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INTERNATIONAL SYSTEM UNITS

The following factors may be used to convert inch-pound units pub-
lished herein to the International System of Units (SI).

Multiply inch-pound unit By To obtain SI unit
Length
inch (in) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
acre 4ou7 square meter (m2)
0.4047 hectare (ha)
0.00u4047 square kilometer (km?)
square mile (mi2) 2.590 square kilometer (km2)
Volume
gallon (gal) 3.785 liter (L)
0.003785 cubic meter (m3)
million gallons (Mgal) 3785 . cubic meter (m3)
cubic foot (ft3) 0.02832 cubic meter (m3)
acre foot (acre-ft) 1233.5 cubic meter (m3)
Flow
cubic foot per second (ft3/s) 28.32 liter per second (L/s)
0.02832 cubic meter per second
(m3/s)
million gallons per day (Mgal/d) 0.04381 cubic3meter per second
(m3/s)
gallon per day (gal/d) 0.0038 cubic meter per day
(m3/d)
Flow per Area
cubic foot per second per 0.01093 cubic meter per second
square mile [(ft3/s)/m12] per square kilometer
[ (m3/s)/km2]
Temperature
degree Fahrenheit (°F) 5/9(°F-32) degree Celsius °c)
Mass
ton (short, 2,000 pounds) 0.9072 megagram (Mg), or metric
ton (t)
pounds (1bs) 453.59 grams(g)
Specific Conductance
micromho (pumho)per centimeter 1 microsiemens(#S)

at 25°C

National Geodetic Datum of 1929 (NGVD of 1929): A geodetic datum derived
from a general adjustment of the first order level nets of both the United
States and Canada, formerly called mean sea level, is referred to as sea

level in this report.

vi



WATER-QUALITY CHARACTERISTICS FOR SELECTED SITES ON THE
CAPE FEAR RIVER, NORTH CAROLINA, 1955-80—Variability,
Loads, and Trends of Selected Constituents

By J. Kent Crawford
ABSTRACT

Water-quality data for selected sites in the Cape Fear River basin
collected by the U.S. Geological Survey, the North Carolina Department of
Natural Resources and Community Development and the University of North
Carolina at Chapel Hill are analyzed and interpreted in this report.
Emphasis is given to the Cape Fear River at Lock 1 near Kelly, where data
are most complete. Other data included in the report were collected from
the Cape Fear River at Lillington, the Haw River near the Jordan Dam, and
the Deep River at Moncure.

Available data indicate that concentrations of dissolved oxygen at
study sites are almost always within U.S. Environmental Protection Agency
criteria; however, on two sampling dates, the concentration of dissolved
oxygen in the Cape Fear at Lock 1 fell slightly below the 5.0 mg/L recom-
mended for fish populations. Measurements of pH from all stations were fre-
quently below the lower limit of 6.5 pH units recommended for protection of
freshwater aquatic life.

Major dissolved ions detected are sodium and bicarbonate. Sodium con-
centration averages 8.6 mg/L and bicarbonate averages 17.5 mg/L at Lock 1.
Concentrations of dissolved substances and suspended sediment decrease in
the downstream direction, presumably because the more heavily populated part
of the basin is near the headwaters of the system.

Heavy metals, with the exceptions of cadmium and mercury, rarely exceed
Environmental Protection Agency criteria for the protection of aquatic life.
Concentrations of mercury in the Haw River, which exceed the recommended
0.20 ug/L needed to protect aquatic 1life, have frequently been reported by
other authors. Several of the most toxic metals, arsenie, cadmium, and
cobalt, are about five times more concentrated in water from the Haw River
site than from other study sites in the basin. Iron and manganese frequently
exceed North Carolina water-quality standards. '

Available nitrogen averages 1.21 mg/L and available phosphorus averages
0.21 mg/L at Lock 1. Nuisance algal growths have not been identified as a
problem in the river.

Comparisons of water-quality data for baseline (natural) and present
conditions indicate that more than 50 percent of most dissolved substances
and over 80 perecent of certain forms of nitrogen and phosphorus result from
development.



Over the past 25 years, increases in concentrations of specific con-
ductance, dissolved magnesium, dissolved sodium, dissolved potassium, dis-
solved sulfate, dissolved solids, and total nitrite plus nitrate nitrogen
were detected in the Cape Fear River at Lock 1. Values for pH and dissolved
silica are decreasing. Concentrations of most dissolved constituents at Lock
1 are increasing. These increases are statistically related to increases in
population and manufacturing employment in ithe basin but are unrelated to
agricultural activity.

INTRODUCTION

Water quality is a critical factor in the well-being of any area.
Health, recreation, and aesthetic appeal }depend on good water quality.
Industry, municipalities, and individuals require it.

In order to characterize the water quaiity of North Carolina streams,
the North Carolina Department of Natural Resources and Community Development
(NRCD) and the U.S. Geological Survey have undertaken a joint statewide
water-quality monitoring study. The U.S. Geological Survey evaluates water-
quality conditions at key locations and thé NRCD identifies and monitors
specific sources of pollution. Details and objectives of the entire program
are outlined in U.S. Geological Survey Circular 764, "Program for Evaluating
Stream Quality in North Carolina" (Wilder and Simmons, 1978).

x
This report characterizes the water quaiity of the Cape Fear River and
represents a portion of the U.S. Geological Survey's responsibility to the
overall program. Other interpretive reportsipublished as part of the pro-
gram address water quality in the French Broad River (Daniel, Wilder and
Weiner, 1979), in forested and rural streams of North Carolina (Simmons and
Heath, 1979), in the Neuse River (Harned, 1982), and in the Yadkin-Pee Dee
River System (Harned and Meyer, 1983).

Purpose and Scope

The purpose of this report is to describe water-quality characteristies
of the part of the Cape Fear River basin upstream from Lock 1 near Kelly
(fig. 1). Existing conditions, natural and |development-induced loads, and
long-term trends of selected chemical constituents are evaluated.

Basin characteristics which affect water quality, including climate,
topography, geology, population and streamflow, are presented as background.
Existing water-quality conditions are based on an evaluation of concentra-
tions of the major dissolved ions, including calecium, sodium, potassium,
magnesium, chloride, sulfate, silicate, bicarbonate, and flouride. Dissolved
solids and specific conductance are also examined along with concentrations
of arsenic, cadmium, cobalt, copper, iron, lead, manganese, mercury, sele-
nium, and zinc. Nutrients and biological dat% are also described. Mean con-
centrations, high and low measured values,%and contraventions of water-
quality criteria are used in the evaluation. 'Loads are calculated for each
of the major dissolved substances and the impﬁct of development in the basin
on loads is assessed. Pre-development loads are estimated from existing
water quality in undeveloped areas. Trends\in concentrations of the major
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1.--Map showing geographic features of the Cape Fear River basin.




dissolved substances are assessed. The tre
25-year record and employ residual analysis
charge prior to testing for trends.

Because data for the Cape Fear River are 1limited,

report is limited. Only one station, the Cap
Kelly, has enough data available to allow a
trends or to calculate the influence of bas
sparce data, conclusions reached are limited

#

nd analyses include data from a
to remove the effects of dis-

the scope of this
e Fear River at Lock 1 near
determination of water-quality
n development on loads. With
to the specific location where

the data were collected and generalizations of water quality throughout the

basin are impossible.

Previous Investiga

|
éions
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A number of reports on the Cape Fear River have been published. Repbrts
pertinent to this study can be grouped into water-quality reports of state-

wide scope, regional water-quality reports,
ning reports.

The North Carolina Water Quality Inven¢

of Natural 1976

Natural Resources

and Economic Resources,

and Community Development

ter-supply reports, and plan-

!

ory (North Carolina Department
i North Carolina Department of
, 1977a; 1978; and 1980a) is a

report of statewide scope required annually by Section 305(b) of the Federal

Water Pollution Control Act Amendments of 197
Clean Water Act of 1977 (U.S. Congress, 1978
quire the inventory biannually. The report s
ment program achievements,
anticipated quality of waters of the state."
toring
inventories. So far, four inventories have
years 1975, 1976, 1977, and 1978-79.

The U.S. Geological Survey publishes
annually in "Water Resources Data for North
1943-67 are summarized by Wilder
Chemical Quality of Streams of North Carolina

Reports of a more limited geographical
tions from the Water Resources Research Insti
Carolina. Three reports specifically addres
and lower Haw Rivers. The New Hope River
which, in turn, joins the Deep River to form
three documents (Weiss, 1971; Weiss and oth
present a picture of water quality in the
Saxapahaw area (fig. 1) for the late 1960's a
of Haw and New Hope Rivers is that of Shuma

(U.S. Congress, 1973). The
changed the 1972 law to re-
arizes the "pollution abate-

activities, and objectives, and the existing and

Point discharges and the moni-

results from these point sources are the primary concern of the
been published covering calendar

statewide water-quality data
Carolina." Data for the period

and Slack (1971) in "Summary of Data on

, 1943-67."

scope include several publica-
tute of the University of North
8 water quality in the New Hope
is a tributary to the Haw River
the Cape Fear (fig. 1). These
ers, 1972; and Weiss, 1974)
Durham-Chapel  Hill-Pittsboro-
nd early 1970's. Another study
n and others (1977) which pre-
of metals in the water, sedi-

sents an analysis of existing concentrations
ments and macroinvertebrates in these strea
water by Pfaender and others (1977) included

. Another study of metals in
amples from a wider geographic

area, covering the length of the Cape Fear and Haw Rivers. Weiss (1970) also

examined waters of the Haw and New Hope Rivers

to determine the relative

importance of nitrogen and phosphorus as algal nutrients.
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Extensive studies have been conducted n

in the Cape Fear River basin, including the
Electric Plant,
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elating to three major projects
nuclear-fueled Brunswick Steam

the Shearon Harris Nuclear Power Plant and the B. Everett



Jordan Dam and Reservoir (fig. 1). The Brunswick plant is a Carolina Power
and Light Company facility located near the mouth of the Cape Fear River, and
is downstream of the study area. Studies accompanying the construction of
the plant include chemical, hydrological and biological assessments of waters
near the plant site (Carolina Power and Light Company, not dated; U.S. Atomic
Energy Commission, 1974a).

The Shearon Harris Plant, a nuclear facility of the Carolina Power and
Light Company, is presently under construction in the Buckhorn Creek water-
shed in southeastern Wake County (fig. 1). Descriptions of water quality in
the project area have been prepared (Anderson and others, 1978; Cullen, Hobbs
and Sager, 1978; Cullen and others, 1978). In addition, the Atomic Energy
Commission prepared an environmental impact statement for the Harris plant
(U.S. Atomic Energy Commission, 1974b). An environmental report prepared by
Carolina Power and Light Company (1980) contains water-quality data, hydro-
logic information and an assessment of the aquatic ecology of the area to be
affected by the powerplant and its cooling lake.

The B. Everett Jordan Dam and Reservoir is a multiple purpose project on
the Haw River for flood control, water supply, recreation, water-quality con-
trol, and fish and wildlife enhancement. An environmental impact statement
by the U.S. Army Corps of Engineers (1971la; 1971b; 1975) includes an exhaus-
tive treatment of the potential for eutrophication in the lake.

Another special study was conducted by Aquatic Control (1973) to deter-
mine the baseline biological conditions and other background information of
the South River in the vicinity of Garland, N.C., for possible development of
a nuclear powerplant and accompanying reservoir (fig. 1).

Two statewide water-supply studies have included comprehensive treatment
of the Cape Fear basin. A five-volume compilation of data on water use,
sources of water, water quality, water treatment, capacity, and problems of
224 public water-supply systems, was prepared by the U.S. Geological Survey
(Jackson, 1972; Jackson, 1973; Jackson, 1974; Robison, 1977; and Robison and
Mann, 1977). Parts 1, 2, and 5 include data from the Cape Fear basin. The
entire series was summarized by Mann (1978).

Another statewide water-supply survey (Boney-Wiggins-Rimer & Associates,
1977) contains 13 volumes of data and an executive summary on the type of
system and the quality of water delivered for 494 water~supply systems in the
state.

The North Carolina Department of Natural Resources and Community
Development (1977b) examined the various potential water supply sources in
the upper part of the Cape Fear basin. The study focuses on the Greensboro,
N.C., area and includes Guilford, Rockingham, and Randolph Counties. The
report examines population projections, development of new sources, and non-
traditional alternatives for water supply in the three county area.

Compilation of flow data for streams in the state by Goddard (1963)
includes information on streamflow variation, flow duration, low-flow
frequency, drainage area, discharge per unit area, and other water-supply
characteristics.



Several significant planning documents have been published which
address water-quality concerns of the Cape Fear River basin. The North
Carolina Department of Natural and Economic Resources (1975) produced a
four-volume water-quality management plan for the Cape Fear River basin. The
plan, mandated by the Water Pollution Control Act Amendments of 1972 (Public
Law 92-500), is intended to develop and monitor a pollution abatement pro-
gram for the basin. The four-volume report priesents existing conditions and
programs for pollution control.

In 1977, the North Carolina Water Resources Framework Study (North
Carolina Department of Natural and Economic Resources, 1977) was published.
This document addresses existing conditions and formulates plans for action
for a variety of water related concerns including water supply, electric
power, water quality, flood management, sedﬂmentation, wildlife resources,
and recreation. |

|

The Triangle J Council of Governments has been delegated water planning
responsibility for the northeast part of the Cape Fear River basin. Several
documents relating to water quality have been Ireleased by Triangle J Council
of Governments, all part of the 208 planning function of the agency. These
include a Pollution Source Analysis (1976a), a Pollution Source Analysis
Summary (1976b), an Inventory of Existing Resources (1976c), and a Water
Quality Management Plan (1977).

|
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BASIN DESCRIPTION
|

The Cape Fear River and its tributaries drain 9,010 mi2 of the Piedmont
and Coastal Plain provinces of North Carolina. Headwaters of the Cape Fear
River originate in the northern Piedmont and drainage is generally to the
south and east. The basin lies entirely within North Carolina and is the
largest of all the river basins in the state (fig. 1). It includes part or
all of 29 counties. The Cape Fear River itself is formed by the con-
fluence of the Haw and Deep Rivers near Moncure. The river then flows south-
eastward to Wilmington and then south to the Atlantic Ocean at Southport,
about 200 linear miles from its origin and some 300 stream miles downstream
from the headwaters of the basin.

Major tributaries to the Cape Fear are the Haw River and its tributary
the New Hope River, the Deep River and its tributary the Rocky River, the
Black River and its tributary the South River, and the Northeast Cape Fear
River. Table 1 shows drainage areas and average discharge for the major

6



tributaries and the percentage of the total basin area and discharge con-
tributed by each. Data are also presented in table 1 for the Cape Fear River
at Lock 1 near Xelly, since that point in the basin will be the focus of
much of this report.

Table l.--Drainage areas and average annual discharge for selected sites
on the Cape Fear River and major tributaries

. Average annual
Drainage area

discharge
River Percent Percent
we  LEEL s o
area discharge
Cape Fear River at mouth 9,010 100  l10,354, 100
Northeast Cape Fear
River at mouth 1,645 18 12,034 20
Black River at mouth 1,534 17 11,836 18
South River at mouth 498 6 1567 5
Cape Fear River at Lock 1
near Kelly 5,255 59 25740 58
Little River at mouth 479 5 1584 6
Deep River at mouth 1,436 16 11,460 14
Rocky River at mouth 248 =3 3252 2
Haw River at mouth 1,666 18 11,558 15
New Hope River at mouth 345 4 1338 3

1Estimate_d from the ratio of drainage area to discharge at gaged statioms.

2Measured value.

‘Estimated from discharge per unit area data.



Climate

The Cape Fear River basin is characterized by hot, humid summers, mild
winters and long growing seasons. Generally, temperatures are warmest in
the southeastern part of the basin and cooiest in the northwestern part.
However, the moderating influence of the Atlaﬂtlc Ocean affects this pattern
and keeps summer maximum temperatures down 1n1the near-coastal regions.

Mean maximum July temperatures range fiom approximately 29°C to 33°C.
In January, mean minimum temperatures fall wi%hin a range from about -1°C to

M.SOC. The freeze-free season lasts for ab'ut 200 days in the northwest

part of the basin and for more than 270 days in the southeast (Kopec and
Clay, 1975).

Precipitation in the basin is greates in coastal areas, averaging
around 55 inches per year. Inland areas| receive an average of about 50
inches per year. Rainfall is highest in summer and winter months and lowest
in the fall. Snowfall averages less than 10/ inches per year throughout the
basin (Kopec and Clay, 1975).

Hurricanes occasionally hit the North Carolina coast and and can radi-
cally impact the hydrology of the Cape Fear River. The sporadic nature of
hurricanes thwarts attempts to characterize /them but since 1900, "North
Carolina has experienced 12 especially disastrous hurricanes" (Kopec and
Clay, 1975). [

J

Topography

The Cape Fear River basin is divided inLo upper (Piedmont) and lower
(Coastal Plain) basins at Raven Rock, about 7 miles upstream from Lillington
(fig. 1). The upper basin has gently rolling hills with local relief. Maxi-
mum land-surface elevations in the upper basin are slightly more than 1,000
feet above sea level. The hilly topography imparts moderate slopes and velo-
cities to streams. Typical slopes for streams in the upper basin range from
about 5 to 20 feet per mile. Maximum land-surface elevations in the lower
basin are less than 500 feet. Typical slopes| for streams in the lower basin
are less than 5 feet per mile.

Geology

North Carolina's Coastal Plain is the youngest geologic area of the
state. The underlying rocks are of sedimentary origin deposited during the
Cenozoic and Mesozoic Eras. These materials include surficial sands and
clays, marine deposits of shell beds and marls, limestones, sandstones,
shale and conglomerates. Parent material in the Piedmont includes mostly
metamorphosed rocks from the late Precambrian to early Paleozoic Eras. This
parent material is covered by a layer of weathered saprolite that varies in




thickness up to 50 feet. Piedmont rock types include conglomerates, sand-
stones, siltstones and shales. Conrad and others (1975) present a more
detailed account of the geology of North Carolina.

Geochemical Zones

Surface-water quality, to varying degrees, 1is dependent on geology.
Surface waters are mixtures of ground water, overland runoff and effluent
discharges. The chemical makeup of ground water, in the absence of contami=~
nation, is affected by the minerals contained in underground rocks, the
solubility of those rocks and the time that water has been in contact with
them. Therefore, geology is one determining factor of surface-water quality.

Simmons and Heath (1979), recognizing the connection between geology
and surface water, have characterized the state of North Carolina into five
geochemical zones. Each geochemical zone has similar ground-water chemistry
throughout but different chemistry from the other geochemical 2zones of the
state. Similar rock types generally produce ground water of similar quality,
so the geochemical 2zones of Simmons and Heath correspond closely to geolo-
gical zones. The geochemical zones of North Carolina and the boundaries of
the Cape Fear drainage basin are outlined in figure 2. All five geochemical
zones are represented in the Cape Fear basin.

In the Cape Fear region of Zone I, rocks are primarily gneiss and
schist. These rocks are quite insoluble and, therefore, water draining from
them is low in dissolved solids (less than 20 mg/L).

Geochemical Zone II is underlain by metamorphosed volcanic and metamor-
phosed sedimentary rocks. These rocks are more soluble than the material in
Zone I and consequently the water in Zone II is more highly mineralized than
in Zone I with typical dissolved solids concentrations ranging from 20 to 60
mg/L. .

Zone III corresponds to the Sandhills region of south central North
Carolina. This area is characterized by a very permeable but relatively
insoluble quartz sand. Thus, water draining from this zone is low in dis-
solved minerals with typical dissolved solids concentrations less than 15
mg/L.

Zone IV contains layers of sand, clay, and marl, underlain by quartz
sand. The insoluble nature of the sand makes water draining from this zone
low in dissolved minerals. Dissolved solids concentrations in surface
waters of Zone IV would be expected to range between 20 and 25 mg/L.

In Zone V, limestone, sand, shell beds, and clays are the predominant
geologic materials. The limestone and shell beds are quite soluble but the
sands are not. .Thus ground water from Zone V has variable amounts of dis-
solved minerals, depending on local geologic conditions. Averaged over the
entire zone, the water of Zone V is moderately high in dissolved substances
with dissolved solids concentrations in the neighborhood of 30 mg/L.
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The Development Impacts section of this report will present quantita-
tive water-quality data for each of the five geochemical zones and use those
data to calculate the effect of human-related activities on the water qua-
lity of the Cape Fear River.

Streamflow

Streamflow is important for allocating water use, for maintaining aqua-
tic habitats and for handling wastes. Effluent standards rely to a large ex-
tent on the ability of receiving waters to dilute and purify the effluents.
The quality of streamflow also affects water quality. At high flow, a given
amount of a pollutant may result in concentrations that are within water-
quality guidelines, but when the stream returns to low flow, and much of the
diluting effect is lost, that same amount of a pollutant may produce concen-
trations that exceed guidelines. For this report, streamflow is a signifi-
cant factor in assessing water-quality data.

Streamflow varies throughout the year, in response to changes in a
number of factors, including precipitation, surface runoff, and the contri-
bution from ground water. Ground-water storage, evaporation, transpiration,
and physical characteristics of the watershed such as the porosity of soils,
the slope of the terrain, and the amount of storage in reservoirs, swamps,
and wetlands all affect contributions from surface runoff and ground water.
Seasonal influences are important. In North Carolina, rainfall is wusually
heaviest for summer and winter months, whereas evapotranspiration is highest
for summer months and 1lowest for winter months. Maximum flows in North
Carolina streams usually occur in the winter months. Minimum flows generally
occur in the summer and fall months.

Population

Based on 1970 population data, 1,122,034 people live in the Cape Fear
River basin (North Carolina Department of Water and Air Resources, 1972).
This represents 22 percent of the 5,082,059 people of the state. In the
1980 census, Greensboro, had a population of 155,642 and is the largest city
in the Dbasin. Populations of other cities in the basin are as follows:
Fayetteville, 59,507, Wilmington, 44,000; Burlington, 37,266; Chapel Hill,
32,421; and Sanford, 14,773. Three other cities with populations greater
than 10,000 1lie on the boundary of the basin. They are Durham, 100,831;
High Point, 63,380; and Asheboro, 15,252 (North Carolina Office of the
Governor, 1982) (fig. 1). The population of the basin, particularly upstream
from the confluence of the Haw and Deep Rivers (fig. 1), is increasing.

Population density averages 122 persons/mi2 for the entire basin (1970
data). However, population density is much greater in the upper basin than
in the 1lower _basin. For example, 1in Guilford County, the population
density is U442 persons/miZ (483 persons/mi2 in 1980) while in Sampson
County the density is only 48 persons/mi2 (53 persons/mi2 ip 1980).
Approximately 80 percent of the population of the basin is included in the
study area upstream from the Cape Fear River at Lock 1 near Kelly (fig. 1).

11
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Water Use and Waste Disposal

In the Cape Fear River basin, 85 municipal public water supply systems
are currently providing over 120 Mgal/d for almost 1 million people (North
Carolina Department of Human Resources, 1980). These figures do not include
all public systems. Many others which serve at least 15 service connections
or at least 25 individuals are considered public. These would include
churches, trailer parks, and other nonmunicipal public categories. Another
25.4 Mgal/d are required by nonpublic domesti water users. In addition,
industrial water users are using 97 Mgal/d, livestock use accounts for
another 10.6 Mgal/d, and irrigation uses 14.6 Mgal/d (North Carolina
Department of Natural and Economic Resources, 1977).

The Cape Fear River receives large amounts of waste effluents. Approx-
imately 262 Mgal of wastes (based on design flow of treatment facilities)
are discharged daily to the Cape Fear River and its tributaries. These
wastes come from 387 sources as identified by the North Carolina Department
of Natural Resources and Community Development (1980b). Fifty-nine percent
of these wastes by volume or 156 Mgal/d (241 ft3/s) enter the river up-
stream the Lock 1 (fig. 1). The long-term me#n discharge for the Cape Fear
River at Lock 1 near Kelly is 5,740 ft3/s. Therefore, for average flow
conditions, about 4 percent of the water that passes Lock 1 was at one time
effluent water. The 7-day, 1l0-year minimum low flow at Lock 1 is 390
rt3/s. Under this flow condition, water releases of 241 rt3/s amount to
62 percent of the discharge at Lock 1. However, most of the the waste efflu-
ent released upstream may be assimilated before reaching Lock 1. Because of
the guaranteed minimum flow of 600 ft3/s at Lillington from the operation
of Jordan Dam (U. S. Army Corps of Engineers, 1961), extreme low flows at
Lock 1 will be rare.

|
Hydrologic Modifications

Two types of hydrologic modifications, channelization and impoundments,
impact on the hydrology and water quality of the Cape Fear River. These two
types of modification are discussed below.

|
Channelization |

Channel modification projects in the Cap% Fear basin have been carried
out by two agencies, the U.S. Soil Conservation Service and the U.S. Army
Corps of Engineers. Two Soil Conservation Service watershed projects have
been completed, three others have approved applications, and another is
authorized for planning. Of the two completed projects, the Flea Hill pro-
jeet in Cumberland County includes U43.9 miles of channels and the Lyon
Swamp-White Oak Swamp project in Bladen and Pender Counties includes 37.Y4
miles of channels (fig. 1). None of these channels is on the main stem of
the Cape Fear (U.S. Soil Conservation Service,;1979).

T

Cape Fear itself is navigable from its mouth at Southport upstream to
Fayetteville (fig. 1), a distance of about 145 miles (U.S. Army Corps of

Engineers, 1979).

As the result of channel work by the U.S% Army Corps of Engineers, the

12



Channelization and the vessels that use the navigation channels direct-
ly influence water quality. In the Cape Fear River basin, these influences
have not been quantified, but increases in suspended sediment and turbidity
are certain to occur, especially during construction. Water velocities and
rates of land drainage may be increased by channelization. Sediment carrying
capacity increases with increased rate of flow. Channelization promotes
rapid land drainage and reduces surface ponding, resulting in earlier and
higher discharge peaks during floods. Alteration of the channel wusually
results in reduced habitat diversity and impairment of a stream's ability to
support abundant aquatic life. Many of the hydrologic effects of channeli-
zation are discussed by Daniel (1981). Water-quality changes resulting from
channelization in the Black River near Dunn, North Carolina have been evalu-
ated by Simmons (1980) and Simmons and Watkins (1982). Both hydrologic and
water-quality changes associated with the channelization of Chicod Creek in
Pitt County, North Carolina, are described by Simmons and Aldridge (1980).

Impoundments

The Cape Fear River basin includes 33 natural or manmade lakes of 100
acres or more (Fish, 1968). In addition, two 1large impoundments are cur-
rently under construction in the basin and three others are in the planning
stages. First, the B. Everett Jordan Dam and Lake (fig. 1) is a Corps of
Engineers project completed in 1982. This 14,300 acre lake is intended "for
flood control, water supply, water-quality control, general recreation, and
fish and wildlife enhancement" (U.S. Army Corps of Engineers, 1971a). The
dam is on the Haw River about 4 miles (7 km) above the mouth. This lake is
over seven times larger than any existing impoundment in the basin.

The Shearon Harris Nuclear Power Plant has a 4,000 acre lake for sup-
plying cooling water. This lake is in the Buckhorn Creek (fig. 1) watershed
and is the second largest body of water in the basin. Three large water-
supply reservoirs are proposed for the basin, two on the Deep River and one
on Cane Creek (fig. 1).

DATA AVAILABLE

Data used for this report were obtained from three sources: the U.S.
Geological Survey, NRCD, and the University of North Carolina at Chapel
Hill. The principal source is the historical water-quality file of the U.S.
Geological Survey. Data from the University of North Carolina were collected
by Dr. Charles Weiss and his students in the Department of Environmental
Sciences and Engineering as part of a long-term evaluation of water quality
in the Haw and New Hope Rivers (Weiss, 1971; 1974; Weiss and others, 1972).

Data from the three sources indicated above were combined to form a
broader and more consistent data base for evaluating water-quality condi-
tions. Using data from three sources, however, increases the risk of intro-
ducing error into the analyses and the results because of differences in
sampling techniques, laboratory analyses, procedures, equipment, and quality
assurance practices.
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Statistical tests indicate that NRCD ande.S. Geological Survey data
are not statistically different for most of the commonly-measured consti-
tuents (table 2). Data provided by the University of North Carolina could
not be compared because sampling periods and some stations did not corre-
spond to those of the NRCD and the U.S. Geological Survey.

Table 2.--Comparisons of water-quality data collected by the U.S.
Geological Survey and by the North Carolina Department of Natural
Resources and Community Development

[Based on water years when samples were collected by both agencies at the same station]
Location USGS NRCD Results
Number pf Number of of
Parameter Mean samples Mean samples t-test
Haw River below Jordan Dam
Dissolved oxygen 9.0 64 9.3 102 INot significant.
5~day biochemical oxygen demand 2 - - 2.4 103 -
pH 7.0 65 7.1 92 Not significant.
Specific conductance (umho/cm) 172 36 143 45 Not significant.
Discharge (ft3/s) 3252 73 2863 27 Not significant.
Total ammonia nitrogen .09 17 .10 13 Not significant.
Total nitrite plus nitrate nitrogen 1.10 18 1.04 13 Not significant.
Total Kjeldahl nitrogen .98 19 1.26 14 Not significant.
Total phosphorus .69 19 .72 13 Not significant.
Dissolved orthophosphate .30 16 .58 6 Not significant.
Cape Fear River, Lillington
Dissolved oxygen 9.7 46 9.3 71 Not significant.
5~day biochemical oxygen demand - - 1.9 52 Not significant.
pH 6.95 62 6.73 67 3significant.
Specific conductance (umho/cm) 119 58 86 43 Ysignificant.
Discharge (ft3/s) 10638 © 93 8819 14 Not significant.
Total ammonia nitrogen .07 16 .06 2 Not significant.
Total nitrite plus nitrate nitrogen .46 16 58 3 Not significant.
Total Kjeldahl nitrogen .92 1 .50 2 -
Total phosphorus . .27 1 .48 3 3significant.
Dissolved orthophosphate .09 1 - - -

Cape Fear River, Lock 1
Dissolved oxygen 8.4 13 8.2 146 Not significant.
5~day biochemical oxygen demand - 1.4 145 -
pH 6.5 12 6.6 134 3significant,

. Specific conductance (umho/cm) 86 10 78 108 Not significant.
Discharge (ft3/s) 6201 14 8879 32 Not significant.
Total ammonia nitrogen .12 4 .15 36 Not significant.
Total nitrite plus nitrate nitrogen .59 8 .61 37 Not significant.
Total Kjeldahl nitrogen .65 8 .56 37 “Significant.
Total phosphorus .20 8 ) .22 32 Not significant.
Dissolved orthophosphate 11 1 .08 17 Not significant.

1No statistically significant difference at the 0.05 level of probability.
2No data or not enough data for statistical comparison.
3statistically significant difference at the 0.05 level of probability.
“Statistically significant difference at the 0.0l level of probability.

I
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The Geological Survey data include water-quality or water-quantity in-
formation for 84 stations in the Cape Fear River basin. Data for most of
these stations are sparse; however, there are U2 stations with daily dis-
charge records over 5 years in length., Daily discharges are important in
evaluating annual loads and trends for selected constituents 1in subsequent
sections of this report. Stations having the most data are identified in
figure 3 along with the source and type of data available for each station.
The location of each of these stations is shown in figure 4.

Data records for several adjacent stations on the Cape Fear River were
combined, providing the distance between them was small and no major tribu-
taries or point-source effluents entered between them. Records for the Haw
River at Bynum (Station 02096959) were combined with records for the Haw
River station near Bynum (Station 02096960) (fig. 4). Records were also com-
bined for three stations near the mouth of the Haw River (Stations 02098198,
02098200 and 02098206), two stations near the mouth of the Deep River
(Stations 02102000 and 02102049), and for the stations on the Cape Fear
River at Lock 1 and near Acme (Stations 02105769 and 02105771) (fig. 4).

Missing discharge data for the Cape Fear River at Lock 1 near Kelly for
the 1955-68 water years were estimated by correlation with the station at
Huske Lock near Tarheel (Station 02105500) (fig. 4). The regression equation
for calculating daily mean discharges, y, at Lock 1 is:

y = 1.79%0.95 (1)

where X = Mean daily discharge at Huske Lock on the preceding day,
in ft3/sec.

The relation given by equation 1 has a correlation coefficient of 0.97.

Available data for combined data sets are outlined in figure 5. Of the
five stations listed in figure 5, the station at Bynum has only two years of
recent water-quality data. Data for the other four stations are adequate
for evaluating existing conditions and water-quality variations. Only the
data for the Cape Fear River at Lock 1, are sufficient data for evaluating
constituent loads, and historical changes.

The Cape Fear River at Lock 1 is a pivotal station because it is lo-
cated downstream from the most populated and most industrialized sections of
the basin. Lock 1 marks the upstream limit of tidal influences, and is only
a few miles upstream of the most inland point of saltwater intrusion (Giese
and others, 1979). The station is upstream from the Black River, the South
River, and the Northeast Cape Fear River.

The data record for Lock 1, including discharge estimated from records
for Huske Lock, includes daily discharge values from the 1955 water year to
1980, daily specific conductance values for water years 1957-1961 and 1974-
1980 with a half year of conductance data in water year 1973. Data for
several constituents are available for Lock 1. Thus, this report will focus
on data from the Cape Fear River at Lock 1, with additional information pre-
sented for upstream stations at Lillington, Moncure, below Jordan Dam, and
Bynum, where available. :
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STATION NAME

DATA AVAILABILITY
STATION (WATER YEARS)
NUMBER 1955 1960 1965 1970 1975 1980
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Haow River ot Bynum 02096959
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Haow River near Bynum 02096960 |
L1 ]
*Haw River below Jordan D 4
aw River below Jordan Dam 02098198
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Haw River near Moncure 02098206

* .
Deep River at Moncure

02102000

Deep River at U.S. Highway
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Cape Fear River gt
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Figure 3.--Chart showing streamflow and water-quality data used in

this study.

16



§0°

79°

78°

MAP OF NORTH CAROLINA
SHOWING CAPE FEAR RIVER BASIN
Durham
36°
60
# Rolegh
198
200
350_
EXPLANATION
02105500
¥ Water-quality saompling site
and number
®

02105769
02105771
Study site :
Study area

~—— (Cape Feaor

Wilmington by
I
v
&
River Bosin boundory <
Q
34°0—
0 10 20 30 40 S0 MILES
———— ——
0 20 40 60
1

T
80 KILOMETERS

Figure 4.--Map showing the Cape Fear River basin, major cities,
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DATA AVAILABILITY
(WATER YEARS)
1955 1960 1965 1970 1975 1980

How River, Bynum

Haw River below
Jordan Dam

Deep River, Moncure

Cape Fear River,

Lillington
Cape Fear River, vz
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Daily discharge data
IIIIl Daily specific conductance data
: Water- quality dotq

Figure 5.--Chart showing data available for combined Cape Fear River
stations. |

|
|

|
Conclusions in this report are based primarily on data from study sites
as follows: Haw River below Jordan Dam near Moncure, Deep River at Moncure,
Cape Fear River at Lillington, and Cape Fear River at Lock 1 near Kelly. For
convenience, the stations are referred to as "study sites" in following sec-
tions of the report; specific references to each respective site are "below
Jordan Dam," "Moncure," "Lillington," and| "Lock 1." For some consti-
tuents, particularly metals, there are few observations. Thus, characteriza-
tions of water quality for the entire basin $ased on this limited data base
are not possible. I
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WATER-QUALITY VARIATION

The quality of water in a river system varies over a wide range. This
is a consequence of variable precipitation, physical conditions, waste in-
puts, and biological activity within the stream. Small changes in water-
quality conditions may reflect proper functioning of the stream ecosystem
whereas large variations may limit overall suitability of the stream for
some uses.

This section of the report will evaluate the existing water-quality
conditions at selected sites in the Cape Fear River. Only recent data
(October 1975 - June 1980) will be considered. Particular attention will be
given to extreme short-term variations in water quality that could imperil
the use of the stream for water supply, industrial use, recreation, or aqua-
tic life. A later section of the report will address long-term, systematic
variations, or trends, in water quality.

Where appropriate, concentrations of various constituents are compared
to concentration levels recommended as safe by the Environmental Protection
Agency (U.S. Environmental Protection Agency, 1977). For most constituents,
North Carolina water-quality standards are identical to Environmental
Protection Agency criteria. Where differences exist, the standards will be
cited and measured concentrations will be compared to them.

Physical Characteristics

The physical characteristics of water contribute to the overall water
quality of a stream by controlling rates of chemical and biological acti-
vity. In the sections that follow, dissolved oxygen, temperature, pH, and
suspended sediment and their impacts on the water quality of the Cape Fear
River will be considered.

Dissolved Oxygen

Oxygen dissolved in water is essential for aquatic 1life. Oxygen is
also necessary for chemical oxidation, which is important in the breakdown
of waterborne wastes and in the self-purification of streams.

Because of the importance of dissolved oxygen in stream self-
purification and because of its requirements for aquatic 1life, the U.S.
Environmental Protection Agency has established the criterion level of 5.0
mg/L in water (U.S. Environmental Protection Agency, 1977). This criterion
level accounts for the needs of different stages of the life cycle of fish
including embryonic, larval, juvenile, and adult stages. It is also adequate
for protecting other aquatic organisms, some of which are food for fish,
North Carolina's standards for Class A-II (water supply), B (primary recrea-
tion), and C (fishing) waters call for no instantaneous concentration of
dissolved oxygen of less than 4.0 mg/L and a daily average of not less than
5.0 mg/L (North Carolina Environmental Management Commission, 1979).

Water temperature, plant photosynthesis, chemical reactions, biologi-
cal activity, waste loads, and the physical character of the stream all
affect dissolved oxygen concentrations in water. The sum of all these forces
determines the existing oxygen concentration in a stream.
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Oxygen solubility decreases with incr’easling water temperature, a rela-
tion shown in figure 6 for the Cape Fear River at Lock 1. This inverse re-
lation indicates that 1low oxygen concentrations and violations of the
Environmental Protection Agency dissolved-oxygen criterion are most likely
to occur in summer when water temperatures are high.
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Figure 6. Plot showing variation of disgolved-oxygen concentrations
with water temperature for the Cape Fear River at Lock 1 near Kelly,
1975-80 water years.
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Dissolved-oxygen concentrations at the study sites are almost always
above the Environmental Protection Agency criterion of 5.0 mg/L. On two
occasions since 1975 samples were taken at study sites when oxygen levels
were below 5.0 mg/L. Both samples were from the Cape Fear River at Lock 1
and both samples had between U4 and 5 mg/L of oxygen (fig. 6). These data
may be misleading because all the water samples were taken in daylight
hours, wusually late in the morning or early in the afternoon. Therefore,
the diurnal oxygen minimum, which normally occurs just before daybreak
(Odum, 1956), was not sampled and the oxygen concentrations reported for the
Cape Fear River are probably biased toward high values.

Average oxygen concentrations show abundant oxygen supplies throughout
the basin (table 3). Average concentrations for study sites are from 8.4 to
10.0 mg/L. Concentrations cited in this report do not violate the North
Carolina water-quality standard.

Water Temperature

The rates of most chemical reactions increase at higher temperatures.
Therefore, the temperature of streams is a contributing factor in their rate
of self-cleaning. Rates of biological processes, which are in part chemical
reactions, also increase with increasing temperature. Biological processes
have upper and lower temperature limits within which aquatic organisms can
survive. So, temperature also plays a role in determining the biological
community that exists in a stream.

Temperatures for study sites average about 17o Celsius (table 3). Maxi-
mum temperature is the most stressful to aquatic organisms as it limits the
type of community that will exist in an aquatic environment. Piedmont and
Coastal Plain streams of North Carolina are classified as warmwater; sup-
porting game fish such as largemouth bass, bluegill and pumpkinseed. The

U.S. Environmental Protection Agency (1977) lists 32° Celsius as the maximum
weekly average water temperature that can support growth of largemouth bass.
North Carolina water-quality standards (North Carolina Environmental

Management Commission, 1979) call for a maximum temperature of 32° Celsius
in lower Piedmont and Coastal Plain streams.

Observed daily temperatures have reached or exceeded 32o Celsius at
only one study site since 1975, the Haw River near the Jordan Dam. During
August of 1980, a temperature of 32° Celsius occurred 5 times at the sta-
tion. Air temperatures during August, 1980, were high and flows were low,
‘possibly explaining high water temperatures.

pH

Low or high pH causes corrosion in water-supply 1lines and household
plumbing fixtures. For this reason, the Environmental Protection Agency
cites a range of pH values of 5-9 units as acceptable for domestic water
supply. The Environmental Protection Agency criterion for the protection of
aquatic life is a pH range of 6.5-9 units. Fish can survive in a pH as low
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as 5.0 units or even lower; however, when pH falls to less than 6.0 units,
heavy metals become more soluble and, therefore, more toxic (Wright and
Gjessing, 1976). A lower pH limit of 6.0 units has been established for
North Carolina Class C waters, which are designated as best used for
fishing, secondary recreation, and agriculture. Values of pH lower than 6.0
are acceptable if normal for waters of the area (North Carolina
Environmental Management Commission, 1979). '

Acid precipitation is a common phenomenon in North Carolina (National
Atmospheric Deposition Program, 1981). This problem arises when sulfur and
nitrogen compounds are released in the burning of fossil fuels. The sulfur
and nitrogen in the air combine with water to form sulfuriec acid and nitric
acid in rainfall. The result is large inputs of acid into terrestrial and
aquatic ecosystems. Some North Carolina streams had lower pH levels in 1979
than in the early 1960s, perhaps as a result of acid rain (Burns and others,
1981; Hendry and others, 1980).

Present pH levels at study sites are very close to the lower limit for
protection of freshwater aquatic 1life. Geometric mean pH values of samples
for study sites range from 6.2 units at Moncure to 6.6 units near the Jordan
Dam. Individual measurements fall below the 6.5 units criterion limit in-35
percent of the samples since the 1975 water year. During the 1975-80 sam-
pling, the lowest pH value measured at any of the four sites was 4.7 units
at the Deep River at Moncure.

Suspended Sediment

Sediment has been labeled as the most widespread water-quality problem
in North Carolina (North Carolina Department of Natural Resources and
Community Development, 1979). Streams and lakes are unsightly and less
productive because of sediment. Biologic productivity declines as sediment
increases because less light can penetrate the water column and, therefore,
less photosynthesis occurs. Over a period of time, sediment may change the
stream bottom from rock or gravel to mud or silt, cover fish spawning beds,
and fill stream channels and 1lakes. Covering gravel bottoms of streams
removes productive habitats for aquatic organisms. Covering spawning beds
can block efficient exchange of oxygen and suffocate fish eggs. Filling
channels and lakes with sediment results in the need for channelization of
streams and dredging of lakes to restore their former depth.

Sediment problems in the Piedmont province of North Carolina are par-
ticularly severe because of the nature of the soils. Soils of this region
are predominately clays. These clays are highly erodable and, once eroded,
the fine clay particles remain in suspension for long periods of time.

Statistics on suspended sediment data for the study sites are given in
table 3. Average suspended sediment concentrations are higher for the Haw
River than for the Deep River. Average concentration for Lillington is
111 mg/L while downstream at Lock 1, the average value is 37 mg/L. Reduction
of suspended sediment between these two stations is expected because three
navigation locks in this section of the river impound water, thereby slowing
flow of the river allowing sedimentation to occur.
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The variation of suspended sediment with Etream discharge at Lillington
and Lock 1 is illustrated by the exponential relation shown in figure 7.
High, positive correlation coefficients for these relations (r = 0.88 for
Lillington and r = 0.72 for Lock 1) indicate a close association between
suspended sediment and discharge. The data shown in figure 7 also indicate
that high discharges at Lock 1 do not transport as much sediment as compar-
able discharges at Lillington. Reduction in sediment transport is attributed
to lower streamflow velocities at Lock 1 than |at Lillington and sedimenta-
tion, enhanced by lock operation, between the two stations.

Carolina. Environmental Protection Agency criterion for suspended sediment
states that "settleable and suspended solids should not reduce the depth of
the compensation point for photosynthetic activity by more than 10 percent
from the seasonally established norm for aquatic life" (U.S. Environmental

|
Suspended sediment standards have noj been established for North
Protection Agency, 1977).

\

|

Ma jor Dissolved Subs&ances

I
|

The average chemical composition of river waters in the world has been
characterized by Livingstone (1963) and summarized by Hem (1970). On the
whole, major dissolved substances are found |at lower concentrations for
selected sites (table 4) than in Livingstone'i average United States river.
Dissolved solids, a gross measure of all the substances dissolved in the
water, range from an average of 76 mg/L in the Haw River below Jordan Dam to
an average of 67 mg/L in the Cape Fear River at Lock 1 (table 4). The
average concentration for rivers worldwide is 90 mg/L (Hem, 1970). . Sodium
concentrations are consistently higher at the study sites listed in table Y
than the 6.3 mg/L cited by Livingstone (1963) as the world average. Average
values of potassium, sulfate, and chloride are higher at various stations
than Livingstone's world average values, but are not higher throughout the
watershed. ?

In general, concentrations of dissolved substances 1listed in table U4
for selected study sites decrease downstream.| This trend is to be expected,
because major sources of waste effluent from municipal and industrial cen-
ters are concentrated in the headwaters of the basin and the waste effuents
have a greater concentrations of dissolved substances than the natural water
entering downstream. |

t

One method of 1illustrating the proportipns of each ionic species con-
tained in water is by the use of cation-anion diagrams (Stiff, 1951).
Cation-anion diagrams for Lillington and at Lpock 1 are .similar (fig. 8). At
both stations, sodium is the dominant cation and bicarbonate is the dominant
anion.

;
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SUSPENDED—SEDIMENT CONCENTRATION,

Cope Fear River at Lillington, N.C.
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Figure 7. Plot showing variations of suspended sediment concentra-
tions (SS) with discharge (Q) for the Cape Fear River at
Lillington and at Lock 1 near Kelly, 1975-80 water years.
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Figure 8.--Cation-anion diagrams for the Cape Fear River

at Lillington

and at Lock 1 near Kelly.

Specific conductance measures the abi

water at 25O Celsius to conduct electricity.
the ionic strength of water and is useful a
amount of mineral matter dissolved in a sampl
average 135 umho/cm in the Haw River below
Lillington and 81 umho/cm at Lock 1. The pa
values in the downstream direction is con
dissolved substances.

l1ity of a cubic centimeter of

As such, it is a measure of
s an indicator of the total
e. Specific conductance values
Jordan Dam, 95 umho/cm at
ttern of decreasing conductance
sistent with concentrations of

Histograms of specific conductance measurements taken at Lillington and

at Lock 1 are shown in figure 9. Most specif]
the two stations fall between 60 and 110 umho
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Table 4.--Summary statistics for major dissolved substances in water
from key locations in the Cape Fear River basin, 1975-80 water years

Location Criteria
Constituent Statistic Haw River, Cape Fear River, Cape Fear River, Pts:eit.: ig:’::z::;ntién)
Jordan Dam Lillington Lock 1 > ’
Mean 9.7 8.8 8.1
Silica Number of samples 12 28 66
(mg/L as 3102) Standard deviation 3.10 2.54 1.54
Minimum~maximum 4.3 - 15.0 1.4 - 13.0 4,6 - 12.0
Mean 6.7 5.4 3.7
Calcium Number of samples 12 28 66
(mg/L) Standard deviation 2.14 1.72 1.12
Minimuim~maximum 4.4 - 10.0 3.1 - 10.0 0.1 - 7.1
Mean 2.5 2.1 1.7
Magnesium Number of samples 12 28 66
(mg/L) Standard deviation 0.80 0.65 0.31
Minimum-maximum 1.7 - 4,0 1.1 - 3.7 0.8 - 2.8
Mean 10.7 8.8 8.6
Sodium Number of samples 12 28 66 Nomz:ﬁ::i'gz'teﬁ::i;
(mg/L) Standard deviation 11.48 5.85 4,37 <20 wg/L optimal :
Minimum-maximum 2.0 - 40.0 2.6 - 21.0 2.8 - 21.0 <20 me/L op :
Mean  _ 2.5 2.4 2.0
Potassium Number of samples 12 28 66
(mg/L) Standard deviation 0.60 0.50 0.57
Minimum-maximum 1.7 - 4.0 1.5 - 3.5 0.1 - 3.5 .
Mean 31.2 24.9 17.5
Bicarbonate Number of samples 12 28 66
(mg/L as HCO4) Standard deviation 21.19 12.74 6.08
Minimum-maximum 14.0 - 75.0 8.0 - 55.0 7.0 - 39.0
Mean 11.8 9.3 9.7
Sulfate Number of samples 12 28 66 Upper limit for
(mg/L as SO4) Standard deviation 5.30 2.54 2.88 domestic use: 250 mg/L.
Minimum-maximum 6.5 - 26.0 5.4 - 15.0 5.5 - 18.0
Mean 8.4 7.1 7.9
Chloride Number of samples 12 28 66 Upper limit for
(mg/L) Standard deviation 7.59 3.70 3.14 domestic use: 250 mg/L.
Minimm-mnaximum 2.4 - 29,0 2.3 - 15.0 2.8 - 17.0
Mean 0.3 0.3 0.1
Fluoride Number of samples 12 28 66 O e T 8 mg/L
(mg/L) Standard deviation 0.14 0.14 0.08 fo North Carolina.
Minimum-maximum 0.0 - 0.5 0.0 - 0.7 0.0 - 0.4 n North Carolina.
Mean 76 71 67
Dis?gi‘;iguzoiids Number of samples 12 28 66 Upper limit for
180°C) Standard deviation 41.4 23.1 13.8 domestic use: 500 mg/L.
Minimum~-maximum 35 - 167 27 - 124 29 - 112
Mean 27 22 16
Hardness Number of samples 12 28 66
(mg/L as CaCO3) Standard deviation 8.4 6.5 3.5
Minimum-maximum 19 - 41 12 - 39 6 -~ 29
Mean 135 95 81
S .
corxgﬁii:;ce Number of samples 21 29 67
(umho/cm) Standard deviation 97.2 38.9 24,1
v Minimum-maximum 53 - 450 42 - 170 40 - 170
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each station greater than 200 umho/cm. Skapes of histograms for the two
stations are similar, but more observations are recorded at Lock 1 and more
high values are recorded at Lillington.

Specific conductance values and dissolved-constituent concentrations
depend on streamflow. Generally, high discharges dilute concentrated waste
inputs, so the relations between conductivity and discharge and between
constituent concentrations and discharge are inverse. The inverse relations
are closely approximated by exponential curves of the form:

C = aQb | (2)
or }
InC=1lna+b 150 (3)
where C is the constituent concentration, 1n ‘ is the y-intercept, Q is the

discharge and b is the slope of the line. Dissolved solids, an approximate
measure of all dissolved constituents, both ionic and non-ionic, will serve
as an example of the relation and should| reflect the general pattern of
other dissolved materials. The relation between dissolved solids and dis-
charge for the Cape Fear River at Lillington is shown in figure 10. The
relation has a correlation coefficient of 0.81. The association Dbetween
dissolved solids and discharge is not as close at Lock 1 (fig. 10). Although
it is statistically significant at the 1 percent 1level of confidence, the
correlation coefficient is only 0.37. This poor relation between dissolved
solids and discharge implies that something out of the ordinary is affecting
the water quality at Lock 1. One possible explanation is the change in the
normal flow patterns in the river caused by operation of the locks.

|

Specific conductance is easy and inexpensive to measure, whereas dis-
solved ions are not. If the association betwken specific conductance and a
particular dissolved constituent is sufficiently close, specific conductance
may be used to estimate the value of a dissolved constituent. This is parti-
cularly useful for stations that have daily records of specific conductance
but only a few measurements for various dissolved constituents. Linear
regression equations between specific conductance and various ions for
Lillington and Lock 1 are summarized in table 5. Regression equations for
chloride and sodium at both stations, and for bicarbonate and sulfate at
Lillington, have correlation coefficients greater than 0.9. Statistically
significant relations could not be determined, for any level of probability,
for silica at both Lillington and Lock 1 and calcium at Lock 1. Regression
lines for various constituents are shown in figures 11 and 12. Relations
listed in table 5 are used in a later section of this report to determine
estimates for various dissolved constituents.
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Figure 9.--Frequency histograms for specific conductance measurements from the Cape Fear River

at Lillington and at Lock 1 near Kelly.
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Figure 10.--Plots showing variations of dissolved solids concentra-
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Lock 1 near Kelly.

Trace Elements

Trace elements, many of which are essential for plant and animal life,
occur in minute concentrations in streamwater. While they are essential in
small quantities, some are frequently toxic at higher concentrations, often
at concentrations only slightly higher than those which occur naturally.
Therefore, close monitoring of trace elementsimay be warranted.

|

|
i
i
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Table 5.--Regression equations for dissolved constituents
and specific conductance (SC) at selected stations on
the Cape Fear River, 1975-80 water years

Dissolved R ion equation Correlation
constituent egressio 4 coefficient
Cape Fear River at Lillington

Calcium Ca = 2.4 + 0.03 (sC) 0.70%
Magnesium Mg = 0.8 + 0.01 (SC) .82%
Potassium K = 1.8 + 0.01 (SC) . .52%
Sodium Na = =-5,4 + 0.15 (SC) .99%
Bicarbonate HCO3 = -5.4 4+ 0.33 (SC) .96%
Chloride Ccl = -1.8 + 0.10 (SC) .99%
Silica 8102 = 9,3 - 0.01 (SC) -.08

Sulfate SO4 = 3.6 + 0,06 (SC) .91%
Dissolved solids DS = 20,5 4+ 0.54 (SC) .88%

Cape Fear River at Lock 1 near Kelly

Calcium Ca =:4,3 - 0.01 (S8C) -.15

Magnesium Mg = 1,2 + 0.01 (SC) L46%
Potassium K = 0,9 + 0.01 (sC) .55%
Sodium Na = -5,4 + 0,18 (SC) .96%
Bicarbonate HCO3 = 4.3 + 0.16 (SC) .63%
Chloride Cl =-2.6 + 0.13 (8C) .96%
Silica SiO2 = 8.3 - 0.003(S8C) -.04

Sulfate SO4 = 1.8 + 0.10 (SC) L79%
Dissolved solids DS = 36.6 + 0.37 (SC) .64%

*Statistically significant at the 0.05 level of probability.
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Cape Fear River at Lock |, near Kelly, N.C.
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Trace elements considered in this study are arsenic, cadmium, cobalt,
copper, iron, lead, manganese, mercury, selenium, and zinc and only total
concentrations are evaluated. Weiss and others (1972), Pfaender and others
(1977), and Shuman and others (1977) give additional information on metals
in the Cape Fear River basin. For overviews | of the effects of metals in
aquatic systems and the potential hazards oﬁ metals to humans, reports by
Gough and others (1979) and Callahan and others (1979) are recommended.

Except for mercury, statistical data foritrace metals at selected study
sites are summarized in table 6. These data indicate that iron, manganese,
and occasionally lead, are found in concentr%tions exceeding Environmental
Protection Agency criteria for domestiec water}supply. Total iron concentra-
tions for selected study sites listed in table 6 are almost always higher
than the 300 HMg/L recommended as the maximum for public water supplies.
Since 1975, 98 percent of the iron samples for the selected study sites have
exceeded this level. The criterion for domestic water supplies is primarily
intended to avoid the aesthetic problems of "bad taste in water, staining of
plumbing fixtures, spotting of laundered clothes and accumulation of depo-
sits in distribution systems" (National Academy of Sciences, National
Academy of Engineering, 1973). Also, 62 percent of the time, iron concentra-
tions at the selected study sites are greater!than the maximum 1 mg/L (1,000
ug/L) of total iron required to protect aquatic life. This level is identi-
cal to the North Carolina water-quality standard. Because most of the iron
is suspended and little is dissolved, the toxic effects on aquatic life are
probably moderated. Settling or filtration treatment may reduce the concen-
tration of total iron.

Highest iron concentrations are found at Lillington where four of 24
samples had concentrations greater than 10,000 dg/L. Limited data for the
Deep River at Ramseur (fig. 1) indicate higher iron concentrations at
Ramseur than at Lillington. Because most ron 1is suspended, and because
maximum concentrations occur during periods of high discharge, soils appear

to be the source of most iron. r

Manganese concentrations exceed guidelines (U.S. Environmental
Protection Agency, 1977) and standards (North Carolina Environmental
Management Commission, 1979) for domestic water supplies in 85 percent of
the samples collected at the sites listed in table 6. However, these guide-
lines are for aesthetic rather than health concerns. Toxicological effects
are not expected from concentrations of manganese normally found in the Cape
Fear River (U.S. Environmental Protection Agexcy, 1977).

Manganese concentrations are higher at Lillington than at Jordan Dam or
Lock 1 (table 6) and concentrations for the Deep River at Ramseur (fig. 1)
are higher that those for Lillington. Most of the manganese in samples for
these stations 1is suspended. High concentrations generally occur during
periods of high flow and therefore may originate from the soils of the
watershed.
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Table 6.--Summary statisties for total trace element concentrations in
water from key locations in the Cape Fear River basin,
1975-80 water years
[Results in micrograms per liter]
Location Criteria
Constitu~ .
ent Statistic Haw River, Cape Fear River, Cape Fear River, Prc(:ééix.: ig:vir:nn:enti;”)
Jordan Dam Lillington Lock 1 gency,
Mean 10.7 1.5 1.6
Arsenic Number of samples 4 4 24 50 ,g/L for domes:ic
Standard deviation 13.45 0.58 0.72 water supply.
Minimum~maximum 1 - 30 1-2 0-3
Mean 16.7 0.3 0.5 10 ug/L for domestic
Cadmium Number of samples 3 4 26 water supply.
Standard deviation 28.87 0.50 1.07 4 ug/L for most fresh-
Mininum-maximum 0 - 50 0-1 0 -4 water aquatic life.
Mean 36.3 5.5 1.5
Cobalt Number of samples 3 4 26
Standard deviation 55.16 3.79 4,20
Minimum-maximum 3 - 100 3-11 0-20
Mean 13.0 15.5 6.2 1000 ug/L for domestic
Copper Number of samples 8 24 26 water supply.
PP Standard deviation 15.14 35.51 § 653 (0.1)x(96-hour 1C)
Minimum-maximum 5 =50 2 - 180 1-36 for aquatic life.
Mean 2374 4388 1839 300 ug/L for domestic
Iron Number of samples 8 24 26 water supply.
Standard deviation 1721.7 5105.3 1765.8 1000 ug/L for fresh-
Minimum-maximum 690 - 5900 220 - 18000 450 - 8600 water aquatic life.
Mean 20.1 18.3 6.3 50 ug/L for domestic
Lead Number of samples - 8 24 24 water supply.
e Standard deviation 32,7 39.7 61 (0.01)x(96~hour LCSO)
Minimum-maximum 2 - 100 2 - 200 0 - 22 for aquatic life?
Mean 82 199 109
Number of samples 3 4 _ 26 50 ug/L for domestic
Manganese Standard deviation 53.0 206.4 71.6 water supply.
Minimum-maximum 36 - 140 35 - 500 30 - 390
Mean 10.0 0.0 lo0.0 10 pg/L for domestic
Selenium Number of samples 2 4 24 water supply.
Standard deviation 0.0 0.0 0.0 (0.01)x(96~hr LC..)
Minimum-maximum 0.0 - 0.0 0.0 - 0.0 0.0 - 0.0 for aquatic life.
Mean 26.1 27.4 28.8 5000 ug/L for domestic
Zinc Number of samples 8 24 - 26 water supply.
Standard deviation 14.2 23.5 29.1 (0.01)x(96~hr LCSO)
Minimum-maximum 9 - 50 0 - 100 0 - 120 for aquatic life.

lConcentrations below detection limits are recorded as 0 pg/L.
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Lead concentrations at the Haw River below Jordan Dam and Cape Fear
River at Lillington exceeded Environmental Protection Agency criteria (50
ug/L) for domestic water supplies and the Nortb Carolina standard (30 ug/L)
in two samples since 1975. The Lillington sample was taken during high-flow
conditions. Lead can be introduced into waterways from manufacturing pro-
cesses, urban runoff or other sources. Lead iconcentrations in urban runoff
are generally known to be high because of lead emissions from autos using
leaded fuel. |

The U.S. Environmental Protection Agency (1977) criterion for cadmium
in domestic water supplies is 10 ug/L. Available data for the study sites
indicate that this level was exceeded only once since 1975. The concentra-
tion of cadmium exceeded the EPA criterion level in the Haw River below
Jordan Dam on the same day high concentrations of lead were observed at the
station. The standard for cadmium in North Canoina is 4.0 ug/L for non-trout
waters., 1

!
I

Statisties on mercury concentrations froﬁ several studies in the Haw
River, in the vicinity of the B. Everett Jordan Dam, are listed in table 7.
Average concentrations vary by an order of magnitude.

Mercury criteria for the protection o freshwater aquatic life are
0.20 ug/L as a 24-hour average; maximum concentration should not exceed 4.1
ug/L at any time (U.S. Environmental Protection Agency, 1981). Results from
the five studies 1listed in table 7 indicate only one measured instance of
total mercury higher than the 4.1 ug/L criterion. However, average concen-
trations from four of the five studies exceed the level of 0.20 ug/L sug-
gested as the maximum allowable for a 2Y-hour average. These data indicate
possible sustained high concentrations of mercury in the Haw River in the
vicinity of the B. Everett Jordan Dam.

No contraventions of water-quality standards or recommended criteria
for arsenic, cobalt, copper, selenium, or zinc were observed in this study.

|
Nutrients |

Twenty different elements have been ide*tified as essential to plant
growth (Mackenthum, 1969). Of these, carbon, hydrogen, oxygen, nitrogen,
phosphorus, sulfur, potassium, magnesium, caliium and sodium are required in
the greatest quantities and are referred to as macronutrients. The others,
iron, manganese, copper, 2zinc, molybdenum, vanadium, boron, chloride,
cobalt, and silicon, are required in lesser amounts and are called micro-
nutrients. When in abundant supply, these| elements can trigger large
growths of algae. However, if only one of these essential elements is in
short supply, relative to the overall needs of the algae, then algal growth
is limited by that one element.
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Table 7.--Comparison of mercury concentrations for the Haw River at sampling sites
within 2 miles of the B. Everett Jordan Dam

Total mercury

Sampling dates! Statistic (ug/L) Source
Mean 0.12
Jan;::zﬂ 133%2 Number of samples 5 Weiss, and others, 1972.
> 7 Minimum-maximum 0.03 - 0.30
Mean 0.29
September, 1972- ;.
eptember, 1372 Number of samples 23 Perkins and Yarborough, 1974.
September, 1973 . .
Minimum-maximum 0.01 - 0.81
. Mean 1.60 .
Apr;iéci97i975 Number of samples 12 U.Sigﬁﬁmy Corps of Engineers,
> T Minimum-maximum <1.0 - 9.0 :
. Mean 0.48 .
.4Apr;;§ci97i976 Number of samples 12 U.Sigﬁgmy Corps of Engineers,
> 7 Minimum-maximum <0.2 - 1.0 :
October, 1975- Mean 0.25
Number of samples 4 U.S. Geological Survey.
June, 1980 R
Minimum-maximum 0.0 - 0.5

lConstruction on Jordan Dam began in 1970 and the lake was filled in 1981.

Micronutrients are usually present in adequate supply in natural waters

and seldom limit algal growth.
ral sources (dissolution of rocks
requirements for macronutrients often outstrip available

water).

However,

Micronutrients commonly originate from natu-

and soils by ground water and surface

supplies and macronutrients commonly limit plant growth.

Control of nuisance

involves reduction of

algal growths usually
nutrients. Macronutrients are capable of being controlled to a greater
extent than micronutrients because much of their input 1is from human
sources. Nutrient control measures include advanced waste-water treatment,
implementation of good agricultural practices, measures to reduce urban
runoff and associated nutrients, and the use of laundry detergents with low
phosphate content.
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This section will evaluate concentrationsiof the macronutrients carbon,
nitrogen and phosphorus for study sites under ipresent conditions. Nutrient
statistics for the study sites are presented in table 8 for water years
1975-1980.

!
Carbon i

Plants require more carbon for their growth than any other element.
Carbon sources for algae are bicarbonate ions jor carbon dioxide dissolved in
water. Because carbon dioxide is readily exchanged between air and water,
it is unusual that carbon would 1limit algal growth. Carbon limitation does
occur in situations where other nutrients are in abundant supply, for exam-
ple, in a sewage lagoon.

Important sources of organic carbon in water, include algal cells and
excretory products from algae, higher aquatic plants, sewage effluents,
decaying leaf matter, and feedlot runoff. For the study sites, total organic
carbon concentrations (table 8) are usually within the range of 5-15 mg/L
identified by Weiss and others (1973) as characteristic of unpolluted
streams in the region. Observed concentrations vary only slightly from
station to station.

'
|
I

Concentrations of dissolved organic carbon are greater than concentra-
tions of total organic carbon below Jordan Dam and at Lock 1 (table 8).
This comparison is based on samples collected on different days, hence, the
impossible relation. Samples taken at the same time indicate that concentra-
tions of dissolved organic carbon are about 1q percent less than total orga-
nic carbon. ;

|

r
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Nitrogen j

|
Inorganic nitrogen is a major factor in controlling algal growth.
Although numerous cases exist where phosphoru rather than nitrogen is the
causative agent in promoting excessive algal populations (Wetzel, 1975),
nitrogen can be regarded as a significant factor in many cases (Golterman,
1975). Table 9, modified from Wetzel (1975) |shows that lake productivities
correspond roughly to their nitrogen levels. |Other studies suggest 0.3 mg/L
as an approximate concentration of nitrogen below which algal growths do not
occur in lakes (Sawyer, 1947; Sakamoto, 1966; Vollenweider, 1971). Although
results of the above studies apply to lakeT, nitrogen concentrations in
streams greater than 0.3 mg/L may be roughly indicative of the 1level at
which nuisance algal growths could occur, ther controlling factors being
favorable. Streams are different from lakes; they are continually being
flushed and algal growths may be washed downstream before nuisance popula-
tions occur. In addition, other nutrients may be 1limiting, or, 1if all
nutrients are available in adequate supply, |some non-nutritional factor,

such as light or temperature, may restrict algal productivity.
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Table 8.--Summary statisties for nutrients in water from key locations
in the Cape Fear River basin, 1975-80 water years

[Results in milligrams per liter]

Location
Constituent Statistic Haw River, Deep River, Cape Fear River, Cape Fear River,
Jordan Dam Moncure Lillington Lock 1
Total Mean 9.8 13 8.6
oroaaic Number of samples 3 _ 20 29
gbn Standard deviation 1.9 7.5 2.7
carbon minimum-naxinum 8.5 - 12 4.8 - 38 2.0 - 14
Mean 12,8 12 11.2
Di:s:izzd Number of samples 8 _ 24 16
e Standard deviation 8.5 4.9 3.2
n Minimum~maximum 6.5 - 29 4.3 - 28 6.6 - 17
Total Mean 10.36 10.37 10.08 1o.14
ann:oai Number of samples 25 16 51 - 69
ic nia Standard deviation 1.06 1.21 0.08 0.07
nitrogen Minimum-maximum 0,0l - 5.2  0.03 - 4.9 0 -0.38 0.02 - 0.35
Dissolved Mean 0.05 0,04 0.13
a::z I: Number of samples 8 _ 24 11
n itronen Standard deviation 0.04 0.04 0.09.
g Minimum-maximum 0,01 - 0.11 0 - 0.16 0.02 - 0.28
Total Mean 0.72 0,77 0.54
organd. Number of samples 9 _ 24 29
i;go ¢ Standard deviation 0.27 0.36 0.20
nitrogen Minimum-maximum ~ 0.40 - 1.3 0.33 - 1.8 0.26 - 1.2
Mean 0.49 0.49 0.34
Di:s::;:d Number of samples 8 _ 24 11
ftooen Standard deviation 0.17 0.18 0.13
nitrog Minimm-paximum  0.29 - 0.72 0.31 - 1.2 0.15 - 0.58
Total Mean 11,00 10,52 10.65 lo.57
nitrate Number of samples 32 23 58 101
nitrogen Standard deviation 0.67 0.23 0.36 0.20
8 Minimum-maximum Q.23 - 2.7  0.03 - 0.97 0.02 - 1.5 0.04 - 1.2
Dissolved Mean 0.77 0.46 0.55
nitrite + Number of samples 8 _ 24 11
nitrate Standard deviation 0.49 0.26 0.24
nitrogen Minimum-maximum 0.25 - 1,50 - 0.01 - 1.2 0.31 - 1.2
Total Mean 11.04 '0.57 o.67 lo.63
Kjeldahl Number of samples 32 23 57 96
nitrogen Standard deviation 1.19 0.31 0.31 0.16
8 Minimum~maximum 0.40 - 7.2 0.30 - 1.7 0.30 - 2.0 0.32 - 1.2
Mean 1.94 1.33 1.21
Total Number of samples 9 _ 24 61
nitrogen Standard deviation 0.96 0.54 0.31
Minimum-maximum 0.96 - 3.6 0.43 - 2.6 0.36 - 2.1
Mean 10.16 19.04 10,07 10.03
Total Number of samples 4 3 2 3
orthophosphate Standard deviation 0.04 0.01 0.05 0.01
Minimum—-maximum 0.11 - 0.19 0.04 - 0.05 0.03 - 0.10 0.02 - 0.04
Mean 10.36 10.19 10.12 10.09
Dissolved Number of samples 28 20 N 42 21
orthophosphate Standard deviation 0.40 0.25 0.08 0.10
Minimum-maximum 0.04 - 1.3 0.03 - 12 0.03 - 0.38 0.01 - 0.46
Mean o.51 19,23 10,28 lo.21
Total Number of samples 31 22 52 95
phosphorus Standard deviation 0.36 0.07 0.12 0.08
Minimum-maximum 0.06 - 1.5 0.14 - 0.37 0.13 - 0,62 0.02 - 0.46
Mean 0.24 0.13 0.13
Digsolved Number of samples 8 _ 24 34
phosphorus Standard deviation 0.25 0.07 0.10
Minimum~-maximum 0,05 - 0.71 0.06 - 0.25 0.01 - 0.51

lincludes data from North Carolina Department of Natural Resources and Community Development.
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Table 9.--The association between total in-
organic nitrogen, total phosphorus, and
algal productivities in lakes (modified
from Wetzel, 1975; Vollenweider, 1971)

Total

inorganic Total Algal
nitrogen phosphorus productivity
(in mg/L) (in mg/L) level

<0.2 <0.005 Very low,

2 - 0.4 0.005 - 0.010 Moderately low.
3 -0.65 0.010 - 0.030 Moderately high.
5= 1.5 0.030 - 0.100 High.

>1.5 >0.100 Very high.

[N e No

r

Algae are capable of using nitrogen disEblved in the water in the form
of organic nitrogen, ammonia, nitrite, and nitrate (Vollenweider, 1971).
Therefore, a summation of these species offers the best estimate of nitrogen
available to plants. At study sites, concentrations of available dissolved
nitrogen are almost always greater than 0.3 mg/L (table 8). Specifically,
the average concentration of available dissolved nitrogen is 1.02 mg/L at
Lock 1, 0.99 mg/L at Lillington and 1.31 mg/L at Jordan Dam. At each loca-
tion, nitrogen is available in excess of the amount needed for abundant

algal growth.

Nitrogen concentrations at the study sites generally decrease down-
stream. Average total nitrogen concentrations (suspended plus dissolved)
are 1.94 mg/L in the Haw River below Jordan Dam, 1.33 mg/L in the Cape Fear
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at Lillington and 1.21 mg/L in the Cape Fear at Lock 1 (table 8). Most of
the nitrogen species follow the same general pattern. Highest concentrations
for almost all nitrogen species occur below Jordan Dam (table 8). High
nitrogen levels below Jordan Dam are probably the result of waste loads from
upstream development. Nitrogen concentrations at all study sites are well
below the 10.0 mg/L established as a North Carolina water-quality standard
for drinking water.

Phosphorus

Phosphorus is the nutrient most frequently cited as 1limiting algal
growth. It is a common element that is needed in fairly small amounts com-
pared to other nutrients. The solubility of the rocks containing phosphorus
is low. Once dissolved, phosphorus is quickly taken up by 1living organisms
or adsorbed onto iron and aluminum hydroxides and oxides. Therefore, the
amount of phosphorus available for plant growth at any one time is usually
low--and frequently limiting. Contributions from human activities greatly
affect the phosphorus supply of waters. Agriculture and laundry detergents
are the development sources that supply the major portion of phosphorus to
natural waters (Kramer and others, 1972).

As with nitrogen, specific concentrations of phosphorus have been as-
sociated with various degrees of algal production in lakes. Table 9 gives a
generalized guide to the amount of algal growth to be expected in a lake
with a certain concentration of phosphorus. Several authors (Sawyer, 1947;
Sakamoto, 1966; Vollenweider, 1971) are in general agreement that concentra-
tions of total phosphorus in 1lakes above 0.0l mg/L produce nuisance algal
growths. However, Mackenthum (1969) indicates that total phosphorus should
not exceed 0.1 mg/L to prevent nuisance growths in streams. The National
Technical Advisory Committee (1968) halves the value suggested by Mackenthum
and lists 0.05 mg/L as the limit "for streams entering impoundments."

Average dissolved phosphorus concentrations (table 8) at all study
sites exceed 0.05 mg/L. Average total phosphorus concentrations range
between 0.21 and 0.28 mg/L at Lock 1, Lillington, and Moncure (table 8).
Below Jordan Dam, the average concentration for total phosphorus is 0.51
mg/L, nearly double that for other study sites (table 8). Even dissolved
orthophosphate, that fraction considered available to algae, occurs in
concentrations at study sites, except Lock 1, that exceed 0.05 mg/L (table
8). Thus concentrations of phosphorus at study sites are more than adequate
to support algal growths.

Nutrient Relations

One way to estimate whether nitrogen or phosphorus is the factor con-
trolling algal growth is to compare their relative abundance in water with
the relative needs of the plants growing in that water. Although there is a
certain amount of variability in plant tissue compositions, Redfield and
others (1963) have defined a typical alga as requiring 106 carbon atoms for
every 16 nitrogen atoms for each phosphorus atom. This ratio of 106 : 16 : 1
is equivalent to a ratio of 41 : 7 : 1 by weight and virtually the same
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as the ratio of 40 : 7 : 1 put forth by Vallentyne (1974) as typical of
aquatic algae and higher aquatic plants. By comparing the ratio of nutrients
at study sites with these generalized plant ratios, a determination can be
made as to which nutrient is in short supply.

Ratios of carbon to nitrogen to phosphorus for study sites 1listed 1in
table 10 indicate that available nitrogen is in short supply, relative to
carbon and phosphorus. Nitrogen may be in shorter supply at study sites
than phosphorus; however, implementation of controls on phosphorus inputs
may be technically and economically more feasible than controls on nitrogen
inputs. Because both nitrogen and phosphorus: are in abundant supply at the
study sites, some other factor may limit planﬁ productivity.

|

Certain qualifications should accompany ‘the statisties presented in
table 10. Carbon concentrations cited in table 10 are a combination of
average total organic carbon and average bicarbonate carbon because total
carbon measurements are not available. Therefore, carbon concentrations
given in table 10 probably underestimate the| amount of carbon in a stream
because other forms of inorganic carbon suoi as dissolved carbon dioxide
are not included. Therefore, carbon 1is more abundant and probably less
likely to be a limiting factor than indicated.

In summary, concentrations of nitrogen and phosphorus at study sites
oceur in concentrations capable of supportin nuisance algal growths, but
nuisance populations were not observed during the study. Based on existing
concentrations, neither nitrogen nor phosphofus is limiting. Nitrogen con-
centrations are higher than phosphorus concentrations, but nitrogen is in
shorter supply, relative to the needs of algal cells. An abu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>