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The2005 and 2006 Total Maximum Daily Load of Nutrients and Low Dissolved Oxygen Under
High-Flow Conditions in the Christina River Basin, Pennsylvania, Delaware, and Maryland,
established April 8, 2005, and revised September 26, 2006, by EPA was not intended to modify
wasteload allocations (WLAs)established in the Total Maximum Daily Load of Nutrients and
Dissolved Oxygen Under Low-Flow Conditions in the Christina River Basin, Pennsylvania,
Delaware, and Maryland, to the two WWTPs discharging to the West Branch Christina River in
Maryland. The two WWTPs are:

Highlands WWTP MD0065145
Meadowview WWTP MD0022641

The corrected portions of summary tables are shown in italics below.

Total nitrogen and total phosphorus allocations at MD-DE state line

Location Baseline Load Maryland Allocation Reduction
(kg/day) (kg/day)
Total Nitrogen
Christina River West Branch (MD-DE Line) 96.5 26.2 72.8%
Total Phosphorus
Christina River West Branch (MD-DE Line) 3.8 2.0 47.5%
TMDL summary for Christina River Watershed
Subbasin Baseline Loads (kg/day) Allocations (kg/day) Percent
pPs | Nps | Total WLA | msawilA | LA | wmos TMDL _ |Reduction
Total Nitrogen
co1 57.781 53.686 110.467 57.781 2.634 7.566 0.537 67.718 38.9%
co2 0.000 78.387 78.387 0.000 48.752 25.715 3.919 78.387 0.0%
Cco3 0.000 20.367 20.367 0.000 19.349 0.000 1.018 20.367 0.0%
Cco4 0.000 17.290 17.290 0.000 16.426 0.000 0.865 17.290 0.0%
C05 2.606 12.006 14.612 0.618 11.406 0.000 0.600 12.624 13.6%
Co6 0.000 42.959 42.959 0.000 38.507 2.304 2.148 42.959 0.0%
co7 0.000 24.946 24.946 0.000 23.699 0.000 1.247 24.946 0.0%
Cco8 0.000 41.127 41.127 0.000 39.071 0.000 2.056 41.127 0.0%
Cco09 5.931 72.021 77.952 1.631 68.420 0.000 3.601 73.652 5.5%
Becks Pond 0.000 38.683 38.683 0.000 34.954 1.795 1.934 38.683 0.0%
Sunset Pond 0.000 22.557 22.557 0.000 21.429 0.000 1.128 22.557 0.0%
WLA summary for Christina River Watershed
Baseline Point Source WLA Percent Reduction
Flow Loads
; mgd TN TP TN TP
Subb NPDES
ubbasin Kg/day Kg/day Kg/day Kg/day ™ ™
Co1 MD0022641 0.7000 52.996 2.650 52.996 2.650 0.0% 0.0%
C01 MD0065145 0.0500 3.785 0.189 3.785 0.189 0.0% 0.0%
CO05 (DE CSO) See Baseline and WLA nitrogen and phosphorus loads for CSO discharges table
C09 (DE CSO) See Baseline and WLA nitrogen and phosphorus loads for CSO discharges table
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Executive Summary

Revisions to
Nutrient and Low dissolved Oxygen TMDL
Under High-Flow Conditions for
Christina River Watershed
Pennsylvania, Delaware, and Maryland

The Clean Water Act (CWA) requires a Total Maximum Daily Load (TMDL) be developed for
those waterbodies identified as impaired by the states where technology-based and other controls
will not provide for attainment of water quality standards. A TMDL is a determination of the
amount of a pollutant from point, nonpoint and natural background sources, including a margin
of safety (MOS), which may be discharged to a water quality-limited waterbody without
violating water quality standards.

TMDLs are defined as the summation of the point source WLASs plus the summation of the
nonpoint source LAs plus a MOS and are often shown as:

TMDL = YWLAs + YLAs + MOS

The TMDL is a written plan and analysis established to ensure that a waterbody will attain and
maintain water quality standards. The TMDL is a scientifically-based strategy that considers
current and foreseeable conditions, the best available data, and accounts for uncertainty with the
inclusion of a MOS value.

The TMDLs are to achieve and maintain the States’ existing water quality standards and must
meet the following eight regulatory requirements pursuant to 40 CFR Part 130.

1. The TMDLs are designed to implement the applicable water quality standards.
The TMDLs include a total allowable load as well as individual Wasteload
Allocations (WLASs) and Load Allocations (LAS).

The TMDLs consider the impacts of background pollutant contributions.

The TMDLs consider critical environmental conditions.

The TMDLs consider seasonal environmental variations.

The TMDLs include a MOS.

There is reasonable assurance that the proposed TMDLSs can be met.

The TMDLs have been subject to public participation.
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As interstate TMDLs, both Pennsylvania and Maryland have the responsibility of meeting
downstream Delaware’s water quality standards.

The Pennsylvania Department of Environment Protection (PADEP) identified waterbodies
within Pennsylvania’s portion of the Christina River Watershed as impaired by nutrients, organic
enrichment, or low dissolved oxygen, which are addressed in this TMDL Report. The Delaware
Department of Natural Resources and Environmental Control (DNREC) identified waterbodies



within Delaware’s portion of the Christina River Basin as impaired by nutrients or low dissolved
oxygen. Maryland’s Department of the Environment (MDE) has not identified waterbodies
within the Christina River Watershed as impaired.

Both PADEP and DNREC have designated the primary contact recreation (swimming) and
protection of aquatic life (fishing) uses for waterbodies in the Christina River Basin. Applicable
use designations and dissolved oxygen (DO) criteria are shown in Table 1-5 and a summary of
nutrient criteria is shown in Table 1-6.

A customized modeling framework was developed to support determination of bacteria and
sediment TMDLs for the Christina River Basin. The modeling framework used in this study
consisted of three major components: (1) a watershed loading model (HSPF) developed for each
of the four primary subwatersheds in the Christina River Basin by the U.S. Geological Survey
(Senior and Koerkle, 2003a, 2003b, 2003c, 2003d), (2) a Combined Sewer Overflow flow model
(XP-SWMM) developed by the City of Wilmington, and (3) a hydrodynamic model developed
using the computational framework of the Environmental Fluid Dynamics Code (EFDC)
(Hamrick, 1992). Development of inputs for these models involved the analyses of historical

water quality and streamflow data to estimate point and nonpoint sources of nutrients.

Total nitrogen and total phosphorus allocations at PA-DE state line

Location Baseline Load Pennsylvania Allocation Reduction
(kg/day) (kg/day)
Total Nitrogen
Brandywine Creek (at PA-DE Line) 6849.8 3663.8 46.5%
White Clay Creek (at PA-DE Line) 956.2 685.0 28.4%
Red Clay Creek (at PA-DE Line) 466.7 320.4 31.3%
Burroughs Run (at PA-DE Line) 43.4 43.4 0.0%
Total Phosphorus
Brandywine Creek (at PA-DE Line) 423.8 250.8 40.8%
White Clay Creek (at PA-DE Line) 110.6 65.9 40.4%
Red Clay Creek (at PA-DE Line) 62.8 17.2 72.6%
Burroughs Run (at PA-DE Line) 0.8 0.8 0.0%
Total nitrogen and total phosphorus allocations at MD-DE state line
. Baseline Load Maryland Allocation .
Location (kg/day) (kg/day) Reduction
Total Nitrogen
Christina River West Branch (MD-DE Line) 68.7 26.2 61.9%
Total Phosphorus
Christina River West Branch (MD-DE Line) 3.8 2.0 47.5%




TMDL summary for Brandywine Creek Watershed

Subbasin Baseline Loads (kg/day) Allocations (kg/day) Percent
Ps | Nps | Tota WLA | MsawLA | LA | mos | TMDL |Reduction
Total Nitrogen
BO1 31.559 362.174 393.733 31.559 170.416 36.023 10.865 248.863 36.8%
B02 0.000 114.369 114.369 0.000 65.191 0.000 3.431 68.622 40.0%
B03 2.167 89.226 91.393 2.167 67.779 8.510 4.015 82.471 9.8%
B04 0.000 5.369 5.369 0.000 5.101 0.000 0.268 5.369 0.0%
B0O5 558.690 77.512 636.202 558.690 34.049 10.133 2.325 605.197 4.9%
B06 0.156 123.362 123.518 0.156 80.940 1.095 4.318 86.509 30.0%
B09 0.078 252.455 252.533 0.078 97.148 99.515 10.351 207.092 18.0%
B10 3.721 252.455 256.176 3.721 179.343 17.320 10.351 210.735 17.7%
B17 1.013 83.890 84.903 1.013 43.626 30.491 3.901 79.031 6.9%
B18 0.000 103.795 103.795 0.000 98.605 0.000 5.190 103.795 0.0%
B19 0.946 64.711 65.657 0.946 61.475 0.000 3.236 65.657 0.0%
B32 0.000 29.001 29.001 0.000 24.796 0.000 1.305 26.101 10.0%
B33 1.799 95.092 96.891 1.799 80.541 0.763 4.279 87.382 9.8%
B34 11.443 33.958 45.401 4.107 32.260 0.000 1.698 38.065 16.2%
Total Phosphorus

BO1 6.360 6.920 13.280 6.360 3.256 0.688 0.208 10.512 20.8%
B02 0.000 2.185 2.185 0.000 1.245 0.000 0.066 1.311 40.0%
BO3 0.540 16.229 16.769 0.540 12.328 1.548 0.730 15.146 9.7%
B04 0.000 0.988 0.988 0.000 0.939 0.000 0.049 0.988 0.0%
B05 35.524 14.615 50.139 35.524 6.420 1.911 0.438 44.293 11.7%
B06 0.040 25.254 25.294 0.040 16.570 0.224 0.884 17.718 30.0%
B09 0.020 3.849 3.869 0.020 1.481 1.517 0.158 3.176 17.9%
B10 0.429 3.848 4.277 0.429 2.734 0.264 0.158 3.585 16.2%
B17 0.221 7.508 7.729 0.221 3.904 2.729 0.349 7.203 6.8%
B18 0.000 8.586 8.586 0.000 8.157 0.000 0.429 8.586 0.0%
B19 0.189 2.376 2.565 0.189 2.257 0.000 0.119 2.565 0.0%
B32 0.000 2.147 2.147 0.000 1.836 0.000 0.097 1.933 10.0%
B33 0.115 1.729 1.844 0.115 1.465 0.014 0.078 1.672 9.3%
B34 1.966 2.843 4.809 0.730 2.701 0.000 0.142 3.573 25.7%

WLA summary for Brandywine Creek Watershed

Flow Basellnengldr‘lst Source WLA Percent Reduction
. mgd

Subbasin NPDES ’ kg1/—('j\|ay kg-;dpay kg-I/—c’i\lay kg-/rgay ™ ™
BO1 PA0036412 |0.0550 2.682 0.559 2.682 0.559 0.0% 0.0%
BO1 PA0044776 | 0.6000 28.799 5.781 28.799 5.781 0.0% 0.0%
BO1 PA0057339 |0.0005 0.078 0.02 0.078 0.02 0.0% 0.0%
B03 PA0052728 |0.0004 0.036 0.015 0.036 0.015 0.0% 0.0%
B03 PA0055697 |0.0490 2.131 0.525 2131 0.525 0.0% 0.0%
B05 PA0011568-001 | 0.6400 14.045 1.029 14.045 1.029 0.0% 0.0%
B05 PA0011568-016 |0.5045 23.868 0.811 23.868 0.811 0.0% 0.0%
B05 PA0026859 |3.8500| 466.237 29.508 466.237 29.508 0.0% 0.0%
B05 PA0036897 |0.3900 54.54 4.176 54.54 4.176 0.0% 0.0%
B06 PA0053228 |0.0005 0.078 0.02 0.078 0.02 0.0% 0.0%
B06 PA0053236 |0.0005 0.078 0.02 0.078 0.02 0.0% 0.0%
B09 PA0054691 |0.0005 0.078 0.02 0.078 0.02 0.0% 0.0%
B10 PA0050458 |0.0351 1.724 0.188 1.724 0.188 0.0% 0.0%
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Flow Basellnengldr‘lst Source WLA Percent Reduction
. mgd

Subbasin NPDES ’ kg-;('j\lay kg-ﬂj:ay kg-ll—clj\lay kg-;:ay ™ ™
B10 PA0050547 0.0375 1.841 0.201 1.841 0.201 0.0% 0.0%
B10 PA0055492 0.0005 0.078 0.02 0.078 0.02 0.0% 0.0%
B10 PA0057827 0.0050 0.078 0.02 0.078 0.02 0.0% 0.0%
B17 PA0053082 0.0206 1.013 0.221 1.013 0.221 0.0% 0.0%
B19 DE0021768 0.0250 0.947 0.189 0.947 0.189 0.0% 0.0%
B33 PA0012416 0.1400 1.643 0.075 1.643 0.075 0.0% 0.0%
B33 PA0052990 0.0005 0.078 0.02 0.078 0.02 0.0% 0.0%
B33 PA0056073 0.0005 0.078 0.02 0.078 0.02 0.0% 0.0%
B34 (DE CSO) See Table 4-11

TMDL summary for Red Clay Creek Watershed

Subbasin Baseline Loads (kg/day) Allocations (kg/day) Percent

Ps | Nps | Total WLA | Ms4awlA | LA | Mmos TMDL _ |Reduction
Total Nitrogen
RO1 3.677 126.926 130.603 3.677 54.709 5.581 3.173 67.140 48.6%
R0O2 49.825 104.678 154.503 49.825 49.722 0.000 2.617 102.164 33.9%
RO3 6.807 120.151 126.958 6.807 57.071 0.000 3.004 66.882 47.3%
RO4 2.197 39.984 42.181 2.197 18.992 0.000 1.000 22.189 47.4%
RO5 0.568 34.713 35.281 0.568 16.489 0.000 0.868 17.925 49.2%
RO6 0.078 67.015 67.093 0.078 63.664 0.000 3.351 67.093 0.0%
RO7 0.000 3.012 3.012 0.000 2.861 0.000 0.151 3.012 0.0%
RO8 0.318 23.882 24.200 0.318 22.688 0.000 1.194 24.200 0.0%
RO9 0.000 7.346 7.346 0.000 6.979 0.000 0.367 7.346 0.0%
Total Phosphorus

RO1 0.914 2.277 3.191 0.914 0.982 0.100 0.057 2.053 35.7%
R0O2 7.506 45.473 52.979 7.506 4.320 0.000 0.227 12.053 77.2%
RO3 1.606 2.845 4.451 1.606 1.352 0.000 0.071 3.029 31.9%
RO4 1.699 6.407 8.106 1.699 1.887 0.000 0.099 3.685 54.5%
RO5 0.114 4.249 4.363 0.114 4.037 0.000 0.212 4.363 0.0%
RO6 0.020 1.269 1.289 0.020 1.206 0.000 0.063 1.289 0.0%
RO7 0.000 0.424 0.424 0.000 0.403 0.000 0.021 0.424 0.0%
RO8 0.133 1.383 1.516 0.133 1.314 0.000 0.069 1.516 0.0%
R0O9 0.000 0.360 0.360 0.000 0.342 0.000 0.018 0.360 0.0%

WLA summary for Red Clay Creek Watershed

Flow BasellneLEg(ljnst Source WLA Percent Reduction
. mgd

Subbasin NPDES ’ Kg;;glay Kg-l;cFi)ay Kg-l;glay Kg-l;gay ™ ™
RO1 PA0050679 0.2500 0.321 0.134 0.321 0.134 0.0% 0.0%
RO1 PA0057720-001 | 0.0720 3.240 0.732 3.240 0.732 0.0% 0.0%
RO1 PA0057720-002 | 0.0900 0.116 0.048 0.116 0.048 0.0% 0.0%
RO2 PA0024058 1.1000 49.825 7.506 49.825 7.506 0.0% 0.0%
RO3 PA0055107 0.1500 6.807 1.606 6.807 1.606 0.0% 0.0%
RO4 DEO000451 2.1700 1.972 1.643 1.972 1.643 0.0% 0.0%
RO4 DEO050067 0.0015 0.225 0.056 0.225 0.056 0.0% 0.0%
RO5 DE0021709 0.0150 0.568 0.114 0.568 0.114 0.0% 0.0%
RO6 PA0055425 0.0005 0.078 0.020 0.078 0.020 0.0% 0.0%
RO8 DEO0000230 0.3500 0.318 0.133 0.318 0.133 0.0% 0.0%
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TMDL summary for White Clay Creek Watershed

Subbasin Baseline Loads (kg/day) Allocations (kg/day) Percent
PS | NPs | Total WLA | MsawlA | LA | mMOos | TMDL |Reduction
Total Nitrogen
Wwo1 0.981 157.038 158.019 0.981 74.593 0.000 3.926 79.500 49.7%
W02 15.503 133.766 149.269 15.503 47.807 9.378 3.010 75.697 49.3%
W03 0.000 87.269 87.269 0.000 41.453 0.000 2.182 43.635 50.0%
W04 0.000 83.361 83.361 0.000 38.121 1.476 2.084 41.681 50.0%
W06 59.718 168.665 228.383 59.718 50.433 29.683 4.217 144.051 36.9%
Wo7 8.868 29.463 38.331 8.868 13.994 0.000 0.737 23.599 38.4%
W08 1.164 129.466 130.630 1.164 61.496 0.000 3.237 65.897 49.6%
W09 0.113 79.504 79.617 0.113 37.764 0.000 1.988 39.865 49.9%
W10 0.000 32.949 32.949 0.000 15.651 0.000 0.824 16.475 50.0%
w11 0.000 39.714 39.714 0.000 37.728 0.000 1.986 39.714 0.0%
w12 0.027 52.612 52.639 0.027 49.981 0.000 2.631 52.639 0.0%
W13 0.000 12.866 12.866 0.000 12.223 0.000 0.643 12.866 0.0%
W14 0.000 13.572 13.572 0.000 12.893 0.000 0.679 13.572 0.0%
W15 0.000 34.796 34.796 0.000 33.056 0.000 1.740 34.796 0.0%
W16 0.000 39.019 39.019 0.000 37.068 0.000 1.951 39.019 0.0%
W17 0.000 84.250 84.250 0.000 80.038 0.000 4.213 84.250 0.0%
Total Phosphorus

W01 0.214 1.921 2.135 0.214 0.821 0.000 0.043 1.078 49.5%
W02 2.676 1.418 4.094 2.676 0.507 0.100 0.032 3.315 19.0%
W03 0.000 16.736 16.736 0.000 7.155 0.000 0.377 7.532 55.0%
W04 0.000 1.170 1.170 0.000 0.482 0.019 0.026 0.527 55.0%
W06 6.493 2.203 8.696 6.493 0.330 0.194 0.028 7.044 19.0%
W07 0.105 1.890 1.995 0.105 0.808 0.000 0.043 0.955 52.1%
W08 0.084 59.994 60.078 0.084 15.958 0.000 0.840 16.882 71.9%
W09 0.046 15.519 15.565 0.046 6.635 0.000 0.349 7.030 54.8%
W10 0.000 4.907 4.907 0.000 2.098 0.000 0.110 2.208 55.0%
W11 0.000 5.474 5.474 0.000 5.200 0.000 0.274 5.474 0.0%
W12 0.011 4.122 4.133 0.011 3.916 0.000 0.206 4.133 0.0%
w13 0.000 1.074 1.074 0.000 1.020 0.000 0.054 1.074 0.0%
wi4 0.000 0.637 0.637 0.000 0.605 0.000 0.032 0.637 0.0%
W15 0.000 0.494 0.494 0.000 0.469 0.000 0.025 0.494 0.0%
W16 0.000 0.831 0.831 0.000 0.789 0.000 0.042 0.831 0.0%
w17 0.000 2.152 2.152 0.000 2.044 0.000 0.108 2.152 0.0%

WLA summary for White Clay Creek Watershed

Flow BasellneLEZ:jnst Source WLA Percent Reduction
. mgd

Subbasin | NPDES ° kg-;(’j\lay kg-;g)ay kg-ll—c’i\lay kg-;clijay ™ ™
Wo1 PA0053783 0.0200 0.981 0.214 0.981 0.214 0.0% 0.0%
W02 PA0024066 0.2500 15.503 2.676 15.503 2.676 0.0% 0.0%
W06 PA0025488 0.3000 59.038 6.425 59.038 6.425 0.0% 0.0%
W06 PA0040436 0.0090 0.680 0.068 0.680 0.068 0.0% 0.0%
wWo7 PA0056898 0.0650 8.868 0.105 8.868 0.105 0.0% 0.0%
W08 PA0057029 0.1440 1.164 0.084 1.164 0.084 0.0% 0.0%
W09 PA0052451 0.0012 0.113 0.046 0.113 0.046 0.0% 0.0%
W12 DE0000191 0.0300 0.027 0.011 0.027 0.011 0.0% 0.0%
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TMDL summary for Christina River Watershed

Subbasin Baseline Loads (kg/day) Allocations (kg/day) Percent
PS | NPs | Total WLA | MsawlA | LA | wmos TMDL  |Reduction
Total Nitrogen
Co1 28.965 53.686 82.651 28.965 2.634 7.566 0.537 39.702 52.0%
C02 0.000 78.387 78.387 0.000 48.752 25.715 3.919 78.387 0.0%
C03 0.000 20.367 20.367 0.000 19.349 0.000 1.018 20.367 0.0%
Co04 0.000 17.290 17.290 0.000 16.426 0.000 0.865 17.290 0.0%
C05 2.606 12.006 14.612 0.618 11.406 0.000 0.600 12.624 13.6%
C06 0.000 42.959 42.959 0.000 38.507 2.304 2.148 42.959 0.0%
Cco7 0.000 24.946 24.946 0.000 23.699 0.000 1.247 24.946 0.0%
C08 0.000 41.127 41.127 0.000 39.071 0.000 2.056 41.127 0.0%
C09 5.931 72.021 77.952 1.631 68.420 0.000 3.601 73.652 5.5%
Becks Pond 0.000 38.683 38.683 0.000 34.954 1.795 1.934 38.683 0.0%
Sunset Pond 0.000 22.557 22.557 0.000 21.429 0.000 1.128 22.557 0.0%
Total Phosphorus
Cco1 2.839 1.334 4.173 2.839 0.065 0.188 0.013 3.106 25.6%
C02 0.000 1.584 1.584 0.000 0.985 0.520 0.079 1.584 0.0%
C03 0.000 2.610 2.610 0.000 2.480 0.000 0.131 2.610 0.0%
Cco4 0.000 0.438 0.438 0.000 0.416 0.000 0.022 0.438 0.0%
C05 0.441 0.826 1.267 0.104 0.785 0.000 0.041 0.930 26.6%
C06 0.000 1.211 1.211 0.000 1.085 0.065 0.061 1.211 0.0%
co7 0.000 1.000 1.000 0.000 0.950 0.000 0.050 1.000 0.0%
Cco8 0.000 4.202 4.202 0.000 3.992 0.000 0.210 4.202 0.0%
C09 1.003 6.688 7.691 0.276 6.354 0.000 0.334 6.964 9.5%
Becks Pond 0.000 1.090 1.090 0.000 0.985 0.051 0.055 1.090 0.0%
Sunset Pond 0.000 0.904 0.904 0.000 0.859 0.000 0.045 0.904 0.0%
WLA summary for Christina River Watershed
Flow Baselmengldr;t Source WLA Percent Reduction
. mgd
Subbasin NPDES ’ Kg;l;glay Kg-l;:ay Kg-l;glay Kg-l;gay ™ ™
co1 MD0022641 | 0.7000 26.503 2.650 26.503 2.650 0.0% 0.0%
Cco1 MD0065145 | 0.0500 2.462 0.189 2.462 0.189 0.0% 0.0%
C05 (DE CSO) See Baseline and WLA nitrogen and phosphorus loads for CSO discharges table
C09 (DE CSO) See Baseline and WLA nitrogen and phosphorus loads for CSO discharges table

Neither the Pennsylvania nor the Delaware MS4 permits actually identify the extent of the
systems. Since these systems have not yet been delineated, the TMDL includes nonpoint source

loadings into the WLA portion of the TMDL. Once these delineations are available, the

nonpoint source loadings can then be separated out of the WLAs and moved under the LA. 1tis
anticipated that the State’s storm water program will revise the WLA into the appropriate WLA
and LA as part of the storm water permit reissuance. Note that the overall reductions in the

TMDL will not change.

The non-MS4 point source permittee’s allocations for five-day carbon biological oxygen

demand, ammonia, and total phosphorus are not reduced from their permitted levels and are
shown in Table 2-2.




Wilmington has combined sewers with combined sewer overflows (CSOs) discharging to
Brandywine Creek, Christina River, and Little Mill Creek. The CSO allocations are shown in
the following table.

Baseline and WLA nitrogen and phosphorus loads for CSO discharges

Location CSO ID numbers Baseline WLA Reduction

(kg/day) (kg/day)

Total Nitrogen

Little Mill Creek (C05) 27,28, 29 2.606 0.618 76.3%

5,6,7,9a, 9c, 10, 11, 12, 13,

0,
14, 15, 16, 17, 30 5.931 1.631 72.5%

Christina River (C09)

3, 4a, 4b, 4c, 4d, 4e, 4f, 18,
Brandywine Cr. (B34) 19, 20, 214, 21b, 21c, 22b, 11.443 4.107 64.1%
22c, 23, 24, 25, 26, RR

Total CSO load - 19.980 6.356 68.2%

Total Phosphorus

Little Mill Creek (C05) 27, 28, 29 0.441 0.104 76.4%

5,6,7,9a, 9c, 10, 11, 12, 13,

0,
14, 15, 16, 17, 30 1.003 0.276 72.5%

Christina River (C09)

3, 4a, 4b, 4c, 4d, 4e, 4f, 18,
Brandywine Cr. (B34) 19, 20, 21a, 21b, 21c, 22b, 1.966 0.730 62.9%
22c, 23, 24, 25, 26, RR

Total CSO load - 3.410 1.110 67.4%



































































































































































































































































MS4 Municipality Subbasin | Residential | Agriculture| OpenLand| Forest| Water| Urban| Subtotal Total
NEW GARDEN TWP W08 5.29 17.71 0.00 10.57 0.00 0.79 34.37

NEW GARDEN TWP WQ09 4.95 7.95 0.00 5.48 0.35 1.77 20.50

NEW GARDEN TWP w17 0.00 0.59 0.00 0.00 0.00 0.00 0.59

NEW LONDON TWP W01 6.09 12.18 0.00 4.92 0.00 1.87 25.07 26.61
NEW LONDON TWP W02 0.39 0.58 0.00 0.58 0.00 0.00 1.54

PENN TWP W01 2.11 8.20 0.00 2.58 0.00 0.23 13.12 33.36
PENN TWP W02 2.70 12.92 0.00 4.05 0.19 0.39 20.24

WEST GROVE BORO W02 1.54 0.19 0.00 0.00 0.00 0.58 2.31 4.36
WEST GROVE BORO W04 0.61 0.41 0.20 0.41 0.00 0.41 2.05

NEW CASTLE CO., DE W10 1.49 2.18 0.00 3.08 0.00 0.10 6.85| 253.39
NEW CASTLE CO., DE W11 0.24 3.95 1.67 17.91 0.23 3.65 27.65

NEW CASTLE CO., DE W12 8.27 3.09 3.67 4.46 0.36| 17.40 37.26

NEW CASTLE CO., DE W13 0.88 1.43 0.92 1.47 0.20 7.96 12.87

NEW CASTLE CO., DE W14 1.44 0.00 2.94 1.89 1.95 5.34 13.57

NEW CASTLE CO., DE W15 4.95 10.26 1.13 14.68 0.00 3.67 34.70

NEW CASTLE CO., DE W16 15.21 3.28 3.56 5.03 0.00] 11.94 39.02

NEW CASTLE CO., DE w17 28.83 6.81 8.55 9.64 0.00| 27.66 81.48
NEWARK, DE W11 2.94 1.09 1.16 2.39 0.09 1.06 8.73 24.18
NEWARK, DE w12 441 1.85 1.46 1.18 0.13 6.31 15.36
NEWARK, DE W15 0.10 0.00 0.00 0.00 0.00 0.00 0.10

Table C-10a. Total phosphorus MS4 baseline loads for White Clay Creek watershed (kg/day)

MS4 Municipality Subbasin | Residential| Agriculture| OpenLand| Forest| Water| Urban| Subtotal Total
AVONDALE BORO W04 0.011 0.006 0.000| 0.006| 0.000| 0.000 0.023 0.322
AVONDALE BORO W06 0.024 0.000 0.000f 0.024| 0.000| 0.000 0.047
AVONDALE BORO Wo7 0.042 0.126 0.000f 0.042| 0.000| 0.042 0.252
FRANKLIN TWP W01 0.097 0.442 0.000f 0.281| 0.000| 0.040 0.861| 15.219
FRANKLIN TWP W03 0.964 3.320 0.000| 2.410| 0.000| 0.000 6.694
FRANKLIN TWP W08 1.470 4.410 0.000 1.715| 0.000| 0.000 7.595
FRANKLIN TWP W09 0.000 0.069 0.000f 0.000| 0.000| 0.000 0.069
KENNETT TWP w17 0.005 0.045 0.000f 0.005| 0.000| 0.000 0.055 0.055
LONDON BRITAIN TWP W01 0.023 0.040 0.000| 0.063| 0.000| 0.000 0.126| 15.732
LONDON BRITAIN TWP W03 1.848 2.571 0.000f 2.812| 0.080| 0.000 7.311
LONDON BRITAIN TWP W09 0.966 1.656 0.000f 2.277| 0.069| 0.000 4.968
LONDON BRITAIN TWP W10 0.623 0.914 0.000f 1.288| 0.000| 0.042 2.867
LONDON BRITAIN TWP W11 0.077 0.153 0.000| 0.205| 0.000| 0.026 0.460
LONDON GROVE TWP W02 0.109 0.377 0.005| 0.118| 0.005| 0.005 0.618| 25.875
LONDON GROVE TWP W03 0.803 1.044 0.000f 0.803| 0.000| 0.080 2.731
LONDON GROVE TWP W04 0.092 0.632 0.006| 0.270| 0.006| 0.040 1.046
LONDON GROVE TWP W06 0.016 0.760 0.000| 0.141| 0.000| 0.016 0.932
LONDON GROVE TWP W08 2.695 8.298 0.490| 8.820| 0.000| 0.245| 20.548

NEW GARDEN TWP W06 0.024 0.180 0.055| 0.110|/ 0.000| 0.039 0.407| 41.916
NEW GARDEN TWP W07 0.294 1.008 0.000f 0.210| 0.042| 0.084 1.638

NEW GARDEN TWP W08 4.900 16.415 0.000| 9.800| 0.000| 0.735| 31.851

NEW GARDEN TWP WQ09 1.932 3.105 0.000f 2.139| 0.138]| 0.690 8.004

NEW GARDEN TWP w17 0.000 0.015 0.000f 0.000| 0.000| 0.000 0.015

NEW LONDON TWP W01 0.149 0.298 0.000f 0.120| 0.000| 0.046 0.613 0.650
NEW LONDON TWP W02 0.009 0.014 0.000| 0.014| 0.000| 0.000 0.036
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MS4 Municipality Subbasin | Residential | Agriculture| OpenLand| Forest| Water| Urban| Subtotal Total
PENN TWP W01 0.052 0.201 0.000| 0.063| 0.000| 0.006 0.321 0.798
PENN TWP w02 0.064 0.304 0.000f 0.095| 0.005| 0.009 0.477

WEST GROVE BORO W02 0.036 0.005 0.000f 0.000| 0.000| 0.014 0.055 0.112
WEST GROVE BORO W04 0.017 0.011 0.006|/ 0.011| 0.000| 0.011 0.057

NEW CASTLE CO., DE W10 0.444 0.651 0.000| 0.917| 0.000| 0.029 2.040| 13.886
NEW CASTLE CO., DE Wil 0.033 0.545 0.230| 2.468| 0.032| 0.504 3.811

NEW CASTLE CO., DE W12 0.648 0.242 0.288| 0.350| 0.028]| 1.363 2.919

NEW CASTLE CO., DE W13 0.074 0.120 0.077 0.122| 0.017| 0.665 1.074

NEW CASTLE CO., DE w14 0.068 0.000 0.138| 0.089| 0.092| 0.251 0.637

NEW CASTLE CO., DE W15 0.070 0.146 0.016| 0.208| 0.000| 0.052 0.493

NEW CASTLE CO., DE W16 0.324 0.070 0.076 0.107| 0.000| 0.254 0.831

NEW CASTLE CO., DE w17 0.736 0.174 0.218| 0.246| 0.000| 0.706 2.081
NEWARK, DE W11 0.405 0.151 0.160| 0.330| 0.012]| 0.146 1.203 2.408
NEWARK, DE W12 0.346 0.145 0.115] 0.092| 0.011]| 0.495 1.203
NEWARK, DE W15 0.001 0.000 0.000f 0.000| 0.000| 0.000 0.001

Table C-10b. Total phosphorus MS4 allocations for White Clay Creek watershed (kg/day)

MS4 Municipality Subbasin | Residential| Agriculture| OpenLand| Forest| Water| Urban| Subtotal Total
AVONDALE BORO Wo04 0.005 0.003 0.000f 0.003| 0.000| 0.000 0.010 0.135
AVONDALE BORO W06 0.006 0.000 0.000f 0.006| 0.000| 0.000 0.012
AVONDALE BORO W07 0.019 0.057 0.000| 0.019| 0.000| 0.019 0.113
FRANKLIN TWP W01 0.044 0.199 0.000f 0.126| 0.000| 0.018 0.387 5.557
FRANKLIN TWP W03 0.434 1.494 0.000f 1.085| 0.000| 0.000 3.013
FRANKLIN TWP W08 0.412 1.235 0.000f 0.480| 0.000| 0.000 2.127
FRANKLIN TWP WQ09 0.000 0.031 0.000| 0.000| 0.000| 0.000 0.031
KENNETT TWP w17 0.005 0.045 0.000f 0.005| 0.000| 0.000 0.055 0.055
LONDON BRITAIN TWP wo1 0.010 0.018 0.000f 0.028| 0.000| 0.000 0.057 7.333
LONDON BRITAIN TWP W03 0.832 1.157 0.000f 1.265| 0.036| 0.000 3.290
LONDON BRITAIN TWP W09 0.435 0.745 0.000 1.025| 0.031| 0.000 2.236
LONDON BRITAIN TWP W10 0.280 0.411 0.000f 0.580| 0.000| 0.019 1.290
LONDON BRITAIN TWP Wil 0.077 0.153 0.000f 0.205| 0.000| 0.026 0.460
LONDON GROVE TWP W02 0.049 0.170 0.002| 0.053| 0.002| 0.002 0.278 7.965
LONDON GROVE TWP W03 0.362 0.470 0.000| 0.362| 0.000| 0.036 1.229
LONDON GROVE TWP W04 0.041 0.285 0.003| 0.122| 0.003| 0.018 0.471
LONDON GROVE TWP WO06 0.004 0.190 0.000f 0.035| 0.000| 0.004 0.233
LONDON GROVE TWP W08 0.755 2.323 0.137| 2.470| 0.000| 0.069 5.753

NEW GARDEN TWP W06 0.006 0.045 0.014| 0.027| 0.000| 0.010 0.102| 13.374
NEW GARDEN TWP WQ7 0.132 0.453 0.000f 0.094| 0.019]| 0.038 0.737

NEW GARDEN TWP W08 1.372 4.596 0.000| 2.744| 0.000| 0.206 8.918

NEW GARDEN TWP W09 0.869 1.397 0.000f 0.963| 0.062| 0.311 3.602

NEW GARDEN TWP W17 0.000 0.015 0.000| 0.000| 0.000| 0.000 0.015

NEW LONDON TWP W01 0.067 0.134 0.000f 0.054| 0.000| 0.021 0.276 0.292
NEW LONDON TWP W02 0.004 0.006 0.000f 0.006| 0.000| 0.000 0.016

PENN TWP W01 0.023 0.090 0.000f 0.028| 0.000| 0.003 0.144 0.359
PENN TWP W02 0.029 0.137 0.000| 0.043| 0.002| 0.004 0.215

WEST GROVE BORO W02 0.016 0.002 0.000f 0.000| 0.000| 0.006 0.025 0.050
WEST GROVE BORO W04 0.008 0.005 0.003| 0.005| 0.000| 0.005 0.026

NEW CASTLE CO., DE W10 0.200 0.293 0.000| 0.413] 0.000| 0.013 0.918| 12.764
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MS4 Municipality Subbasin | Residential| Agriculture| OpenLand| Forest| Water| Urban| Subtotal Total
NEW CASTLE CO., DE W11 0.033 0.545 0.230] 2.468| 0.032] 0.504 3.811

NEW CASTLE CO., DE W12 0.648 0.242 0.288| 0.350| 0.028| 1.363 2.919

NEW CASTLE CO., DE W13 0.074 0.120 0.077 0.122| 0.017| 0.665 1.074

NEW CASTLE CO., DE W14 0.068 0.000 0.138 0.089| 0.092| 0.251 0.637

NEW CASTLE CO., DE W15 0.070 0.146 0.016| 0.208| 0.000| 0.052 0.493

NEW CASTLE CO., DE W16 0.324 0.070 0.076| 0.107| 0.000| 0.254 0.831

NEW CASTLE CO., DE W17 0.736 0.174 0.218 0.246| 0.000| 0.706 2.081
NEWARK, DE W11 0.405 0.151 0.160f 0.330| 0.012]| 0.146 1.203 2.408
NEWARK, DE W12 0.346 0.145 0.115| 0.092| 0.011]| 0.495 1.203
NEWARK, DE W15 0.001 0.000 0.000| 0.000| 0.000| 0.000 0.001

Table C-11a. Total nitrogen MS4 baseline loads for Christina River Creek watershed (kg/day)

MS4 Municipality Subbasin | Residential| Agriculture| OpenLand| Forest| Water| Urban| Subtotal Total
FRANKLIN TWP C02 1.35 1.35 0.18 0.81 0.00 0.64 4.34 4.34
LONDON BRITTAIN TWP Cco2 4.05 4.05 0.54 2.43 0.01 1.93 13.01 13.01
NEW CASTLE CO., DE Co01 1.19 4.48 1.13 3.20 0.00 0.48 10.48| 224.96
NEW CASTLE CO., DE C02 0.34 6.59 0.08 3.25 0.02 1.75 12.04

NEW CASTLE CO., DE Co03 1.95 1.16 0.67 2.82 0.04 4.72 11.36

NEW CASTLE CO., DE C04 5.08 0.24 1.58 3.15 0.04 7.15 17.25

NEW CASTLE CO., DE C05 0.89 0.00 1.56 0.90 0.13 6.08 9.55

NEW CASTLE CO., DE C06 6.11 6.35 4.38 15.73 0.47 8.05 41.09

NEW CASTLE CO., DE Cco7 5.16 2.11 2.01 8.56 0.21 6.90 24.95

NEW CASTLE CO., DE Cco08 9.89 2.06 2.74| 10.62 0.21| 15.60 41.13

NEW CASTLE CO., DE C09 4.30 1.29 11.65 8.98 1.69| 29.20 57.12
NEWARK, DE C01 0.36 0.49 0.16 0.29 0.00 2.11 3.42 33.75
NEWARK, DE Cc02 13.79 0.00 2.19 2.08 0.00 3.19 21.25
NEWARK, DE C03 2.53 0.69 0.86 0.86 0.08 3.99 9.01
NEWARK, DE C06 0.00 0.00 0.00 0.08 0.00 0.00 0.08
NEWPORT, DE C09 0.25 0.00 0.09 0.00 0.08 1.08 151 151
WILMINGTON, DE Cco4 0.02 0.00 0.01 0.00 0.00 0.01 0.04 15.89
WILMINGTON, DE C05 1.63 0.00 0.25 0.15 0.00 0.42 2.45
WILMINGTON, DE C09 3.23 0.00 2.67 0.00 1.31 6.19 13.40

Table C-11b. Total nitrogen MS4 allocations forChristina River watershed (kg/day)

MS4 Municipality Subbasin | Residential| Agriculture| OpenLand| Forest| Water| Urban| Subtotal Total
FRANKLIN TWP C02 1.35 1.35 0.18 0.81 0.00 0.64 4.34 4.34
LONDON BRITTAIN TWP Cco2 4.05 4.05 0.54 2.43 0.01 1.93 13.01 13.01
NEW CASTLE CO., DE C01 0.24 0.90 0.23 0.64 0.00 0.10 2.10| 216.57
NEW CASTLE CO., DE Cc02 0.34 6.59 0.08 3.25 0.02 1.75 12.04

NEW CASTLE CO., DE C03 1.95 1.16 0.67 2.82 0.04 4.72 11.36

NEW CASTLE CO., DE C04 5.08 0.24 1.58 3.15 0.04 7.15 17.25

NEW CASTLE CO., DE Co05 0.89 0.00 1.56 0.90 0.13 6.08 9.55

NEW CASTLE CO., DE C06 6.11 6.35 4.38 15.73 0.47 8.05 41.09

NEW CASTLE CO., DE Cco7 5.16 2.11 2.01 8.56 0.21 6.90 24.95

NEW CASTLE CO., DE C08 9.89 2.06 2.74 10.62 0.21| 15.60 41.13

NEW CASTLE CO., DE C09 4.30 1.29 11.65 8.98 1.69| 29.20 57.12
NEWARK, DE Cco1 0.07 0.10 0.03 0.06 0.00 0.42 0.68| 31.02
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MS4 Municipality Subbasin | Residential| Agriculture| OpenLand| Forest| Water| Urban| Subtotal Total
NEWARK, DE C02 13.79 0.00 2.19 2.08 0.00 3.19 21.25
NEWARK, DE C03 2.53 0.69 0.86 0.86 0.08 3.99 9.01
NEWARK, DE C06 0.00 0.00 0.00 0.08 0.00 0.00 0.08
NEWPORT, DE C09 0.25 0.00 0.09 0.00 0.08 1.08 1.51 1.51
WILMINGTON, DE Co4 0.02 0.00 0.01 0.00 0.00 0.01 0.04 15.89
WILMINGTON, DE C05 1.63 0.00 0.25 0.15 0.00 0.42 2.45
Wilmington, DE C09 3.23 0.00 2.67 0.00 1.31 6.19 13.40

Table C-12a. Total phosphorus MS4 baseline loads for Christina River Creek watershed (kg/day)

MS4 Municipality Subbasin | Residential| Agriculture| OpenLand| Forest| Water| Urban| Subtotal Total
FRANKLIN TWP Cc02 0.027 0.027 0.004| 0.016| 0.000| 0.013 0.088| 0.088
LONDON BRITTAIN TWP Cco02 0.082 0.082 0.011| 0.049| 0.000| 0.039 0.263| 0.263
NEW CASTLE CO., DE C01 0.030 0.111 0.028| 0.080| 0.000| 0.012 0.260| 14.718
NEW CASTLE CO., DE C02 0.007 0.133 0.002 0.066| 0.000| 0.035 0.243

NEW CASTLE CO., DE C03 0.250 0.148 0.086| 0.362| 0.005| 0.605 1.456

NEW CASTLE CO., DE Cco4 0.129 0.006 0.040| 0.080| 0.001| 0.181 0.437

NEW CASTLE CO., DE C05 0.061 0.000 0.107| 0.062| 0.009| 0.418 0.657

NEW CASTLE CO., DE C06 0.172 0.179 0.124| 0.443| 0.013| 0.227 1.158

NEW CASTLE CO., DE co7 0.207 0.085 0.081| 0.343| 0.008| 0.277 1.000

NEW CASTLE CO., DE Cco08 1.011 0.210 0.280| 1.085| 0.022| 1.593 4.202

NEW CASTLE CO., DE C09 0.399 0.120 1.082| 0.834| 0.157| 2.711 5.304
NEWARK, DE C01 0.009 0.012 0.004| 0.007| 0.000f 0.053 0.085 1.671
NEWARK, DE Cc02 0.279 0.000 0.044| 0.042| 0.000| 0.064 0.429
NEWARK, DE C03 0.324 0.089 0.110f 0.110{ 0.010{ 0.512 1.154
NEWARK, DE C06 0.000 0.000 0.000| 0.002| 0.000f 0.000 0.002
NEWPORT, DE C09 0.023 0.000 0.009| 0.000| 0.008| 0.100 0.140| 0.140
WILMINGTON, DE Cco4 0.000 0.000 0.000| 0.000| 0.000| 0.000 0.001 1.414
WILMINGTON, DE C05 0.112 0.000 0.017 0.010] 0.000| 0.029 0.169
WILMINGTON, DE C09 0.300 0.000 0.248| 0.000| 0.122| 0.575 1.244

Table C-12b. Total phosphorus MS4 allocations forChristina River watershed (kg/day)

MS4 Municipality Subbasin | Residential| Agriculture| OpenLand| Forest| Water| Urban| Subtotal Total
FRANKLIN TWP Cc02 0.027 0.027 0.004| 0.016| 0.000| 0.013 0.088| 0.088
LONDON BRITTAIN TWP C02 0.082 0.082 0.011| 0.049| 0.000| 0.039 0.263| 0.263
NEW CASTLE CO., DE C01 0.006 0.022 0.006 0.016] 0.000| 0.002 0.052| 14.509
NEW CASTLE CO., DE Cc02 0.007 0.133 0.002| 0.066| 0.000| 0.035 0.243

NEW CASTLE CO., DE C03 0.250 0.148 0.086| 0.362| 0.005| 0.605 1.456

NEW CASTLE CO., DE C04 0.129 0.006 0.040| 0.080| 0.001| 0.181 0.437

NEW CASTLE CO., DE C05 0.061 0.000 0.107| 0.062| 0.009| 0.418 0.657

NEW CASTLE CO., DE C06 0.172 0.179 0.124| 0.443| 0.013| 0.227 1.158

NEW CASTLE CO., DE Cco7 0.207 0.085 0.081| 0.343| 0.008| 0.277 1.000

NEW CASTLE CO., DE C08 1.011 0.210 0.280 1.085| 0.022| 1.593 4.202

NEW CASTLE CO., DE C09 0.399 0.120 1.082 0.834| 0.157| 2.711 5.304
NEWARK, DE Cco1 0.002 0.002 0.001| 0.001| 0.000| 0.011 0.017 1.603
NEWARK, DE C02 0.279 0.000 0.044| 0.042| 0.000| 0.064 0.429
NEWARK, DE C03 0.324 0.089 0.110] 0.110|f 0.010| 0.512 1.154
NEWARK, DE C06 0.000 0.000 0.000| 0.002| 0.000| 0.000 0.002
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MS4 Municipality Subbasin | Residential| Agriculture| OpenLand| Forest| Water| Urban| Subtotal Total
NEWPORT, DE C09 0.023 0.000 0.009 0.000| 0.008]| 0.100 0.140 0.140
WILMINGTON, DE Co4 0.000 0.000 0.000/ 0.000| 0.000| 0.000 0.001 1.414
WILMINGTON, DE C05 0.112 0.000 0.017| 0.010{ 0.000{ 0.029 0.169
WILMINGTON, DE C09 0.300 0.000 0.248 0.000] 0.122] 0.575 1.244
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Appendix D

EFDC Water Quality Model
Baseline and TMDL Allocation Results

Transect graphics are presented in this appendix showing the EFDC model calculated
concentrations of daily average dissolved oxygen, minimum dissolved oxygen, total
nitrogen, and total phosphorus for the impaired stream segments in the Christina River
Basin. In Delaware waters, the 80" percentile model concentrations of total nitrogen and
total phosphorus are compared with the TMDL endpoint targets of 3.0 mg/L and

0.2 mg/L, respectively. In Pennsylvania, the minimum and daily average dissolved
oxygen concentrations are compared with the water quality standards.



Table D-1. Stream reaches included in EFDC water quality model.

Stream Reach

River Mile at Mouth

River Mile at Upstream Extent

Christina River (lower) 74.2 89.6
Christina River (upper) 89.6 103.0
Christina River West Branch 98.5 100.4
Brandywine Creek (main stem) 76.3 95.8
Brandywine Creek East Branch 95.8 113.7
Brandywine Creek West Branch 95.8 120.7
Buck Run 106.6 117.3
Red Clay Creek and East Branch 87.6 104.9
Red Clay Creek West Branch 100.3 104.9
Burroughs Run 97.1 100.2
White Clay Creek and Middle Branch 85.6 109.7
White Clay Creek East Branch 99.9 107.1
Little Mill Creek 79.8 85.4
Mill Creek 87.9 94.7
Pike Creek 90.6 95.9
Muddy Run 93.2 95.9
Delaware River 62.6 86.5
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Figure D-1. Baseline and TMDL Daily Average DO, Brandywine Creck (Delaware)
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Figure D-2. Baseline and TMDL Minimum DO, Brandywine Creek (Delaware)



Christina River Basin High-Flow TMDL

8 Brandywine Creek East Branch
T T T T T T T

=

~

(o)l

E

o

[m]

o 4+ 4

>

<€

>

= 3+ i

[

[m]
2_ -
’I_ -
0 | | | | | | |
98 100 102 104 106 108 110 112 114

River Mile

—————— TMDL Target Endpoint
Baseline
—— TMDL

Figure D-3. Baseline and TMDL Daily Average DO, Brandywine Creek East Branch
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Figure D-4. Baseline and TMDL Minimum DO, Brandywine Creek East Branch
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Figure D-5. Baseline and TMDL Daily Average DO, Brandywine Creek West Branch
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Figure D-6. Baseline and TMDL Minimum DO, Brandywine Creck West Branch
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Figure D-7. Baseline and TMDL Daily Average DO, Christina River (tidal)
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Figure D-8. Baseline and TMDL Minimum DO, Christina River (tidal)
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Figure D-9. Baseline and TMDL Daily Average DO, Christina River (upper)
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Figure D-10. Baseline and TMDL Minimum DO, Christina River (upper)
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Figure D-11. Baseline and TMDL Daily Average DO, Christina River West Branch
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Figure D-12. Baseline and TMDL Minimum DO, Christina River West Branch
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Figure D-13. Baseline and TMDL Daily Average DO, Red Clay Creek
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Figure D-14. Baseline and TMDL Minimum DO, Red Clay Creek
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Figure D-15. Baseline and TMDL Daily Average DO, Red Clay Creek West Branch
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Figure D-16. Baseline and TMDL Minimum DO, Red Clay Creek West Branch
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Figure D-17. Baseline and TMDL Daily Average DO, Burroughs Run
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Figure D-18. Baseline and TMDL Minimum DO, Burroughs Run
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Figure D-19. Baseline and TMDL Daily Average DO, White Clay Creek
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Figure D-20. Baseline and TMDL Minimum DO, White Clay Creek
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Figure D-21. Baseline and TMDL Daily Average DO, White Clay Creek East Branch
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Figure D-22. Baseline and TMDL Minimum DO, White Clay Creek East Branch
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Figure D-23. Baseline and TMDL Daily Average DO, Little Mill Creek
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Figure D-24. Baseline and TMDL Minimum DO, Little Mill Creek
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Figure D-25. Baseline and TMDL Daily Average DO, Mill Creek
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Figure D-26. Baseline and TMDL Minimum DO, Mill Creek
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Figure D-27. Baseline and TMDL Daily Average DO, Muddy Run
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Figure D-28. Baseline and TMDL Minimum DO, Muddy Run
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Figure D-29. Baseline and TMDL Daily Average DO, Pike Creek
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Figure D-30. Baseline and TMDL Minimum DO, Pike Creek
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Figure D-31. Baseline and TMDL Total Nitrogen, Brandywine Creek (Delaware)
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Figure D-32. Baseline and TMDL Total Phosphorus, Brandywine Creek (Delaware)
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Figure D-33. Baseline and TMDL Total Nitrogen, Christina River (tidal)
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Figure D-34. Baseline and TMDL Total Phosphorus, Christina River (tidal)
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Figure D-35. Baseline and TMDL Total Nitrogen, Christina River (upper)
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Figure D-36. Baseline and TMDL Total Phosphorus, Christina River (upper)
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Figure D-37. Baseline and TMDL Total Nitrogen, Christina River West Branch
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Figure D-38. Baseline and TMDL Total Phosphorus, Christina River West Branch
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Figure D-39. Baseline and TMDL Total Nitrogen, Red Clay Creek
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Figure D-40. Baseline and TMDL Total Phosphorus, Red Clay Creek
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Figure D-41. Baseline and TMDL Total Nitrogen, Burroughs Run
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Figure D-42. Baseline and TMDL Total Phosphorus, Burroughs Run
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Figure D-43. Baseline and TMDL Total Nitrogen, White Clay Creek
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Figure D-44. Baseline and TMDL Total Phosphorus, White Clay Creek
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Figure D-45. Baseline and TMDL Total Nitrogen, Little Mill Creek
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Figure D-46. Baseline and TMDL Total Phosphorus, Little Mill Creek
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Figure D-47. Baseline and TMDL Total Nitrogen, Mill Creek
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Figure D-48. Baseline and TMDL Total Phosphorus, Mill Creek
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Figure D-49. Baseline and TMDL Total Nitrogen, Muddy Run
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Figure D-50. Baseline and TMDL Total Phosphorus, Muddy Run
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Figure D-51. Baseline and TMDL Total Nitrogen, Pike Creek
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Figure D-52. Baseline and TMDL Total Phosphorus, Pike Creek
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Appendix E
Revisions to April 2005 Nutrient and DO High-Flow TMDL for Christina River Basin

On April 8, 2005, the Region 111 (Philadelphia, PA) office of the Environmental Protection Agency (EPA)
established Total Maximum Daily Loads (TMDLs) for nutrients and dissolved oxygen (DO) under high-
flow conditions for the portions of the Christina River Basin listed on the Clean Water Act Section 303(d)
lists for the Commonwealth of Pennsylvania and the State of Delaware. Additional information has
become available for CSO and NPDES discharges that prompted this revision to the April 2005 TMDLSs.
The updated information is described in this appendix.

E.1l Event Mean Concentrations for Wilmington CSO Discharges

Following the establishment of the Christina River Basin nutrient and DO high-flow TMDLs, the City of
Wilmington and Delaware DNREC completed a storm-monitoring program. The goal of the storm-
monitoring program was to collect nutrient and bacteria data from four storm events to establish
characteristic concentrations for the CSO discharges in the City of Wilmington. Two storm events had
been completed prior to the April 2005 TMDL. After April 2005, the monitoring data from two
additional storm events were available. This proposed TMDL revision incorporates data from additional
storm events to establish updated total nitrogen (TN), total phosphorus (TP), and total organic carbon
(TOC) event mean concentrations (EMCs) for the Wilmington CSO discharges as shown in Table E-1.

Table E-1. Revised EMCs for TN, TP, and TOC City of Wilmington CSOs

EMC April 2005 TMDL EMC for Revised TMDL
CSO ID (mgl/L) (mg/L)
TN TP TOC TN TP TOC
CSO 4b 2.966 0.310 6.92 2.619 0.334 11.94
CsS0O 25 2.947 0.618 21.70 2.928 0.655 20.58
CSO 3 4.451 0.690 12.63 7.591 1.041 15.84
All other CSOs 4.451 0.690 12.63 2.753 0.339 15.68

The data from the individual storm events are summarized in Tables E-2, E-3, and E-4. The revised event
mean concentrations were calculated using an arithmetic mean of all data associated with a given CSO.
For the April 2005 TMDL, data from the 11" Street Pumping Station were used to establish EMCs for
CS03 and all other CSOs except for CSO 4b, and CSO 25. For the revised TMDL, data from the 11"
Street Pumping Station was used to establish the EMC for CSO 3 only. The EMCs for the other CSOs
were calculated as the arithmetic mean from the combined storm monitoring data of CSO 4b and CSO 25.

Stormwater runoff sometimes exhibits high pollutant concentrations during the initial stages of a storm.
This is referred to as the “first flush”. Examination of the CSO storm monitoring data in Tables E-2, E-3,
and E-4 did not indicate any strong first-flush tendency. Larger concentrations were just as likely to
occur several hours into the storm event rather than at the beginning. Also, in many of the storms, the
concentrations were relatively constant over time. Due to the absence of any definitive evidence in the
monitoring data, the first-flush phenomenon was not included in this analysis. Event-mean
concentrations were considered appropriate for characterizing the mass loadings from the CSO outfalls.
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Table E-2. Storm monitoring data for CSO 4b

CBOD20 CBOD5 DOC TOC| NH3-N| NOxN TKN TN| DOrthP TP TSS
mg/L mg/L mg/L| mg/L| mg/L| mg/L| mg/L| mg/L mg/L| mg/L| mg/L
Date Time 80087 80082 00681| 00680| 00610| 00630| 00625 *x - 00671| 00665| 00530
10/27/2003 11:40 14.62 11.70 6.6 9.1| 0.362| 0.969| 1.400| 2.369| 0.004| 0.238 298
10/27/2003 12:10 13.60 5.82 29 3.7| 0.137| 0.248| 0.275| 0.248| 0.020| 0.320 278
10/27/2003 12:40 10.20 5.64 6.1 6.2| 0.189| 0.502| 0.644| 0.502| 0.100| 0.219 195
10/27/2003 13:10 14.48 7.85 5.9 7.1 0.238| 0.831| 1.080| 1.911 0.126| 0.270 177
10/27/2003 13:40 13.98 7.65 6.8 8.3| 0.244| 1.070( 1.210| 2.280 0.141| 0.219 75
10/27/2003 14:10 13.50 10.60 7.3 8.9| 0.238| 1.290| 1.370| 2.660| 0.159| 0.216 32
12/17/2003 09:00 16.20 9.20 4.9 6.8| 0.403| 0.627| 2.650| 3.277| 0.203| 0.388 35
12/17/2003 09:30 16.10 8.65 4.7 6.2| 0.480( 0.855| 2.790| 3.645 0.180| 0.382 34
12/17/2003 10:00 23.80 12.80 6.8 8.4| 4.520| 1.210| 4.830| 6.040| 0.222| 0.546 25
12/17/2003 10:30 16.20 10.60 5.9 6.1 0.504| 1.360| 3.060| 4.420| 0.192| 0.416 17
12/17/2003 11:00 12.10 8.18 55 6.0/ 0.486| 1.710| 2.610| 4.320| 0.138| 0.306 19
12/17/2003 11:30 10.60 6.86 5.0 6.2| 0.357| 1.970| 1.950| 3.920| 0.112| 0.194 19
11/4/2004 13:33 25.10 13.10 22.9 24.4| 0.206| 0.391| 1.250| 1.641 0.308| 0.489 174
11/4/2004 14:03 28.40 15.20 18.3 20.2| 0.154| 0.337| 0.937| 1.274| 0.256| 0.376 31
11/4/2004 14:33 27.40 15.00 20.6 22.8| 0.145| 0.540| 1.060| 1.600| 0.268| 0.386 14
11/4/2004 15:03 24.50 15.60 22.2 23.5| 0.113| 0.748| 1.080| 1.828| 0.250| 0.314 11
11/4/2004 15:33 23.60 13.60 22,5 29.1 0.197| 0.710| 1.870| 2.580 0.218| 0.407 27
EMC 17.90 10.47 10.29| 11.94| 0.528| 0.904| 1.769| 2.619| 0.170| 0.334 86
Table E-3. Storm monitoring data for CSO 25
CBOD20 CBOD5 DOC TOC| NH3-N| NOxN TKN TN| DOrthP TP TSS
mg/L mg/L mg/L| mg/L| mg/L| mg/L| mg/L| mg/L mg/L| mg/L| mg/L
Date Time 80087 80082 00681| 00680| 00610 00630| 00625 *kx| 00671| 00665| 00530
10/27/2003 11:00 13.88 13.88 11.8 14.4| 0.325| 0.516| 1.270| 1.786| 0.234| 0.296 32
10/27/2003 11:30 14.76 14.76 10.3 11.6f 0.294| 0.503| 1.050| 1.553 0.286| 0.397 33
10/27/2003 12:00 7.83 5.36 3.8 43| 0.136| 0.215| 0.392| 0.215| 0.113| 0.178 51
10/27/2003 12:30 12.14 12.14 70.5 80.0| 0.421| 0.634| 3.070| 3.704| 1.870| 1.620 39
10/27/2003 13:30 14.10 14.10 10.6 11.6| 0.352| 0.820| 1.900| 2.720| 0.249| 0.450 26
10/27/2003 14:00 14.26 14.26 10.8 12.0f 0.455| 1.160| 2.480| 3.640 0.354| 0.642 15
12/17/2003 08:45 15.00 9.48 6.3 6.6/ 0.350| 0.547| 1.850( 2.397| 0.202| 0.102 27
12/17/2003 09:15 28.30 19.60 9.1 10.2| 0.500( 0.839| 3.140| 3.979| 0.317| 0.296 22
12/17/2003 09:45 28.76 28.76 40.8| 44.6| 3.720| 1.030| 5.500| 6.530| 1.560| 1.580 14
11/4/2004 13:20 28.50 14.90 15.4 18.3| 0.476| 0.272| 1.990| 2.262 0.277| 0.505 42
11/4/2004 13:50 27.74 15.30 14.0 15.2| 0.559| 0.315| 2.220| 2.535| 1.000| 1.100 39
11/4/2004 14:20 28.00 14.10 17.2 19.1| 0.606| 0.422| 2.630| 3.052| 0.385| 0.637 19
11/4/2004 14:50 26.10 15.10 16.4 19.6| 0.712| 0.513| 3.180| 3.693| 0.436| 0.706 16
EMC 19.95 14.75 18.24| 20.58| 0.685| 0.599| 2.359| 2.928| 0.560| 0.655 29
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Table E-4. Storm monitoring data for CSO 3 (11th Street Pumping Station)

CBOD20| CBOD5 DOC| TOC| NH3-N| NOxN TKN TN| DOrthP TP| TSS

mg/L mg/L mg/L| mg/L| mg/L| mg/L| mg/L| mg/L mg/L| mg/L| mg/L

Date Time 80087 80082| 00681| 00680 00610| 00630| 00625 *kxk| 00671 00665| 00530
10/27/2003 11:20 11.76 11.76 235 29.6| 4.040| 0.467| 7.250| 7.717| 0.262| 1.470 454
10/27/2003 11:50 10.88 10.88 9.5 11.9| 3.070{ 1.100| 3.820| 4.920| 0.433| 0.520 71
10/27/2003 12:10 10.88 10.88 7.7 9.6| 1.520| 0.545| 1.450| 1.995| 0.202| 0.357 166
10/27/2003 12:50 12.98 9.02 4.6 5.8/ 2.200| 0.517| 1.400| 1.917| 0.003| 0.366 144
10/27/2003 13:20 11.82 11.82 13.9 15.3| 1.720| 0.646| 0.964| 1.610| 0.167| 0.289 104
10/27/2003 13:50 11.66 11.66 6.8 8.5| 2.340| 0.753| 1.880| 0.753| 0.311| 0.420 106
12/17/2003 08:50 82.32 29.30 8.5 10.4| 3.040| 0.682| 6.790| 7.472| 0.157| 1.160 143
12/17/2003 09:20 26.50 13.80 5.3 6.3| 4.520| 0.732| 4.880| 0.732| 0.129| 0.630 86
12/17/2003 09:50 29.60 15.40 6.0 8.2| 1.650| 0.820| 4.900| 5.720| 0.004| 0.632 91
12/17/2003 10:20 20.80 14.30 6.7 9.1| 3.530| 0.842| 4.670| 5.512| 0.019| 0.645 73
12/17/2003 10:50 42.40 23.70 7.3 11.3| 2.940| 1.200| 5.910| 7.110| 0.004| 0.883 106
12/17/2003 11:20 82.05 82.05 21.4| 25.5| 1.150| 1.140| 6.810| 7.950| 0.341| 0.909 64
11/4/2004 13:25 26.82 13.58 20.1 22.6| 4.340| 0.460| 23.200| 23.660| 0.007| 3.400 553
11/4/2004 13:55 30.00 13.70 16.0f 23.2| 3.080| 0.463| 12.300| 12.763| 0.210| 1.650 189
11/4/2004 14:25 29.50 12.96 15.6 20.0| 2.780| 0.506| 10.600| 11.106| 0.182| 1.130 181
11/4/2004 14:55 24.36 13.40 14.6 21.5| 3.140| 0.430| 12.600| 13.030( 0.274| 1.470 122
11/4/2004 15:25 20.70 12.40 16.7 21.2| 3.050| 0.533| 11.200| 11.733| 0.605| 1.480 128
11/4/2004 15:55 23.50 12.80 20.9 25.2| 2.800| 0.630| 10.300| 10.930| 0.644| 1.320 104
EMC 28.25 17.97 12.51| 15.84| 2.828| 0.693| 7.274| 7.591| 0.220| 1.041 160

E.2  Summary of Annual Baseline and TMDL CSO Nitrogen and Phosphorus Loads

A summary of the baseline and TMDL CSO nitrogen and phosphorus annual average loads grouped by
EFDC model grid cell location is presented in Table E-5. The locations of the CSO discharges and the
EFDC model grid cells are shown in Figure E-1. Note that CSO 31 discharges to Shellpot Creek, which
flows into the Delaware River and is outside the Christina River Basin, therefore it is not included in the
CSO load totals for the baseline and TMDL columns in Table E-5. The following CSOs were assigned
zero flow (i.e., 100% load reduction) for the TMDL allocation: 4b, 4c, 4f, 12, 14, 15, 18, 20, and
Rockford Road (RR).
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Table E-5. Baseline and TMDL average annual loads for CSOs grouped by EFDC grid cell

Location (subbasin) EFDC CSO ID numbers Baseline TMDL | Reduction
Cell [1,J] (kglyr) (kglyr)
Total Nitrogen
Little Mill Creek (C05) [44,55] 27,28 683.6 162.1 76.3%
Little Mill Creek (C05) [45,55] 29 267.5 63.5 76.3%
Christina River (C09) [52,13] 5,6,7,11, 12,13, 30 1055.2 363.2 65.6%
Christina River (C09) [53,13] 93, 10, 14, 15, 16, 17 1057.4 229.6 78.3%
Christina River (C09) [55,13] 9c 52.2 2.6 95.1%
Brandywine Cr. (B34) [54,16] 18 0.4 0.0 100.0%
Brandywine Cr. (B34) [54,17] g'lf:‘a' 4b, 4c, 4d, 19, 20, 21a, 21b, 2210.1 398.2 82.0%
Brandywine Cr. (B34) [54,18] de, 4f, 22b, 22c, 23, 24 262.1 261.0 0.4%
Brandywine Cr. (B34) [54,20] 25,26 1643.6 839.9 48.9%
Brandywine Cr. (B34) [54,21] RR 60.6 0.0 100.0%
Shellpot Creek - CSO 31* [57,15] 31 258.8 182.1 29.6%
Total Average Annual Nitrogen Load 7292.7 2319.9 68.2%
Total Phosphorus

Little Mill Creek (C05) [44,55] 27,28 115.7 27.4 76.3%
Little Mill Creek (C05) [45,55] 29 45.3 10.6 76.6%
Christina River (C09) [52,13] 5,6,7,11, 12,13, 30 178.5 61.7 65.4%
Christina River (C09) [53,13] 93, 10, 14, 15, 16, 17 178.9 38.7 78.4%
Christina River (C09) [55,13] 9c 8.8 0.4 95.8%
Brandywine Cr. (B34) [54,16] 18 0.0 0.0 0.0%
Brandywine Cr. (B34) [54,17] g'lf:‘a' 4b, 4c, 4d, 19, 20, 21a, 21b, 328.9 60.2 81.7%
Brandywine Cr. (B34) [54,18] 4e, 4f, 22b, 22c, 23, 24 44.9 44.5 0.8%
Brandywine Cr. (B34) [54,20] 25,26 333.6 161.7 51.5%
Brandywine Cr. (B34) [54,21] RR 10.2 0.0 100.0%
Shellpot Creek - CSO 31* [57,15] 31 43.8 30.7 30.0%

Total Average Annual Phosphorus Load 12447 405.2 67.4%

*CSO031 not included in total CSO load since it discharges outside of Christina River Basin
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Figure E-1. Location of CSO discharges in relation to EFDC model grid cells

E.3 Revision of Groundwater Flows and Loads

Groundwater flows and nutrient loads for some of the HSPF subbasins were incorrectly added twice to
the EFDC water quality model for the April 2005 TMDL. This problem with the HSPF-EFDC linkage
was corrected and the proper groundwater flows and loads are used for this revised TMDL. The EFDC
water quality model was re-calibrated following the correction of the groundwater flows and loads.

E.4 Updated NPDES Information

The HSPF and EFDC models were calibrated using information for the 1994-1998 period, including
NPDES facilities that were in existence at that time. The NPDES facilities were updated prior to the
April 2005 TMDL. Additional information on the NPDES discharges has become available since
issuance of the April 2005 TMDL and has been incorporated into this revised TMDL. The changes to the
NPDES discharges are listed in Table E-6. In addition to the changes listed in Table E-6, the April 2005
model used permit limits for ammonia nitrogen of 10 mg/L and total nitrogen of 20 mg/L for the small
residence discharges (flow rate of 500 gpd). For this revised TMDL, the permit limits for ammonia
nitrogen and total nitrogen were changed to 30 and 40 mg/L, respectively, which are more appropriate for
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these types of small discharges. This change in nitrogen loading from the small residence discharges had
negligible impact on receiving water quality.

Table E-6. List of updated NPDES information for Christina River Basin

HSPF

NPDES Permit . |Name Description of Change
subbasin
PA0012416 B03 PA American Water (Rock Run) New owner (previously owned by Coatesville)
PA0011568-001 B05 ISG Plate LLC (Sucker Run, W. Br. Brandywine Cr.) | New owner (previously owned by Lukens Steel)
PA0011560-016 B05 ISG Plate LLC (Sucker Run, W. Br. Brandywine Cr.) | New owner (previously owned by Lukens Steel)
PA0055492 B10 Andrew and Gail Woods (Indian Run) New owners (previously owned by John and Jane
Topp
PA0051365 B11 PA American Water (E. Br. Brandywine Cr.) New owngr_(prewousl)_/ owned by West Chester
Area Municipal Authority)
PA0026531 B13 Downingtown Area WWTP (E. Br. Brandywine Cr.) |Flow increase from 7.134 to 7.500 mgd
. . Replaces PA0047252 (Pantos Corp.).
PA0244031 B16 Chadds Ford Township (Brandywine Cr.) Flow increase from 0.07 to 0.15 mgd
PA0055085 B16 |Nancy Winslow (Brandywine Cr.) Active during 1994-98 calibration period.
No longer exists.
PA0036161 B20 |Lincoln Crest MHP (Buck Run) Active during 1994-98 calibration period.
No longer exists.
PA0053937 B29 William and Patricia Kratz (Broad Creek) New owners (previously owned by Ralph and
Gayla Johnson)
. Active during 1994-98 calibration period.
PA0056952 wo4 Sun Company, Inc. (E. Br. White Clay Cr.) No longer exists.
PA0052019 W04  |Avon Grove Trailer Court (E. Br. White Clay cr.) | ACtive during 1994-98 calibration period.
No longer exists.
PA0029343 W06  |Chatham Acres (E.Br. White Clay Cr.) Active during 1994-98 calibration period.
No longer exists.
PA0057720-001 RO1 Sunny Dell Foods, Inc. (W. Br. Red Clay Cr.) Flow increase from 0.05 to 0.072 mgd
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Appendix F

The following tables are from the April 2005 Christina River Basin Nutrient/DO TMDL report
for which revisions are proposed.

Table 4-1. Total nitrogen and total phosphorus allocations at PA-DE state line

Location Baseline Load Pennsylvania Allocation Reduction
(kg/day) (kg/day)
Total Nitrogen
Brandywine Creek (at PA-DE Line) 6981.0 4002.7 42.7%
White Clay Creek (at PA-DE Line) 1166.7 818.4 29.9%
Red Clay Creek (at PA-DE Line) 438.9 320.6 27.0%
Burroughs Run (at PA-DE Line) 34.2 34.2 0.0%
Total Phosphorus
Brandywine Creek (at PA-DE Line) 368.2 355.2 3.5%
White Clay Creek (at PA-DE Line) 1111 111.1 0.0%
Red Clay Creek (at PA-DE Line) 57.6 34.4 40.2%
Burroughs Run (at PA-DE Line) 0.7 0.7 0.0%

Table 4-2. Total nitrogen and total phosphorus allocations at MD-DE state line

Location Baseline Load Maryland Allocation Reduction
(kg/day) (kg/day)
Total Nitrogen
Christina River West Branch (MD-DE Line) 65.1 34.6 46.9%
Total Phosphorus
Christina River West Branch (MD-DE Line) 3.6 1.8 48.0%
Table 4-3. TMDL summary for Brandywine Creek Watershed

. Baseline Loads (kg/day) Allocations (kg/day) Percent

Subbasin .

ps | Nps | Toul WA | wms4wtAa | mos | TmDL Reduction
Total Nitrogen

BO1 0.038 379.770 379.808 0.038 216.467 11.395 227.900 40.0%
BO2 16.295 63.651 79.946 16.295 35.466 2.724 54.486 31.8%
BO3 0.704 156.047 156.751 0.704 133.385 7.057 141.146 10.0%
BO4 0.000 9.380 9.380 0.000 9.380 0.000 9.380 0.0%
BO5 517.319 134.617 651.936 517.319 50.866 29.904 598.090 8.3%
BO6 0.076 213.433 213.509 0.076 141.929 7.474 149.479 30.0%
BO9 0.038 224511 224.549 0.038 174.892 9.207 184.137 18.0%
B10 1.077 465.938 467.015 1.077 362.912 19.157 383.146 18.0%
B17 0.566 158.854 159.420 0.566 147.865 7.812 156.243 2.0%
B32 0.000 29.010 29.010 0.000 24.804 1.305 26.109 10.0%




. Baseline Loads (kg/day) Allocations (kg/day) Percent
Subbasin .
PS NPS Total WLA MS4 WLA MOS TMDL Reduction
B33 0.203 95.181 95.384 0.203 81.370 4.293 85.866 10.0%
Total Phosphorus
BO1 0.019 7.408 7.427 0.019 4.222 0.223 4.464 39.9%
B02 4.484 0.433 4.917 4.484 0.023 0.237 4.744 3.5%
BO3 0.386 16.693 17.079 0.386 14.253 0.770 15.410 9.8%
BO4 0.000 1.020 1.020 0.000 1.020 0.000 1.020 0.0%
BO5 25.825 15.089 40.914 25.825 7.309 1.744 34.878 14.8%
BO6 0.038 25.876 25.914 0.038 17.206 0.908 18.151 30.0%
BO9 0.019 2.873 2.892 0.019 2.237 0.119 2.375 17.9%
B10 0.161 34.096 34.257 0.161 26.553 1.406 28.120 17.9%
B17 0.156 8.071 8.227 0.156 7.506 0.403 8.066 2.0%
B32 0.000 2.148 2.148 0.000 1.837 0.097 1.933 10.0%
B33 0.091 1.732 1.823 0.091 1.476 0.082 1.650 9.5%
Table 4-4. WLA summary for Brandywine Creek Watershed
Baseline Point Source Loads WLA Percent Reduction
_ El;‘g TN TP TN TP TN TP TN TP . P
Subbasin (NPDES mg/L | mg/L kg/day kg/day | mg/L | mg/L | kgiday | kg/day
BO1  |PA0057339 0.0005| 20.00 | 10.00 0.038 0.019 | 20.00 | 10.00 | 0.038 0.019 0.0% 0.0%
B02 |PA0036412 0.0550| 7.02 | 1.90 1.462 0.396 | 7.02 | 1.90 1.462 0.396 0.0% 0.0%
B02 |PA0044776 0.6000| 6.53 | 1.80 14.833 4.089 | 6.53 | 1.80 | 14.833 | 4.089 0.0% 0.0%
BO3  |PA0052728 0.0004 | 20.00 | 10.00 0.030 0.015 | 20.00 | 10.00 | 0.030 0.015 0.0% 0.0%
B03  |PA0055697 0.0490| 3.63 | 2.00 0.673 0.371 | 3.63 | 200 | 0.673 0.371 0.0% 0.0%
BO5 |PA0011568-001 |0.6400| 5.30 | 0.30 12.842 0.727 | 5.30 | 0.30 | 12.842 | 0.727 0.0% 0.0%
BO5 |PA0011568-016 |0.5045| 12.00 | 0.30 22.919 0.573 | 12.00 | 0.30 | 22.919 | 0.573 0.0% 0.0%
BO5  |PA0026859 3.8500| 30.00 | 1.48 | 437.264 | 21.572 | 30.00 | 1.48 | 437.264 | 21.572 | 0.0% 0.0%
BO5  |PA0036897 0.3900| 30.00 | 2.00 44.294 2.953 | 30.00 | 2.00 | 44.294 | 2.953 0.0% 0.0%
B06  |PA0053228 0.0005| 20.00 | 10.00 0.038 0.019 | 20.00 | 10.00 | 0.038 0.019 0.0% 0.0%
B06 |PA0053236 0.0005| 20.00 | 10.00 0.038 0.019 | 20.00 | 10.00 | 0.038 0.019 0.0% 0.0%
B09  |PA0054691 0.0005| 20.00 | 10.00 0.038 0.019 | 20.00 | 10.00 | 0.038 0.019 0.0% 0.0%
B10  |PA0050547 0.0375| 7.26 | 1.00 1.031 0.142 | 7.26 | 1.00 1.031 0.142 0.0% 0.0%
B10  |PA0055492 0.0005| 20.00 | 10.00 0.038 0.019 | 20.00 | 10.00 | 0.038 0.019 0.0% 0.0%
B17  |PA0053082 0.0206| 7.26 | 2.00 0.566 0.156 | 7.26 | 2.00 | 0.566 0.156 0.0% 0.0%
B33 |PA0012416 0.1400| 0.24 | 0.10 0.127 0.053 | 0.24 | 0.10 | 0.127 0.053 0.0% 0.0%
B33  |PA0052990 0.0005| 20.00 | 10.00 0.038 0.019 | 20.00 | 10.00 | 0.038 0.019 0.0% 0.0%
B33 |PA0056073 0.0005| 20.00 | 10.00 0.038 0.019 | 20.00 | 10.00 | 0.038 0.019 0.0% 0.0%
Table 4-5. TMDL summary for Red Clay Creek Watershed
. Baseline (kg/day) Allocations (kg/day) Percent
Subbasin .
PS NPS | Baseline WLA | MsawiA [ mos | TmpL | Reduction
Total Nitrogen
RO1 0.227 143.230 143.457 0.227 68.023 3.592 71.842 49.9%
RO2 20.114 182.702 202.816 20.114 85.778 5.573 111.465 45.0%
RO3 2.749 132.076 134.825 2.749 62.599 3.439 68.787 49.0%
RO4 2.085 72.099 74.184 2.085 34.143 1.907 38.135 48.6%
RO5 0.206 63.244 63.450 0.206 30.031 1.591 31.828 49.8%
R0O6 0.038 52.210 52.248 0.038 37.694 1.986 39.718 24.0%
RO7 0.000 3.015 3.015 0.000 3.015 0.000 3.015 0.0%
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. Baseline (kg/day) Allocations (kg/day) Percent
Subbasin .
PS NPS Baseline WLA MS4 WLA MOS TMDL Reduction
RO8 0.318 43.799 44.117 0.318 43.799 0.000 44.117 0.0%
R09 0.000 13.423 13.423 0.000 13.423 0.000 13.423 0.0%
Total Phosphorus
RO1 0.095 1.025 1.120 0.095 0.482 0.030 0.608 45.8%
R02 5.330 46.122 51.452 5.330 8.497 0.728 14.554 71.7%
R0O3 1.136 1.093 2.229 1.136 0.462 0.084 1.683 24.5%
R0O4 32.918 6.665 39.583 32.918 0.317 1.749 34.984 11.6%
RO5 0.114 4.484 4.598 0.114 4.484 0.000 4.598 0.0%
R0O6 0.019 1.270 1.289 0.019 1.270 0.000 1.289 0.0%
RO7 0.000 0.424 0.424 0.000 0.424 0.000 0.424 0.0%
RO8 0.133 1.594 1.727 0.133 1.594 0.000 1.727 0.0%
RO9 0.000 0.430 0.430 0.000 0.430 0.000 0.430 0.0%
Table 4-6. WLA summary for Red Clay Creek Watershed
Baseline Point Source Loads WLA Percent Reduction
Flow TN TP TN TP TN TP TN TP
Subbasin [NPDES mgd | mg/L | mg/L | kg/day | kg/day | mg/L | mg/L | kg/day | kg/day TN TP
RO1 PA0050679 0.2500| 0.24 0.10 0.227 0.095 0.24 0.10 0.227 0.095 0.0% 0.0%
R02 PA0024058 1.1000| 4.83 1.28 20.114 5.330 4.83 1.28 20.114 5.330 0.0% 0.0%
RO3 PA0055107 0.1500| 4.84 2.00 2.749 1.136 4.84 2.00 2.749 1.136 0.0% 0.0%
R0O4 DEO0000451 2.1700| 0.24 0.30 1.972 2.465 0.24 0.30 1.972 2.465 0.0% 0.0%
R0O4 DEO0050067 0.0015| 20.00 | 10.00 0.114 0.057 20.00 | 10.00 0.114 0.057 0.0% 0.0%
RO5 DE0021709 0.0150| 3.63 2.00 0.206 0.114 3.63 2.00 0.206 0.114 0.0% 0.0%
RO6 PA0055425 0.0005| 20.00 | 10.00 0.038 0.019 20.00 | 10.00 0.038 0.019 0.0% 0.0%
RO8 DE0000230 0.3500| 0.24 0.10 0.318 0.133 0.24 0.10 0.318 0.133 0.0% 0.0%
Table 4-7. TMDL summary for White Clay Creek Watershed
. Baseline Loads (kg/day) Allocations (kg/day) Percent
Subbasin .
ps | Nps | Baseline | wLA | msawiA | wmos | TmpL | Reduction
Total Nitrogen
W01 0.550 157.120 157.670 0.550 74.605 3.956 79.110 49.8%
W02 10.998 133.823 144.821 10.998 56.659 3.561 71.218 50.8%
W03 0.000 154.723 154.723 0.000 73.493 3.868 77.362 50.0%
W04 0.000 83.403 83.403 0.000 39.616 2.085 41.702 50.0%
WO06 58.211 168.697 226.908 58.211 77.221 7.128 142.560 37.2%
W07 8.010 29.485 37.495 8.010 13.605 1.138 22.753 39.3%
W08 0.000 216.797 216.797 0.000 102.979 5.420 108.399 50.0%
W09 0.091 141.336 141.427 0.091 67.130 3.538 70.759 50.0%
W10 0.000 59.065 59.065 0.000 28.056 1.477 29.533 50.0%
Wil 0.000 71.329 71.329 0.000 71.329 0.000 71.329 0.0%
w12 0.027 96.990 97.017 0.027 96.990 0.000 97.017 0.0%
W13 0.000 23.795 23.795 0.000 23.795 0.000 23.795 0.0%
w14 0.000 25.388 25.388 0.000 25.388 0.000 25.388 0.0%
W15 0.000 34.814 34.814 0.000 34.814 0.000 34.814 0.0%
W16 0.000 39.049 39.049 0.000 39.049 0.000 39.049 0.0%
w17 0.000 84.315 84.315 0.000 84.315 0.000 84.315 0.0%

Total Phosphorus
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. Baseline Loads (kg/day) Allocations (kg/day) Percent
Subbasin .
PS NPS Baseline WLA MS4 WLA MOS TMDL Reduction
W01 0.151 1.924 2.075 0.151 0.815 0.051 1.017 51.0%
W02 1.893 1.420 3.313 1.893 0.512 0.127 2.532 23.6%
W03 0.000 17.214 17.214 0.000 7.359 0.387 7.746 55.0%
W04 0.000 1.173 1.173 0.000 0.501 0.026 0.528 55.0%
WO06 4.816 2.208 7.024 4.816 0.284 0.268 5.368 23.6%
W07 0.074 1.892 1.966 0.074 0.805 0.046 0.925 52.9%
W08 0.000 60.821 60.821 0.000 16.178 0.851 17.030 72.0%
W09 0.045 15.989 16.034 0.045 6.833 0.362 7.240 54.8%
W10 0.000 5.098 5.098 0.000 2.179 0.115 2.294 55.0%
Wil 0.000 5.736 5.736 0.000 5.736 0.000 5.736 0.0%
w12 0.011 4.576 4.587 0.011 4.576 0.000 4.587 0.0%
W13 0.000 1.174 1.174 0.000 1.174 0.000 1.174 0.0%
w14 0.000 0.755 0.755 0.000 0.755 0.000 0.755 0.0%
W15 0.000 0.495 0.495 0.000 0.495 0.000 0.495 0.0%
W16 0.000 0.833 0.833 0.000 0.833 0.000 0.833 0.0%
w17 0.000 2.158 2.158 0.000 2.158 0.000 2.158 0.0%
Table 4-8. WLA summary for White Clay Creek Watershed
Baseline Point Source Loads WLA Percent Reduction
Subbasin | NPDES Flow | TN TP ™ TP ™ TP ™ TP ™ P
mgd mg/L mg/L kg/day kg/day mg/L | mg/L | kg/day | kg/day
W01 |PA0053783 0.0200| 7.26 2.00 0.550 0.151 7.26 | 2.00 | 0550 | 0.151 0.0% 0.0%
W02  [PA0024066 0.2500| 11.62 | 2.00 10.998 1.893 | 11.62 | 2.00 | 10.998 | 1.893 0.0% 0.0%
W06  [PA0029343 0.0270| 7.26 2.00 0.742 0.204 | 7.26 | 2.00 | 0.742 | 0.204 0.0% 0.0%
W06  [PA0040436 0.0090| 20.00 | 2.00 0.681 0.068 | 20.00 | 2.00 | 0.681 | 0.068 0.0% 0.0%
W06 [PA0025488 0.3000| 50.00 | 4.00 | 56.788 4543 | 50.00 | 4.00 | 56.788 | 4.543 0.0% 0.0%
W07  |PA0056898 0.0650| 32.55 | 0.30 8.010 0.074 | 3255 | 0.30 | 8.010 | 0.074 0.0% 0.0%
W09  [PA0052451 0.0012| 20.00 | 10.00 | 0.091 0.045 | 20.00 | 10.00 | 0.091 | 0.045 0.0% 0.0%
W12 |[DE0000191 0.0300| 0.24 0.10 0.027 0.011 0.24 | 0.10 | 0.027 | 0.011 0.0% 0.0%
Table 4-9. Baseline and WLA nitrogen and phosphorus loads for CSO discharges
. Baseline WLA .
Location CSO ID numbers (kg/day) (kg/day) Reduction
Total Nitrogen
Little Mill Creek (C05) 27,28, 29 4.14 0.62 85.0%
. . 5,6,7,9a,9c, 10, 11, 12, 13
1 ’ y i} ’ 1 ’ il 1 0
Christina River (C09) 14, 15, 16, 17, 30 9.40 1.41 85.0%
3, 4a, 4b, 4c, 4d, 4e, 4f, 18,
Brandywine Cr. (B34) 19, 20, 21a, 21b, 21c, 22b, 17.10 2.56 85.0%
22c, 23, 24, 25, 26, RR
Total CSO load 30.64 4.60 85.0%
Total Phosphorus
Little Mill Creek (C05) 27,28, 29 0.64 0.10 85.0%




. Baseline WLA .
Location CSO ID numbers (kg/day) (kg/day) Reduction

- ) 5,6,7,9a,9c, 10, 11, 12, 13,

Christina River (C09) 14, 15, 16, 17, 30 1.46 0.22 85.0%
3, 4a, 4b, 4c, 4d, 4e, 4f, 18,

Brandywine Cr. (B34) 19, 20, 21a, 21b, 21c, 22b, 2.54 0.38 85.0%

22c, 23, 24, 25, 26, RR
Total CSO load - 4.64 0.70 85.0%
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