret
County to the east of Swansboro (Athe district office was actually 1qcated in New

Bern, N. C.). According to the State Records of North Carolina (‘VolumeA XI), in

the 1740's vessels of 6 or 7 foot draft could navigate Bogue Inlet. In March
1752, some 24 }ears prior tb the Declaration of Independence, inspettors of

exports were appointed for Bogue Inlet as one of the inspection points for the

Port of Beaufort. On 26 December 1786, a Bill was passed creating the Poft of

Swansboro (spelled "Swénnsborough“ at that time), thereby establishing a customs
district which included Bogue, Bear and New River Inlets. This Bill took force
in March of 1787.

The importance of the port activity dt Swansboro was demonstrated by the
efforts of the Union forces againét the Town and port during the Civil War. On
14 August 1862, a transport and seven Union steameés (the gunboat_gllig,

Adelaide, Ocean Wave, Massasoit, Allison, Union, Wilson, and Pilot Boy)

rendezvoused .in the mouth of the White Oak River and landed Federal forces the

| "next day, occupying Swansbaro until 19 August 1862, when the steamers departed

'_for Beaufort. In October 1862, William B. Cushing was put in command of the

gunboat, Ellis. Blockade running at Swansboro was considered impor'tan-_t enough
to merit giving Lt. Cushing, as h1;s fiwlrst assignment, the job of keeping an eye ,
on Bogue Inlet. |

| The White Oak River at various times in the past has been considered
econbinica]]y important enough to occasion several acts of the 1egi$1atﬁre to

create or amend local navigation laws. For example, in 1800, "An Act to Clean

~ and Keep Open The Navigati0ﬁ O0f The White Oak River" was passed. In 1818, a

program of canals and‘internal improvements was proposed with the ocean terminus
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to be at Swansboro. Col. Edward Pasteur of New Bern predicted that, if these
improvements were in fact made, it would make Swansboro another Norfolk. Then,
in 1859, fﬁe White O0ak River Navigation Company was incorporated to improve
navigatioﬁ between Swansboro and Job Smith's Plantation. Records show that Job
Smith lived near the head. of the White O0ak River at least iO miles above the
Maysville Bridge.

Table 4.2 presents a listing of landings anng the White Oak River which

indicates the importance of the river in early commefce and apparent greater

‘depths in recent history. This list was compiled by Mr. Littleton from verbal

comments énd wriﬁfen records of the period. in addifion, Mr. Littleton indica-
ted thaf there are piles of discarded ballast stones near the west-nofthwest end
of Jones.Island and also along the shore.at Mount Pleasant Pofnt which indﬁcatév
that there were early landings.nearby; though no names for such are known
today. ‘ |

In 1735, by an act of the Colonial Assembly, the péop]e of the White 0Oak
River were ordered to pay their "qﬁit rents" at Ross Bell's Plantation located
at Mount Pleasant. At that early date, most of the settlers on the\riverhwou1d
have .used water transportation, which certainly implies é 1anding there. Such a
landing was probably a factor in the selection of Bell's Plantation as the p]éce
for paying the annual quit rents. |

In addition, at least 5 or 6 ferries were mentioned in ear1y records as
operating on tﬁe upper-White Qak River. One ferky operated as ear]yAés 1731“
across the river. Not long thereafter there is mention of a ferry operated from
the Carteret side by Joseph Smith; another opérated from Thurrell's Bluff bn the
Onslow County side by Francis Thurrell; aﬁd stil]l further upstream there was a ‘

ferry operated by Francis Brice. Brice's Ferry appears on a 1733 map of N. C.

by Moseley. Still another ferry operated at Smith's Mills. in the 1800's. Each
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of the foregoing ferries should add two landings to the list of White Oak River
landing sites. The ferry 1ahdings may have received other use, since the courf
directed in the case of Francis Thurre]l that his ferry landing "be deemed a
public landing" for the use of the public.

Mr. Littleton also indicated thaf oral informants have indicated that
Jones's Island (formefly known as Bell's Is]and)rwhich is Tocated north of Route
24 Bridge in mid river was at one time (over 100 yéars ago) connected to the
mainland by a low-lying land bridge. Access»was gainea at low tide from Mount
Pleasant Point on the Onslow Couhty side of the river. Remnanté of farming
activities on the fs1and'testify to the fqrmer use of thié 1and.- The main river
channel also skirted the southeastern side of the island when Onslow Counfy was.
established (see Map 4.2 fo]lowing). |

In an effort to more clearly define the more recent series of events which
have led to the existing conditions in the lower eétuary, a series of maps of
the Tower White Oak Rivgr estuary were obtained from tﬂe Wilmington District
. Office of the U.S. Army Corps of Engineers. These’maps accﬁrate1y reflect the.
changes that have taken place in the area 6vef fhe period of 1873 to the

N

prasent. »

"An 1873 map, the first in the series, (source unknown) shows very little
deve]opmeni in the area except for fhe Town of Swansboro and scattered culti-
vated fields and homes on the western and eastern mainland shorelines. There
were no permanent developments on Bogue Banks or Bear Banks (Hammocks Beach);
The area of the river betWeen Swansboro and Cedar Point consisted of two deep
channéls, called the "Swansboro Channel" and "East Channel”, plus a narrow
shallow channel (unnamed) near Cedar Point (see Map 4.2).

It is assumed from this map that the principal flow of the river was
through the deeper channels, with sheet flows occuring over the easternmost

4-9
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shoals and marshes during freshets, the higher spring/fall tides or during storm
tides.

The second map from the year 1910 (source unknown) shows little apparent
change frém 1873 (see Map 4.3). However, this map shows water depths in the
West Channel of Bogue Inlet (between Dudley's Island and Bear Banks). Depths of
up to 12 feet are noted in this area, which indicates that this channel was
naQigab]e at this period of history. Some depths in Bogue Sound between West
Bogue Banks and what is now Cape Carteret are also shdwn on this map. |

~The third map in the series dates from the year 1928 (see Map 4.4). This
map _records a sqr\}ey for the thén proposed Atlantic Intfacoasta] Waterway. Of
considerable interest are the watér deptﬁs shown on this map for the East
Channel and the unnamed shaﬂow-channe1 nearest Cedar Point. The former-ch'ann-e]-
had a maximum depth of 11.6 feet ;'ind the latter a maximum of 2.7 feet. This-map
also confirms the apparent navigabi]it’y of the West Channel, th'e westernmost
channel from Bogue Inlet to Swansboro, with depths of up to 18 feef being
recorded by the survey team. In contraét, depths in the e.asternmost channel of
Bogue Inlet, incorrect]_y. called the "We\st Channel” on this map, show a maximum
of about 10.9 feet. However, this same channél at Swansboro only showed depths -
of 1.8 to 3.1 feet which are much more shallow than present depths. Thus, it is
'tentative1y concluded that at this time most of the flow of the White Oak Riverk.'
was through the East Channel near the midpoint of the river between Swansboro
and Cedar Point. ‘ A | ”

The next map. is a 1932 Corps of Engineers map of the right-of-way of the
AIWW which was ébparént]y produced immediate]y‘after the construction of the
waterway canal (see Map 4.5). This map shows the original uncontained spoil
areas which were developed during construction of the waterway. The easternmost
unnamed channel of the lhite Oak River near Cedar Point was ‘closed off at this

4-10
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point by uncontained spoil dredged from the canal. Also, the lower portion of
the East Channel was closed off by spoil. Several other spoil islands were

created along the right-of-way corridor‘in the lower estuary. Their Tlocations

are also shown on this map. The placement of these spdi] islands and the

constrﬁction of the AIWM itself certainly had a significant impact on circula-
tion patterns.and riverine flows in the area, and ultimately affected the
shoaling process evident today. |

| The next map in the series dates from 1933 (see Map 4.6). It shows the
AIWW and the Route 24 bridge over the.white Oak RiQer under construction as of

March 1933. No water depths are 1nd1cated on this map. However, the map does

show that State Highway 24 was p]aced on a hydraulic fill causeway at Cedar

- Point which c]osed off all water flow east of the East Channe] of the river.

This construction work certainly also had a profound effect on the circu]ation,"

water flow patterns and shoaling patterns in the lower estuary.
The Tast map of the series obtained from the Cons of Engineers is a
portion of a 1949 USGS map of the Swansboro guadrangle (see Map 4.7). The map

does not include any water depths, but does reveal that the causeway area at

Cedar Point had by that year been developed for urban uses. The fixed wood

bridge is also shown on the map. No development was shown on the hydraulic fill

section in mid river between the two spans across the channels. This develop-

ment was to take place after this date; perhaps following completion of the

NCDOT's bridge replacement projeét of the early 1950's.

Existing cénditions in the lower river afea are shown in a series of aerial
photos dated March 12, 1979, which were flown by Precision Photo Laborator%es,
Inc., Dayton, Ohio for the Wilmington District Corps of Engineers. Phqto Plates

4.1 to 4.6 were taken on the ebb tide on the above specified date.
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Plate 4.1 shows the bridge-causeway complex area and a portion of the upper
river up to an area opposite Mount Pleasant Point on the Onslow County side of
the river. This plate clearly reveals a series of fan-like shoals or bars which
extend on either side of‘the Swansboro and East Channels of the river north of
the bridge-causeway complex. These shoals extend north to Jones Island and
beyond. The presumption is that these shoals were created in recent times by the
redistribution of sediments from the unconsolidated spoil areas which were
created during the construction of the AIWW, and By alteration in the flow
patterns and channel hydraulics resu]tlng from both the AIWM dredglng and the
causeway/brldge construct1on. '

Plate 4.2_shows the AIWN and portions of fhe_]ower river and the eastern
channel of Bogue In]ef whére'they intersect with the AIWW. Remnants of the o]é
East Channel in the vicinity of Hﬁggins Island are clearly visible in this photo.
The spoil islands created ddfing the construction of fhe AIWW are also Qisib]e
in the pﬁoto as is a %ecurring shoal at the intersection of the East Channel of
Bogue Inlet and the AIWW. | |

Plate 4.3 shows a portion of the AIWW and the northern section of the
eastern channel of Bogue Inlet. Exfensive shoals are visible in the upper ihlet
area.

Plate 4.4 shows the mouth of Bogue Inlet including West Bogue Banks,
Hammocks Beach (Bear Banks) and the gorge of the inlet.

Plate 4.5 also shows the mouth of the inlet, but also a ﬁortion of the ebb
tide discharge fan.

Plate 4.6 concludes the series with a view of the entire stained diﬁcharge
plume or fan in contrast to the clearer ocean wateré.

. Taken in perspective, it is clear that there are several factors which have
influenced the shoaling in the lower river estuary. Section 4.1.2 shows that

4-12
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sedimentation is a nétural proeess—whrich is~expected to occur in any estuary
including the White Oak River without the intervention of man. 1In Section
4.1.3, we have shown that man's actions have also had an influence, especially
during the ]ast century. In the sections which follow, we discuss the factors
influencing sedimentation in greater.detail including the construction of the
Swansboro-Cape Carteret Bridge—Causeway Complex, the construction of the
Atlantic Intracoastal Waterway, and“the ro]e§ﬁ6f Bogue Inlet, storm surge and'
upstream sources of sediment in the overall regime of gediment dynamics.

-4.1.3.3 Swansboro-Cape Carteret Bridge-Causeway Complex

Contacts made with the Hydrographic Division of the N. C; Departmént of
Transportation, Ra}eigh, N. C. revealed that plans for the -original Swansboro to
Cedar Point Bridge and Causeway Complek were drawn up in September, 1932. Aéased-
on the best available information, actual construction of the roadway complex
took place beginning in 1933. The 1932/33 project (NCDOT Project No. 3690)
consisted of a timber pile and structure bridge over»thé’Swansboro channel of
the White Oak River at Swansboro, a roadWay and hydraulic fill sectioﬁ behind a
timber bulkhead in mid river between the we§t and East Channels, a second timber
piie suppofted bridge structure over'the East Channel and a roadway on hydraulic
fi11 on the Cedar Point side of the river. The tota] length of the project was
1.413 miles consisting of 1.115‘mi1es of roadway and 0.298 miles of bridge
structures. As a result of this project with the placement of the hydraulic fill
exclusive of the bridge piles, the.overa1] width of the river was keduced from
about 2,200 feet to 850 feet. The remaining 850 feet 6f open water was divided
into nearly equal segments, the West (Swansboro) Channel area (400 feet wide)
and the East Channel area (450 feet widé) (see Figure 4.2).

. Based on interviews aﬁd discussions with several knowledgeable individuals,
it has been suggested that the road-fill construction method was employed at the
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request of local interests who felt that this newly created land would provide a‘
"developable asset". However, it is felt that economic considerations were the
primary factor influencing the State decision to construct the crossing using
the road- fill and bridge structure combination rather than an elevated span on
pi]es.l

In the fall of 1951, the NCDOT drew up plans for the rép1acement of the
.origina1 wooden bridges and roadway with more substantial concrete bridges and
new pavement. The new rpadway and bridges were located about 32 feet north and
-upstream of the origina1 system. Following construction, whicﬁ we assume was
conducted in.1951/52, the wqod bridges and piles were remo?ed‘by the Contractor.
" This replacement project did not substantia]ly alter the width éf fhe river with
. the two aforementioned channels bgihg retained. The water depths in iheIWest
(Swansborof Channel in 1951 are shown in Figure 4.3. »

Based on plans furnished by NCDOf and limited field surveys conducted in
January 1981, we,havé plotted»the river depths in the v{cinity of the bridges
and causeway for the years 1932, 1951 and 1981 (see Figure 4.4). Tﬁese profile
plots show the changes to date which have occured since the bridge/causeway
complex was constructed.f i \

Figure 4.4 indicates that the Western or Swansboro Channel deepened_from
1932 to 1951 with little change evident from 1951_to pfesentgv On the other
hand, the profile plots of the East Chéhﬁe] reflect a condition of progressive
shoaling (decrease in depth) from 1932 to the present. These profiles indicafej
that since 1932, the Swansboro Channel has apparently assumed t@e role as the
main channel of the river while prior to 1932 the East Channel was the deeper of
the two channe]s.- These depth changes were in direct response to thé construc-

tion of the AIWW and the highway bridges beginhing in 1932.
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Map 4.8 shows the existing river depths. in the two channels both upstream
and downstream of the N. C. Highway 24 bridges. A comparison of Figure 4.3 and
Map 4.8 reveals thét the Swansboro Channel has i.ncr'eased i‘n depth near the
bridge fr'om 1951 to the present. Water depths in the East Channel are shallow
except immediately under the bridge .proper where the restriction has caused a
pocket-1ike depression. (A similar depression occurs under the bridge span over
the Swansboro Channel).

In addition to the brofﬂes, some limited current velocity measurements -
were made on 18 February, 1981 during a full moon tidal cycle. The current
ve)qcity read‘in‘gsi af'e shown in Table 4.3, Current velocities on the ebb tide
are substantiaﬂy. higher than the flood tide velocities due to the additive
effects of the river's normal discharge'ﬂow. | Differences in vel'ocity'a‘t
different depths appear to ref]eét the effects of the salt water wedge and/or
influences of the bridge structure itself (see Figure 4.1). F]ood_ tide velo-
cities appear high enough to keep-sediments in suspensién, but some velocities
are near or below 2 feet per second which would allow for sediment deposition up
stream of the bridge. The lesser velocities on the flood tide may be 11'nk\ed
with the shoa]jng process which is evident north of the bridge comp1ex. .

4.1.3.4 Atlantic Intracoastal Waterway

The Atlantic Intracoastal Waterway (AIWW) cuts across the White Oak River

downstream of the bridge/causeway complex. This section of the AIWW is operated

and maintained by the Wilmington District of the U.S. Army Corps of Eng'ineers;
The River and Harbor Act of 1927 provided author_izatibn for a channel 12 feet
deep and 90 feet wide to be constructed from Beaufort,.‘ N.. C. to the Cape Fear
River, N. C. This channel was ;omp]eted on 23‘December 1932 which means that

the segment of the Waterway near the study area was completed prior to the
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TABLE 4.3

CURRENT VELOCITIES

WHITE OAK RIVER AT SWANSBORO, N. C.1./

Swansboro Channel at West Bridge, Highway 24

Ebb Tidée (Tide +1.1)

Flood Tide (Tide +0.5)
Velocity (ft/sec)

Water Depth (ft) Velocity (ft/sec)
5 o 6.50
10 ‘ 7.26

15 (near bottom) 6.16

East Channel at East Bridge, Highway 24
| Ebb Tide (Tide +0.9)

Water Depth (ft) - Velocity (ft/sec)
3 - . 5.78
6 6.2l
9 (near bottoh) | . o -7.34

Associates, Inc. on February 18, 1981.

0.4
2.34
4.01

Flood Tide (Tide +0.7)
Velocity (ft/sec) --

4.98
4.23
3.44

1./ Based on current meter studies conducted by Henry von Qesen &



Bridge/Causeway Complex built by NCDOT. Each year, the continued maintenance of
the waterway is examined and justified by the Corps based on ekperien;ed and
anticipated traffic.

The Corps has subdivided the waterway into sections and units. The units
are also called tangents. The area of the AIWW in the vicinity of the White Oak
River consists of parts of Sections I and Il and several tangents. These
sections and téngents are shown on Figure 4.5. Table 4.4 shows the history of
maintenance'dredging for the period of 1964 to 1974 and the projected frequency
of drédging for the 50;year period beginning in 1975. The_zohe of the ATWW
nearest the White Oak River (Section I, Tangent H.) Qas dredged in 1971. A
total of about 24,300 cubic yards of material was remoVed. The Corps of
Engineers predicts that this area.will have to be dredged only one more time in
the 50-year period beginning in 1975 witH another 24,000 cubic yards of material
slated for removal. .The infreqﬂeﬁt dfedging in this reach indicates that this
area has apparently reached a relative state of equi]ibr%um within the hydraulic
complex. ‘ |

In Section I, Tangént G. the Corps notes a recurring shoal where the east
channel of Bogue Inlet intersects with the AIWW (see Figure 4.4 and Table 4.2).
This shoal is located on the south bank of the AIWW near mile 228 and hasv1ength
of 400 to 600 feet. The ‘approximate composition of the shoal sediment is 95
percent sand and 5 percent shell. Sucﬁ shoals are usually caused by the inter-
action of crogs currents which cause current velocities to decelerate and to
allow heavier-sediments to Qrop out of suspension. The Corps projects that this
shoal will need to be dredged about 13 times over theVSO-year period beginning
in 1975. A total of aBout 27,000 cubic yards ofbmaterial will ‘have to be
removed each time. Thus, this segment of-the_reach has apparently not reached a

state of equilibrium.
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Therefore, it would appear from the published Corpé data that the AIWW may
be intercepting at least a portion of the sediment from Bogue Inlet hefore it
tan reach the White Oak River estuary north of the bridge/causeway complex. .
-Also,'discussions with Corps reptesentatives revealed that, in their opinion,
water circulation in the sections cited above increased (improved) after the
construct1on of the AIWW due to improved flow patterns resulting from the -

channel deepening project.

4.1.3.5 Bogue Inlet
Bogue In]et ‘one of the larger North Caro]1na 1n1ets, is located at the

mouth of White Oak River near Swansboro, North Carolina (see Map 4, 9) It is
bound on the east by Bogue Banks and on the west by Bear Banks (also known as
Hammocks Beach) with.Dudley Island situated directly behind the Inlet. The
Inlet has two primary fresh water sources, the White 0ak River and Queen Cteek.
The Inlet mouth is forhed by two cresent shaped spits of;saedt These spits are
re]ative]y unstable and are continuously in motion as'ie the entire gorge'of the

In]et. The motion of the gorge itself is, however, much slower than that of the

sand spits. fhe sand spits may shfft\}adicaljy in just a few months or even a
few days under severe storm conditions, but the Qorge shifts uéua11y occur over
a period of several years. ‘

During the periods of 1938 to 1971, the net trend in migration for Bogue
Inlet was to the east. The Inlet swings from east to west with the longest'
motion in the east directioh,»producing a net trevel of approximately 1,300
feet.. This InTet has always beeﬁ extremely wide comparéd to the channel flew
which. is from the eaét and the west. The 1949 photography shows twe main
channels'which may indicate the excessive width of the gorge (see Figure 4.6 and

Table 4.5).
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In the 1972 to 73 period, Bogue Inlet underwent a large-scaled, short-term
shift. The eastern spit extended a great distance out into the gorge and was‘
cut from the main boay of Bogue Banks, thus creating a new inlet.

Bogue Inlet has a migration zone stretching 1,500 feet from the edge of the
vegetatiog on the east and.the west banks. Long-term migration is relatively
small, but rather large shbrt-term movements may be anticipated in the future.

Bogue Inlet appears to be a major source of granular sediment for the lower
White}oék River estuary complex. However, the qdantity which reaches the
Highway 24/A1ww Cqmp}ex area is unknown. Discussions with the U.S. Army Corps
of Engineers coagtal engineers revealed that regular transport of inlet
materials to the causeway area is unlikely except during major stormé. In the
opinion of the Corps' experts, most of the sediménts in this segment 6% the
White Oak River appear to have their origins in the'origina1 undyked spoil areas
which were created when the Atlantic Intracoastal Waterway Canal was constructéd
and from upstream sources. However, hqne of these opiﬁions can be confirmed
without extensive field .studies of sediment cores and their composition coupled

with tracer and mathematical model studies.

N

4.1.3.6 Storm Surge

Storm surge due to hurricanes and extra-tropical cyclones (nor'easters) can

“have a profound short term effect on sediment distribution within the lower

White Oak River Estuary. Under such circumstances, the Bogue Inlet Complex,

AIWW and causeway areas can receive a tremendous influx of sediments due to bed
load transport (see Section 4;1.2 for a discussion of this phenomenon). The
heavy'rainfall which is usually associated with these ev;nts.can also result in
heavy sediment inputs from upstreém sources.and additional down stream-bed load
transport due to the freshet condition. However, another counteractive

phenomenon which may accompany these events would be anm ‘increasad ebb flow
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(resulting from abnormally elevated tides) following the passage of the storm
which would serve to transport sediments back out into the oceén and scour out
channels, etc. In fact, several local residents interviewed during this study
mentioned that following each major hurricane which affected the area, the

channel depths in the inlet complex improved (increased in depth), only later to

shoal up again in the years following the storm's passage. The movements of

sediments_during the recent storm events on record have not been adequately
quantified in the existing body of literature on the étudy area.

4.1.3.7 Upstream Sources of Sediment

During periods of heavy rainfall and subsequent runoff, sediment can enter

the White Oak River for transport down stréam. The potentia] sources for such

sediment were discussed in Section 3.8.2 above. However, in the absence of an

extensive body of field data and a math model of the basin, it is impossible to ~

quantify the sediment input from upstream sources. Also, the role of the Martin
Marijetta Quarry Lakes as potential sediment traps for;tﬁe upper basin and the
role of mosquito ditching in sediment transport in the lower river basin have

not been evaluated. Thgrefore, more study of this potential source of sediment

is warranted. - N

4.2 TFisheries Resources Depletion

4.2.1 General

As indicated in Section 3.10, existing data on landings of seafood from the

White Oak River system do not seem to indicate a general depletion or dimunition -

of fisheries resources. However, again it is emphasized that the existing data
Sase_is very incomplete and so this cbnc]usion may or may not be accurate.
Improvements in data collection methods which were instituted by the N. C.
Division of Marihe Fisheries beginning in 1978 should help to confirm (or deny)

this conclusion over the next few years.
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Although not reflected in the seafood landing statistics, two problems
reiated to fisheries resources depletion have been identified py fishery
bio1ogists and commercial fishermen who have an intimate familiarity with the
~White Oak River system. These pfob]ems are: (1) stunted growth of oysters and
(2) depletion of anadromous fish stocks. Each of these problems are discussed
in>greater detail in the following sections. |

4.2.2 Stunted Growth of Oysters

The lower White Oak River estuary has numerous intertidal oyster reefs. It
hés_been recognized fbr some time that a sizable percentage of the 6ysters found
inAthé extensivé~beds.never attain the marketable size of 3 inches. In order to
recover some of this unused resourcé, some limited private ahd State interests
have transplanted some ofAthese "sfuntéd" oysters from the White Oak River to
beds in the néarby Newport“River where they have»attained marketab]é sizé.

During the Summer of 1978, the Dﬁké Uhiversity Marine Laboratory.sponsored ‘
a student originated studies pfojeét on the factors ihf]uencing the stunfed
" growth of oysters in the White Oak-River. rThis Duke Univer§ity student study 4
team, funded by é grant from the Nationaj Science Foundation, utilizgd an
interdisciplinary approach to the probleh. The disciplines included bio-
chemistry, ecology, water chemistry and physiology. Their findings were setv
forth in an unpublished report entit]ed,."Factors Influencing Stunted Growth of"

the Oyster, Crassostrea virginica,_In_the'white O0ak River, North Carolina“.

(See Bibliography, Section 8). A summary of the results of their study follows:

A. MWater Chemistry
| (1) Determinations of several water quality parameters, as well as,
the amount and type of suspended sediments, current speed, sa]fnfty and
temperature revealed few differences between stunted and norha1 sites or
betwéen the White 0ak River and other nearby coastal riVers,iexcept for the
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fact that (a) current speeds were significantly different from site to
site, (b) mean temperatures are higher for summer months in the White Oak
River than in other nearby estuaries and (c) the salinity gradient appears
wider than is typical for other local rivers thereby inferring a larger
percentage of fresh water inflow resulting in a wider range of nutrient
va]ues.‘ l
(2) Except for the temperature, the White Oak River éppears well-
suited to oyster growth. Consistently high summer temperatures may
contribute to stress on oysfers throughout the river.
B. Ecology _ . ‘
(1) The stunted growth is apparently not caused‘ﬁy the oyster pests,

Polydora sp. (a polychaete wofm) or Dermocystidium marinum (a coccfdian

fungus), due to the fact that their relative numbers did not correlate with

the size differences of oysters at the respective sites.
(2) Extensi?e sampling at each site revealed: |

a. A strong linear re1étionship.between densiﬁy (number of
oysters/Squa(? meter) and oyster size (height in mm).

b.. Stunted Qifés showed a much greater degree of mortality.

c. The population size structure for each site revealed that the
stunted sites have a higher degree of spatfall while the normal sites
have a greater number of larger oysters. None of the sites se]ected
for study, however, supbort significant numbefs of marketable oysters;‘

~ d. Observations of cages deplqyed to each sitebcontaining

juvenile oysters from a homogéneous population revealed that growth

(over a 3-month period) was significantly less for stunted than normal

sites.
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C. Physiology

A current chamber was designed and constructed to simulate three
current speeds common to the experimental sites in the river. The effect
of current speed was determined on the growth of juvenile oysters from a
homogeneous population. It was discovered that oysters in fast currents
grew significantly less than those in medium currents with slow currents
showing intermediate growth rates. |

D. Biochemistry

(1) ‘Althoughithe growth rate of oysters is influenced by several

factors, the immediate cause for the phenomenon of “stunting" as observed

in the White Oak River is early mortality. No oysters of market&b]e'size'

are found at the stunted sites. This strongly implies that the oyéters at
the stunted sites are dying before they are big enough to be taken.

(2) The factors responsib1e for mortality and slow growth at the

stunted sites appear to be density and current velocity. High summer

temperatures serve to amplify the stresses on the oysters due to the fact

that at higher temperatures the pumping and metabolic rates bf the oysters

decrease. Also, conditions faQoriﬁg high spat set assure that density

associated stress is continuously felt and self perpetuated.

(3)- The factors discussed above combine to produce a highly stressful

environment in which young oyste;é can survive; a]thoﬁgh they are less
viable than their ﬁormal site counterparts. Asithé metabo]ic demands 6f
the oyster increases with size and the ability to compenséte is diminished,
the animal becomes less viable and eventually dies bgforé reaching full

size.
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4.2.3 Depletion of Anadromous Fish Stocks

Anadromous fishes have suffered a general decline in relative abundance
throughout the coastal region of N. C. and all along the Atlantic seaboard.
This decline has been variously attributed to pollution (mainly from certain
organic compounds which disrupt the reproductive processes), stream channeliza-
tion and the construction of dams or a combination of these factors. This
general decline is not reflected in the landings of finfish from the White Oak
River becauée‘of»the minimal cbmmercia] effort devote& to harvest of anadromous
fishes. “The N. C. Division of Marine Fisheries (1975) reported that the White
Oak River supports a recreational dip net and gill netbfishéry mainly for river
herring. Fishing is primarily confined to the Martin Mérietta Quafry Lakes at

Belgrade and may involve between 15 to 20 local people per night with catches of

50 to 100 pounds per person during the peak of thelherring "run". The fnciden-'

tal catches of anadromous fish by commercial fishermen is minor, with little
apparent value to the White Qak River. fishery. s |
In view of the above, it would appear that the depletion of anadromous fish

stocks, if it is indeed occuring, is not causing any alarm amongst commercial

fishermen. Ih fact, certain-anadromous fish potentials appear td be under#;

utilized at the present time.

4.3 Pollution

_ As indicated in Section 4.2.3 above, various fdrms of pollution are causing
problems in the White Oak River system. The most important of fhese érob]ems is
- the c]osihg of shellfish harvest areas due to high coliform counts. The nature
of th%s problem has been clearly defined and discussed earlier in this report

'(see Sections 3.7 and 3.8 above).

4-23




SECTION 5: PROPOSED ACTIONS RELATED TO EXISTING PROBLEMS

Based on the information and findings in the preceding sections of this
report, suggested actions related to identified problems are outlined in the
following paragraphs.

5.1 Sedimentation

5.1.1 Non-Structural Actions

5.1.1.1 Additional Study

As indicated previously, general conc]usions may be reached regarding the
causes, sources and effects of sedimentation in the White Oak River. It is
stronéiy'presuméd that‘the principal source of'sediments which comprise the
extensive shoals north of the N. C. Highway 24 Bridge/Causeway Complex are- the
original unconsolidated spoi] areas which were created during fhe construction
of the AIWW. Little information is available related to what contribution, if
any,A the materials from the mouth of Bogue I'n1et and ma..f@:er""ia]s from upstream
sources have to the overall sedimentation problem. |

» AdditibnalAstudy of'the prob1eh_shou1d take the form of a combinedrfie1d
data collection effbrt and a detailed mathemafica1 hode].study of the riverine/
estuarine complex. The sbecific nature of thé field investigatioﬁsvand §ubse-
quenf math model studies have been identified by NCSU scientists based on
meetings and discussions of the‘problemiénd desired objectives. The suggesﬁed
program is as set-forth in Appendix C of this report. Briefly the NCSU modeling
study will be used to numerically analyse the hydrodynamics and fhe'associated
pollution and sedimeﬁf'tr&nsport. The numerical analysis of the area wifl
réquiré the following inputs-from field data collections of'cross-sections of
the river coupled with measurements éf water level f]uctuations, veldcity of

flow, density variations, sa]inity'and sediment and pollutant concentrations at
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several sampling stations.
In the regions of the river where the flow can be considered one-dimen-
sjonal, i.e, along the axis of the river such as near Webb Creek, a one-dimen-

sjonal finite element mathematicé] model will be used. This model will then .be

coupled with a two dimensional math model which will be used for regions of the

river where the width is great enough to also cause predominant flows at righf
angles to the axis of flow.
The proposed modeling studies should help to def%ne the following:
(1) The role of the Martin Marietta Quarry Lakes as potential sediment
traps. |
| (2) The contributions of sedimentation of the river from agricultural and
silvicultural practices. | | ’
- (3) The contribution of sediment from moéquito ditches.
(4) The source(s) of granular sediments in the lower river estuary.
(5) The speéiﬁ'c nature of the salinity of gradieri'ts of the river.
(6) The potential effects of any structural remedies or improvements on
sedimentation. .

*(7) Sources, concentrations and fate of pollutants.

5.1.1.2 Expansion of Ongoing Studles of Bogue Inlet.and the AIWW by the U. S.

Army Corps of Engineers

The Wilmington District of the U.S. Army Corps of Engmeers is in the
process of completing a study of Bogue Inlet which was authorized by congres-
sional resolution. The Corps has accumulated consfderab]e data on Bogue Inlet
and adjacent waters és a result of this project. Due to the fact that spoil
from the construction of the AIWw‘has been tentatively identified as a primary

source of granular materials in the shoals located north of the North Carolina
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Route 24 Bridge/Causeway Complex, it may be possible for the Corps to expand
this study to study the matter in question.

The interjection of the Corps' expertise, manpower, and physical resources

into a study of sedimentation brqb]em in the lower White Oak River as they

relate to construction and maintenance of the AIWW and Bogue Inlet would

contribute greatly to fixing cause and éffects relationships. If it is found-

that the Federal projects are (or have been) major contributions to the problem,

then additional remedies may be recommended.

.5.1.2 Structura].Solutions

5.1.2.1 Shallow Dredging of Sediments

Upon completion of detailed field investigations and math model studies,
the extensive shoal.areas north of the N.C. Highﬁay 24 Bridge/Causeway Cdﬁp]ex
could be removed by dredging, if such action is found to be economically
justified. It is presumed'that,thé shoals are now in a state of re]étjve
equilibrium and, if removed from the hydraulic comp]ex,;they may not reoccur.
This 5sidue to the presumption that the.source of these materials was priméri]y
from the dredging associated with the AIWW and not from Bogue Inlet or upstream
sources. | \ ‘

Before this structural manipulation of the ecosystem is undertaken, there

~ should be an addressment of (1) economic justification, (2) environmental

effects including benefits and risks, (3) salvage of seafood resources (oysters

and clams) and (4) identification of suitable spoil areas.

5.1.2.2 Creation of Additfonal Flow Channel(s)

The construction of the AIWW and the N.C. Highway 24 Bridge/Causeway

Complex resulted in pronounced changes in the hydraulic regime in the lower

'river as is documented in Section 4.1.3 above. The effective width of the river
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was reduced and one channel was eliminated by the dredge and fill activities.
These actions were conducted with a minimum of prior assessment of impacts on
mitigative measures were undertaken at the time of construction and it is

dubious whether such "after the fact" action would now be appropriate.

However, if more detailed studies show such to be appropriate, environmen-

tally desireable and economically feasible, it would be possible to partially
restore the flow regime which existed prior to the early 1930's. This could be

done by réconnecting the upper river embayment north of Cedar Point (Hill's Bay)

‘with the AIWW and the upper Bogue Inlet complex.by the installation of large

pipe conduits émp]aced under N.C. Highway 24. ;Thevépecific area where such an

interconnection cound best and most logically be constructed is shown'on Map

5.1.

The ﬁroposed location for the connecting conduit would utilize an existing
dredged chanﬁe] on the north side of the causeway and an existing marina basin
on the south side of the conduit. Prior to any cbn%truction actions; the
following items would need to be addressed: | | |

(1) 'Floy channel dimensions and flow requirements.

(2) Beneficial “and advérse environmental impacts of altering ﬁhe flow
regions and salinity gradients in the estuary. | ‘

(3) Iﬁpacts on the marina complex.

(4) Sociological desireability of the project.

(5) Movement of potential poT]utants from the marina basin and area septic

tanks to the vicinity of White Oak River shellfish beds.
(6) Potential for shoreline erosion on developed properties caused by

normal diurnal flows or severe storm events (hurricanes and nor'easters).
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5.2 Fisheries Resources Depletion and/or Underutilization

5.2.1 Stunted Growth of Oysters

5.2.1.1 Non-Structural Solutions

A. Additional Study

The report entitled "Factors Influencing Stunted Growth of the Oyster,

ACréssostrea virginica, in the White Oak River, North Carolina" by the the:
University Marine Laboratory study team, which was discussed above in Sectfon 4,
suggests some additional experiments to confirm their findings. These suggested

“experiments are repeated here and include the following: A ' i

(1) In.order to verify thé correlation of density and grthh, as well
as mortality, a typical stunted‘oyster reef can be selected fdr manibu]a-
tion. Clear cut a ld x 10 meter (33 x 33 foot) section of the reef. fThen
uniformly distribute small oysteré at some low density,vsay 10 to‘20'
oysters per square meter (1 to 2‘oysters per square foot). As a cdnfrol,
tag oysters of a simi]ar size 6n an adjacent sectioﬁ of reef, leaving them
at the natural density. Compare the growth and mortality of oysters
subject .to éaqh regime over a 2 to 3 year period. _ t

(2) Check ‘the recuperation of different age classes of thé;stunfed
'oysterg by transferring several hundred each of fresh §pat, first yeér, and
second year oysters from a reef like those near mid river opposite Stevens
Creek (see Map 3;5 for location) to a suitable site up riQer or down river. 
This experiment fs designed to reveal the most advantageous a§e for

- transplantation,

| »(3)' Dep]by setting plates to verify the settiné potential.of oyster
épat tﬁroughout the rfver. » |

(4) Initiate a well-coordinated study aimed at showing the. changes of
metabolic fitness with time. This would include méésuring the pumping
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rate/metabolic rate along with the glycogen, lipid and protein changes
associated with aging. The Duke scientists surmised that young oysters
have a h{gher pumping réte/metabolic rate ratio. This study might indicate
a crucial age and season at'which an oyster is especially susceptible to
mortality. If carried out at different temperatures, it would verify the
Duke scientists' assumption that elevated water temperature is a majof».
contributor to poor fitness and early mortality of oysters in naturalé

waters of North Carolina.

‘B. Oyster Replanting Program
_The\aboveAreferenced'Duke Univergity_MarinevLaborqtory study also recom-
mended a reﬁ]anting prbgfam for the stﬁnted oystéré. In recognition of the fact
that these stqnted oysters are potentially'marketable, the Dﬁke sciéﬁfists
suggested that they be transferrea to areas which have more in common with idea1
conditions described below: . ‘ |
(1) A sandy bottom, covered with a few inchesﬁof mud to prevent the
sand from shifting and burying the oysters.
(2) Salinity in the range of 15-250/00. Although oysters'will\
grow well above 25%/00, the 1ncidehce of predation by .Urosalpinx (the .
oyster drill) becomes a severe detriment. A
(3) Medium range {5-50 cm/sec or 0.16 to 1.6 ft/sec) current speed,
enough to allow for removal of wastes, but not so much as to hinder groﬁth.
(4) Although oysters can”grow wel{‘intertidally, it‘is best to avoi&
rivers like the Whife O0ak which are almost unifofm1y shal]qw. High water
- temperature and increased effects of tidal currents result. Estuaries of
mean depth greater than 3 feet with effective flushing by-ocean tides are

ideal. (The Newport River has been successfully used in the past as a grow
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out area for White Oak River oysters)hl;/

(5) Use as low a density as possible. Spreading the oysters out is
brobab]y the key to effective use of White Oak River oysters.

(6) 'Sufficient_food supb]y - this is a difficult parameter to measure
without éccess to a laboratory. In general, most North Carolina estuaries
have sufficient food for oysters attain to marketable size.

(7) 1f spat set proves to be very high, it becomes essential to "work"

the oyster bed in order for good yield to continue. Neglect in this area
- will eventually result in overcrowding and a return to conditions found at
“stunted" sites in the White Oak River.
“In addition to the above points, the Duke Marine Laboratory study’team
concluded as follows: - " | o
| "Thus, we view the "nubben" oyster§ of the White Qak River as an&thing but
useless. They will continue to exist as a'conéentrated'but ignored fopd
resource until such time as it can beAbrought to thé attéhtion of fishermen and
citizens that with propef dep]oymenf, North Carolina oysters can once again
contribute to a tasty and nutritious diet.”

5.2.1.2 Structural Solutions

A. Shallow Dredging to Create A More Favorable Habitat for Qysters

The above cited Duke University Marine Laboratory study indicates that the
shallowness of the White Oak River egtuary is a contributing factor to the
stunted condition of the oysters in the river. Therefore, it is submitted that

a carefully plannéd and,executed program of shallow dredging of certain areas of

1./ Aléo, the N.C. Division of Marine Fisheries has successfully used public
oyster management areas in the upper estuary for grow-out of relayed oysters
(see Map 3.6 for lo;ations).
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the river will enchance the productivity of the oyster reefs. Such a program
should be instituted in conjunction with the relaying program recommended under
non-structur.a1 solutions. 'The shallow dredging would also be coordinated with
any recommended structural gcti‘ons required to corréct the shoaling in the

estuary. (See Section 5.1.2.1 above). Before a massive program is undertaken

in this area, a test zone in the river could be selected to tesf the overall

feasibility of the proposal. The environmental effects (both beneficial and
adverse) and the economics of this potential solution would have to be carefully
studied prior to any actual work. '

5.2.2 . Underutilization of Clams In PoHutedAreas

As indicated in Sections 3.9 and 3.10, hard clams are an important resource

of the White 0ak River which are currently underutilized. Recent increases in

prices for clams have stimulated an increased harvesf.ing effort mainly on the
part of some Long Is'Iand, NY shellfishermen who have settled in Swansboro and
Tocal shellfishermen from the Maysville and Sneads Ferry area of the New River.

The former have employed wide multitong "bull rakes" imported from the north to

hand tong clams. The latter have used locally constructed narrow clam rakes for

hand tohgin_g and some hav\e emb]oyed more sophisticated hydraulic dredge's' ‘to
harvest ‘c]ams. | ' »

The N.C. Division.of Marine Fisheries' Management Section personnel believe
that there are significant hard clam résog‘ces 1'n_ polluted ar;eas which could be
harvested if they were removed to clean areas for self- cleansing and suBseqﬁent
harvest. Current regulations and lack of funds have prevented both the N.C.

Division of Marine Fisheries and private interests from exploiting this under-

utilized resource. Relative to existing regulations, N. C. Division of Marine

Fisheries' personnel explained that there is currently no closed clam season,
nor is there a convenient time to close the season on a statewide basis. The
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late fall, winter and early spring months are times of peak harvest of clams
certain full-time commercial fishermen. In the summer months while the full-
time commercial fishermen normally divert their efforts to other fishefies such
as shrimping, hand rakers (full time commercial), scHoo] and college students
and retirees on fixed incomes comprise the bulk of clammers harvesting the
resource. Thus if a closed season were proclaimed in mid summer, the hand
rakers, students and retirees would lose needed income.

While the Division of Marine Fisheries issues thé proclamations for opening
and closing of seasons, the Shellfish Sanitation Office is respon;ible for
determining that the shellfish are suitable for human‘consumptjon and for
regulating such openihgs or é]osings. At their current levels of funding'these
agencies would be hard pressed to conduct the necessary biological tests Br to
enforce the closings much less re]ay‘the shellfish. | .

Tﬁe solution to this problem lies, in part, in developing new regulatory
procedurés for handling clams. Two a]térnatives are posgible:

(1) Alternative A (A Statewide Closed Clam Season)

Under this plan, a closed clam season of suitable duration would be
~proclaimed statewide. The months of May, June and July have’peen suggestéd»'
By several fishermen as the "best time" to c]ose‘the season on claims due
in pért to the fact that this period is the peak development timé for seed l
clams. Also, the overall commercial harvest of clams usually falls off due
to diversion of interest to 6ther fisheries (shrimping) and a usual decline
in market value due to the introduction of clams from other areas, mainly
Long Island Sound; etc. During this c]bsed period, no clams éould be
marketed Statewide thereby removing any incentives for illegal harvesting.
“ During this time clams from polluted areas could be moved to clean areas by
the N. C. Division'of Marihe Fisheries and/or private ‘interests by permit.
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To mitigate any adverse economic impacts on certain user grdups, clams
could be sold to shellfish dealers having private clam gardens. These
c1éms would be placed in the gardens under the supervision of the dealer
and the harvesters would be renumerated accordingly. The harvesting of
clams from po1luted.§reas would be halted 15 days prior to the reopening of
the season to permit the clams to cleanse themselves of pollutants. After |
the 15 day waiting period, the season would be reopened statewide thereby;
permitting normal harvesting and marketing to reéume;

The advantage of this alternative is that it represents a minimal level of
law enforcement;effort due to the fact that anyone selling clams for human
consumption during the closed season is immediately»obvious and subject to legal
action. The entire coastline wou]d not have to be po]1ced for "m1dn1ght
raiders", as unscruplious clam th1eves are often called

The major disadvantages of this é]ternatiye are (1) it»cou]d‘create severe
economic hardships to certain user groups (hand tongers) and (2) the season for
relaying clams conflicts with the season for relaying oysters by the N. C.
Division of Marine Fisheries.

(2) Alternative B (Local Closed Clam Areas) ~ BN

Instead of proclaiming a statewide closed clam season, specific bottom-
lands in the White Oak River could be designated as public clam management

- areas similar in concept to public oyster management areas. Polluted clams

could be relayed to thése areas which could be closed by proclamation until

tests show that the clams have purged themselves of pollutants and are

ready for human consumption. Then the area-can be opened for harvesting by
proclamation. |

The advantage gf this alternative are that the closure would be of
relatively short duration (less than 30.days) and of  limited geographic
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area, that is, applicable to small specific areas within the White Oak

River. Therefore, the impacts on specific user groups (hand tongers) or

fishermen from other areas would be lessened or eliminated entirely.

The major disadvantage to this alternative is that the closed areas
would have to be policed constantly. Local fishermen indicate that night-
time thefts from the closed beds filled with clams could be a common
occurence. Thus, the imp]emen¥at~ion of this alternative might require a
substantial increase in funds and manpower for th'e N. C. Division of Marine
Fisheries to.enforce the closures. However, the N C. Division of Marine
_EisherieS'-pey;sonnel believe that these adverse conditions can be mftigated
by careful selection of areas used for the relocation of the poﬁuted clams
aﬁd/or by c]osing the clam seéson in Onslow, Jones and Carteret Counties.
If clams are relocated to aréas Wheré daylight or nighttime thefts would be
ob\)ious such at fhe end of roads or adjacent to the Route 24 bridges,
enforcement 'efforts would not have to be increased fsubstantia]ly. Also, if
the sale of clams in the cbunties surrounding fhe r;ivé'r‘ was banned, then
the\h‘keh‘hood of polluted clams reaéhing the mar_ketp]acé is reduced.

The selection of either alternative A or B would be base’d in part on
ﬁub]ic input from a ser{es of public hearings conducted staté&ide by thé»
N. C. Division of Marine Fisheries.

The D‘ivision of Marine Fisheries currently lacks the peréonne] and finan-
cial resources required to operate the hydraulic dredge plants which would be
required to conduclt a clam relaying .program in the wﬁite Oak River. However,
private interests, i.e. 1ocal commercial fishermen, have the ability and the
equipment to harvest the clams. With the pr-op‘er incentives and proper
supervisibn of the N.C. Division of Marine Fisheries, these interests could be
paid a small stipend (an amount in the range of $1 to $5 per bushel of clams has
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been suggested) to go into the polluted beds, remove the clams and replant same
in unpollufed public or private management areas which have been c165ed.
Subsequenf]y, after a period of time, these interests could be allowed to
harvest and market the c]am§ from the same management areas once they have been
opened by proclamation. |

Funds to conduct and managé this program could come from éevéral sources.
For example, Onslow, Jones and Cartéret Counties may wish to provide funds to
sustain the program in an effort to stimulate the ioéé] economy. Federa] fu;hs '
to aid in the devglopment of the program and tq create "jobs could come from the .

Econpmic'Deve1opment Administration (EDA) or from the Comprehensive Employment

and Training Act (CETA)__.. These funds, combined with the willingness énd _

" devotion of private interests, could result in a workable solution to the

problem of underutilized clam resources in the White Oak River.

5.2.3 Depletion and Underutilization of Anadromous Fish Stocks

Certain anadromous fish such as Striped bass (rockfish) and American shad
have suffered.depletions due to several causes (see Section 4.2.3). -Several
State and Federal agencies are probing the. causes 6f their decTine; 'Little
commercial f1sh1ng effort is now devoted to these spec1es On the other hand,
river herr;ng seem to enjoy good populat1on levels in the White Oak R1ver. The
N. C. Division of Marine Fisheries believes that the herring stocks could be
further exploited as crab bait. Thus, w1th a ]1tt1e effort landings could be

increased from less than 1,000 pounds to several tons annually.

Therefore, the solution to thlS problem appears to be an educational

‘campaign amongst commercial fishermen and a general awareness of the use of

herring as bait by commercial crabbers in the area. Such an educational effort

1./ The future of these funding sources is uncertain as of ‘this writing.
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could be conducted by UNC Sea Grant through their reqional advisory agents.
herring és‘bait by commercial crabbers in the area. Such an educational effort
could be conducted by UNC Sea Grant through tHeir regional advisory agents.

5.3 Ppollution |

5.3.1 Point Sources of Pollution

5.3.1.1 Non-Structural Solutions

The Division of Environmentai Management of the N.C. Department of Natura]
ﬁesoufces and Community Deve1opment’is‘ihe agency whiéh fegu]ates point so&rces
of pollution. Alj'sources must comply with provisions of their permitg and must -

monitor their eff]uént'discharges. Thus, the State has a good handle on pdint

- source discharges and adequate mechanisms exist to insure compliance with

existing regulations.
Future increases in popu]atioﬁ‘in fhe White Oak River Basin could result in
additional point sources of pollution and possibly increased closings of

shellfishing waters. Recognizing the importance of shelifishing to the economy

_ of the area, NCDEM should encourage the use of alternative technologies, i.e.,

non- d1scharge a]ternat1ves for disposal of human wastes. A]ternatives‘éuch as
land application or subsurface disposal of wastewater will he]p preserve the
surface waters for shellfishing for future generat1ons |

County and Town planning boards in the region can also do their part by.

- insisting on high engineering standards for sewage treatment and disposal for

housing subdivisions and industries which may locate within their jurisdictions.
Thus, strict enforcemeht of existing laws should help to solve the problem

of point source pollution.



5.3.2 MNon-Point (Diffuse) Sources of Pollution

5.3.2.1 Non-Structural Solutions

A. Further Study - Mathematical Modeling

While it is known that non-point sources contribute pollutants to the White

Oak River, the exact locations and extent of the contribution is unknown at this

time. Mathematical modeling studies of the river and its tributaries could he]p"

to form a picture of what is happening_basin-wide.' Of particular concern is the -

" source of pollution which has resulted in the closing of the upper river (above
Godfrey Branch) to shellfishing (see Map 3.5). A math model program compli-

mented by field iﬁvestigations has been defined in‘Section 5.1.1.1 above and in

Appendix C' The development of a basin spec1f1c madel w1ll help to enhance‘

basin po]]ut1on control measures.

B. - Soil Conservation Services watershed Programs

Any future study of non- po1nt sources of po]]utlon should involve the-
resources and expertise of the United States Department‘gf Agriculture (USDA),

including its cbmponent agencies, the Soil Conservation Service (SCS), the

Economics, Statistics and Cooperetive Service (ESCS) andAthe Forest Service
(FS). Authorization for USDA to participate in any study of this ;ature\is
providee in Section 6 of the Watershed Protection aqﬂ Flood Prevention Act of
the 83rd Congress (Pub1ic Law 83;566 as amended)la This legislation authorizes

the Secretary of Agrlculture to cooperate with other Federal, State and local

agencies in the1r 1nvest1gat1on of watersheds and river basins to develop a

coordinated program. The Tar-Neuse River Basin Main Report (October, 1980)

jdentifies an application for a Public Law 83-566 watershed project on the upper

White Oak River basin. Some work was begun on the project in the late 1960's
and early 1970's but was Subsequent]y suspended. Based on the information
provided in this current sfudy of the White Oek River, there appears to be
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sufficient justification for a revival of this application with an expansion to
include the Tower river basin as well. A study of this nature could eventually
evolve into recommendations for specific structural solutions to the problem.

5.3.2.2 ‘Structural Solutions

A. Central Wastewater Collection and Treatment Systems

Effluent residuals from septic_tanks are clearly suspected of causing-
pollution problems in the White Oak ﬁiver basin as documented in Secfions 3.7
and 3.8.2.5 above. This pollution has resulted in thé closing of many acres of -
productive shef]fjsh grounds as depicted on Map 3.5. As development in the
basin.increases, the septic,tgnk effluent problem is certain t6 increasg.

| Certain mechanisms»a]ready iﬁ effect'can provide structural soTutions for

this problem. For example, the Swansboro Area 201 Facility Plan prdvide§

overall plans to prdvide central sewers in certain deve]opedAaréas west of
Swansboro‘along Highway 24 which areas are now served by septic tanks. Theée '
areas are programed to ultimately connect to the Swansbofo Mﬁnicipa} Wastewater
Treatment Facility at Foster's Creek. . |

The sg]ecteq facility plan for the Carteret County segment of the planning
afea-fal]s within the se]ectedvregional.plan called "Plan C-1" in the 201 Plan.
This p]éh calls for the future construction of two separéte faci]itiés, one to
serve the Town of Cape Carteret and environs on the mainland and one to servé
West Bogue Banks including Emera1q‘ls1é, Indian Beach and Salterpath. However,
for the present, the plan calls for the continued use of individual privately
owned septic tanks and small aerobic treatment systems due to the fact that
pub]itly owned central séwef systems are now not economically feasible to
construct.  The 201 Plan recommends that the plan be re-examined by local and
State authorities on a regular basis to determine when it would economically
feasib]é to implement. When it becomes e;onomita]]y‘feasib1e to byi]d'
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wastewater treatment facilities for West Carteret County, the local governments
have the mechanism in the form of Plan C-1 to pursue the project.

When economic feasibility is assured, the selected plan for Cape Carteret
provides for the construction of an aerated lagoon - land disposal system

treatment facility located on private property northeast of the Star Hill Golf

Course. The facility is projected to have an initial design capacity of 0.3 MGD ~

and will include effluent storage, pumping and irrigation equipment. The
facility will occupy an area of 80 acres consisting of treatment units, a 200

ft. buffer zone and "wetted" land area of 45 acres. Crops grbwn on the site for

nutrient pptake3wf11 include Coastal Bermuda grass overseeded by Winter Rye

during the Winter season. The plan ca1ls_forlsome.additional planning in the
form of a soif and hydro]ogic survey of the'diéposal site before ihé design of
the system is begun. The se]ecfed plah also calls for the construction of
ancillary collection sewers and main interceptor and pump station to "feed" the
facility concurrent with the facility construction} ;Tﬁis collection system
could be extended ;o'serve the Cedar Point area when necessary. |

Likewise, when it becomes economically feasible to construct a wasggwatef
-treatment faci]ity on West Bogue Banks, the faﬁi]ity_wi]] be constructed on a 16\
aére.site af Emerald Isle in the vicinity of the Cameron Langstone Bri&ge. The

treatment facility will have an initial design capacity of 1.3 MGD and will

~employ the oxidation ditch modification of the extended aeration-activated

— -

sludge pfocess. Treated and disinfected effluent will be pumped to the beach
margin via a force main and will be discharged'tovthe-At]antic Ocean by an
outfall and diffuser system of suitable length. A‘collection system serving the

developed areas of the Banks is also a part of the plan. '
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In the areas not covered by the comprehensive Swansboro Area 201 Facility

. Plan other ‘mecham'sms are available for dealing with 'the.septic tank poliution
problem. When reviewing plans for developments and subdivisions, ]oéa] planning
boards cantinsist on central sewers and package treatment systems with land
applitation 6% effluent in Tieu of septic tanks particularly for new high
density development contingent with tributary streams leading to the white-Oak
River. When appropriate, these systems later can be interconnected with
existing or planned municipal systems. Prudent long rénge planning in the case
of wastewater disposal will prevent future crisis situations gnd additional
losses of she11fjsﬁ growing areas to the spector of fecal pollution.

B. Improved Septic Tank Installation Practices

In many areas within thé White Oak River Ba§in, individual on-Site_wégte-‘
water disposal systems (séptic tanks) will cohtinue to be used for ﬁhe treétment‘
.‘ and disposal of wastewater. Optima] operation of these systems is in Iargé part
governed by proper insta]]ation techniques. Rules and redu]ationsl;/ govérn—
ing the installation of septic tanks are established the by North Carolina
Department of Hea]thSerVices, Environmental Health Sectjon based in Raleigh, N.
C. These rules and regulations are ehforced by County Sanitarians. Strict
Adherence to these requlations will ensure that each éeptic tank installation is
preceded by a soi]‘test to determine suitability of the soil to adsorb.treated
efflueﬁt. Where soils are unsuitable for standard nitrification fields,

modified systems such as mdunds or shallow low pressure injection systems may be

1./ Laws and Rules For Ground Absorption Sewage Disposal Systems of 3,000
Gallons or less Design Capacity Section 0.1900 of the N. C. Administrative Code,
Title 10 Department of Human Resources, Chapter 10 Health Services, Environ-
mental Health, Subchapter 10A Sanitation. July 1, 1977 as amended.
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suitable. Each installation must be treated on a case-by-case basis to insure
compliance with standards and to avoid environmental harm. Technical informa-

tion on the proper design of onsite wastewater treatment and disposal systems

may be found in the EPA manual entitled Design Manual, Onsite Wastewater

Treatment and Disposal Systems October, 1980. U.S. EPA, Office of Research and

Development, Municipal Environmental Research Laboratory, Cincinnati, Ohio.
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SECTION 6: RECOMMENDATIONS FOR ADDITIONAL STUDY

One of the stated objectives of this investigation and report was to -
jdentify specific problem areas that can only be resolved by broadef based or
more extensive study than was attainable with the ]ihited resources available
for this overall ané]ysis of problems in the White Oak River basin. While it is
recognized that “overstudying" an area can be an exercise in reduhdancy, it is

felt that in this case specific problems within the basin can be resolved by

~additional investigations that will confirm and suggest implementation measures

for corrective actions recommeﬁded; A

' 'Fina11y, fhé‘White Oak.RiVer regioh represents a relative undeveloped but
typical small Coastal Plains river-basin‘area which; if proper plans and mode1$
are developed and implemented, can serve as § prototype for similar basin areas

throughout the southeastern coastal region of the United States. Therefore,

based on the review of the present state of knowledge.on the.conditions and )

problems of the White Oak Rivervand the proposed so]utidns to the problems, the
fo]]owing recommendations are made for additional study:

(1) A study to develop a mathematical model of the Whité Oak River. The

" math model will be used to define recent changes, to predict future changes

caused by natural and man made impacts on the river system and to confirm the
validity of solution alternatives suggested in this report. This study could
best be undertaken and performed under the auspices of the UNC-Sea Grant
Program. _ |

(2) A study by fhe N.C. Division of Marine Fisheries of the shellfish
fesoufces in the White Oak River. The end product of this study will be a

shellfish bottom inventory and map of the shellfish beds in the river.
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(3) Expansion of the U.S. Army Corps of Engineers Bogue Inlet Study to
determine the origin, cause and appropriate corrective actions for control of
shoaling prob]ems north of the N.C. Highway 24 Bridge/Causeway Comb]ex.

(4) Additional study of the stunted oyster problem by Duke University
Marine Laboratory personnel. This study should fill in the gaps of the previous
study and recommend further corrective actions as indicated in Section 4.2.2.

(5) A study of the sourcés and quantities of sediments and pollutants in
the upper river. This study should be a joint effort'by the U.S.D.A. and NCDEM

under the auspices of the PLB83-566 brogram.

Further details on ‘these and other récommendatiohs are found in Section 7

following.

6-2




SEC’E"EGN 7

SUMMARY, CONCLUS!ONS AND
REC@MMENIATE@NS

- ‘_‘_‘j'_WHiTE OAK RIVER SYSTEM STUDY .

lA Plan of Actuon For The Whlte Oak River]

\ Lo

Y HENRY VON OESEN AND ASSOCIATES
CONSULTING ENGINEERS
AND PLANNERS




SECTION 7: SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

7.1 Summary and Conclusions

The preceding study of the White Oak River basin was conducted to define
existing conditions and problems and to suggest recommendations for fur{her
study along with proposed non-structural and structural solutions to identiéﬁed'
problems. The following summarizes the major conclusions reached in this
investiéation and presents a plan of action for the White Oak River wherein each
specific recommendation is identified and estimated costs are suggested for

completion of the recommendation. While certain identified problems must

receive additional study, some actions can be undertaken immediately with little

or no additional delay.

The first major cénc1usion of this study is that the water depths in the
lower White Oak River have decreased during the past century, particularly sincev
the major construction projects of the AIWW and N'CL Route 24 Bridge and

Causeway which occured in the early 1930's. The redist}ibution of unconsali-

dated spoil materials from the dredging of the AIWW to the area above the N.C.

24 Bridge/ Causeway is considered to be a major cause of this major shoaling and
depth loss-problem in the‘lower eétuary. The construction of the bridge and
causeway reduced the.effective width of the river, blocked off one channel of
the river, and preshmab1y acted to contribute to the shoaling problem.

A second major conclusion derived is that many of thé:seafood resources»in
the White Oak Rfv;r a}eAapparent1y underutilized. Pollution from septic tank
effluents and other non-point sources have contributed to this underutilization
By p1$§iﬁg vast areas of productjve she]lfish.bottoms off 1imits to commercial

fishermen. While the_oyster replanting program conducted by the N.C. Division

of Marine Fisheries has been successful, a similar program for relaying of

7-1



polluted clams has not been attempted due to a lack of funds and the restraints

imposed by current fisheries regulations. Aggresive intiatives on the part of
responsible individuals and agencie§ will be required to fully exploit the
fishgries resource potentials of the White Oak River basin.

7.2 Recommendations {Plan of Action)

Based on the overall findings and conclusions of this report, the following

recommendations and/or plans of action are suggested for consideration:

7.2.1 Overall River Basin Management and Control

A. River Basin Math Model. Locq] interests should request a study to be

~ conducted under. the UNC-Sea Grant program to,deve]op'a‘mathematica1 model of the
wﬁite Oak River Basin. |
1. Output. The math model of the river basin will be used.as a
| management and planning tool to predict future changes and to verify the
need for implimentation of proposed structural and/or non-structufa]

solutions to identified problems.

2. Potential Sources of Funds; -N. C. Sea Grant College Program;

3. Estimated Cost. $30,000 - $50,000 (to be confirmed by N. C. Sea:

Grant).

4. Background for Recommendation. Sections 3.8.2, 5.1.1.1, 5.3 and

Appendix "C".

B. Comprehensive Watershed P]ani“'Local interests should press for the
reactivation of the PL83-566 Watershed Project on the White Oak River
administered by the Soil Conservation Service of the U.S. Debartment-of
AgricU]ture. This PL83-566 project should be broadened in scope to include the
entire White Oak River Drainage Basin. The purpose would be to define the
impacts that agriculture and silviculture are having on the Nhi;e dak River
including inputs of sediments and po1lutants.~ The N.C. Department of Natural
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Resources and Community Development, (Division of Environmental Management)
should be a cooperatinj agency for the study.

1.‘ Output. A comprehensive.watershed plan for the White 0ak River

Basih; This plan will define prob1ems and propose long term solutions to

these problems regarding flood control, sedimentation and diffuse sources

of pollution.

2. Potential Sources of Funds. (1) USDA - PL83-566, (2) NCDNR&CD, bEM

- PL92-500, Section 208.
3. Estimated Cost. $80,000. (To be confirmed by SCS.)

4. Background for Recommendation. Sections 3.8.2 and 5.3.

C. Improved Management Practices. Local interests- should press for

implementation and/or application pf optimum agricultural, silvicultural and
septic tank installation practices throughout the White Oak River Basin. These
actions can best be implemented throuéh tHe appropriate Federal, State and local
agencies and authorities (USDA, SCS); U.S. Department-ﬁf Interior (Forestry
Sgrvice); N. C. Department of Natural Resources and Community Development
(Division of Forestry Resources, Division of Environmental Management); and
N. C. Departmeﬁt of Health and County sanitation offices).
(1) Output. Improved and intensified enforcement of existing rules
~and regulations governing agricultural, silvicultural and septic tank>
'inst§11ation pracfices. |

(2) Potential Source of Funds. (No new funding required.)

(3) Estimated Cost. (No additional cost.)

(4) . Background for Recommendation. Sections 3.8.2 and 5.3.2.2B.

7.2.2 Fisheries Resources

A ’She]]fish Bottom Survey. The N.C. Division of Marine Fisheries should

conduct a she]lfisﬁ bottom survey of the White Oak River estuarine system.
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(1) Output. A map showing the location and extent of clam and oyster
beds in the White Oak River.

(2) Potential Sources of Funds. (1) Funds appropriated by Carteret,

Jones and Onslow Counties and funneled through the N.C. Division of Marine
Fisheries; (2) EDA or National Marine Fisheries.l./

(3) Estimated Cost. $40,000 first year, $40,000 at five-year inter-,

vals thereafter to update data to reflect existing conditions;

(4) Background for Recommendation. See Sections 3.9, 3.10 and 5.2.

B. New Clam Management Rebulation, The N.C. Division of Marine Fisheries

and Shellfish Sanitation Office (through the Marine Fisheriés Commission) should
adopt new regulations either: (1) allowing closure of specific areas to claming;
or, (2) a 3-month statewide c]bseq clam season. o
(1) Output. A new clam management regulation will pave the way for
thé relaying of clams from po]luied areas to clean areas for self-cleansing
and ultimate marketing by commercial fishermen.'v :

(2) Potential Source of Funds. Special legislative appropriations.

(3) Estimated Costs

(a) Change reguTgtions and conduct pub]ié hearings -_$5,b00.
(b) .Enforcement of New Regu]atioﬁ - $5,000 per year to police
closed areas.
{c) Shellfish Testing -¢$5,0b0 per year to test §he]ifish for

purity and suitability for marketing; -

1./ The status of funds from these Federal agencies is uncertain at this
time. ‘
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(4) Background For Recommendation. See Sections 3.9, 3.10 and 5.2.2.

.. C. Expansion of Shellfish Relaying Program. The N.C. Division of Marine

Fisheries'should maihtain, expand and enhance its shellfish relaying program in

. the White Oak River.A The progrém should be expanded‘to include the stunted
oysters in -the lower river and enhanced by encouraging the participation of
private interests through relay contracts.

(1) Output. The application of .this program ;111 increase the
utilization of high-value shellfish resources inlthe White Oak River.b It
will stimulate  the Tocal shellfishing industry, ahd by the ripple effect,

C it wild sfjmﬁiate the local economy.

(2) Potential Sources of Funds. (1) Special legislative appropria-

tfons, (2) Carteret, Jones and Ons]ow'County funds, (3) EDA funds

(éreation of jobs)!:/, or (4) CETA funds.1./

. - (3) Estimated Costs
(a) Oyster Relay Program - $20,000/year f:.A
(b) Clam Relay Program - $15,000/year‘
(c) Private Relay Erogram - $20,000/year (for payment of stipened
to privateufndividualé to re]a}\shellfish)" '

(4) Background for Récommendation. See Sections 3.9,'3.10; and 5.2.

D. Research on Stunted Oysters

The Duke University Marine Laboratory should continue its study of stunted

oysters in the White Oak River.

1./ The status of available funds from these agencies is uncertain at this

. time.
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(1) Output. A study report which will specify the ideal time
locations, conditions and procedures for relaying of stunted oysters within

-the White Oak River estuary.

(2) Potential Sources of Funds. National Marine Fisheries Service or
Sea Grant 1.7,

(3) Estimated Cost. $15,000 (To be confirmed by Duke University

Research Team.)

(4) Background for Recommendation. Sections 4.2.2 and 5.2.1.1.A.

7.2.3 Sedimentation4

A. Expansion of Bogue Inlet Study

Local interests should request the Wilmington District of the U.S. Army
Corps of Engineers to expand its Bogue Inlet Study to include invesfigati&n of
the shoaling and the effect of éaﬁa1izedrflows in the lower White Oak River
estuary. This study effort should be directed towards a determination'of the
origin of the sediments and causative factors involving the shoals north of the

Route 24 Bridge/Causeway complex. The investigation should include an analysis

of the feasibiiity of removal of these primary shoal areas by shallow dredging

and proposed'actions to minimize reshoaling processes. The study should also -

investigate the feasﬁbi]ity of establishing a new hydraulic connection between
the restricted estuary and the AIWW. Due to the influence of the Roufe 24

Bridge/Causeway complex on the hydrology of the area, the N.C. DOT Shou]d.be

o

involved as a cooperative agency for the study. The rationale for involvement

of these combined agencies relates to the nearly simultaneous construction of

the AIWW and Bridge/Causeway in the early 1930's.

1./ The status of available funds from these agencies is uncertain at this
time. S ‘ ‘

7-6




(1) Output. This study should clearly define the origins of shoaling
problems in the lower estuary and determine the economic feasibility of a
sha]iow d}edging program or other corrective actions to reduce shoaling
rates and to improve the hydraulics of the lower river. Also, the benefits
and effects of installing another connection between the river and the AIWW

should be defined.

(2) Potential Source of Funds
(a) Corps -of Engineers (congressional aﬁpropriations)
(b) NCDOT (Planning funds)

(3) Estimated Costs (To be confirmed by the responsible agencies).

(a) U.S. Army Corps of Engineers - $75,000
(b) N.C. DOT - $10,000 -
(8) Background for Recommendation - See Sections 4.1.3 and 5.1.

Almost all of the above recbmmendations involve actions by outside agents
or agencies; however, it is pojnted out that these actions will be taken_based
only on the initiatives promulgated by local interests who Waﬁt to solve the -
problems and restore the white\Oak River Basin to its full produétive and
esthetic potentia].. Therefore, it is fina]]y recommended that the Whife Qak

River Advisory Council and'supborting units of government work cooperatively to

pursue the‘objectives and recommendations set forth in this report.

Respectfu]]y_submifted,.
HENRY VON OESEN AND ASSOCIATES, INC.

Paul S. Denison, P.E. William E. Burnett
Vice President Environmental Planner
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APPENDIX A

‘ : The White Oak River
Advisory Council

Name Affiliation/Representation
" (1) Mr. Kenneth Windley, Jr. " Planning Director
: Onslow County
(2) Mr. Charles Daley - ' ~ Carteret County
(3) Mr. Andy Ennett Commissioner
- Town of Swansboro
(4) " Dr. Alfred Norton ~ Izaak Walton League and
. g - ' Town of Cape Carteret
(5) Mr. James Phillips Commercial Fishing
' ' Industry
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MEMORANDUM OF AGREEMENT

The partics share a common scnse that the White Oak River is a
valuable resource which is thrcatened by continuing siltation at its
mouth, We note that fisheries productivity, shellfish productivity, and &
the normal economic development of the ports of Swansboro and Cape Carterect
are constrained by the continuing siltation of the river.

It is the sense of the parties that all possible efforts to reverse
the river's decline be undertaken, The following recommendations specify
a course of action which will begin the process of the restoration of the

White Oak°

(1) The parties hereby form the White Oak River Advisory Council and

hereby request the Town Boards of Swansboro and Cape Carteretflamd tfire [
Boards of Commissioners of Onslow and Carteret Countiés to each appoint b
a representative to the Advisory Council. The Issac Walton League and ,

the Fisheries Industry are also requested to app01nt a representative T |
to the Council. . : . . o i

- The local staff function for the Advisory Council w111 be performed
by the Onslow County Planning Department.

(2) The parties hereby request the appropriate Boards and Councils to
. endorse the formation of the White Oak River Advisory Council.

. (3) The parties hereby request that the Office of Coastal Management
recedve a joint proposal for the first phase of a technical study of
the flushing of the White Oak River. This proposal will be transmitted
by the Onslow County Plannelng Department and endorsed by the Adv1sory

Coun01l.

N

(4) The parties request each of ,the four local govérnments.toeéualiy participate
. in the local matching share for Phase 1 of the technical study.

(5) The parties request participating local governments to endorse the
Council's efforts to obtain the widest possible funding base for the
completion of the technical ‘study, subJect to review add appr'oval by

the /l‘ocal Boards and Councils.

/ . LS - ' H ; —_
//'/ e j % l{\; /.;.’ /../’/.-'«.(’ﬁ ;// 4‘1/}\427. ,:".-{T-’-'/
\ ‘ N

/Sv-ansbor'o _ : %
x422§§7;&/ \\\\\ J§2§ac Walton League
: / E L N | d . // R
T (& “Cape Cdr'teret bl e /“0/“'/"'7%
. Representing the Fishing Industry

Ok mpw&

- Onslow Coun ty

¢ It 3 Py . o |
. June 9, 1680

Carteret CounLy
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WORK TASK OUTLINE

WHITE OAX RIVER SYSTEM STUDY
For The
HHITE OAK RIVER ADVISORY COUNCIL

I. DATA.COLLECTION PHASE

Work Task Description: This phase of the study will qonsist of the
collection of‘existing data oh’the hydro]ogy, tidal hydrélics,sources of
pollution, fisheries resources, etc., of the White Oak River. Existing
.published and unpublished data sources will be carefully and thoroughly
scrutinized. Cohtacts will be made and interviews will be conducted
witﬁ.represéntéfives of all local, regional, state and federal agencies
which have conducted (or are in fhe process of cbnductjng) research on-
the,White'Oak River System. Special efforts will be made to contact rep-
réSEntatives of the following agéncies and institutions:A NCONR & CD,
Division of Mafine Fisheries and Division of Envi}onmeﬁtaf.Mandgement;
U.S. Army Corps of Engineers; U.S. Geological Survey; ﬁ.S. Environmental
Protection Agency: Duke Marine Laboratory, National Marine Fisheries '
Sgr;ice, étc.v Also, local fishermenAand other know]edgeable individua]s
in fhe private sector will be contacfed and interviéwed. |

OutPut: The output from the collection of existing data will be
a written review of existing conditions of the White Oak River.

I1. DEFINE THE PROBLEH(S) PHASE |

Work Task Description: This phase of the study will draw upon the

“results of phase I in order to define the problems in the White Oak River

Basin. The existance of such problems as hydraulic system restrictions,

sedimentation, disappearance of fish, stunted oysters and point and dif-

fused sources of poliution will be defined.

B-1



QutPut: The results of this phase will be a Qritten description
of existing environmental prob]ems. Where existing data is insufficient
-to accurately quantify supposed problems, recommendations for additional
study will be made. ' | | '
I1I. PROPOSE SOLUTIONS

Work Task Description: This phase of the study will involve the

_ formulation of structural and/or non-structural solutions to the prob-
lems defined in Phase II. | _'

Qggggg: “Output from this work task will be-propOSed solutiofi(s)
to identified problems, including conclusions'and recormendations fqr
future work. | |

IV. COORDINATION AND REVIEW

Work Task Description: The preliminary results of the Study.efforts

" defined above will be reviewed with the White Oak River Adviﬁory Council

in order to receive their input.
QutPut: The results of this effort will be a critique of the' study

effort and an opportunity for additional input and gﬁidance.

V. FINAL REPORT

Work Task Description: A1l of the data gathered in the above phases

will be synthesized into a final written report t6<the Advisory Council.
The report will be prepared in bound, brochure form and will include ap-
prqpriate i]lqstrations and text to facilitate public understanding and
acceptance. A suggested report outline is attached. |

QutPut: 10 copies of the final report will be provided to the

Advisory Council.
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APPENDIX C

DESCRIPTION OF MATHEMATICAL MODELING STUDY
FOR THE WHITE OQAK RIVER

Developed By:

Mr. T. C. Gopalakrishnan
Department of Marine, Earth and Atomosphere Sciences
North Carolina State University
School of Physical and Mathematical Sciences
P. 0. Box 5068
Raleigh, N. C. 27650



§TUDY OF THE WHITE 0AK RIVER RASIN

® 1. The (_mo(»o&,aa Numenicad A\/yo\/qz\ja;t/é!
It An pricposed b /s&,\dg e AU Oak Riven
Rarim i }ugmd b the potlatond disfeension ard .
Sedimestadion. The present allorvnpt 4o ks arnaly e
He ovea taden cowaidenakbon (Fig. 1) (/V.Lvm.j, a
mathoolical modek with o Utew (b adeft ofofengferiat
onnd ppoblnkion . The mathsunokical moded nill ke oed ls
nwmm{.c/«.,w? ma\ﬂg/},c, Hee //»«d&hod%fv\wmw ard ffe
o  associakid pollubion omd Sediment bramafoort. A
ohlive of the date & be ellockid o efficant
A'M/oé%wuw,ta/&'m of the modad s ?A/U'W ot the end.

Buch os Yoo NMCW) A 1Dd1{>1>ka»ﬂa%,ed,
Firide Elemmend ModdWoU/{reWmd Thin will low de

U\A«(Zf,e,dlﬁhu QDMOdgl/m@Muime
e nuven welbh WW emcmglk L evtad [redoniviant
' ,{/{,w;& aim(g&/t G\M%th the oxin alteo. ‘-Z\.eait/aoﬁle»aavt«m
® ,W\b, ;P,,,«Mlpz(&o/mu% momformly e B abobt Jus

/c{f\,t“\/kﬂf\ !/1,\ F. (,J



B Recctubion of Hydnodamomic Pancmatinn, |
(Feg. 3). Tha wWaolken - Aosed ‘7 Md e, uelacJ,i

G Reosbution SO\M A, Polikannk omd
. 3 Of . . I
Sediment Ceoncentation. !

L‘I Ouﬂ/{/\«—b > The MaMuJ Mod_q,k;' »
14 éboOwWMﬁ E?Maﬁbmd | .

_/gwaldno amic 4 o @"fmam_w\/{lvm

(0 Ove - dimermaiconal oded :
oV v, g7 o f .
é’t—‘ + 2:3* + 54_3 ( . o

. |
a_é—y +a% {VC_'&J-'?)} : o}
bhwa v depth avnaged Lelouly

| /S; Clnf)l’a/u\u, o\/fm\? iotn

)7 = Ou‘a/tu /Qu.v-e,c aJnm{ O /fr'i,obiag\,\_/(’aj d}h Yo



% : acuﬁmc\/&m e b ?na,u‘l’?

4=<ﬁmaakﬁde&me» o [E, Aarigonkal
- {A AaLurs
k- (va\x .

A Tho. dimemaional Model

SOV 020 +Va° +3B? +95’(

ot - 2=x )
av ua av 5
st oxt ? S5 *_? fy *

é—f‘f % {U(f«”})} {v(kw)}

Hene = awly e e Mm:m'fﬁl %_0‘“30"‘*“”"]”"‘*.
omd  Uaumd V ane e Co\r\r%‘:cwag/w? uetml'? |
W Adusechinn Eaz/mwtm M/U&Wled

(® One- C{A'Y\/\Muer\w(_, Mod :

2 (A0 YA
YR Qé—: v icAe ok (D’SAa/—J

-Lffua/u,‘ A - arco. <5»§ m,«%mdlcm ®§ (ln.)



ot 0% 2y 5l ox oy Ity
Do aMd.D;t Az uud,\,H,.wv, aceﬁ&w,mb; |

9. e Cane 9‘€. ,az_énw 'Cxwf:oyl: Md
PMMMW%M% , e gualion.
8W€M adreve will e Ynod«;!,z‘mt ’{"EL"""‘JMJM? e

23 b7 | |

¢
ey weloeiky e that dinachion.



12 Rowndang Condilions

® | Meaavaed wodurs of Agdhodymomic
| Jommtvw Ceiiier M OF ueimllp ak B ewd conlict
seciovwe i thae D Modal Omd ar M bowndanies
ion B 2D Modd will serve s bhe hordarn
conddions . Omce the voodd o Uaka\a\,tw‘.lz?
N atbt,bbvx/{umqul& pw /Qrcumdw?cmck/&-w
" @e\g 3(&,%3 eﬁtmywumw;l@a)-

1.9 The Numwuud Moc?.e,!

The neglow Md“d“ﬂ’gt dmowhw,wL

d"""‘"‘@‘"’M"\ﬂL Dive - elomeks or 2D C-.«aM,g«J.an
W o %mrm?/ﬁe (&,8 2). The elovueks
te dohoncovmmeced at H, viodes. Diccneh vadues ana
MW%MWQ;V{;W”O% Theg
o colled fhe Modal Ganialiles. TRone nodad varialdes
oot WWD\«%« Mﬁw@mbal
pc%«/ﬁ«zmafnoc&_

® e Gowmning egmations doeoided

a/f)vrc mﬂ& sedivced B a ijcf@vw@f al?e(:ra&c,
e@mmbm beaing e Gadakin (Procedhne. Such an



A phrcach  Cann PﬂodMu. a WP&JL /gdsao,,]iw% Ac&ly
@ %{” e M mewbm ( Bnch on mwaﬁ‘w) at .
Nodes f bhe elerants,ce. thae nodals .era.irem Oe
Mvarde Aan elevet onnd Hoo onsociated vodal U‘&ULU»V]
A&wcmphw c9'€ hee Galedim Firike Eloment lechmiqrs

mwm.aa@.ng

i
!

7. Dala Cotlechion : !

Moo | | |
iy wate Aol %{«AJXAM |
iy - \’d"’““l“a of o
(v) éovlf"ﬂ""/% ' ) o
| Vi) Ledinment omd Pellodank Ccvxcz/w{f\chm
.' | (-b The WW—/AQM O {I,L.C O/MW@ an

Iy echows an poridile  amd @pzcgaﬁﬁy 1 ene. |

i

<



PQW"’/’ W/QJM’“”“JYH ij/@w‘% o U\Lmap(&gw)_

¢ i m,tw@—i@b}ra‘ ot tiodu-dussehs ana o oo vicoded ok
beae Locakions . Q‘Zhlx&mw@?lummmm
or der ovie neadivg i [\.zmdduuv\,ia\l:e/-\“é{«wﬂ
SthRening mnmqmwmwﬁwd
&MW-AQ%MW%%wm or 25m |
MMWMM@UA %M%Mu%%m
neen the WMWLCW bane waill

/)@w{MMC@’MM#rQQDMOM |

i VMWM&/&C&L&AMH%OW'ZGtUJLM
hhere krﬂuLM WDO&M/ULC,OYM O o trde mechons |
of oo (Ce. widhh > 10m) \:dmj?wof/m.%swuu
/ﬂmkwv&mdalmjwu%hd/vwo&mmm&u |
b covnpuls e ek, o Ll o e

thaw 4 m ut b s widd ol b B Recerdacl ok g ;g{,u‘tﬂcw and al mad- tthL\

(W) merw | Thone one b Ae roade ok
Uamons dapths ((Rany Ou(mmlwumloo—; A . These
el Aedp A A,MM le sodine tstdge and

e ommociatad factadls docation of acchimantaton

. A i . e ot -

- . LN f)(/vgvlmi /D/'}u[;/\. 2 C@‘V\(.C\A)’\quD‘/\ L\ﬂ/ ( '{r{ WV\COY*\QY&J‘M)

ian b Nwmeaicad wioded . Tho /{OCWM st“cr baoe






Sty ——

" dSary Y9

. ScAapoArD W

NEBB H ' ——

.
/ 1"
”.
—— 1
1
i3
. P
e 3
- e is
~ :I‘
N T 23

SNANSBQQQ _. _ .

nNoT To

WHITE OAk RIVER RASIN

STUDY AREA




b

? ¥5arg AY°

NERR
CREEx

SNANSBQ RO

| SEABRARD CoagTimt

_QEUH’?Y‘E O““" QW&Q E’SAS;N

S TO DY

P N ¥ 24

T D Lo

£

E pmENTS

e

2-D TRANGULAR ‘

CLEMFNTS

{;:;»r"‘






REFERENCES :

1. GM&&C‘?M , Loy od G.D. Hobds
" Esbuonive Potbubion (pP 143~ 205)
v Madhomed cod Models i Wakn Pstlodion Conbuot

Edded ff?, A. Jawes ; Johu WJ»} & Sows (“'978)

2. C_)' Commor  A-B., omd Somn Zen

"Nominicat Modslivg of Suspendad Sedinant”
ch- 65 , PP noq--nze, vel 14  ptz Pﬂde A
| | of the Iwlmabioval Cmfwwm o Conrkod Enipmessins
. (1974). '
3. Gopedakivehuanw , T-C. omd  T.L. Machomehd
. o . | SMMM@JBMG(_M?CWW oj"
\ A'vwv%m oYf oo i Tadad Jodet”

T 17% Int. Comf. om Countad Eag.,(1920), pp 3u-313
of M Pubbicakon o stohiach -t -depoth .

4. "Taaior, ¢c., amd 7. Davis

m,dou‘ aud .Low? I/\Ja/ve Pnc—/gaga/&m,\, A FW—L'—

CM{DU\/tPJW g Thuids vel .3 ’ pp 125-148 ('1??75),



Nkt At ime b cwmet o B ke s b ad e Wi Y e merbat vl ad wudh Fidanady wwdud OF ]

| Flow in Tidal Inlsts |

{ - T.C. GOPALAKRISHNAN

Lecturer of Civil Engineering, Indian Institute of Technology, India

(II' . ] and

J.L. MACHEMEHL
Associate Professor of Marine Science and Engineering, North Carolina State University. U.S.A.

PO

vt ———n b i

water wave reflections from the continuation of the - Using n and g as the repeating variables, the Q‘
channel beyond the downstream end of the system non-dimensional numbers 7. and T. are E
, considered. These reflections are characterized 1 2 ;
e by the expansion or contraction of the channel, ab :
the rate of change of the side slopes and other M= ngy ;
channel characteristics. As mentioned earlier, N b .
the downstream end condition is supplied from mea- T, ='W 18 1 {

" more unknowns than equations,
.explicit schemes they are not needed to supply

1 INTRODUCTION

One-dimensional graéually varied flow analysis of
tidal hydrodynamics in inlets has been the subject
of study in the last few decades and many mathe-
matical models have been developed based on those
studies. A common feature in all these models is
that the boundary conditions at the ends of the
reach are supplied from measured valyes of stage,
discharge or velocity. These boundary conditions
form an integral part of the mathematical models.
In the case of implicit schemes, without the
supply of these boundary conditions there will be
Even though in the

enough equations it is obvious thar the flow will
not be properly simulated without’ 1mposrng pro~
per end conditions of flow.

Normally two end conditions will be required, the

upstream and downstream conditions, even though in

a net work of channels there will be more than
two end conditions. Of these two, the upstream
condition is usually the forcing function and the
downstream one is the result of the flow due to
The downstream condition

mihe forcing function. iti
pends on what happens to the flow outside the
! Yy

stem. In other words, it depends on the shallow

sured values of flow parameters so that the channel
features (outside the system) mentioned above are
automatically simulated. However, if it is re-
quired to know the response for any given forcing
function the corresponding measured downstream
values may not be available. This means that the
dewnstream boundary condition cannot be imposed

in the usual way. This study describes a-method by
which the downstream boundary condition can be
imposed in the absence of measured downstream
response to a given forcing function. However,

the method presupposes that measured values for at
least one forcing function are known as part of

the features of the chanmel or channel systems.

2 PARAMETERS INVOLVED -

The rate of change of velocity or stage at a point
is a function or geometric and dynamic parameters.
The geometric parameters include the shape of the
channel cross-section and the rate of change of
t sccticn beyond the point under consideration.
stagz n (see Figure 1) and velocity U at the

point are the dynamic parameters, in addition, of
course, to the acceleratio~ due to gravity.
ever, when looking for the rate of change of velo -

How—

city or stage at an end-section it should be recog-

nized that such rates can be different for the
same stage and velocity depending on whether the
flow is accelerating or decelerating and whether
the flow is inward or outward of the imlet.

By grouping the geometric and dynamic parameters -
to form appropriate non-dimensional numbers it
would be possible to predict with a fair amount
of accuracy the time rate of change of velocity
or stage at the end sections of a channel system.
In the present study, the rate of change of velo-
city dU/3t has been used as the downstream boun~

' Qdary conditiom.

3 APPLICATION OF THE w-THEOREM

A functional relationship of the dynamic parameters
involved can be written as follow, remembering
that we are looking for JU/3t.

F(O, u, g’n) =0
where U is the velocity, U is time-derivative

of U, g the acceleration due to gravity and
the water level. ‘

" On applying the dimensional equations, it is

311

found that a = 0, b = =1,

a = ~% and b, = -%.
Therefore, .

m o= 0/g

m, = u/Ven'

As can be expected, 7,, the Froude number of flow
is a governing factor. :

4 DETERMINATION OF 3U/at

From a given set of velocity-stage relationships
at a given end of a channel system a relationship
between the two non-dimensional numbers Tl and
12 15 obtained using 2 least squares fit of
fourth order polynomial. From this relationship
one can compute aU/gt once the velocity and stage
ﬁ the point for a given time is known. This
IF is imposed as the downstream boundary condition.
ifie steps involved in the procedure are shown
in the accompanying flow charts (sce Figures 2
and 3 ).

R
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]h:rﬂku UL e bdsnen van Lesied by, Jiedd
data of the Caroliwa Brach Inlet, N.C., U.S.A.
This inlet (see Figure &) comprises of a small
inlet-channel connecting the ocean to the Atlantic
Int raxoastal Waterway. That part of the channel
system taken for study is shown in the dashed
section of Figure 4.  The Calerkin finite element
approach coupled with a Hermitian Cubic shape
function was used to analyze the inlet. The
chaanel system requires the rate of change of
velocity, i.e. 3U/3t at the two points range 1
and 2  Independent relationships between m; and
n7 were obtained for these two points in order

to impose the two downstream boundary conditions.
The upstream boundary condition was the fourcing
function vhich is the tidal fluctuation at the
mouth of the inlet.

The results of the analysis are shown in the
form of tidal fluctuations at range 1 and range
2 (An example is given in Figure 5).

-

6 CONCLUSION

A method for supplying downstream boundary con-
dition in the absence of measured data for any
given forcing function has been developed. This
method is based on non-dimensional members which’
govern the dynamics of flow. These numbers were
determined by a simple application of the 7=
Theorem to the dynamic parameters of flow.

The above method was applied to the Carolina Beach
Inlet analysis. As shown by Figure 5 the method |
- yields values which are in good agreement to. the

measured tide at the two polnts considered. This,

- no doubt, depends on the numerical method of
anaiysis also. The non-dimensional numbers can
be used to yield the downstream boundary con-
ditions for anmy numerical method chosen to analyze
the flow provided 3U/dt is the downstream con-
ditior needed for all time. If it is dn/at, then
a different set of non-dimensional numbers are
required. -

The advantage of the method developed here is

that one can know the response of a channel system
to a hypothetical but possible forcing function
for which measured downstream values are not
available. This situation 1s especially relevant
to power canals, inlet channels where the flow

is affected by man-made alterations in river dis-
charge or construction, etc.

n{x,t)
X _ I > _sw

Figure 1. Definition Sketch
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INPUT
U(c,xe) for all t.

Step size A t

[

Group the velocities
under the four
categories indicated

i

Compute Hl and Hz

at xe for the

four categor}es
independently

i - L

Call subroutine for
least squares fit to
get the coefficients in

2 k) 4
Hl=aa+alH2+a2(H2) +a3(H2) +34(H2)

A set of ao; 31» a,, & and a, will be

3 4
obtained for each of the four categories

U = one-dimensional velocity

x, = % coordinate of the channel end
*

Hl = Ulg

H2 = u/Ven.

Figure 2. Flow Chart

]

initial instant

. : N [«] .
InPUT t = final instant
Channel parameters e . -
— in computational
. period :
/ INPUT ‘ .
Initial Conditions Xo = ¥ coordinate of

U(to,x), n(to,x) the channel end.
for all x
LB

INPUT
t and t
(o] e
Step size At

Compute
H2 using U(t,xe)

Solve for the flow
in the channel .
system using a

and (t’xe) numerical method.

¥

using the relationship i

between Hl and Hz

compute Hl and hence M t=t+At
*

[ ]
U(t,xe), i.,e. U at

the downstrean end

Figure 3. Progzram Flow Chart
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