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WATER AND BED-MATERIAL QUALITY OF
SELECTED STREAMS AND RESERVOIRS IN THE
RESEARCH TRIANGLE AREA OF NORTH

CAROLINA, 1988-94

By Carolyn J. Oblinger Childress and M.W. Treece, Jr.

ABSTRACT

The Triangle Area Water Supply
Monitoring Project was formed by a consortium
of local governments and governmental agencies
in cooperation with the U.S. Geological Survey to
supplement existing data on conventional
pollutants, nutrients, and metals to enable
eventual determination of long-term trends; to
examine spatial differences among water supplies
within the region, especially differences between
smaller upland sources, large multipurpose
reservoirs, and run-of-river supplies; to provide
tributary loading and inlake data for predictive
modeling of Falls of the Neuse and B. Everett
Jordan Reservoirs; and to establish a database for
synthetic organic compounds.

Water-quality sampling began in October
1988 at 35 sites located on area run-of-river and
reservoir water supplies and their tributaries.
Sampling has continued through 1994. Samples
were analyzed for major ions, nutrients, trace
metals, pesticides, and semivolatile and volatile
organic compounds. Monthly concentration data,
high-flow concentration data, and data on daily
mean streamflow at most stream sites were used
to calculate loadings of nitrogen, phosphorus,
suspended sediment, and trace metals to
reservoirs.

Stream and lake sites were assigned to one
of five site categories—(1) rivers, (2) large
multipurpose reservoirs, (3) small water-supply

reservoirs, (4) streams below urban areas and
wastewater-treatment plants, and (5) headwater
streams—according to general site characteristics.
Concentrations of nitrogen species, phosphorus
species, and selected trace metals were compared
by site category using nonparametric analysis of
variance techniques and qualitatively (trace
metals). Wastewater-treatment plant effluents and
urban runoff had a significant impact on water
quality compared to reservoirs and headwater
streams. Streams draining these areas had more
mineralized water than streams draining
undeveloped areas. Moreover, median nitrogen
and nitrite plus nitrate concentrations were
significantly greater than all other site categories.
Phosphorus was significantly greater than for
reservoir sites or headwater streams. Few
concentrations of trace metals were greater than
the minimum reporting limit, and U.S.
Environmental Protection Agency drinking-water
standards were rarely exceeded. Detections, when
they occurred, were most frequent for sites below
urban areas and wastewater-treatment plant
effluents.

A small number of samples for analysis of
acetanilide, triazine, carbamate, and chloro-
phenoxy acid pesticides indicate that some of
these compounds are generally present in area
waters in small concentrations. Organochlorine
and organophosphorus pesticides are ubiquitous
in the study area in very small concentrations.

Abstract
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Trihalomethanes were detected at sites below
urban areas and wastewater-treatment plants.
Otherwise, volatile organic compounds and
semivolatile compounds were generally not
detected.

Suspended-sediment, nitrogen, phosphorus,
lead, and zinc loads into Falls Lake, Jordan Lake,
University Lake, Cane Creek Reservoir, Little
River Reservoir, and Lake Michie were
calculated. In general, reservoirs act as traps for
suspended sediment and constituents associated
with suspended sediments.

During 1989-94, annual suspended-
sediment load to Falls Lake ranged from 29,500
to 88,200 tons. Because Lake Michie trapped
from 83 to 93 percent of the suspended sediment
delivered by Flat River, Flat River is a minor
contributor of suspended sediment to Falls Lake.
Yields of suspended sediment from Little River,
Little Lick Creek, and Flat River Basins were
between 184 and 223 tons per square mile and
appear to have increased slightly from yields
reported in a study for the period 1970-79. Annual
suspended-sediment load to Jordan Lake ranged
from 271,000 to 622,000 tons from 1989 through
1994 water years. The Haw River contributed
more than 75 percent of the total load to Jordan
Lake. The suspended-sediment yields for Haw
River and Northeast Creek were 252 and 284 tons
per square mile, respectively. This is more than
twice the yield reported for Haw River for the
period 1970-79. University Lake received an
estimated 1,560 tons per year and Cane Creek
Reservoir an average of 2,420 tons per year.
Yields in these basins were the lowest in the study
area.

Nitrogen loads to Falls Lake ranged from
780 to 1,650 tons per year, and loads out of Falls
Lake accounted for 20 to 56 percent of the inflow
load. Ellerbe Creek had the greatest average
annual nitrogen yield of the Falls Lake
tributaries—12 tons per square mile. Nitrogen
loads to Jordan Lake ranged from 2,710 to 4,410
tons per year, and loads out of Jordan Lake
accounted for about 57 percent of the inflow load.
Haw River contributed about 70 percent of the
inflow load to Jordan Lake; however, New Hope

and Northeast Creeks produced nitrogen yields
that were almost double that of Haw River.
Nitrogen loads to University Lake and Cane
Creek Reservoir averaged less than 50 tons per
year.

Annual phosphorus loads to Falls Lake
averaged 103 tons, and loads out of the lake
accounted for 28 percent of the inflow load.
Among the tributaries to Falls Lake, the greatest
load was from Knap of Reeds Creek (23 tons per
year). Phosphorus yields declined in Little Lick
and Ellerbe Creeks and Eno River for the study
period compared to the period 1983-87. Annual
phosphorus loads to Jordan Lake ranged from 418
to 701 tons per year, and loads out of the lake
accounted for 40 percent of the inflow load.
Average annual phosphorus yields declined at
every site monitored for the study period
compared to the period 1983-87.

Average annual lead loads to Falls Lake
from tributaries ranged from 363 pounds from
Little Lick Creek to 2,300 pounds from Ellerbe
Creek. Average annual lead loads to Jordan Lake
from tributaries ranged from 667 pounds from
Northeast Creek to 40,000 pounds from Haw
River. Average annual zinc loads to Falls Lake
from monitored tributaries ranged from 1,150
pounds from Little Lick Creek to 10,600 pounds
from Eno River. Average annual zinc loads to
Jordan Lake from monitored tributaries averaged
135,000 pounds, with Haw River contributing
about 75 percent of the load.

INTRODUCTION

The Research Triangle area, within the upper
Cape Fear and upper Neuse River Basins (fig. 1), is
one of the most rapidly developing areas of North
Carolina. According to the 1990 census, 77 percent of
the households in the region depend on public
drinking-water supplies withdrawn from streams and
lakes in the region. Surface-water quality depends on
the chemical quality of inflows from precipitation,
ground-water seepage, industrial and municipal
wastewater effluents, and runoff from urban,
agricultural, and other land uses. Forests and
agriculture are still the predominant land cover in the

2 Water and Bed-Material Quality of Selected Streams and Reservoirs in the Research Triangle Area of North Carolina, 1988-94



North Carolina

Predmont Coastal Pl

Biue Ridge

Locutiop of physiographic
Upper Cape Fear ol e
River Basin River Basins in North Carolina i
79° ’)\
ROCKINGHAM

COUNTY

L COUNTY_ /!
\-’\ T 79°30"

)
)
\\ 1
- \ LN / s 7 DURHAM i
.- CASWELL COUNTY ,
80°) =2~ T T COUNTY
s |
I

| ¢ j
COUNTY GRANVILLE k 78°30'
GUILFORD :
county | / N COUfY Upper ~{
| I vussokouaH ~ Neuse
. N /~. . l
| - X Fiiths Tuke =~ River
| _ Basin
| T Nk
ALAMANCE
_____ __| COUNTY
RANDOLPH - — —
\ COUNTY

. e
J WAKE 1

. COUNTY  Benson
CHATHAM
COUNTY

JOHNSTON

\ 30 . COUNTY
35”30'—X T ey
A

(L am
Vs
v

5 10 15 20MILES
5 10 15 20 KILOMETERS

0
I 1
F
0

Explanation

:I Triangle Area Water Supply
Monitoring Project study area

Basin boundary

County line

Figure 1. The Triangle Area Water Supply Monitoring Project study area within the upper Neuse River and the upper Cape Fear
River Basins, North Carolina.

Introduction 3



upper Cape Fear and upper Neuse River Basins.

Although agriculture is an important source of

nutrients and contaminants, urban/industrial land uses

are potentially of greater importance in the study area
due to the proximity of these land uses to local water
supplies.

Because of the heavy reliance on surface water
for public water supply, local governments recognized
that protection of the Research Triangle’s surface-
water resources is imperative. Together, and with
assistance from Triangle J Council of Governments
(TICOG), they formed the Triangle Area Water
Supply Monitoring Project. The goals of the Project
were to:

1. Supplement existing data on conventional

| pollutants, nutrients, and metals to enable
eventual determination of long-term trends,

2. Examine differences in water quality among water
supplies within the region, especially differences
between smaller upland sources, large
multipurpose reservoirs, and run-of-river
supplies,

3. Provide tributary loading and inlake data for
predictive modeling of Falls of the Neuse and B.
Everett Jordan Reservoirs, and

4. Establish a database for synthetic organic
compounds.

With cooperative assistance from the U.S.
Geological Survey (USGS), the Project has funded
collection and analysis of water-quality samples from
reservoirs and streams, and collection of continuous
discharge records from streams in the study area
(fig. 2). Water-quality sampling and streamflow
monitoring, in cooperation with the Triangle Area
Water Supply Monitoring Project Steering Committee,
began in October 1988 at 41 sites located at area run-
of-river and reservoir water supplies and their
tributaries (table 1). These data, along with water-
quality data collected during the same period by the
North Carolina Division of Environmental
Management (DEM) and with streamflow and water-
quality data collected from 1982 through 1987 as part
of a cooperative program between the USGS and the
U.S. Army Corps of Engineers, form a comprehensive
database on the quality of area water supplies,
tributaries, and reservoir outflows.

Purpose and Scope

This report presents a summary of the results of
the first 6 years of data collection (October 1988
through September 1994) by the USGS and DEM in
the study area. Water-quality conditions are described
for nine locations on Falls of the Neuse and B. Everett
Jordan Reservoirs, for one location on each of five
small reservoirs, for selected tributaries to the
reservoirs, for the outflow of four of the reservoirs, and
for locations near five run-of-river water supplies.

Results include summary statistics of major
ions, nutrients, and trace elements, and a statistical
comparison of selected constituents grouped by site
category. Where applicable, concentrations are
compared to State and Federal drinking-water
maximum contaminant levels (MCL) and(or) ambient
water-quality standards for the protection of aquatic
life. A summary of the occurrence of synthetic semi-
volatile organic compounds, pesticides, and
polychlorinated biphenyls (PCB’s) in bed material and
water, and of volatile organic compounds in water is
presented. Annual loads and yields of nutrients and
suspended sediment are calculated for the major
tributaries to each reservoir, and annual loads of lead
and zinc are calculated for selected sites.

Description of the Study Area

The study area is located in the Piedmont
Province of North Carolina (fig. 1). The topography of
the Piedmont Province has been largely developed by
streams flowing across it. The province is typified by
well-rounded hills, broad long-rolling ridges, and
deeply eroded v-shaped stream valleys. Elevations in
the study area range from about 800 to 300 feet (ft)
above sea level. The region is underlain by older
crystalline rock formations which trend northeast-
southwest and vary greatly in their resistance to
weathering and erosion (Stuckey, 1965). Most major
streams in the province flow either eastward or
southeastward; however, tributary streams most often
follow the lay of the land. Typical stream gradients
range from 10 to 20 feet per mile (Simmons, 1993).

The study area includes part of a 16-county area
in the upper part of the Neuse and Cape Fear drainage
basins (fig. 1). The Flat, Eno, and Little Rivers in
Orange and Person Counties together form the
headwaters of the Neuse River Basin (fig. 2A).

4 Water and Bed-Material Quality of Selected Streams and Reservoirs in the Research Triangle Area of North Carolina, 1988-94









Table 1. Water-quality sampling and streamflow monitoring sites in the Triangle Area Water Supply Monitoring
Project

[USGS number is U.S. Geological Survey downstream order number; mi2, square miles; Site categories: 1—river, 2—large reservoir, 3—small reservoir,
4—downstream from urban areas and wastewater-treatment plants, 5—headwater stream, 6—sites near a water-supply intake; —, not determined]
Site Drainage Site
number Station name and USGS number Latitude Longitude area catego
(fig. 2) (mi2) gory
1 Neuse River near Falls 35°56'25"  78°34'56" 771 1
02087183
2 Falls Lake above Dam at Falls 35°56'28"  78°35'02" — 2,6
02087182
3 Falls Lake at State Highway 98 near Bayleaf 35°58'42"  78°37'59" — 2
0208708905
4 Falls Lake at State Highway 50 near Sandy Plain 36°00'54"  78°41129" — 2
0208703650
5 Falls Lake at Interstate 85 near Redwood 36°04'14"  78°46'48" — 2
02086920
6 Little Lick Creek above Secondary Road 1814 near Oak 35°59'11"  78°47'58" 10.1 4
Grove
0208700780
7 Ellerbe Creek near Gorman® 36°03'33"  78°49'58" 21.9 4
02086849
8 Eno River near Weaver” 36°04'19"  78°51'47" 148 4
02085079
9 Eno River near Durham 36°04'20"  78°54'30" 141 4
02085070
10 Knap of Reeds Creek near Butner 36°07'40"  78°48'55" 43.0 4
02086624
11 Little River below Dam near Fairntosh 36°06'43"  78°52'08" 97.7 1
0208524850
(Discontinued 6/91)
12 Little River at Secondary Road 1461 near Orange Factory ~ 36°08'30"  78°55'10" 782 5
0208521324
13 Little River Reservoir at Dam near Bahama 36°06'53"  78°52'10" 97.7 3,6
0208524845
14 Flat River at Dam near Bahama 36°08'55"  78°49'43" 168 1
02086500
(Discontinued 6/91)
15 Flat River at Bahama 36°10'57"  78°52'44" 149 5
02085500
16 Lake Michie at Dam near Bahama 36°09'02"  78°49'49" 167 3,6
02086490
17 Morgan Creek near Farrington® 35°51'48"  79°00'35" 45.6 4
02097521
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Table 1. Water-quality sampling and streamflow monitoring sites in the Triangle Area Water Supply Monitoring
Project (Continued)

[USGS number is U.S. Geological Survey downstream order number; mi, square miles; Site categories: 1—river, 2—large reservoir, 3—small reservoir,

4—downstream from urban areas and wastewater-treatment plants, 5S—headwater stream, 6—sites near a water-supply intake; —, not determined]
Site Drainage Site
number Station name and USGS number Latitude Longitude area
) i category
(fig. 2) (mi2)
17A Morgan Creek near Chapel Hill 35°5336"  79°01'10" 41.0 —d
02097517
18 New Hope Creek near Blands 35°53'05"  78°57'58" 75.9 4
02097314
19 Northeast Creek at Secondary Road 1100 near Genlee 35°52'20"  78°54'49" 21.1 4
0209741955
20 Jordan Lake at Buoy 9 near Farrington 35°46'30"  79°01'38" — 2

0209771550 (Discontinued 7/92)

21 Jordan Lake at Buoy 7 below U.S. Highway 64 near 35°43'56"  79°01'30" — 2
Griffins Crossroads
0209801050 (Discontinued 9/92)

21A Jordan Lake above U.S. Highway 64 near Wilsonville 35°4429"  79°01'10" — 2,6
0209799150 (Activated 7/91)

22 Jordan Lake at Bells Landing near Griffins Crossroads 35°43'38"  79°02'35" — 2
0209801100 (Activated 7/91)

23 Jordan Lake, Haw River Arm above B. Everett Jordan 35°39'39"  79°04723" — 2
Dam
0209719700

24 Haw River near Bynum 35°45'48"  79°08'02" 1,275 1,6
02096960

25 Haw River below B. Everett Jordan Dam near Moncure 35°39'11"  79°04'03" 1,689 1
02098198

26 Eno River at Hillsborough 36°04'18"  79°05'49" 66.0 1,6
02085000 (Activated 10/89)

26A Eno River intakes at Hillsborough 36°04'02"  79°07'39" 66.0 1
0208491605 (Discontinued 9/89)

27 Cane Creek near Orange Grove 35°59'13"  79°12'23" 7.5 5
02096846

28 Cane Creek Reservoir at Dam near White Cross 35°56'59"  79°1429" 314 3,6
0209684980 (Activated 4/89)

29 Morgan Creek near White Cross 35°5525"  79°06'56" 8.4 5
02097464

30 University Lake at intakes near Chapel Hill 35°53'48"  79°05'33" 30.0 3,6
0209749990

31 Cape Fear River at State Highway 42 near Brickhaven® 35°32'54"  79°01'34" 3,160 1,6
0210215985

31A Deep River at Moncure 35°37'38"  79°06'58" 1,434 —d
02102000
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Table 1. Water-quality sampling and streamflow monitoring sites in the Triangle Area Water Supply Monitoring

Project (Continued)

[USGS number is U.S. Geological Survey downstream order number; mi2, square miles; Site categories: 1—river, 2—large reservoir, 3—small reservoir,
4—downstream from urban areas and wastewater-treatment plants, 5—headwater stream, 6—sites near a water-supply intake; —, not determined]
Site Drainage Site

number Station name and USGS number Latitude Longitude area

. .2 category

(fig. 2) (mi*)

32 Neuse River at Smithfield 35°30'46"  78°21'00" 1,206 1,6
02087570

32A Neuse River near Clayton 35°38'50"  78°24'22" 1,150 _d
02087500

33 Swift Creek near Apex 35°43'07"  78°45'09" 21.0 1
02087580
(Activated 10/89)

34 Lake Benson at Dam near Garner 35°39'44"  78°36'52" 67.0 3,6
02087701
(Activated 10/89)

45 Jordan Lake at Buoy 12 at Farrington 35°47'55"  79°0022" —- 2
0209768310 (Activated 8/92)

46 Deep River at Carbonton 35°31'10"  79°20'51" 1,026 1,6

0210140200 (Activated 3/92)

4Gage was discontinued April 1989 and was rebuilt September 1991.
bDischarge values for site 8 are from gage at site 9.

“Discharge values for site 17 are from gage at site 17A.

dDischarge site.

‘fDischarge was computed by adding the daily mean discharge values at sites 25 and 31A.
1Gage was discontinued September 1990. Discharge values after September 1990 are from gage at site 32A.

The drainage area of the Neuse River at
Smithfield, the downstream terminus of the study area,
is about 1,210 square miles (mi?) or one-fifth of the
total drainage area of the Neuse River Basin. Other
tributaries to the Neuse River that were monitored for
this study are Knap of Reeds Creek, Ellerbe Creek,
Little Lick Creek, and Swift Creek. Falls of the Neuse
Reservoir (hereafter referred to as Falls Lake), in
Wake County, is the largest impoundment of the
Neuse River forming a 12,490-acre reservoir with
114,700 acre-feet (acre-ft) of storage at normal pool
elevation (table 2). It is a water supply for the city of
Raleigh.

Lake Michie, a 508-acre reservoir just upstream
from Falls Lake, impounds the Flat River and its
tributaries, Dial Creek, Rocky Creek, and Dry Creek,
and supplies drinking water for the city of Durham.
Little River Reservoir, filled in 1988 as a water-supply
source for the city of Durham, is a third water-supply
reservoir in the upper Neuse River Basin. Little River
Reservoir is a 530-acre reservoir, which impounds
Little River and its tributaries—Mountain Creek,

Buffalo Creek, and North Fork and South Fork Little
Rivers. Lake Benson was impounded from Swift
Creek in 1844 and was known as Rand’s Mill Pond. It
was purchased by the City of Raleigh in 1927 for
water supply and was expanded in 1953 to a 440-acre
reservoir. At present, the lake is used as a secondary
water supply for the City of Raleigh and for recreation
(North Carolina Department of Environment, Health,
and Natural Resources, 1992).

The Cape Fear River (fig. 2B) is formed
downstream from B. Everett Jordan Reservoir
(hereafter referred to as Jordan Lake) by the
confluence of the Haw River, which drains 1,695 mi?
at the mouth, and the Deep River, which drains
1,441 mi? at the mouth (North Carolina Department of
Natural Resources and Community Development,
1988). The drainage area of the Cape Fear River near
Brickhaven, the downstream terminus of the study
area, is 3,160 mi2. Jordan Lake, a 14,300-acre
multipurpose reservoir, was filled in 1982 and contains
approximately 215,000 acre-ft of storage at normal
pool elevation (table 2). The reservoir, formed from
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Table 2. Description of reservoirs in the Research Triangle study area

[DEM, North Carolina Division of Environmental Management; —, no data]

Drainage Maxi- Volume/

R . Surface  Volume? Average DEM trophic
eservoir area a mum b mean d
" area (acre- depth R c state Resource use
(year filled) (square (acres) feet) depth (feet) inflow classification
miles) (feet) (days)
Falls Lake 771 12,490 114,700 — 9.2 80  eutrophic water supply,
(1983) flood control,
recreation
Little River 98 530 14,600 49 27 85  mesotrophic  water supply
Reservoir
(1988)
Lake Michie 167 508 11,070 52 22 45  eutrophic water supply,
(1926) recreation
Lake Benson 65 440 3.070 20 7.0 —  mesotrophic  secondary
(1844) water supply,
recreation
Jordan Lake 1,690 14,300 215,000 66 15 62  eutrophic flood control,
(1982) fish and wild-
life habitat,
recreation,
water supply
Cane Creek 31 500 8,920 54 18 162 eutrophic water supply
Reservoir
(1989)
University 30 200 2,100 23 10 39  eutrophic water supply,
Lake recreation
(1932)

#Normal pool elevation.
Volume/surface area.

“Computed from U.S. Geological Survey records of reservoir volume and annual mean discharge for the period of record at each streamflow

station tributary to each reservoir (Gunter and others, 1993).

4North Carolina Department of Environment, Health, and Natural Resources (1992).

the impoundment of the Haw River and New Hope
Creek, is a water-supply source for the towns of Cary
and Apex and is the future water supply for Chatham
County and potentially for other jurisdictions in the
Triangle area, including Orange County. Other
tributaries to Jordan Lake are Northeast Creek and
Morgan Creek.

University Lake, a water-supply reservoir filled
in 1932, impounds water from about 30 mi? in the
upper Cape Fear River Basin (Bisese, 1994). The lake
was formed from the partially flooded stream valleys
of Morgan Creek and its two tributaries, Phils Creek
and Price Creek. Cane Creek Reservoir, filled in 1989,
is a public water supply for the towns of Carrboro and
Chapel Hill and impounds water from about 31 mi? in

the upper Cape Fear River Basin. The two main
tributaries to the lake are Cane Creek and Turkey Hill
Creek (North Carolina Department of Environment,
Health, and Natural Resources, 1992).

Land Use

The Piedmont part of the Neuse River Basin
(the upper Neuse River Basin) is the most populated
and industrialized part and has the greatest density of
waste dischargers (North Carolina Department of
Environment, Health, and Natural Resources, 1993).
Falls Lake receives inflow from a 771-mi? watershed
of combined forested and agricultural lands, and urban
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and residential areas. An estimated 339 mi? or 44
percent of the watershed is forested and 26 percent is
agriculture. Urban areas account for about 13 percent
and wetlands account for about 10 percent of the land
use (North Carolina Department of Environment,
Health, and Natural Resources, 1993). The Lake
Michie drainage area (167 mi?) accounts for
approximately 22 percent of the drainage to Falls Lake
and is mostly forested, although some agricultural and
residential land use exists. The Little River drainage
basin (98 mi?) accounts for approximately 13 percent
of the drainage to Falls Lake and is equally divided
among forested, agricultural, and residential areas
(North Carolina Department of Environment, Health,
and Natural Resources, 1993).

The part of the study area in the upper Neuse
River Basin from the Falls Lake dam to Smithfield
(fig. 2A) is primarily urban and residential, and
includes the city of Raleigh and its suburbs. The
population in the upper Neuse Basin grew steadily and
increased by approximately 70 percent from 1970 to
1990 (North Carolina Department of Environment,
Health, and Natural Resources, 1993). Lake Benson,
just south of Raleigh, receives drainage from the
65-mi? Swift Creek watershed, of which about 50
percent is forested. However, urban and residential
land uses in the watershed are increasing as Raleigh,
Cary, and the surrounding communities continue to
develop.

Municipal wastewater-treatment plants
(WWTP’s) that discharge to tributaries of Falls Lake
include Durham’s Northside WWTP, which
discharges to Ellerbe Creek; Little Lick WWTP,
which discharges to Little Lick Creek; Butner
WWTP, which discharges to Knap of Reeds Creek;
and Durham’s Eno WWTP, which discharges to the
Eno River. In November 1994, Durham’s Northside
WWTP was upgraded to tertiary treatment and
renamed North Durham Water Reclamation Facility.
This facility receives sewage formerly sent to the Eno
WWTP and the Little Lick WWTP. The Little Lick
and Eno WWTP’s ceased operation in November and
June 1994, respectively.

In the Cape Fear River Basin, most of the
population and industry are located near the
headwaters of the Haw and Deep Rivers from
Burlington to Greensboro. Drainage from the Haw
River Basin, 1,300 mi? of mixed forested and
agricultural lands and urban and residential areas, is to
Jordan Lake. Jordan Lake also receives drainage from

New Hope Creek Basin, a 400-mi? watershed that
includes forested and agricultural land uses and urban
areas (including Durham, Chapel Hill, and Research
Triangle Park), much of which are undergoing
industrial and residential development.

The morphometry of Jordan Lake is unusual
because about 80 percent of the flow into the lake is
from the Haw River; however, most of the storage is in
the New Hope Creek arm (fig. 2B). This results in
periods when flow from the Haw River is pushed up-
lake into the New Hope Creek arm (Moreau and
Challa, 1985). Moreover, materials entering the
northern New Hope Creek arm of the reservoir likely
remain in the reservoir longer than materials entering
from the Haw River.

Cane Creek Reservoir is in the Haw River Basin
and receives drainage from 31 mi? of mostly forested
and some agricultural lands (North Carolina
Department of Environment, Health, and Natural
Resources, 1992). University Lake is in the Morgan
Creek Basin and receives drainage from an
approximately 30-mi? area mostly west of Carrboro.
Three quarters of the area is forested with some
agriculture and residential development (North
Carolina Department of Environment, Health, and
Natural Resources, 1992).

Municipal WWTP’s that discharge to tributaries
of the New Hope Creek arm of Jordan Lake include
Durham County Triangle WWTP, which discharges to
Northeast Creek; Durham’s Southside WWTP, which
discharges to New Hope Creek; and Orange Water and
Sewer Authority (OWASA) WWTP, which discharges
into Morgan Creek. In 1994, Durham’s Southside
WWTP was upgraded to tertiary treatment and
renamed the South Durham Water Reclamation
Facility.

Water Use

Public water-supply systems deliver water to
about 600,000 people in the upper Cape Fear River
Basin and 525,000 people in the upper Neuse River
Basin. Municipalities and other privately owned water
suppliers withdraw approximately 150 million gallons
per day (Mgal/d) from surface-water sources in the
study area. Total off-stream surface-water withdrawals
in the upper Neuse River and upper Cape Fear River
Basins totaled an estimated 75 and 260 Mgal/d,
respectively, for 1990. Of the 260 Mgal/d withdrawn
in the upper Cape Fear River Basin, 149 Mgal/d or
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57 percent was withdrawn for thermoelectric power
generation, and 91 Mgal/d (35 percent) was withdrawn
for industrial uses. In the upper Neuse River Basin, 57
Mgal/d or about 76 percent of total surface-water
withdrawals were for industrial processes.

Sewage-treatment water releases to surface
waters in the basins from wastewater-treatment plants
(municipal and industrial) totaled about 150 Mgal/d in
1990 (Terziotti and others, 1994)—50 Mgal/d in the
upper Neuse Basin and 100 Mgal/d in the upper Cape
Fear Basin. Of the total amount of wastewater
releases, about 90 percent are from publicly owned
wastewater-treatment facilities.

Previous Investigations

Water-quality characteristics of flow into and
out of water-supply reservoirs in the Piedmont
Province of North Carolina have been studied by
several investigators. These studies focused on a
variety of water-quality issues, including the effects of
land uses on water quality, sedimentation rates and
trapping efficiency of reservoirs, and nutrient loadings
into reservoirs. None of the previous studies
maintained a comprehensive, long-term streamflow
and water-quality monitoring network as was done in
this investigation.

Harned (1982) summarized water quality of the
upper Neuse River from 1955 to 1978 and concluded
that it was satisfactory for most uses. Harned reported
that dissolved oxygen, manganese, and iron
concentrations, pH, and bacteria counts often reached
undesirable levels. Nutrient concentrations were
sufficient to support rich algal growth.

Studies conducted by DEM (1981-83) in the
Cape Fear Basin identified low dissolved-oxygen
concentrations and high bacteria counts as major
problems in the basin. Also, concerns arose in the
1970’s as a result of mercury contamination of fish in
the Cape Fear Basin. Surveys in the mid-1970’s by the
U.S. Army Corps of Engineers and DEM reported that
30 to 50 percent of the fish sampled contained
concentrations of mercury that exceeded the U.S.
Food and Drug Administration allowable
concentrations in fish tissue of 0.5 part per million
(ppm). However in 1978, based on extensive studies of
actual human consumption of fish, the U.S. Food and
Drug Administration increased the allowable limit of
mercury in fish flesh from 0.5 to 1 ppm. During 1980
and 1981, a DEM survey of mercury in tissues of fish

from streams in the basin showed concentrations
ranged from 0.1 to 0.33 ppm, substantially less than
the recommended allowable concentration. Tissue
samples taken from Jordan Lake fish analyzed in 1982
by DEM showed that the average mercury
concentration was less than 0.2 ppm.

In 1987, the North Carolina Division of Water
Resources (1987) recommended that a 150-mi? area of
the Eno River watershed upstream from the
confluence 