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CHAPTER 1

tn

ACKGROUND AMND PURPOSE

The Albemarle-Panmlico is one of the most imposfng estuarine
systems 1n the Unfted States. FPhysically, 1t dominates the North
Carolina coast, with {ts more than 2800 square miles of protected
inshore waters (B0% of the State total) and extensive areas of such
bordering habitats as beaches, marshes, and swamp forests, Human use
of this system 1s extsnsive. Population of counties 1in the watershed
has grown steadily since 1970 at a rate of 18,360 new inhabitants per
year, This growth has been paralleled by increasing expenditures for
recreztion and tourism which have grown at an inflation adjusted
annual rate of 15,7% since 1975, This {increasing human uss has
contributed to large fncreases in the number of wastewater treatment
plants and industrial discharges. Tradiftional human uses have waxed
and waxed since 1970. The area of harvested agricultural land
fncreased about 50% in the 1970's, but has decreased about 10% since
1980 {to 2.3 millien 2cres in 1984), Agriculture remains 2
significant economic component; however, accounting for over 31.5
bil1lfen in annual gross receipts from field crops and 1ivestock,
Forestry produces an annual harvest worth 72-78 millfon dellars, but
total forest area is being reduced by 20,000 acres annually.
Commercial fishing produces a processed product value of about $60
million dellars annually, but landings of major finfish and blue crabs
reached historic peaks in the early 1980's and have declined since,

while anadromous fish harvests have declined steadfly since the early
1970's.

The relationships between changing human use patterns and
productivity of the Albemarie-Pamlico region are not understood, but
there 15 growing concern that the natural integrity and productivity
of estuaries are affected by the activities of man. As economic
development in the coastal area, a2nd 1n watersheds draining to the
coastal area, grows more intense, questions about man's impact gain
urgency. Finding realistic, workable means to mediate conflicts
between human uses clearly depends upon understanding interactions
between human uses and natural systems.

It is equally clear that fundamental choices are now being made,
whether wisely eor unwisely, by conscious choice of by inadvertence;
that will determine the long-termm productivity of the
Albemarle-Pamlico system, These choices are the cumulative result cof
thousands of private business and individual decisions and an overlay

of three levels of government with varying authority and hundreds of
management programs.

There exists no monglithic bureaucracy to "manage the estuarine
system for socciety's benefit", with powers to impose a common purpose
upcn 211 who affect the system. The hope for systematic and rational



resource management 1jes fn unification of knowledge and
understanding, and vcluntary cocperation among institutfons. The
presumption of this study 1s that relevant scientific knowledge,
acquired in a timely fashion, translated into practical terms, and
widely shared among the elements cf an otherwise fragmented management
structure, will drive these elements toward coherent and effective

policy.

On August 15,

1986, the Policy Committee for the
Albermarle-Pamlico Est

uarine Study resolved that:

The goal of the Albemarie-Pamlico Project will be
tc provide the scientific knowledge and public
awareness needed to make rational management decisions
s¢ that the Albemzrle-Pamlico estuarine system can
continue to supply citizens with natural resources,
recreational oppertunities, and aesthetic enjoyment.

The obJectives of the project will include, but
are not limited to, generating understanding of what
is needed to maintzin, and where necessary restore,
the chemical, physical and biclogical integrity of the
estuary, the wildlife habitat of the estuary, the
production levels of recreztionz] and commercial
fisheries of the estuary.

The specific goz
in the 1587 Clean Wate

1s the National Estuarine Program are stated
r 1, as amended. They are;

:-'
811

(1) assess trends in water gquality, natural .resources, and uses
of the estuary;

(2) collect, characterize, and assess data on toxics,
nutrients, and natural resources within the estuarine zone
to identify the causes of environmental problems;

{3) develop the relationship between the inplace loads and
peint and nonpoint loadings of pollutants to the estuarine
zene and the potential uses of the 2one, water quality, and
natural rescurces;

(4) develop a comprehensive conservation and management plan
that recommends priority corrective actions and compliance
schedules addressing point and nonpoint sources of
pollution to restore and maintain the chemical, physical,
and biological integrity of the estuary, including
restoraticn and maintenance of water guality., 2 balanced
indigencus population of shellfish, fish and wildlife, and
recreational activities in the estuary, and assure that the
designated uses of the estuary are protected.

(5) develop plans for the coordinated implementation of the
plan by the States as well as Federal and local agencies
participating in the conference:



{5} meniter the effectiveness of actions taken pursuant to the
plan; and

{7) review all Federal financial assistance program and Federal
development project in accordance with the requirements of
Executive Order 12372, 2s in effect on September 17, 1983,
to determine whether such assistance program or project
would be consistent with and further the purpeses and
objectives of the plan prepared under this section.

Therefore, the major thrust of the Albemarie-Pamliice Estuarine
Study 1= toc enable resource managers to better preserve the
productivity of the estuarine area by expanding relevant knowledge

gbout the impact of human uses upon 1ts physical, biolegical, and
social systems,

Lak



CHAPTER 11

THE ALBEMARLE-PAMLICC REGION
NATURAL SYSTEMS, HUMAN USES, MAMAGEMENT TOOLS

NATURAL SYSTEMS AND ENVIROMMENTAL COMCERNE

The Albemarle-amlico estuarine system itself contazins the second
1a§gest estuarine surface water area in the United States (ca. 2,800
mi®) (Figure 1). This system consists of two Targe coastal lagoons
(Albemarie and Pamlico Sounds) with their associated fringing habitats
{beaches, marshes, tiuffs, and swamp forests) and rivers (Neuse,
Pamlico, FPungos, Allicator, Roanoke, Chowan and others). These
waterbodies representi ancient river valleys flooded by the rising sea
level during the last several thousand years, The underlying geclogic
setting is similar throughout the system. Stratigraphy of sediments
underlying both lan< and water areas is relatively consistent,
a2lthough beds vary in thickness from place to place. Rainfall
averages about 50 inches a year, with higher values in summer and
winter than in the f2171 and spring. The mean—mcnth7¥ daily-high air
temperatures for the region range from zbout 7° (25°F) in January to
over 32°C (20°F) in July. Thunderstorms cause high winds and
rainfalls in summer months., The entire regfon {is exposed to
hurricanes.

Cther environmental features of the Albemarlie—Famiico systen vary
regionally to create Tocal habitats of gquite different character,
Some of the differences between the two maior sounds are summarized in
Table 1.

Salinities vary greatiy in both space and time within the
Albemarie-Famlicc system. Albemarie Sound has much lower salinities
than Pamlico Sound, but both sounds exhibit significant temporal and
spatial salinity veriations. Evidence suggests that significant
declines in salinity have occurred since the 1940's, Historical data
are sparse, and changes in analytical techniques and spatial and
temporal distributions of samples cause their relfability to be
suspect. Analyses do, however, seem to fndicate an almost 50% decline
in "mean annual salinity" in the regfon. This decrease occurred
during a period (1960-1980) of extensive agricultural clearing and
drainage cperations. Such operations have two major hydrological
effects: 1) to speed movement of rainfall from the land to nearby
estuaries and 2) to lower ground-water levels from one tc four feet
below the land surface. These changes alter water quality in the
estuaries and have great significance for the shallow estuarine
embayments which serve both as recelving waters for drafnage and as
nursery areas for many estuarine species. Understanding the
historical timecourse and ecologfcal significance of drafnage network
fnstallation associated with land use conversion and evaluating the
potential for mitigation of impairment of nursery areas will be a
primary focus of this study.
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Figwe L.  Study area for the Albemarie-Pamico Estuarine Study, Inchuding drainage basins upsiream to first Impoundments,
drainage basin boundaries, or North Carolina/Virginia etate Wne.



TABLE 1

CHARACTERISTICS OF ALBEMARLE AMD PAMLICO SOUNDS

Albemarle Pamlico
Surface Water Area (mi%) 900 2,000
Watershed Area {miz} 18,360 12,520
Percent area of state inshore total 26 5&
Net Freshwater Inflow (f4°/sec) 17,000 32,000
Volume of Sound (bi1l1en £t°) 231 915
(millicn acre ft.) 5.3 21

Averzce time for Inflow to equal volume 6 14 weexs
Salinity Tow moderate
to high

Ficheries anadromous marine

and fresh

Fercent catch of state total 14,0 78.0
Percent value of state total 5.0 13.0

*Pamiico includes Albemarle Inflow

MCTE: The Albemarle Sound area includes Currituck and Croatan Scunds
and the Pamlico Scund area 1ncludes Core and Roancke sounds,
Tributaries are also included. Landings are based on 1968-1985 data.



ssolved oxvgen concentrations in the Albemarie=Famlico
estuarine system are generally high and capable of sustaining fish and
other acuatic animals. Concentrations generally range from 4-2 ml
0,/L with highs occuring during cold months and Tows in warm months.
A“combination of conditions (some natural and some anthropogenic),
however, can lead to oxycen depletion events in segments of the
estuaries. Oxygen depletion cccurs mest commenly in the lower reaches
of tributary rivers such as the Chowan, Alligator, Pamlico and Neuse,
but low-oxyvoen fish kil1ls can occur throughout the Albemarle—Famlico
system., There i a general impression among scientists and laymen
alike that these events are becoming more freguent, but trenc analysis
i difficult. There alsc is a general lack of understandingc of which
sets of conditions cause algal blooms and resulting anoxia, 1.e..
nutrient concentrations interact with hydrelogic conditiens in an as
yet peoorly defined way.

Definite changes have taken place in the Albemarie-Pamiico 1in
recent years, These changes are the basis for major environmenta)
concerns summarized below:

Jeclines in Fisheries Frodyctivity

Majer declines in commercial fisheries have occcurred in the
Albemarie-Pamlico region since the late 1970's. Striped bass, shad
and river herring landings from the Albemarle Scund are greatly
depressed from historic levels. In addition, commercial landings of
croaker, catfish and flounder have trended downward since 1980, Blue
crab lancdings show a2 similar decrease. The reasons for these declines
remain equiveocal, but undoubtedly include declining water guality,
critical habitat Toss and fisheries-related effects. Declines are
expectied to continue unless causes can be ascertained and corrective
steps taken. FResearch intended to establish causal relationships
between various environmental effects and fisheries declines, and to
evaluate effects of fisheries practices on fisheries stock 1s crucial
to improved management of the valuable fisheries rescurces.

Ulcerative JSore Diseases

Recent outbreaks of ulcerative mycesis in commercially important
species in the FPamlico River present a major challengs. Up to 85%-50%
of menhaden sampled were affected in 1985. Many other commercially
important species are affected, including flounder and weakfish,
Recent investigations suggest that stress related to water quality
degradation is an important factor leading to disease outbreaks, but
epidemiclegical relationships are poorly understood. Furthermore, red
sore disease in commercially important species in the Albemarie Sound
reached epidemic propertions during the 197C's, but the causes for the
cutbreak and the potential for future outbreaks remain ambiguous.
Research on causes of disease outbreaks s sorely needed.
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Fecent vears have shown a significant {fncreass in fish kills
reported in tae Pamlico River., Eighty=seven percent of kills reportad
since 1966 pczurred 1in the Jast half of this fnterval., High
variability in conditions between years and 1in reliability ef
reporting makss trend analysis difficult, yet the information
availahle suczest that fish kills are becoming more common. Most of
these fish kiils are related to oxygen depleticn, related to
eutrophicaticn, water-column and benthic respiration and salinity
stratificatich. but the causal mechanics are poorly known., Changes 1In
the vertical £istribution of oxygen-depleted zones have been
recognizec ac significant anthropic effects on Chesapeake Bay, but we
lack the vertical samples required to document similar trends in the
Albemarle-Par’ico region. Fisherfelk, however, compliain vociferously
about the ravsges ot "dead water," and are convinced that 1ntensity
and extent ¢ affected regions have increased.

Changes 4in Dfziributicn Patierns of Aquatic Sessile Qrganisms

Historic changes in distribution pattems of important organisms
have been drénatic in the Albemarie-FPamlico regicn. Freliminary
studies suggest that viable oyster beds have been displaced downstream
roughly 10-1% miles fn the Pungo, Pamlico, and Neuse Rivers since the
late 1240's. The causss for this effect are uncertain, but probably
include chances in salinity and sedimentation pattems induced by
creinage fror agricultural and silvicultural areas as well as cultural
harvesting techniques (e.g. removal of shells).
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Extensive beds of brackish water macrophytes which existed 1in
1976 had almcst disappeared by 1985, This decline parallels similar
declinez in tne Chesapeake Bay and elsewhere, and represents an
environmentaily important change in fisheries habitat and waterfow]
food. Prelirinary ressarch suggests that environmental perturbations
were involvec, but definite answers await experimental elucidation.

Impzirment of Murservy Area Fuynciion

The marsaes fringing the lower Pamlico-Neuse Rivers and Pamlico
Sound provide essential nursery functions supporting the sound and
oceanic fisheries of much of the central Atlantic coast. Most of
these areas are bordered by Tow=lying wetland areas, which must be
drained before they can be used for agriculture, silviculture or other
dry land uses. The freshwater, sediment, and trace contaminants
delivered through these drainage systems have negatively affected the
function of those nursery areas. Although the exact extent of
existing impairment may prove difficult to estimate where historical
data is lacking, fdentification of impaired areas and assessment of
restoration/mitigation potential may be easily accomplished.
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Blooms of phytoplankton in response to cultural enrichment of
estuarine waters with nutrients are well documented 1in the
Albemarie-Famlico system. Spectacular blooms of noxious blue-greens
in the Chowan River occurred in 1972, 1978, and 1983. The Neuse River
continues to exhibit high-intensity blooms of blue-green algae
whenever nutrient loadings are high in spring, and flow rates are low
in summer. Many other tributaries display periodic blecoms, depending
on flow regimen, nutrient loading, salinity, and meteorologic
conditions. Even the Pamlico River, where salinities are normally

igh enough to prevent blue-green domination of algal assemblages,
displays seasonal blooms of dinoflagellates, which probably contribute
to cxygen-depletion phenomena in the river, Modification of algal
populztions in response to nutrient enrichment alsc has important
ramificatfons for striped bass in the Roancke River. Ressarch on
causal relationships of the eutrophication process is important to
allow management of fts effects.

Hzbitat Lose=

Human activities in the Albemarle-Pamiico region have creatly
affected ecosystem funciicns of estuarine habitats and tightly-1inked
wetland habitats. Dredging and filling of productive bottoms,
marshes, and pocosins has modified reproductive, migratory, and
feeding patterns for a2 wide variety of aquatic and terrestrial
grganisms. The relative habitat value of these areas is poorly known,

and restoration or mitigation potential for impacted areas has yet to
be evaluated.

Shellfish 1 rras

Closure of shellfish waters in North Carolina because of
bacterial contamination has excluded from harvest 50,000 acres since
1970, Relatively few of the total shellfish beds in the stzte occur
within the study area, although Pamlicc Sound supports large oyster
grounds, Core Sound contains important hard clam areas; and Bogue
Sound provides a variety of shellfish resources. Most of the less
saline areas (Neuse River, Famlico River, Albemarle Sound and
tributaries) contain species such as Rangia cyrneata and Macoma spp.
which are not exploited extensively. The majority of shellfish
closures in the study area have resulted from agricultural cperations
or from resfdential or commercial developments.

icant Ef +e

Relatively 1ittle s known about the effects of toxicants on
estuarine organisms in the Albemarle-Famlico region. Specific
locations (e.g. Slocum Creek) have been identified where toxicant
problems exist, but large-scale problems have not been documented.



Concern remzins over potentizl toxicity of specific constituents of
permitted ang proposed discharges (e.o. titanium, fluoride, antimony)
and the whole effluent toxicity of others (pulp mil1l effluent), yet
the region 1s relatively toxicant-free. A systematic baseline

evaluation of potentiaily toxic contaminants has not been conducted.

HUMAN USES OF THE ALBEMARLE-PAMLICO

Human activities in the Albemarie-Famlico include agriculture,
forestry, residential and commercial development, mining, naticnal
defense, fishing (commercial and spert), tourism/recreation, and
wildlife hunting/preservation. These activities 211 generate wastes
that are disposed of within the system. There have been major changes
in human use of the Albemarie~Pamlico region over the same timeframe
in which the majior environmenta] concerns described above developed.
The current level of human activity and recent changes 1n the
intensity of these activities are summarized below.

Agriculture is the largcest industry in the 28 counties of the
central anc northern Coastal Plain., These counties contain 45% of the
State's croplend and produce about 50% of its hogs as well as 25% of
its chickens. Predominant field crops are corn, soybeans, tobacco,
potatoes, whezt and peanuts. The region generates over $1.5 billien

annually from agricultural development of its highly productive soils
and flat landscape.

Agricuiture has evclved across the study regicn in different ways
due to the varying topographic features of the Coastal Plain. The
Coastal Plain is divided into two main geographic sections by the
Suffelk Scerz, The region west of the Scarp is older, has a higher
elevation anc the soifls generally have a sandier texture. For these
reasons, natural soil drainage is generally better west of the Scarp.
The high value crops of tobacco and peanuts are grown mostly west of
the Scarp and on the ridges and better drained solls east of the
Scarp. These crops are very sensitive to even short periods of

excessive soi] moisture and require very low levels of soil organic
matter.

East of the Scarp, row crop agriculture is characterized by
larger operations with the main crops being corn, wheat and soybeans.

Production of such crops 1s highly mechanized and relative net {ncome
per acre is Tow.

Artificial drainage is necessary throughout the Coastal Plain
except for the upper portions of the local topography. East of the
Scarp, requirements for artificial drafnage are universal. Elevations
are less than 22 feet above sea level, topography is flat and the
soils are generally medfum= to fine-textured. ith an average annuzl



rainfall of approximately 50 dnches and very high peak storm
intensitites, extensive artificial drainage systems are necessary to
prevent damage trom excessive soll meisture in the root zone and
periodic field flooding. Crops require a water removal system capable
cf handling abtout 2 inches of surface runoff within a 24-hour periecd.
This water removal is usually accomplished through gravity flow,
although some pumping 1s done on the peninsula between Albemarle and
Pamlico Sounds,

Despite the success of agricultural drainage, the amount of
eropland in the region appears to have reached its peak., Landelearing
activities begun between 1950 and the late 1970's are mostly complete.
In 1575, the Corps of Encineers 404 dredge and fi11 permit became a
major constraint to clearing land. The jurisdiction for the pemit
was drastically breoadened from navigable waters teo Include wetlands.
The inability eof First Colony Farmms to cbtain a 404 permit decision
for land c¢learing after an extensive Environmental Impact Statement
process has set 2 precedent against future land development under the
new law, FRegardless of acreage, all land development comes under the
purview of this permit.

Major concerns about agricultural nonpoint source pollution of
the scunds are: (1) nutrient Teading of freshwater, particularly with
nitrogen and phosphorus; (2) increased freshwater peak flows into
saline primary nursery areas; (3) general degradation of water bodies
by sedimentation; and (4) coliform bacteria contamination of shellifish
argas. The degree of agriculture's impact on these problems remains
uncertain and depends upon many factors, including the weather,
specific crops grown and the application of Best Management Fractices
(BMP's), BMP's for the Coastal Plain address soifl erosion and
sediment delivery, animal waste disposal and water management.
Fesearch has shown that BMP's are very successful in reducing
pollution from agriculture.

For the future, agriculture in the region is anticipated to
remain fairly steady. Cropland acreages are not expected to increase
because of economic and legal restrictions on clearing land. The
acreage of planted cropland will, however, vary from year to year.
Hog and chicken production should continue to grow with a large
increase possible 1f & major processing plant locates within or near
the region. The potential for agricultural nonpoint source peollutieon
in the study region will remain fairly constant. Pollutien increases,
if any, will be attributable to growth in livestock productien,

Conservation work {s progressing. The N.C. Agriculture Cost
Share Program is greatly accelerating BMP implementation in the 18
counties participating in the program. Water management is proving to
be very attractive to farmers and 1ts use should increase
dramatically.

Commercial Forestry

The forestland ef the study area 1s a base for production of raw
material for a diverse forest products industry. The present stumpage



value of the annual harvest is 72 to 78 m111ion dollars. Thess
forests aiso functicrn as wildlife habitats, recreational areas, and as
a filter and surge control mechanism for fresh waters entering the
sounds.

Arnalysis of recent U.S. Forest Service woodland 1nventories and
informaztion from the MN.C., Division of Forest Rescurces, reveal the
following trends in forest use:

. There appears to have been an average annual reduction in
total forest area of 20,000 acres.

o ]
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The extent of the pond pine, the oczk-gum—cypress (both
typical of poorly drained sites), and the natural pine types
decreased between 1964 and 1984, Cther hardwood types and
pine plantations have increased over the same period,

& There has been a shift in the land cwnership pattermn. Acres
owned by private individuals has decreased while acres owned
by corporatigns not associated with the manufacture of
forest products has increased.

4. Silviculture is changing as follows:

2. The degree of disturbance centered upon pine plantation
establishment has decreasad.

b. The annual rate of pine plantation establishment has
alsc decreased.

c. The use of herbicides and prescribed fire has
increased,

d. The rate at which drainage systems for woodlands are
being fnstalled has declined. It is estimeted that
betwesen 75 and BO percent of the land owned by forest
industry for which drainage 1s a feasible option has
already been drained.

8. Fertilizer is currently used on pine plantations with
phosphorus applied during the establishment of
plantatiens on many poorly drained sites, but with
nitrogen much less widely applied. It 1s estimated
that about 10,000 acres per year will receive
phospharus.

From these trends 1t appears that, at least for the short-temm,
the forest condfition will remain relatively stable. Drainage activity
will probably not change. Fertilization activity will 1ikely increase
(unt1l energy costs climb). Conversion of forest land to other uses
will continue at 1ts present rate until, and 1f, agriculture becomes
much mcre profitable. The rate of harvest will change 1ittle unless
climbing energy costs create markets for "energy wood".

12



Residential and Comme-cial Develgpment

Residential and commerical uses on the Albemarle-Famlico systerm,
are extremely varied. Residential uses include trailer parks,
neighborhood housing developments, and condominiums, Commercial uses
range from marinas to central business districts.

While the initial rush to develop the coast was on the
oceanfront, the diminishing availability of occeanfront land and
sparing oceanfront prices has placed new development pressure on the
sounds and rivers. These developments are often outside the areas
classified in land use plans (LUP's) as developed or transitional (te
development), and reguire amendment to the LUP. When this occurs, the
effected county must azpply to the State Coastal Rescurces Commission
to amend its LUP. D2tz on such amendments provide information on
cshoreline development.

The above information portrays a real trend of increased
development with population growth, focused in four coastal
counties~-Dare, Carteret, Craven, and Beaufort. Land classifications

astal counties show where growing populations, and the structures
needed to house and serve them:, will be located. The growing
communities are focusing their expansion along the waterways, where
the property is more zttractive and serves acs a more valuable tax
base. In general, theose counties exhibiting growth are targeting that
growth for the shoreline. It is expected that those shoreline areas
selected for transition tc intense development will surely, and
quickly, be used for that purpose.

Mining and Industrizl Development

In general, the Albemarle=Pamlico area is not highly
industrialized. However, there are several large manufacturing
operations located in proximity to the water having a significant or
potentially significant impact on water quality, salinity, and
temperature. Individual facilities within the Albemarle-Famlico
region that have been identified by the N.C. Division of Environmental
Management, Washington Regional Office, as having a direct discharge
to tributarfes of the estuary include: a phosphate mining and
processing facility on the Pamlico River: pulp and paper mills on the
Neuse and Roanoke Rivers; a metal plating operation on the Neuse
River; and textile and synthetic fiber manufacturers on the Pamlico,
Roanoke, Chowan, and Neuse Rivers.

Many smaller industrial operations may have a2 localized or
cumulative impact on estuarine resources. Examples include hog and
poultry processing operations, printing, chemical manufacturing, and
boat building and repair, Industrial operations upstream of the
immediate study area 2lso affect the estuary, as discussed in the
section on waste disposal.

Mining in the Albemarle-Pamlico region may be grouped into three
categories: 1) construction materials (consisting of sand and
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1imestone), 2} phosphate, and 3) peat. ining for construction
materials is highly dependent on local markets in residential,
commarcial, industrial, and highway construction, and 1ts trends are
closely related to trends 1in population growth. North Carolina's
extensive phosphate reserves are a relatively rare rescurce for
internaticnal agrichemical (fertilizer) markets, Florida's phosphate
reserves (the only other significant deposits in the Eastermn U.S.) are
being rapidly depleted and this practically guarantees long-term
growth of North Carolina's phosphate mining industry. Peat reserves
in the Albemarie—Famlico Peninsula are well documented tc cover tens
of thousands of acres and may be developed for firing steam-electric
plants. The economic viability of peat mining is still unproven and
the envircnmental restrictions to be placed on peat mining have not
been completely established. Minerals rescurces underlie the sounds
themselves. The exploitation of these resocurces may become
economically viable within coming decades,

Mining for constructicn materials consists mostly of sand pits
scattered throughout the area. These are typlcally shallow
excavaticns (10 to 20 feet deep) covering a few thousand sgquare feet
to a2 few acres each. Urainage is typically internal, and, with few
exceptions, impacts on surface or ground water quality and/or quantity
are insignificant.

About 20 millien cubic yards of submerged oyster shell deposits
have been documented to be in eastern Albemarle Sound. These deposits
are a pessitie mining rescurce for aggregate, chemical grade lime,
Portland cement manufacture, poultry grit, or oyster clutch material.
Extensive dredging of clam shells in Lake Ponchatrain, Loufsiana, 1is
an example of this type of mining.

Phosphate mining in Beaufort County 1s by far the largest single
mining industiry 1in the state. Nearly half of the product is shipped
overseas. The primary use 1s for enriched phosphate (superphosphates
and phosphoric acid) to be used in agricultural fertilizers.

Phesphate mining and beneficiation produces large gquantities cof
colleidal clay and gypsum, which are currently considered waste
preducts. These wastes may become resources in coming decades. About
2000 acres are diked for disposal of these clay wastes from phosphate
mining, and approximately 800 acres are devoted to gypsum wastes,

The phosphate industry 1s characterized by very large withdrawals
of fresh ground water -- presently about 60 million gallons per day.
Most of this water is cycled through processing operations and then
discharged to the Pamlico River.

Texasgulf Chemicals, Inc., the only current phosphate producer in
the region, owns or controls some 80,000 tc 90,000 acres of phosphate
reserves in the Beaufort County area. Some of these holdings include
leases of State-owned submerged lands beneath the Pamlico River.

Existing available reserves are sufficient for several decades of
producticn at current rates.

14



Explcration of offshore phosphate depecsits 1s currently underway.
Information presently available indicates the existence of large
reserves c¢f phosphate rock in submerged lands. These deposits should
draw increasing interest as world supplies of this essential plant
food diminish.

Large scale peat mining in the Albemarie-Pamlico regfon is still
in speculative stages. Although several tens of thousands of acres
and tens of millions of tons of peat reserves are proven and roughly
26,000 acres have been (tentatively) permitted for mining, the
econamic viability of peat mining has not been established. It now
appears that the most 1ikely use cf peat will be to fire boilers for
electric generation plants.

Na+ignal Defense
The U.5. Department of Defense operates 19 facilities occupying

more than 97,000 total acres in the Albemarie-Pamlico regien. These
facilities can be grouped into several categories:

A, ] je Inkr =% yav = The environmental impact
from this facility are use-related (petrcleum by-products
and wastes from the ships head and galley). Maintenance
dredging also generates significant, intermittent impacts.

BE. Cherry Poipt Marine Afr Station - The Air Station is a
potential source of known and unknown hazardous waste
pellutants to both surface and ground water from historical
and ongoing activities. Thirty-twe hazardous waste
facilities/sites have been identified at the Alr Station.

C. Bomb E 5 T + Areas = Site-specific physical
effects occur in these areas. Broader and more significant
impacts may prove to be the use-conflicts (exclusion and
noise) with commercial fishing, recreation, wildlife, and
the Intracoastal Waterway.

L. ther Fac{lities - Present impacts from these facilities are
minor, although the potential exists for significant future
impacts.

The major facilities in the region all face critical
environmental 1ssues in the near future.

Atlantic Intracoastal Waterway

The AIWW maintenance dredging program will require the
identification of new spo{l disposal areas in the future. Options may
include ocean dumping, the use of pipelines to beach nourishment
sites, pipeline to upland disposal sites, creating new spocil islands,
and side casting. Choices among these altematfves must be based upon

the best possible resource and use data to avofd unnecessary
canflicts.



Fecreztional craft are the dominant users of the Atlantic
Intracoastal Waterway. If this trend continues and is reinforced by
more year around use from resident and tourist populations in coastal
counties, then increased pressure should be expected for marina and
second home development along the waterway.

Cherry Point Marine Alr Staticn

The CPMAS may be one of the largest polluters in the study area.
Improved environmental laws over the past decade and a half have begun
to focus on the operating procedures that have caused past
environmental problems at this facility. By incorporating CPMAS staff
in the Albemarle-Pamlico Study and directing study resources to this
arez, the ongeing CPMAS studies could be broadened and more
comprehensive results scught.

Bombing Ranges And Target Areas

arent trend for bombing ranges and target areas in the

s toward expansion and mere sophisticated weapons testing.
Associeted co 1led airspace expansions will cause significant
conflicts with commercial and private air traffic, recreational and

ntro

Intraccaste]l Waterwazy, and the development and use potential of
underlying lands, including the National Seashores. A further result
cf these conflicts will be the curtafiment of aircraft use within the
study area for rescurce management overflights for research and
enforcement.

H::-n :_quﬂgqa
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jor use of the Albemarie-Pamiicoc estuarine system and Its
tributaries iz the dispesal of waste generated by domestic,

1, and defense facilities or by other human activities on the
surrounding land.

For purpeses of this evaluation, "waste" is any material which
enters waters of the State of North Carolina through human action (cf.
G.S. 143-213(18)); therefore, not only must the more traditional peint
scurce pcllutants from {ndustrial and domestic point discharges be
considered, but lecadings cof substances derived from nonpoint sources
(e.g. agriculture, forestry, other land conversion activities,
stormwater runoff and septic system leaching) must alsoc be evaluated,.
These nonpoint contributions to total pollutant loads are significant
in the Albemzrle-Pamlico region, especially for nutrients and
sediment, which are two constituents clearly implicated in existing
water quality problems,

Point Source +rd} ions

The discharge of waste by domestic and industrial facilities is
regulated in North Carclina by the Division of Environmental
Management (DEM) of the Morth Carolina Department of Natural Resources
and Community Development (NRCD) under the NPDES permit program. The
number of NPDES permits which are currently valid in the study are2 is
shown in Table 2. A



TABLE 2

PERMITTED POINT-SOURCE DISCHARGERS IN MAJOR DRAINAGE BASINS IN THE ALBEMARLE-PAM.IC
REGION BY TYPE OF DISCHARGE

Municipal

Wastewater

Treatment Cther Total Total
Basin Plants 3Schools  Domestics [Domestics Indusiries Pemmifs
Cheowan 7, 13 g 28 15 44
Pasquotank g g 16 34 26 60
Roanoxe g g 12 30 g 3s
Tar=Famlico 25 35 Z21 Bl 52 133
Neuss 38 49 a7 174 &7 261
White Qak 0 2 3 5 1l 16
Total gg 117 147 352 201 BE3



Nonpoint Spurce Contributions

Monpoint sources contribute significant amounts of sediment,

nts and other runoff-associated pollutants into the estuarine
recefving waters. Evaluations of the relative contributions of
netrients from point and nonpoint sources have been conducted for
severa]l major tributaries to the Albemarie-Pamlico system. The major
tributaries differ in the relative Importance of pocint and nonpoint
spurces. The Chowan River waste load 1s dominated by nonpoint source
contributions for both phosphorus (76%) and nitrogen (79%). The Roanocke
River EBasin downstream from the Roanoke Rapids impoundment shows the
same domingtion by nonpoint sources for nitrogen (63%), but phosphorus
fnputs oricinate from mainly point source (64%). The Tar-Pamiico and
Neuse Rivers receive similar nutrient inputs from nonpoint sources: B1%
and B4%, respectively, for nitrogen, and 37% and 507, respectively, for
phosphorus. The relatively large peint source contribution 1in the

Tar-Pamiico comes mostly from Texasgulf Chemicals' phosphate mine 1in

Beaufort County (up to 60% of the basinwide phosphcrus loading). The

Nevse EBzsin phosphorus Toad comes mainly from wastewater treatment

plants (up te 45%). Althouch nutrient budgets for the Albemzrle Sound
1

iled by DEM, no comprehensive budget fer the

ico Scund complex exists.

-

have been comp
Albemarle-Pam]

Impacts

Impacts of disposal of waste are evident in the Albemarle-Pamlico
estuarine system, although the exact causal mechanisms anc the
magnitudes of the effects are not well documented. The most obvious
result of anthropic augmentation of nutrient fluxes intc the estuaries
has been eutrophication. Noxious growths of microplanktonic and
filamentcus algae have occurred periodically in the Chowan, Neuse and
Pamlico Rivers during the past 1% years. The Meuse River continues to
experience high levels of algal density, with concomitant viclations of
the water gquality standard for chlcrophylla. Periodic outbreaks of
noxious blue-greens still occur in tributaries to the Albemarie Sound,
despite extensive nutrient control plans enacted in the region. Major
shifts in a7gal pepulations due to nutrient inputs have greatly
modified food chains in the region and probably have contributed to
marked declines in certain fisherfes. The Pamlico River commonly
experiences early spring and Tate summer blcooms of dincflagellates,
which undoubtedly contribute significantly to severe summer anoxia
problems and asscciated fish and macroinvertebrate kills, Without
careful management, increased nutrient Toadings will result in even
more severe degradaticn of water quality, which has ramifications for
water-dependent uses such as fisheries, The relationship between waste
loading and ulcerative sore disease of fishes 1s not well understood,
but the causal connection {s plausible. Furthermore, major shifts in
distribution and abundance pattems of estuarine organisms
(macrophytes, sessile {invertebrates and fishes) have resulted at least
in part from increasing waste loadings.



mergial Fisheries

The environmental diversity and subtropical lecations of the
Albemarie-Pamlico regicn results in a complex system of habitats
supporting a diverse assemblage of exploitable fishery species.
Commercial fishing gears are adapted to specific habitat and Tife
history stage of target species. Some gears are very specific in what
they catch. Channel nets take 11ttle other than migrating shrimp
moving on ebb tides. Clam and oyster tongs and rakes are used to
harvest sessile shellfish., Crab pots catch very few finfish., On the
other hand, gears such as trawls, pound nets and leng haul seines
capture a2 wide variety of seafood. ishermen can, however, target
desirable species with these gears by utilizing certain mesh sizes 1in
selected areas during 1imited time periods.

In Ncrth Carclina, commercfal fishing boats and vessels are
licensed, not fishermen or gear. The numbers of ]1icensed bozts and
vessels in the counties comprising the Albemarie—Famlico area has geone
from €,800 in 1972 to 9,500 in 1985, an increase of 44%.

An important factor to consider 1s that few, {1f any, commercial
fishermen in rely on only cone fishery for their 1iving, Yirtually all
of the fishermen have an annual round of seasonal fisheries including
several different species and gears, and sometimes a non-fishing Job
during part of the year, as well. This situation 1s due to the wide
variety of fisherfes resocurces which vary in availabiiity during the
year, as well as among years. For examplie, pink shrimp are available
during spring and fall, brown shrimp in the summer and fall, and white
shrimp only in the fall. American shad and river herring enter the
estuaries during February and are gone by mid-June. Blue crabs enter
pots during April through November or December in western Pamlico
Sound, but can be taken during winter warm spells by pots 1n the
Ocracocke Island area. Thus, Morth Carolina's commercial fishermen must
be versatile in order to be successful.

Sport fishermen take large quantities of finfish, crustaceans and
shellfish in coastal Nerth Carolina, using principally rod-and-reel.
Many, however, use gill nets, trawls, crab pots and rakes
recreationally. The rod-and-reel catches are estimated annually for
the entire State as a whole by the federal govermment (National Marine
Fisheries Service), but data are not calculated for smaller units
(water bodies or counties) as they are for the commercial. fisheries,
No data are collected on recreational catches of crustaceans or
sheilfish. Recreational catches of some species may equal or exceed
commercial landings, but without recreational fishing data, evaluatien
of the status of these species 1s very difficult.

Table 3 summarizes catch data for commercial species in the
Albemarie-Pamlico region from 1972-1985.
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Tabla J. landings of principal comsercial spaciss from tha Albemarls Somd, Perlioo Samd, and Core fioond sress of Morth Camlina
combiined, 1972-198% (In thousands of pounda)

SFECIER

River [ = Pearloan Str[ped White ~ Blem  Manl

Herring  fish  Catfish  Croaker  Ploundar  Weakfish Shad Spot Bass  Perch  fhrimp Crah Clam Oysters
1972 11,.2W m 2,37 755 ™m kL) 402 1,978 a9 01 1 3,125 13,112 Li 15
1973 7,926 417 1,888 2,608 898 T67 89 3,713 €42 145 2,827 11,659 134 ian
1974 6,210 1,19% 1,79 3,804 1,868 B33 149 4,152 m 109 6,2M 12,861 40 b1}
1975 5,949 916 1,654 6,775 1,696 1,639 218 6,767 716 m9 2,908 10,783 13 102
1976 6,401 BO9 1,500 6,677 1,672 1,835 158 8,769 TOd 104 4,666 11,411 L] 24
1977 8,52} A1y 2,068 a,207 672 4,781 1046 2,790 400 268 4,494 11,901 513 266
1978 6,606 1,1 T.9M4 1,327 1,098 364 3,090 532 1% 1,744 22,044 am 164
1979 5,001 Ty 1,812 11,006 , 1,022 3,261 01 5,570 M6 361 2,596 25,154 ann m
1980 6,217 1,100 1,447 12,617 1,077 5,40 150 5,172 a1 6,612 2,907 1M A9
1981 4,611 TES 1,716 . 'I,ﬁiﬂ 2,102 3,290 192 2,119 58 s 1,646 36,202 652 ns
1982 9,418 1,008 1,167 7,815 1,803 2,662 m 4,368 2 665 4,1% 15,066 a7l 152
1983 5,868 622 1,050 5.587 2,071 2,178 77 2,373 ME 98 1,754 13,042 123 497
1984 6,505 77y 1,10 4,506 2,178 2,464 502 2,492 97 40 2,201 I 859 561

1985 11,549 77 1,219 4,166 1,841 1,922 309 2,775 80 T01 9,601 28,562 BEE 1”3




Analysis of the datz in Table 2 and elsewhere shows evidence of
the following trends for commercial fisheries:

1. Landings of the major finfishes, all of which have fairly
similar 1ife histories and are taken by the same fishing
gears, reached historic peaks in the late 1970's-sarly 1580's

and have since declined. Reasons for the the decline have
not bean defined.

2. Landings of anadromous fishes (fish which spawn in freshwater
but spend most of thelir life 1n saltwater——striped bass.,
American shad, river herring) have declined since at least
the early 1870's., The American shad decline may be due to
habitat degradation. River herring initially declined
because of excessive catches by foreign vessels in the ocean,
but recovery has probably been impacted by poor water quality
in the Albemarle Sound spawning and nursery areas.
Reproduction of striped bass 1n Roancke River has apparently
been unsuccessful since 1576. This probiem may alsoc be due
toc reduced water quality.

Lk

Landings of blue crabs, MNorth Carclina's most important
commercial fisheries species, reached peak levels in the
early 1980's and have declined since for unknown reasens,

4. The hard clam fisheries of Core Sound are probably producing
near their maximum potential, given the existing regulatory
controls and mix of harvest methods used.

5. Oyster landings are highly dependent on state management
efforts, and landings appear to respond gradually to such
efforts.

Sport Fishing and Recreational Boating

Boating in the Albemarle-Pamlico system 1s primarily for the
purpcse of recreational sport fishing. However, boating for the
purposes of commercial fishing, safling, skiing, and other recreaticn
is also common in the study area.

Over 49,000 boats are registered in the 25 counties that border
the study area. This is approximately Z2% of the 218,000 total boats
registered in North Carolina. Sixty-four publicly owned boating access
areas (launching ramps) are located withing the study area. These are
suppiemented by at least 117 privately owned or commercial access areas
that are available for public use in the study area.

Specific estimates of sport fishing effort and harvest of the

Albemarie-Pamlico system are not available. However, the National
Marine Fisheries Service (NMFS) has estimated that over 1.8 million
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recreational fishing trips were made 1n North Carolina's inland areas
in 198%;: to catch over B million fish of which 5.5 mil1lion were
harvested. Spot, pigfish, fliounders, and croakers were the ma2jor
epecies in the harvest.

Bocating pressure on eastem North Carclina waters, particularly
the Albemarle-Pamlicc estuarine system, 1s increasing at a2 rapid rate.
The increzse in number of marinas that support boating activity (gas
docks, sewage pumpout stations, etc.) 1s evidenced by high numbers of
Coastal Area Management Act permit review requests for these
businesses. A number of new, publicly-owned boating access areas are
constructed each vear and existing areas are renovated and upgraded to
meet the demands for adequate boat launching facilities. The N.C.
Hildl1ife HResources Commissicn 1s also in the process of implementing 2
Development Procram to be funded with newly authorized federal aid
monfes which w117 improve boating access to small streams.

An increasing ameount of the boating pressure that 1s being exerted
en Albemarle—Famiico system s not related to sport or commercial
fishing. Szilboating, regattas, speed boat races, and other water
coriented events are becoming common on Albemarle and Pamlico Sounds anc
their major tributaries. Conflicts between these users and sport and
commercial fishermen are inevitable,

Sport fisheries throughout the Albemarle-Pamlico estuarine system
are likely to diminish as a result of increasing human development of
the arez. 1In additicn to the increase in fishing pressure, development
alsc leads to fncrease 1n pollution and contaminant inputs, and an
overal] degradation of the habitat.

Teotal annual sport fishing effort on Albemarie Sound declined
between 1277 and 1980. The annual harvest of most major species alsc
declined during that period.

The harvest of striped bass from Albemarle Sound has declined in
recent years to record low levels. This decline 1s due tc the faflure
of the pepulation te produce a2 strong year class since 1970. Extensive
research is befng conducted to determine the cause(s) of reproductive
failures ef this population, but the factors leading to the decline
have nct yet been 1dentified. Stocking of hatchery reared advanced
fingerling striped bass is being conducted to bolster the natural
populations. The Edenten National Fish Hatchery, cperated by the U.S.
Fish and Wildlife Service, is located in Chowan County near Albemarle
Sound. The hatchery was instrumental in development of striped bass
culture. The missicn of the Edenton Hatchery 1s production of steck to
support striped bass restoratfon efforts in North Carolina and in the
Chesapeake Bay. The stocked fish and remnants of the naturally
producec population are now supporting sport and commercial fisheries
in the Albemarie Sound region. Stocking, however, cannot continue
indefinitely. If the causes of natural reproductive faflures cannot be

fdentified and corrected soon, the fisheries for this species in this
are2 may socn disappesar,



Touriem and Recreation

Tourism and recreation are significant and growing uses of the
Albemarle-Pamlice study area. VYacaticning on the barrier island
beaches is increasingly popular: and recent years have brought
accelerated building on the remaining undeveloped, privetely owned
poertions of the CQuter Banks and Carteret County beaches. Other
recreatfonal activities associated with vacationing at the beaches or
aleng the scunds of the mainland include recreaticonal boating, fishing
and hunting, camping or day-trips at federal and state parks and nature
preserves, and attendance at other features in the area such as
historic sites, outdoor dramas, aquariums, and museums.

Table & shows travel expenditures for 18975-1%8% for the Z0
counties bordering the Albemarle and Pamlicc Sounds and their
tributaries. Because this information 1is published each year in
current dollars, expenditures have been adjusted to constant (1972)
dellars in order to estimate the percentage increase in travel
expenditures from year to year not accounted for by inflation 2lone.

The average annual increase in travel expenditures over the pericd
.7%. 1In 1983, the base used for estimating travel expenditures in
T study was broadened because rentals of homes, cottages and
condominiums to transient users became subject to the state sales and
use tax. This had 2 dramatic impact on the figures for some counties
having a large number of such units, such as Dare and Carteret. Even
when the percentage increase from 1983 to 1884 is excluded, however,
the average annual 1increase in travel expenditures over the period 1s

13,8%.

i E
-
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Although county level data s not shown in Table 4, two counties,
Dare and Carteret, account for 75% of 1985 travel expenditures for the
20-county group, up from 60% in 1979.

Data show an increasing trend in travel expenditures in twenty
counties of the Albemarie-Pamlico Study area. This trend {s especially
strong in the counties containing cceanfront beaches, suggesting an
increasing demand for coastal water-related recreational activities.

The general consensus of most recent studies supports the
conclusion that demand for recreaticnal activities in coastal areas
wiil rise in the coming years. As recreation related travel into the
counties of the Albemarle-Pamlico study regfon increases, human impacts
in terms of waste disposal, destruction of wildlife habitat, stormwater
runcff poliution from developed areas, and pollution associated with
pleasure boats and marinas will become increasingly significant sources
ef stress on the estuarine resource,
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TAELE 4

1975=-1585 North Carolina Trave]l Expanr.'.Tturas1

Travel 2,3 Trave] % Increase
Expenditures®’™ Expenditures From Previous
Year {Current §) {Constant §) Year

{Constant 3)

1975 § 80,405 $ 64,170 -
1876 2,444 70,153 9.4
1977 118,047 84,743 20.7
1578 121,534 B8,219 4,1
167¢ 219,821 135,275 £3.3
1980 242,908 135,702 0.3
1581 328,830 165,064 24.6
1982 353,357 171,532 .
1583 375,958 177,883 3.75
1284 512,870 235,876 32.5
1985 573,742 252,154 6.9

Average annual increase = 1Z.7%
Average annual fncrease excluding 1983-84 = 13.8%

chr the following counties: Beaufort, Bertfe, Camden, Carteret,

Chowan, Craven, Currituck, Dare, Gates, Hertford, Hyde, Jones, Lencir,
Martin, Pamlico, Pasquotank, Perquimans, Pitt, Tyrrell, and Washington.
zEcur:e: N,C. Travel Study = Technical Feport Annual report by the
Division of Travel and Tourism, N.C. Department of Commerce.

“Current dollars: Nominal value as reported in Travel Study

4Cnn5tant (1872) dollars: Nominal value deflated using personal

consumption expenditure deflator (1972=100), 1975-1984 (1985 estimated)
Source: U.S +ical 3

5Th$s figure is artifici1ally large due to the effects of tax law
changes in 1983 causing seasonal rental of cottages and condominfums tc
be included 1n the accommodations sector.
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Wildlife Resc.rees

The Albe-zrle-Pamlico system is recognized as the most important
comporent of wintering waterfowl habitat in eastern Morth Carclina.
Mid-winter weterfowl surveys have consistently shown that the majority
of wintering Canada geese, snow geese, tundra swans, brant, diving
ducks, and sea2 ducks utilize this estuary system for feeding, loafing
and roosting. In addition, 1t is estimated that approximately 40
percent of 211 wintering puddle ducks utilize the area.

Mid-winter aerial surveys in recent years have revealed the
following numbters of wintering waterfowl in the Albemarie-Pamlico
estuarine arez: Puddle ducks 50,000-100,000 (approximately 30,000
black ducks and mallards), divers 100,000, Canada geese 25,000, snow
geese 20,000, tundrz swans 75,000, brant 2,000, and 20,000 sea ducks.
The resident -lack duck population is estimated at 2,000, Webless
migratory gers birds wintering include rails, gallinules and coots.
Surveys have shown coot populations to average 1%5,000-20,000.

The estuzry system supports an abundant furbearer resource
including river otter, raccoon, mink, muskrat, opossum and nutria.
Alsc, the arez represents the northern most range of the American
glligetor which was recently reclassified from Yendangered" to
"threatened by similarity of appearance.”

In recognition of the rich and diverse wildlife resouces in the
Albemarle-Pam!ico regien, the U.5. Fish and Wildlife Service owns and
manages nine hational Wildlife Refuges encompassing approximately
254,226 acres. These include Matamuskeet, Swanquater, Punge and Cedar
Island WMJ/=R's !‘~managed 2= the Mattamuskeet NWR Complex), Alligator
River, Pea Island and Currituck NWR's (managed as the Alligator River
MR Complex), Mackay Island NWR and a portion of Dismal Swamp MWR. The
major management objectives of the various refuges include providing
optimal habitet for waterfowl and other migratory bird species as well
as for threztened and endangered specfes. Other management objectives
include preserving prime examples of habitats, such as the palustine
forested wetland ecosystem, and providing opportunities for
wildlife-oriented education, interpretation and recreation.

The project boundaries encompass the known distribution of a
number of Federally-listed endangered and threatened species (Table 5).
In addition to the 1isted endangered and threatened species, there are
species which, although not now listed or Federally proposed for
1isting as endangered or threatened, are under status review (SR) by
the Service. These species also are included in Table 5.

A recent project of special interest is the U.S. Fish and Wildlife
Service's effort to reintroduce the red wolf to the wild., Currently,
the Service plans to release three pairs of wolves in the Alligator MWR
in the late spring of 1987. This marks the first time in North America

that an animal extirpated from the wild wiil be reintroduced from a
captive breeding program.,



Table 5

Endangered and threatened species historically or currently documeoted
from the Albezarle-Famlico area. E = Endangered, T = Threateoed, SR =
Status under Review,

Species Status
Animals
West Indian (Floridas) Manaree E
Eastern Cougar E (Believed Extripated)

Dispal Swamp Swamp Scutheastern Shrew
Bald Eagle

Red-cockaded Woodpecker

Piping Plover
Swallow-taziled Kite
Roseare Tern Froposed T

(G B )

3
o

Bachman's Sparrow Sk
American Alligator E
Leatherback Turtle E
FKepp's Ridley Turtle E
Green Turtle T
Loggerhead Turtile T
Carolina Gopner Frog SR
Shortoose Sturgecn E
Waccamaw Killifish SR
Plants

Rough-leaved Loosestrife Proposed E
Sensitive Joinc=-vetch SR
Riverbank Sand Grass SR
Chapran's Sedge SR’
Wagner's Spleenwort SR
Godfrey's Szndwort SR
Looege Watermilfoil SR
Spring-flowering Goldenrod SR
Carolina Lilaeopsis SR
Seabeach Pigweed SR
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Hunting for waterfowl {s very popular and 1s available on public
lands, lezsed private lands and privete hunting clubs. Current
estimates of statewfde cduck and coose hunter numbers are 35,000 and
10,000 respectively. In the estuary area, approximately 1,500 acres of
managed waterfowl impoundments are made available for public hunting by
the Merth Carclina Wildl1{fe Resources Commission.

Surveys of hunter use and success have indicated an average of
1,000 man-days of recreztion provided, with harvest rates of 2.0 birds
per hunter per man=day cn managed impoundments. In addition,
approximately 10 miles of marsh shoreline is available to public
hunting on Commission-owned lands.

Individual private impoundments are generally smaller, but in
total acres approach 2,000. Hunting pressure is less intensive and
subsegquently, hunter success fs uvszually greater, Leases on private
lands for hunting rights can run 2s high as 5100 00 per acre, and
memberships to clubs can cost thousands of dollars per year depending
on location.

|
recreationa) opportunities. Wildlife can persist only in numbers that
the env enment can support. Life cycles of migrating birds reguire
adequate wintering areas which must provide required foocds to sustain
and prepare migrating birds for spring return flights and successful
breeding. Demands on the resource and costs for already Timited
opportunities will greatly increase.

he future will certainly bring greater demands for outdeor

bz |

Management of any pcpulation of wild animals is {ndeed extremely
difficult, and it becomes even more complicated when management must be
accomplished coincidentally with that of other resources of the land.
The Albemarle-Pamlico estuarine system {s threatened by the
concentrated development of human society along our coast. Its future
existence depends heavily on widespread understanding of the value to
man of this natural ecosystem, and on a broader appreciation of the
strong ties between its neighbors, the uplands and the ocean.

-]
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MANAGEMENT PROGRAMS

This section examines existing federal, state, and lecal statutory
framework within which env1rnnmen+a1 problems are managed. Many of the
statutes considered were designed to cope with or remediate
environmental problems. Others have been included because of their
general impact on land use. Despite the guantity of statutes that
currently exist, ft is apparent that these pieces of legislation have
not succeeded in resolving the prcblems of human use conflicts that
presently exist in the Albemarle and Pamlico Sounds. This chapter
classifies federal and state legislation according to the environmental
problems they address and alsc includes a descripticn of various tools

and techniques available to local jurisdictions for managing
development.



Manager Igols

There are two types of federal and state legislation that have an
effect on environmental proktlems. The first involves statutes
specifically enacted to address particular environmental problems.
Examples of this type of legislation are the federa)l Endangered Species
Act of 1573 and the North Carolina Follution and Hazardous Substances
Control Act. The second type involves those that have an affect con
general land use. An example of this type of statute is the Coastal
Area Manacement Act. Taken together, both types of legisiation

comprise management tocls that regulate land use around the Albemarie
and Pamlico Sound.

Appendix 1 provides an alphabetical 11sting of public programs
that define the tools available to manage the environment and
development of the Albemarle—FPamlico region.
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CHAPTER 111

INTERACTIONS AMONG SCCIETAL USES

11 human 2ctfvities described in the previocus chapter interact
directly with the Albemarle-Pamlicc estuarine system. Interactions in
six of those activities (agriculture, commercial forestry, waste
disposal, residential and commercial development, mining and industrial
develcpment, and national defense directly affect water quality or
aquatic resources in the estuaries. The remaining four activities
{commercial fishing, sporis fishing, recreation and tourism, and
wildlife resources), depend upon those resources and thus are affected
by modifications of estuarine water quality. Figure 2 shows a
conceptualfzaticn of the relationship between these predominately
affecting and affected soccietal uses,

Some interactions amecng societal uses are negative, often
resulting 1n social confliict or competiticon. Reducing these sccial
interactions through management will require clear and widespread
understanding of the envircnmental processes through which they are
manifested. Gaining such understanding {s the goal of the
Albemarle-Famlicc Estuarine Study.

The first step in building causa)l webs from human activities
through environmental conseguences to secondary affects on other human
uses is to identify those interacticns where conflicts occur. Managers
of natural resource agencies in North Carolina compiled a preliminary
evaiuation of the relative magnitudes of these interactions and a
summary of their classification {is presented below.

Predeminantly Megative Interactions
Effect of Agriculture on Commercial Fishing (and Sport) Fishing

Widespread conversion of low-lying forested wetland areas to
agriculture occurred from about 1940-1981 on the Albemarle-Famlico
Peninsula with peak 1intensity between 1963 and 198l1. In order for this
activity to occur, dense drainage networks had to be installed
especially in regions with shallow or deep crganic sofls. These
drainage networks have greatly modified the hydrolegy of the peninsula,
especially the rate and location of freshwater delivery into shallow
enlargements which serve as primary nursery areas for estuarine
species. This increase in nonpoint socurce runcff has carried with 1t

large loads of sediment, nutrients and toxic contaminants tracible to
agricuitural activities.

Furthermore, agricultural trends {n the entire tributary basins
have impcrtant implications for water-quality mediated effects on
fisheries. Although recent econamic troubles have negatively affected
agriculture in general, total harvested acres are up markedly in the
regfon since 1970, Also, livestock in the basins is up markedly. Even
though programs aimed at improvements in nonpoint source pollution due

to agriculture have been very successful in some regfons, they are just
beginning tc be implemented in others.
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Impairment of nursery functiion and changes in the distribution and
abuncdance patterns of sessile estuarine organisms 1ike oysters have
been related to land-conversion activities. Dissclved-cxygen-related
fish k111s 1n the Pamlico River are becoming more freguent, and are
Tinked to loadings of nutrients and organic substances and changes in
Tecal hydrelogic regimes. Wlcerative sore disease (ulcerative mycosis)
and red sore disease [(Aeromgnas hvgrophila) have both been linked to
stress related to a varfety of point and nonpoint-derived environmental
changes. In addition, agricultural-derived fecal coliform bacteria
continue to cause or maintain shellfish closures in the regioen.

Although, the specific cause-effect relationships between
agricultural lecadings due to nonpoint scurce polluticn and these
environmental effects have yet to be completely understood, but the
causal significance of pooriy-planned landuse=-conversion activities for
gstuarine problems is clear,

The Effect of Waste Disposal on Commercial (and Spert) Fishing

Waste from point sources in the Albemarie-Famlico region is rich
in nutrients and oxygen-demanding substances, both of which contribute
to eutrophication-related dissolved-oxygen problems. Human populations
in the regcion continue to increase at a constant rate, with concomitant
sewace loading changes. Industrial point sources dischamge large
volumes in a1l principal tributaries, up to BSR-90% of total flow in
some tributaries at low flow. Fisheries effects of this point-source
loading of nutrients, coupled to that from nonpointsources, include
ancxfa-related fish kills, eutrophicationdriven food chazin disruption
and 1ikely contribution to the ulcerative sore disease problems.
Toxicants may be contributing to declines in striped bass larval
survivorship in similar estuaries, and may be fnvolved in the
Albemarle~Pamlico declines. Finally, fecal coliferm discharges and
buffer zones around sewzge treatment plants are responsible for large
closures of shellfish beds,

Effect of Residential and Commerical Development on Commercial (and
Sports) Fishing

Nonpoint=source runoff from urbanized areas in clese proximity teo
procuctive nursery grounds has important environmental ramifications in
the Albemarle-Pamlico region. Such runoff carries increased loads of
seciment, fecal coliform bacterfa and trace contaminants (oil, grease,
lead, chromium, cadmium, etc.). Septic systems and marinas are
particularily notable sources of coliform organisms. Fisheries effects
include nursery ground impairment and contamination of shellfish beds.
In addition, dredging for boat basins, channels and marinas and filling

of marshes and productive bottoms results in the loss of fisheries
habitat.

Effect of Mining and Industrial Development on Commercial (and Sports)
Fishing

Existing phosphate mining operations and potential mining and
processing for of {Imenite and peat may cause significant increases in
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tota] locading of phosphorus., sediment, oxygen-demand substances,
freshwater and trace contaminants, with potentially serious
implications for estuarine crganisms. In particular, an existing
phosphete cperation, a proposed titanium processing plant and 23,000
acres of permitted peat mines all drain into the central part of the
Pamlico RfvEr. Major pulp mil11 discharges exist in the Chowan, Roanoke
and Neuse Rivers. Discharge constituents from these varfous sources
undoubtedly contribute to dissolved-oxygen-related fish kills,
eutrophication-driven food chain disruption and impairment of nursery
functicn, with obvious conseguences for fisheries.

Effects of Land=Use Cenversions on Wildlife Rescurces

The wetlands and forests of the northeast coastal plain support a
wide variety of wildlife. Conversion of that land to agriculture,
commercial forestry, resfdential or commercial development cor mining or
industrial development can have serious consequences fer native
organisms. These effects are mediated through direct destructicn of
the organisms involved and through habitat destruction. On the other
hand, land conversion may actually improve habitat for
disturbance-compatibie species such as doves and deer, Several rare
and endangered species are threatened by habitat losses, including
black bear, red-cockaded wocdpeckers and American alligators, In
adgition, land-use conversicn ofien results in instream modifications
which may significantly affect nongame species (e.g. the Tar River
spiny mussel, Canthvria steinstansana).

Impact of Commercial Forestiry on Commercial (and Sports) Fishing

The same nonpoint processes that mediate the agricultural effect
on fisheries occur as a result of commercial forestry cperations, but
to 2 much lesser extent. Forestry requires reduced applications eof
fertilizer and a much reduced disturbance regimen., Nonetheless, the
drainage systems put into place to facilitate logging and silvicultural
operations result in modified hydrologic regimes in critical estuarine
nursery areas, and larger lcads of sediment and oxygen-demanding
substarces into estuarine waters., The effects on fisheries are the
same as those due to agriculture, but the overall magnitude 1s less.
Disturbance in forested wetlands often results in increased coliform
bacterfa concentraticns, causing shellfish waters to be closed.

Impacts of Waste Disposal on Wildlife Rescurces

Waste disposal can have significant implications for aquatic
species sensitive to water quality changes, or dependent on sensitive
species. Also non-aquatic species such as migratory waterfowl are
affected when loadings of nutrients or other contaminants from waste
disposal affect their primary food source (1.e. aquatic macrophytes).

Impacts of Waste Disposal, Mining and Industrial Development, and
Residential and Commercial Development on Tourism and Recreation

Waste disposal and related activities have important implications
for contact recreation (swimming and boating), recreational
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shellfishing and tourism in general. Because the tourfst industry
depends strongly on aesthetics., unsightly cenditions which can result
from waste disposal strongly {nfluences its success. Furthermore,
seasona] increases inm population in resort areas place additional
stress on sewage treatment facilities, with potential feedback effects
on growih rates.

Environmentally important consequences of this {nteraction include
closures of shellfish waters, closures of areas to contact recreation,
degcracation of waste quality during peak season treatment plant
failures and impairment of azesthetics by waste disposal or related
activities.

Conflicts between Mining and Industrial Development and Waste Disposal

Eecause assimilative and dilutive capabilities of sireams are
limited, disposal of waste from industrial sources and from demestic
sgurces represent competing uses. The volume of waste pemitted for &
groposed facility and the concentrations of contaminants 2l1lowed depend
cn the loading from existing facilities. Streams with lcw assimilative
capabilities or with relatively high existing waste loads can cause
severe restriction in new discharge permits and substantiz]l expense in
waste treatment, depending on the degree of conservatism required
during the wastelcad aliccation process. In addition, any activity

which modifies flow in a stream will directly affect the cdischarges
which can be permitted.

Conflicts between Waste Disposal and Residential and Commercial
Cevelcpment

ks zbove, the Timited assimilative capacities of stresams result in
¢irect competition between waste loading from businesses, industries,
and residential sources. In this case, however, aesthetics and healt
constrezints play major roles in siting of residential anc¢ commercial
faci?it‘es, such that waste disposal can have a direct necative impact
en certain potential developments.

Impacts of Commercial Fishing on Sports Fishing and Commercial Fishing

Fotentially significant effects of commercial fishing practices on
fish stocks or nursery functions have occurred in the past and are
1ikely fn the Albemarle-Pam]{co regifon. The magnitude of those effects
has not been ascertained.

Impacts of National Defense on Commercial (and Sports) Fishing

National defense-related activities can have locally significant
effects on fisheries, particularly near facilities where toxic
substances are handled or where repeated dredging is reguired.

Exampies of estuarine areas receiving relatively high impacts from
cefense facilities include tributaries of the middle Neuse (e.g. Slocum

Creek), the upper Neuse FRiver (near Goldsboro) and the Fes*untank River
{near Elizabeth City). In addition, the port facilities a2t Morehead
City significantly affect local waterquality.
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Impacts of National Defense on Wild]l{fe Resources

Naticnal defense also has negative impacts on wildlife resources,
noise from afrcraft can have significant effects on migratory waterfowl
and large mammals. Also, water quality degradation can significantly
affect nongame populations on a local basis. Many of these negative
effects are mitigated by the habitat preservation which has occurred as
a by-product of restrictions on access (e.g. the Dare County Bombing
Rangel.
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CHAPTER 1¥

RESEARCH AND INFORMATION NEEDS

The characterization of conflicts between socfetal uses of the
estuarine svstem and the examination of existing management systems
{Chapter I1) provided the foecus/catalyst for the definition of
research and informaticn needs for this project. tate and federal
rescurce managers identified the spectific management-related
information which would allow maximum resolution of existing and
potential conflicts and enable effective management of the valuable
estuarine resources to occcur through the long term. A prioritized,
ecited 1isting of these management-actionable topics was presented
tc ten grouss of expert researchers for evaluation of status and
technical and fiscal fessibflity, and transiation intc researchable,
actionable statements. The evaluations and translations received,
framed within the context of management of conflicts between
societal uses and limited to direct actionability, form the basis
for this ehanter,

Informetion regquired to facilitete effective resourcs

manzzement was separated into four general categories: rescurce
ritical areas, estuarine relationships, fisheries dynamics and the
human envircnment. , The rescurce critical area category includes
srefects designed to identify specific areas (both geograchic and
ontextual) where conflicts between affecting and affectec uses are
mest significant, and projects designed to reduce those conflicts by
£ ve management of these critical areas., The estuarine
relationships ca*e*cr} includes projects designed to explicate
causal reletionships beitween human activities, significant instream
mod{fications and the ramifications of those changes for
estuarine-cdependent human activities. This category includes
manacement-criented investigations of the major processes mediating
the conflicsis examined in Chapter III. The fisheries dynamics area
consists of projects intended to relate major changes in fisheries
health and productivity to human activities. Fisheries processes
are isclated from other estuarine relationships because all major
conflicts identified in Chapter III listed fishing as the affected
use anc because twec specific major fishing-related phenomena
(deciining landings and ulcerative mycosis) require particular
attention, The final major category, the human environment,
consists of prejects which examine the trends and patterns 1in the
intensity of human uses and the fnstitutional climate 1n which
management plans must operate. All of these categories of
investigation must be pursued for effective management to occur. An
improving understanding of causal connections between human
activities and changes in the estuaries (both water guality and
fisheries), must occcur for management pressure to be exerted on
critical relationships, 1n order toc reduce conflicts between
societal uses, This effort can only be effective, however, when the
institutionzl context of management decisfons 1s understood.
Finally, better management of critical areas represents the most
effective immediate mechanism for reducing use conflicts.
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Each section incorperates thres main activities:
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g fess, information gathering processes, and
Examin ion of trends tc identify areas of fruitful concentration.
Eua1La+1on includes scientific research and other assessments
required to understand processes mediating environmental
interacticns adequately to allow effective management,
Implementation includes informational studies and feasibilfty
evaluations of potentiz] management altematives for specific
problems, processes and 1nteractions, as well as attitudinal studies
of the affected or regulated populatiens., In all cases;, the direct
management utility for each area is given. Projects fdentified as
high prigrity are marked as follows: highest pricority (*%), high
priority (®#). Parenthetical notations identify probable sources of
cutside funding for particular projects.

Projects are assumeZ to result in digitization of informaticn
developed in the ceocraphic information system designated for the
program whenever that informeation has direct managcement relevance.
These profects do not represent an exhaustive 1ist of projects which
should be funded by the program, but are {nstead examples of
technically feasible research projects with direct management
relevance suggested beoth by resource managers and researchers,

T. RESOURCE CRITICAL AREAS: IDEMTIFICATION AND MANAGEMENT
anEFET 1 rq*if{;;‘-{gt

The Albemarie-Pamlico system is unigque in the degree of
dependence of its fisheries rescurces on specific estuarine
habitats, many of which are impaired or threatened by human
activities. Productivity of those fisherfes resources is
therefore strongly dependent on accurate characterization and
efficient management of those habitats. Mitigation of losses
caused by nursery ground deterigration presents an effective
potential mechanism to lessen the conflict between land-use
conversion activities and fishing activities.

Aquatic vegetative habftats (both submerged and emergent)
perform a wide variety of important ecosystem functiens,
including fisheries nursery capacity, current baffling and
sediment consclidation, primary production and refuge predators
for prey species. The relative value of each type of
vegetation is poorly known. In addition, some of these
orcanisms are very sensitive to environmental perturbations,

and have shown dramatic changes in the study area in the last
ten years,



A major effect of land-use conversion and assocfiated nenpoint
impacts on streams in the Albemarle-Famlico region it the loss
of wetland habitats crucial to the survival of both aguatic and
terrestrial organisms, Information on the extent of these
losses s sparse, yet can be obtained at relatively low costs,
The identification component of such a process can be linked to
cther proposed projects to yield enormous amounts of critica)l
information at a relatively low cost. Afterwards, raticnal
management strategies can be derived for these important areas
preserving their clese linkages to the aquatic systems in the
Scunds.
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C.1 Compile and analyze all existing data con Primary Nursery
Areas, Secondary Nursery Areas, Inland Mursery Areacs, and
Anadromous Spawning and Mursery Areas to determine
adeguacy of designations, to establish baselines and to
fdentify impaired or impacted areas.

Manacement RH11itv: Consolidation of information on this
important issue will allow more efficient management both
across-the-board and on a case-by=-case basis,
Documentaticn of nursery importance will strengthen the
case for protection. Identification of impaired areas
will allew pilot mitigaticn or restoration projects.
Correlative secondary studies based on this informaticn
will help fdentify or evaluate causal relatfonships to
human activities,

C.2 Accelerate the Naticnal Wetlands Inventory in the Project
Area.

Manacement H174itv: Many regulaticns, both federz)l and
state, apply to the development of wetland areas,

Wetlands in the Albemarle=-Pamlico region are usually
tichtly connected to adjacent estuarine waters through
hydrologic relationships and nutrient cycling. Knowledge
of existing wetland areas can help avofid conflicts between
land=-conversion and fisheries interests, and be beneficial
in site-selection activities, evaluation of proposed
projects, evaluation of pre-project conditions in
violations cases and even estimation of timber vclumes,
A1l watershed planning activities would be greatly
facilitated by the availability of accurate wetlands
mapping. Many of the other projects proposed here could
be completed 1in conjunction with the Mational Wetlands
Inventory process.

C.2 Complete the {dentification and characterization of
natural areas of high significance in the regfion.

Management Utility: Land-use conversion in the past has

occcurred largeiy in ignorance of what was being 2ltered or
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of conseguences fer the estuarfes. General sceping
studfes were conducted under the CEIP program for some
areas, but many critical areas are Targely unknown., The
high correlaticn between remazining natural areas and
wetland areas suggests that natural areas and wetland
areas could be mapped at the same time, with relatively
low additional costs.

Dogument present and historic pattems in lecation,
abundance and compesition of submerged aguatic vegetation
(SAY) beds.

Management LHi1{tv: Precise knowledge of locations of
sencitive vegetative habitats would be fnvaluable in
existing regulatory programs in the eveluation of proposec
development projects and mitigation efferts. Furthermore,
this effort would provide a baseline for trend analysis
niended teo fdentify threatened habita:t types and to
enzble management program design. Characterization of
trends 2llows the {dentification ef high=-priority areas
and species for management efforts. so that evaluative
studies and management assessments are applied mest
efficiently. Restoration pilot studies should be
conducted in histeric beds, once technical and economic
fezsibility are established.

tify éndangered species habitats within the study areaz
§

Mapacement Utilitv: Specific federal regulations pertain
tc endangered species and critical habitats for endangered
species. In the Albemarlie-Pamlico region, most of these
occur in the same wetland areas described above,
Preliminary habitat scoping could be done in direct
confuncticn with the National Wetlands Inventory.

Evaiuate the potential for restoration or mitigaticn of
altered wetlands in the Albemarle-Pamlicc region,

especially those in clese proximity to estuarine nursery
areas,

Management Wility: The potential {s great for
restoratfon of some i{mpacted wetland areas to decrease
necative effects cn nursery areas. An evaluation of
alternative strategies, 11kely success and probable costs
should precede any restoration efforts. The potential for
water management plans, or even rerouting of drainage away
from nursery areas, may be even greater,

Use existing information on striped bass reproductive
patiems to design and conduct experimental evaluations of
the loss in reproductive success in the Roancke River.
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Manacemert M*144w: Although extensive work has been
conducted and proposed on this serious situation, diverse
hypctheses sti11 exist en the causes for the decline
(toxicity, thermal changes, food chain disruption, etc.).
Conseolidatien of existing informaztion should allow framing
of testable hypotheses. The design of mitigation efforts

iz premature until causal relationships are undersiood.

Conduct studies to relate information on nursery functions
to envircnmental factors, adult stecks and to
human-use-related factors (e.¢. land-use conversions,
drainage).

Management H*1itv: Comprehensive scoping work on
existing datz should be used to frame hypotheses about
causal connections between nursery productivity and
anthropic change. Knowledge of these processes 1is
essential to effective management and successful
mitigation,

evaluate their functional role and interpret the extent
gnd ramificaticons of impacts to these systems.
Menagement Ut° itv: Programs exist to regulate
development ir wooded swamps, but the functional role of
those areas, their significance zs aquatic nursery
habitats and the impacts of piecemeal development are
poorly known, Raticnaz] management decisions relevant to
wooded swamps can only be made based on an understanding
of functicnzl relatfonships.

Examine the current suftability of the Pamlico River for
SAV growth, and evaluate the potential for reestablishment
of historic SAY beds in that regicn.

Manacement LK<11tv: The dramatic recent declines in SAY
in the Famlicc River have probably had serious
implications for fish and waterfowl populations in that
area. Preliminary work suggests that restoration should
te possible, but experimental work is required before
full-scale restoration should proceed.

Determine the relative contributions of major habitat
types (including submerged vegetation, nursery habitats
and other river and sound habitats) to overall juvenile
populations for major species.

Management lH<'itv: Management and mitigation efforts can
be concentratec on those species or habitats most
receptive to change or most deserving of attention,

Characterize the ecosystem functien of irregularly flooded
wetlands,

Cad
L8}



Mapnagerment WH{17ity: Irregeiarily flooded marshes cover
extensive areas In portions of the study area, but the
significance of those habitats and the consequences of
their modification are uncertain. Permit decisicne should
be based on reasonable prediction of such consequences.
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Evaluate regulatery and other management optiens, in 1light
of information gathered above, to protect critical nursery
habitats. Both technical and econamic feasibility should
be considered.

Management LHility: Previous efforts at regulaticn for
Primary Nursery Areas have broken down 1n the absence of
adequate technical information. Once the suggested
etudies are completed, adequate informaticn should be
available to 21low the design of an efficient, effective
management program.

Evaluate altemative strategies for wetland protection In
the Albemarle-Pamlice regien.

Management MH11ity: Although many regulations exiszt which
affect conversicn of wetland areas, no comprehensive state
management strategy has been adopted. If water-related
resources are to be managed effectively, a comprehensive,
rational wetlands management package must be formulated.

Develop 2 protocol for monitoring critical areas (Pamlico
River, Currituck Sound, Core Sound) for SAY on a £-10 year
return perfed.

Management LHilitv: The disappearance in the Pamlico
River was evaluated after the fact. Early detection of
similar problems would greatly increase the 1{kelihood
that causal relationships could be established and that
effective management strategfes could be developed.

Document 211 obstructions to anadromous fish migration and
evaluate the potential for mitigation.

Maragement H<4l11tv: Obstructions to migratfon probably
have a very serfous impact on anadromous fish such as
herring and shad which have shown marked declines in the
past decade, especially in tributaries to Albemarle Sound.
Identification and evaluation of such ocbstacles must
precede an active mitigation preogram, if runs of those
fish are to be returned toc former status.

Evaluate the potential for mitigation or restoraticn of
impatred Primary Nursery Areas, including design of a
pilot project for such an area. The design should include
features intended to document the importance of previously
identified factors (conduct after C.1).



Management LH411fyv: Yarious structural strategies have
been proposec to mitigate human impacts on critical
nursery habitats. Once adequate information 1s available,
the costs and 1ikely effectiveness of such efforts needs
to be ascertained.

Design a pilct reintroduction program for SAV in the

Famlico River based on information developed above
{conduct after E.4)

Management tH411tv+ Once causal relationships have been

evaluated, the expected benefits of such a program can be
predicted, and {ts design cptimized.
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IT. WATER QUALITY AND ESTUARINE RELATIONSHIPS

Genera! Justification

Management of naturz) resources in the Albemarle-Pamlico regien
depends very strongcly on the clear understanding ef both
nonpoint and point source preocesses, as well as instream
relationships.

Much of the Altemarie-FPamliico region 1= rural, and land-use
conversion represents the source of most contaminants of
estuarine waters (sediment, nutrfents, trace contaminants), In
addition, the low profile of mcst of the lands east of the
Suffclk Scarp requires that extensive drainage networks be
installed before effective farming or silviculture can be
accomplished. These activities represent a constantly changing
mosaic of interactions between land and water which strongly
influence instream productivity. Relatively 1ittle {s known of
thnese processss In some areas, 2nd much of what is known 1z out

Nutrients and other contaminants derived from point and
nonpcint sources have significant effects on water quality in
the Altemarle-Pam]lico region. Serious algal bloom conditions

have occurrec and continue to occur when conditions are right
in several mafn tributaries of Albemarle and Famlice Sounds.
These bleoms net only are unsightly and have negative impacts
on the aesthetics of the region, but 2aiso have serious
ramifications for estuarine organisms, Clear understanding of
the processes 2t work and the development of a predictive tool
are necessary for effective management to be possible.

Although the absclute levels of contamination of estuarine
waters in the Albemarle-Pamiice region with toxicants are not
nearly 2s high as many more industrialized estuaries,
significant toxicants issues remain. As new and increased
industrial discharges are permitted, new standards are
necessary in saline reaches of streams not required before.
Identification of particular potential trouble spots before
they become critfcal will allow more careful management,

Many of the processes addressed here are related to the
dispersal or distribution of anthropogenic contaminants. Local
or small-scale phenomena are difficult to understand, and even
more difficult to predict without a general knowledge of how
basic physical processes affect flow pattems 1n this complex,
estuarine system. Al1 of the models suggested here depend on
1inkage to more general models to be fully effective.

racterization

* % C.1 Construct a detailed, up-to-date land-use map for all
counties immediately adjacent to estuarine areas,
fncluding eritical areas, a1l drainage networks and
water-control structures, and indicating concentrations of
high-pollutant-yield land uses (COE?).
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Mapacement LH411iv: No accurate assessments of the
contribution of nonpofint sources to Instream problems can
occur without up-to-date information on land-use.
Similarly, planning for water management, land-use
modificaticn or impact mitication depends cn accurate
drainage network assessment.

Construct a detailed, up-to-date map of all point sources
in 211 counties in basins tributary to Albemarle or
Famlico Sounds. including tvpe of dischamge, chemical
characteristics, average fiow and permitted flows.
Establish a mechanism for this map to be regularly
updated.

Management Ut 11{tv: Basinwide management requires current
information en peint sources discharging throughout the
eystem, This information 15 available in fragmented form.
and can be readily integrated intoc a useful tool.

Complete soil surveys in the region (specifically Hyde
County) (CZIMY.,

Menzngemernt LH411tv: Estimation of pollutant yields for a
given use depends strongly on soil characteristics.
Digitizetion of soil survevs makes a wide variety of
management evaluations possible, from siting studies for
sestic systems, to evaluation of sites for specific
development purposes, to fdentification of areas where
existing populatien densities exceed the assimilative
capacity of the soils. Furthermore, soil surveys provide
g2 wealth of practical information which could be provided
tec the public through a cooperative federal/state/local
venture,

Assemble comprehensive N/P budgets for the
Albemarle-Pamlico Sound Complex.

Manacement Liti11ty: Effective management of cultural
eutrophication depends on accurate assessment of the
relative contributions of source activities. Estimation
of expected efficacy of a particular management strategy
requires not only cost estimates but also realistic
benefit projections.

Assemble pertinent water quality data and explore them
tatistically to 1dentify important relationships and
historical trends.

nagement Hi14tv: Existing data is sparse and
fragmented, and has never been examined in a comprehensive
fashion to document instream effects of anthropic
activities. Scoping studfies are required toc frame
hypotheses about causal relationships, to igentify problem
areas and information gaps, and to provide first
approximaticn information tc resocurce managers for ongoing
regulatory programs.
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Establ ish historical trends in land use and drainage.

Manamemers Hi11tvs Assessment of the time course of
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lang-conversicn activities should allow examination of
long-ters and short-term effects 1n recelving streams, and

probably enable correlative studies to be done on nursery
area effects,
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estuarine hydrodynamic and water-quality models, Elicit
from managers the utility and management appliicability of
these tocis.

Managemens Hi1i4y: The breadth of possible management
utilization of models is great, but would be greatly
reduced i¥ clear management goals were not targeted before
model development. Therefore, a general scoping study of
model appiicability and availability should be conducted
at the outset,

Evazluate water flow characteristics in the
Alpemarie-"amlico region by documenting inputs to, major
influences on, circulation within, and outflow from the
system. .Use this evaluation to define approaches to, and
management relevance of, hydrodynamic and water gquality
models.

Manzgemeps K 11ifv: Many current environmental concerns
involve phenomena in which known amounts of materials
(phosphorus, nitrogen, oxygen consuming substances,
bacteria, etc.) are addec to Alemarlie-FPamlico water
courses but the environmental impact of thess additions
cannot be accurately predicted because of inadeguate
knowledge of dilution and reconcentration processes within
the receiving waters, A combinatfon of measurement and
medeling techniques offer real hope of establishing the
range of these processes.

Conselidate all available information on the effects of
land-use conversion on estuarine water quality and
ecologys to identify information gaps and frame hypotheses

about causal relationships between human activities and
instream effects.

Management t1il1itv: Al11 management decisions related to
land use are predicated upon the understanding of the
effects of those activities on the estuarfes. Although
much work has been done, large amounts of it zre not
generally available, and no synthesis has been attempted.
This initial sceping work must precede any specific
management evaluations, and should fnelude correlative
studies to relate existing land use and drainage to
estuarine nursery function.
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E.2

EiS

E.5

Evaluate the significance of sediment/water column
interacticns in wooded swamps for nutrient=related water
quality concerns,

Mangcement Uzi{iitv: Assimilation of nutrients serves tc
reduce instream concentration, but under certain
conditions recycling from the sediments can dominate
nutrient dynamics, & process poorly understood. Wooded
swamps not only fringe much of the study area, but are
also being proposed as treatment systems for effluents
rich in nutrients. Rational decisions on the suitab{ility
of such areas depend on knowledge of recyeling
interactions which {s currently sparse.

Develop a user-oriented model capable of evaluating the
effectiveness of nutrient control strategies, and valicate
for one watershed, The mode]l must allow evaluvation of:

2. upsiream versus coastal inputs,

B relative importance of M and P as 1imiting nutrients,
c. physical limitations to primary productivity,
including flow and salinity, and

+1 differential bicavailability of nutrients from
different sources (follows E-1).

Management LHi144v: Existing models are grossly
ifnadequate for non-conservative substances 1ike nutrients.
Wasteload allocations are based on such models. The
uncertzinty fnvolved 1n permitting 1s especially severe

in saline portions of estuarine tributaries, Development
of a2 model tafleored to the needs of permit-decisign=-makers
would allow much more raticonal decisions.

Characterize the distribution and movement of sedimentary

particles, into, within, and out of the Albemarie-Pamlice
System,

Manacement LHi14ty: Sediment distribution have both
direct and indirect effects on envircnmental concerns in
the Albemarie-Famlico. Sediments suspended 1n the water
absorb 1ight making 1t impocssible for submerged aguatic
vegetation to grow. Sediments on the bottam create shoals
that hinder navigation and water flows. Sediments have
indirect effects on the environment through their role as
surfaces to which toxic and oxygen consuming substances
absorb for transport, concentration and accumulation.
Sediments on the bottom can liberate absorbed substances
through chemical and physical resuspension sc that
environmental problems crop up at considerable distance
form pollution sources. Our current understanding of



E.1l1

ceciment dynamics in the Albemarie—Pamlico 15 woefully
inadequate for service in present or future management
procedures. A focused activity can fi11 this need.

Develop cumulative Impzcts methodology 1n assessing
land-conversion effects and drainage effects (follows
E=2).

Mapnagement Wt il1tv: The major impediment to 1imiting
nonpeint effects in sensitive drainages has been the
inability of regulatory agencies to relate pifecemeal
changes to instream effects. Modeling probably could do
this 1f a waste-load-zllecation style approach were used,
assuming maximum tolerable locads of constituents could be
determined.

Delineate conditicns under which 21gal blooms and anoxia
zre expected to occur in mesochaline portions of the Neuse
and Pamlico Rivers,

Manacement LH114tv: Prediction of algal blooms from
readily availabie information would allow wvariable
discharge permitting, sc that restrictions are tightest
when they need to be. If the process of bloom fermation
were understood, 2 wicde variety of possible mitigational
measures could be evaluated (e.g. flow regulaticn.
dischargce restricticns, land-use zoning, BMPs). Active

-

management of peint-scurce discharges 1s limited by the
ability of the regulatory agencies to relate anoxia to
causal processes. Unti]l that relationship is
demonstirated, 1ittle effective management of
dissolved-oxygen—-related fish kills can be expected.

Conduct sampling of bicta to establish baselines for toxic
contaminants (FWS),

Management Utilitv: Little 1s known about the
distribution of toxic constituents in organisms or
sediments 1n the study area, Complex cycling of many
elements may result in unrecognized problems without
scoping studies such as these.

10 Conduct bioassays for pulp mill effluent (EPA).

Management Hi1itv: The need for biocassays 1s severe for
this important category of discharge.

Evaluate the risk of development on different mineral and
organic soils in terms of poliutant loadings.

Manaceme~t WHil1tv: Preliminary studfes suggest that
fluxes of contaminants from different kinds of soils in
different hydrologic contexts (e.g. pocosin peats versus
floodplain peats versus marsh mucks) are very different.
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d land-use maps could be used to fdentify
reatest development risk and least development

E.12 Conduct 2 scoping study of the relationships between human
activities and contamination of organisms by toxicants.

Management UH{litv: Although reasconable efforts have been
directed at bacterial contamination, relatively 1ittle
work exists on toxicant contamination of shellfish 1n the
Aibemarle-Famlico region. Researchers have suggested that
bacteria may not be the only reason for 1imiting shellfish
harvest in cleosed areas.

E.13 Ev2luate the effects of channelization on water flow
rates, constituent concentrations and fisherfes
utiiization of streams in the coastal zone.

Maragement U£419fv: Channelization has occurred in large
numbers of coastal streams, with unknown effects on
physical, chemical and biological characteristics of those
witers., Any management plan for the region should include
2 basic understanding of the effects of channelization,

E.14 Construct a large-watershed-level mode]l for hydrology and
water gquality in tidewater areas, to include evaluation of
land=-use changes and drainage system changes on salinity
petterns, sediment loading and nutrient loading.

Management LH4i11tv: A1l predictions ef land-use
ccnversion must depend on reascnable understanding of
processes mediating the effects. Models seem the most
exzeditious vehicle for this endeavor, and would be
essential in the following tasks.

E.l

5 Eveluate the chronic effects of suspended sediment in
estuarine areas.

Ma-agement Utiliftv: Changes in sediment load due to human
activities have been dramatic in many tributary basins,
yet the effects are poorly understoad for estuarine
systems. Many proposed projects result in increased
sediment concentrations, yet no sensible control or
mitigation efforts can be defended without reasonable
knowledge of expected effects.

Implementation
** 1.1 Evaluate the efficacy of management altematives to

current fecal contaminaticon procedures {e.gc. indicator
orzanisms, sampling procedures).

Mara-cement WH114itv: A crucial concern 1s how well fecal

coliform bacteria indicate the presence of disease—causing
orcanismes in estuarine areas., Altemative viral and
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bacteria’ indicators have been proposed, but the
managerial improvements that might resuit are not well
known, The presence of high levels of coliform organisms
in drafnage from disturbed natural areas 1s especially
problematic =-dces a real risk exist from this source? &
formal risk assessment of viruses and pathogens in
chellfish and in primary recreation arezs would be very
useful in interpreting the significance of the human
activities for shellfish and contact recreation.

Evaluate the performance and cost effectiveness of various
Best Management Practices (BMPs) in coastal situations,
using a mixture of field and modeling technigues.

Management LHiT1ity: aplication of EMPs {s currently
well-intendec, but probably results 1n excessive
expenditures in some arsas and fnadequate expenditures in
others.

Once nutrient dynamics are better known, evaluate the cost
and relative effectiveness of various point and nonpoint
source control strategies,

Management Wilitv: Accurate prediction of the
effectiveness of various strategies depends on knowledge
of instream processes.

Design optimal water management strategies for various
coastal =ituations, and evaluate the potential for
mitigation of existing water manacement problems.

Management Hilfftv: Water management 1s increasingly
recognized as a vital component of the coexistence of
agriculture and silviculture and fisheries interests.
Cptimization would serve a1l these interests.

Recommend BMF packaces for different coastal soiils,
hydrolegic situations and land=-uses, based con the above
studies.

Manacement H{T14itv: Optimal application of practical
management techniques for a given situaticn benefits
everyone involved. Specific practices should be taflored
tc the unique situations found 1in the study area.



STOCK ASSZSSMENT AND DISEASE

Crucial concerns in the Albemarie—Pamlico project include the
etatus of fish and shellfish stocks, and the causes of apparent
declines in landings for many species.

These ficheries resources are ecpecially important to the
region because of their recreational value. They alsc may be a
convenient indicatcr of the general environmental health of the
estuaries. One of the most cbvicus environmental problems in
the Pamlico regicn is the recent outbreak of ulcerative sore
disease cn 2 variety of commercially important fish specfies.

To date, only preliminary epidemiological and pathological work
has been completed.

Cha r'g;“g' rizatien

#*  C.1 Conduct & sceping study to identify and evaluate data
elements both necessary and sufficient to assess status of
impertant fisheries stocks.

Mznzcement Ugilifv: Existing information on fisheries is
Tinked to langings, which are dependent on many
interreiated variablies. Assessment of actual populatien
Tevele (and effects of particular human activities)
reguires much more intensive information. Scoping work on
infermation regquirements 1s, therefore, essential to
eveluate the success of management activities.

E i

[ ]

Consclidate existing information on incidences of
ulcerative mycosis and other fish diseases in
Albemarle-Pamlico populations.

Manazement Util1tv: Extensive management programs should
be dependent upcon & demonstration that the outbreaks
described are anthropogenic and not simply cyclical.
Scoping work to define the extent and nature of the
problem should be used to generate inftial hypotheses for
experimental work.

* C.3 Identify and characterize existing shellfish beds (NRCD).

Mapacement WHf14itv: Currently, use attainability studies
must be done "from scratch™ whenever classification

changes are requested. Knowledge of existing shellifish
becds is fragmentary,.

Evaluyation

** E.1 Evaluate the effects of fishing practices on water quality

and habitat f{after C.1).

=
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Management Utilitv: As intensity of fishing effort
increases and stocks decrease, the effects of fishing zn
water quality are 1ikely to become more and more
significant. Very 11ttle information on this subject
exists from the study area, Identification of specific
effects would 2llow effective management action.

Evaluate the effects of fishing harvest on fish stocks
(after C.1).

Mananement H{1{tv: As above, 11ittle information exiszts,
yet strong fishing pressure may be depleting certain
stocks., Management changes could reverse. any such
effects.

Evejuate the relationship between environmental factors
and infectab{iity for a target species (menhaden) (WEEI),.

Management Hf14i%tv: Any program designed to reduce
incidence of outbreaks must address the processes
fnvolved. 1If causz] relationships cannot be demonstrated,
effective management cannct cccur.

Evaluate the concditions required for estabiishment of
viable shellfish beds and evaluate the potential for
reestablishment in historic areas.

Management Hi1ifv: Large areas of historic beds are now
barren. Reestablishment programs should await
demonstration of probable bed survival under existing
conditiens.

Relate funga2l presence tc pathogenicity in effected
species (WRRI},

Management Hi1itv: Clear definition of the target
problem {is essential to effective management.

Evaluate the management performance of current water
classification procedures, in terms of relevance to
resource protection and resource use protection.

Management 111tv: Extensive controversy has accompanied
this important natural resource issue over the past few
years. As development pressure accelerates, effective and

densible procedures for rescurce management must be
effected.

Evaluvate environmental effects of marinas and assess
possible alternatives to current marina regulatory
programs.,

ment {litv: As recreational pressures intensify,
solid bases for regulation are required to protect the
potentially impacted resources yet allow reasonable
balanced use of the waters of the State.
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1.1

Evaluate the costs and benefits of requiring excluder
devices tc reduce bycatch on Sound shrimp boats.

Managemeni M{1ity: Technology exists to reduce bycatch
of scrap fish, but the reduction in catch efficiency of
targeted species has not been evaluated fully. These
devices may be required in some portions of the study area
(e.g. where sea turtles are present). Regulaticns should
be designec with the effects on the fishermen in mind.

&1
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THE HUMAN EWYIROMMINT

ral Jus
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ificatipn

Essential to effective management of the Albemarie-Pamlico
region is a general framework of understanding of social,
economic, and institutfonal systems. Rescurce managers are
faced with a range of options for managing the area to achieve
a2 desired outcome. The analytic tocis of the social sciences
are reguired to suggest and evaluate potential management
strategies before implementaticn so that the most promising
strategy 15 chosen,

Of equal importance is monitoring and re-evaluation of a
management stratecy once 1t has been implemented. Conditions
in existence when the management strategy was chosen may
change, or the policy may have unforeseen effects, with the
result that the policy falls to achieve {ts stated objective.

A fairly comprehensive base of certain tvpes of data, such as
permanent resident population information, 1s available but may
need to be made accessible in a2 more useful manner. Cther
data, such as seasonal population information, is not currently
available and needs to be collected.

Economic analysics 1s frequently overlooked as an afd to
management of 'a resource such as the Albemarle-Famlico
estuarine system., Economics can provide vwital information not
cbtzined through cther types of analysis, including estimates
of the market and non-market values provided by the estuarine
system.

The tools of economic analysis can also be used to study the
incentives facing users of the estuary and adjacent lands for
encacing in varicus altemative activitfes. Incentives are
provided by markets for goods and services, and by government
policies such as subsicies, taxes, or regulations.

In order to effectively manage the Albemarje-Pamlifco system, it
will be necessary to understand all of the important systems
(natural, social, economic, political, etc.) and how they
function in the larger system of which they are a part. For
example, one cannot hope to manage the natural rescurces of the
regicn without understanding the politics of the area.

Characterization

* ¥

C.1 Evaluate the role of scfence and professional judgement 1n
policy determinations (including at the local level), and
evaluate instituticonal mechanisms to encourage effective

integration.
Management WUti11tv: Studies such as the APES usually

result in highly technical determinations of relatively
low utility to managers, because basic fssues and
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assumptions ciffer betwsen these groups. A mechanism to
d

facilitate communication and cocordination between such
disparate disciplines is essential 1n this effort.

Compile baseline data on demographic trends, including
population size, composition, geographic distribution and
the relative contribution of permanent and seascnal
components,

Management W {14ty: Planning for the future depends
strongly cn expectations for population parameters and
clear knowledge of existing pattems. The shift from less
dense resident populations towards denser seasonal
pepulatiens is significant environmentally and socially.

Characterize existing policy and management systems in
terms of efficiency in attaining stated goals, including
gecgraphic framework, peclicy substance, enforcement
capab{lities, flexibility to socfetal change, and
interrelaticnships among these systems. Studies should
fnclude federal, state and local levels, and clearly

examine the role of the Department of Defense in this
region,

Maragement Ui11tv: Identification of areas where stated
management goals are not being met will allow targeting of
fundz to provide information or technical support for
those programs,

Evaluate the peoples' knowledge and attitudes about

natural resources and regulation designed to protect those
resources.

Mzragement Hi1ifv: Popular receptivity is vital to the
long-term success of this project. A1l proposed
reguiation changes must be framed in the context of the
regulated population to be effective.

Exa!r:?IQD

e

£.1

Estimate economic incentives to landowners adjacent to the
estuaries, including those resulting from specific
government pclicies (e.g., swampbuster), for competing
land-use alternatives.

a. agriculture, forestry and peat mining,
b. resort development and preservation.

Management LHil11ty: Understanding econamic incentives
will enable management strategifes to shift land-use
conversion patterns toward desired ends. Comparison of
stated goals with actual economic incentives will give
much needed {nformation on the true effects of regulation
and document the level of effectiveness of a regulation in
meeting 1ts stated goal.

E3



"E

E.2

E.3

Interdisciplinary case studies of Neuse River and
Currituck Sound,

Mapagement Hil1ity: The most rapid human population
increases in the Albemarle-Famlico region are cccurring in
the four counties that border the lower Neuse River
{Carteret and Craven) and Currituck Sound (Currftuck and
Dare)., The MNeuse River and Currituck Sound also represzent
extremes of the spectrum or major environments that occur
within the regfon. Currituck Sound is a shallow, largely
fresh water elongated tidal lagoon whereas the Neuse 1s 2
drowned river valley estuary with the full range of low to
medium salinitfes. It {s reasonable to assume that
expanding populations near these environments wil) create
management problems earlier than they occur in less
densely settled areas of the system. As knowledge
accumulates from activities of the Albemarie-FPamlico
Estuarine Study, 1t would be most useful 1f 1t were
consclidated and applied in a case study approach to the
Tower MNeuse River and Currituck Sound areas, This
interdisciplinary study (binlogfcal, economic, social, and
institutional) should be conducted to determmine 1ts value
in terms of {ts varfous uses and products. Procedures
should include collection and analysis of information
concerning trends in: (1) demography, (2) land use, (3)
water quality, (4) infrastructure, (5) institutional
structure, (6) regulatory regime and implementation
status, (7) fish and wild11fe production, and (8) economic
activity. Results should be used to analyze the value of
the selected estuary relatfive to types and degrees of
potential development.

A pilot project should be begun early in the
Albemarle-Pamlico Estuarine Study activities to develop
the conceptual framework for the comprehensive studies.
The pilot project would also determine the feasibility of
studying specific sites within the Neuse and Currituck
watersheds,

Estimate the value of a "non-market™ good or service (such
as hunting, recreational fishing, or aesthetic values) for
a specified geographic area (NCSU).

Management LR 114ty: Studfes of this kind are rarely
undertaken, but are vital tc understand economics of
land-use patterns, and should allow more precise
evaluation of costs and benefits for particular kinds of
regulation.

Evaluate the potential environmental, socfal and economic
effects of specific target energy and materia)
conservation efforts in the regfon (e.g., 2 208 decrease
in freshwater use, a 20% decrease in energy use)l.
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Manage~ernt H1114v: Conservation 1s often cverlocked as a
practical tool to reduce human impacts in estuarine areas.
A site-specific study of the environmental and social
implications and feasibility of specific levels of
conservation of particular resocurces would allow
evaluation of the real peotential of such a %tool.

SUMMARY

The projects propesed above each contribute {mportant information
intended tc facilitate effective management of the natural resources
of the Albemarle—amlico region. Table € shows the pertinence of
these projects to the major conflicts targeted in Chapter IY. The
proper execution of these (or equivaient) projects should allow the
integration of physical, chemical, biclogical, economic, social, and
institutional information to culminate in a management plan to
direct the implementation phase of this project.



TASLE € = APPLICABILITY OF PROPOSED PROIECTS TO PROCESS
MEDIATING MAJOR CONFLICTS AMONG HUMAN USES
CHARACTERIZATION EYALUATION IMPLEMENT AT
NFLT PROCE SS BROJECTS PRAJECTS ~  PROJECTS
Agriculture & Drainage effects on nursery ICl, IC2, IE2, IES, 111, 112,
Commercial areas 1C6 1IE1, I1IE2, 115, IIIl,
Fishing I1E6, IIELO, 1III4
I11E12, IIEl3
Nonpoint runoff effects on IICl, IIC4, I11€1, IIE2, IIIl, III3
Water Quality I11C3, 1ICS I11E4, IIEG,
(evtrophication & anoxia) IIE7, IIEl13
Nonpcint runcff effects on IC4, ICS TE4, IIES, 112, 113
sessile organisn 11Cs, 11C6, 11E6, I1E10, 116, 1112,
distributions 111C3 I1£13, IIEl4, IIIZ
IIIE4
Nonpoint runoff effects on IICl, IICS, IIE2 TElde TEL0
shellfish closure I11C3, 11I1C4
honpoint runeff effects on IICl, IICM, 1I1E1, IIEZ, ITiz, IIl3,
Water Quality 11C3, 11Cs, 11ES, I1E6, II1S
(relationship to 111C2 I11E8, ITELO,
ulcerative mycosis) IIE13, IIIE3
Waste disposal Discharge of nutrients & I1C2, 1IC4, IIEl, 1It4,
& Commercial oxygen demanding substances IICS 11E7
Fishing {eutrophicatien & anexia)
{alsc Mining
& Industrial Discharge of bacteria 1102, 1ICS IIIE4 1111
Development causing shellfish closures IIIC3
and Com=-
mercial Discharge of toxicants 11C2, 1IC4, IIELl, 1IE4,
Fishing) & nutrients (relationship I11Cs, IIIC2 1187, IIER,
to ulcerative mycosis) IIE1l, IIIEZ3
Discharge of toxicants, 11C2, 1ICS IEl. IIEl.
etc. (relationship to I1IES®, IIE9,
anadromous fish declines) I11E1l
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Re=idential
& Commercial
Development
£ Commercial
Fishing

Land Use
Conversion &
Wildlife
Fesources

Waste Dispeosal

(etc.) &
Tourism &
Recreation

iining &
Industrial
Development
& Waste
Disposal

Commercial
Fishing &
Fishing

Nonpoint runoff effects
on shellfish closures

Nonpoint runoff effects
on nursery areas
Physical modification
effects on habitat loss
Recreational facility
effects on Water Cuality

{especially shellficsh
closures)

Wetland habitat loss

Instream habitat loss

Drainage effects on
Kater Quality

Water quality effects on
aesthetics

Water quality effects on

recreztion

Wasteload allocations
Timitations

Harvesting effect on
Water Quality

Harvesting effect on
stocks

11C1, 1ICE,
ITIC3, 111C4

1C1, IIC1,
11C5, ITICA

IC4

ITICS

icz, 1C3,
iCs, 1C6,
I1I1C3, IiCh
ics

TICL, 1IC3,
11C5, 1IC6

ITI1C2, IIICA

I11C3, I11ICA
ITICS
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1IEY, 11E6

I1E2, IE4,
IES, IIEl,
TIES

1E6, I1EZ,
11E6

I1El, I1IEG,
I11E8, IIEll

IE4, IES

I1E2, IES,
IIE), IIE2,
I1E4, IIES,
I1E6, 11E7,
IIEL1D, IIE1l,
IIE12, IIE13,
IIE14, TIIE4

IIE7, IIEll

IEl, I1IE1l
IITIES

IIEl, 1IE4,
11E6, IIE7

ITIEl

111, 112

1112,
» 1114,

P
= =l =i

= =N
o) =

1111

TIT1

-
-
[
i



CHAPTER V

DATA MAMAGEMENT

In striving to fulfill the purpose of the Albemarie Pamlico
Estuarine Study, the importance of adequate deta and of having data
in 2 form that can be readily utilized by managers cannot be
overemphasized. To achieve the goal of developing a viable, long
term management strategy for the regfon, managers and researchers
hkave identified research and infermation needs.

A conciderable amount of information about the arez already
exists, The information iz in the form of 1{terature, tzbular data,
and geographic or mapped data. Additional information will need to
be compiled to enable ressarchers to accomplish the research goals
set forth in Chapter IY and to meet the needs of managers. The
project will need to bring together the disparate data about the
region, ircluding both existing and new data.

The overall objective of the datz management efforts of
Albemarie Pemifco Estuarine Study will be to provide users with
access to cdata that will aid in addressing the fssues cutlined in
Cnapter IY., The ability to effectively manage the data will be
critical to the success of the project. This chapter describes the
data tc be managed and the computer system to be used for managing
the datz for the Albemarle Pamlico Estuarine Study.

DESCRIPTION OF DATA

The fcllowing section describes the data collection objectives
of the Albemarle Pamlico Estuarine 5tudy. In developing these
ebjectives, three important issues were fdentified. First, a
database for the study, while it may be very large, must be limited
to data that is relevant to the research topics that have been
identified by the resocurce managers and researchers and that will be
useful 1n practical estuarine management applications. A careful
evaluation of existing databases and of data that need to be

compiled must be completed for the Albemarle Pamlico Estuarine
Study.

Second, the data must be of good quality. Existing databases
will be evaluated according to an established set of procedures, and
future data collection efforts must meet these standards., Finally,

the data must be put in a form that will be useable by managers and
scientists,

- + 4 .!
The process of data {dentification has already begun. In
Chapter IV, a wide variety of research and information needs has

been identified. State and federal managers identified manzgement
related information that will facilitate effective management of
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estuarine resources, In & separete effort, ten groups of researchers
have identified the specific information requirements necessary to
address the research topics set forth in Chapter IV,

It is difficult at the onset of the Albemarie Famlico Estuarine
Study to anticipate 211 of the project's long-term research and
information needs. As research projects are completed, new
information needs will be identified. Data {dentification will be
an on=-going task.

f‘:-,: ':-‘-an;.zrﬂﬁ

Working groups established by the Data Sub-Group of the
Albemzrle Pamiicoc Estuarine Study Technical Committee are developing
datz zssessment procedures and criteria. These data standards will
form the basis for quality control of data,

COMPUTER S5YSTEM

Given the resezrch concerns and data management objectives
outlined above and in Chapter IV, a computer system for managing
data has been designed to serve the needs of the Albemarie Pamlico
Estuzrine Study.

Swvetear ion Ohiec+d

In designing 2 system for the study, a number of system design
cbjectives were identified.

s The system must 71imit the duplication of both systems and
data. Duplicating systems will add enormous costs to the
project. Duplicating majer, dynamic databases 1s not enly
redundant, but can pose potentfal data integrity and
inconsistency preblems 1f updates to the databases are not
strongly coordinated.

2. The system should permit and accomodate use by managers,
technicians, and scientists.

3. The system must provide remote access to a variety of
users, Managers and researchers from many different
government agencies and universities, beoth within and

putside the preoject area, must be able to use the data
management system,

&, The active utility of the system must be capadble of
extending beyond the 1ifetime of the Albemarie Pamlico
Estuarine Study. Because a major goal of the study is to
develop long-term management strategies for the region,
system design must ensure continued database maintenance
and access so that the system can be self-supporting beyond
the scope of this study.
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£, The capability for compiling, stering and analyzing
eacrapic data ﬁ,E: be an *“*ﬂ*+a1 part of the syste~,
eographic datz will be a critical component of tre
ressarch efforts to develop management stratescies anc to
loy management activities that are adopted,

&)
LR
1 0

Gy

o '||

s

N

g Flexibility 1s an important design objective. It 1is
difficult at the onset of the Albemarle Famlico Estuarine
Study to anticipate every guestion or research direction.
The system must be flexible enough to manage both new and
existing data, to permit ad hoc queries, and to facilitate
system design adaptations to handle technological
developments or new management strategies.

7. The system must incorporate an effective interface with
existing systems. Without this feature, many of the design
criteria described above, including system end data
duplication, long-term maintenance of the system, and the
flexibility to adapt to changing situations and geals, will
be impossible to accomplish,

serrintdion
ikl bl

system will consist of 2 primary computer svstem with

control which wi11l be connected through a2 communications

k both to existing systems and to remote users (see Figure 3,

marle Pamlico Estuarine Study Computer Systems Diagram). The
will be used for data management, geographic data analysis,

tical analvsis, and 1{terature searches,

i W

The svetem will provide access to data of good quality, data

s reievant to the key issues and in a form that managers can
use.The system will permit geographic data analysis, through access
tc 2 gecgraphic information system (GIS). Computer systems that
store, retrieve, and analyze data according to either their
gesgraphic Tocation or their attribute values are called geogcraphic
information systems. A GIS provides the capability to convert maps
of geographic information to a digital format. The primary purpose
ef a2 GIS is to generate information, in the form of either maps or
measurements, for use 1in research or management applications.

The GIS can be used to display the data on graphic teminals,
plot the data at various scales, generate areal or linear
measurements, aggregate the data to produce interpretive maps, and

to overlay separate layers of geographic data where the relationship
of those layers 1is important.

The system will not duplicate the ability to do sophisticated
statistical analysis. Rather, the system will enable users to
access datz for statistical analysis on existing systems such as the
Triangle Univeristies Computer Center. The system will enable users
to integrate the results of statistical amalysis in practical
agnlications and 1n conjunction with other data.
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he computer system at Land Resources Information System (LRIS),
an azency of the Department of Natural Rescurces and Community
Deveiopmernt, will be used as the primary computer system,

The Albemarie Pamlico Estuarine Study will realfze several
benefits from this arrangement, and a number of system design
objeztives will be met by establishing LRIS as the primary system.
LRIS has an established computer system management "infrastructure”
i.e, staff, facilities, procedures, etc, By utilizing an existing
computer syster as the primary system, the Albemarle Pamlico

Estuarine Study will avoid the enormous costs of establishing & new
system.

computer hardware to run the system is already on line
S &lso has most of the communicetions hardware and
connecting to standard, existing date communications
luding the State Datz Communicztions Network. The

of an experienced staff using established procedures
fnate the expense, the time;, and the inefficfency inherent
ning an entirely new system,

a2 service agency and, &s such, has no program
that would supersede the Albemarie Famlice program

That would not be the case with most existing
ms .
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LRIS already has a large datzbase of gecgraphic data for the
Albemarie Famlico study area.

Severzl ¢f these factors relate directly to the syster design
objectives; including minimal duplication of equipment and data,
long=termm maintenance of both the system 2nd the data, and the
interface with existing systems.

Another system design objective 1s the capability for dealing
with geographic data. LRIS has operzted a GIS for ten years and has
considerable experience in this technelogy and 1ts application to
natural and cultural resource management. The GIS will be an
invaiuable tool to researchers and resource managers for gathering

information, {dentifying trends, and evaluzting management
altematives.
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CHAPTER VI
PUBLIC PARTICIFATION IM THE ALBEMARLE-PAMLICO ESTUARINE STUDY

The complex yet fragmented structure of the existing management
system for natural rescurces in the Albemarle-Pamlico region
requires cooperation among institutions and individuals for the
management goals of this project to be attained. The tight
connection between land-use patterns and water—quality-mediated
bioclogical problems in this system underlines the need for strong
positive relationships with diverse segments of the user population.
This need will be addressed by an active public participation/public
awareness program, intended to facilitate communication between the
public and program administirators, to marshall support from local

governments and regional institutions, and to allow disseminaticn of
informaticn gathered through this study.

Puykltirs F’J-.-"{;"HEJ."TP."'. P."‘-"‘"T’g!‘;

The mechanisms for public participation in the
Albe-erle-Famlico Estuarine Study are boith formal and informal, The
pathways for citizen input include Citizens Advisory Committees
(CACs), announced public meetings and conferences, the public review
of 211 public documents, and the placement of a public 11aison
person in the regcion (proposed). Additional mechanisms include
legislative/governmentae’ 11aison, informational presentations to
technical groups, &nd generz] availability of administrative staff
and receptivity to fnfcrmaticnal a2nd philosophical gqueries.,

Citizers Advisprv Commiz=tess (CACSs)

The Policy Committee for the Albemarie-Pamlico Estuarine Study
requested that regicnal Citizens Advisory Committees be established,
representing 2 broad cross-section of {interests and occupations, In
response, the Technica] Committee established a Subcommittee on
Public Participation, chaired by Dr, Mike Orbach (East Careclina
University). After much discussion and revicsion, the Technical
Committee approved & recommendation from that Subcommities that two
regional CACs be convened, representing the Albemarie region and the
Pamlico region. The recommended makeup of those committees is shown
in Table 7. Proceduresz were established for nomination by Technical
Committee members or by citizens. Specific Technical Committee
members were asked to provide nominations in specific categories
such that every category had some nominations,

€3



Table 7: Citizens Advisory Committees for the Albemarie—amlico

Estuarine Study

There shall be one committes representing the Albemarie Sound region

and one committee resresenting the Pamlice Sound region. Each

committee shall be compeosed of representatives as follows:

1, Public OFfficials (2) 7. Agriculture

2, Educator B. Industry

3., Tourism 9, Environmental Group

4, Developer 10, Coastal

E. Sport Fishing or Wildlife Engineer/Surveyor
Organization 11. Private Citizen (4

6. Commercial Fishing Interest

memo

Following an appropriate intervai, nominations and supporting
materizls were considered by the Technical Committee. A consensus
was reached, and =slates of recommended CAC members were approved by
the Technical Cocomittees. These slates were transmitted to the
Policy Committee. The structures of the committees and individual
ers are being considered for approval by the FPelicy Committee.

The goals and purpo
Committee directive, ori

s of these CACs were la2id out in a Policy
nally issued in August 15, 1988, and

=€
gl

approved in modified form on February 13, 1987. The chiarge to these
committees will be discussed at their organizational meetings.

be:

Generally, the charge to the Citizens Advisory Committees shall

1.

to provide 2 mechanism for structured citizens' input into
the Albemarie-Pamlico Estuarine Study from their
respective regions; and

to 2ssist in the dissemination of information relevant to
cr cdeveloped by the Albemarle-Pamlico Estuarine Study 1in
their respective regions.

The Citizens Advisory Committees will, among cther things,:

1.

Elect a Chafrperson for their respective committee. The

two Chairperscns will be members of the Technical
Committee.

Report at each meeting of the Technical Committee (TC),
through their respective Chairperson.

Review all documents and materials produced by the
Albemarle-Famlico Estuarine Study. They will include the
results of such review in the Chair's reports to the
Technical Committee.

i
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4, Take such initiatives as are necessary and appropriate, in
conjunction with the other activities of the
Rlbermzrle-FPamlico Estuarine Study, to ensure adeguate

citizen input from affected and interested constituencies
in their regicns

E. Meet at their own discretion, but at Teast twice yearly,
in locations convenient to the ciftizenry of their regions.

An important feature of this process was the election of

chairpersons of those CACs, who also serve as voting members of the
Technical Committee for the study.

Announced Public Meetincs and Conferences

The second formal public inveolvement mechanism {is announced

public meetings of all kinds. A current list of a1l such meetings
held appears as Table 8. OFf thesz, the most important was the
conference held at Beaufort County Community College on February 14,
1987,

Table 8. Public Meetings Held to Date

Group ta Blace
Tar=Famlice River Foundation Sept. 23, 1986 Washington, MC
Neuse River Foundation Nov. 10, 1SB6 HNew Bern, NC
Back Bavy Restoration Feundation Hovember 1985 Knotts Island, MC
Regional Conservation District &

sCs Feb. 10,1987 Williamston, NC
Public Ccnference Feb, 14, 1987 Washington, NC
Currituck Foundation Feb. 26, 1987 Currituck, NC

The goals of the conference included presentation of the workplan to
the genera) public and exploration of additionzal public invelvement
vehicles by comparison to other Mational Estuvaries Program projects.
Speakers included Rep. Walter B. Jones, Secretary S. Thomas Rhodes
(NRCD), Jack Ravan (US EPA), John Costlow (Duke University Marine
Laboratory), Douglas N, Rader (Program Coordinator) and a number of
representatives of other programs. Aftermoon workshops examined
information goals of the project, the role of science in public
policy and the role of citizens in estuarine programs.

Additional regional meetings are planned to present information
on the workplan for the study to the public and to recelive public
input on the goals and direction of the study.

Public Liafson Staff (Propgsed)

The importance of the public {nvolvement effort to this
project, the spatial displacement of key administrative personne)
from the effected region, and the diversity of duties necessary
under the program suggest that a satellite office in the region



would grea<’y expand the effectiveness of this effort. The office
should be Tocated 2t the Washingion Regional Office or the Morehead
City Marine Fisheries center, and should involve regular travel
between northern, central, and scuthern locaticns. Proposed duties
of the staff member would include response to public inquiries.,
dissemination of information and public education, promotion of
public awareness of issues of major concermn and preparation of a
project newsletter, Jose communication between central program
staff and reglional staff will be maintained at all times.

jg;*g];*1vgi§gvggﬁn§n;;‘ iaison

Maintenance of effective communications between the
Albemarie-"amlico Estuarine Study and governmental units on all
levels 1s wital to the success of the project, both in tems of

inancizal support and effective implementation of recommendations
develcped during the course of the project., HNC Representative
Welter B. Jones was instrumental in the procurement of federal
moneys for this study and has been vitazlly invelved in its
formation. Contacts are being made in the offices of all
legislators, state and federal, with interests in the region, The
Procram Cocrdinator has made 2 formal presentation of program
infarmaticn tc the Intersiate Chowan River Water CQuality Task Force,

mprising siate senators
Yirginia and North Carclin
and goals of the study 1s

i

s

0

a. General information about the purpose
being prepared for the entire Legislature.

Locel covernment offices are being contacted with the help of
the Waskington Regional Office Manager, Ms. Lorraine Shinn, and with
regfonal councils of governments. A series of meetings will be held
with those covernmental bodies to provide information and garner
support for the project. Local covernments will be vital to the
successful implementaticn of project results.

Eelatigne with the Precs

The Office of the Program Cocrdinator and regfonal staff are
constantly available for informational requests from the press. The
Coordinator has provided information on the project to several
newspapers. A NRCD radic interview was taped with Mr. Lowell
Shumaker on program goals and functions. An article on the project

fs in the planning stages for Wildlife in North Carplina, for spring
or summer release.

Informaticna] Presenfaficns Lo Technical Meetings

Information about the program and results derived from the
projects funded under the program is actively disseminated through

technical meetings and publications. A 1ist of such meetings
appears on Table g.

h
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Table 9. Technical Information Presentation

R tatils [z=e lace

District Meeting, USGES December 10, 1986 Winston-Salem, NC
American Fisheries Society January 30, 1987 Gloucester Peoint, VA
Coastal Zone '87 May 26-29, 1987 Seattlie, WA

ErimE..'l v

Positive relaticnships with 211 segments of the effected
population are vital to the success of this endeavor. Now that
initial project planning 1s nearing completion, Tiaison with the
private citizens, local interest groups, Jocal governmental units,

and state and federal agencies and legislators will be a major focus
of project administration.



CHAPTER VII

BUDGET AND SCHEDULING

Funds Avazilable

FProjected funds available to suppeort program functions are shown
in Figure 4. The uncertzinity depends on the need and degree of state
matching funds, which will not be assured until abeut July 1, 1987,

Allocations to Major Programs

The cooperative agreement identifies four majer program
components: administration, information manzgement, information
acquisition and public invelvement. Approximate relative costs of
these programs are shown in Table 10,as percentages of tetal funds and
in actual collar amounts. The program administraticn component
includes program effice support and salaries for program staff
{including positions to be dedicated to public 1iaisen or data
management). The information management numbers are derived from the
budget propesed in Chapter VI , and 2re 1n line with other national
estuarine programs (e.g. f2100K/yr. for Marragansett Bay). The public
participation component was suggested by EPA staff, and is similar to
other programs (e.g. $75K/yr. for Narragansett Bay).

Allocations Within Majeor Frograms

The areas identified in Chapter IV as major teopics for research
have been prioritized by 2 combination of program staff, management
persennel and administrative board members., A concensus was reached
cn highest priority projects within those proposed in Chapter IV.
Specific projects suggested for funding during the first year are
marked (** gor #} in Chapter IVY.

The actual funding of projects must depend on the strengcth of
proposals recefved in response to RFPs, MNonetheless, balance among
the important topics 1isted in Chapter IY is desirable. Therefore,
proportional allecaticns among topic areas is proposed in Table-1l
estimated from l1ikely costs of component projects anc relative
importance of those areas to management programs.,

RFPs should be issued for specific profects when those projects
are considered vital, but for more general topic areas otherwise,

Each general RFP will 1ist high priority areas, but will alsoc identify
other biddable topic areas.
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APES FUNDING TIMETABLE

7-87

‘Il] -87

7-88

Funds
(souwrce)

300 K /
(EPA) 5% —

700 K
(EPA) 25%

500 K 175
(NC™) <7500

700 K
(EPA) 25%

10-88

N —

—

300 K
+ 700
+ 175

1175 K
- 150 K
1025 K

1025 K
- 150K
875K



a., FPercentages

Program
Admin.

Information
Maragement

Public

Participation

Information
Acguisition

Total

b. Dollars
Funde

Program
Admin,

Information
Management

Public

Farticipation

Information
Acquisition

Total

TABLE 10

PROPOSED FUNDING BREAKDOWN

Oct. Oct. Oct. Oct.
1986-87 1987-88
15% 15%
15% 15%
10% 10%
E0% E0Z
100% 100%
$150,000 §131,000
$150,000 $131,000
£100,000 $ 88,000
$600,000 $569,000
$1,000,000 $875,000
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Oct. Oct.
19886-89

15%

10%

$131,000

$100,000

$ 88,000

$569,000

$875,000

Oct. Oct. Oct. Oct.
1585-80  1990-91
15% 15%
10% 107
10% 10%
65% €5%
100% 1002
$131,000  $121,00C
Slﬂﬂrﬂﬂﬁ $100,000
$ 88,000 § 88,000
§569,000  $569,000
$875,000 $875,000



11,

I1l.

TABLE 11

PROPOSED FUNDING OF INFORMATION ACQUISITION

Resource Critical Areas

25% of IA

Water Quality and Estuarine Relationships

40% of IA

Fisheries Dynamics
20% of 1A
Human Environment

18% of IA
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PROGRAMS TEAT AFFECT DEVELOPMENT
ARCUND THE ALBEMARLE AND PAMLICO SOUND
Decexber 14, 1586

Federal legislation with a Major Impact
(in alphabetical crder)

Anadrozmcus Fish Conservation Act

Clean Air Act Amendment of 1967

Clean Alr Act Amendments of 1970

Clean Air Act Amendments of 1977

Clean wWatar Act of 1577

Cocastal Barrier Rescurces Act (l1982)

Coastal Zone Managezment Act of 1572

Cozprehensive Envirconrmental Response, Compensaticn and
Liakility Act of 1880

Departzent of Transportation Act of 1966 (bridges)
Disaster Relief Act of 1974

Endangered Species Act of 1573

Fecderal Insecticide, Fungicide, and Rodenticide Act
Federal Environmental Pesticide Control Act of 1§72
Federal Land Policy and Managexment Act of 19876
Federal Water Pollution Contrel Act Amendments of 1572 (see CWA)
Fish and Wildlife Act of 1956

Fish and Wildlife Conservation Act of 1980

Fish and wWildlife Coordination Act of 1934

-Fishery Conservaticn and Management Act of 1976
Forest and Rangeland Renewable Rescurce Planning Act
Highway Beautification Act of 1965

Eistoric Preservation Act of 1966

Housing and Community Development Act

Land and wWater Conservation Fund Act

Marine Maxz=al Protection Act of 1572

Marine Protection, Research, and Sanctuaries Act of 1572
Migratory Bird Conservation Act

Migratory Bird Treaty Act (1918)

Mineral Leasing Act of 1920

Naticnal Environmental Policy Act (1969)

National Flood Insurance Act of 1968

Naticnal Forest Service Organic Act (1897)

Ports and Waterways Safety Act of 1572

Rescurce Conservation and Recovery Act of 1576
Rivers and Harbors Act of 1899

Rivers and Harbors Act of 1917

Rivers and Harbors Act of 1968

Rural Development Act of 1572

Safe Drinking Water Act of 1974

Szall Business Act

Soll Conservation Act (1915)

Eolld Waste Disposal Act

Surface Mining Control and Reclamatien Act

Toxic Substances Control Act of 1576
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Water Quality Improvement Act of 1970
Water Resocurces Planning Act of 1965
Watershed Protectiocn and Flood Prevention Act (WPFPA)

Federal legislation with a Minor Izpact
(in alphabetical order)

Alrport and Airway Development Act (1570)

Alrport znd Airway Improvement Act of 1982

Atomic Energy Act of 1954

Comzmercial Fisheries Research and Develcopment Act cof 1864
Energy Reorganization Act of 1974

Energy Supply and Environmental Coordination Act cf 1574
Fish Restoraticon and Managezment Projects Act of 1550
Wild and Scenic Rivers Systex

Federal Leglslation with Marginal or Extremely Minor Izpacts
in alphabetical order)

Deep Sezted Hard Mineral Resource Act of 1580
Deepwater Port Act of 1574 (as amended)
Federal Water Power Act of 1520

Federal Powver Act (1935)

Food and Agriculture-Act of 1962 (RC&D)

Interstate Land Sales Full Disclesure Act of 1965

K&ticnal Ccean Pocllution Research and Development and Planning
"  Monitoring Act of 1978

Naticral Wilderness Act of 1964

Natural Gas Act of 1538

Natural Gas Pipeline Safety Act of 1968

HNatural Gas Policy Act of 1578

Noise Centrol Act of 1972

Occupational Safety and Health Act of 1970

Ocean Thermal Energy Conversion Act of 1580

Ocean Thermal Energy Research, Development, and Dezonstration Act
0il Pellution Act of 1961

ter Continental Shelf Lands Act (1953)
Port and Tanker Act of 1578
Public Health Services Act
shipping Act of 1916
Submerged Lands Act (1953)
Urban Mass Transportation Act (1964)
Water Bank Act of 1570



FROGRAMS THAT AFFECT DEVELOFPMENT
AROCUND THE ALBEMARLE AND PAMLICC SOUND
Decexber 14, 1986

Legislation in North Caroclina with a Major Impact
(in alphabetical order)

Agricultural Develepment Act

Alr and wWater Resources Act

Boating Safety Act

Coastal Area Managezment Act of 1574

Conservaticn and Eistoric Preservation Agreements Act

County Service Districts Act

Dredge and Fill Act

Drinking hahev ct

Emergency Managezment Act

Environzent a‘ Cozpact Act

Envircnzental Policy Act of 1971

Fisherzan's Eccnomic Development FProgram

Forest Develcpment Act

Industrial and Fecllution Centrol Facilities Federal Program
Financing Act

Industrial and Pollution Control Pacilities Financing Act

Metropeolitan Sewerage District Act

Metropolitan Water Districts Act

Mining Act of 1971

Masquite Control Districts

Municipal Service Districts Act

Municipal Subdivision Control Act

Municipal Zoning Act

Natural and Scenic River System Act

Nature and Histcric Praeserve Dedication Act

01l Pellution and Eazardous Substances Control Act

Pesticide Law of 1571

Recreation Enabling Act

Regicnal Sewvage Disposal Planning Act of 1971

Regicnal Water Supply Planning Act of 1971

Sedimentation Pollution Contrel Act of 1973

Small Watershed Projects Act

Soil Additives Act

Scil and Water Conservation Districts Act

Sclid Waste Managezment Act of 1978

Special Assesspents Act

Streaz Sanitation Act

Structural Pest Control Act

Toxic Substances Act of 1979

Water Use Act c¢f 1567

Watershed Improvement Districts Act

Watershed Improvement Programs Act

Well Construction Act (1967)

Wildlife Rescurces Law
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North Carclina legislaticn with a Minor Impact
a4

in alphabetical order)

Condozinium Act

Outdoor Advertising Control Act
Park Comzission Act

Tax Increment Financing Act
Tralls Systen Act

Water Safety Act

North Carclina lLegislation with Marginal or Extremely Minor Impa
(in alphabetical order)

Advertising Control Act
Alr and wWater Quality Reporting Act
Airport Develcpzent Act
Alien Prcpa ty Act
Annexat 1 Act
Archivas and HEistory Act
Atlantic States Marine FPisheries Compact Act
Balanced Growth Policy Act
Bicycle and Bikeway Act of 1574
Building Contract Act
Carrier Act
Caxzetery Act
city-Cuun:y Ccnnclidatian Act
Condexnation Act
—Lewnnor Act (reglstration of conveyances)
Corpcrations Act
Dam Safety lLaw of 1567
Energy Policy Act
Engineering and Land Surveying lLaw
Fiscal Information Act for local Governzment
Fraudulent Conveyance Act
Gas Conservation Act
Highway Safety Act
Horizontal Property Act
Housing Authorities law
Housing Corporation Act
Housing FPinance Agency Act
Inheritance Tax Act
Land Contracts Registration Act
Land Policy Act
Land Title Registration Act
local Government Bond Act
Local Governmaent Budget and Fiscal Control Act
local Government Fiscal Information Act
lLocal Improvezent Act
Mine Safety and Health Act
Mining Compact
Municipal Corporaticns Act
Municipal Finance Act

Municipal Fiscal contrel Act



Occupatiocnal Safety and Health Act of North Carclina
0il and Gas Conservation Act
Public Bullding Contracts Act
Purlic Transportaticn Authorities Act
Public Utilities Act
Fuslic Utilities Cozmission Act
ublic Works Act
Quarries and Mines Act
Fezl Estate License law
Real Property Acquisitions Policies Act
Right of Way Act
Rural Electrification Act
Eales and Use Tax Act
Sinking Pund Act
Scutheastern Interstate Forest Fire Protection Compact
sutheastern Interstate Low-level Radicactive Waste Management
Compact
Scuthern Growth Folicles Agreement Act
Scuthern State Energy Compact
Supplexental loczl Goverment Sales and Use Tax Act
Transportation Authecrities Act
Unzarked Human Burial and Human Skeletal Raezmains Protection Act
Use Tax Act
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LOCAL TOOLS AND TECENIQUES AVAILAEBLE
FOR MANAGING DEVELOPMENT AROUND TEE ALBEMARLE AND PAMLICO SOUND

Land Acguisition

Acquisition of Easexents
Advance Site Acquisitien
Tranfer of Develcpment Rights
Cozpensable Regulaticn
Inverse Condemnation

Public Spending

Capital Improvement Prograa
Annexation
Develcpment Timing

Taxation

Special Assesszent
FPreferential Assessment

Develcpment Regulations

legal Challenges to the Validity of Development Regulations
Constituticnal Challeanges
Ultra Vires Challenges
Procecural Challenges

Regulatory Growth Managezment Tools

L &

Interizm or Tempecrary Davelopment Regulations
Conventional Zoning
—Hinimum Lot Size Zoning
Exclusive Agricultural or Nonresidential zoning
Height Restrictions
Aesthetics and Land Use Regulation
Conditional and Contract Zoning
Special Exception
Benus and Incentive Zoning
Floating Zones
Performance Zoning
Planned Unit Development and Cluster or Average Density Zoning
Subdivisicn Regulations
Subdivisicn Regulations Relating to Off-Site Facilities
Population Caps
Official Mapping
Maxizuxm Lot Size
Building Inspectiecn
Annual Perzmit Limits
Regulation of Mcbile Homaes
Local Environmental Izmpact Ordinances

For mcre information en these local tools and techniques, see the
attached appendix, "Development of Growth Management Systems for
Horth Caroclina"™.
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