





Figure 15. Concentrations (left) and loadings (right) of N, P, and organic C species and
suspended solids in Beaverdam Ditch for a storm in January 2000. For charts with two y-axes,
NH4, PON, PP, and TSS are plotted on the right axis. Flow in cfs, loads reported for a 3 hour
sampling interval.
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tabulated in Table 8. The areal loadings are given in Table 9.

There are no simple statistical relationships between the quarterly and annual loadings
and land use characteristics because of the small number of stations and the relatively large
number of land use characteristics of interest. However, there are some interesting trends in the
data (Figure 16, Table 9). For example, Swan Creek had the lowest loading of both dissolved
and particulate N, P and organic C of any of the sampled tributaries. Bundicks Branch was a
close second for many of these parameters. These two watersheds have the highest fraction of
forested land use, and Swan has a lower fraction of agricultural land use than does Bundicks.
Both watersheds are located to the north of Indian River Bay and have similar soils and
geological settings. Which of these factors are responsible for these low loading rates remains to
be determined.

Munchy Branch had the highest areal loading of particulate matter (TSS) of all of the
stations sampled and this high loading is reflected in the high areal loading of PON, PP, and
POC. This high loading of particulate material may have been the result of the extensive
commercial land uses, and associated impervious surfaces, in the watershed.

A rigorous statistical analysis of the relationship between land use and loadings will
require the additional analysis of data from the CISNet stations as well as the DNREC stations.
These results will be forwarded to DNREC as they become available.

The calculated seasonal loadings (Tables 8 and 9) largely reflect the patterns illustrated in
Figures 4 - 9. There is sufficient resolution to calculate monthly loadings of N, P, and OC, but
this has not yet been done. The monthly patterns will be more sensitive to recent rainfall than
the quarterly loading, but should reflect the patterns discussed above.

Storm-Flow Loadings

During storms, the discharges of nitrogen, phosphorus, and organic carbon result from
both base-flow discharges and the additional contributions associated with the storm. The data
collected during each storm and at each site were used to calculate the total discharge of these
constituents. The total discharge was then divided into the base-flow and storm-flow
components based on the estimated base-flow discharges and the concentrations of these
constituents during the previous and subsequent base-flow sampling periods, as discussed above.
These results are given in Tables 10 (total discharge) and 11 (areally normalized discharges).

The concentrations of dissolved and particulate constituents in storm flow are dependent
on many factors that control the mobilization and delivery of the constituents in and to the stream
during a storm event. These factors include rainfall amount, intensity and duration, stream flow
velocity, amount of soluble and insoluble particulates on the land surface of the watershed prior
to the storm, slope and land cover characteristics of the watershed, atmospheric deposition with
the storm, ground-water conditions prior to the storm, and others. Because of the large number
of potential independent variables and the complex interrelationships between these variables it
is not possible at this time to construct statistically valid models of these dependencies.
Nonetheless, it is possible to determine overall loading of nitrogen, phosphorus, and organic
carbon during storm periods and to divide this discharge into that associated with base flow and
that associated with the additional storm loads.

Figure 17 and Table 11 compare unit loadings from storms in July 1999 and January
2000. During individual storm events, it appears that storm flow is two times to 2 orders of
magnitude larger than base flow. However, total and unit loads from individual storm events
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Table 8. Total base-flow loads (kg) and discharge (m’) per time period specified* for DNREC watersheds
(see Table 1). TDN, PON — total dissolved and particulate organic nitrogen, TDP, PP — total dissolved
and particulate phosphorus, DOC, POC — dissolved and particulate organic carbon, TSS- total suspended
solids, Q — discharge in m”’.

Station | Period TDN| PON| TDP| PP|  DOC POC Tss| Q
Munchy IV 98 52 4 07 14 112 22 281 4.50E+4
Branch 199 97 4 09 17 124 26 576 5.47E+4
Il 99 69 5 07 14 102 69 762  3.82E+4
Il 99 29 10 07 19 98 96 789  2.66E+4
IV 99 26 5 14 12 186 72 927 3.92E+4
100 48 2 07 04 141 24 260 3.63E+4
Sums WY 99 247 23 30 65 436 213 2407 1.64E+5
CY 99 221 24 37 62 510 263 3054 1.50E+5|
Bundicks IV 98 1595 2 37 06 513 28 93  3.23E+5
Branch 199 1556 2 42 09 926 66 268 3.23E+5
Il 99 2069 6 89 18 1590 175 617 5.06E+5
Il 99 1047 5 72 15 501 72 503 2.41E+5
IV 99 1475 12 62 09 1783 81 202 3.74E+5
100 2228 1555 1.0 2543 142 786 5.05E+5
Sums WY 99 6268 15 240 47 3530 341 1481 1.39E+6
CY 99 6147 24 266 51 4800 394 1680 1.44E+6|
Swan IV 98 176 2 02 03 88 27 217 7.44E+4
Creek 199 195 1 12 03 270 54 271 1.20E+5
Il 99 242 2 21 07 385 117 770 1.64E+5
Il 99 60 4 05 02 45 68 309 3.00E+4
IV 99 195 7 12 06 320 134 701  1.27E+5
100 217 12 15 08 514 218 1292 1.48E+5
Sums WY 99 673 10 40 15 787 265 1567 3.88E+5
CY 99 691 1551 18 1020 3722051 4.40E+5|
Millsboro ~ IV98  1.83E+04 296 78 57 1.28E+4 216E+3 1.68E+4 5.57E+6
Pond 199 498E+4 439 227 155 5.41E+4 569E+3 579E+4 1.32E+7
Il 99 468E+4 256 318 108 6.81E+4 6.43E+3 1.60E+4 1.51E+7
199  9.98E+3 123 91 36 2.18E+4 148E+3 568E+3 4.83E+6
IV99  3.89E+4 184 202 54 6.44E+4 3.11E+3 127E+4 1.24E+7
100 500E+4 461 238 81 7.83E+4 6.32E+3 2.20E+4 1.51E+7
Sums WY 99  1.25E+5 1113 714 356 1.57E+5 158E+4 9.63E+4 3.88E+7
CYQ0  146E+5 1002 839 354 2.08E+5 1.67E+4 9.23E+4 4.56E+7
Blackwater V98  6.87E+1 0 01 03 1.15E+2 3 72 1.43E+4
Creek 199 5.34E+3 6 96 54 498E+3 184 1276  5.85E+5
Il 99 1.82E+3 4 39 32 260E+3 160 872 2.52E+5
199 2.89E+2 17 16 28 1.04E+3 140 1228  7.03E+4
IV99  4.58E+3 18 48 62 5.53E+3 255 2062 5.40E+5
100 9.42E+3 18 84 137 7.07E+3 202 1372 8.27E+5
Sums WY 99 7.51E+3 27 153 117 8.73E+3 486 3447 9.22E+5
CYQ9  1.20E+4 45 200  17.6 141E+4 738 5438  1.45E+6
Beaverdam IV 98 174 9 07 23 585 108 528 9.39E+4
Ditch 199 1008 11 16 33 1051 189 1321  1.82E+5
Il 99 388 8 14 29 1039 117 1100  1.18E+5
Il 99 235 10 15 21 757 103 837 9.64E+4
IV 99 1125 9 15 19 1467 122 630 2.13E+5
100 1697 14 12 23 1206 171 979 2.02E+5
Sums WY 99 1805 38 53 106 3432 516 3787 4.90E+5
CY 99 2756 38 61 102 4315 531 3889 6.10E+5

*Total loadings for quarters of different lengths IV 98 - 92 days; 1 99 - 90 days; Il 99 - 91 days; Il 99 - 92 days;
IV99 - 92 days; 1 00 - 91 days. Annual loads are given for water year 99 (WY 99 = 1 Oct. 99-30 Sept. 99) and
calendar year 99 (CY 99 =1 Jan. 99 - 31 Dec. 99) 31



Table 9.Areal base-flow loads (kg/km®) and discharge (Q, m*/km?) per time period specified* for DNREC
watersheds (see Table 1). TDN, PN — total dissolved and particulate organic nitrogen, TDP, PP — total
dissolved and particulate phosphorus, DOC, POC — dissolved and particulate organic carbon, TSS- total
suspended solids.

Station Period TDN PON TDP PP DOC POC TSS Q
Munchy IV 98 40 3 05 1.1 86 17 216 3.46E+4
Branch 199 75 3 0.7 1.3 95 20 443 4.21E+4
1199 53 4 05 1.1 79 53 586 2.94E+4
199 22 8 05 14 76 74 607 2.05E+4
IV 99 20 4 1.1 0.9 143 56 713 3.01E+4
100 37 2 06 0.3 108 19 200 2.79E+4
Sums WY 99 190 17 23 50 336 163 1852 1.26E+5
CY 99 170 18 29 438 392 202 2349 1.22E+5
Bundicks IV 98 89 0 02 0.0 29 2 5 1.81E+4
Branch 199 87 0 0.2 0.1 52 4 15 1.80E+4
1199 116 0 05 0.1 89 10 34 2.83E+4
199 58 0 04 0.1 28 4 28 1.34E+4
IV 99 82 1 03 0.1 100 5 16 2.09E+4
| 00 124 1 0.3 0.1 142 8 44 2.82E+4
Sums WY 99 350 1 1.3 03 197 19 83 7.78E+4
CY 99 343 1 15 0.3 268 22 94 8.06E+4
Swan IV 98 13 0 0.0 0.0 6 2 16 5.51E+3
Creek 199 14 0 0.1 0.0 20 4 20 8.86E+3
1199 18 0 02 0.0 28 9 57 1.21E+4
199 4 0 0.0 0.0 3 5 23 2.22E+3
IV 99 14 1 0.1 0.0 24 10 52 9.40E+3
| 00 16 1 0.1 0.1 38 16 96  1.10E+4
Sums WY 99 50 1 0.3 0.1 58 20 116 2.87E+4
CY 99 51 1 04 0.1 76 28 1562 _3.26E+4
Millsboro IV 98 117 2 05 04 81 14 107 3.54E+4
Pond 199 317 3 14 1.0 344 36 368 8.41E+4
1199 298 2 20 07 433 41 101 9.64E+4
199 63 1 06 0.2 138 9 36 3.07E+4
IV 99 248 1 1.3 03 410 20 81 7.87E+4
100 381 3 1.5 0.5 498 40 140 9.59E+4
Sums WY 99 795 7 45 23 997 100 613 2.47E+5
CY 99 926 6 53 23 1325 106 587 2.90E+5
Blackwater [V 98 8 0 0.0 0.0 13 0 8 1.59E+3
Creek 199 593 1 1.1 0.6 554 20 142 6.50E+4
1199 202 0 04 04 289 18 97 2.80E+4
199 32 2 02 03 115 16 136 7.81E+3
IV 99 509 2 05 07 614 28 229 6.00E+4
100 1046 2 09 15 786 22 152 9.18E+4
Sums WY 99 835 3 1.7 1.3 971 54 383 1.02E+5
CY 99 1336 5 22 20 1572 82 604 _1.61E+5]
Beaverdam |V 98 30 2 0.1 0.4 101 19 91 1.62E+4
Ditch 199 174 2 03 0.6 181 33 228 3.13E+4
1199 67 1 02 05 179 20 190 2.04E+4
199 40 2 03 04 131 18 144 1.66E+4
IV 99 194 2 0.3 0.3 253 21 109 3.68E+4
100 293 2 02 04 208 29 169 3.48E+4
Sums WY 99 311 7 09 138 592 89 653 8.45E+4
CY 99 475 7 1.1 1.8 744 92 670 1.05E+5
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were one or more orders of magnitude smaller than the quarterly base-flow loads (Table 8).
Because of the previously cited problems with discharge data, it is not possible to assess the
relative magnitudes of all storms and base flow at this time.

Negative stormflow loads (Table 10) are probably a result of uncertainties in estimating
base-flow discharge and/or concentrations in base flow during the storm. It is also possible,
however, that negative discharge reflects the restriction of discharge from the ground water into
the sampled streams (that is the primary source of base flow) when stream elevations rise above
ground-water elevations during early parts of storms. With time, base flow resumes when
ground water eventually rises higher than stream water elevations in response to recharge and
falling stream stage. It is also possible that concentrations of constituents in ground water are
overestimated during the storm event. Additional work using stage height to estimate the
reduction of the base- flow component will be done.

The reason for the low unit discharge in Swan Creek (Tables 9 and 11; Figures 16 and
17) may be controlled by the underlying geology, which could allow significant amounts of
groundwater to bypass the stream system or could reflect the extensive riparian boundary and
forest cover in this watershed. The aquifer beneath the area that includes the Swan Creek
watershed is highly permeable and unusually thick (Andres, 1992).

Additional analysis of the storm-water discharge results will be done after discharge
records have been finalized by USGS. If significant correlations between discharge and nutrient
concentrations are found, then this offers promise for estimating and modeling future storm flow
loadings. In particular, there is a need to develop and test methods for estimating the unsampled
storms at these sites and, perhaps, to infer the storm-water loads for ungaged and unsampled
watersheds.

CONCLUSIONS

On the bases of this limited data set alone, there is no simple statistical relationship
between land use and land cover and the base-flow discharges of water, nitrogen, phosphorus,
suspended solids, and organic carbon. However, this lack of a simple relationship is due to the
small number of watersheds and storm events studied and the large number of land use/land
cover parameters that describe these watersheds. Continuing studies of an additional group of 7
basins in the Inland Bays watershed, however, may provide the statistical power to properly test
for such relationships. This work is in progress as part of the ongoing EPA-funded CISNet
project and a newer project funded by the Delaware Water Resources Research Center.
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Table 10. Provisional cumulative mass loads (in kg ) for storms. TDN, PON — total dissolved and
particulate organic nitrogen, TDP, PP — total dissolved and particulate phosphorus, DOC, POC —
dissolved and particulate organic carbon, TSS- total suspended solids, Q — discharge in m’.

Station  Collection Loading TDN PON TDP PP DOC POC TSS Q
Date
Munchy 15-Jul-99 Total 2.04E+00 6.54E-01 7.85E-02 1.46E-01 2.00E+01 9.05E+00 9.02E+00 1.01E+02
Branch Base 4.64E-01 3.25E-01 1.00E-02 5.81E-02 1.06E+00 2.58E+00 7.40E-01 1.31E+01
Storm 1.57E+00 3.28E-01 6.85E-02 8.77E-02 1.89E+01 6.47E+00 8.28E+00 8.78E+01
Munchy 23-Sep-99  Total 1.28E+00 6.62E-01 6.40E-02 1.04E-01 1.85E+01 7.62E+00 9.66E+00 1.01E+02
Branch Base 3.38E-01 3.72E-02 1.00E-02 8.59E-03 1.45E+00 3.67E-01 3.11E-01 1.31E+01
Storm 9.46E-01  6.25E-01 5.40E-02 9.57E-02 1.70E+01 7.25E+00 9.38E+00 8.76E+01
Munchy 19-Oct-99 Total 1.23E+00 6.86E-02 8.85E-02 4.00E+00 1.29E+02
Branch Base 3.79E-01 4.28E-02 1.13E-02 1.03E-02 1.23E+00 6.43E-01 1.15E+00 1.28E+01
Storm 8.47E-01 5.73E-02  7.82E-02 2.85E+00 1.16E+02
Munchy 6-Jan-00 Total 4.36E-01 6.19e-02 2.72E-02 1.17E-02 4.34E+00 1.12E+00 1.24E+00 2.63E+01
Branch Base 434E-01 3.76E-02 7.66E-03 5.39E-03 1.82E+00 2.99E-01 2.01E-01 1.46E+01
Storm 3.71E-02 243E-02 202E-02 6.33E-03 267E+00 8.18E-01 1.03E+00 1.16E+01
Bundicks  15-Jul-99 Total 3.09E+01 1.90E+00 2.24E-01 2.80E-01 7.37E+01 2.22E+01 1.40E+01 3.95E+02
Branch Base 2.07E+01 1.65E-01 1.36E-01 8.15E-03 9.40E+00 1.85E+00 1.29E+00 1.82E+02
Storm 1.02E+01 1.74E+00 8.82E-02 2.72E-01 6.64E+01 2.04E+01 1.29E+01 2.13E+02
Bundicks 23-Sep-99  Total 3.66E+01 3.04E+00 5.03E-01 6.35E-01 3.00E+02 3.84E+01 4.04E+01 7.23E+02
Branch Base 1.81E+01 3.95E-03 1.63E-01 9.17E-02 1.28E+01 8.63E-01 3.17E-01 1.47E+02
Storm 1.84E+01 2.91E+00 3.45E-01 5.32E-01 2.87E+02 3.60E+01 3.86E+01 6.27E+02
Bundicks  19-Oct-99 Total 3.44E+01 4.55E+00 4.18E-01 6.46E-01 5.77E+01 3.43E+01 8.01E+02
Branch Base 1.82E+01 7.62E-03 1.01E-01 5.39E-03 1.46E+01 5.23E-01 3.07E-01 1.35E+02
Storm 1.63E+01 4.54E+00 3.17E-01 6.41E-01 5.72E+01 3.39E+01 6.66E+02
Bundicks  6-Jan-00 Total 3.15E+01 7.29E-01 2.83E-01 6.60E-02 9.87E+01 1.34E+01 8.17E+00 3.43E+02
Branch Base 2.61E+01 2.84E-01 5.78E-02 7.30E-03 2.69E+01 1.88E+00 6.69E-01 2.28E+02
Storm 3.12E+00 4.21E-01  2.20E-01 5.81E-02 6.95E+01 1.14E+01 7.44E+00 1.16E+02
Bundicks 13-Mar-00  Total 3.01E+01 1.40E+00 2.00E-01 1.93E-01 3.96E+01 2.22E+01 2.94E+01 2.64E+02
Branch Base 2.97E+01 243E-01 8.71E-02 1.98E-02 3.89E+01 2.01E+00 1.14E+00 2.39E+02
Storm 3.46E-01 1.16E+00 1.13E-01 1.73E-01 6.35E-01 2.02E+01 2.82E+01 2.45E+01
Swan 15-Jul-99 Total 3.66E+00 1.60E+00 4.06E-02 7.63E-02 2.50E+01 4.63E+00 5.97E+01
Creek Base 1.05E+00 1.07E-01 4.94E-03 6.90E-03 6.91E-01 1.81E+00 8.59E-01 2.19E+01
Storm 2.52E+00 1.49E+00 3.31E-02 6.83E-02 2.31E+01 3.77E+00 6.36E+01
Swan 23-Sep-99  Total 3.67E+00 8.86E-01 3.81E-02 6.65E-02 3.91E+01 1.80E+01 8.07E+00 8.80E+01
Creek Base 2.26E+00 1.17E-01 241E-02 8.35E-03 2.18E+00 2.11E+00 1.01E+00 3.69E+01
Storm 1.27E+00  341E-01  1.22E-02 3.31E-02 3.61E+01 9.19E+00 3.07E+00 5.06E+01
Swan 19-Oct-99 Total 7.56E+00 4.22E-02 9.07E-02 8.96E+00 1.66E+02
Creek Base 2.87E+00 6.44E-02 2.69E-02 542E-03 3.24E+00 1.18E+00 6.40E-01 5.56E+01
Storm 3.79E+00 1.11E-02 8.03E-02 7.91E+00 1.01E+02
Swan 6-Jan-00 Total 2.86E+00 3.96E-03 1.29E-02 8.37E-04 1.73E+01 6.28E-01 2.37E-01 5.13E+02
Creek Base 2.34E+00 1.18E-01 6.50E-03 7.01E-03 3.54E+00 2.31E+00 2.34E-01 3.85E+02
Storm 5.11E-01 -1.14E-01 6.37E-03 -6.17E-03 1.38E+01 -1.68E+00 3.48E-03 1.29E+02
Swan 13-Mar-00  Total 3.31E+00 459E-02 2.16E-03 8.15E+00 8.11E-01 7.98E-01 7.61E+01
Creek Base 3.11E+00 9.06E-02 226E-02 207E-03 8.51E+00 7.28E-01 2.72E-01 7.28E+01
Storm 2.01E-01 2.33E-02 -3.65E-01 8.32E-02 5.27E-01 3.23E+00
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Table 10. (continued) NOTE: Discharge estimated from ISCO water level record. TDN, PON - total
dissolved and particulate organic nitrogen, TDP, PP — total dissolved and particulate phosphorus,
DOC, POC — dissolved & particulate organic carbon, TSS- total suspended solids, Q—discharge in

3
m .

Station  Collection Loading TDN PON TDP PP DOC POC TSS Q
Date
Millsboro  15-Jul-99  Total 8.32E+02 9.87E+00 5.79E+00 3.57E+00 1.45E+02 267E+03 1.05E+04
Pond Base 3.44E+02 1.93E+01 3.34E+01 3.29E+01 6.47E+02 7.05E+01 6.49E+01 6.17E+03
Storm  5.02E+02 4.56E+00 3.31E+00 1.68E+00 8.66E+01 2.61E+03 4.35E+03
Millsboro  23-Sep-99  Total 9.73E+02 8.22E+00 9.20E+00 3.28E+00 4.60E+03 1.07E+02 2.29E+02 1.60E+04|
Pond Base 4.88E+02 1.62E+01 3.49E+01 3.17E+01 1.27E+03 5.57E+01 5.96E+01 6.56E+03
Storm  3.82E+02 4.87E+00 4.03E+00 2.16E+00 2.60E+03 5.20E+01 4.17E+01 9.41E+03
Millsboro  19-Oct-99  Total 1.25E+03 1.63E+01 6.04E+00 2.88E+00 2.05E+02 8.11E+01 1.47E+04
Pond Base 6.39E+02 1.80E+00 3.27E+00 8.71E-01 9.30E+02 4.16E+01 2.43E+01 6.80E+03
Storm  5.35E+02 1.38E+01 2.64E+00 1.79E+00 1.51E+02 6.89E+01 7.69E+03
Millsboro  6-Jan-00 Total 1.14E+03 1.25E+01 2.77E+00 240E+00 9.16E+02 1.25E+02 8.95E+01 9.87E+03
Pond Base 851E+02 1.96E+01 3.45E+01 3.20E+01 1.06E+03 1.04E+02 3.63E+01 9.08E+03

Storm  1.50E+02 5.69E+00 -1.34E+00 1.05E+00 -2.63E+02 1.86E+01 5.41E+01 8.07E+02
Millsboro  13-Mar-00  Total 1.14E+03 222E-01 6.65E+00 9.23E-01 8.05E+02 3.21E+01 4.03E+01 1.01E+04
Pond Base 8.74E+02 6.29E+00 2.76E+00 7.35E-01 1.57E+03 4.98E+01 2.85E+01 8.26E+03
Storm  2.63E+02 -5.12E+00 3.90E+00 1.88E-01 -5.30E+02 -1.02E+01 1.42E+01 1.87E+03
Blackwater 15-Jul-99  Total 525E-02 4.33E-03 215E-04 1.08E-03 6.31E-01 3.78E-02 3.73E-02 1.35E+01

Creek Base 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Storm 525E-02 4.33E-03 2.15E-04 1.08E-03 6.31E01 3.78E-02 3.73E-02 1.35E+01
Blackwater 19-Oct-99  Total 251E+02 4.01E+01 6.58E+00 6.70E+00 3.72E+02 5.88E+02 1.54E+03
Creek Base 3.30E+01 1.38E-01 6.21E-02 5.36E-02 5.96E+01 200E+00 1.74E+00 1.70E+02

Storm  2.18E+02 4.00E+01 6.52E+00 6.64E+00 3.70E+02 5.87E+02 1.37E+03
Blackwater 6-Jan-00 Total 8.11E+01 3.50E+00 1.71E-01 3.77E-01 8.40E+01 3.83E+01 6.39E+01 3.51E+02
Creek Base 7.56E+01 1.15E-01 4.75E-02 1.10E-01 6.46E+01 1.69E+00 9.63E-01 2.44E+02

Storm  547E+00 3.38E+00 1.23E-01 2.67E-01 2.73E+01 3.66E+01 6.29E+01 1.07E+02
Blackwater 13-Mar-00  Total 143E+01 5.32E-01 2.34E-02 1.43E-01 235E+01 6.59E+00 3.03E+01 6.41E+01

Creek Base 143E+01 3.84E-02 1.53E-02 8.83E-03 1.07E+01 342E-01 244E-01 4.00E+01
Storm  -7.92E-02 4.93E-01 8.04E-03 1.34E-01 1.28E+01 6.25E+00 3.01E+01 2.41E+01
Beaverdam 20-May-99  Total 3.68E+00 3.95E-01 1.05E-01 3.78E+00 2.97E+01 2.58E+01
Ditch Base 2.00E+00 1.30E-01 1.28E-02 277E-03 9.26E+00 1.13E+00 8.90E+00 1.69E+01
Storm  1.68E+00 2.66E-01 9.17E-02 2.65E+00 2.08E+01 8.80E+00)
Beaverdam 15-Jul-99  Total 3.54E+00 840E-01 5.03E-02 1.80E-01 1.89E+01 5.20E+00 4.26E+00 6.18E+01
Ditch Base 238E+00 2.77E-01 248E-02 5.18E-02 9.69E+00 2.83E+00 4.37E+00 3.89E+01
Storm 9.96E-01  5.44E-01 2.37E-02 1.26E-01 8.46E+00 2.26E+00 -2.85E-01 2.42E+01
Beaverdam 19-Oct-99  Total 3.62E+02 2.35E+00 6.71E+00 2.04E+02 2.87E+03
Ditch note 1 Base 497E+01 1.42E+01 3.11E+01 3.11E+01 7.80E+01 1.54E+01 3.21E+00 3.61E+02
Storm __ 2.20E+02 1.26E+00 _4.24E+00 1.80E+02__2.20E+03
Beaverdam 6-Jan-00 Total 741E+01 1.72E+00 7.10E-02 2.25E-01 5.87E+01 250E+01 1.95E+01 3.83E+02
Ditch Base 6.65E+01 1.46E+01 3.10E+01 3.11E+01 549E+01 1.83E+01 4.65E+00 2.36E+02

Storm  2.15E+01 1.19E+00 4.52E-02 1.40E-01 1.59E+01 1.87E+01 1.58E+01 1.46E+02
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Table 11. Provisional areal storm loadings (kg/kmz.) and discharge (m). TDN, PON - total
dissolved and particulate organic nitrogen, TDP, PP — total dissolved and particulate phosphorus,
DOC, POC — dissolved and particulate organic carbon, TSS- total suspended solids, Q — discharge in

m.
Station Collection  Loading TDN PON TDP PP DOC POC TSS Q
Date
Munchy 15-Jul-99 Total 1.57E+00 5.03E-01 6.04E-02 1.12E-01 1.54E+01 6.96E+00 6.94E+00 7.76E-02
Branch Base 3.57E-01 250E-01 7.71E-03 4.47E-02 8.17E-01 1.99E+00 5.69E-01 1.01E-02
Storm  1.21E+00  2.52E-01 5.27E-02 6.75E-02 1.45E+01 4.98E+00 6.37E+00 6.75E-02
Munchy 23-Sep-99  Total 9.88E-01 5.09E-01 4.93E-02 8.02E-02 1.42E+01 5.86E+00 7.43E+00 7.74E-02
Branch Base 2.60E-01 2.86E-02 7.69E-03 6.61E-03 1.11E+00 2.82E-01 2.39E-01 1.01E-02
Storm 7.27E-01  4.81E-01 4.16E-02 7.36E-02 1.31E+01 5.58E+00 7.21E+00 6.74E-02
Munchy 19-Oct-99 Total 9.43E-01 5.28E-02 6.80E-02 3.08E+00 9.94E-02
Branch Base 291E-01 3.29E-02 8.68E-03 7.91E-03 9.46E-01 4.94E-01 8.85E-01 9.88E-03
Storm 6.52E-01 4.41E-02 6.01E-02 2.19E+00 8.95E-02
Munchy 6-Jan-00 Total 3.35E-01 4.76E-02 2.10E-02 9.02E-03 3.34E+00 8.59E-01 9.51E-01 2.02E-02
Branch Base 3.34E-01 2.89E-02 5.89E-03 4.15E-03 1.40E+00 2.30E-01 1.55E-01 1.12E-02
Storm 2.85E-02 1.87E-02 1.55E-02 4.87E-03 2.05E+00 6.29E-01 7.96E-01 8.95E-03
Bundicks 15-Jul-99 Total 1.73E+00 1.06E-01 1.25E-02 1.56E-02 4.12E+00 1.24E+00 7.83E-01 2.20E-02
Branch Base 1.16E+00 9.23E-03 7.61E-03 4.55E-04 5.25E-01 1.03E-01 7.18E-02 1.02E-02
Storm 5.68E-01  9.69E-02 4.93E-03 1.52E-02 3.71E+00 1.14E+00 7.18E-01 1.19E-02
Bundicks 23-Sep99  Total 2.04E+00 1.70E-01 281E-02 3.55E-02 1.67E+01 2.15E+00 2.26E+00 4.04E-02
Branch Base 1.01E+00 2.21E-04 9.10E-03 5.12E-03 7.14E-01 4.82E-02 1.77E-02 8.21E-03
Storm  1.03E+00 1.63E-01  1.92E-02 2.97E-02 1.60E+01 2.01E+00 2.16E+00 3.50E-02
Bundicks 19-Oct-99 Total 1.92E+00 254E-01 2.33E-02 3.61E-02 3.22E+00 1.91E+00 4.48E-02
Branch Base 1.01E+00 4.26E-04 5.63E-03 3.01E-04 8.16E-01 292E-02 1.71E-02 7.55E-03
Storm 9.09E-01  2.54E-01 1.77E-02 3.58E-02 3.20E+00 1.90E+00 3.72E-02
Bundicks 6-Jan-00 Total 1.76E+00 4.08E-02 1.58E-02 3.69E-03 5.52E+00 7.51E-01 4.56E-01 1.92E-02
Branch Base 146E+00 1.58E-02 3.23E-03 4.08E-04 1.50E+00 1.05E-01 3.74E-02 1.27E-02
Storm 1.74E-01  2.35E-02 1.23E-02 3.25E-03 3.88E+00 6.36E-01 4.16E-01 6.50E-03
Bundicks 13-Mar-00 Total 1.68E+00 7.84E-02 1.12E-02 1.08E-02 2.21E+00 1.24E+00 1.64E+00 1.47E-02
Branch Base 1.66E+00 1.36E-02 4.86E-03 1.10E-03 2.18E+00 1.12E-01 6.36E-02 1.34E-02
Storm 1.93E-02 6.48E-02 6.29E-03 9.69E-03 3.55E-02 1.13E+00 1.58E+00 1.37E-03
Swan 15-Jul-99 Total 2.71E-01 1.18E-01 3.01E-03 5.65E-03 1.85E+00 3.43E-01 4.42E-03
Creek Base 7.81E-02 7.89E-03 3.66E-04 5.11E-04 5.12E-02 1.34E-01 6.36E-02 1.62E-03
Storm 1.87E-01  1.10E-01 2.45E-03 5.06E-03 1.71E+00 2.80E-01 4.71E-03
Swan 23-Sep-99  Total 2.72E-01 6.56E-02 2.82E-03 4.93E-03 2.90E+00 1.33E+00 5.98E-01 6.52E-03
Creek Base 1.68E-01 8.67E-03 1.78E-03 6.18E-04 1.62E-01 1.56E-01 7.46E-02 2.73E-03
Storm 9.40E-02 2.52E-02 9.02E-04 2.45E-03 2.67E+00 6.81E-01  2.27E-01 3.75E-03
Swan 19-Oct-99 Total 5.60E-01 3.13E-03 6.72E-03 0.00E+00 6.63E-01 1.23E-02
Creek Base 2.12E-01 4.77E-03 1.99E-03 4.01E-04 240E-01 8.76E-02 4.74E-02 4.12E-03
Storm 2.81E-01 8.19E-04 5.94E-03 0.00E+00 5.86E-01 7.49E-03
Swan 6-Jan-00 Total 212E-01 293E-04 9.53E-04 6.20E-05 1.28E+00 4.66E-02 1.76E-02 3.80E-02
Creek Base 1.74E-01 8.74E-03 4.81E-04 5.19E-04 2.62E-01 1.71E-01 1.73E-02 2.85E-02
Storm 3.78E-02 -8.45E-03 4.72E-04 -4.57E-04 1.02E+00 -1.25E-01 2.58E-04 9.53E-03
Swan 13-Mar-00 Total 245E-01 1.79e-03 3.40E-03 1.60E-04 6.03E-01 6.01E-02 5.91E-02 5.63E-03
Creek Base 2.31E-01 6.71E-03 1.67E-03 1.53E-04 6.30E-01 5.39E-02 2.01E-02 5.39E-03
Storm 1.49E-02 0.00E+00 1.73E-03 0.00E+00 -2.70E-02 6.16E-03 3.90E-02 2.39E-04

36




Table 11 (continued). NOTE: Discharge estimated from ISCO water level record. TDN, PON - total
dissolved and particulate organic nitrogen, TDP, PP — total dissolved and particulate phosphorus,
DOC, POC — dissolved and particulate organic carbon, TSS- total suspended solids, Q — discharge in

m.
Station Collection  Loading TDN PON TDP PP DOC POC TSS Q
Date
Millsboro 15-Jul-99 Total 5.29E+00 6.28E-02 3.68E-02 2.27E-02 0.00E+00 9.23E-01 1.70E+01 6.70E-02
Pond Base 2.19E+00 1.23E-01 2.13E-01 2.09E-01 4.12E+00 4.49E-01 4.13E-01 3.93E-02
Storm _ 3.19E+00 2.90E-02 2.11E-02 1.07E-02 0.00E+00 5.51E-01 1.66E+01 2.77E-02
Millsboro 23-Sep-99  Total 6.19E+00 5.23E-02 5.85E-02 2.09E-02 2.92E+01 6.79E-01 1.45E+00 1.02E-01
Pond Base 3.10E+00 1.03E-01 2.22E-01 2.02E-01 8.06E+00 3.54E-01 3.79E-01 4.17E-02
Storm  2.43E+00 3.10E-02 2.56E-02 1.37E-02 1.66E+01 3.31E-01 2.66E-01 5.98E-02
Millsboro 19-Oct-99 Total 7.98E+00 1.03E-01 3.84E-02 1.83E-02 1.31E+00 5.16E-01 9.33E-02
Pond Base 4.06E+00 1.15E-02 2.08E-02 5.54E-03 5.92E+00 2.65E-01 1.55E-01 4.33E-02
Storm  3.40E+00 8.77E-02 1.68E-02 1.14E-02 9.61E-01 4.38E-01 4.89E-02
Millsboro 6-Jan-00 Total 7.28E+00 7.94E-02 1.76E-02 1.53E-02 5.83E+00 7.98E-01 5.69E-01 6.28E-02
Pond Base 541E+00 1.25E-01 2.19E-01 2.04E-01 6.72E+00 6.64E-01 2.31E-01 5.78E-02
Storm  9.54E-01 3.62E-02 -8.50E-03 6.67E-03 -1.67E+00 1.18E-01 3.44E-01 5.13E-03
Millsboro 13-Mar-00 Total 7.24E+00 1.41E-03 4.23E-02 5.87E-03 5.12E+00 2.04E-01 2.56E-01 6.44E-02
Pond Base 5.56E+00 4.00E-02 1.75E-02 4.68E-03 9.97E+00 3.17E-01 1.81E-01 5.25E-02
Storm  1.68E+00 -3.26E-02 2.48E-02 1.20E-03 -3.37E+00 -6.50E-02 9.06E-02 1.19E-02
Blackwater  15-Jul-99 Total 5.84E-03 4.81E-04 2.38E-05 1.20E-04 7.01E-02 4.20E-03 4.15E-03 1.50E-03]
Creek Base  0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Storm  5.84E-03 4.81E-04 2.38E-05 1.20E-04 7.01E-02 4.20E-03 4.15E-03 1.50E-03]
Blackwater  19-Oct-99 Total 2.79E+01 4.46E+00 7.32E-01 7.44E-01 414E+01 6.54E+01 1.71E-O01
Creek Base 3.66E+00 1.53E-02 6.90E-03 5.96E-03 6.62E+00 2.23E-01 1.94E-01 1.88E-02
Storm  2.42E+01 4.45E+00 7.25E-01 7.38E-01 4.11E+01 6.52E+01 1.52E-01
Blackwater  6-Jan-00 Total 9.01E+00 3.89E-01 1.90E-02 4.19E-02 9.33E+00 4.25E+00 7.10E+00 3.90E-02
Creek Base  840E+00 1.28E-02 5.28E-03 1.22E-02 7.17E+00 1.88E-01 1.07E-01 2.71E-02
Storm  6.08E-01 3.76E-01 1.37E-02 2.97E-02 3.03E+00 4.06E+00 6.99E+00 1.19E-02
Blackwater  13-Mar-00 Total 1.58E+00 591E-02 2.60E-03 1.59E-02 2.61E+00 7.32E-01 3.37E+00 7.13E-03
Creek Base 1.59E+00 4.27E-03 1.70E-03 9.81E-04 1.19E+00 3.81E-02 2.71E-02 4.45E-03
Storm  -8.80E-03 5.48E-02 8.94E-04 1.49E-02 1.42E+00 6.94E-01 3.34E+00 2.68E-03
Beaverdam 20-May-99  Total 6.34E-01 6.82E-02 1.80E-02 0.00E+00 6.52E-01 5.12E+00 4.44E-03
Ditch Base 346E-01 2.23E-02 2.21E-03 4.78E-04 1.60E+00 1.94E-01 1.54E+00 2.92E-03
Storm  2.89E-01 4.58E-02 1.58E-02 0.00E+00 4.57E-01 3.58E+00 1.52E-03
Beaverdam  15-Jul-99 Total 6.10E-01 1.45E-01 8.67E-03 3.10E-02 3.26E+00 8.97E-01 7.35E-01 1.07E-02
Ditch Base 410E-01 4.77E-02 4.28E-03 8.92E-03 1.67E+00 4.89E-01 7.54E-01 6.70E-03
Storm 1.72E-01 9.37E-02 4.09E-03 2.17E-02 1.46E+00 3.89E-01 -4.91E-02 4.18E-03]
Beaverdam 19-Oct-99 Total 6.24E+01 4.06E-01 1.16E+00 3.51E+01 4.96E-01
Ditch note 1 Base 8.57E+00 2.46E+00 5.36E+00 5.35E+00 1.34E+01 2.66E+00 5.54E-01 6.23E-02
Storm _ 3.79E+01 2.18E-01 7.31E-01 3.10E+01 3.79E-01
Beaverdam  6-Jan-00 Total 1.28E+01 2.96E-01 1.22E-02 3.88E-02 1.01E+01 4.31E+00 3.35E+00 6.60E-02
Ditch Base  1.15E+01 2.51E+00 5.34E+00 5.35E+00 9.46E+00 3.15E+00 8.01E-01 4.07E-02
Storm  3.71E+00 2.05E-01 7.79E-03 2.41E-02 2.74E+00 3.22E+00 2.73E+00 2.52E-02
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Figure 16. Comparison of quarterly areal base-flow loading rates of N, P, C, and suspended

solids. Legend for all charts is in the top left chart.
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Figure 17. Comparision of areal loadings of N, P, C, and suspended solids and unit discharge for
two storms (July 1999 and January 2000). Legend for all charts is in top left chart. Discharge in
cfs, loadings in kg/square km.
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