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Executive Summary

The Appoquinimink River watershed drains approximately 47 square milesin New Castle
County, Delaware, and is primarily agricultural with three residential/urban centers
(Middletown, Odessa, and Townsend). The areais experiencing significant residential growth.
The topography is generally characterized by flat to gently sloping land which is typical of the
coastal plain. The Appoquinimink River system consists of three main tributaries, the
Appoquinimink River main stem, Deep Creek, and Drawyer Creek. There are several shallow,
man-made small lakes and ponds in the watershed (Wiggins Mill Pond, Noxontown Lake, Silver
Lake, and Shallcross Lake). The Appoquinimink River is designated as a warm-water fishery
and is subject to all water quality criteria specific to this designated use and those defined for
general statewide water uses including aquatic life, water supply, and recreation. Due to their
high nutrient concentrations and/or low dissolved oxygen levels, the Delaware Department of
Natural Resources and Environmental Control (DNREC) identified and included in the state's
1996, 1998, and 2002 Section 303(d) lists of impaired waters several portions of the
Appoquinimink River.

The Environmental Protection Agency Region 111 (EPA) establishes these Total Maximum Daily
Loads (TMDLs) for the Appoquinimink River basin to address those stream segments impaired
as aresult of excess nutrients and low dissolved oxygen (DO). To address nutrient impairments,
TMDLs have been established for total nitrogen (TN) and total phosphorus (TP) in order to
attain and maintain applicable Water Quality Standards (WQS). There are presently no nutrient
criteria defined by WQS for streams in the Appoquinimink River basin. Of the components of
instream biological activity, only DO concentrations are included in water quality standards for
stream segments of the Appoquinimink River basin. Asaresult, the nutrient TMDL endpoint is
based on both the minimum and minimum daily average DO for the critical summer period
characterized (June through September).

As part of the nutrient TMDLSs, EPA has allocated specific amounts of TN and TP to nonpoint
sources and point sources covered under storm water permits and flow, carbonaceous
biochemical oxygen demand (CBOD), total kjeldahl nitrogen (TKN), and TP to the
Middletown-Odessa-Townsend (MOT) WWTP located in the watershed. These allocations are
necessary to restore and maintain applicable WQS for DO in the Appoquinimink River
watershed.

TMDLs were determined for impaired segments and the subwatershed(s) contributing to them
during the critical summer period (June through September). The total TMDL for each impaired
segment is the combination of all TMDLs for contributing subwatersheds and for the MOT point
source, where applicable. These watershed-based loads and the allocated load for the MOT
WWTP enable the in-stream DO concentrations to meet criteria under all conditions. It should
be noted that the WLASs for the storm water permits and the LAs for areas not covered by the
storm water permits have been combined into asingle WLA for each subwatershed (and
impaired segment) and have not been presented separately. DNREC and New Castle County are
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currently in the process of mapping storm water discharge locations that are covered by the
permits, and as such, insufficient data are currently available to justify a more detailed allocation
to the storm water permits. Once the mapping effort on behalf of DNREC and the county is
complete, the TMDL can be refined to distribute the TMDL among the storm water permits
(WLAS) and the nonpoint sources (LAS). The margin of safety (MOS) for this study was
assumed implicit through conservative assumptions used in the modeling process.

The following tables summarize the TMDL s to address nutrient impairments for each stream
segment of the Appoquinimink River basin included in the State’s 303(d) list.

Table ES-1. TMDLs by contributing subwatershed for impaired waters of the Appoquinimink.

Contributin wia wia
Segment Name Segment ID 9 TN TP
Subwatershed(s)
(Ibs/yr) (Ibs/yr)
1 14,074 1,707
2 6,737 896
3 1,547 231
4 7,075 862
5 7,388 1,024
L . 6 5,498 742
IAppoquinimink River .
(Lower) DE010-001-01 7 6,954 374
8 10,594 1,367
9 5,366 693
10 8,814 1,230
The total TMDL for this segment also
includes the WLAs for the MOT WWTP
(Table ES-2)
2 6,737 896
5 7,388 1,024
6 5,498 742
P : 7 6,954 874
Appoquinimink River DE010-001-02
(Upper) 8 10,594 1,367
The total TMDL for this segment also
includes the WLAs for the MOT WWTP
(Table ES-2)
1 14,074 1,707
Drawyer Creek DE010-001-03 9 5,366 693
10 8,814 1,230
iggins Mill Pond to
confluence with DE010-002-01 5 7,388 1,024
Noxontown Pond
IE)eep Creek to
confluence with Silver] DE010-002-02 7 6,954 874
Lake
5 7,388 1,024
Noxontown Pond DEO010-L01
6 5,498 742
. 7 6,954 874
Silver Lake DEO010-L02
8 10,594 1,367
hallcross Lake DEO010-L03 10 8,814 1,230

Note: A map of the Appoquinimink River basin and its subwatersheds is presented in Section 4.0
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Table ES-2. WLAs for the MOT WWTP NPDES discharge (DE0050547).

Parameter WLA
Flow 0.5 mgd
CBOD-5 day 34.8 Ibs/day (12,702 Ibs/year)
Total Kjeldahl Nitrogen (TKN) 10.4 Ibs/day (3,796 Ibs/year)
Total Phosphorus (TP) 2.1 Ibs/day (766.5 Ibs/year)

The TMDL represents one allocation scenario. Asimplementation of the established
TMDL proceeds, DNREC may find that the applicable water quality standard can be achieved
through other combinations of point and nonpoint source allocations that are more feasible and/or
cost effective. If that happens, DNREC is free to re-run the model to propose arevised TMDL
with an aternative allocation scenario that will achieve water quality standards. It should be
noted that, by transferring loadings from one source to another, the results of the model may
change even if the total loading remains the same because the proximity and timing of difference
sources impacts the river differently.
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1.0 Introduction

Section 303(d) of the Clean Water Act and the U.S. Environmental Protection Agency's (EPA'S)
Water Quality Planning and Management Regulations (40 CFR Part 130) require states to
develop Total Maximum Daily Loads (TMDLs) for waterbodies that are not meeting their
designated uses even though pollutant sources have implemented technology-based controls. A
TMDL establishes the allowable load of a pollutant or other quantifiable parameter based on the
relationship between pollutant sources and in-stream water quality. A TMDL provides the
scientific basis for a state to establish water quality-based controls to reduce pollutant loads from
both point and nonpoint sources and restore and maintain the quality of the state's water
resources (USEPA, 1991).

Due to their high nutrient concentrations and/or low dissolved oxygen levels, the Delaware
Department of Natural Resources and Environmental Control (DNREC) identified and included
in the state’s 1996, 1998, and 2002 Section 303(d) lists of impaired waters several portions of the
Appoquinimink River. This study will fulfill the requirements for nutrient and dissolved oxygen
(DO) TMDLsfor al watersin the Appoquinimink River basin included in the State’ s 1996 and
1998 303(d) lists.

In 1996, the USEPA was sued under Section 303(d) of the CWA concerning the 303(d) list and
TMDLsfor the State of Delaware. Thslawsuit maintained that Delaware had failed to fulfill the
requirements of Section 303(d) and the EPA had failed to assume responsibilities not adequately
performed by the State. A settlement in the lawsuit was reached and DNREC and EPA signed a
Memorandum of Understanding (MOU) on July 25, 1997. Under the settlement, EPA agreed to
complete TMDLsfor all 1996 listed waters according to a 10-year schedule if the state failed to
do so. Under the requirements of the suit settlement DNREC began this TMDL in order to
compete the TMDL by December 30, 2002 but, because of various issues, requested EPA to
complete the work. Because EPA is developing the TMDL the establishment date, in
accordance with the suit settlement agreement, is December 15, 2003.

1.1  Background Information

The Appoquinimink River drains approximately 47 square milesin New Castle County,
Delaware (Figure 1-1). Magjor tributaries in the basin include Drawyer Creek and Deep Creek.
There are severa small, shallow, man-made lakes and ponds in the watershed (Wiggins Mill
Pond, Noxontown Lake (pond), Silver Lake, and Shallcross Lake). All tributaries mentioned are
included within the listing for the mainstem of the Appoquinimink River on Delaware’ s 303(d)
list of impaired waters.

The Appoquinimink River watershed is primarily agricultural with three residential/urban
centers (Middletown, Odessa, and Townsend). The areais experiencing considerable residential
growth. The topography is generally characterized by flat to gently sloping land which istypical
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of the coastal plain.

The Appoquinimink River is designated as a warm-water fishery and is subject to al water

Delaware Bay

o Towns
303(d) Listed Segments N
/\/ Reach File, V3 (02040205)
Roads W E
Appoguinimink watershed
3 0 53 5 Miles

12

Figure 1-1. Appoquinimink River basin; stream segments on 1998 303(d) list are bold (red).
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quality criteria specific to this designated use and those defined for general statewide water uses
including aquatic life, water supply, and recreation. Several stream segments of the
Appoquinimink River basin have been cited on the State’ s 303(d) list of impaired waters for
failing to attain their applicable criteria.

The Appoquinimink River istidal from the confluence with Delaware Bay to the dam at
Noxontown Lake on the main stem, the dam at Silver Lake on Deep Creek, and the confluence
with Drawyer Creek. Salinity intrusion from Delaware Bay typically reaches upstream past the
Drawyer Creek confluence at river kilometer (Rkm) 8.5. The only non storm water point source
in the watershed is the Middletown-Odessa-Townsend wastewater treatment plant (MOT
WWTP) located at Rkm 10. Although the MOT WWTP primarily uses spray irrigation to
dispose of its effluent, it is also permitted to discharge to the surface waters of Appoquinimink
River.

1.2 Impairment Listing

TMDL development for this study was limited to nutrient and DO impairmentsin the
Appoquinimink River basin. Eight stream segments in the Appoquinimink River basin were
included in Delaware' s 1996, 1998, and 2002 Section 303(d) lists due to nutrient and low DO
impairments (see Table 1-1 and Figure 1-1). These include 2 segments of the A ppoquinimink
River mainstem as well as 3 tributary stream segments and 3 small lakes or ponds. Probable
sources of nutrients have been identified as the municipal point source and nonpoint source
runoff.

Table 1-1. Nutrient and DO impaired stream segments of the Appoquinimink River basin.

Segment Name Segment ID Size Affected | Pollutant and/or | Probable Sources |Year Listed
Stressor

Appoquinimink River DE010-001-01 7.1 miles Nutrients, DO PS, NPS 1996
(Lower)

Appoquinimink River DE010-001-02 6.1 miles Nutrients, DO PS, NPS 1996
(Upper)

Drawyer Creek DE010-001-03 8.2 miles Nutrients, DO NPS 1996
Wiggins Mill Pond to DE010-002-01 3.4 miles DO NPS 1996
&%T(')L:]etg\fvi "F",'(t; 4 Nutrients NPS 2002
Deep Creek to DE010-002-02 2.4 miles DO NPS 1996
Egﬂ‘;'“e”ce with Silver Nutrients NPS 2002
Noxontown Pond DE010-L01 158.6 acres Nutrients NPS 1998
Silver Lake DEQ10-L02 38.7 acres Nutrients NPS 1996
Shallcross Lake DE010-L03 43.1 acres Nutrients NPS 1996
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1.3 Water Quality Standards

Section 10 of the State of Delaware Surface Water Quality Standards, as amended August 11,
1999, specifies the following designated uses for the waters of the Appoquinimink River basin:
primary contact recreation; secondary contact recreation; fish, aquatic life, and wildlife; industrial
water supply; and agricultural water supply (freshwater segments only).

The following sections of the State of Delaware Surface Water Quality Standards, as amended
August 11, 1999, provide specific narrative and/or numeric criteria concerning the waters of the
Appoquinimink River basin:

(1) Section3: Genera guidelines regarding Department’ s Antidegradation policies

(2) Section7: Narrative and numeric criteriafor controlling nutrient enrichment in waters of
the State

(3) Section9: Specific narrative and numeric criteriafor toxic substances

(4) Section 11: General water criteriafor surface waters of the State.

Although there are no numeric criteria for nutrients in the waters of the Appoquinimink River
basin, Section 7 of Delaware’ s Surface Water Quality Standards contains the following narrative
criteria

Nutrient overenrichment is recognized as a significant problem in some surface waters of
the Sate. It shall be the policy of this Department to minimize nutrient input to surface
waters from point and human induced non-point sources. The types of, and need for,
nutrient controls shall be established on a site-specific basis. For lakes and ponds,
controls shall be designed to eliminate overenrichment. For tidal portions of stream
basins of Indian River, Rehoboth Bay, and Little Assawoman Bay, controls needed to attain
submer ged aquatic vegetation growth season (approximately March 1 to October 31)
average levels for dissolved inorganic nitrogen of 0.14 mg/L as N, for dissolved inorganic
phosphorus of 0.01 mg/L as P, and for total suspended solids of 20 mg/L shall be instituted.
The specific measures to be employed by existing NPDESfacilities to meet the
aforementioned criteria shall be as specified in Section 11.5(d) of these standards.

Nutrient controls may include, but shall not be limited to, discharge limitations or
institution of best management practices.

In the absence of numeric nutrient criteria, DNREC has decided upon threshold levels of 3.0 mg/L
for total nitrogen (TN), and 0.1 mg/L for total phosphorus (TP) in determining whether a stream
should be placed on the State' s 303(d) list of impaired waters.

Section 11 of the Standards contains numeric criteriafor DO and the following water quality

criteria are applicable to fresh and marine waters of the Appoquinimink River basin:

General Criteria for Dissolved Oxygen in Fresh Waters
@ Average for the June-September period shall not be less than 5.5 mg/L.
(b) Minimum shall not be less than 4.0 mg/L.
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(© In cases where natural conditions prevent attainment of these criteria, allowable
reduction in dissolved oxygen as a result of human activities shall be determined
through application of the requirementsin Sections 3 and 5 of these Standards.

(d) The Department may mandate additional limitations on a site-specific basisin
order to provide incremental protection for early stages of fish.

General Criteria for Dissolved Oxygen in Marine Waters

@ Average for the June-September period shall not be less than 5.0 mg/L.

(b) Minimum shall not be less than 4.0 mg/L.

(© In cases where natural conditions prevent attainment of these criteria, allowable
reduction in dissolved oxygen as a result of human activities shall be determined
through application of the requirementsin Sections 3 and 5 of these Sandards.

(d) The Department may mandate additional limitations on a site-specific basisin
order to provide incremental protection for early stages of fish.

According to Section 2 of the Standards, fresh waters are defined as waters of the state which
contain natural levels of salinity of 5 parts per thousand (ppt) or less, and marine waters contain
natural levels of salinity in excess of 5 ppt. The water quality standards for DO and nutrients are
summarized in Table 1-2.

Table 1-2. Numeric water quality standards for Delaware.

Parameter Comments Criteria Period
Average | Minimum
(mg/L) (mg/L)
Fresh waters (i.e., salinity less than 5.0 ppt) 55 4.0 Jun 1 to Sep 30
Dissolved Oxygen Marine waters (i.e., salinity equal to or 5.0 4.0 Jun 1 to Sep 30
greater than 5.0 ppt)
Both fresh and marine waters Not 4.0 Oct 1 to May 31
specified
Ammonia Nitrogen No numeric criteria; narrative statement for pH dependent year round

prevention of toxicity. EPA water quality
criteria for ammonia nitrogen toxicity used

for TMDL.
Nitrate Nitrogen Maximum contaminant level for public 10 mg/L as N year round
drinking water systems.
Total Nitrogen Target for Appoquinimink River basin 3.0mg/Las N year round
proposed by DNREC.
Total Phosphorus [Target for Appoquinimink River basin 0.2mg/L as P year round

proposed by DNREC.
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2.0 Source Assessment

Analyses were performed on historical water quality and streamflow data to determine critical flow
conditions and relative loads to assess the impact of point and nonpoint sources on instream water
quality. These analyses helped to assess nutrient and oxygen demanding sources in the Appoquinimink
River watershed. Identification of critical flow conditions was an important step in determining the
methodology used for TMDL devel opment.

2.1 Data Sources

A wide range of information was reviewed for the Appoquinimink River watershed. The categories of
data examined include physiographic data describing physical conditions of the watershed,
environmental monitoring data identifying potential pollutant sources and contributions to the river and
itstributaries, hydrologic flow data, and water quality monitoring data. Table 2-1 summarizesthe
various data types and data sources reviewed and collected.

Table 2-1. Sources of Data for the Appoquinimink River basin.

Data Category Description Data Source(s)
Watershed Land Use (National Land Cover Data) USGS - MRLC
Physiographic
Data Stream Reach Coverage (RF 1 and 3, and NHD) USGS, US EPA BASINS

Digital Elevation Model (30 meter resolution) USGS - National Elevation

Dataset (NED)

Soils NRCS/USGS STASGO

Weather Information National Climatic Data Center,
National Weather Service

Hydrologic data Stream Flow Data USGS

Water Quality Instream concentrations of nutrients and oxygen EPA STORET
demanding substances as well as other parameters

USGS - United States Geological Survey; BASINS - Better Assessment Science; STASGO - State Soil and Geographic Database;
DNREC - Delaware Department of Natural Resources and Environmental Control; US EPA - United States Environmental Protection
Agency; EPA STORET - STOrage and RETrieval System; RF 1 and 3 - Reach File 1 and Reach File 3; NHD - National Hydrography
Dataset

Additionally, a number of technical reports describing past modeling efforts for the Appoquinimink
River were reviewed. These include DNREC' s Technical Analysis for the Proposed
Appoquinimink River TMDLSs - October 2001 and Hydroqual’ s The Appoquinimink River
Watershed TMDL Model (2001). The reader isreferred to these reports for more detailed data
summaries and analysis.
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2.2 Nutrient and Oxygen Demanding Sources

A review of the historical data collected in the Appoquinimink River basin provided insight into the
critical period for impact analysis. Once this condition was identified, the focus was directed to those
sources having the most impact during such periods.

2.2.1 Identification of Critical Period

Nutrient and DO data have been collected by DNREC at multiple locations in the Appoquinimink River
and itstributaries (see Figure 2-1). Concentrations of DO below the water quality standards have been
observed at a number of stations, primarily during the summer months (i.e., June through September).
Data and past modeling studies indicate that DO levelsin the estuarine environment are influenced by
contributions of nutrients and organic matter from the watershed (and ultimately the in-stream sediment)
throughout the year. The impact from the loadings manifests itself during the summer period (DNREC,
2001). Therefore, the critical period can be influenced by arange of potential sources, including point
and nonpoint sources.

Figure 2-1. Monitoring stations in the Appoquinimink River basin.

2-2
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2.2.2 Point Sources

Permitted point sources include discharges such as municipal waste water treatment plants, storm water
systems, and industrial waste water facilities. The only non storm water point source discharger to the
Appoquinimink River isthe Middletown-Odessa-Townsend wastewater treatment plant (MOT

WWTP, permit number DEO050547). The permitted and estimated characteristics of the MOT
WWTP effluent are summarized in Table 2-2.

Table 2-2. Characteristics of MOT WWTP NPDES discharge (DE0050547).

Parameter Permit Value Estimated Value Load
Flow 0.5 mgd
CBOD-5 day 34.8 Ibs/day 34.8 Ibs/day
Total Kjeldahl Nitrogen (TKN) 3,796 Ibs/year 10.4 Ibs/day
Total Phosphorus (TP) 2.1 Ibs/day 2.1 Ibs/day
Dissolved Oxygen (DO) 0.695 mg/L 2.9 Ibs/day

EPA's stormwater permitting regulations require municipalities to obtain permit coverage for all storm
water discharges from separate storm sewer systems (M34s). Implementation of these regulations are
phased such that large and medium sized municipalities were required to obtain storm water permit
coverage in 1990 and small municipalities by March 2003. New Castle County has a general storm
water permit which includes the municipalities of Middletown, Odessa, and Townsend. These
municipalities cover less than 3 percent of the Appoquinimink watershed, but contain most of the
watershed's population (4,500 people). The population is expected to expand within the near future.
Although the watershed's economy is essentially agrarian, some light industry does exist in Middletown.
The M$4 permit for New Castle county covers the major municipalities within the County and the
Delaware Department of Transportation. The storm water loadings from the land segments covered by
this permit required a waste load allocation (WLA).

2.2.3 Nonpoint Sources

In addition to point sources, nonpoint sources may also contribute to water quality impairmentsin the
Appoquinimink watershed. Nonpoint sources represent contributions from diffuse, non-permitted
sources. Typically, nonpoint sources are precipitation driven and occur as overland flow that carries
pollutantsinto streams. They can impact a waterbody directly, e.g. through elevated concentrations
during storm events and indirectly, e.g. through contribution to bottom sediments and ultimately
sediment oxygen demand (SOD).

2-3
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Land use information from the USGS Multi-Resolution Land Characterization (MRLC) completed in
1992 was available for the Appoquinimink watershed region and was used to evaluate potential
nonpoint sources (as well as diffuse sources covered under the storm water permits). Landuse data for
2002 was obtained and used to supplement analysis of the 1992 data. Land use information for the
Appoquinimink watershed is summarized in Table 2-3 (for both 1992 and 2002). The 1992 land use
distribution for the Appoguinimink River watershed is shown in Figure 2-2.

Table 2-3. Landuse in the Appoquinimink River basin.

Landuse 1992 2002
mi? % mi? %
Open Water 1.47 3.19 1.83 3.97
Low Intensity Residential 0.85 1.84 6.06 13.13
High Intensity Residential 0.10 0.22 0.89 1.93
High Intensity Commercial/
Industrial/ 0.32 0.69 2.16 4.68
Transportation
Disturbed 0.03 0.07 0.92 1.99
Forest 6.17 13.37 4.06 8.80
Pasture/Hay 8.41 18.22 1.60 3.47
Row Crops 23.53 50.99 23.74 51.44
Other Grasses (Urban/recreational) 0.01 0.02 0.34 0.74
Wetlands 5.26 11.40 4.55 9.86
Total 46.15 46.15

Note: The landuse datasets were obtained from different sources. Discrepancies between open water areas are
attributable to a difference in the resolution of the datasets or possibly seasonal/hydrologic characteristics.

Based on the landuse data, it is clear that agricultural lands (row crops, in particular) cover alarge
portion of the watershed. Between 1992 and 2002, there was a significant increase in urban areas and
a corresponding decrease in pasture/hay and forested areas. The 1997 Census of Agriculture identifies
that the predominant crop types within New Castle County are soybeans, corn, and wheat. It also
identifies that within the county, there are approximately 2,698 cattle and calves, 51 hogs and pigs, and
222 sheep and lambs (while chicken numbers are not available).

While a portion of the watershed is sewered, there are also areas that rely on septic systems for sewage
disposal. Many of these areas fall outside denoted urban boundaries. Septic systems can contribute
pollutants to waterbodies through a number of mechanisms usually associated with failure of the
systems. Within New Castle County, there are approximately 12,000 septic tanks or cesspool s (based
on 1990 U.S. Census Bureau figures).
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Figure 2-2. Land uses in the Appoquinimink River basin.
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3.0 TMDL Endpoint Determination

The CWA requires states to adopt water quality standards to define the water goals for a waterbody
by designating the use or uses to be made of the water, by setting criteria necessary to protect the uses
and by protecting water quality through antidegradation provisions. These standards serve dual
purposes. (1) they establish water quality goals for a specific waterbody, and (2) they serve asthe
regulatory basis for establishing water quality-based controls and strategies beyond the technol ogy-
based levels of treatment required by sections 301(b) and 306 of the CWA (USEPA, 1994).

Once the applicable use designation and water quality criteria are identified, the numeric water quality
target or goal for the TMDL is determined. These targets represent a number where the applicable
water quality is achieved and maintained in the waterbody. For the Appoquinimink River TMDLSs, the
target isto attain and maintain the applicable DO water quality criteria under critical summer conditions.
The general water quality targets or endpoints for the Appoquinimink River basin TMDLs are identified
in Table 3-1. The fresh water dissolved oxygen criteria was selected for the Appoquinimink River
TMDL. The fresh water criteriawas chosen because average summer salinity values on the
Appoquinimink River were below 5.0 parts per thousand (ppt) upstream of its confluence with Drawer
Creek while the minimum salinity values were below 5.0 ppt in the areas downstream of Drawer

Creek. This methodology corresponds to DNREC’ s decision in the Technical Analysisfor the
Proposed Appoquinimink River TMDLSs - October 2001.

Table 3-1. Summary of TMDL endpoints for Appoquinimink River basin.

Parameter Comments Target Limit Period
Average | Minimum
(mg/L) (mg/L)
Fresh waters (i.e., salinity less than 5.0 5.5 4.0 Jun 1 to Sep 30
pt)
Dissolved Oxygen Marine waters (i.e., salinity equal to or 5.0 4.0 Jun 1 to Sep 30
[greater than 5.0 ppt)
Both fresh and marine waters 5.5 4.0 Oct 1 to May 31
Ammonia Nitrogen No numeric criteria; narrative statement for pH dependent year round

prevention of toxicity. EPA water quality
criteria for ammonia nitrogen toxicity used
for TMDL.

Nitrate Nitrogen Maximum contaminant level for public 10 mg/L as N year round
drinking water systems.

To meet the designated uses of the Appoquinimink River and its tributaries, water quality targets, or
endpoints, must be met under al conditions. The selection of these endpoints considers the water quality
standards prescribed by those designated uses (Section 1.3). Results of the analysis of water quality data
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collected by DNREC in the basin indicate that the water quality criteriafor both the minimum DO and
average DO, which EPA interprets as adaily average concentration, were not protected at a number of
stations in the tidal Appoquinimink River.

These TMDL s have identified the pollutants and sources of pollutants that cause or contribute to the
impairment of the DO criteriaand allocate appropriate loadings to the various sources. Given our
scientific knowledge regarding the interrelationship of nutrients, biochemical oxygen demand (BOD), and
SOD and their impact on DO, it is necessary and appropriate to establish numeric targetsfor TN, TP,

and CBOD based on applicable state criteriato support the attainment of the numeric DO criteria.
Establishing numeric water quality endpoints or goals also provides the ability to measure progress
toward attainment of the water quality criteria and to identify the amount or degree of deviation from the
allowable pollutant load.

While the ultimate endpoint for this TMDL was to ensure that the water quality criteriafor DO was
maintained throughout the Appoguinimink River basin, it was necessary to determine if other applicable
water quality criteriawere met and maintained. Specifically, this applies to the numeric water quality
criteriafor nitrate nitrogen of 10 mg/L as N. The water quality standard for nitrate nitrogen was
protected throughout the Appoquinimink River basin. Delaware does not have a numeric water quality
criteriafor ammonia nitrogen, however, the analysis indicates that ammonia nitrogen concentrations
throughout the Appoquinimink River basin are consistent with the recommended EPA water quality
criterion from Section 304(a) of the CWA.

Achieving these instream numeric water quality targets will ensure that the designated uses (aquatic life
and human health) of waters in the Appoquinimink River basin are supported during critical conditions.
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4.0 TMDL Methodology and Calculation

The following sections discuss the methodology used for TMDL development and results in terms of
TMDLs and required load reductions for each stream segment listed on Delaware’ s 303(d) list as
impaired due to nutrients. The selected methodology considers specific impacts and conditions
determined necessary for accurate source representation and System response.

4.1 Methodology

Analysis of water quality dataindicate that the Appoquinimink River is most susceptible to DO and
aguatic life use impairments during the summer. More specifically, impairments occur during the
summer as aresult of multiple factors, including: SOD levels (impacted by land-based point and
nonpoint source contributions), hydrodynamics (tidal influences), and oxygen’ s solubility based on
temperature. To fully evaluate these factors and determine a TMDL for Appoquinimink River, a
dynamic hydrodynamic and water quality model was utilized that included chemical and biological
processes associated with nutrient enriched and eutrophic systems. An enhanced version of EPA’s
Water Quality Analysis and Simulation Program (WASP) model (Ambrose et a., 1993) which
incorporated a predictive sediment diagenesis submodel was used for this TMDL analysis.

The computational framework for the Appoquiniminik River modeling effort included four components:
(1) the Generalized Watershed L oading Functions (GWLF) watershed loading model, (2) the
DYNHY D hydrodynamic model (WASP' s hydrodynamic model), (3) the WASP water quality
simulation model, and (4) the sediment diagenesis model. The inputs for the GWLF model, which are
further described in Appendix A, included rainfall and land use data for subwatersheds representing the
entire Appoquinimink River basin. Outputs from GWLF included flow rate, TN, and TP on a monthly
basis. The outputs from GWLF were input to the DYNHY D and WASP models after conversion to
daily values using rainfall data and atriangular hydrograph/pollutograph assumption. The DYNHYD
and WA SP models are based on an existing model developed and applied by DNREC (2001) for the
Appoquinimink River (and described in Appendix B). Inputsfor DYNHY D included river bathymetry,
tidal forcing at the Delaware River boundary, and upstream inflows. Outputs from DYNHY D included
tidal flows and water depths that were used by the WA SP model to transport constituents throughout
the Appoquinimink River system. The WASP model provides a generalized framework for simulating
water quality and transport in surface waters and is based on a finite-segment approach. WASP is
supported by the EPA’ s Center for Exposure and Assessment Modeling (CEAM) in Athens, Georgia.

A more detailed description of the DYNHY D and WA SP models can be found in Appendix B.

For this TMDL, several major updates have been implemented into the Appoquinimink water quality
modeling framework previously developed by DNREC (2001). The major modifications to the

modeling framework and system configuration are summarized in the following subsections.
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4.1.1 Corrected Sediment-Water Column Connection

In the previous version of the Appoquinimink River model, the sediment compartment was isolated
from the water column, resulting in no flux of nutrients from the sediment bed to the water column.
Therefore, nutrients in the sediment were not affecting the DO concentrations in the water column in the
previous model. This previous version of the WASP code was adequate when the model configuration
did not include an active sediment layer. However, when an active sediment layer was included in the
model, there was alack of nutrient benthic fluxes because the original code was not written for an

active sediment layer. Thisissue was resolved in the current effort by modifying the source code. The
nutrient concentration in the water column is now responsive to the specified sediment nutrient flux. In
the current model the in-stream sediment is a source of nutrients to the water column and does impact
the DO concentrations.

4.1.2 Corrected Inconsistent CBODuU/CBOD5 Ratio and Kd Values

In the previous version of the model, the carbonaceous biochemical oxygen demand (CBOD)
deoxygenation rate (Kd) was set to 0.075/day, which corresponds to a CBODu/CBODS ratio of 3.19.
However, in the boundary condition section, the CBODuU/CBODS5 ratio was set as 1.58, which
corresponds to a Kd decay rate of 0.2/day. Thisinconsistency was resolved through the recent
calibration process, by using a Kd value of 0.10/day resulting in a corresponding CBODuU/CBOD5
ratio of 2.54. By inputting the Kd value into the equation below, the CBODu/CBODS5 ratio can be
determined. Assuming the instream CBOD deoxygenation rate (Kd) isadirect reflection of the
wastewater characteristics (a reasonable assumption for highly treated effluents), the CBODuU/CBOD5
ratio isrelated to Kd in the receiving water according to the following equation (Lung, 1998):

CBODvu 1

CBODs 1- g™

and solving the above equation for Kd results in the following:
( CBODs)
"1 cBop.
5

Kd = -

4.1.3 Incorporated a Gaussian Temperature Function for Algal Growth Rate
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In the standard WA SP model, the temperature effect on algal growth rate is represented as a power
function, which implies that a higher temperature resultsin a higher algal growth rate. Thissimplified
assumption may not represent the conditions in many natural waterbodies. According to the observed
data, the chlorophyll-a concentrations in the Appoquinimink River are relatively low in summer when
temperature is high and the concentrations are significantly higher during fall when the temperatureis
lower. At the same time, there is no other evidence showing that this trend was caused by other
factors. Therefore, it was assumed that temperature might be a prime factor responsible for this trend.
To better represent this trend, the Gaussian temperature function, which has been considered to be
more representative of real algal growth rate characteristics and is used in EFDC and other models
(Park et a., 1995; HydroQual, 2001), was incorporated into the WASP model. This more accurately
simulates the observed conditions in the watershed.

The formulation of the Gaussian temperature function is:

F(t) = exp(-KTG1 [T-TM1]?) when T <= TM1
F(t) = exp(-KTG2 [TM2-T]?) when T >=TM?2

where, F(t) is the temperature correction function
T isthe water temperature
KTG1 and KTG2 are the temperature correction coefficients
TM1 and TM2 are the lower and upper temperature bounds for optimal algal growth

4.1.4 Incorporation of a Diurnal DO Simulation Function Based on Phytoplankton Dynamics

Primary producers, such as phytoplankton, use nutrients during sun light hours for production and
consume oxygen during nightfall when photosynthesis ceases. Asaresult these organisms can inflate
DO concentrations during the day and lower DO concentrations through the night. As shown by the
monitoring data, phytoplankton concentration can reach very high valuesin certain sections of the
Appoquinimink River. It was therefore, necessary to include the impacts of primary production in the
model. To account for the possible impact of the phytoplankton concentrations on DO, adiurnal DO
simulation function was incorporated into the WASP framework. In addition, asimplified diurnal
simulation module was added to the code to alow for a more accurate representation of DO fluctuation
in the receiving water. In this simplified diurnal simulation module, the growth of phytoplankton occur
during daylight hours and halt at night. The average solar radiation intensity was used to govern the
algal dynamics during daylight hours, and a zero solar radiation intensity was used to restrict algal
growth at night. The modified model is now capable of simulating time-variable DO with hourly
resolution (or higher resolution as necessary), and estimating daily average, minimum, and maximum
DO concentrations. To use the simplified diurnal simulation function, the light switch LGHTS were set
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to 6.0 to activate the relevant calculations. This addition to the model should better represent observed
conditions.

4.1.5 Incorporation of a Predictive Sediment Diagenesis Module

The previous modeling report by DNREC (2001) indicated that sediment nutrient fluxes play a major
rolein the Appoquinimink’s DO impairments. It also recommended that a dynamic sediment flux
model be incorporated to properly balance watershed contributions throughout the year and fluxesto
and from the sediment. To better account for the relationship between SOD and external load, a
sediment diagenesis model was incorporated into WASP for this project and is based on the sediment
flux modeling theory of DiToro (2001), as well as an implementation by Lung (2000). The sediment
diagenesis model takes into account the CBOD and nutrients moving between the sediment and water
column. The sediment layers allow an interaction between the sediment oxygen demand and the water
column. The model also describes changes in agueous methane, gaseous methane, ammonia, and
gaseous nitrogen. Thisis accomplished by maintenance of the mass balance of CBOD and organic
nitrogen.

4.1.6 Mode Calibration and VValidation

For WASP (and DYNHY D) modeling purposes, the Appoquinimink River system was divided into 47
segments from its confluence with the Delaware River to the headwaters of Drawyer Creek, Deep
Creek, and Wiggins Mill Pond Branch (refer to Appendix B for more detailed information). Three
small lakes or ponds were also included in the modeling framework (Shallcross Lake, Silver Lake, and
Noxontown Pond). The DYNHY D and WA SP modeling components were calibrated to flow and
water quality conditions for the period May to July 1991. The model was validated using the period
August to October 1991. The model calibration process involved modeling parameter adjustment,
however the validation process simply involved application of the calibrated model parameters (without
further adjustment). This calibration and validation approach enabled the dynamic sediment diagenesis
model to generate results for the calibration period, which could then be used as a starting point for the
validation condition. The DYNHYD model was run on a 5 second timestep and the WASP model

was run on a 60 second timestep.

WASP model boundary conditions for the calibration and validation periods were generated using the
GWLF watershed model (Appendix A), which was configured with meteorological datafrom the
Wilmington New Castle County Airport and the 1992 MRL C landuse data. GWLF was run for the
three-year period 1989 through 1991 using rainfall records from the airport. Flow and nutrient loads
(TN and TP) were generated for subwatersheds used to represent the Appoquinimink watershed in
GWLF and applied directly to respective WA SP modeling segments for this entire time period.
Although the WASP calibration and validation focused on 1991, it was necessary to simulate the two
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previous years, in order to stabilize the sediment diagenesis model. That is, rather than selecting
arbitrary starting points for sediment-flux parameters, the model was run using predicted nutrient loads
from the watershed over time to internally generate the sediment-flux parameters for the calibration
condition.

The GWLF model generated TN and TP loads for delivery to the receiving waters in the watershed.
These loads were, in turn, converted to nitrate-nitrite (NO2/NO3), ammonium (NH4), organic
nitrogen, orthophosphate (OPO4), and organic phosphorus loads using ratios of: 0.670, 0.066, 0.264,
0.400, and 0.600, respectively. These ratios are consistent with those utilized in the 2001 DNREC
anaysis and were based on monitoring data. For application of these loads to the WASP model, the
organic nutrient loads were additionally converted to CBOD loads. The following ratio was used:
CBODu/organic nitrogen = 30.4. Thisratio was initially determined based on the Redfield Ratio of
0.176 nitrogen(N)/carbon(C), and a carbon to oxygen ratio of 2.67 g O2/g C. Thisratio wasthen
refined for the waterbodies being evaluated through an iterative model calibration process. The
relatively high CBODu/organic nitrogen ratio can be justified by the fact that in the watershed, organic
nitrogen isrelatively diminished (at low levels), corresponding to a higher C/N ratio (and
CBODU/Org-N ratio).

For the calibration and validation periods a number of important assumptions were made regarding the
boundary conditions from the Delaware River and the load being contributed by the MOT WWTP.
Tidal contributions from the Delaware River varied depending on the time of year and were assumed to
contribute 0.60 to 1.34 mg/L of NO2/NO3, 0.05 to 0.14 mg/L of NH3, 0.03 to 0.05 mg/L of OPO4,
and 6.325 mg/L of CBODu. The MOT WWTP was assumed to contribute at levels based on 1991
discharge conditions. These conditions were used in the DNREC 2001 analysis and are as follows: 0.5
mgd, 0.0 mg/L of NO2/NO3, 10.0 mg/L of NH3, 0.845 mg/L of OPO4, and 19.5 mg/L of CBOD5
(55.4 mg/L of CBODu). Thiswas done for the calibration and validation of the model since the
calibration was to 1991 water quality data. However, the River was modeled with more current MOT
datafor the TMDL scenarios. Inthe various TMDL scenarios the pollutant and DO concentrationsin
the effluent were altered.

The calibration and validation plots for DO, chlorophyll-a, and nutrients (NH4, NO3, PO4, organic
nitrogen, and organic phosphorus) are presented in Appendix C for the Appoguinimink River. Dueto
monitoring data limitations regarding time-variability, the plots present longitudinal profiles for the river
(from the Delaware River to upstream of Wiggins Mill Pond) of minimum, mean, and maximum daily
values of the constituents (over the calibration period and validation period separately). The model
results are compared to mean, minimum, and maximum monitoring values at different locations for the
calibration and validation periods (separately). It should be noted that the model results are reflective

of predictions for every day during the calibration period (May through July) and validation period
(August through October) while the monitoring data are only reflective of afew days during that period.
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The goal of calibration and validation was to most accurately represent the observed range of
constituent variability at all locations along the river’s length.

4.2 TMDL Calculation

TMDLs were established for each individual segment listed on Delaware’ s 303(d) list. TMDLSs consist
of apoint source wasteload allocation (WLA), a nonpoint source load allocation (LA), and a margin of
safety (MOS). The TMDLs identify the sources of pollutants that cause or contribute to the impairment
of the DO criteria and allocate appropriate loadings to the various sources. Given the scientific
knowledge available, and utilizing the model processes that describe the interrelationship of nutrients,
CBOD, SOD, and their impact on DO, it was determined necessary to prescribe WLAs and LAs for

TN and TP (for land-based contributions) and CBOD, TP, and TKN (for the MOT WWTP).

The equation used for TMDLs and allocations to sourcesis:
TMDL =YWLA + YLA + MOS

The WLA portion of this equation is the total loading assigned to point sources. Federal regulations
(40 CFR 130.7) require TMDLsto include individual WLASs for each point source. The LA portionis
the loading assigned to nonpoint sources. According to federal regulations (40 CFR 130.2(g)), load
allocations are best estimates of the nonpoint or background loading. These allocations may range from
reasonably accurate estimates to gross allotments, depending on the availability of data and appropriate
techniques for predicting the loading. Wherever possible, natural and nonpoint sources should be
distinguished (EPA, 2001). The MOS isthe portion of loading reserved to account for any uncertainty
in the data and the computational methodology used for the analysis.

For this study, the MOS is assumed implicit through conservative assumptions used in the modeling
process. These conservative assumptions include:

*  There is a MOS with respect to the 4.0 mg/L minimum DO standard. That is, the TMDL
conditions bring the minimum DO well above the required minimum of 4.0 mg/L while
simultaneously closely meeting the 5.5 mg/L average.

* Lossesof land-based nutrient and organics loads for the storms along the path to the receiving
waters were not explicitly represented in the model.

*  Themodel does not consider loss of organic matter from the sediment due to high flow
conditions. Therefore, all organics that settle remain available for diagenesis processes. Thus,
the predicted SOD may be somewhat higher than that in reality.
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While the model achieves areasonable level of accuracy, there is a certain amount of uncertainty
associated with the model predictions. This uncertainty can be attributed to a number of factors,
including:

* Therearelimited spatially and temporally representative water quality data.

* Ingenerating boundary condition loads to the stream segments, it was assumed that long-term
meteorological data for the Wilmington Airport is representative of conditions throughout the
Appoquinimink watershed.

*  The GWLF model does not explicitly simulate detailed nutrient generation and loading
processes although it does provide reasonable trends.

*  GWLF generates monthly nutrient load and flow, while the receiving water quality model
requires higher temporal resolution to account for the time variability in water quality. The
monthly load was distributed to daily values based on the rainfall distribution.

*  GWLF only generates loads for TN and TP, while WASP requires loads for NH3,

NO3/NO2, OPO4, CBOD, organic nitrogen, and organic phosphorus. Therefore, the TN
and TP generated by the GWLF model were partitioned into the constituents used in WASP
model based on the ratio previously used in 1998 TMDL and DNREC’s recent modeling
analysis.

» Therecelving water quality model isasimplified representation of reality. It usesdiscrete
computational segments to represent a continuous system, uses alumped chlorophyll-a
parameter to represent the entire population of algae, uses CBOD parameter CBOD to
represent organic carbon, and does not explicitly account for the impact of groundwater
(although groundwater contributions are represented in the GWLF model).

*  Water quality monitoring data focused on evaluating the specific impacts of the tidal marshes
were not available to support this study. As such, detailed processes associated with the
marshes were not explicitly represented in the receiving water modeling framework
(DYNHYD and WASP). Landuse data were available for the watershed, and thus the
wetland areas (marshes) were represented as a distinct landuse category in the GWLF
modeling framework. Because insufficient monitoring data were available to fully define the
impact (in terms of anet gain or loss) of the wetlands, neither the detainment capacity nor
loading processes were explicitly considered. That is, land-based constituent |oads from the
watershed, which in agood portion of the Appoquinimink River watershed pass through
wetlands prior to feeding into the rivers (and tributaries), were not considered to be detained
(and thus utilized) by the wetlands. At the same time, contributions of nutrients and organic
matter from the wetlands themselves were also not explicitly represented. It was assumed
that these factors would have a balancing effect on the overall loading to theriver. Because
the model was successfully calibrated through a comparison of predictions with in-stream
monitoring data and did not indicate a major contributing source was being overlooked, the
representation was deemed appropriate for TMDL analysis.
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The TMDL development process involved the following steps:

1. Thecalibrated and validated model was run for a“baseline” condition. This condition was
essentially the starting point for TMDL analysis. For the baseline condition, the MOT WWTP was
set at its current permit limits which were based on EPA’ s 1998 Appoquinimink TMDL WLA (as
identified in Table 2-2), the Delaware Bay contributions were assumed to be consistent with those
identified in Section 4.1.6, and the 1992 landuse scenario was used as the basis for generating flow
and nutrient loads from the watershed to the receiving water models (DY NHY D and WASP).
Although the 2002 landuse data were acquired and evaluated, the 1992 landuse data were used in
the TMDL analysis. Using the 1992 landuse data likely resultsin aslightly different “ baseline”
loading than for 2002, however, this has no implications on the WLA and LA allocations (and total
TMDL). The TMDL represents the assimilative capacity of the river and thus does not change
due to the landuse distribution of the contributing watershed. The meteorological conditions that
occurred during 1991 were assumed representative of typical conditionsin the watershed. As
identified in Section 4.4, this year was typical of most observed in the watershed and covered a
range of hydrologic conditions. Dissolved oxygen concentrations predicted by the model for the
period June through September were compared directly to Delaware’ s DO criteria.

2. Intheevent that DO levels were not at or above the criteria, nutrient load reductions were
required. The load reduction process involved reducing nutrient loads (specifically TN and TP)
from the watershed until the DO criteriawere met at all locations on impaired watersin the
Appoquinimink River watershed.

4.3 TMDL Results and Allocations

TMDLs were developed for the Appoquinimink watershed based on Delaware’ s DO criteriafor fresh
waters. Specifically, the minimum of the daily average DO concentrations predicted by the model
during the June-September period (at every point along the impaired segments) was required to be at
or above 5.5 mg/L. Additionally, the minimum of the daily minimum concentrations predicted by the
model during the same period (at every point along the impaired segments) was required to be at or
above 4.0 mg/L. Modeling results for impaired segments that show compliance with these criteriaare
presented in Appendix D. Note that each plot contains “baseline” conditions as described above and
the successful compliance scenario (for which the TMDL allocations were based).

TMDLs are presented in Table 4-1 for impaired segments of the Appoquinimink River watershed. The
TMDLs are presented by subwatershed contributing to the impaired segments (Figure 4-1). Thetotal
TMDL for each impaired segment is the combination of all TMDLs for contributing subwatersheds and
for the MOT point source (Table 4-2), where applicable. These watershed-based |oads and the
allocated load for the MOT WWTP enable the in-stream DO concentrations to meet criteria under all

4-8



Nutrient and DO TMDL Development for Appoquinimink River, Delaware

conditions. It should be noted that the WLASs for the storm water permits and the LAs for areas not
covered by storm water permits have been combined into asingle WLA for each subwatershed (and
impaired segment) and have not been presented separately. DNREC and New Castle County are
currently in the process of mapping storm water discharge locations that are covered by the permits,
and as such insufficient data are currently available to justify a more detailed allocation to storm water
permit. Once the mapping effort on behalf of DNREC and the county is complete, the TMDL can be
updated to distribute the TMDL among the storm water permits (WLAS) and the nonpoint sources
(LAs). The WLA isassigned to New Castle County, Delaware Department of Transportation,
Middletown, Odessa, and Townsend Township. The TMDL calls for a 60% reduction in nutrient
loadings to the Appoquinimink River. When the TMDL was run using current land use data, without
the best management practices included, a 56% reduction in nutrient loadings w required.

The TMDL represents one allocation scenario. Asimplementation of the established TMDL
proceeds, DNREC may find that the applicable water quality standard can be achieved through other
combinations of point and nonpoint source allocations that are more feasible and/or cost effective. If
that happens, DNREC is free to re-run the model to propose arevised TMDL with an alternative
allocation scenario that will achieve water quality standards. It should be noted that, by transferring
loadings from one source to another, the results of the model may change even if the total loading
remains the same because the proximity and timing of difference sources impacts the river differently.
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Table 4-1. TMDLs and baseline loads by contributing subwatershed for impaired waters of the
Appoquinimink.

Contributing | Baseline | Baseline | WLA WLA Redofced Redofced
Segment Name Segment ID Subwatershed(
9 TN TP TN TP TN TP
(Ibslyr) (Ibs/yr) (Ibs/yr) | (Ibslyr) (Ibslyr) (Ibslyr)
1 35,185 4,267 14,074 1,707 60% 60%
2 16,842 2,240 6,737 896 60% 60%
3 3,866 579 1,547 231 60% 60%
4 17,689 2,156 7,075 862 60% 60%
5 18,471 2,560 7,388 1,024 60% 60%
IAppoquinimink River 6 13,746 1,854 5,498 742 60% 60%
(mfr) DE010-001-01 7 17,386 | 2,184 6,954 874 60% 60%
8 26,486 3,418 10,594 1,367 60% 60%
9 13,416 1,734 5,366 693 60% 60%
10 22,035 3,074 8,814 1,230 60% 60%
The total TMDL for this segment also includes the WLAs for the MOT WWTP presented
in Table 4-2.
2 16,842 2,240 6,737 896 60% 60%
5 18,471 2,560 7,388 1,024 60% 60%
o ) 6 13,746 1,854 5,498 742 60% 60%
(Aggsgr‘;'”'m'”k RIVerl bE010-001-02 7 17,386 | 2,184 | 6,954 874 60% 60%
8 26,486 3,418 10,594 1,367 60% 60%
The total TMDL for this segment also includes the WLAs for the MOT WWTP presented
in Table 4-2.
1 35,185 4,267 14,074 1,707 60% 60%
Drawyer Creek DE010-001-03 9 13,416 1,734 5,366 693 60% 60%
10 22,035 3,074 8,814 1,230 60% 60%
\Wiggins Mill Pond to
confluence with DE010-002-01 5 18,471 2,560 7,388 1,024 60% 60%
Noxontown Pond
Deep Creek to
confluence with DE010-002-02 7 17,386 2,184 6,954 874 60% 60%
Silver Lake
5 18,471 2,560 7,388 1,024 60% 60%
Noxontown Pond DEO010-LO1
6 13,746 1,854 5,498 742 60% 60%
) 7 17,386 2,184 6,954 874 60% 60%
Silver Lake DE010-L02
8 26,486 3,418 10,594 1,367 60% 60%
hallcross Lake DE010-L03 10 22,035 3,074 8,814 1,230 60% 60%
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Table 4-2. WLAs for the MOT WWTP NPDES discharge (DE0050547).

Parameter Permit Value WLA % Reduced
Flow 0.5 mgd 0.5 mgd 0%
CBOD-5 day 34.8 Ibs/day 34.8 Ibs/day (12,702 Ibs/year) 0%
Total Kjeldahl Nitrogen (TKN) 3,796 Ibslyear 10.4 Ibs/day (3,796 Ibs/year) 0%
Total Phosphorus (TP) 2.1 Ibs/day 2.1 Ibs/day (766.5 Ibs/year) 0%
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Figure 4-1. Map of Appoquinimink subwatersheds for summarizing TMDLSs by impaired segment.
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4.4 Consideration of Critical Conditions

Federal Regulations (40 CFR 130.7(c)(1)) require TMDLsto consider critical conditions for
streamflow, loading, and water quality parameters. The intent of this requirement is to ensure that the
water quality in waterbodies are protected during periods when they are most vulnerable. Critical
conditions include combinations of environmental factors that result in attaining and maintaining the
water quality criteria and have an acceptably low frequency of occurrence (USEPA, 2001).

TMDLsfor the Appoquinimink River adequately address critical conditions through modeling for an
entire year and using 1991 meteorological data, specificaly. All conditions were considered through
modeling for afull year, including the critical summer period when DO impairment is prevalent in the
watershed. Because the receiving water model makes predictions at a sub-hourly timestep for the
entire modeling period, it predicts constituent levels for low-flow as well asfor storm events. More
importantly, the model makes predictions for critical conditions overlooked by a steady-state analysis
such as 7Q10 (e.g., by simulating relatively low-flow conditions that follow a storm event). A steady-
state low-flow analysis assumes minimal land-based |oading inputs, however, these inputs (which are
typically contributed during storm events) become the most critical factor even during low flow events.
Thus, the current modeling framework can be used to evaluate critical periodsin more detail than a
steady-state 7Q10 evauation. The year 1991 was selected for modeling based on an analysis of
available data. A statistical analysis was performed on USGS flow datain Morgan Creek (which was
used as the reference watershed for the GWLF modeling effort and is assumed to be representative of
conditions in the Appoquinimink watershed) since no data were available for the Appoquinimink River.
The intention of the analysis was to compare annual volume totals at the gaging station for 1991 and the
period 1980 through 2000. It is apparent from Figure 4-2 that the total volume for 1991 is very close
to the long-term average annual volume.

In addition to the annual volumetric analysis, flow-duration curves for 1991 and the period 1980
through 2000 were compared. Figure 4-3 suggests that 1991 was representative of most flow
conditions observed at the gage over alonger period of time, with the exception of extreme flood
events and droughts. While the hydrologic regime of 1991 was consistent with average conditions
throughout the past two decades, it also showed extreme depressions of dissolved oxygen in the
monitoring data. This combination of factors suggested that 1991 meteorological conditions would be
most representative and protective of conditions in the Appoquinimink River watershed.
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Figure 4-2. Volumetric analysis at the Morgan Creek USGS gage
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Figure 4-3. Flow-exceedance curve for the USGS gage on Morgan Creek
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4.5 Consideration of Seasonal Variation

TMDLsfor the Appoguinimink River adequately address seasonal variation directly through time-
variable watershed and receiving water modeling. The linked modeling system simulates rainfall-runoff
processes for the watershed throughout the year (for all seasons) as well asin-stream response. This
approach provided insight into the time-variable nature of watershed loading and sediment diagenesis
on DO levelsin the Appoquinimink River and itstributaries. Rather than considering asingle, extreme
condition, this approach was comprehensive and represented a full seasonal analysis.
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5.0 Reasonable Assurance and Implementation

Reasonabl e assurance indicates a high degree of confidence that each WLA and load allocation in a
TMDL will beimplemented. EPA expects the state to implement these TMDL s by ensuring that
NPDES permit limits are consistent with the WLAs described herein. According to 40 CFR
122.44(d)(1)(vii)(B), the effluent limitations for aNPDES permit must be consistent with the
assumptions and requirements of any available WLA for the discharge prepared by the state and
approved by EPA. Furthermore, EPA has the authority to object to issuance of a NPDES permit that
isinconsistent with the WLAs established for that point source. Additionally, according to 40 CFR
130.7(d)(2), approved TMDL loadings shall be incorporated into the state’ s current water quality
management plans. These plans are used to direct implementation and draw upon the water quality
assessments to identify priority point and nonpoint source water quality problems, consider alternative
solutions, and recommend control measures. This provides further assurance that the pollutant
allocations of the TMDLs will be implemented in the Appoquinimink River basin.

Development of TMDLSs s only the beginning of the process for stream restoration and watershed
management. Load allocations to point and nonpoint sources serve as targets for improvement, but
success is determined by the level of effort put forth in making sure that those goals are achieved. Load
reductions proposed by nutrient and dissolved oxygen TMDL s require specific watershed management
measures to ensure successful implementation.

In terms of nonpoint sources, the load allocations are representative of expected pollutant loads during
critical conditions from baseflow, atmospheric deposition, and traditional land-based sources. The
analysis was performed using early 1990's landuse data and thus the baseline loads from the watershed
are representative of conditions in the watershed at that time. The Appoquinimink River watershed has
undergone significant change since the early 1990's. Many of the agricultural lands have been urbanized
and a number of best management practices (BMPs) have been implemented. Based on the

assumption that nutrient loadings are generally higher for agricultural areas than urban areas and that the
BMPs are achieving nutrient load reductions, it islikely that current watershed nutrient loadings are less
than those presented in the baseline condition. The BMP data was not sufficient to model in this
TMDL. EPA expectsthat a portion of the reductions called for in the TMDL have already been
achieved with these BMPs. A summary of current BMPsin the Appoquinimink River watershed and
estimates of their corresponding load reductions are provided in Table 5-1 (based on personal
communication with DNREC, November 2003).

Further implementation of BMPs in conjunction with waste load reductions from point sources should

achieve the loading reduction goals established in the TMDLs. Further ground truthing will be
performed to assess both the extent of existing BMPs, and to determine the most cost-effective and
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Table 5-1. Summary of Current BMPs in the Appoquinimink River watershed and corresponding estimated
nutrient load reductions (source: DNREC, 2003)

environmentally protective combination of BMPs required for meeting the nutrient reductions outlined in
this report.

Category System/acreag Estimated Estimated
e TN reduction TP reduction
Ibs/day Ibs/day
Onsite Wastewater Disposal
Systems
Holding tank compliance 0
Pump-out 459 2.5 1.0
Alternative systems
Subtotal 2.5 1.0
Agriculture
Nutrient relocation & alternative
use
Grassed waterways 2.5 0.26 0.01
Filter Strips 18 1.87 0.05
Riparian Buffers
Grass Buffers 4.8 0.5 0.01
Forest Buffers
Ponds 4 0.14 0
Wetlands 83 5.68 0.14
Grass Filter strips 14 0.58 0.01
Wildlife Habitat 14 0.58 0.01
Cover Crops 992 42.81 0.08
Subtotal 52.81 0.30
Stormwater
Dry Infiltration Trench 0.3 0.00 0.00
Extended Detention Ponds 5 0.03 0.02
Filter Strips 3 0.1 0.00
Grass Swales 1.5 0.00 0.00
Retention wet ponds 21 0.31 0.14
Wet Ponds 16 0.23 0.11
Dry Ponds 2.1 0.00 0.00
Stormwater wetland 11.5 0.17 0.09
Wet In-Filter System 7.5 0.02 0.02
Infiltration systems 0.5 0.01 0.00
Subtotal 0.87 0.38
TOTAL 56.18 1.68
TMDL required reduction based 304.3 39.6
on Model Baseline results
Estimated Progress Towards 18.5% 4.2%
TMDL

To provide additional assurance that TMDL s are protective of the designated uses of the
Appoquinimink River watershed, analysis was performed to ensure that WLASs for ammonia did not
result in violations of water quality criteria. Delaware does not have a water quality standard for
ammonia nitrogen, so the EPA national criterion for ammoniain fresh water was used (USEPA, 1998).
The criteria maximum concentration (CM C or acute criteria) and criteria continuous concentration
(CCC or chronic criteria) ammonia standards are calculated based on pH. The water quality sample
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datain the STORET database were used to calculate the mean, 75" percentile, and 90" percentile pH
values for the Appoquinimink River watershed using all datafor all stations for the months of July and
August during the period 1970 through 1998. The corresponding 4-day CCC, 30-day CCC, and 1-
hour CMC ammonia nitrogen criteria are shown in Table 5-2. The recent STORET data from 1990 to
1998 indicate the highest ammonia nitrogen concentration was 0.681 mg/L as N which is below the
criterialisted in Table 5-2. Therefore, since the TMDL allocations will reduce the loading of ammonia
from existing conditions, the ammoniatoxicity criteria are expected to be protected within the
Appoquinimink River basin.

Table 5-2. Ammonia nitrogen criteria for Appoquinimink River basin.

Ammonia Nitrogen Criteria (mg/L as N)
pH (S.U.)

Statistic Jul-Aug 30-day CCC 4-day CCC 1-hour CMC 1-hour CMC

(salmonids (salmonids

present) absent)

mean 7.52 2.238 4.476 12.89 19.30
75" percentile 7.80 1.661 3.322 8.11 12.14
90" percentile 8.35 0.732 1.464 2.86 4.28

The maximum concentration nitrite+nitrate nitrogen concentration reported in the STORET database
for al stationsin the Appoquinimink River basinis 6.57 mg/L asN. Thisis below the nitrate water
quality standard of 10 mg/L as N, therefore, it is reasonable to expect the nitrate standard will be
protected as aresult of the TMDL allocations.
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6.0 Public Participation

Public participation is a requirement of the TMDL process and is essential to its success. At a
minimum, the public must be alowed at least 30 daysto review and comment prior to establishing a
TMDL. Also, EPA must provide a summary of all public comments and responses to those comments
to indicate how the comments were considered in the final decision.

The draft of the Nutrient and DO TMDL Development for Appoquinimink River, Delaware was

open for public comment from October 10, 2003 to November 18, 2003. On November 10, 2003, a
public meeting was held in the Brick Mill Elementary School in Middletown, Delaware. The results of
TMDL development were presented to the public at this meeting. Approximately 30 people attended
the meeting. Comments received at the meeting were used in amending the TMDL to itsfinal format.
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Appendix A: GWLF Model

The objective of this Appendix isto describe the watershed modeling approach used to support TMDL
development for the Appoquinimink River.

GWLF Model

The watershed model for the Appoquinimink River watershed was devel oped using the GWLF model
and the BasinSim 1.0 interface. The GWLF model, which was originally developed by Cornell
University (Haith et al., 1992), provides the ability to simulate runoff, sediment, and nutrient loadings
from watersheds given variable-size source areas (e.g., agricultural, forested, and developed land). It
also has agorithms for calculating septic system loads, and allows for the inclusion of point source
discharge data. GWLF is a continuous simulation model that uses daily time steps for weather data and
water balance calculations. Monthly calculations are made for sediment and nutrient loads based on
daily water balance totals that are summed to give monthly values.

GWLF is an aggregate distributed/lumped parameter watershed model. For surface loading, it is
distributed in the sense that it allows multiple land use/cover scenarios. Each areais assumed to be
homogeneous with respect to various attributes considered by the model. Additionally, the model does
not spatially distribute the source areas, but aggregates the |loads from each area into a watershed total.
In other words, there is no spatial routing. For subsurface loading, the model acts as a lumped
parameter model using awater balance approach. No distinctly separate areas are considered for
subsurface flow contributions. Daily water balances are computed for an unsaturated zone as well as
for a saturated subsurface zone, where infiltration is computed as the difference between precipitation
and snowmelt minus surface runoff plus evapotranspiration.

GWLF models surface runoff using the Soil Conservation Service Curve Number (SCS-CN) approach
with daily weather (temperature and precipitation) inputs. Erosion and sediment yield are estimated
using monthly erosion cal culations based on the Universal Soil Loss Equation (USLE) algorithm (with
monthly rainfall-runoff coefficients) and a monthly composite of KL SCP values for each source area
(e.g., land cover/soil type combination). The KL SCP factors are variables used in the calculations to
depict changesin soil loss/erosion (K), the length/slope factor (L S), the vegetation cover factor (C),
and the conservation practices factor (P). A sediment delivery ratio based on watershed size and a
transport capacity based on average daily runoff are applied to the calculated erosion to determine
sediment yield for each source area. Surface nutrient losses are determined by applying dissolved
nitrogen and phosphorus coefficients to surface runoff and a sediment coefficient to the yield portion for
each agricultural source area. Manured areas, as well as septic systems, also can be considered. Urban
nutrient inputs are all assumed to be solid phase, and the model uses an exponential accumulation and
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washoff function for these loadings. Subsurface losses are cal culated using dissolved nitrogen and
phosphorus coefficients for shallow groundwater contributions to stream nutrient loads, and the
subsurface submodel considers only a single, lumped-parameter contributing area. Evapotranspiration is
determined using daily weather data and a cover factor dependent on land use/cover type. Finaly, a
water balance is performed daily using supplied or computed precipitation, snowmelt, initial unsaturated
zone storage, maximum available zone storage, and evapotranspiration values. All the equations used
by the model can be found in the original GWLF paper (Haith and Shoemaker, 1987) and GWLF
User’'sManual (Haith et al. 1992).

For execution, the model requires three separate input files containing transport, nutrient, and weather-
related data. The transport file (TRANSPRT.DAT) defines the necessary parameters for each source
areato be considered (e.g., area size, curve number) as well as global parameters (e.g., initial storage,
sediment delivery ratio, streambank erosion coefficient ) that apply to all source areas. The nutrient file
(NUTRIENT.DAT) specifies the various loading parameters for the different source areas identified
(e.g., urban source area accumulation rates, manure concentrations). The weather file
(WEATHER.DAT) contains daily average temperature and total precipitation values for each year
simulated.

Model Setup

Watershed data needed to run the GWLF model were generated using GIS spatial coverages,
streamflow data, local weather data, literature values, and other information. The Appoquinimink
watershed was segmented into seven subwatersheds to represent nutrient loadings (Figure A-1). Three
of the subwatersheds represent the three tributaries to Appoquinimink River, which are Drawyer
Creek, Deep Creek and Hangman's Run. The tributary feeding into Drawyer Creek (Dove Nest
Branch) was delineated to represent the loading coming from this subbasin into the Drawyer Creek
sub-basin. The remaining three subbasins were delineated to represent the loadings alongside the
Appoquinimink River. The impaired and reference subwatersheds were delineated based on USGS
7.5 minute digital topographic maps (24K RG - Digital Rastar Graphics), USGS Digital Elevation
Model data, and the EPA RF3 stream coverage.

Nonpoint source pollution israinfall driven, therefore precipitation data are necessary to drive the
watershed model. Local rainfall and temperature data were used to simulate flow conditionsin

modeled watersheds. Daily precipitation and temperature data were obtained from local National
Climatic Data Center (NCDC) weather stations. The weather data collected at the Wilmington New
Castle County Airport NCDC station (precipitation data and temperature data) were used to construct
the weather file used in modeling. This station is approximately 19 miles away from the A ppoquinimink
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River. It has complete coverage of data starting from 1948 until 2000 (99% coverage). Table A-1
shows the weather stations used in the watershed model.

Table A-1. Meteorological Stations

Station Station Name Data Data End Percent Lat. Long. Elev.
ID Begin Date Coverage
Date
DE 9595 | Willmington 8/1/1948 | 12/31/2000 99 39.6728 | -75.60083 74
New Castle
County Airport
DE Willmington 1/1/1948 12/24/2001 99 39.6728 | -75.60083 74
13781 New Castle
County Airport
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Figure A-1. Appoquinimink River subwatershed delineations.
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Model Testing

Streamflow data are generally used to test or calibrate watershed hydrologic parameters for the GWLF
model. There are no active U.S. Geological Survey (USGS) gagesin the Appoquinimink River
watershed, nor isthere information available regarding historical stream flow data. Therefore a
reference watershed, where data are available and which exhibits similar soil and landuse
characteristics, was also modeled (drainage area to the USGS gage on Morgan Creek near
Kennedyville, Maryland - Figure A-2). Once calibrated, the hydrology parameters from the reference
watershed were applied to the Appoquinimink River watershed.

GWLF predicted overall water balances in the reference watershed. For the Morgan Creek
watershed, weather data obtained from the NCDC meteorological station located at Willmington New
Castle County Airport were used to model for a 10-year time period (1989 through 1999). The
modeling period was selected based on the availability of weather and flow data that were collected
during the same time period. It was assumed that a 10 year period would incorporate the seasonal
variation in the model with arange of precipitation and stream flow conditions being represented..
Calibration plots for the entire 10-year period and for the 3-year period for which the river was
modeled for the TMDL are presented in Figures A-3 and A-4. A total flow volume error percentage
of lessthan 10 percent was achieved (4% error for the 10-year period and 1.5% error for the 3-year
period). In general, the seasonal trends and peaks are captured reasonably well for the 10 year period
in the reference watershed.
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Figure A-3. Hydrology Calibration - Morgan Creek at USGS 01493500 (1/1/1989 - 12/31/1999)
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Figure A-4. Hydrology Calibration - Morgan Creek at USGS 01493500 (1/1/1989 - 12/31/1991)

Explanation of Important Model Parameters

In the GWLF model, the nonpoint source load calculation is affected by terrain conditions, such asthe
amount of agricultural land, land slope, soil erodibility, farming practices used in the area, and by
background concentrations of nutrients (nitrogen and phosphorus) in soil and groundwater. Various
parameters are included in the model to account for these conditions and practices. Some of the more
important parameters are summarized as follows:
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Areal extent of different land use/cover categories:. Land useinformationfromtheMulti-Resolution
Land Characterization (MRLC) completed in 1992 was available for the impaired and reference
watersheds. MRL C land use coverages were used to cal culate the area of each land use category in
impaired and reference watersheds, respectively. The breakup of the landuse in the impaired and
referencewatershed aregivenbelow in TablesA-2 and A-3. Notethat thisisafurther subdivision of the
landuse categoriespresented inthemain TMDL report, wheredeciduousforest, evergreenforest, and
mixed forest have been combined into theforest category, and where woody wetlands and emergent
herbaceous wetlands have been combined into the wetlands category.

Curve number: This parameter determines the amount of precipitation that infiltrates into the ground or
enters surface water as runoff. It isbased on specified combinations of land use/cover and hydrologic
soil type and is calculated directly using digital land use and soils coverages. Soils data were obtained
the State Soil Geographic (STATSGO) database for the respective watersheds, as developed by the
Natural Resources Conservation Services (NRCS).

K factor: Thisfactor relates to inherent soil erodibility, and it affects the amount of soil erosion taking
place on a given unit of land. The K factor and other Universal Soils Loss Equation (USLE) parameters
were downloaded from the NRCS Natural Resources Inventory (NRI) database (1992). Average
values for specific crops/land uses in each watershed county were used.

LSfactor: Thisfactor signifies the steepness and length of slopesin an area and directly affects the
amount of soil erosion.

C factor: Thisfactor isrelated to the amount of vegetative cover in an area. In agricultural areas, this
factor islargely controlled by the crops grown and the cultivation practices used. Values range from O

to 1.0, with larger values indicating a lower potential for erosion.

P factor: This factor is directly related to the conservation practices used in agricultural areas. Values
range from O to 1.0, with larger values indicating alower potential for erosion.

Sediment delivery ratio: This parameter specifies the percentage of eroded sediment delivered to
surface water and is empirically based on watershed size.

Unsaturated available water-holding capacity: This parameter relates to the amount of water that
can be stored in the soil and affects runoff and infiltration.

Dissolved nitrogen in runoff: Thisparameter variesaccording toland use/cover type. Reasonablevaues
havebeen establishedintheliterature. Thisrate, reported in milligramsper liter, can bereadjusted based
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onlocal conditionssuch asratesof fertilizer application and farm animal populations. Thedefault values
reported in literature were used.

Table A-2. Landuse in the Appoquinimink River Watershed (in square miles)

LANDUSE Subbasin | Subbasin | Subbasin | Subbasin Subbasin 5| Subbasin 6 Subbasin TOTAL
1 2 3 4 7
OpenWater | 0298 | 0232 | 0345 | o071 0.082 0.344 0104 | 1.474
Low
. 0064 | 0148 | 0000 | 0222 0.291 0.127 0 0.852
Intensity
High
Intensity 0.000 | 0006 | 0000 | 0039 0.049 0.008 0 0.102
Residential
High
Intensity 0064 | 0043 | 0007 | 0137 0.037 0.026 0.007 | 0321
Commercial/
Disturbed 0.000 0 0000 | 0.008 0.02 0.000 0 0.028
Deciduous
1237 | 0872 011 0.737 0.496 1.237 0216 | 4.906
Forest
Evergreen | 5oss | 0050 | 0027 | 0031 0.054 0.093 0036 | 0.388
Forest
Mixed 0162 | 0167 | 0009 | 0.092 0.104 0.278 006 | 0872
Forest
Pasture/Hay | 2.093 | 0907 | 0208 | 1272 1.454 1.812 0574 | 8.41
RowCrops | 5261 | 2194 | 0417 | 3.868 5.100 4.475 2216 | 23.532
Other 0000 | 0008 | 0000 | 0.005 0 0 0 0.013
Grasses
Woody
0335 | 0047 | 0000 | 0143 0.028 0.129 0.048 | 0.729
Wetlands
Emergent 0.503 1.121 1820 | 0.049 0.080 0.087 0872 | 4532
Herbaceous
Total 10.11 5.80 3.03 6.68 7.79 8.62 413 | 46.16
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Table A-3. Landuse in the Morgan Creek Watershed (in square miles)

LANDUSE Area
Open Water 0.12
Low Intensity Residential 0.09
Commercial/Industrial/Transportation 0.04
Deciduous Forest 0.42
Evergreen Forest 0.03
Mixed Forest 0.08
Pasture/Hay 4.36
Row Crops 6.66
Woody Wetlands 0.56
Emergent Herbaceous Wetlands 0.03
Total 12.39

Dissolved phosphorusinrunoff: Similar to nitrogen, thevaluefor thisparameter variesaccording toland
use/cover type, and reasonabl e values have been established in the literature. Thisrate, reported in
milligramsper liter, can bereadjusted based onlocal conditionssuchasratesof fertilizer applicationand
farm animal populations. The default values reported in literature were used.

Nutrient concentrations in runoff over manured areas. These concentrations are user-specified
concentrations for nitrogen and phosphorus that are assumed to be representative of surface water
runoff leaving areas on which manure has been applied. Aswith the runoff rates described above, these
concentrations are based on values obtained from the literature. They also can be adjusted based on
local conditions such as rates of manure application or farm animal populations. The default values
reported in literature were used.

Background nitrogen and phosphorus concentrations in soil: Because soil erosion resultsin the
transport of nutrient-laden sediment to nearby surface water bodies, reasonabl e estimates of
background concentrationsin soil must be provided. Thisinformation was based on literature values
that were adjusted locally depending on manure loading rates and farm animal populations.

Nutrient buildup in nonurban areas: In GWLF, rates of buildup for both nitrogen and phosphorus
have to be specified. These rates are estimated using published literature values and adjusted to local
conditions.

Background nitrogen and phosphorus concentrations in groundwater: Subsurface concentrations of
nutrients (primarily nitrogen and phosphorus) contribute to the nutrient loads in streams. Nutrient
concentrations in groundwater were based on the results from a nationwide study of mean dissolved
nutrients as measured in streamflow (as reported in Haith et al. 1992).
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Other less important factors that can affect sediment and nutrient loads in a watershed also are included
in the model. More detailed information about these parameters and those outlined above can be
obtained from the GWLF User’s Manual (Haith et a. 1992). Pages 15 through 41 of the manual
provide specific details that describe equations and typical parameter values used in the model.
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Appendix B: DNREC’s Technical Analysis for the Proposed
Appoquinimink River TMDLs - October 2001.
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EXECUTIVE SUMMARY

Section 303(d) of the Clean Water Act (CWA) requires States to identify and establish a
priority ranking for waters in which exigding pollution controls are not sufficient to atain and
mantan Sate water quality Sandards, establish Totd Maximum Daly Loads (TMDLs) for
those waters, and periodicaly submit the list of impaired waters (303(d) list) and TMDLSs to the
United States Environmenta Protection Agency (EPA).

Due to ther high nutrient concentraions and/or low dissolved oxygen levds the
Deawvare Depatment of Naturd Resources and Environmental Control (DNREC) has identified
and included in the States 1996, 1998, and/or proposed 2000 303(d) lists the following segments
of the Appoquinimink River and its tributaries and ponds as impaired:

Lower Appoquinimink River (DE010-001-01)

Upper Appoquinimink River (DE010-001-02 )

Drawyer Creek (DE010-001-03)

Wiggins Mill Pond to confluence with Siver Lake (DE010-002-01)
Deep Creek to confluence with Siver Lake (DE010-002-02)
Noxontown Pond (DE010-L01)

Silver Lake (DEO10-L02)

Shallcross Lake (DE010-L03)

A court-appointed Consent Decree (C.A> No. 960591, D. Dd 1996) requires that the
Appoquinimink TMDL be established by December, 2001.

The proposed Appoquinimink River TMDL is based on an assessment of the water
quaity condition of the Appoquinimink River and its tributaries and ponds during design
conditions under various levels of point and nonpoint source loading levels. A cdibrated and
verified hydrodynamic water qudity of the Appoquinimink River and its tributaries and ponds
model was used as an assessment tool.  The Appoquinimink River Modd was developed usng
extensve hydrologica and water quadity data collected from 1991 through 1993 and from 1997
through 2000.

Congdering the results of the assessment, DNREC has determined that in order to meet
the State's water quality standards and targets, the point and nonpoint source nutrients loads
(nitrogen and phosphorous) and oxygen consuming compounds (CBODS5) within the watershed
should be reduced as described in Table ES-1. The proposed Appoquinimink River TMDL
includes a Load Allocation (LA) for nonpoint sources and a Waste Load Allocation (WLA) for
point source discharges  The magin of safety for the Appoquinimink River TMDL is

conddered to be implicit as the result of the consderation of conservative assumptions made
during the TMDL andyss.



Table ES-1 Proposed TMDL Loadsfor the Appoquinimink Water shed

Source Flow TotalN | Total P | CBOD5
(mgd) (Ib/d) (Ib/d) (Ib/d)
Waste Load Allocation
(WLA) for Point Source:
MOT 0.5 104 2.1 34.8
Load Allocation (LA) for
N int So
ONPOITE SOUIEES i 3341 | 180 i
Proposed TMDL Tota
L oads
- 344.5 20.1 34.8




1. Introduction/Background

Under Section 303(d) of the Clean Water Act (CWA), States are required to identify and
edablish a priority ranking for waers in which exising pollution controls are not sufficient to
atan and mantan Sate water qudity dandards, establish Totd Maximum Daly Loads
(TMDLS) for those waters, and periodicaly submit the list of impaired waters (303(d) list) and
TMDLs to the United States Environmentad Protection Agency (EPA). If a State fals to
adequately meet the requirements of section 303(d), the CWA requires the EPA to edtablish a
303(d) list and/or determine TMDLsfor that State.

In 1996, the EPA was sued under Section 303(d) of the CWA concerning the 303(d) list
and TMDLs for the Sate of Ddlaware. The suit maintained that Delaware had faled to fulfill al
of the requirements of Section 303(d) and the EPA had faled to assume the responsihilities not
adequatdy preformed by the State. A settlement in the suit was reached and the Delaware
Department of Natural Resources and Environmental Control (DNREC) and the EPA dgned a
Memorandum of Understanding (MOU) on July 25, 1997. Under the settlement, DNREC and
the EPA agreed to complete TMDLs for al 1996 listed waters on a 10-year schedule.

In the Appoquinimink River watershed, a number of river segments, tributaries and ponds
have been included on the State's Clean Water Action Section 303(d) List of Waters needing
Totd Maximum Daly Loads (Table 1-1, Fgure 1-1). TMDLs need to be established for
dissolved oxygen, nutrients (nitrogen and phosphorus) and bacteria concentrations.

The devdopment of a TMDL for a paticular water body typicaly requires the
goplication of a recaving water model, which smulates the movement and transformation of
pollutants through the water body. This can be used to predict water quality conditions under
different pollutant loading scenarios to determine the loading scenario that will adlow ambient
conditions to meet water quaity standards.

In 1998, EPA Region Ill, in cooperation with DNREC adopted a TMDL for the main
dem of the Appoquinimink River (DE010-001-01, DEO10-001-02) usng a DYNHYD-WASP
modd. This TMDL expanded the Phase 1 TMDL developed by DNREC in 1992. The focus of
the 1998 TMDL was to address water qudity impairments due to low dissolved oxygen
concentrations violating the dailly standard of 55 mg/L. The TMDL cdled for reductions in
phosphorus, carbon (carbonaceous biochemicd oxygen demand [CBODS5|) and nitrogen
[ammonia, and organic nitrogen] from both point and non-point sources.

TMDLs ae required for the tributaries and ponds within the Appoquinimink River
Watershed prior to December 2001, therefore, the 1998 DY NHY D-WASP mode wes expanded
to include it's tributaries and ponds (DE010-001-03, DEO010-002-01, DE010-002-02, DEO10-
LO1, DEO10-L02, DEO10-L03). They include: Drawyer Creek, Deep Creek, Shdlcross Lake,
Siver Lake, Noxontown Lake and Wiggins Mill Pond (Figure 1-1). The expanded model
(ARM1) will be built upon the TMDL s developed in 1998.



Table 1-1 Appoquinimink River Water shed Segmentslisted on the Proposed 2000 303(d) List

Waterbody . P Target Datef
o ol lutant(s arget Dateror
ID (Total Water shed Segment Description Size and/or © Probable Year TMDL
S Name Affected Sources | Listed
ize) Stressors
. Established 1998 (for
Nutrients, DO PS, NPS 1996 Nutrients and DO)
DE010-001-01 inimi Lower
(7.1 miles) Appoql_Jlnlmlnk Appoquinimink | Saline Tidal Reach, excluding Hangman's Run 7.1 miles 2006
River River . (for Bacteria)
Bacteria, PCBs, NPS 2000
Dioxins 2011
(for PCBs, Dioxin)
. Established 1998 (for
U Nutrients, DO PS, NPS 1996 Nutrients and Dé)
- pper
DE010-001-02| Appoquinimink Co ) ) :
(6.1 miles) River Appoguinimink | Freshwater Tidal Reach 6.1 miles Bacteria Ps,NPS | 2000 2006
PCBs, Dioxins NPS 2000 2011
2001
From the hea@waters of Drawyer Cree_k to the _ Bacteria, (for Nutrients and DO)
confluence with the Appoquinimink River, 8.2 miles - NPS 1996
including Shallcross Lake Nutrients, DO (for ZB%?;?eri a)
DEO010-001-03| Appoquinimink Trib f D Creek--f h
! ' Drawyer Creek ributary of Drawyer Cr rom the ;
(19.5 miles) River confluence of the headwaters to the confluence | 2.30 miles Blalggi){;n d NPS 1998 2011
with the mainstem
Western tributary of the headwaters of Drawyer . . NPS 2011
Creek to its confluence 2.20 miles Habitat 1998
DE010-001-03 inimi
APPOINIMINK | brawyer Creek | Tidal Portion PCB,DDT NPS | 2000 2011
(19.5 miles) 1ver
2001
) (for DO)
From the headwaters of Wiggins Mill Pond to the 3.4 miles Bacteria, DO NPS 1996 2006
o ) confluence with Noxontown Pond Am (for Bacteria)
DE010-002-01| Appoquinimink | \VigginsMill Pond
(3.4 miles River to cgm/l ;ef(;i;v'th Nutrients NPS 2000 2001
From the confluence of the headwaters
of Wiggins Mill Pond to the confluence | 1.62 miles Biology NPS 1998 2011

with Noxontown Pond




Water body

Target Datefor

Water shed _— Size Pollutant(s) | Probable | Year
ID (Total Name Segment Description Affected and/or Sources | Listed TMDL
Size) Stressors
DO NPS 1996 2001
From the headwaters of Deep Creek to 2001
confluence with Silver Lake, excluding Silver | 2.4 miles Bacteria, NPS 2000 (for Nutrients)
— Deep Creek to Lake Nutrients 2006
aioﬁ]% gZ-OZ éﬁgr)qu' nimink g?lnfl Uif;(ll(e with (for Bacteria)
' ver Lake First western tributary after the headwaters of ) .
Silver Lake 1.98 miles Biology NPS 1998 2011
Deep Creek.-- from the confluence of the . .
headwaters to Appoquinimink River 1.84 miles Biology NPS 1998 2011
2001
DEO10-LO1 Appoquinimink Bacteria, (for Nutrients)
(158.6 acres) River Noxontown Pond | Pond southwest of Odessa 158.6 acres Nutrients NPS 1998 5006
(for Bacteria)
2001
Bacteria, NPS 1996 (for Nutrients)
DE010-L02 Appoquinimink " ] . Nutrients 2006
(38.7 acres) River Silver Lake Lake adjacent to Middletown, below Deep Creek | 38.7 acres (for Bacteria)
PCB, Di€ldrin,
DDT, Dioxin NPS 2000 2011
2001
DE010-L03 Appoquinimink Bacteria, (for Nutrients)
(43.1 acres) River Shallcross Lake Lake above Drawyer Creek 43.1 acres Nutrients NPS 1996 5006

(for Bacteria)




Figure 1-1 Segments within the Appoquinimink River Watershed included in the 1998
303(d) Listing



2. The Appoquinimink River Water shed

The Appoquinimink River weatershed is located in the fla coasd plan of eastern
Deavare (New Cadtle County). The watershed is goproximately 47 square miles and can be
described as primarily agricultural with three resdentid/urban centers: Middletown, Odessa and
Townsend. The land is generdly characterized as flat to gently doping, which is typicd of the
coadtd plan.

The Appoquinimink River sysem condsts of three main branches. Moving south to
north, it includes. the Appoquinimink River (Wiggins Mill Pond and Noxontown Lake); Deep
Creek (Silver Lake); and Drawyer Creek (Shallcross Lake). The ponds and lakes included in the
Appoquinimink River Watershed are typicaly shalow, man-made ponds maintained by dams.

The sysem is tidd up to the outlet dams of Noxontown Lake on the Appoquinimink
River main gem, Silver Lake on Degp Creek, and the Drawyer Creek’s confluence with the
Appoquinimink River. The sdinity from Dedawvare Bay typicdly extends past the Drawyer
Creek - Appoquinimink confluence at river kilometer (Rkm) 85. The only point source within
the sysem is the Middletown-Odessa-Townsend wastewater treatment plant (MOT WWTP)
located a Rkm 10 which primarily uses spray irrigation to dispose of its effluent but may
occasiondly discharge into the surface waters of the Appoquinimink River.

Figure 2-1 Study Area



2.1. Designated Uses

Section 10 of the State of Delaware Surface Water Qudity Standards, as amended August

11, 1999, specifies the following designated uses for the waters of the Appoquinimink River
watershed:

Primary Contact Recregation

Secondary Contact Recreation

Fish, Aquatic Life, and Wildlife

Industria Water Supply

Agricultural Water Supply (freshwater segments)

2.2. Applicable Water Quality Standards

The following sections of the State of Deaware Surface Water Quadity Standards, as

amended August 11, 1999, provide specific narative and/or numeric criteria concerning the
waters of the Appoquinimink River Watershed:

3.
4.

1. Section 3: Generd guiddines regarding Department’ s Antidegradation policies
2.

Section 7: Specific narrative and numeric criteriafor controlling nutrient overenrichment in
waters of the State

Section 9: Specific narrative and numeric criteriafor toxic substances

Section 11: Generd water criteriafor surface waters of the State

According to Section 11 and 7 of the Standards, the following water qudity criteria are

applicable to fresh and/or marine waters of the Appoquinimink River:

A. Disolved Oxygen (DO)

a. 55 mg/L daly average (from June through September) for fresh waters. Fresh
waters are defined as those having a dinity of lessthan 5 parts per thousand

b. 5.0mg/L daily average (from June through September) for marine waters.
Marine waters are defined as those having a sdinity of equa to or greater than 5
parts per thousand.

c. 40mg/L minimum at any time of both fresh and marine waters.

Based on the sdinity data (Figure 2-2), dl portions of the Appoquinimink River and it's

tributaries are conddered to be fresh water because the minimum sdinity levels are less than 5

ppt.

B. Enteroccus Bacteria

a. For fresh waters, the geometric average of representative samples should not
exceed 100 colonies/100 mL.



C. Nutrients

a Section 7 of the Standards uses a narative Statement for controlling nutrient
overenrichment of the State's surface waters. It states; “ Nutrient overenrichment
is recognized as a significant problem in some surface waters of the Sate. It shall
be the policy of this Department to minimize nutrient input to surface waters from
point sources and human induced nonpoint sources. Thy types of, and need for,
nutrient controls shall be established on a site-specific basis. For lakes and
ponds, controls shall be designed to eliminate overenrichment.”

In the absence of numeric nutrient criteria, DNREC has decided upon threshold levels of
3.0 mg/L for totd nitrogen and 0.1 mg/L for totd phosphorous in determining whether a stream
should be included on the Stat€'s ligt of impared waters (303(d) lists). These threshold leves
are generaly accepted by the scientific community to be an indication of overenriched weters.

Average Summer Salinity (June-August)

10.0
—e— Appo _
—=— Deep
—— Drawyer T (
Wy T T 1 e { =
50 o
=
2
- £
©
N
T v T T 0.0
25.00 20.00 15.00 10.00 5.00 0.00

Km from DE River

Figure 2-2 Summer Salinity within the Appoquinimink River Watershed (' 97-'00 data)



3. Development of the Appoquinimink River WASP5 M odel

HydroQual Inc. was contracted by the Delaware DNREC to expand, calibrate, and
veidate the ARMO modd to include the additional sections within the watershed listed on the
303(d) list (Section 1). The following sections are excerpts from their report, “The
Appoquinimink River Watershed TMDL Modd”, ddivered in June, 2001.

3.1. Previous modeling Study

The “TMDL Modd Study for the Appoquinimink River, Ddawareé’ was issued in May
1993 and incduded tidd hydrodynamics usng DYNHYD5 (hydrodynamic submodd included in
WASP5). The DYNHYD5 modd of the Appoquinimink River was an advance over the earlier
modding study (Phase | TMDL, DNREC 1992), which smulated the movement of water in the
estuary as steady state and tidally averaged conditions.

The Appoquinimink River was ssgmented into 27 nodes or junctions and 26 connecting
channds. Figure 3-1 shows the WASP segmentation of the previous modding study (ARMO).
For each segment the surface area and average depth at (mean sea level) were determined for
input to the DYNHYD5 hydrodynamic sub moddl. For each channel, the depth, length, cross-
sectiond aea, downstream (podtive flow) direction, and Manning's ‘n’ roughness coefficient
were estimated. The channel geometries (depth and width) were estimated from data measured
by the USGS a ten dations dong the Appoquinimink River. The geometries for segments
between the measured cross- sections were estimated by interpolation.

Figure 3-1 ARMO WASP Segmentation
8



Boundary tides a the mouth of the Appoquinimink River were esimaed from Nationd
Oceanic and Atmospheric Adminigration (NOAA) tide predictions usng Reedy Point as the
reference gation. The times and heights of the high and low tides were then corrected to Liston
Point which is about 3 miles south of the mouth of Appoquinimink River. The high and low
tides over the period August 11 to October 19, 1991, were used as the boundary forcing
condition in the modd. Tributay flows in the modd were set to congant vaues for the
following locations for the August- October period.

Noxontown Pond 4.0 cfs Model Junction 26
Silver Lake 4.0 cfs Model Junction 27
Drawyer Creek 13.5cfs Model Junction 11

These flows were estimated based on the drainage area of each sub watershed and flows
messured by a nearby USGS gage on Morgan Creek near Kennedyville, Maryland.

3.2. River Geometry

3.2.1 Hydrodynamic Data

3.2.1.1. Geometry

Expanding the exising Appoquinimink River Modd (ARMO) to include upsream river
reeches and lakes required additiond data collection. Combined with the existing bathymetry
and geometry data, the new data provided the basis for the expanded model grid. The river
geometry data used to set up the new model framework came from four primary sources.

1) 1993 DYNHYD5 Modd: Hydrodynamic modd setup which included river geometry for
the Appoquinimink River. The 1993 river geomelry data was used as the bass for
extending the exiging hydrodynamic data  Depths, widths, flows and roughness
coefficients vaues for the ARMO were used to assign the valuesto the new tributaries.

2) RF3 files United States Environmenta Protection Agency (USEPA) - Reach File,
Veson 3 (RF3) daa for rive's. RF3 daa for rivers was used for the moded
segmentation.  This data adso provided the location and lengths of Drawyer Creek and
Deep Creek.

3) USGS Topographic Maps  United States Geological Survey (USGS) 7.5 minute
topographic map for eevation data and river length. The USGS topographic map of the
area was used to edtimate widths of Drawyer and Deep Creeks as well as the reaches of
the Appoquinimink River upstream of the Noxontown Pond.

4) DNREC Survey - May 2000 DNREC collected geometry data during the Acoudtic
Doppler Current Profiler (ADCP) survey conducted a severd dtes adong the
Appoquinimink River on May 9, 2000. The lengths and widths collected during the
ADCP survey were used in the hydrodynamic model setup (Table 3-1, Table 3-2, Figure
3-2, Figure 3-3, Figure 3-4).



Table 3-1 Cross Sectional Data (5/9/2000)

Station Width (m) Depth (m) | DYNHYD Segment Number

1 94.35 4.6 2

2 74.78 4.1 6

3 97.32 2.72 8,9
4 64.9 4.8 11
5 62.6 211 48
6 47.1 3.37 14
7 51.1 3.0 17

DNREC dso provided geometry data for the 4 ponds/lakes located in the Appoquinimink
River Watershed. These data are presented in Table 3-2 and were dso used in the modd
Ssegmentation setup.

Table 3-2 Physical Characteristics of the Ponds

Pond Surface Area (acres) Dam Height (ft)
Noxontown Pond 158.6 6
Shallcross Lake 43.3 8
Wiggins Mill Pond 21.2 15
Silver Lake 38.2 10

3.2.1.2. How Data

The 1993 DYNHYD5 modd (ARMO) provided the flow data in the segments of the
Appoquinimink River main gem. This flow output data was used to cdibrate the expanded
DYNHYD5 modd (ARM1). The freshwater inflows, roughness coefficients and river geometry
were adjusted to fit the 1993 flow data

3.2.1.3. Tide Data

Tidd eevation data a the boundary was obtained from the 1993 DYNHYD5 modd.
Two periods of continuous data were available for the boundary:

1) August through October 1991 (~ 2 months)
2) May through July 1991 (~ 3 months)

The tidd eevation data at the Delaware River boundary is presented in Fgure 3-5.

During these two periods the tidd devations, ranged from gpproximately -1 to 1 meter with a
maximum tidal range of gpproximately 2 meters.
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Figure 3-2 Bathymetry Survey (5/9/2000)

Ste1l: Segment 2
94.35m
< >
46m
Ste2. Segment 6
74.78m
< >
41m

Figure 3-3 Cross Sectional Data-Sites1 & 2 (ADCP Survey)
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Site3: Segments8& 9
97.32m

2.72 mi

Ste4d: Segment 11
64.9m

48 m

Site5: Segment 48

62.6 m

Ste6: Segment 14
471m

Ste7: Segment 17
51.1m

Figure 3-4 Cross Sectional Data — Sites 3-7 (ADCP Survey)
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3.3. DYNHY D5 Modd Framework

3.3.1 Theory
3.3.1.1. Moddling Program

The USEPA’s DYNHYD5 hydrodynamic mode was used to caculate water transport
within the Appoquinimink River Watershed. DYNHYD5 is pat of the WASPS water quality-
modeling program and solves the one-dimensond equations of continuity and momentum for a
branching channd junction (link node) computationa network.

The hydrodynamic modd solves equations describing the propagation of a long wave
through a shdlow water sysem while conserving both momentum (energy) and volume (mass).
The equation of motion, based on the conservation of momentum, predicts water velocities and
flows. The equation of continuity, based on the consarvation of volume, predicts water heights
(heads) and volumes. This approach assumes that:

Flow is predominantly one-dimensond,

Coriolis and other accelerations norma to the direction of flow are negligible,

Channels can be adequately represented by a congtant top width with a variable hydraulic
depth (i.e, “rectangular”),

The wave length is Sgnificantly greeter than the depth, and

Bottom dopes are moderate.

Although no drict criteria are available for the latter two assumptions, most naturd flow
conditions in large rivers and estuaries would be acceptable. Dam break Stuations could not be
smulated with DYNHY D5, nor could smal mountain streams with steep dopes.

The DYNHYD mode smulates the circulation petterns of water by solving two
equations:

1) The equation of motion:

U U

U e A
where:
% = thelocdl inertiaterm, or the velocity rate of change with respect to time, [m/sec’]
U =theBernoulli accderation, or the rate of momentum change by mass transfer; also
U W defined as the convective inertial term from Newton's second law, [m/sec?]

ag1 = gravitationd accderation along with thel axis of the channdl, [MVsec?]

a =frictiond acceleration, [m/sec’]
14



aw) = wind stress acceleration along axis of channd, [m/sec?]
X  =digance dong axis of channd, [m]

t =time [seq]

U = veocity dong the axis of channdl, [m/sec?]

| =longitudind axis

2) The equation of continuity:

fA_ 1Q

qt Ix
where

A = cross sectional area, [nf]
Q = flow, [mP/sec]

For rectangular channdls of congtant width (B):

H_ 11Q
it B 1x
where:
B = width, [m]
H = water surface elavation, [m]
% = rate of water surface elevation change with respect to time, [m/sec]
%‘ET_Q = rate of water volume change with respect to distance per unit width, [m/sec]
X

The equdions of motion and continuity form the bass of the hydrodynamic modd
DYNHYD5. Ther solution gives veocities (U) and heads (H) throughout the water body for the
duration of the smulaion. Because cdosed-foom andyticd solutions are unavalable, the
solution of equations requires numerica integration on a computational network, where vaues of
U and H are caculated at discrete points in space and time. The “link-node’” network solves the
equations of motion and continuity a dternating grid points. At each time step, the equation of
motion is solved a the links while the equation of continuity is solved a the nodes giving

15



velocities for mass trangport cdculations and heads for pollutant concentration caculations
respectively.

Ficturing the links as channels conveying water and the nodes as junctions storing water
dlows a phydcd interpretation of this computational network to be envisoned. Each junction is
a volumetric unit that acts as a receptacle for the water trangported through its connecting
channels. Taken together, the junctions account for al the water volume in the river or estuary.
Parameters influencing the dorage of water are defined within this junction network. Each
channd is an idedized rectangular conveyor that transports water between two junctions, whose
midpoints are a each end. Taken together, the channels account for dl the water movement in
the river or estuary. Parameters influencing the motion of water are defined within the channd
network. The link-node computational network, then, can be viewed as the overlgpping of two
closdy related physical networks of channels and junctions.

3.3.2 Modd Geometry and Bathymetry

The segmentation for the expanded Appoquinimink River Watershed modd (ARMY) is
presented in Figure 3-6. The modd is one-dimensond and condsgts of 51 junctions and 47
channds that average gpproximately one haf milein length.

Figure 3-6 DYNHYD5 ARM 1 Junctions
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Four ponds were included in the expanded mode grid: Noxontown Lake, Wiggins Mill
Pond, Silver Lake and Shdlcross Lake. Flow out of the ponds results from water flowing over
the tops of the dams. With a dam forming a physical boundary to the free flow of water through
the sysem, channd veocities are not propagated downstream of the ponds in the modd
framework. Only flows entering the pond are passed to the downstream mode junction.

As previoudy mentioned, the data used to extend the hydrodynamic modd of the
Appoquinimink River was obtained from four data sources (1993 DYNHYD5 model, DNREC
geometry, RF3 data and USGS topographic maps) and used in setting up the geometry (width,
initid depth and eevation) for the DYNHYD5 model. None of the data sources aone provided
the complete data set needed for the modd grid. Therefore, best professona judgment was used
to integrate the data sources into one picture of the river to resolve discrepancies and

inconsstencies between and within the data sources, and to make edtimates where data gaps
existed.

Usng the data as a guide, widths and depths were assigned for each modd junction.
Maming's ‘n’ which describes the bottom roughness, varied between 0.035 and 0.065.
Increased roughness coefficients of 0.10 were used for three channds a the confluence of
Drawvyer Creek and the Appoquinimink River to improve the DYNHYD5 comparisons to the
ARMO modd output. The roughness coefficients were adjusted based on the vaues of the
coefficients of the previous modeing study (ARMO) geometry .

3.3.2.1. Modd Forcing Data

Freshwater flows at the upstream boundaries and tide data a the downstream boundary
were the primary forcing functions in the modd. The water loss due to evaporation from the
water surface and the addition of water due to precipitation fdling directly on the water surface
were assumed to be of second-order importance and not included in the model framework. The
direct effect of wind on the water surface was dso assumed to be of second-order importance.
The river channd is relatively narrow and would, therefore, not be strongly impacted by winds.
The effect of wind on Delavare Bay is reflected in the tidad data and, therefore, is included in the
modd indirectly through the tidd data used to drive the downstream boundary. A totd of four
boundary conditions are included in the modd; the open tidal boundary a Ddaware Bay and
three upstream freshwater inputs (Drawyer Creek, Deep Creek and the Appoquinimink River).

3.3.2.2. Tidd Boundary

An open water boundary was located a the mouth of the river to Delaware Bay (junction
1), which isdriven by the tidd conditionsin the Delaware Bay.

Tidd information used in the ARMO (1991 modd setup) was used to drive the
downstream modd boundary. This data has been described in Section 3.2.1.3 and presented in
Figure 3-5.

3.3.2.3. Fresh Water Flows

How enters the modd through one of three possible mechanisms  upstream boundaries
(Drawyer Creek, Deep Cresk and upstream Appoquinimink River), tributaries, or direct runoff
into a modd junction. Three freshwater inputs were assgned a upstream boundary for Drawyer
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Creek, Deep Cresk and the Appoquinimink River (Table 3-3). These freshwater inputs are
congant flows and are not affected by tidd conditions in the lower Appoquinimink River. The
flows for the upstream boundaries were determined based on the ratio of the drainage area of
each sub basn to the drainage area of the gagged sub basin. At each of the three upsiream
boundary locations, the following congtant flows were assgned.

Table 3-3 Freshwater Inflows

L ocation Junction I nflows (cfs)
Drawyer Creek 42 135
Deep Creek 46 4.0
Appoquinimink River 51 4.0

3.3.2.4. Initid Conditions

Initid conditions were assgned to each modd segment for each system being modded
based on the ARMO initia conditions, these conditions included the initid mean velocities (m/s).
An averageinitid velocity of 0.001 m/s was specified for dl the channels.

3.4. DYNHYD5 Cdibration/Vdidation

HydroQua was contracted to expand the existing TMDL modd of the Appoquinimink
River (ARMO) to upsiream areas not included in the origind modd study area.  These expanded
areas include Drawyer Creek and Shdlcross Lake, Degp Creek and Silver Lake, and the
upstream Appoquinimink River including Wiggins Mill Pond and Noxontown Lake. This new
expanded modd is referred to as ARM1. Since new data was not available for this phase of the
mode expandon, additional cdibration analyses could not be completed. In addition, since the
exiging TMDL for the main sem of the Appoquinimink River is based on the 1993 TetralTech
mode (ARMO), the expanded modd (ARM1) primarily used the same base-line conditions,
assumptions, and parameters to avoid any incondstencies. Therefore, the expanded
hydrodynamic modd (ARM1) was cdibrated to match the results of the 1993 adjusted model
(ARMOQ). The same periods used to cdibrate and vdidate the ARMO modd  (calibration:
August 10, 1991 to October 14, 1991 and vaidation: May 10, 1991 through July 25, 1991) were
adso used to cdibrate and vdidate the ARM1 modd. With additional upstream segments and
new geometry data, the ARM1 modd was cdibrated primarily by performing adjusments to
Manning's ‘n" and refinements to the modd geometry. This is the same agpproach used in the
1993 cdlibration efforts and included adjusting parameters to conform within the ranges used in
the earlier modeling work (ARMO). Inconsggtencies between the ARMO modd input channd
lengths and widths, and junction surface areas were corrected in the ARM1 modd with the
channd lengths and widths used to caculate the new surface areas.  In addition, the large
boundary junction required in the origind ARMO mode was not required in the ARM1 modd
and the correct surface area was used.

3.4.1 Cdibration

The modd was calibrated to the period from August 10 to October 14, 1991 with results
presented for 6 segments (Figure 3-7). Roughness coefficients and river geometry were adjusted
to match the 1993 modeling results.
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The modd output in segments 1, 5, 10, 15, 20, and 25 for the calibration period generated
with the new expanded modd (ARM1) show agreement with the modd output previoudy
generated with the 1993 modd (ARMO). Cross-plots of ARMO and ARM1 DYNHYD5 model
output is presented in Figure 3-8 through Fgure 3-10 for velocity, flow and depth at junctions 1,
5, 10, 15, 20 and 25 aong with a line of perfect agreement (dope = 1). The new ARM1
DYNHYD5 modd generdly reproduces the ARMO modd output with dlightly greater flood and
ebb tide velocities and flows caculated with the ARM1 mode at junctions 1, 5, 10, and 25. The
ARM1/ARMO agreement at junctions 15 and 20 for veocity and flow is very good. Cdculated
water depths from the ARM 1 mode aso agree very well with the ARMO results.

Figure 3-7 Appoquinimink River Watershed DYNHY D5 Calibration Segments
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Figure 3-8 Appoquinimink River Model DYNHY D5 Calibration Flow Comparisons
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Figure 3-9 Appoquinimink River Model DYNHY D5 Calibration Veocity Comparisons
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Figure 3-10 Appoquinimink River Model DYNHY D5 Calibration Depth Comparisons
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3.4.2 Vdidation

Following cdibration, the modd was validated to the period between May 10 and July
25, 1991. As with the cdibration period, flows, velocities and depths caculated by the ARM1
mode over the vdidation period show agreement between the ARM1 and ARMO modds. Again
the cross-plots of ARMO and ARM1 DYNHYD5 modd results are presented in Fgure 3-11
through Figure 3-13 for veocity, flow and depth. The comparisons between the ARM1 and
ARMO model result in smilar conclusions for the vaidation period as for the cdlibration period.

3.4.3 Tiddly Averaged Transport

The tiddly averaged transport from the ARM1 modd during the cdibration and
vaidation period are presented in Figure 3-14 and Fgure 3-15. In these figures the solid line
represents the Appoquinimink River main stem, the dashed line represents Drawyer Creek and
the dotted line represents Deep Creek. The tidaly averaged flows ranged from 4 to 25 cfs with
Drawyer Creek flow of approximatdy 14 cfs. Veocities ranged from approximatdy 5 to 45
cmy/s with depths ranging from gpproximately 1 to 16 fedt.

23



Figure 3-11 Appoquinimink River Model DYNHY D5 Verification Flow Comparisons
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Figure 3-12 Appoquinimink River Modd DYNHY D5 Verification Velocity Comparisons
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Figure 3-13 Appoquinimink River Model DYNHY D5 Verification Depth Comparisons
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Figure 3-14 Appoquinimink River Model DYNHY D5 Modd Calibration Output (ARM1)
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Figure 3-15 Appoquinimink River Model DYNHY D5 Model Validation Output (ARM 1)
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3.5. WASP5 Modd Framework

3.5.1 Water Quality Moddling Framework (WA SP-Eutro)
3.5.1.1. Background

The Water Qudity Andyss Smulation Programb (WASP5) is an enhancement of the
origind WASP (DiToro et d., 1983; Connolly and Winfield, 1984; Ambrose, R.B. et al., 1988).
This modd alows users to interpret and predict water quality responses to naturd phenomena
and man-made pollution. WASPS is a dynamic compatmentd modeling program for aquatic
sysems, including both the water column and the undelying benthos  The time-varying
processes of advection, disperson, point and diffuse mass loading, and boundary exchange are
represented in this program.

The WASPS sysem conssts of two standaone computer programs, DYNHYD5 and
WASPS that can be run in conjunction or separately. The hydrodynamic program, DYNHY D5,
amulates the movement of water while the water qudity program, WASPS5, smulates the
movement and interaction of pollutants within the water. For more information regarding
DYNHY D5, please refer to Section 5.1.

WASPS is a dynamic compartmental model that can be used to andyze a variety of water
qudity problems in such diverse water bodies as lakes, reservoirs, rivers, estuaries, and coadtd
waters. WASPS is supplied with two kinetic sub-modds to smulate two of the mgor classes of
water qudity problems  conventiond pollutants (involving dissolved oxygen, biochemica
oxygen demand (BOD), nutrients and eutrophication) and toxic pollutants (involving organic
chemicds, metds, and sediment). The linkage of ether sub-modd with the WASPS program
results in the modds EUTROS5 and TOXI5, respectively. The water qudity modd for the
Appoquinimink River Watershed (ARM1) uses the EUTROS5 sub-modd.

The equations solved by WASPS are based on the principle of mass conservation. This
principle requires that the mass of each water qudity condtituent being investigated must be
accounted for. WASPS traces each water quality congtituent from the point of spatid and
tempord input to its find point of export, consarving mass in gpace and time. To peform these
mass badance computations, the user must supply WASPS with input data defining seven
important characterigtics:

Simulation and output control;

Modd segmentation;

Advective and dispersive transport;

Boundary conditions;

Point and diffuse source waste loads,

Kinetic parameters, congtants, and time functions, and
Initid conditions.
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These input data, together with the generd WASPS mass baance equetions and the
gpecific chemica kinetics equations, uniquely define a specid st of waer qudity equations.
These are numeicdly integrated by WASPS as the smulation proceeds in time. At user
specified print intervals, WASPS saves the vaues of dl display variables for subsequent retrievd
by the postprocessor program.

3.5.1.2. Theory and Equations

The water qudity modding framework used in this sudy and detailed in this report is
based upon the principle of conservation of mass. The conservation of mass accounts for al of
a materid entering or leaving a body of water, trangport of the materid within the water body,
and phydcd, chemicd and biologicd trandformations of the materid. For an infinitesma
volume oriented aong the axis of a three-dimendond coordinate sysem, a mathematica
formulation for the conservation of mass may be written:

Erl&jﬁ+1§ﬂﬂ+1§JE-UE-UE-UE
ft x¢€ “fxg fqye *fys 9fze *9z6 *Ix 'y °

dispersive transport advective transport

Iz (7-1)

where:

¢ = concentration of water quality variable [M/L3];

t=time[T];

E = dispersion (mixing) coefficient due to tides and density and velocity gradients [L2/T];

U = advective velocity [L/T];

S, = externd inputs of the variable ¢ [M/L3-T];

Sg = boundary loading rate (including upstream, downstream, benthic and atmospheric inputs)
[M/L3-T];

S« = sources and sinks of the water quality variable, representing kinetic interactions [M/L3-T];

XY,z = longitudind, lateral and vertical coordinates; and

M,L,T = units of mass, length and time, respectively.

The modd framework used in this study is comprised of three components:

1) Trangport due to advective freshwater flow and density-driven tidd currents and dispersion;
2) Kineticswhich control the physica, chemica and biologica reactions being modded
(sources and sinks); and
3) Externd inputs entering the system (point sources, non-point sources and boundary
conditions).
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The trangport within the Appoquinimink River Watershed System is a complex process
affected by freshwater inflows, temperature, wind, and offshore forcing from the coastd shdf via
the Ddlawae Bay. This trangport was determined by the hydrodynamic modd previoudy
presented in Section 6. The hourly average fluxes from this hydrodynamic modd were used to
drive the transport field of the water quality modd!.

The Kkinetics represent the rates of reaction among water qudity variables and
goproximate the physica, chemica and biologicd processes occurring in the Appoquinimink
River Watershed. The kinetic framework of the water quaity mode is presented in Figure 3- 16.

Externd inputs of carbonaceous biochemicad oxygen demand (CBOD), nutrients
(nitrogen and phosphorus) and other model variables are from point sources, non-point sources
and modd boundary conditions.

The modding framework used in this sudy utilized the following Sate-varigbles:

- Ammonia Nitrogen (NHs);

- Nitrate (NOg);

- Dissolved Inorganic Phosphorus (PO,);

- Phytoplankton (PHYT);

- Carbonaceous Biochemica Oxygen Demand (CBOD);
- Dissolved Oxygen (DO);

- Organic Nitrogen (Org N); and

- Particulate Organic Phosphorus (Org P).

o~NOOT A~ WN R
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Figure 3-16 WASP-EUTRO5 Water Quality Modd Kinetic Framework for the Appoquinimink River Water shed
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3.5.2 Modd Grid

The modd segmentation for the Appoquinimink River Watershed water qudity modd is
presented in Figure 7-2.  The modd is one-dimensond and consds of 47 waer qudity
segments that average gpproximately one mile in length with one sediment segment for the entire
modedl domain.  The modd segmentation is based on the DYNHYDS5 modd of the
Appoquinimink River Watershed with the junctions used for water quality modd segments. The
origind ARMO water qudity mode improperly assgned the boundary condition ssgments in the
mode setup. It is necessary to assgn the water qudity boundary conditions one segment in from
the DYNHYDS5 boundary condition junctions. The proper assgnment of water qudity boundary
condition segments was completed in the ARM1 WASPS modd. This improper assgnment of
boundary condition ssgments in the ARMO modd was noticed in the ARM1 moded when the
assigned boundary conditions were not properly affecting the interna moded calculations.

3.6. WASP5 Modd Cdibration/Validation

The expanded WASPS modd (ARM1) cdibration and vadidation results are compared to
the results of the previous mode (ARMO) and the data collected during the cdibration period
(August 11, 1991 to October 19, 1991) and validation period (May 10, 1991 to July 25, 1991).
The modd cdibration and vdidation results for eech parameter are presented in the following
sections which show the data collected during each modeling period, the period average and
range in modd vaues caculated over that modeling period.

During this process it was noted that the WASPS volumes used in the origind ARMO
mode did not corrdate with the assgned lengths, widths and depths in the DYNHY D5 modd.
In order to be consstent between the DYNHYD5 and WASPS5 models, re-caculated volumes
were assigned in the new ARM1 WASP5 modd based on the new DYNHYD5 modd lengths,
widths and depths.

3.6.1 Forcing Functions
Initid Conditions

Prior to the start of a mode amulation, an initid condition was assgned to each segment
for each of the eght sysems (ON, NHz, NOy, OP, PO4, CBOD, DO, chl-a) being modded. The
initid conditions used for both modeling periods for the new modd segments were based on the

ARMO modd and expanded to the upstream reaches for Silver Lake, Noxontown Lake and
Drawyer Creek.




Figure 3-17 WASP5 ARM 1 Segments, Appoquinimink River Water shed
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Boundary Conditions

A totd of four boundary conditions were accounted for in the modd, including an open
water boundary located at the Delaware Bay (segment 1) which is driven by the tida conditions
in the Bay. The three other boundaries are upstream freshwater inputs for Drawyer Creek
(segment 40), Deep Creek (segment 43) and main stem Appoquinimink River (segment 47). The
freshwater inputs are condant flows and are not affected by tidd conditions in the lower
Appoquinimink River.

No data was avalable on the modeled periods for the new mode segments. At the
upstream boundary locations, the boundary conditions used in the ARMO modd were used for
the boundary concentrations in the ARM1 mode.

3.6.2 Pollutant Loading

Point Source Loads

One municipad point source is located in the Appoquinimink River Watershed, the
Middletown-Odessa- Townsed WWTP, which discharges gpproximatdy 0.5 MGD. This point
source, was previoudy included in the ARMO modd and the daily loading values used are lised
in Table 3-4.

Table 3-4 Point Source Loads

Parameter Load (kg/d)
NH3 18.9
NO3+NO;, 0

PO, 1.6

Chl-a 0

CBODs 36.9

DO 1.3

ON 9.5

OP 4.8

Only daily average data was available to assign loads for the New Castle County WWTP
and by usng condant vaues, uncertainty in the actud daily load is incorporated into the moded
cdculation.

3.6.3 Cdibration Period

The modd-data comparisons for the cdibration period are presented in Figure 3-18. The
data ae shown as the filled symbols (average and range) and the average man dem
Appoquinimink River modd results during the cdibration period are presented as a solid line
with the shaded region representing the range calculated during the period. The data for the
Drawyer Creek period average modd output is presented as the dashed line while the dotted line
represents the Deep Creek modd output. Model (ARM1) and data comparisons are presented
for organic nitrogen (Org N), ammonia nitrogen (NHs), nitrite plus nitrate nitrogen (NO2+NO:s),
organic phosphorus (Org P), orthophosphate (PO,4), carbonaceous BOD (CBOD), dissolved
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oxygen (DO) and chlorophyll “a’. Overdl the mode reasonably reproduces the avalable fied
data in the Appoquinimink River main gem for adl paameters. No data was available for
Drawvyer Creek and Deep Creek during the modeled time period making it impossble to
compare the mode results to the observed data.

Due to the improper boundary condition assgnment and WASP5 volume inconsstencies
between the DYNHYD5 modd lengths, width and depths in the origind ARMO modd, more
weight was placed on reproducing the observed water quality data rather than the origind ARMO
mode output. An example of the ARM1 versus ARMO mode outputs is presented in Figure
3-19. The ARMO modd results are shown in blue and the ARM1 modd results in red.
Reasonable agreement between the ARM1 and ARMO model outputs is obtained.

3.6.4 Vdidation Period

The results of the modd vdidation are presented in Fgure 3-20 and Figure 3-21 in the
same format as the cdibration figures. Agan, the ARM1 mode ressonably reproduces the
observed data for the Appoquinimink River main sem. Data were not available for comparison
in the expanded areas of the modd.



Figure 3-18 Appoquinimink River Mode Calibration Output (ARM 1)
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Figure 3-20 Appoquinimink River Model Verification Output (ARM 1)
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4. Adjusting ARM 1 to Reflect Current Conditions

Recent water quality data was compiled a a number of dations in the Appoquinimink
River watershed. This data comes from 17 DNREC monitoring dtations (Figure 4-1) as
presented below.

109091 — Mouth of Appoquinimink River to Delaware Bay;,

109121 — Appoquinimink River & Route 9 Bridge;

109141 — Appoquinimink River at mouth of East Branch Drawyer Creek;
109151 — Appoquinimink River above West Branch Drawyer Creek;
109051 — Appoquinimink River a Route 299 Bridge (Odessa);
109171 — Appoquinimink River west bank from MOT WWTP,
109041 — Appoquinimink River at Route 13 Bridge;

109131 — Noxontown Pond Overflow (Road 38);

109221 — Downstream from Wiggins Mill Pond & Route 71,

109231 — Upstream from Wiggins Mill Pond at Grears Corner Road;
109071 — Drawyer Creek at Route 13;

109191 — Shdlcross Lake Overflow;

109211 — Drawyer Creek above Shallcross Lake at Cedar Lane Road;
109201 — Tributary to Drawyer Creek a Marl Pit Road;

109031 — Silver Lake Overflow;

109241 — Deep Creek at DE Route 15;

109251 — Deep Creek above Silver Lake at Route 71,

This recent data set was used to assess the model results in Drawyer Creek, Degp Creek
and the upstream Appoquinimink River aress that were added into the ARM1 model (1991 data).
In general, the recent Drawyer Creek data (Stations 109071, 109191 and 109211) for nutrients,
chlorophyll-a, BOD and DO is reasonably represented by the ARM1 modd. Differences can be
due to a number of factors such as river flow, tida forcing, NPS loads, meteorology, change in
land use, pollution control drategies, efc.. The same conclusions can be drawn for Deep Creek
(Stations 109031, 109241 and 109251) and the upstream Appoquinimink River (Stations
109131, 109221 and 109231) areas. Fgure 4-2 illudrates the average values for the total N, tota
P, DO, and CBODs vaues for the time period prior to 1997 versus the values obtained between
1997 through 2000. The red symbols indicate the concentrations at each gation prior to 1997
and the blue symbols reflect the 1997 through 2000 concentrations. It is clear that the average
tota N concentrations have decreased while the average total P concentrations have increased
between these two time periods.  With the exception of one dation, the average N vaues dl fal
below the 3.0 mg/L concentration (meximum target criteria). In contrast, over hdf of the
getions report average totd P vaues higher than 0.2 mg/L (maximum target criteria). The DO
and CBODs levels ae rdatively condgtent. Figure 4-3 illudrates the '97-‘00 data with the
incdluson of the minimum and maximum vaues a each daion. In addition, the symbols are
color coded to indicate which segment they are located on: blue for the Appoquinimink River,
pink for Deep Creek, green for Drawyer Creek and red for station 109201 located on a tributary
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off of Drawyer Creek. Although the minimum daily average standard for DO (55 mg/L) is met,
the minimum (4 mg/L) is not. The daly averages for nutrients fal within the targets (1-3 mg
N/L, 0.1-0.2mg P/L) but there are maximum vaues over 400% greater than those ranges. The
highest concentrations of totad P are in Drawyer Creek while the highest tota N concentrations
arefound in Deep Creek. The lowest levels of DO are in the Appoquinimink River.

To better reflect the current conditions this data was incorporated into the ARM1 modd.
Prior to the integration of this new data, a sendtivity andyss was performed to evduate the
effect of changing the variables and parameters defined within the modd. Table 4-1 reflects the
effect of changing model parameters on the total N, tota P, CBOD, Chl-a, and DO. The
concentration changes lisged reflect the average concentration change within dl the waters
modeled in the watershed. By evaduating the responses to changes in the parameters, eg.
increasing SOD causes DO to decling, it was determined that the incluson of the 1997-2000 data
would not harm the integrity of the ARM1 modd while providing a better picture of the current
conditions and a more meaningful basdine to Smulate load reductions scenarios.  Detalled
graphs digplaying each scenario areincluded in Appendix A.

Station 109201 (Marl Pit Rd.) data reflected a high P concentration that was not included
in the ARMO modd. Because of its high P levels and drainage from the Middietown area in
which sgnificant development is occurring, the boundary condition flow and nutrient load for
the Drawyer was adjusted to incorporate this tributary. A constant flow input (0.080 ni/s) at
section 34 was added and the flow at section 42 was reduced from 0.381 nt/s to 0.301 n¥/s. The
corresponding nutrient load was added into the NPS auxiliary input file.
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Figure 4-1 Monitoring Stations within the Appoquinimink River Water shed
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Table4-1 Sensitivity Analysis Scenarios C1-C52

Effect
Scenario Parameter Changed Minimum DO (average concentration change with respect to waspver4 run)
Total N Total P CBOD Chl-a
mg/L mg/L mg/L mg/L my/L
C1 No PSMOT 4.04 -0.0500 -0.0087 -0.1071 -0.6361
Cc2 2 X FNH4 3.83 0 0 0 0
C3 X SOD1D 452 -0.0003 0 -0.0162 0
C4 2X SOD1D 0.74 -0.0033 0 0.0945 0
C5 2X FNH4 3.83 0 0 0 0
C6 2 X FPOy4 3.83 0 0 0 0
Cc7 2X FPQOq4 3.83 0 0 0 0
C8 X SAL 3.90 0 0 -0.0014 0
C9 2X SAL 3.70 0.0001 0 0.0029 0
C10 % X KESG 5.43 0.074 0.0086 0.1107 9.0396
Cl1 2X KESG 2.99 -0.0410 -0.0032 -0.0907 -5.8927
C12 0 constant inflow unstable
C13 % X congant inflow 3.83 0.0127 0.0019 -0.1267 0.2555




Scenario

Parameter Changed

Effect

(average concentration change with respect to waspver4 run)

Minimum DO
Total N Total P CBOD Chl-a
mg/L mg/L mo/L mg/L mylL

C14 1% X congtant inflow 3.80 -0.0128 -0.0018 0.1293 0.2530
C15 2X congant inflow ungtable
C16 Y% X Flow, dl ssgments 371 0.2225 0.0127 0.0724 3.6237
C17 2X Flow, dl segments 3.85 -0.2363 -0.0168 -0.0994 -4.6343
C18 BC: %2 X NH3-N 3.85 -0.0222 0 -0.0003 0
C19 BC. 2X NH3-N 3.80 0.0457 0 0.0007 0
C20 Added MOT inflow 381 -0.0050 -0.0004 -0.0082 -0.0628
c21 C20 & BC: %X NOx-N 3.81 -0.0653 -0.0004 -0.0037 -0.0628
C22 C20 & BC: 2X NOx-N 3.82 0.1165 -0.0004 -0.0171 -0.0628
C23 C20 & BC: % X PO4 381 -0.0117 -0.0043 -0.0186 -0.7591
C24 C20& BC: 2X PO4 3.82 0.0075 0.0074 0.0101 1.1404
C25 C20 & BC: % X Phyt 3.89 -0.0396 -0.0035 -0.0375 -2.6253
C26 C20 & BC: 2X Phyt 3.60 0.0614 0.0069 0.0466 47211
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Scenario

Parameter Changed

Effect

(average concentration change with respect to waspver4 run)

Minimum DO
Total N Total P CBOD Chl-a
mg/L mg/L mg/L mg/L my/L

Cc27 C20 & BC: %X CBOD 4.15 -0.0053 -0.0004 -1.3075 -0.0628
C28 C20 & BC: 2X CBOD 2.50 -0.0042 -0.0004 2.6614 -0.0628
C29 C20 & BC: %2 X DissO2 2.67 -0.0043 -0.0004 0.0313 -0.0628
C30 C20 & BC: 10 mg/L DissO2 4.00 -0.0055 -0.0004 -0.0292 -0.0628
C31 C20 & BC: %X Org-N 3.82 -0.1518 -0.0004 -0.0082 -0.0628
C32 C20 & BC: 2X Org-N 3.79 0.2829 -0.0004 -0.0081 -0.0628
C33 C20 & BC: %X Org-P 3.78 -0.0117 -0.0224 -0.0181 -0.7307
C34 C20 & BC: 2X Org-P 3.86 0.0086 0.0434 0.110 1.2355
C35 C20 & 7Q10, New permit MOT PS 3.95 -0.0340 -0.0063 -0.1747 -0.4657
C36 C35 & SOD values: EPA TMDL 1/98 4.76 -0.0340 -0.0063 -0.1925 -0.4657
C37 C36 & 15kg/day CBOD NPS 4.76 -0.0340 -0.0063 -0.1798 -0.4657
C38 C37 & EPA DO BC, DE river 4.90 -0.0340 -0.0063 -0.1821 -0.4657
C39 C38 & EPA initid DO conc 4.68 -0.0340 -0.0063 -0.1769 -0.4657




Scenario

Parameter Changed

Effect

(average concentration change with respect to waspver4 run)

Minimum DO
Total N Total P CBOD Chl-a
mg/L mg/L mg/L mg/L nylL
C40 C39& EPA"98 TMDL BC, DE River: NH3-N 4.60 0.0074 -0.0063 -0.1763 -0.4657
c41 CA0& EPA'98 TMDL BC, DE River: NOXxN 4.60 0.1032 -0.0063 -0.1816 -0.4657
C42 C41& EPA 98 TMDL BC, DE River: PO4 4.62 0.1053 -0.0004 -0.1783 -0.2060
C43 C42& EPA 98 TMDL BC, DE River: Phyt 4.30 0.1575 0.0054 -0.1416 3.7242
C44 C43& EPA 98 TMDL BC, DE River: CBOD 2.83 0.1581 0.0054 2.0851 3.7242
C45 C44& EPA 98 TMDL BC, DE River: OrgN 2.82 0.4229 0.0054 2.0857 3.7242
C46 C45& EPA 98 TMDL BC, DE River: Org-P 2.83 0.4288 0.0455 2.0941 4.3146
ca7 C46 & EPA 98 TMDL Group G 2.84 0.4268 0.0453 2.0907 4.1495
C48 CA7 & EPA 98 TMDL initial NOx conc 2.84 0.4337 0.0453 2.0901 4.1495
C49 C48 & EPA 98 TMDL initia Phytconc 311 0.3692 0.0390 2.0120 0.5417
C50 C49 & EPA "98 TMDL initial CBOD conc 2.87 0.3692 0.0390 2.3626 0.5417
C51 C50 & EPA "98 TMDL initial Org-N conc 2.87 0.3481 0.0390 2.3626 0.5417
C52 C51 & EPA "98 TMDL initial Org-P conc 2.87 0.3501 0.0432 2.3661 0.7371
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5. Evaluation of Various L oading Scenarios and Proposed TMDL

The results of the water qudity monitoring and modding show that the State water
quaity standards and targets with regard to DO, total N and totd P are not met in severd
segments of the Appoquinimink River and it's tributaries.  Therefore, reduction of pollutant
loads from point and/or nonpoint sources are necessaxy to achieve water qudity standards and
targets.

To determine the optimum load-reduction scenario, the ARM1 model was aljusted to the
current conditions and used as a basdine to evaluate different reduction scenarios. Table 5-1
illugtrates the incorporation of the current conditions into the ARM1 moded in order to develop a
basdine to evauae possble load reduction scenarios. The find basdine deviates from the
origind ARM1 hydverd.inp in the following ways. the updated hydver4 includes a 0.5 mgd flow
from the MOT, the flow is reduced from the headwater of the Drawyer (origindly 0.380 nt/s,
new 0.301 ni/s), and a 0.80 n¥/S flow now enters the Drawyer a section 34. Deviations from
the origind ARM1 waspverd.inp include the incorporation of boundary conditions reflecting the
monitoring station data taken between 1997 and 2000 (SOD, chl-a, CBOD, DO, NHs, NOy, ON,
OP, PO4, and temperature). The new boundary condition data was incorporated individudly
into the runs (D saries) usng C38 as an initid darting point (see Appendix B for detalled
scenario reaults).  In addition to the scenarios reported, the effect of the reduction scenarios using
the ARMO model aswell as unreported scenarios were aso evaluated.

The basdine scenario and find reduction scenario are illustrated in Figure 5-1. The solid
lines represent the Average concentrations on Julian day 199 and the dotted lines represent the
corresponding basdine concentrations in the Appoquinimink River, Drawyer Creek, and Deep
Creek. The find scenario brings both the total P and total N nutrient levels into compliance with
DNREC's target levels and meets the State water qudity standard for DO. To achieve this the
proposed TMDL holds the MOT nutrient and CBODs discharge leves condant a the
concentrations prescribed by the 1998 EPA TMDL. In addition, the non point source reductions
include a 20% reduction in PO4, OP, ON, NHs, and NOy dong with an 18.4% decrease in SOD.
Since the flux rates of nutrients and SOD is a function of pollutant loads received by the system,
it is a reasonable assumption to relate the percentage of the rate change to the percentage of load
change (smilar mechaniam was suggested by the Army Corps of Engineers for the Inland Bays
Modd). Thedgorithm for this change can be shown as.

Adjusted Rate = Base Rate (1 + PSR * PSF + NPSR * NPSF)

Where:

Base Rate = the nutrient and flux rates used in modd cdibration

PSR = percent change of point source load change. The PSR is positive when theload is
increased and is negative when load is decreased

PSF = fraction of total load represented by point sources

NPSR = percent change of nonpoint source load change. The NPSR is positive when the
load isincreased and is negative when load is decreased
NPSF  =fraction of total load represented by nonpoint sources
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Table 5-1 Current Condition and Basdline Development Scenarios

Scenario Scenario Description

D1 C38

D2 D1 with no NPS: auxilary

D3 D1 with no NPS: Appo, Deep & Drawyer

D4 D1 with no NPS

D5 D1 with no NPSor MOT

D6 D1 with no nutrient load from DE River

D7 D1 with no nutrient load or chl-afrom DE River

D8 D1 with oxygen addition in NPS auxilary

D9 D1 with '98 EPA TMDL 7Q10 flows

D10 D1 with '97-'00 NH3, NOy, ON datafor DE River BCs

D11 D10 with '97-'00 chl-adatafor DE River BCs

D12 D11 with '97-'00 CBODs datafor DE River BCs

D13 D12 with '97-'00 OP & PO4 datafor DE River BCs

D14 D13 with '97-'00 dissolved oxygen data for DE River BCs

D15 D14 with DE River BC: 10% nutrient load reduction, 10% increasein DO

D16 D14 with KESG=3.2 in segments 1- 14 (secchi depth 24")

D17 D16 with DE River BC: 20% tota load reduction & 20% increasein DO

D18 D17 with NPS: Appo, Deep, Drawyer 20% tota load reduction

D19 D1 with '97-'00 data, al BCs

D20 D19 with no NPS: auxilary

D21 D19 with no NPS: Appo, Deep & Drawyer

D22 D19 withno MOT

D23 D19 with no NPS

D24 D19 with no NPS or MOT

D25 D19 with DE River BC: 10% nutrient load reduction, 10% increasein DO

D26 D19 with DE River BC: 10% increase in DO

D27 D19 with 25% NPS: Appo, Deep & Drawyer tota load reduction

D28 D27 with 10% SOD reduction

D29 D19 with 25% NPS tota load reduction & 10% SOD reduction

D30 D19 with 35% NPS tota load reduction & 10% SOD reduction

D31 D29 with '98 EPA TMDL DE River DO BC

D32 D31 with 50% decrease in PO, & OP into the Drawyer

D33 D32 with DE River BC: 10% totd load reduction

D34 D32 with '98 EPA TMDL DE River BCs

D35 D32 with 15% SOD decrease instead of 10% SOD decrease

D36 D32 with 25% SOD decrease instead of 10% SOD decrease

D37 D36 with '98 EPA TMDL 7Q10
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Table 5-2 illudrates the proposed TMDL loads for the Appoquinimink River Watershed.
The only point source (MOT) will be limited to a discharge of 104 |b tota N per day, 2.1 Ib.
tota P per day, and 34.8 [b CBODs per day with a flow rate not to exceed 0.5 mgd. The
proposed nonpoint source loads are 334.1 Ib total N per day and 18.0 total P per day. The tota
TMDL loads are 344.5 |b total N per day, 20.1 |b total P per day, and 34.8 Ib CBODs per day.

Table 5-2 Proposed TMDL Loadsfor the Appoquinimink Water shed

Source Flow TotalN | Total P | CBOD5
(mgd) (Ib/d) (Ib/d) (Ib/d)
Waste Load Allocation
(WLA) for Point Source:
MOT 0.5 104 2.1 34.8
Load Allocation (LA) for
Nonpoint Sources
- 334.1 18.0 -
Proposed TMDL Total
L oads
- 344.5 20.1 34.8




6. Discussion of Regulatory Requirementsfor TMDLSs

Federd regulations at 40 CFR Section 130 require that TMDLs must meet the following eight
minimum regulatory requirements:

=

The TMDLs must be designed to achieve gpplicable water qudity standards

The TMDLs must include atotd alowable load aswell asindividua waste load alocations
for point sources and load alocations for nonpoint sources

The TMDLs must congder the impact of background pollutants

The TMDL must condder criticad environmenta conditions

The TMDLs must consider seasond variations

The TMDLs must include amargin of safety

The TMDLs must have been subject to public participation

There should be a reasonable assurance that the TMDL s can be met

N

0N OTA W

1. The Proposed Appoquinimink River Watershed TMDL is designed to achieve applicable
water quality standards.

The modd analysis indicates that after the proposed reductions are met, the minimum DO
leve in any portion of the Appoquinimink will not fal below the 5.5 mg/L sandard.

With regard to nutrients, model andyss indicates that the target leves (1.0-3.0 mg/L
total N, 0.1-0.2 mg/L total P) will be obtained after the proposed reductions are met.

2. The Proposed Appoquinimink River Watershed TMDL includes a total allowable load as
well asindividual waste load allocations for point sources and load allocations for nonpoint
sources.

Table 5-2 ligs the proposed WLA and LA for the Appoquinimink River Watershed. The
tota WLA is 104 |b/d tota N, 2.1 Ib/day total P, and 34.8 Ib/d CBODs. The LA is 334.1 Ib/d
total N and 18.0 Ib/d total P.

3. The proposed Appoquinimink River TMDL considersthe impact of background pollutants.

The proposed TMDL is based upon a cdibrated and verified hydrodynamic and water
quality model of the Appoquinimink River and its tributaries, lakes, and ponds. The modd was
developed using an extensve water qudity and hydrological database. The water qudity and
hydrologicd database included headwater sreams representing background conditions for
nutrients and other pollutants. Therefore, it can be concluded that the impact of background
pollutants are considered in the proposed Appoquinimink River Watershed TMDL.

A



4. The proposed Appoquinimink River Watershed TMDL considers critical environmental
conditions

The proposed TMDL was established based on the calculated 7Q10 (Section 3) and the
ambient conditions on Julian day 199 when the ambient air and water temperatures are relaivey
high. The average sinity in the section of the Appoquinimink River between the confluence of
the Ddlaware River and the intersection with Drawer Creek is above the sdt water dinity
gandard of 5 ppt. but because the minimum is below the 5 ppt levd, it is consdered fresh water.
The reaults of the water qudity modding andyss have shown that conddering the above design
conditions, State water qudity standards and targets are gill meat within the Appoquinimink
River Watershed. Therefore, it can be concluded that consderation of criticad environmenta
conditions was incorporated in the Appoquinimink River Watershed TMDL analysis.

5. The proposed Appoquinimink River Watershed TMDL considers seasonal variations.

The modd used to represent the watershed was cdibrated for the period of August 11
through October 14, 1991 and was vdidated for the period of May 10 through July 25, 1991.
The &bove cdibraiion and verification periods included different sessons with varying
environmental conditions.  Therefore, it can be concluded that consderation of seasond
variations was incorporated in the Appoquinimink River Watershed TMDL andysis.

6. The proposed Appoquinimink River Watershed TMDL considersa margin of Safety.

EPA’s technicd guidance dlows condgderation of a margin of safety as implicit or as
explict.  An implicdt margin of safety is when conservatlive assumptions are conddered for
modd development and TMDL edtablishment.  An explicit margin of safety is when a specified
percentage of assmilative capacity is kept unassgned to account for uncertainties, lack of
sufficient data, or future growth.

An implicit magin of safety has been conddered for edtablishing the proposed
Appoquinimink River Watershed TMDL. The ARM1 modd is cdibrated usng conservative
assumptions regarding reection rates, pollutant loads, and other environmenta conditions.
Condgderation of these consarvative assumptions contributes to the implicit margin of safety. In
addition, the proposed TMDL consders severa criticd conditions such as 7Q10 flows, high
ambient and water temperatures, high sdinity in ssgments up to the confluence with the
Deawvare river, and MOT discharges & maximum pemitted levels Since the posshility of
occurrence of dl these criticd conditions a the same time is rare, the above consderation
contributes to the implicit margin of safety. Therefore, it can be concluded that an implicit
margin of safety has been consdered for this TMDL andysis.



7.0 The proposed Appoquinimink River Watershed TMDL has been subject to public
participation.

The EPA hdd a public hearing prior to the adoption of the 1998 TMDL covering the
maingem of the Appoquinimink river. During the adoption period of the '98 TMDL, DNREC
and the public had an opportunity to present comments.

Another important public participation activity regarding this TMDL was the formation
of the Appoquinimink Tributary Action Team last year. The Tributary Action Team, made up of
concerned citizens and other affected parties within the watershed, has met severd times and will
assg the DNREC in deveoping pollution control drategies (PCS) to implement the
requirements of the proposed Appoquinimink River Watershed TMDL.

In addition to the public participation and stakeholder involvement mentioned above, a
public workshop and public hearing has been scheduled for December 5, 2001 to present the
proposed Appoquinimink River Watershed TMDL to the genera public and receive comments
prior to formal adoption of the TMDL regulation.

8.0 There should be a reasonable assurance that the proposed Appoquinimink River
Watershed TMDL can be met.

The proposed Appoquinimink River Watershed TMDL consders the reduction of
nutrients and oxygen consuming pollutants (CBOD) from point and nonpoint sources.  The
magnitude of load reductions suggested by the proposed TMDL is in line with the current TMDL
and is technicdly feasble and financidly affordable.  Following the adoption of the TMDL, the
Appoquinimink River Tributary Action Team will asss the Depatment in developing a PCS to
implement the requirements of the Appoquinimink River Watershed TMDL Regulation.  The
DNREC is planning to findize and adopt the Appoquinimink River PCS within one year after
forma adoption of the TMDL Regulation.
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Nutrient and DO TMDL Development for Appoquinimink River, Delaware

Appendix C: WASP Model Calibration and Validation Results

The objective of this Appendix isto present calibration and validation results for the WASP model of
the Appoquinimink River. Calibration results (May through July, 1991) are presented on pages C-2
through C-5 and validation results (August through October, 1991) are presented on pages C-6
through C-9. The tables at the end of this section present the mean, minimum, and maximum 1991
water quality monitoring sample values (in that order) used in the calibration and validation (source:
DNREC).
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Figure C-1. Dissolved Oxygen Calibration for the Appoquinimink River: Minimum, Maximum, and Mean
Concentrations for May through July, 1991
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Figure C-2. Chlorophyll-a Calibration for the Appoquinimink River: Minimum, Maximum, and Mean
Concentrations for May through July, 1991
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Figure C-3. NH4 Calibration for the Appoquinimink River: Minimum, Maximum, and Mean Concentrations
for May through July, 1991
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Figure C-4. NO3 Calibration for the Appoquinimink River: Minimum, Maximum, and Mean Concentrations
for May through July, 1991
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Figure C-5. Organic-N Calibration for the Appoquinimink River: Minimum, Maximum, and Mean
Concentrations for May through July, 1991
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Figure C-6. PO4 Calibration for the Appoquinimink River: Minimum, Maximum, and Mean Concentrations

for May through July, 1991

C-5



Nutrient and DO TMDL Development for Appoquinimink River, Delaware

® Monitoring Data ====Mean = = = Minimum = = = Maximum

05

04+

o
w

Organic P (mg/L)

o
N

0.1+

0 ‘ ‘ ‘ ‘

25 20 15 10 5
River Km

Figure C-7. Organic-P Calibration for the Appoquinimink River: Minimum, Maximum, and Mean
Concentrations for May through July, 1991
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Figure C-8. Dissolved Oxygen Validation for the Appoquinimink River: Minimum, Maximum, and Mean
Concentrations for August through October, 1991
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Figure C-9. Chlorophyll-a Validation for the Appoquinimink River: Minimum, Maximum, and Mean
Concentrations for August through October, 1991
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Figure C-10. NH4 Validation for the Appoquinimink River: Minimum, Maximum, and Mean Concentrations
for August through October, 1991
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Figure C-11. NO3 Validation for the Appoquinimink River: Minimum, Maximum, and Mean Concentrations
for August through October, 1991
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Figure C-12. Organic-N Validation for the Appoquinimink River: Minimum, Maximum, and Mean
Concentrations for August through October, 1991
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Figure C-13. PO4 Validation for the Appoquinimink River: Minimum, Maximum, and Mean Concentrations
for August through October, 1991
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Figure C-14. Organic-P Validation for the Appoquinimink River: Minimum, Maximum, and Mean
Concentrations for August through October, 1991
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C-12

Table C-1. Dissolved Oxygen and Chlorophyll-a Data for the Appoquinimink River: May

through July and August through October, 1991

DO (mg/L) Chlorophyll a (ug/L)
Distance
from
Time | Downstream
Period (km) mean min max mean min max
Aug-Oct 0.40 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00
Aug-Oct 5.60 4.90 4.30 5.40 30.00 12.00 45.00
Aug-Oct 6.80 5.50 5.25 5.75 38.00 28.00 52.00
Aug-Oct 8.16 6.20 5.80 6.70 70.00 47.00 92.00
Aug-Oct 9.28 6.20 6.20 6.20 80.00 65.00] 103.00
Aug-Oct 10.00 8.10 6.20 10.00{ 105.00 72.00] 136.00
Aug-Oct 10.56 7.90 7.30 8.30] 108.00 95.00f 120.00
Aug-Oct 11.60 8.20 7.90 8.60[ 126.00f 118.00f 135.00
Aug-Oct 13.12 8.25 8.00 8.60] 152.00] 124.00) 181.00
Aug-Oct 15.84 8.25 6.00 10.60 -9.00 -9.00 -9.00
Aug-Oct 16.40 8.60 6.80 10.25 -9.00 -9.00 -9.00
May-July 0.40 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00
May-July 5.60 4.80 4.60 5.10 17.00 10.00 22.00
May-July 6.80 4.10 3.90 4.40 13.00 5.00 22.00
May-July 8.16 3.70 3.00 4.40 13.00 7.00 21.00
May-July 9.28 3.80 3.25 4.40 10.00 4.00 15.00
May-July 10.00 3.70 2.90 4.60 15.00 5.00 25.00
May-July 10.56 3.65 2.90 4.35 36.00 0.00 78.00
May-July 11.60 3.25 2.90 3.60 13.00 10.00 19.00
May-July 13.12 3.20 3.20 3.20 20.00 12.00 30.00
May-July 15.84 8.00 5.50 10.70 -9.00 -9.00 -9.00
May-July 16.40 7.90 4.30 11.40 -9.00 -9.00 -9.00
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Table C-2. NH3-N, NO2-NO3-N, and Organic-N Data for the Appoquinimink River: May through July and

August through October, 1991

NH3-N (mg/L) NO2-NO3-N (mg/L) Organic-N (mg/L)
Distance
from
Time | Downstream
Period (km) mean min max mean min max mean min max
Aug-Oct 0.40 -9.000 -9.000 -9.000 -9.00 -9.00 -9.00 -9.000 -9.000 -9.000
Aug-Oct 5.60 0.060 0.040 0.080 0.80 0.50 1.10 0.850 0.700 1.050
Aug-Oct 6.80 0.060 0.040 0.080 0.65 0.30 0.90 0.900 0.800 1.000
Aug-Oct 8.16 0.050 0.050 0.050 0.45 0.12 0.75 1.100 0.850 1.300
Aug-Oct 9.28 0.050 0.050 0.050 0.40 0.10 0.70 1.200 1.100 1.350
Aug-Oct 10.00 0.050 0.040 0.060 0.40 0.10 0.65 1.400 0.950 1.800
Aug-Oct 10.56 0.060 0.050 0.070 0.35 0.12 0.55 1.500 1.250 1.750
Aug-Oct 11.60 0.060 0.050 0.070 0.35 0.15 0.52 1.400 1.350 1.450
Aug-Oct 13.12 0.060 0.040 0.080 0.40 0.15 0.60 1.550 1.300 1.750
Aug-Oct 15.84 0.060 0.040 0.080 0.10 0.10 0.10 1.700 1.250 2.100
Aug-Oct 16.40 0.050 0.050 0.050 3.10 2.80 3.40 0.450 0.100 0.800
May-July 0.40 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00
May-July 5.60 0.100 0.050 0.155 0.70 0.45 0.90 0.650 0.400 0.850
May-July 6.80 0.120 0.050 0.190 0.72 0.60 0.80 0.500 0.350 0.700
May-July 8.16 0.120 0.050 0.190 0.65 0.55 0.70 0.750 0.450 1.000
May-July 9.28 0.145 0.050 0.230 0.60 0.50 0.65 0.750 0.550 0.900
May-July 10.00 0.155 0.050 0.250 0.55 0.55 0.55 0.650 0.350 0.950
May-July 10.56 0.160 0.070 0.250 0.45 0.40 0.55 0.800 0.450 1.100
May-July 11.60 0.190 0.090 0.290 0.45 0.42 0.55 0.750 0.500 1.000
May-July 13.12 0.220 0.080 0.360 0.45 0.35 0.70 0.900 0.550 1.300
May-July 15.84 0.110 0.000 0.220 0.45 0.00 1.05 1.000 0.750 1.300
May-July 16.40 0.170 0.010 0.330 3.30 3.00 3.55 0.700 0.100 1.300
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Table C-3. PO4-P and Organic-P Data for the Appoquinimink River: May through July and
August through October, 1991

PO4-P (mg/L) Organic-P (mg/L)
Distance
from

Time | Downstream

Period (km) mean min max mean min max

Aug-Oct 0.40 -9.000 -9.000 -9.000 -9.000 -9.000 -9.000
Aug-Oct 5.60 0.050 0.040 0.060 0.080 0.000 0.220
Aug-Oct 6.80 0.050 0.025 0.080 0.060 0.000 0.175
Aug-Oct 8.16 0.040 0.010 0.070 0.060 0.000 0.175
Aug-Oct 9.28 0.040 0.010 0.070 0.120 0.010 0.230
Aug-Oct 10.00 0.030 0.010 0.050 0.080 0.000 0.210
Aug-Oct 10.56 0.030 0.010 0.050 0.090 0.000 0.250
Aug-Oct 11.60 0.030 0.010 0.050 0.220 0.150 0.290
Aug-Oct 13.12 0.030 0.010 0.050 0.210 0.140 0.280
Aug-Oct 15.84 0.060 0.040 0.080 0.080 0.040 0.125
Aug-Oct 16.40 0.030 0.010 0.050 0.050 0.000 0.100
May-July 0.40 -9.00 -9.00 -9.00 -9.00 -9.00 -9.00
May-July 5.60 0.065 0.030 0.090 0.120 0.060 0.180
May-July 6.80 0.065 0.030 0.090 0.110 0.050 0.170
May-July 8.16 0.075 0.045 0.100 0.090 0.030 0.150
May-July 9.28 0.055 0.030 0.075 0.110 0.060 0.160
May-July 10.00 0.055 0.030 0.075 0.110 0.060 0.160
May-July 10.56 0.055 0.045 0.065 0.140 0.080 0.200
May-July 11.60 0.055 0.030 0.075 0.130 0.070 0.190
May-July 13.12 0.055 0.045 0.065 0.130 0.100 0.160
May-July 15.84 0.025 0.010 0.030 0.045 0.010 0.070
May-July 16.40 0.045 0.010 0.075 0.060 0.000 0.130
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TableC-4. Structural BMP Expected Pollutant Removal Efficiency

Typical Pollutant Removal (percent)*
BMPType Suspended Solids Nitrogen Phosphorous
Dry Detention Basin 30-65 15-45 15-45
Retention Basin 50-80 30-65 30-65
Constructed Wetlands 50- 80 <30 15-45
Infiltration Basins 50- 80 50-80 50 -80
Infiltration Trenches/ Dry 50- 80 50- 80 15-45
Wells
Porous Pavement 65 - 100 65 - 100 30-65
Grassed Swales 30-65 15-45 15-45
Vegetated Filter Strips 50- 80 50- 80 50-80
Surface Sand Filters 50-80 <30 50-80
Other MediaFilters 65 - 100 15-45 <30

* Source, EPA, 1999. “Prelimi nary Data Summary of Urban Storm Water Best Management Practices’ EPA # 821-R-99-012.
Office of Water, U.S. Environmental Protection Agency, Washington, DC.
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Appendix D: Dissolved Oxygen Modeling Results for Baseline and
TMDL Scenarios

This Appendix presents modeling results for the baseline condition and a successful compliance
scenario. The compliance scenario was used to identify TMDLs for the impaired watersin the
Appoquinimink watershed. Plots on pages D-2 present modeling results for the Appoquinimink River
and Deep Creek , respectively. The plot on page D-3 presents results for Drawyer Creek. The
distances presented on the plot represent distances from the mouth of that particular segment.
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