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Figure 10. Relative contributions of ground water, nitrate, and land area for A sub-basins
in the Rehoboth Bay drainage basin. rb* = Rehoboth Bay North Shore, 1 = left, m =
= Angola Neck, € = east, w = west; In* = Long Neck, n = north,
e = east. Relative ground-water and nitrogen concentrations determined by Darcian model.
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Figure 11. Relative contributions of ground water, nitrate, and land area for A sub-basins
in the Indian River Bay drainage basin. In* = Long Neck, s = south, e = east; ir* = Indian
River, n = north, s = south; ced = Cedar Neck; wc = White Creek; wn = White Neck; cmp
= Champlin Neck; pin = Piney Neck; dum = Dumpling Neck. Relative ground-water and
nitrogen contributions determined by Darcian model.
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Figure 12. Box plots of kriging standard deviations for Rehoboth Bay and Indian River Bay
A sub-basins and ratios of mean estimated nitrate concentrations and median kriging
standard deviations. rb* = Rehoboth Bay North Shore Left, middle, and right; an* =
Angola Neck east and west; In* = Long Neck north and south; ir* = Indian River north and
south; pin = Piney Neck; dum = Dumpling Neck; cmp = Champlin Neck; wn = White

Neck; wc = White Creek; ced = Cedar Neck.
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observed in the nitrogen loads and loading rates in sub-basin areas between this and Ritter’s
(1986) studies are expected because of the different methods used. However, the differences
should average out over the study area if the loading rates used by Ritter (1986) are
reasonable and if it is assumed that all of the potential nitrate-nitrogen load gets into surface
water.

The basin-wide nitrogen loading rates for the Rehoboth Bay basin (tables 5 and 6)
calculated by Darcy’s Law and water-budget models average 12.7 Ib/ac-yr (14.2 kg/ha-yr).
Ritter’s (1986) average areal loading rates for streams draining into Rehoboth Bay average
11.2 Ib/ac-yr (12.5 kg/ha-yr). A two-tailed t-test shows that these means are not different at
the five percent level. The basin-wide average areal nitrogen loading rates for the Indian
River Bay basin calculated by Darcy’s Law and water-budget models is 28.2 Ib/ac-yr (31.6
kg/ha-yr). A one-tailed t-test (alpha = 0.5) shows that this value is greater than the
maximum loading rate 20.2 Ib/ac-yr (22.6 kg/ha-yr) for agricultural and urban lands used by
Ritter (1986) and indicates that Ritter’s agricultural lands loading rate is too low for the
Indian River Bay basin.

Direct comparison of nitrogen loads calculated in this study and those from Ritter
(1986) cannot be done effectively for individual sub-basins because of differences in drainage
basin definitions. However, some of the drainage basin areas from this study are similar to
those in Ritter (1986) and some observations can be made regarding direct ground-water
discharge nitrogen areal loading rates.

- The Rehoboth Bay North Shore left A sub-basin occurs within the northern part of
the Rehoboth Bay direct drainage area of Ritter (1986). Loading rates computed in
this study range from 11.2 to 19.4 Ib/ac-yr (12.6 to 21.7 kg/ha-yr) while loading rates
calculated from Ritter’s (1986, p. 44) loads average 11.8 Ib/ac-yr (13.2 kg/ha-yr) and
range from 5.89 to 13.3 Ib/ac-yr (6.6 to 14.9 kg/ha-yr).

- Most of the area of the Rehoboth Bay North Shore middle A and right A sub-basins
occurs within Ritter’s (1986) Lewes-Rehoboth Canal basin. Loading rates computed
in this study range from 8.02 to 18.3 Ib/ac-yr (8.99 to 20.5 kg/ha-yr). Ritter’s (1986,
p. 43) figures yield loading rates that average 12.2 Ib/ac-yr (13.7 kg/ha-yr) and range
from 6.11 to 13.7 Ib/ac-yr (6.85 to 15.4 kg/ha-yr).

- The Champlin Neck sub-basin covers much of Ritter’s (1986) Blackwater Creek basin
(Indian River Bay basin). Loading rates computed in this study are the lowest for
any of the poultry farming area sub-basins. They range from 11.4 to 23.4 Ib/ac-yr
(12.8 to 26.2 kg/ha-yr). Loading rates calculated from Ritter’s (1986, p. 31) figures
average 11.7 Ib/ac-yr (13.1 kg/ha-yr) and range from 5.89 to 13.2 Ib/ac-yr (6.6 to 14.8

kg/ha-yr).
These figures show that Ritter’s (1986) loading rates are reasonable for the Rehoboth Bay

basin, but are too low for the Indian River Bay basin, again indicating that Ritter’s (1986)
loading rate for agricultural land use is not representative of poultry farming areas.
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CONCLUSIONS

The results of ground-water flow and geostatistical modeling show that the potential
flux of nitrate-nitrogen through direct ground-water discharge into Rehoboth and Indian
River bays is in the range of 236 to 356 and 1070 to 2180 Ib/d (107 to 161 and 484 to 989
kg/d), respectively. Basin-wide areal loading rates range from 11.0 to 14.8 pounds per acre-
year (Ib/ac-yr) (12.4 to 16.6 kilograms per hectare per year [kg/ha-yr]) and 20.6 to 37.7 Ib/ac-
yr (23.1 to 42.3 kg/ha-yr) for Rehoboth and Indian River bays respectively. Nitrate-nitrogen
loading rates for the individual contributing sub-basins range from 6.5 to 120 pounds per
acre-year (7.3 to 135 kilograms per hectare-year). The nitrogen loading is a direct result of
land-use practices of the past 30 to 40 years.

There is substantial variation in ground-water flux, potential nitrate-nitrogen flux, and
areal nitrate-nitrogen loading rates between the sub-basins making up the Rehoboth and
Indian River Bay basins. These variations are attributed largely to differences in nitrate
concentrations in ground water, although differences in ground-water fluxes account for
some of the variation. Differences in nitrate concentrations in ground water are primarily
due to land-use characteristics. Differences in estimated ground-water fluxes are due to
spatial variation in the natural characteristics of the aquifer and to modeling assumptions.

Nitrate-nitrogen fluxes and loading rates generally are highest for sub-basins that have
historically had intensive poultry production. Within this group, the Indian River north,
Indian River south, and Piney Neck sub-basins have the largest nitrate-nitrogen fluxes and
loading rates. These sub-basins contribute almost 50 percent of the total nitrogen load
through direct ground-water discharge to the Indian River Bay drainage basin, but only
comprise about 30 percent of the land area.

Areal nitrogen loading rates calculated in this study are similar to those used by
Ritter (1986) for the Rehoboth Bay drainage basin. Areal loading rates calculated for the
Indian River Bay basin and for the poultry farming area sub-basins as a whole are larger
than the maximum rate used by Ritter (1986). This indicates that the loading rates used by
Ritter (1986) are reasonable for all land-use types and areas except those that have had
intensive poultry production in the past.
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