U.S. DEPAKTMENT Or THE INTERIOK
"U.S. GEOLOGICAL SURVEY

SURFACE WATER

This section describes the surface-water system in the Salem River study area. Discharge, base-flow, and
flow-duration data for streamflow-gaging stations and the results of low-flow correlations for 12 low-flow partial-
record sites in the study area are presented.

Discharge at Gaging Stations

The surface-water system in the study area consists of the many tributaries, lakes, and wetland areas of
the Salem River and the Raccoon, Oldmans, Alloway, and Stow Creek drainage systems. From their headwaters
these five streams flow about 15 to 18 mi to the west, northwest, and southwest, and empty into the Delaware
River and Delaware Bay. Discharge of water from the unconfined ground-water system contributes flow to these
streams along most of the length of their channels.

At various times. the USGS has maintained four continuous-record streamflow-gaging stations in the
study area (fig. 3-1): Salem River at Woodstown, N.J. (01482500), during 1940-90; Raccoon Creek near
Swedesboro, N.J. (01477120), since 1966; Oldmans Creek near Woodstown, N.J. (01477500), during 1932-40; and
Alloway Creek at Alloway, N.J. (01483000), during 1953-72. The minimum and maximum monthly mean
discharge and the mean monthly discharge for these streamflow-gaging stations are shown in figures 3-2 through
3-5. The minimum and maximum daily discharge, the mean annual discharge, and the 30-day, 5-year and 7-day,
10-year low-flow discharges for the period of record at the three stations with the most recent data are listed in
table 3-1. Low-flow data for the Oldmans Creek station are not shown because the station has only a 9-year period
of record that ended more than 50 years ago.
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are 70 ft¥/s and 9 ft¥/s, respectively. The median-exceedance discharges (50 percent) are 30 ft*/s for Raccoon Creck
near Swedesboro and 21 ftY/s for Oldmans Creek near Woodstown,

The magnitude and frequency of streamflow at stations for which a continuous record is unavailable commonly are
estimated by correlating instantancous low-flow discharge at the low-flow partial-record station with the
concurrent mean daily discharge at the streamflow-gaging station, or index station. Twelve low-flow partial-record
stations in the study area were selected for use in low-flow-correlation analyses. Measured discharge values at cach
low-flow partial-record station were correlated with mean discharge at three index gaging stations within the study
area and four index gaging stations adjacent to the study area. The locations of the index gaging stations and low-
flow partial-record stations are shown in figure 3-1.

The low-flow correlations reported here were developed by using the MOVE. 1 (Maintenance of Variance
Extension, Type 1) method, which makes use of geometric means to climinate the bias of ordinary-least-squares
regression (Hirsch, 1982). An example of a low-flow correlation is shown in figure 3-11. The “best-fit” linc,

QP = (0.03833)QI'"-32)_is drawn through the data points that represent the measured discharge at the low-flow
partial-record station. QP,. plotted against the mean daily discharge at the index gaging station, QL The equation
of the best-fit line is then used to estimate, or predict, specific discharge statistics at the low-flow partial-record
station, QPp, on the basis of the values of the same discharge statistics measured at the index gaging station, QL
The low-flow partial-record stations and their associated correlation equations are shown in table 3-2.

Two statistical indicators, the correlation coefficient and the standard error of estimation, are included in
table 3-2 as an indication of the accuracy of the predicted discharge. The correlation coefficient is a number from
-1.0 to 1.0 that measures the strength of the linear relation between the logarithm (base 10) of the discharge at the

_75°30° I _75°18'
r 1
EXPLANATION
Philadelphla, Pennsylva
STUDY AREA BOUNDARY weather station

- CONTINUOUS-RECORD

A01411000  STREAMFLOW-GAGING
STATION AND NUMBER
A01477118

LOW-FLOW PARTIAL-RECORD
STATION AND NUMBER

PENN SYLVAN

/—E‘m

nia,

WATER-RESOURCES INVESTIGATIONS REPORT 96-4195
Surface water - SHEET 3 OF 5

Johnson, M.L., and Charles, E.G., 1997, Hydrologr of the unconfined aquifer system, Salem River area:
Salem River and Raccoon Oldmans, Alloway, and Stow Creek Basins, New Jersey, 1993-94.

Table 3-1.
New Jersey
[Station locations shown in fig. 3.1.]
Streamfiow- : Drainage Period of
gaging- Streamflow- area Period record used Discharge (cubic feet per second)
station gaging- (square of for statisti- ~ 30-day, 7-day, Maximum Mean Minimum
number station name miles) record cal analysis’ 5-year 10-year daily annual daily
01411000 Great Egg Harbor River 57.1 September 1925 April 1926 28.3 22.231 1,300 86.3 15
at Folsom, N.J. through through
September 1992  March 1990
01411300 Tuckahoe River at Head 30.8 December 1969 Aprit 1970 10.7 6.044 464 43.8 1.8
of River, N.J. through through
September 1992  March 1990
01411500 Maurice River at Norma, 112 July 1932 April 1933 51.9 37.856 5,260 167 23
N.J. through through
September 1992  March 1990
01467150 Cooper River at 17.0 October 1963 April 1964 12.6 8.367 1,510 355 1.2
Haddonfield, N.J. through through
September 1992  March 1990
01477120 Raccoon Creek near 26.9 May 1966 April 1967 11.9 9.123 1,260 41.2 2.9
Swedesboro, N.J. through through
September 1992  March 1990
01482500 Salem River at 14.6 March through April 1942 2.40 .633 4,460 19.3 0
Woodstown, N.J. September 1940; through
December 1941 March 1984
through
January 1985;
June through
December 1989
01483000 Alloway Creek at 20.3 October 1952 April 1953 1.93 0 1,860 23.7 0
Alloway, N.J. through through
September 1972  March 1972
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Figure 3-6. Annual mean discharge, base flow, and direct runoff at Salem River at Woodstown, N.J. (01482500), water years 1943-84.
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Figure 3-7. Annual mean discharge, base flow, and direct runoff at Raccoon Creek near
Swedesboro, N.J. (01477120), water years 1967-92.
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Figure 3-8. Annual mean discharge, base flow, and direct
runoff at Oldmans Creek near Woodstown, N.J. (01477500),
water years 1932-40.
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Figure 3-9. Annual mean discharge, base flow, and direct runoff at Alloway
Creek at Alloway, N.J. (01483000), water years 1953-72.

EQUATION OF “BEST-FIT” LINE DRAWN

THROUGH DATA:
QPR = (0.03833) QI

Ql =

(1.1452)

Discharge at index gaging station, and

QPg = Predicted discharge at low-flow partial-
record station.

ESTIMATED STREAMFLOW STATISTICS FOR THE
7-DAY, 10-YEAR LOW-FLOW DISCHARGE:

Standard error of prediction for index
gaging station = 5.14 percent

Standard error of prediction for low-flow
partial-record station = 10.46 percent

Standard error of estimation for low-flow
partial-record station = 10.53 percent
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Figure 3-10. Duration curves of daily flow, Raccoon Creek near Swedesboro, N.J.
(01477120), water years 1967-92, and Oldmans Creek near Woodstown, N.J. (01477500),

water years 1932-40.

3-11.

Low-flow correlation of Raccoon Creek at Mullica Hill, N.J., partial-record station (01477100) with Maurice River at Norma, N.J.,
index gaging station (01411500).

PRECIPITATION, DISCHARGE, AND EVAPOTRANSPIRATION

This section describes the influence of climatic factors on the hydrology of the unconfined-aquifer and
surface-water system in the Salem River study area. Precipitation is compared to discharge, and estimates of
potential evapotranspiration are presented.

Precipitation data in this report are from the National Oceanic and Atmospheric Administration weather
station at Woodstown, N.J., for water years 1949-92, and from the Wilmington, Del.. station for the few months of
the Woodstown record for which data were missing (fig. 3-12 through 3-15). Annual precipitation at Woodstown
during 1949-92 ranged from a minimum of 29.35 inches in water year 1965 to a maximum of 59.66 inches in
water year 1989, with a mean of 43.10 inches (Climatedata, 1992). Minimum, mean, and maximum monthly
precipitation values for the Woodstown weather station during water years 1983-92 are shown in figure 3-16.
Monthly precipitation ranged from a minimum of 0.18 inches in December 1955 to a maximum of 11.97 inches in
September 1960, with a mean of 3.60 inches (Climatedata, 1992). Precipitation values from the Philadelphia, Pa.,
weather station for water years 1932-40 were used for comparison with discharge at Oldmans Creek near
Woodstown (01477500) during the same period.

Much of the precipitation that falls on the Salem River study area leaves the area as stream discharge.
Annual discharge at the four streamflow-gaging stations in the study area was compared with total annual
precipitation. All values are presented in units of inches of water over the area of the basin to facilitate comparison.
The annual discharge of Salem River at Woodstown, N.J. (01482500), ranged from 5.31 inches in water ycar 1966
to 28.64 inches in water year 1984 (fig. 3-12). The mean annual discharge was 17.92 inches, or 41 percent of the
mean annual precipitation for water years 1949-84 at the Woodstown weather station. The annual discharge of
Raccoon Creek near Swedesboro, N.J. (01477120), ranged from 11.35 inches in water year 1981 to 32.65 inches in
water year 1973 (fig. 3-13). The mean annual discharge was 20.34 inches, or 45 percent of the mean annual
precipitation for water years 1967-92 at the Woodstown weather station. The annual discharge of Oldmans Creek
near Woodstown, N.J. (01477500), ranged from 11.96 inches in water year 1932 to 27.52 inches in water year
1939 (fig. 3-14). The mean annual discharge was 21.26 inches, or 49 percent of the mean annual precipitation for
water years 1932-40 at the Philadelphia weather station. The annual discharge of Alloway Creek at Alloway, N.J.
(01483000), ranged from 5.75 inches in water year 1966 to 25.41 inches in water year 1972 (fig. 3-15). The mean
annual discharge was 15.83 inches. or 38 percent of the mean annual precipitation for water years 1953-72 at the
Woodstown weather station. Proportions of mean annual streamflow to mean annual precipitation range from 38 to
49 percent over the study area. This difference can be explained by variations in the natural-stream-drainage
system, or by significant manmade or natural transfers of water among basins.

Most of the precipitation that does not discharge as streamflow leaves the Salem River study area as
evapotranspiration. Potential evapotranspiration was estimated by using the Thornthwaite equation (Thornthwaite
and Mather, 1957), which uses mean monthly air temperature and latitude as an index of the energy available for
evapotranspiration. Potential evapotranspiration is the amount of water that would be lost through transpiration
from plants and evaporation from the soil if water were always unlimited. The mean monthly air temperature at the
Woodstown weather station during 1983-92 is shown in figure 3-17. Estimated mean monthly potential
evapotranspiration is shown in figure 3-18. The calculated mean annual potential evapotranspiration at the
Woodstown weather station during 1983-92 is 29.72 inches.
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Figure 3-12. Total annual precipitation at the Woodstown, N.J., weather station, water years 1949-84 (Climatedata, 1992), and
discharge, base flow, and direct runoff at Salem River at Woodstown, N.J. (01482500), water years 1943-84.
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Figure 3-13. Total annual precipitation at the Woodstown, N.J., weather station, water
years 1967-92 (Climatedata, 1992), and discharge, base flow, and direct runoff at Raccoon

Creek near Swedesboro, N.J. (01477120), water years 1967-92.
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Figure 3-14. Total annual precipitation at the Philadelphia,
Pa., weather station, water years 1932-40 (Climatedata,
1992), and discharge, base flow, and direct runoff at

Oldmans Creek near Woodstown, N.J. (01477500), water
years 1932-40.
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Figure 3-15. Total annual precipitation at the Woodstown, N.J., weather station,

runoff at Alloway Creek at Alloway, N.J. (01483000), water years 1953-72.
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Figure 3-16. Minimum, mean, and maximum monthly precipitation at the
Woodstown, N.J., weather station, water years 1983-92 (Climatedata, 1992).
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Figure 3-17. Mean monthly air temperature at the Woodstown, N.J.,
weather station, water years 1983-92 (Climatedata, 1992).

POTENTIAL EVAPOTRANSPIRATION, IN INCHES

Figure 3-18. Mean monthly potential evapotranspiration at the
Woodstown, N.J., weather station, water years 1983-92.



