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EXECUTIVE SUMMARY

Section 303(d) of the Federal Clean Water Act requires states to identify waterbodies that
are not meeting water quality standards and to develop total maximum daily pollutant loads for
those waterbodies. A total maximum daily load (TMDL) is the amount of a pollutant that a
waterbody can assimilate without exceeding the established water quality standard for that
pollutant. Through a TMDL, pollutant loads can be allocated to point sources and nonpoint
sources discharging to the waterbody.

The study area for this project consists of the Boeuf River and Bayou Macon basins in
southeastern Arkansas. For both basins, the headwaters begin southeast of Pine Bluff and the
general drainage pattern is southward into Louisiana. The study area comprises the Arkansas
Department of Environmental Quality (ADEQ) Planning Segment 2A and is located entirely
within the Delta ecoregion. The study area is about 86% cropland (mostly soybeans, cotton, and
rice). The majority of the soybeans and cotton are irrigated, and essentially all of the rice is
irrigated. The primary source of irrigation water is the alluvial aquifer, which has high
concentrations of dissolved minerals in some areas.

A total of six reaches in the Bayou Macon and Boeuf River basins are included on the
Arkansas 303(d) list as not supporting the aquatic life use due to exceedances of water quality
standards for either siltation/turbidity, chloride, sulfate, or total dissolved solids (TDS) as shown
in Table ES.1. The applicable numeric water quality standards for these reaches are 75 NTU for
turbidity (because ADEQ considers all six reaches to be “channel-altered”), 90 mg/L chloride for
Boeuf River, 48 mg/L chloride for Big Bayou and Oak Bayou, 411 mg/L TDS for Oak Bayou,
460 mg/L TDS for Boeuf River, and 30 mg/L sulfate for Boeuf River.

Table ES.1. 303(d) listing for stream reaches in this task order.

Minor
Reach No. Stream Name Source Major cause cause(s) | Priority

08050001-022 | Big Bayou Agriculture | Siltation/turbidity | Chloride Low

Chloride,

TDS*,
08050001-018 | Boeuf River Agriculture | Siltation/turbidity | Sulfate* Low
08050001-019 | Boeuf River Agriculture | Siltation/turbidity | Chloride Low

Chloride,
08050002-010 | Oak Bayou Agriculture | Siltation/turbidity | TDS Low
08050002-003 | Bayou Macon | Agriculture | Siltation/turbidity | -- Low
08050002-006 | Bayou Macon | Agriculture | Siltation/turbidity | -- Low

*Note: The 2002 final 303(d) list included all of the impairments shown in this table except TDS and sulfate for the

Boeuf River (reach -018), which have been added to the 2004 FINAL 303(d) list.
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ADEQ historical water quality data at seven locations were analyzed for long term trends,
seasonal patterns, relationships between concentration and stream flow, and relationships
between turbidity and total suspended solids (TSS). These analyses showed that turbidity values
tended to be highest during December through May, during which time there are larger amounts
of runoff and less ground cover on cropland, both of which would allow greater amounts of
erosion. This is consistent with information in the Arkansas 2002 305(b) report, which states that
high turbidity values are caused by runoff from intensive row crop agriculture. For chloride, TDS,
and sulfate, high concentrations tended to occur at low stream flows and during May through
November, while the concentrations at high stream flows and during December through April
were generally low. This is consistent with the Arkansas 2002 305(b) report, which states that
elevated chlorides are probably due to discharges of irrigation water taken from aquifers.

Because turbidity cannot be expressed as a mass load, the turbidity TMDLs were
expressed using TSS as a surrogate for turbidity. A basin-wide regression between TSS and
turbidity was developed for each season using turbidity and TSS data from all seven water
quality stations. This resulted in target TSS concentrations of 68 mg/L for summer and 52 mg/L
for winter.

All thirteen TMDLs (six turbidity, four chloride, two TDS, and one sulfate) were
developed using the load duration curve methodology. This method illustrates allowable loading
at a wide range of stream flow conditions. The steps for applying this methodology for the
TMDLs in this report were: 1) developing a flow duration curve; 2) converting the flow duration
curve to load duration curves; 3) plotting observed loads with load duration curves;

4) calculating the TMDL, MOS, WLA, and LA; and 5) calculating percent reductions. Based on
the analyses of the water quality data, each TMDL was developed on a seasonal basis (i.e.
calculating allowable loads and percent reductions for both summer and for winter.)

For the turbidity TMDLs, the wasteload allocations for point source contributions were
set to not applicable (NA) zere because TSS in these TMDLs was considered to represent
inorganic suspended solids (i.e., soil and sediment particles from erosion or sediment
resuspension). The suspended solids discharged by point sources in the study area are assumed to
consist primarily of organic solids rather than inorganic solids. Discharges of organic suspended
solids from point sources are already addressed by ADEQ through their permitting of point
sources to maintain water quality standards for dissolved oxygen.

For the turbidity TMDLs, an implicit margin of safety (MOS) was incorporated through
the use of conservative assumptions. The primary conservative assumption was calculating the
turbidity TMDLs assuming that TSS is a conservative parameter and does not settle out of the
water column. For the TDS, chloride, and sulfate TMDLs, an explicit MOS was established as
10% of the TMDL.

Because point sources were considered to have negligible effect on existing violations of
water quality standards, all of the load reductions were assigned to nonpoint sources. Wasteload
allocations for chloride were developed for five point source discharges based on existing
effluent concentrations with zero percent reduction. The nonpoint source percent reductions
needed for these TMDLs are summarized in Table ES.2.

1
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Technical assistance for implementation of these TMDLs will be provided by the
Arkansas Soil and Water Conservation Commission (ASWCC) with input from local
stakeholders and other agencies. For the turbidity TMDLs, implementation should occur
throughout the Boeuf River and Bayou Macon basins, rather than just in the reaches with the

higher percent reductions in Table ES.2.

Table ES.2. Summary of nonpoint source percent reductions.

Summer Winter
Reach No. Stream Name Parameter % Reduction % Reduction
08050001-018 Boeuf River Turbidity 0% 73%
08050001-019 Boeuf River Turbidity 0% 80%
08050001-022 Big Bayou Turbidity 0% 75%
08050002-010 Oak Bayou Turbidity 0% 45%
08050002-006 Bayou Macon Turbidity 0% 81%
08050002-003 Bayou Macon Turbidity 0% 68%
08050001-018 Boeuf River Chloride ko 0%
08050001-019 Boeuf River Chloride ko 0%
08050001-022 Big Bayou Chloride 55% 0%
08050002-010 Oak Bayou Chloride 62% 0%
08050001-018 Boeuf River TDS *x 0%
08050002-010 Oak Bayou TDS 38% 0%
08050001-018 Boeuf River Sulfate 10% 0%

** Percent reductions that were calculated for the Boeuf River for chloride and TDS during summer were 0%, but
those values are not shown in this table because they were considered to be misleading and not indicative of

actual conditions.
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1.0 INTRODUCTION

This report presents total maximum daily loads (TMDLs) for siltation/turbidity, chloride,
sulfate, and total dissolved solids (TDS) for six stream reaches in the Boeuf River and Bayou
Macon basins in southeastern Arkansas. Each of these stream reaches was included on the 2002
Arkansas 303(d) list (ADEQ 2002a) as not supporting its designated use of aquatic life. The
sources of contamination and causes of impairment from the 303(d) listing are shown in
Table 1.1. The TMDLs in this report were developed in accordance with Section 303(d) of the
Federal Clean Water Act and the Environmental Protection Agency’s (EPA) regulations in
40 CFR 130.7.

The purpose of a TMDL is to determine the pollutant loading that a waterbody can
assimilate without exceeding the water quality standard for that pollutant and to establish the
load reduction that is necessary to meet the standard in a waterbody. The TMDL is the sum of
the wasteload allocation (WLA), the load allocation (LA), and a margin of safety (MOS). The
WLA is the load allocated to point sources of the pollutant of concern, and the LA is the load
allocated to nonpoint sources (NPS). The MOS is a percentage of the TMDL that takes into
account any lack of knowledge concerning the relationship between pollutant loadings and water
quality.

Table 1.1. 303(d) listing for stream reaches in this task order.

Minor
Reach No. Stream Name Source Major cause cause(s) Priority
08050001-022 | Big Bayou Agriculture | Siltation/turbidity | Chloride Low
Chloride,
TDS*,
08050001-018 | Boeuf River Agriculture | Siltation/turbidity | Sulfate* Low
08050001-019 | Boeuf River Agriculture | Siltation/turbidity | Chloride Low
Chloride,
08050002-010 | Oak Bayou Agriculture | Siltation/turbidity | TDS Low
08050002-003 | Bayou Macon | Agriculture | Siltation/turbidity -- Low
08050002-006 | Bayou Macon | Agriculture | Siltation/turbidity -- Low

*Note: The 2002 final 303(d) list included all of the impairments shown in this table except TDS and sulfate for the

Boeuf River (reach -018), which have been added to the 2004 FINAL 303(d) list.
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2.0 BACKGROUND INFORMATION

2.1 General Information

The study area for this project consists of the Boeuf River and Bayou Macon basins in
southeastern Arkansas (see Figure A.1 in Appendix A). For both basins, the headwaters begin
southeast of Pine Bluff and the general drainage pattern is southward into Louisiana. These basins
are bounded on the west by the Bayou Bartholomew basin, and on the north and east by levees
along the Arkansas River and Mississippi River. Both basins lie entirely within the Delta
ecoregion. The Boeuf River and its tributaries (including Big Bayou, Choctaw Bayou, and
Cypress Creek) form United States Geological Survey (USGS) Hydrologic Unit 08050001.
Bayou Macon and its tributaries (including Oak Bayou and Clay Bayou) form USGS Hydrologic
Unit 08050002. The Arkansas portion of these basins is designated by ADEQ as Planning
Segment 2A. The drainage area of the Boeuf River at the Arkansas — Louisiana state line is
755 mi* (USGS 1979). The drainage area of Bayou Macon at the Arkansas — Louisiana state line
is 518 mi* (USGS 1979). The two counties that cover most of the Arkansas portion of these
basins are Chicot and Desha.

2.2 Topography

The topography of the Boeuf River and Bayou Macon basins is mostly level with a few
areas that are slightly undulating (USDA 1967, USDA 1972, COE 2001). In general, the typical
slope of most of the land in these basins is about 0.5 ft of drop per 100 ft of distance (USDA
1967, USDA 1972). Some parts of this area are poorly drained and tend to flood for at least a
month or more during most years (USDA 1972). One distinct topographic feature is Macon
Ridge, which starts near Eudora and extends to the southwest into Louisiana (USDA 1967).

2.3 Soils

Soil characteristics for the Bouef River and Bayou Macon basins are provided by the soil
surveys for Chicot and Desha Counties (USDA 1967, USDA 1972) and by the STATSGO
database, which is maintained by the USDA Natural Resources Conservation Service (NRCS).
The STATSGO soils data are developed on a 1:250,000 scale and are not as detailed as the
county soil surveys (prepared at a 1:24,000 scale). The NRCS is in the process of converting
1:24,000 scale data from county soil surveys into GIS format for its SSURGO database, but the
SSURGO data are not yet available for much of the Boeuf River and Bayou Macon basins within
Arkansas.

Figure A.2 (located in Appendix A) shows the spatial distribution of different soils based
on data from the STATSGO database. The western part of the study area is covered mostly by the
Perry-Portland-Rilla and the Rilla-Herbert-Perry groups of soils. The soil textures that are most
common in these two groups are clay, silt loam, and silty clay. Much of the eastern part of the
study area is covered by the Sharkey-Alligator-Tunica group of soils, which includes silty clay
and clay soils.
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24 Land Use

Land use data for the Arkansas portion of the Bouef River and Bayou Macon basins were
obtained from the GEOSTOR database, which is maintained by the Center for Advanced Spatial
Technology (CAST) at the University of Arkansas in Fayetteville. These data were based on
satellite imagery from 1999. The spatial distribution of these land uses is shown on Figure A.3
(located in Appendix A) and land use percentages are shown in Table 2.1. These data indicate
that over 86% of the study area consists of cropland (soybeans, cotton, rice, sorghum, and corn).
The area classified as open water should include catfish ponds, which cover approximately
17,300 acres in Chicot County and 2,750 acres in Desha County (AASS 2002). The combined
acreage of catfish ponds for these two counties represents about 2.4% of the study area.

Table 2.1. Land use percentages for the study area.

Land use Percentage of study area
Soybeans 46.5%
Cotton 26.5%
Rice 11.7%
Deciduous forest 4.8%
Water 4.8%
Mixed forest 2.5%
Urban 1.6%
Sorghum/corn 1.4%
Barren 0.2%
Total 100.0%

2.5 Description of Hydrology

Average precipitation for the study area is about 50-53 inches per year (USGS 1985a).
Average monthly precipitation values for Arkansas City (near McGehee) are shown on
Figure 2.1; these values are highest during winter and spring and lowest during summer and
early fall.

The USGS has published daily stream flow data for the Boeuf River and Bayou Macon
basins at one location in Arkansas and two locations in Louisiana just south of the Arkansas state
line. The locations of these flow gages are shown on Figure A.4 (located in Appendix A). Basic
information and statistics for these gages are summarized in Table 2.2. Recent flow data are
available for only one of these three gages (Bayou Macon at Eudora). The average monthly
flows for Bayou Macon at Eudora are shown on Figure 2.2; these values are highest for January
and February and lowest for September and October.

There are several canals and ditches connecting the Boeuf River and Bayou Macon.
These connections allow some of the stream flow in one basin to be diverted to the other basin.
The fraction of water that is diverted from one basin to the other is variable and can be affected
by things such as local rainfall patterns, hydraulic resistance from debris in each stream, etc.

A Corp of Engineers pumping station that is located north of Lake Chicot diverts runoff from the
northern part of the Bayou Macon basin into the Mississippi River. The location of this pumping
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station is shown on Figure A.4. This pumping station was built in 1985 to reduce the amount of
silt-laden runoff entering Lake Chicot; since then, the clarity in Lake Chicot has improved
greatly. When water levels in the Mississippi River are high, up to 6500 cfs of water can be
pumped through the levee into the Mississippi River; during other times, the structure allows
water to flow by gravity through the levee into the Mississippi River (COE 2000).

In some instances, the flow in these basins is influenced by withdrawals of irrigation
water directly from bayous or canals and by return flows of irrigation water draining from the
fields. Most irrigation water, though, is withdrawn from groundwater. A database obtained from
the Arkansas Soil and Water Conservation Commission (ASWCC) showed that there are over
800 surface water withdrawal sites and over 4500 groundwater withdrawal sites within the
Arkansas portion of the Boeuf River and Bayou Macon basins. Approximately 98% of these
withdrawal sites are for irrigation.

Table 2.2. Information for stream flow gaging stations (USGS 2002a and USGS 2004).

Bouef River near Bayou Macon near Bayou Macon at
AR/LA state line Kilbourne, LA Eudora, AR
USGS gage number 07367700 07369700 07369680
LA Hwy 835, LA Hwy 585, US Hwy 65 along
Descriptive location 2 miles south of 3-4 miles east of south edge of
AR/LA state line Kilbourne, LA Eudora, AR
Oct 1957 to Sep 1968 | Oct 1957 to Sep 1968
Period of record (continuous); OcI: 1968 | (continuous); O(}i 1968 October 1988 to
to Sep 2003 (scattered) | to Feb 1987 (scattered) current
Drainage area (mi’) 785 504 500
Mean annual flow (cfs) 875 467 277

2.6 lrrigation

Based on 2001 data for Chicot and Desha counties, approximately 55% to 70% of the
soybean acreage and 76% to 77% of the cotton acreage is irrigated (AASS 2002). Essentially
100% of the rice acreage is irrigated. Although more water is used for rice than for other crops,
the average depth of irrigation water applied in Chicot and Desha counties is approximately 21 to
22 inches per year. The irrigation method used for virtually all rice and for some soybeans is
flood irrigation with contour levees; furrow irrigation and a small amount of sprinkler irrigation
(center pivot systems) are used on other soybean acreage and for cotton. With both flood
irrigation and furrow irrigation, there is usually some water that eventually drains from the
surface of the field into ditches or canals (Scott et. al. 1998). The timing of this drainage is
variable, although a significant quantity of drainage occurs when rice fields are drained in late
summer prior to harvest.
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2.7 Channel Network

Figure A.4 shows the stream channel network for the study area based on EPA’s “Reach
File 3” data. Many of the smaller stream channels have been straightened and/or deepened. In the
latest 305(b) report, the discussion of water quality for planning segment 2A states that “the
majority of the waters in this segment have been severely altered by channelization, ditching, and
rerouting the drainage patterns” (ADEQ 2002a). Another description of this area states that “all
of the major streams in the study area are either manmade canals or have been channelized. The
canals and channelized streams are primarily flood control projects” (COE 2001). The Desha
County soil survey states that “there is an intricate complex of drainage ditches in the county.
Most of the major ones have recently been cleaned out, and the channels have been enlarged.
This extensive system greatly improves the surface drainage of the county” (USDA 1972). These
references support the use of the channel-altered designation for these six stream reaches listed in
Table 2.3. There are also a few oxbow lakes that have been formed by changes in stream courses.

2.8  Water Quality Standards

Water quality standards for Arkansas waterbodies are listed by ecoregion in Regulation
No. 2 (ADEQ 2002b). The Boeuf River and Bayou Macon basins are entirely within the Delta
ecoregion. Designated uses for these basins include primary and secondary contact recreation;
domestic, industrial, and agricultural water supply; and perennial Delta ecoregion fishery (for
streams with at least 10 mi” of drainage area).

Section 2.503 of Regulation No. 2 provides both a narrative standard and a numeric
standard that apply to siltation/turbidity. The general narrative standard is: “There shall be no
distinctly visible increase in turbidity of receiving waters attributable to municipal, industrial,
agricultural, other waste discharges or instream activities.” The numeric turbidity standard for
streams in the Delta ecoregion is 45 NTU for “least-altered” streams and 75 NTU for “channel-
altered” streams. Regulation No. 2 does not include definitions of “least-altered” streams or
“channel-altered” streams. Based on field observations and information mentioned in
Section 2.7, ADEQ considers all six reaches in Table 1.1 to be channel-altered streams.

Section 2.511 of Regulation No. 2 lists numeric standards for chloride, TDS, and sulfate
that are specific to Bayou Macon and the Boeuf River, as well as for other streams in the Delta
ecoregion. The ecoregion standards for chloride, TDS, and sulfate are based on data from least
disturbed reference streams plus allowable increases. The appropriate numeric criteria from the
standards that were used for the TMDLs in this report are shown in Table 2.3.
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Table 2.3. Numeric water quality standards for TMDLs in this report.

Turbidity | Chloride TDS Sulfate

Least-altered or | standard | standard | standard | standard

Reach No. | Stream Name | Channel-altered (NTU) (mg/L) (mg/L) (mg/L)
08050001-018 | Boeuf River Channel-altered 75 90 460 30
08050001-019 | Boeuf River Channel-altered 75 90 -- --
08050001-022 | Big Bayou Channel-altered 75 48 -- --
08050002-010 | Oak Bayou Channel-altered 75 48 411 --
08050002-003 | Bayou Macon | Channel-altered 75 -- -- --
08050002-006 | Bayou Macon | Channel-altered 75 -- -- --

Note: Chloride, TDS, and sulfate standards are shown only for reaches that are impaired for those parameters.

As specified in EPA's regulations at 40 CFR 130.7(b)(2), applicable water quality
standards include antidegradation requirements. Arkansas' antidegradation policy is listed in
Sections 2.201 —2.204 of Regulation No. 2. These sections impose the following requirements:

1) Existing instream water uses and the level of water quality necessary to protect
the existing uses shall be maintained and protected.

2) Water quality that exceeds standards shall be maintained and protected unless
allowing lower water quality is necessary to accommodate important economic or
social development, although water quality must still be adequate to fully protect
existing uses.

3) For outstanding state or national resource waters, those uses and water quality for
which the outstanding waterbody was designated shall be protected.

4) For potential water quality impairments associated with a thermal discharge, the
antidegradation policy and implementing method shall be consistent with Section
316 of the Clean Water Act.

2.9

Nonpoint Sources

Nonpoint sources of pollution in the study area are discussed in the 2002 305(b) report.
For planning segment 2A (the Boeuf River and Bayou Macon basins), this report states that “the
aquatic life use may be impaired due to frequent and very high turbidity and suspended solids
values. It is clear that these conditions are caused by the runoff from intensive row crop
agriculture which is the dominant land use within this segment” (ADEQ 2002a). Concerning
nonpoint sources of chloride, the 305(b) report states that “elevated chlorides occur in lower
Boeuf River and Big Bayou; this is probably from discharges of irrigation water taken from deep
aquifers” (ADEQ 2002a).
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2.10 Point Sources

Information for point source discharges in the Boeuf River and Bayou Macon basins
(hydrologic units 08050001 and 08050002) was obtained by searching the Permit Compliance
System on the EPA web site (PCS 2004). The search yielded 19 facilities with point source
discharges. Search results, including flow rate and permit limits for total suspended solids (TSS),
are included in Table 2.4. None of the facilities has permit limits for turbidity, chloride, sulfate,
or TDS.

Locations of the permitted facilities are shown on Figure A.6 in Appendix A. Any point
source discharges authorized under a general permit (rather than an individual permit) would not
be revealed by this search.

211 Previous Water Quality Studies

There were several previous water quality studies that were particularly relevant for the
TMDLs in this report. One of the studies was a water quality and biological assessment of the
Boeuf River basin in Arkansas (USGS 2002b). This study included a water quality survey under
relatively low flow conditions during November-December 1994 with turbidity measurements at
20 sites and chloride measurements at 24 sites. The turbidity values were above 75 NTU at 13 of
the 20 sites (65%). The chloride values were above the ecoregion standard of 48 mg/L at only 4
out of 24 sites (17%); these values probably would have been higher if the survey had been
conducted earlier in the year when irrigation water was draining from fields. This study also
included monitoring of runoff during 11 different storms from a cotton field and from a forested
arca. Most of the turbidities from the cotton field runoff were between 18 NTU and 2,300 NTU,
while most of the turbidities from the forested area were between 5 NTU and 71 NTU. The
highest turbidities from the cotton field runoftf occurred during March and April.

Another previous water quality study was a USGS investigation of saltwater in the
alluvial aquifer in the Boeuf-Tensas basin (USGS 1985b). (Note: Because Bayou Macon flows
into the Tensas basin in Louisiana, the Boeuf River and Bayou Macon basins are often referred to
collectively as the Boeuf-Tensas basin.) This study showed that chloride concentrations in the
alluvial aquifer were less than 200-300 mg/L in most of the study area except for the area
between the Boeuf River and the southern part of Big Bayou, where concentrations ranged up to
1200 mg/L. The results of this study are relevant to the TMDLs in this report because the vast
majority of irrigation water throughout the study area is from the alluvial aquifer. The fact that
Bayou Macon is not on the 303(d) list for chloride is likely due at least in part to relatively lower
chloride concentrations in the alluvial aquifer in the southeastern corner of the study area.

A third relevant study is the Southeast Arkansas Feasibility Study (SAFS), which is an ongoing
project being conducted by the Vicksburg District Corps of Engineers. This is not primarily a
water quality study, but the purpose of the study is to “investigate measures for providing a plan
for the development, utilization, and conservation, of water and related land resources of the
Boeuf-Tensas Basin, ... and coordinate with the Soil Conservation Service to jointly develop a
multipurpose flood control and comprehensive agricultural water supply plan, including a system
of distributary canals for Chicot, Desha, Drew, Lincoln, and Jefferson Counties in Southeast
Arkansas” (COE 2001). The SAFS project was initiated in response to problems with flooding
and with agricultural water supply (i.e., rapidly declining groundwater levels). In addition to
promoting agricultural water conservation through efficient use of water, this project will likely
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result in surface water sources of irrigation water being developed in the future. Using less
groundwater and more surface water for irrigation would likely reduce the chloride
concentrations in streams throughout this area. As part of the SAFS project, the Boeuf-Tensas
Regional Irrigation Water Distribution District has been created to manage regional distribution
of irrigation water in the future.

The fourth previous study is a Wetland Planning Area (WPA) report for the Boeuf-
Tensas basin in Arkansas. Currently, the report for this study is not yet finished, but it is
anticipated to be available soon.
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RF-1 reach on
NPDES RF-1 reach that 303d list for
permit Flow rate| Discharge path to | discharge flows | chloride, sulfate,
number Facility name (MGD) RF-1 Reach into or TDS?
AR0021679 |Gould City Of 0.15  |Trib Kerch Can 08050001-020 No
Cypress Ck
AR0022071 |McGehee City Of 0.6 08050001-022 Chloride
ARO0022250 |Dermott City Of- 1.2 08050001-022 Chloride
South Pond
ARO0033707 |Tillar City Of 0.09 |Can #18 Macon Bu 08050001-019 Chloride
Boeuf Rv
ARO0033987 |Dumas City Of 1.37 |Can #19 Bu Macon 08050001-020 No
ARO0039381 |Grady City Of 0.07 |Can #19 Bu Macon 08050001-020 No
AR0041297 |Montrose City Of 0.1 Wards Bu Trib 08050001-022 Chloride
AR0042838 |Farmland Industries 0.38 [BuMacon 08050002-003 No
Inc-South
AR0046507 |AR Hwy Dept- 0.0005 |Dit Can#18 Macon 08050001-019 Chloride
McGehee Hq Bu Macon L
Caneybu
ARG340056 |Delta Farmers Choctaw Bu Walnut |  08050001-021 No
Assn-Grady Lk
ARG640119 |Eudora City Of- 0.08 |Dit Caney Bu 08050002-003 No
PWTP Ouachita Rv 2a
AR0021610 |Watson City Of 0.09  |Red Fork Bu 08050002-008 No
AR0021849 |Lake Village City 0.82  |Ltl Lake BuBu 08050002-006 No
of Macon Boeuf Rv
ARO0033839 |Eudora City Of 0.6 Bu Macon 08050002-003 No
AR0037125 |Mitchellville City 0.06 |Can #19 Cypress Ck| 08050001-020 No
Of Amos Bu Boggy Bu
ARO0039039 |Delta Special 0.01 |Dit Boggy Bu Clay 08050002-009 No
School District Bu
AR0040827 |AR Dept Of 0.8 Can #19 08050001-020 No
Correction-
Cummins
ARO0050008 |Chicot County Park | 0.013 |Lk Chicot Ditch Bu | 08050002-005 No
Macon Bayou ...
ARO0050091 |Chicot County- 0.0005 |Ditch Bu, Bu Macon| 08050002-004 No
Ditch Bayou Boat
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3.0 EXISTING WATER QUALITY FOR TURBIDITY AND TSS

3.1 General Description of Data

Turbidity and total suspended solids (TSS) data have been collected by ADEQ at 7 sites
along the 6 stream reaches that are impaired for siltation/turbidity within the study area. Locations
of these sampling sites are shown on Figure A.7 (located in Appendix A). Tables 3.1 and 3.2
show summaries of these data by season, including percentages of values above water quality
standards. TSS data are included in this summary because TSS is needed as a surrogate parameter
for expressing the siltation/turbidity TMDLs. Time series plots of data for the entire period at
each station are shown on Figures B.1 — B.7 for turbidity and Figures B.8 — B.14 for TSS
(located in Appendix B). These data were obtained from the ADEQ and STORET web sites
(ADEQ 2004, STORET 2004).

3.2 Seasonal Patterns

The seasons in Tables 3.1 and 3.2 were defined based on visual examination of plots of
turbidity versus day of the year (Figures C.1 — C.7; located in Appendix C). Even though the
water quality standard for turbidity does not vary seasonally, the data were evaluated by seasons
to show how existing water quality varies seasonally and to provide additional insight concerning
causes of water quality problems. At all 7 stations, turbidity values tend to be higher during
winter (December through May) and lower during summer (June through November).
The higher turbidities in winter may be due to larger amounts of runoff and less ground cover on
cropland, both of which would allow greater amounts of erosion. The seasonal plots of TSS
(Figures C.8 — C.14) show a similar but less consistent seasonal pattern.

3.3 Relationships Between Turbidity and Flow

Plots of turbidity versus stream flow were also developed to examine any correlation
between these two parameters (Figures D.1 — D.7; located in Appendix D). These plots show
little or no correlation between turbidity and stream flow. This lack of correlation between
turbidity and stream flow was not considered unusual because similar results occurred for the
Bayou Bartholomew basin (which is adjacent to the Boeuf River basin) (FTN 2003).

3.4 Relationships Between TSS and Turbidity

Plots of TSS versus turbidity for each station (Figures D.8-D.14) show a noticeable
correlation, with higher turbidity levels tending to correspond with higher TSS concentrations.
Linear regression was performed on the natural logarithms of turbidity and TSS; the results of
these regressions are summarized in Table 3.3. The regressions were performed using the natural
logarithms of the data (rather than the raw data values) because most data such as turbidity and
TSS fit a lognormal distribution better than a normal distribution.
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Table 3.1. Summary of turbidity data.

December — May

June - November

No. of % of No.of | % of
Median | values | values Median| values | values
No. of | value |above 75 |above 75| No. of | value |above 75 above 75
Station Station description Period of record| values | (NTU) NTU NTU |values| (NTU) | NTU NTU
OUAO0015A |Boeuf River near AR-LA State Line 4/4/77-2/17/04 143 205 130 91% 140 21 41 29%
UWBFRO1  |Boeuf River at Hwy 278, 4 mi W of Chicot 6/6/94-9/10/01 7 230 6 86% 8 27 2 25%
OUA0032 Big Bayou near Jerome 4/4/77-9/10/01 32 185 30 94% 35 35 7 20%
UWBGBO0! |Big Bayou at Hwy 278, 5 mi E of Portland 6/6/94-9/10/01 7 170 6 86% 8 33 0 0%
OUAO0179 Oak Bayou south of Pea Ridge 11/7/00-9/11/01 3 260 2 67% 3 31 0 0%
UWBYMO1 |Bayou Macon at Hwy 65 near Eudora 6/6/94-9/10/01 7 100 5 71% 9 35 0 0%
UWBYMO02 |Bayou Macon 5 mi above McMillan Corner 6/6/94-1/22/01 5 380 5 100% 7 18 2 29%
Table 3.2. Summary of TSS data.
December - May June - November
No. of No. of
Station Description Period of record | values | Min. | Median | Max. values | Min. | Median | Max.
OUAO0015A |Boeuf River near AR-LA State Line 12/14/71-2/17/04 162 7 118 1396 167 7 31 479
UWBFRO1 |Boeuf River at Hwy 278, 4 mi W of Chicot 6/6/94-9/10/01 7 30 150 368 8 23 36 614
OUAO0032 |Big Bayou near Jerome 9/9/72-9/10/01 42 24 96 1810 60 4 44 1215
UWBGBO0! |Big Bayou at Hwy 278, 5 mi E of Portland 6/6/94- 9/10/01 7 37 59 526 8 18 36 49
OUAO0179 |Oak Bayou south of Pea Ridge 11/7/00-9/11/01 3 46 100 130 3 21 43 67
UWBYMOI1 |Bayou Macon at Hwy 65 near Eudora 6/6/94-9/10/01 7 30 109 814 9 9 64 94
UWBYMO02 |Bayou Macon 5 mi above McMillan Corner 6/6/94-1/2201 5 28 50 244 7 2 7 203
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Table 3.3. Results of regressions between TSS and turbidity for each station.

Sampling Number Significance
station Regression equation of data R’ level (P value)
OUAO015A | In TSS=0.7110 * In Turbidity + 1.035 268 0.80 53 %10
UWBFRO1 | In TSS =0.7026 * In Turbidity + 1.088 14 0.79 2.0x107
OUA0032 | InTSS =0.7988 * In Turbidity + 0.6446 49 0.73 3.9x10"
UWBGBO01 | In TSS =0.7282 * In Turbidity + 0.9721 15 0.80 6.4 x 10°
OUAO0179 | InTSS =0.4965 * In Turbidity + 2.028 6 0.86 7.5 %107
UWBYMOI | In TSS =0.7177 * In Turbidity + 1.443 16 0.61 3.5x 10"
UWBYMO02 | In TSS =0.7529 * In Turbidity — 0.0383 12 0.84 2.7x107

The strength of the linear relationship is measured by the coefficient of determination (R?)
calculated during the regression analysis (Zar 1996). The R” value is the percentage of the total
variation in In TSS that is explained or accounted for by the fitted regression (In turbidity). For
example, for station OUAO015A, 80% of the variation in TSS is accounted for by turbidity and
the remaining 20% of variation in TSS is unexplained. The unexplained portion is attributed to
factors other than turbidity. The correlation between TSS and turbidity was considered to be
good, with R? values ranging from 0.61 to 0.86. These values are higher than R values for
turbidity and TSS from other approved TMDLs in eastern Arkansas (FTN 2001, FTN 2003) and
northeastern Louisiana (EPA 2002).

The statistical significance of each regression was evaluated by computing the “P value”
for the slope for each regression. The P value is essentially the probability that the slope of the
regression line is really zero. Thus, a low P value indicates that a non-zero slope calculated from
the regression analysis is statistically significant. For all 7 stations, the P value was less than
0.01, which is considered acceptable. It should be noted that the station that had the highest R
value (OUAO0179) also had the largest (i.e., least significant) P value due to the small number of
data points. Also, the small number of data points caused the slope of the regression at station
OUAO0179 (0.4965) to be considerably different than the slopes for the other stations (0.7026 to
0.7988).

The data for all stations in the study area were combined to develop two seasonal
regression equations shown in Table 3.4 and Figures D.15 and D.16. This conclusion is based on
similarities in land use in the study area and most of the individual station regressions being
close to the same slope. Several of the stations had relatively few readings and combining them
lends weight to the result. The data shows a marked seasonality as shown in Appendix C. The
small data sets for some stations would have produced weak regressions for two seasons. An
additional benefit of combining the data is a single regression for each season will be used
throughout the study area.
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Table 3.4. Results of basin wide regressions between TSS and turbidity.

Number Significance
Season Regression equation of data R? level (P value)
Dec—May | In TSS = 0.806 * In Turbidity + 0.467 196 0.64 1.05% 107+
Jun—Nov | InTSS =0.771 * In Turbidity + 0.893 200 0.77 1.78 x 10°%
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4.0 EXISTING WATER QUALITY FOR CHLORIDE, TDS, AND SULFATE

4.1  General Description of Data

Chloride, total dissolved solids (TDS), and sulfate data have been collected by ADEQ at
5 sites along the 4 stream reaches that are impaired for chloride, sulfate, or TDS within the study
area. Locations of these sampling sites are shown on Figure A.7. Table 4.1 shows summaries of
these data by season, including percentages of values above water quality standards. Time series
plots of data for the entire period at each station are shown on Figures E.1 — E.5 for chloride,
Figures E.6 — E.7 for TDS, and Figure E.8 for sulfate (located in Appendix E). Chloride, TDS,
and sulfate data are shown here only for the stations on stream reaches that are impaired for each
parameter. These data were obtained from the ADEQ and STORET web sites (ADEQ 2004,
STORET 2004).

4.2 Seasonal Patterns

The seasons in Table 4.1 were defined based on visual examination of plots of chloride,
TDS, and sulfate versus day of the year (Figures F.1 — F.8; located in Appendix F). Even though
the water quality standards for chloride, TDS, and sulfate do not vary seasonally, the data were
evaluated by seasons to show how existing water quality varies seasonally and to provide
additional insight concerning causes of water quality problems. These plots show that chloride,
TDS, and sulfate values tend to be higher during summer (May through November) and lower
during winter (December through April). This seasonal pattern was also shown by the higher
percentages of values exceeding standards during summer (Table 4.1). Based on information
discussed in Section 2.0, the higher concentrations of chloride, TDS, and sulfate in summer are
assumed to be due to application of irrigation water that is high in dissolved minerals
concentrations.

4.3 Relationships Between Concentration and Flow

Plots of chloride, TDS, and sulfate versus stream flow were also developed to examine any
correlation between concentration and flow (Figures G.1 — G.8; located in Appendix G). These
plots show that the highest concentrations usually occur during relatively low flow periods and
high flow periods usually have low concentrations. This pattern is consistent with the assumption
that irrigation water is the primary source of dissolved minerals in the impaired reaches. Because
high flow periods usually have low concentrations, storm runoff from the watershed does not
appear to be the cause of water quality standards violations for chloride, sulfate, or TDS.
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Table 4.1. Summary of chloride and TDS data.

December - April

May - November

No. of % of No. of % of
values values values values
Period of Standard | No. of | Median | above | above | No.of | Median| above | above
Station | Station description | record |Parameter| (mg/L) | values | (mg/L) |standard standard| values | (mg/L) |standard |standard
. Chloride 90 154 15 1 1% 327 33 61 19%
OUAO0015A Ege‘slfalgvffngear AR- 122//11‘%2’ TDS 460 81 218 0 0% | 123 326 25 20%
Sulfate 30 135 11 7 5% 188 26 73 39%
Boeuf River at Hwy 6/6/94 — . o o
UWBFRO1 278, 4 mi W of Chicot | 9/10/01 Chloride 90 5 17 0 0% 10 58 3 30%
Big Bayou near 6/11/74 — . 0 0
OUA0032 Jerome, AR 9/10/01 Chloride 48 38 14 1 3% 53 49 29 55%
Big Bayou at Hwy 278,| 6/6/94 — . o o
UWBGBO01 5 mi E of Portland 9/10/01 Chloride 48 5 19 1 20% 10 91 8 80%
OUA0179 Oak Bayou south of 11/7/00 — | Chloride 48 2 8 0 0% 4 120 4 100%
Pea Ridge 9/11/01 TDS 411 2 219 0 0% 4 532 4 100%
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5.0 TMDL DEVELOPMENT

5.1  Seasonality and Critical Conditions

EPA’s regulations at 40 CFR 130.7 require the determination of TMDLs to take into
account critical conditions for stream flow, loading, and water quality parameters. Also, both
Section 303(d) of the Clean Water Act and regulations at 40 CFR 130.7 require TMDLs to
consider seasonal variations for meeting water quality standards. Therefore, the historical data
and analyses discussed in Sections 3.0 and 4.0 were used to evaluate whether there were certain
flow conditions or certain periods of the year that could be used to characterize critical
conditions.

For the turbidity TMDLs, no significant relationships were found between turbidity and
stream flow, but the seasonal plots of turbidity (Figures C.1 — C.7) showed higher values during
the winter months (December through May) compared to the summer months (June through
November). Therefore, the turbidity TMDLs were developed based on these seasons, but not for
a specific flow condition. The methodology used to develop these TMDLs (load duration curve)
addresses a wide range of flow conditions.

For chloride, TDS, and sulfate, the high concentrations tended to occur at low stream
flows and during the summer months (May through November), while the concentrations at high
stream flows and during winter months (December through April) were generally low.
Therefore, the chloride, TDS, and sulfate TMDLs were developed using these seasons. The
methodology used to develop these TMDLs (load duration curve) addresses a wide range of flow
conditions.

5.2  Water Quality Targets

Turbidity 1s an expression of the optical properties in a water sample that cause light to be
scattered or absorbed and may be caused by suspended matter, such as clay, silt, finely divided
organic and inorganic matter, soluble colored organic compounds, and plankton and other
microscopic organisms (Standard Methods 1999). Turbidity cannot be expressed as a load as
preferred for TMDLs. To achieve a load based value, turbidity is often correlated with a
surrogate parameter such as TSS that may be expressed as a load. For the turbidity TMDLSs in
this report, the basin wide relationships between turbidity and TSS presented in Table 3.4 were
used to develop target TSS concentrations (i.e., numeric endpoints for the TMDLs). These
relationships and the resulting target TSS concentrations are shown in Table 5.1.

Table 5.1. Target TSS concentrations for turbidity TMDLs.

Turbidity Target TSS
Season Regression equation standard | concentration
Winter (Dec — May) In TSS = 0.806 * In Turbidity + 0.467 | 75 NTU 52 mg/L
Summer (June — Nov) | In TSS=0.771 * In Turbidity + 0.893 | 75 NTU 68 mg/L

The water quality targets for chloride and TDS were simply the water quality standards
shown in Table 2.3 (90 mg/L chloride for Boeuf River, 48 mg/L chloride for other streams, 411
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mg/L TDS for Oak Bayou, 460 mg/L TDS for Boeuf River, and 30 mg/L sulfate for Boeuf
River). Chloride, TDS, and sulfate can easily be expressed as mass, so there was no need to use
surrogate parameters.

5.3 Methodology for TMDL Calculations

The methodology used for all of the TMDLs in the report is the load duration curve.
Because loading capacity varies as a function of the flow present in the stream, these TMDLs
represent a continuum of desired loads over all flow conditions, rather than fixed at a single value.
The basic elements of this procedure are documented on the Kansas Department of Health and
Environment web site (KDHE 2003). This method was used to illustrate allowable loading at a
wide range of flows. The steps for how this methodology was applied for the TMDLs in this
report can be summarized as follows:

1. Develop a flow duration curve (Section 5.4)

2. Convert the flow duration curve to load duration curves (Section 5.5)

3. Plot observed loads with load duration curves (Section 5.6)

4. Calculate TMDL, MOS, WLA, and LA (Section 5.7)

5. Calculate percent reductions required to meet assessment criteria (Section 5.10)

5.4  Flow Duration Curve

A flow per unit area duration curve was developed for each season for the whole study
area. Daily streamflow measurements from Bayou Macon at Eudora (USGS gage number
07369680) were separated into summer and winter data sets and each data set was sorted in
increasing order and the percentile ranking of each flow was calculated. The data from the
Eudora gage were used because the load duration methodology requires that the same flow data
be used for developing the flow duration as for calculating observed loads from sampling data
(the Eudora gage was the only flow gage with data during the years that water quality sampling
occurred).

Because flows at the Eudora gage represented only a portion of the total flow in the
watershed, the flows were adjusted. The only time period when flows were published for both
Boeuf River and Bayou Macon was 1957-68, which is the period of record for continuous flows
for Boeuf River near AR-LA state line (USGS gage number 07367700) and Bayou Macon near
Kilbourne, LA (USGS gage number 07369700). Based on the mean annual flows from these two
USGS gages (07367700 and 07369700), Bayou Macon represented approximately 34.8% of the
total flow from both streams. Therefore, the flows for Bayou Macon at Eudora (07369680) were
divided by 34.8%. In order to develop a flow duration curve to be used for different stream
reaches with different drainage areas, the adjusted flows for Bayou Macon at Eudora were then
divided by 1289 mi?, which is the combined drainage area for the two flow gages near the state
line (Boeuf River near AR-LA state line and Bayou Macon near Kilbourne). For each season,
these adjusted flows per unit area were then plotted against their corresponding percent
exceedances to yield the flow duration curves shown in Figures H.1 and I.1 (in Appendices H
and I) for summer and winter, respectively.
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5.5 Load Duration Curves

For each season and for each TMDL parameter (TSS, chloride, TDS, and sulfates), the
adjusted flows per unit area from the flow duration curves were multiplied by the appropriate
target concentration (from Section 5.2) to make an allowable load per unit area duration curve.
Each load duration curve is a plot of tons per day per mi” of drainage area versus the percent
exceedances from the flow duration curves. The eight sets of load duration curves are presented
in the following appendices:

APPENDIX H: load duration curve for TSS during summer
APPENDIX I: load duration curve for TSS during winter
APPENDIX J:  load duration curve for chloride during summer
APPENDIX K: load duration curve for chloride during winter
APPENDIX L: load duration curve for TDS during summer
APPENDIX M: load duration curve for TDS during winter
APPENDIX N: load duration curve for sulfate during summer
APPENDIX O:  load duration curve for sulfate during winter

The calculations for these load duration curves are shown in Tables H.1, .1, J.1, K.1,
L.1, M.1, N.1, and O.1. Because the load duration curves were expressed per unit of drainage
area, each curve was applicable at all sampling stations and for all stream reaches.

The load duration curve is beneficial when analyzing monitoring data with its
corresponding flow information plotted as a load. This allows the monitoring data to be placed in
relation to its place in the flow continuum. Assumptions of the probable source or sources of the
impairment can then be made from the plotted data.

The load duration curve shows the calculation of the TMDL at any flow rather than at a
single critical flow. The official TMDL number is reported as a single number, but the curve is
provided to demonstrate the value of the acceptable load at any flow. This will allow analysis of
load cases in the future for different flow regimes.

5.6 Observed Loads

For each season and each sampling station, observed loads were calculated by multiplying
each observed concentration of TSS, chloride, TDS, or sulfate by the adjusted flow per unit area
on the sampling day (calculations to obtain adjusted flows per unit area were discussed in Section
5.4). These observed loads were then plotted versus the percent exceedances of the flow per unit
area on the sampling day and placed on the same plot as the load duration curve. These plots are
shown in the appendices of this report as follows:

Figures H.2 - H.8:  plots of loads for TSS during summer
Figures 1.2 — 1.8: plots of loads for TSS during winter
Figures J.2 —J.6: plots of loads for chloride during summer
Figures K.2 —K.6:  plots of loads for chloride during winter
Figures L.2 — L.3: plots of loads for TDS during summer
Figures M.2 —M.3: plots of loads for TDS during winter
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Figure N.2: plot of loads for sulfate during summer
Figure O.2: plot of loads for sulfate during winter

These plots provide visual comparisons between observed and allowable loads under
different flow conditions. Observed loads that are plotted above the load duration curve
(identified as “TMDL” curve in the legend) represent conditions where observed water quality
concentrations exceed the target concentrations. Observed loads below the load duration curve
represent conditions where observed water quality concentrations were less than target
concentrations (i.e., not violating water quality standards).

The observed loads of TSS that occurred during the highest 10% of stream flows are not
shown on Figures H.2 — H.8 and Figures 1.2 — .8. These loads were not included in the TMDL
calculations because it is not considered feasible to control TSS during extremely high flows.
This exclusion of data during the highest 10% of stream flows has been widely used for load
duration curves throughout the U.S.

5.7 TMDL and MOS

Each TMDL was calculated as the area under the load duration curve. Because the load
duration curves were expressed in mass per unit drainage area, the area under the curve was
multiplied by the estimated area draining directly to that reach (i.e., excluding areas draining into
upstream reaches). Due to the many hydraulic connections between different streams, delineation
of drainage areas required some assumptions concerning direction of flow in connecting
channels. For each turbidity TMDL, the allowable load during the highest 10% of stream flows
was excluded (i.c., the TMDL was calculated as the area under the load duration curve between
the 10% flow exceedance and the 100% flow exceedance). As mentioned in Section 5.6, this
exclusion of loads for the highest 10% of stream flows has been widely used for load duration
curves throughout the U.S. because it is not considered feasible to control TSS during extremely
high flows.

Both Section 303(d) of the Clean Water Act and regulations at 40 CFR 130.7 require
TMDLs to include a MOS to account for uncertainty in available data or in the actual effect that
controls will have on the loading reductions and receiving water quality. The MOS may be
expressed explicitly as unallocated assimilative capacity or implicitly through conservative
assumptions used in establishing the TMDL. For the turbidity TMDLs, an implicit MOS was
incorporated through the use of conservative assumptions. The primary conservative assumption
was calculating the turbidity TMDLs assuming that TSS is a conservative parameter and does
not settle out of the water column. For the TDS,chloride, and sulfate TMDLs, an explicit MOS
was established as 10% of the TMDL .

5.8 Point Source Loads

For the turbidity TMDLs, the WLAs for the point sources were set to NA zere because
the surrogate being used for turbidity (TSS) is considered to represent inorganic suspended
solids (i.e., soil and sediment particles from erosion or sediment resuspension). The suspended
solids discharged by point sources in the Bayou Macon and Boeuf River basins are assumed to
consist primarily of organic solids rather than inorganic solids. Discharges of organic suspended
solids from point sources are already addressed by ADEQ through their permitting of point
sources to
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maintain water quality standards for DO. The WLAs to support the six turbidity TMDLs will not
require any changes to the permits concerning inorganic suspended solids. It then follows that
future growth for these permits or new permits wouldn’t be restricted by these turbidity TMDLs.

For the chloride TMDLs, the WLAs for the point sources were calculated by determining
the combined design flow of all of the point sources that discharge to that reach and multiplying
that total flow times an assumed effluent chloride concentration of 60 mg/L. This assumed
chloride concentration was based on the measured value in the NPDES permit application for the
City of Dermott wastewater treatment plant; no other effluent concentrations of chloride were
found among NPDES permit applications for dischargers in the study area. The value of 60 mg/L
of chloride was consistent with literature values for medium strength domestic wastewater
(Metcalf & Eddy 1991). The WLAs for the TDS and sulfate TMDLs were zero because no point
sources discharge into Oak Bayou (reach 08050002-010) or the Boeuf River (reach 08050001-
018). The five WLAs for individual point sources are summarized in Appendix P. WLAs are not
needed for the other 14 point sources listed in Table 2.4 because they do not discharge to a reach
that is impaired due to chloride, sulfate, or TDS.

Future growth for the point sources discharging to the Boeuf River (reach 08050001-019)
is not limited by these TMDLs as long as the effluent concentrations of chloride are less than the
water quality standard of 90 mg/L. As demonstrated by the load duration curve, the assimilative
capacity for chloride in the stream increases as the total amount of flow in the stream increases.
Therefore, as the flow from point source discharges increases, the allowable chloride loading for
point sources also increases. For the point sources discharging to the Boeuf River (reach
08050001-019), no portion of the TMDL was explicitly designated as future growth.

Future growth for the point sources discharging to Big Bayou (reach 08050001-022) was
calculated by allowing an arbitrary 50% increase in the current design flow rates with no change
in the effluent concentration of 60 mg/L chloride. Because the assumed effluent concentration
was greater than the water quality standard of 48 mg/L chloride for Big Bayou, the portion of the
increase that was above the standard (12 mg/L multiplied by 50% of current design flows) was
explicitly designated as future growth.

Although the chloride, TDS, and sulfate TMDLs for other reaches do not include any
WLASs or future growth, new point sources could begin discharging to those reaches and grow
without being limited by these TMDLs as long as their discharge concentrations were at or
below the water quality standards for the parameter(s) for which the reach was impaired.

5.9 Nonpoint Source Loads

For the turbidity TMDLs, the LAs for nonpoint sources were set equal to the TMDLs
because the WLAs were NA zere and the MOS was implicit. For the chloride, sulfate, and TDS
TMDLs, each LA was calculated as the TMDL minus the sum of the WLA, the MOS, and future
growth.

Calculations for the TMDLs, WLAs, and LAs are shown in the appendices of this report
as follows:

Tables H.2 — H.8:  calculations for TSS during summer
Tables 1.2 — 1.8: calculations for TSS during winter
Tables J.2 — J.6: calculations for chloride during summer
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Tables K.2 — K.6: calculations for chloride during winter

Table L.2 - L.3: calculations for TDS during summer
Table M.2 — M.3:  calculations for TDS during winter
Table N.2: calculations for sulfate during summer
Table O.2: calculations for sulfate during winter

5.10 Percent Reductions

In addition to calculating allowable loads, estimates were made for percent reductions of
nonpoint source loads that would be necessary for each impaired reach to meet water quality
standards. Each load percent reduction was calculated from the following equation:

Load percent reduction = 100% x ( Existing load — (TMDL — MOS) ) / Existing load

These load percent reductions are shown along with the results of the TMDL calculations in
Tables 5.2 — 5.9.

In addition to calculating percent reductions based on average loads as shown above, the
observed loads were also analyzed to see what percent reductions would be needed for the
observed data to meet ADEQ’s assessment criteria for supporting designated uses (ADEQ
2002a). The observed loads of TSS, chloride, TDS, and sulfate at each sampling station and for
each season were reduced by certain percentages until the number of loads above the load
duration curve (i.e., the number of exceedances) was within the allowable number of exceedances
for supporting designated uses. For TSS, the allowable numbers of loads above the load duration
curve were calculated as the number of observed values times 25% (and then
rounded up to the next whole number). For chloride, TDS, and sulfate, the allowable numbers of
loads above the load duration curve were calculated as the number of observed values times 10%
(and then rounded up to the next whole number). The results of these percent reduction
calculations are shown in the same tables as for the TMDL, WLA, and LA calculations (tables
are listed by parameter and season in Section 5.9). These percent reductions based on meeting
the assessment criteria were provided only as supplemental information; the load percent
reductions are the values that should be used for implementation of these TMDLs.

Table 5.2. Summary of turbidity TMDLSs for June through November (summer).

Loads (tons/day of TSS) D ——
Future reduction

Reach ID Stream name | WLA LA MOS growth TMDL needed
08050001-018 Boeuf River ONA 6.39 implicit 0 6.39 0%
08050001-019 Boeuf River ONA 6.27 implicit 0 6.27 0%
08050001-022 Big Bayou ONA 6.72 implicit 0 6.72 0%
08050002-010 Oak Bayou ONA 4.84 implicit 0 4.84 0%
08050002-006 Bayou Macon ONA 2.58 implicit 0 258 0%
08050002-003 Bayou Macon ONA 3.13 implicit 0 3.13 0%
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Table 5.3. Summary of turbidity TMDLs for December through May (winter).

Loads (tons/day of TSS) Percent
Future reduction
Reach ID Stream name | WLA LA MOS growth TMDL needed
08050001-018 Boeuf River ONA 10.93 implicit 0 10.93 73%
08050001-019 Boeuf River ONA 10.73 implicit 0 10.73 80%
08050001-022 Big Bayou ONA 11.50 implicit 0 11.50 75%*
08050002-010 Oak Bayou ONA 8.29 implicit 0 8.29 45%
08050002-006 Bayou Macon ONA 4.41 implicit 0 4.41 81%
08050002-003 Bayou Macon ONA 5.36 implicit 0 5.36 68%

* Percent reduction for Big Bayou was based on calculations for station OUA0032 rather than station UWBGBO1

because data from station OUA0032 yielded a higher percent reduction.

Table 5.4. Summary of chloride TMDLs for May through November (summer).

Loads (tons/day of chloride) Percent
Future reduction
Reach ID Stream name WLA LA MOS growth TMDL needed
08050001-018 Boeuf River 0 14.55 1.62 0 16.17 *ok
08050001-019 Boeuf River 0.02 1427 1.59 0 15.88 *k
08050001-022 Big Bayou 0.48 7.63| 0091 0.05 9.07 55%*
08050002-010 Oak Bayou 0 5.89| 0.65 0 6.54 62%

* Percent reduction for Big Bayou was based on calculations for station OUA0032 rather than station UWBGBO1

because data from station OUA0032 yielded a higher percent reduction.
** Due to the distribution of the observed data and flow conditions during which exceedances occurred, the percent
reductions for the Boeuf River for chloride during summer were 0%. The value of 0% is not shown in this table

because it was considered to be misleading and not indicative of actual conditions.

Table 5.5. Summary of chloride TMDLs for December through April (winter).

Loads (tons/day of chloride) Percent
Future reduction
Reach ID Stream name WLA LA MOS growth TMDL needed
08050001-018 Boeuf River 0 36.12 4.01 0 40.13 0%
08050001-019 Boeuf River 0.02 35.44 3.94 0 39.40 0%
08050001-022 Big Bayou 0.48 19.73 2.25 0.05 22.51 0%
08050002-010 Oak Bayou 0 14.61 1.62 0 16.23 0%
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Table 5.6. Summary of TDS TMDLs for May through November (summer).

Loads (tons/day of TDS) Deresi
Future reduction
Reach ID Stream name WLA LA MOS | growth TMDL needed
08050001-018 Boeuf River 0 74.39 | 8.27 0 82.66 **
08050002-010 Oak Bayou 0 50.38 | 5.60 0 55.98 38%

** Due to the distribution of the observed data and the flow conditions during which exceedances occurred, the
percent reduction for the Beouf River for TDS during summer was 0%. The value of 0% is not shown in this
table because it was considered to be misleading and not indicative of actual conditions.

Table 5.7. Summary of TDS TMDLs for December through April (winter).

Loads (tons/day of TDS) P
Future reduction
Reach ID Stream name WLA LA MOS growth TMDL needed
08050001-018 Boeuf River 0 184.61 20.51 0 205.12 0%
08050002-010 Oak Bayou 0 125.04 13.89 0 138.93 0%

Table 5.8. Summary of sulfate TMDL for May through November (summer).

Reach ID

08050001-018

Stream name

Boeuf River

WLA

Loads (tons/day of Sulfates)

LA
4.85

MOS
0.54

Percent
Future reduction
growth TMDL needed
0 5.39 10%

Table 5.9. Summary of sulfate TMDL for December through April (winter).

Reach 1D

08050001-018

Stream name

Boeuf River

WLA
0

Loads (tons/day of Sulfates)

LA
12.04

MOS

1.34

Percent
Future reduction
growth | TMDL needed
0 13.38 0%

5.1

Future Growth

Strategies for future growth for specific reaches and pollutants were discussed in
Section 5.8. These strategies were not formulated on every possible change that could happen
within a reach. The most obvious thing that cannot be predicted is the exact location of a new
load to the reach. For situations outside the guidelines of Section 5.8, the load duration curves for
the reach-pollutant combination can be used in conjunction with the assumptions and approach
in this document to determine if a proposed change is bounded by the acceptable load shown on
the load duration curve. This will guide the management of the segment with the goal of meeting
water quality standards as the point and nonpoint source loads change.
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6.0 OTHER RELEVANT INFORMATION

6.1 Monitoring

In accordance with Section 106 of the federal Clean Water Act and under its own
authority, ADEQ has established a comprehensive program for monitoring the quality of the
State’s surface waters. ADEQ collects surface water samples at various locations, utilizing
appropriate sampling methods and procedures for ensuring the quality of the data collected. The
objectives of the surface water monitoring program are to determine the quality of the state’s
surface waters, to develop a long-term data base for long term trend analysis, and to monitor the
effectiveness of pollution controls. The data obtained through the surface water monitoring
program is used to develop the state’s biennial 305(b) report (Water Quality Inventory) and the
303(d) list of impaired waters.

6.2 Reasonable Assurances and Implementation

For some of the chloride TMDLs, significant nonpoint source reductions are required
while point source loads are not being reduced and are even allowed a small amount of future
growth. Therefore, it is required to provide reasonable assurances that reductions of nonpoint
source loads of chloride are likely to occur.

As discussed previously in this report, irrigation with groundwater is believed to be the
primary cause of exceedances of water quality standards for chloride. Reducing the use of
groundwater for irrigation is one of the primary goals of the Southeast Arkansas Feasibility
Study (SAFS), which is being conducted by the Vicksburg district Corps of Engineers, along
with ASWCC and other partner agencies. This study was prompted by rapidly declining
groundwater levels, which is a serious concern among state and federal agencies as well as
farmers in eastern Arkansas. This project includes promoting agricultural water conservation, such
as installing tailwater recovery systems to reduce runoff of irrigation water, and building
reservoirs to store storm runoff during wet seasons and use it later for irrigation water. Results of
this project will also likely include development of one or more major surface water sources of
irrigation water. Options for major surface water sources that are being evaluated by the Corps of
Engineers include diverting water from the Arkansas River into a network of canals for
distribution throughout the Boeuf River and Bayou Macon basins. Water in the Arkansas River
at Dam No. 2 has an average chloride concentration of less than 70 mg/L (ADEQ 2002a), which
is significantly lower than chloride concentrations in groundwater that is currently being used for
irrigation (ranging up to 1200 mg/L; USGS 1985b).

In addition to the SAFS project, ASWCC will continue its ongoing efforts to address
nonpoint source pollution in the Boeuf River and Bayou Macon basins as well as other parts of
Arkansas. The ASWCC utilizes the monitoring information discussed in Section 6.1 to establish
priorities so that voluntary nonpoint source program activities may be directed toward these
priority sources. ASWCC receives federal funding under the Clean Water Act Section 319(h)
nonpoint source program. ASWCC will continue to work cooperatively with federal, state, and
local partners that assist in implementation of education al programs and watershed protection
and restoration projects to restore the designated uses of waterbodies.
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The status and expected impact of the SAFS project, in addition to ongoing programs by
the ASWCC, satisfies the requirement for reasonable assurances that reductions ofnonpoint
source loads of chloride are likely to occur.

6-2



FINAL
March 3, 2005

7.0 PUBLIC PARTICIPATION

When EPA establishes a TMDL, federal regulations require EPA to publicly notice and
seek comment concerning the TMDL. Pursuant to a May 2000 consent decree, these TMDLs
were prepared under contract to EPA. After development of the TMDLs, EPA prepared a notice
seeking comments, information, and data from the general public and affected public. No
comments, data, or information were submitted during the public comment period. EPA has
transmitted the final TMDLs to ADEQ for implementation and for incorporation into ADEQ’s
current water quality management plan.
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Figure A.4. USGS flow gages and stream channel network.




- Wells in Alluvial Aquifer
. Surface Withdrawals
+ .+ Reaches not on 303d List
) Reaches on 303d List

Major Waterbodies 0 2 4
HUC Boundaries
States —

o Wells in Other Aquifers N

Miles

8
o
Cmitm

o

% o o o OO
“aiw,,0
Yand,

=

Figure A.S.

Locations of water withdrawals.




=) : h
J _Point Sources
rka =~ Reaches not on is E
prkansas + . Reach t on 303d List
_ R Reaches on 303d List
Pine Bluff = Major Waterbodies
A I Cities ,
o | = )
ot ) | | HUC Boundaries 0 2 4 Miles
RS R, e
g / P [ ] States
"
~
RODBY381
ARG34008%"s.,.
:." : .
o, AR0040827 "%,
T
3 AR0021679 %
a K
.H
‘;
A
A, oD
Y
T AR0021610
,‘":a
KR ‘-_
3 A )
A
:: :‘..-‘
e AR0039039
NPDES permit number Facility name .‘
AR0021679 CITY OF GOULD .
AR0022071 CITY OF MCGEHEE ARooie f_,_
AR0022250 CITY OF DERMOTT-SOUTH POND N
AR0033707 CITY OF TILLAR :
AR0033987 CITY OF DUMAS A£0046507 :
AR0039381 CITY OF GRADY
AR0041297 CITY OF MONTROSE 5
AR0042838 FARMLAND INDUSTRIES INC-SOUTH McGehee N , N
AR0046507 AR HWY DEPT-MCGEHEE HQ j \J
ARG340056 DELTA FARMERS ASSN-GRADY ARO092071
ARG640119 CITY OF EUDORA-PWTP !
AR0021610 CITY OF WATSON ﬂ
AR0021849 CITY OF LAKE VILLAGE 5
AR0033839 CITY OF EUDORA :
AR0037125 CITY OF MITCHELLVILLE :
Dermott '
AR0039039 DELTA SPECIAL SCHOOL DISTRICT AR§|222250 i
AR0040827 AR DEPT OF CORRECTION-CUMMINS/ . &
AR0050008 CHICOT COUNTY PARK
AR0050091 CHICOT COUNTY-DITCH BAYOU BOAT
AR0041297

Eudora
ARG640119 )

AR0042838 | { AR0033839

Figure A.6. Locations of point sources.



@ ADEQ WQ Stations N
"+ Reaches not on 303d List

'/ Reaches on 303d List E
. Major Roads
Pine Bluff Major Waterbodies
. [ Cities .
D HUC Boundaries 0 2 4 Miles

el —

Dermott

Eudora
)

UWBYMOZ \

OUA15A

Figure A.7. Water quality monitoring stations.



APPENDIX B

Long Term Plots of Turbidity and TSS
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APPENDIX C

Seasonal Plots of Turbidity and TSS
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APPENDIX D

Plots of Turbidity vs. Flow and TSS



Sy

g'e

(Z1wy/syo) ease jun sad moj|4

€ G¢c [4

gl

L 2

- 00

- 009

- 008

- 0001

- 00Cl

VS100VNO 3B JSAIY ynaog Joj Mojy “SA Aypiqun “}°q 2anbi4

oovi

(NLN) Aypiging



G'¢c

(Z1wy/s}o) eade yiun i1ad moj4

4 Gl L

- 0G

- 001

- 0G1

- 00C

- 06¢

- 00€

- 0G€

LOYAEMN 3. J9ALY Jnaog 1oj Mol "SA Ajpiqan] “Z'@ 3inbid

00t

(NLN) Aypiging



Gc

(Z1wy/s}o) eade yiun i1ad moj4

4 Gl I

L X 2

- 00C

- 00

- 009

- 008

- 0001

- 00Cl

Z£00VNO e nokeg Big 10j mol4 "sA Aypiqin] “g'q ainbi4

oovi

(NLN) Aypigang



Gc

(z1wy/s}o) eade jun iad moj4

4 Gl I

- 001

- 00C

- 00€

- 00

- 00S

1L0999MnN Je noheg Big 10 mo|4 "sA Aypiqun) '@ @inbiy

009

(NLN) Aypiging



Gc

(z1wy/s}o) eade jun iad moj4

4 Gl I

G0

o0

- 0G

- 001

- 061

- 00C

- 0G¢

6.10VNO }e noAeg yeQ 1034 moj4 ‘sA Aipiqin] "g'q a.nbi4

00€

(NLN) Aypiging



G'¢c

(Ziwy/syo) eate yun Jad moj|4

4 Gl L

- 001

- 00C

- 00€

- 00

- 00G

- 009

LOIWASMN }e uodey nokeg 1oy moj4 ‘sA Ajipiqin] "9'q a.nbi4

004

(NLN) Aypiging



G¢c

(zZ1wy/s}o) eade yun iad moj4

4 Sl I

G0

- 001

- 00C

- 00€

- 00

- 00G

- 009

- 002

ZOWASGMN 3e uode\ nokeg 104 Mol4 "sA Aypiqing -2 Q@ ainbi4

008

(NLN) Aypigang



(NLN) Aupiging

00001 0001 00l oL ’

-0

VSL00VNO JE JoARy ynaog 1o} Aupiainy "sA SS1 'g'd 2inbig

I

- 001

- 0001

00001

(7/6w) ss1



(nLN) Aipiqang

0001 0oL ol I

"NLN 0z ueyy ;aybiy yonw Aypiginy e aaey pinoys SS1 J0 /6w 1.9 Uum Jajem * adusuadxe
uo paseq ‘esnedaq uoissalbal ay) wolj papnjoxa sem (1.9 = SS1 ‘02 = ANpIgInl) ¥6/Z1/6 10} uiod ejep ay] .

6,70 =4

pepnpoxe— > =

- Ol

- 001

LOYAEMN 3. J9ALY ynaog Joj ANplgn] “SA SS1 °6°d 2.nbid

000}

(/Pw) sS1



(NLN) Aupiging

00001 0001 00l oL ’

-0

Z£00VNO e nokeg Big 10j SS1 ANpigun] "sA §S1 '01°@ 24nbi4

I

- 001

- 0001

00001

(7/6w) ss1



0ool

(NLN) Aypiging
001 ot

080 =,

- 0l

- 001

0001t

L0g9gMn 3e nokeg Big uo Aypiqny "sA gs1 "L 1'q @anbiy

(7/6w) ss1



0ool

(NLN) Aypiging
001 ol

98°0 = ,Y

- 0l

- 001

000t

6,10VNO e noAeg yeQ 4o} Apiqin) "sA SS1 "z}'q @inbid

(7/6w) ss1



000l

(NLN) Aypiging
001 ot

190 = ,Y

- 0l

- 001

0001t

LOWASMN Je uodep noAeg uo Apiqin] *SA SS1 "€1°Q 24nbi4

(7/6w) ss1



0001

(nLN) Aipiqang
00l oL

¥8°0 = ¥

- Ol

- 001

ZOINAEGMN Je uode nokeg 1oy A)piqin] “sA SS1 “y1°Q 24nB14

000}

(/Pw) sS1



(NLN) Aupiging

00001 000} 00l 0l !
. . . !
(o]
(@)
L 01
L 001
aul pual| —
X ZONAGMN ©
““““““““““““““““““““““““““““““““““““““““““““““““ LONAGMN O -} 000L
L099aMn o
LoY¥4amn v
6,L0VNO Vv
220 = ZE00VNO  +
VSL0OVNO X
00001}

uiseg ul suone)s v 4o} AJIpIGIN] "SA §S1 Jawwing "G}'q 2inbi4

(1/bw) sS1



0000}

(NLN) Aupiging
0001 001 0l L

¥9°0 = ¥

- 0l

““““““““““““““““““““““““““““ - 001

aulq puas| ——
ZONAGMN
D D S S il LOWAEMN
X 10999MN
L0Y4aMn
6.L0VNO
Zeoovno
VvS100YNO

X + 4 9 ¢ 0O O

uiseg ul sUole)S ||V 10} AJIPIGINL "SA SS1 J9JUIM "91°d 2nbid

-1 0001

00001

(1/bw) sS1



APPENDIX E

Long Term Plots of Chloride and TDS
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APPENDIX F

Seasonal Plots of Chloride and TDS



Figure F.1. Seasonal Plot of Chlorides for Boeuf River at OUA0015A
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APPENDIX G

Plots of Chloride and TDS vs Flow
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APPENDIX H

Calculations for Summer Turbidity TMDLs
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APPENDIX I

Calculations for Winter Turbidity TMDLs
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APPENDIX J

Calculations for Summer Chloride TMDLs
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APPENDIX K

Calculations for Winter Chloride TMDLs



T 3lqel

T Jo T abed
STX'YIALNIM-SIAIMOTHD TANL\TANL\HOFL\ETI-0TTZ\SLOIrOdd\ Y F 114
TO-36T'T T0-3€T°C %00°00T =S1v.1OL
¥0-3T€’'S 80T 0zt ¥0-356°6 €0¢ 9z'¢ %¥0°0 2€92°0 96¢°6 8'¢86TT %¢20°0 0LTY S6/€2/Y0  Y3ILNIM
0-348¢'S 80T 0C'T 0-306°6 c0¢ GZ'¢ %100 61920 ¢SC'6 €'GC6TT %.0°0 0STY S6/v¢/v0  dILNIM
¥0-328'v 86°0 60T ¥0-310°6 S8'T S0'¢C %¥0°0 26€2°0 618 8'0680T %TT0 06.€ G6/S¢/Y0  Y3ILNIM
v0-4ESV ¢6°0 €0T ¥0-367'8 €L'T €6'T %100 YA ZAAN) 9€6°L 6'6¢¢0T %ST'0 09G€ 66/TE/T0  UILNIM
¥0-3SY 'V 160 10T ¥0-35€°8 0L'T 68T %¥0°0 60220 €08°L G°/S00T %02°0 00s€ 66/0S/T0  H3LNIM
v0-3ATC'V 980 96°0 ¥0-306°L 19T 6L'T %100 68020 6.E°L S'TTS6 %120 0TEE 66/T0/c0  d3ILNIM
¥0-3ETV 80 60 ¥0-3S5.°L 8G'T 9.'T %¥0°0 15020 SveL T'6E€6 %62°0 05¢e G6/9¢/Y0  Y3LNIM
v0-3.0'v €80 ¢6'0 ¥0-3€9°L 99T eL'T %100 0c0c’0 VET L 7'G616 %EE0 00ce T6/0€/Y0  HILNIM
"(S22UBPBBIXS YEE 0 BY PUR %/9°66 SY) USIMISQ) USPPIY Usaq aAey 19ayspealds SIyl Ul SMoJ ay) Jo 1sow ‘Alnaiq 104
90-3E8'V 100 100 90-390°6 c00 c00 %100 2000 G80°0 Z'60T %.9'66 8¢ 00/,0/€0  d3ILNIM
90-3€8'Y 100 T00 90-390°6 200 200 %¥0°0 2000 G800 2'60T %TL.L 66 8¢ 00/90/€0  H3LNIM
90-3E8'V 100 100 90-390°6 c00 c00 %100 2000 G80°0 Z'60T %9.'66 8¢ 00/S0/€0  d3ILNIM
90-ITL'Y 100 100 90-3€8'8 200 200 %¥0°0 €200°0 2800 €'90T %08°66 L€ 00/¥2/c0  Y3LNIM
90-dT.LV 100 100 90-3€8'8 c00 c00 %100 €200°0 ¢80°0 €90T %5866 yAS 00/0¢/c0  d3ILNIM
90-38S'¥ T00 100 90-365'8 200 200 %¥0°0 €200°0 0800 ¥°€0T %68°66 9 00/T¢/c0  Y3LNIM
90-dASY'v 100 100 90-35€'8 c00 c00 %100 ¢c00°0 8.0°0 9'00T %E6'66 GE 00/€2/c0  d3ILNIM
90-3St'¥ T0°0 T0°0 90-3S€'8 200 200 %1¥0°0 22000 8,00 9°00T %8666 S 00/22/c0 Y3 LNIM
T«H=N (sow T ER IxH=M (SON-T)«I1=C [ 1/PWo6xD=1|2a-TA=H 2e'se 2w 68eT | %8YveE /D=3 a o) 2| A4
“Dxl=C /3=9 /=4
2iw/(Aep/suoy)  ziwy/(Aepssuoy)  ziwy(Aep/suoy) | ziwy(Aep/suol) 2Iw/(Kep/suoy) 2Iw/(Kep/suoy) SaAIND Zlw/swo 2Iw/s)o S5 MO} (s10) areq uoseas
LOAIND TANL MOJ} SIY) 18 MOJ} SIY) LOAND JAINL  MOJ) SIYl 1B peo| MO} SIY) Japun eale UISeq a1nua 10} MOJ} paisnipy paAlasqo 0}  eiopn3
lapun ealy,  peo| 8puojyd  1e peoj apuojyd | J1spun ealy, apuojyo18bie]  1e peoj apuolyd | 10} ,UIPIM. 20UBpPadIXa  Je MOj}
19b1e] a|gemo|y a|gemo|y SERIER| panasqQO
7/6W 8 = piepuess apuojyd /bW 06 = pJepuels apuojyd
sweans 1Bylo JaAIYy Jnaog
%0T = (SO) Aeyes jo uibrey
Zlw/(Aep/suol) GO0S906TT'0  +889¥2EZZ'0 = PeO| d|gemolfe (810l
Zw/(o8s/wb) /9¥TITOSZ'T  2SLZSOVET =TAnL
slayl0 jnaog
%0°00T 682'T Zve'l
%8'vE 0S5 L9v V1 ‘auinog)iy Jesu uode nokeg 00.69£.0
%¢2'S9 S8/, 6.8 aul| arels Y1/dV Jesu JaAlY ynsog 00L29€L0
MOJ} [e]0) SI0 awreu pue Jaquinu abeb SOHSN
pauiqwod eale /9-8G6T MOJ}
10 1UddIad abeureig fenuue By :uode\ noAeg Aq pajuasaidal uiseq ul mojj [e10l Jo abeiuadiad

HILINIM ONIFINA FAIHOTHD d04 vIYY LINN d3d SAVO1 ITaVMOTTV Jd0d4 SNOILVINDTVO T 319Vl




¢olqel

i 40 T abed

84900 890°0 ¢TL’0 £208.90°0 1.0 %81 670500 VT 66/9¢/T dILINIM
G¢c00 €200 LECO €€6¢c00 1ZAN) %0'v.L 9€500°0 Tvy 66/€¢/C H3LINIM
69000 L00°0 ¢L0°0 T.8900°0 100 %T1°0L 895000 L1 66/€2/€ dILINIM
2c000 2000 €200 2¢eo0o’0 c00 %0°'S. ¥¢S00°0 Sy 66/L2/v H3LINIM
S0T00 0TO0 0TTO ¢/v010°0 IT0 %/.'€6 8¢€00°0 G'EC 66/02/CT dILINIM
ST00°0 2000 9100 ¥ST00°0 c00 %¢C 66 652000 €9 00/S¢/T H3LINIM
L9000 L00°0 0L0°0 7999000 .00 %¢C'96 06200°0 Tve 00/6¢2/c dILINIM
L2v0°0 €r0'0 6v1°0 TAARA4 M) 17 40) %¢C'CE 056100 0'ee 00/L¢/€ H3LINIM
T.T0°0 /T00 08T0 CETLTIO0 8T0 %1°08 €.¥00°0 0'8¢ 00/v¢ly dILINIM
86200 0€0°0 €10 26,6200 T€0 %EVE 19100 L'LT 00/6T/CT H3LINIM
€.80°0 .80°0 916°0 ¢S¢/80°0 ¢60 %V’'€E 9G8T0°0 v'6v TO/OE/T dILINIM
LE90°0 900 699°0 TL9€90°0 190 %V'ST €.870°0 L'ET T0/L¢/C H3LINIM
9€200 200 8¥Z°0 2¢85€¢0°0 G20 %.'€9 ¥¥900°0 §'8¢ T0/9¢/E dILINIM
TST10°0 S10°0 8510 ¥.0S10°0 910 %9'8€ Svv10°0 01T TO/LTIv H3LINIM
68€T0 6€T°0 8SY'T T988ET0 W't %071 20€sS0°0 g'l¢c TO/TT/CT dILINIM
04100 L10°0 8.T°0 Z¢969T0°0 810 %€'29 699000 9'9¢ covT/T H3LINIM
65100 9100 /9T0 T98ST00 /T0 %9°¢S 978000 L'6T 20/9¢/¢ dILINIM
6€20°0 ¥20°0 1620 916€20°0 S20 %9'TE S6610°0 9¢Cl ¢0/9¢/e H3LINIM
¥.T0°0 /T00 ¢8T0 GELTO0 8T0 %6°69 895000 Tce co/eety dILINIM
Z¢110°0 T10°0 LTT°0 S9TTTO0 [AN0] %066 652000 17 co/elcT H3LINIM
G0TO'0 TT00 0TT°0 80S0T00 TT0 %196 062000 0'8¢ €0/1e/T dILINIM
7€E0°0 €e0’0 TS0 €Creeno SE0 %T'ET ¢8.50°0 T9 €0/s¢/c H3LINIM
8,000 800°0 ¢80°0 9../00°0 800 %€"G8 LT¥00°0 9'6T €0/s¢/e dILINIM
99000 L00°0 690°0 7959000 .00 %188 6.€00°0 ¢'81 €0/ST/y H3LINIM
Ziwy(Aep/suol)  ziwj{Aep/suoy) eale yun  )/suoy) peojs/wb) peo| Aep bulduoes (Ziw/swo) (/W) areq uoseas

peo| apuojyd peo| apuojyd  Jad moj) sawn uo MOJ} 10} Aep Budwes  vSTO0VYNO

paonpay uaund apuojyd 90UBpPIAIXD uo ealre Je apuojyd

panIasqoO IEIER| nunJad moj4  paAIasqo

papaau uooNpal aI0W 10 SS3| 10} 428y o] %0 = Papasu uondNpal uddlad
:papaau 10U SI / SI UOIONPaJ 10} XI8Y2 10113 /6w 06 = 8puoJY2 Jo} prepuels OM

(8T0-T000S080 HOV3Y) VSTOOVNO LV d3AIY 4N309 Y04 Y3LNIM
d04 NOILONA3Id LNIDH3Id ANV SAVO1 AAIHOTHO Jd04 SNOILYTINDTVO "¢ 19Vl



66000 0100
81000 ¢00°0
08000 8000
L¥00°0 G000
¥€00°0 €000
Y1100 1100
TOT00 0T00
0c00°0 ¢000
04T0°0 LT00
86700 0500
VETO0 €T0°0
¥Sv0°0 Sv0°0
€.10°0 LT00
9¢T0°0 €100
T.10°0 LT00
1¢T0°0 ¢100
L66T°0 0020
¢c100 ¢100
96000 0T00
9¢T0°0 €100
6€.0°0 .00
9¢v1'0 evTo
971200 ¢c00
€1v0°0 Tr0°0
L5000 9000
Gceco'0 ¢c00
68€0°0 6€0°0
€600 6,00
€970°0 9T0°0
9960°0 600
clw/(Aep/suoy)  gluwl/(Aep/suol)
peo| splojyd peo| spuojyd
paonpay uaund

¥0T'0
6T0°0
¥80°0
61700
9€0'0
0cT0
L0T0
0200
6.T°0
€290
orTo
Ll¥0
Z¢8T0
€eT0
6.T°0
L2T0
160°¢
670
00T0
Z¢eT0
9.,0
867'T
1220
€EV0
0900
9€20
6070
2e8'0
T.T0
vT0'T
BaJle JIun
Jad moyj sawn
|puolyd
panlasqo

€88600°0
9¥8100°0
7€0800°0
99100°0

801€00°0
¢v110°0

Y¥10T0°0
TS6T000
¢€0.T00
€L.6V0°0
T8EETO0
YeEYSr0'0
¢0€.LT00
€€9CT00
890.T0°0
250100
L2/661°0
¥2¢100

955600°0
665¢T10°0
9r6€.0°0
Tvocr1 0
¥¥9120°0
L.2TY0°0
80.G00°0
1912200
Y168€0°0
¢5¢6.0°0
9G2¢9T0°0
G95960°0

¢olqel

¥ 10 Z abed
0TO0 %¢E"LS /G000 L'ET
c0'0 %S'EL €¥500°0 9'¢
800 %G9/ TTS00°0 99T
S0°0 %86/, 08t¥00°0 ¢'01
700 %S'T9 28900°0 €'q
A N0] %0°06 ¢.€00°0 cee
170 %3G°08 €.¥00°0 §'2c
c00 %C'CL 6%500°0 L'E
8T'0 %t'v¢ G86¢20°0 09
¢s’0 %8¢ LTSYTO 9'¢
710 %/. 0% G2ETO0 90T
21740 %1'ST 828100 66
8T'0 %T 8€ L/¥T0°0 AN
€T’o %T°0S 7€600°0 A
8T'0 %¢€'G. ¥2500°0 e
€T’o %S'T.L GGS00°0 8'¢e
0T'C %t'v¢ 86620°0 6°69
€T’o %E9.L TTS00°0 T's¢
0TO0 %S°06 99€00°0 vic
€T’o %¢€'86 T.200°0 L'8¥
8.0 %0t /89210 T9
0S'1T %E'ET G2/S0°0 2'9¢
€20 %9°G¢ 111200 '8
€v'o %1'9¢ TG9920°0 €91
900 %69/ G0S00°0 6'TT
¥¢0 %SG'GE 999T0°0 A
70 %0'TT /18900 09
€80 %6°GC ¥1.20°0 L°0€g
/T0 %9°88 6,000 TSy
10T %E'EC 89TE0'0 oce
)/Suol) peo))sjwb) peo| Aep burndwes (giwyswo) (/W)
uo MoJ} 1o} Aep Buidwes  vSTOOVNO
90ULPI3IXD uo eaJe e apuojyo
juadiad uun Jad mol4 panIasqO

T6/cly
¢6/LIT
[457i7k4
¢6/E/E
¢6/Llvy
¢6/T/ct
€6/6/¢
€6/6/€
€6/ETIY
v6/S1/¢C
V6/ST/E
v6/61/v
v6/6T/CT
S6/0T/T
S6/vT/C
96/8¢/€
S6/8T/CT
96/0€/T
96/0¢/¢
96/¢T/E
96/€¢/v
96/L1/C1
16/5¢/¢
L6/TT/E
L6/ST/y
86/0¢/T
86/L1/¢
86/L1/€
86/VT/v
86/cc/cT
aleq

d3LINIM
d3LNIM
d3LINIM
d3LNIM
d3LINIM
d3LNIM
d3LINIM
d3LNIM
d3LINIM
d3LNIM
d3LNIM
d3LNIM
d3LINIM
d3LNIM
d3LINIM
d3LNIM
d3LNIM
d3LNIM
d3LNIM
d3LNIM
d3LNIM
d3LNIM
d3LNIM
d3LNIM
d3LNIM
d3LNIM
d3LNIM
d3LNIM
d3LNIM
d3LNIM
uosesas



¢ olqel

i 0 € abed
Kep/suol €T°0F = ZIW 08T x T-3E€2°Z = 8T Yoeal Joj buipeo| s|gqemolle [eio |
2iwyAep/suol T0-3£2°2 = (T 9|gel woly) spis 198 0] eale 1un Jad Buipeo| ajgemoje [e1ol
Kep/suol 69°9 =000 - 69'9 = 8T Yydeal IO} ISIUIM IO} PeO| 8pLIoJYd SN Bunsix3
Aep/suol 00°0 = SUOISIBAUOD , 7/BW Q9 « SWI 0000 =
= 8T Ydeal JoJ I81uIm 10} peo| apLIojyd a2inos iod Bunsix3
7/6w 09 IVLOL = $92In0s Julod 10} UONBIIUSIUOD BPLIOJYD JUBN||IS PaWINSSY
SWw9 0000 = 8T yoeal JoJ Sa2inos 1ulod 1o} smoj) ubisap Jo wns
HYO
ARep/suol 699 = SUOISIBAUOD 4 SWI Z89' x 1/PW GT =
8T Yyoral Jo} Jajulm J0] peo| apliojyd [e101 Bunsix3
SWw9 289’y = 08T » 0920°0 = 8T Yoral 10} IS1UIM 10} MO|} abelany
Zlw 08T = 8T yoeal Jo} eale abeurelp pajewnsy
ZIW/swo 09200 = JaluIMm Joj eale 1un Jad mojl abelany
7/6w ST = UOISIBAUO0D / (£2TV'T / S66°T) = (71/6w) apuojyd abelane pajybiom moj
2 S92UBPBIIXa JO "ON
|I8q S92UBPa3IXD JO "ON
0 '0U 3|geMo||V
0 9% 3|gemo| |
nu [ejo1 G66°'T i434# SLTV'T =SIv10l
€..00 1,00 2180 60€..0°0 180 %T ST 086%0°0 €971 06/2/T d3LNIM
08€0°0 8€0°0 66€°0 €€08€0°0 (0] 740] %80T 900,00 L'S 06/9/¢ HIALNIM
96000 0100 T0T0 €29600°0 oT0 %9'GY 860T0°0 2’6 06/9/¢ d3LNIM
91200 2200 9220 T9ST20°0 €20 %¢'9¢ G6920°0 '8 oe/clv HIALNIM
/9/00 1,00 9080 ¥€/9/0°0 180 %¢€'0T 6G2/.0°0 T11 16/2/T HILNIM
0,00 1,00 6080 8€0..0°0 180 2%9°8T G9010°0 66T 16/S/¢ HIALNIM
G900°0 9000 8900 ¥/¥900°0 100 %€ GC 608200 Ve T6/CT/E HILNIM
ZIj(Rep/suoy)  Ziwj(Aep/suol) eale lun  )suol) peopis;wb) peo| Aep buidwes (2iw/Swo) (7/6w) areq uoseas
peoj| aplojy2 peo| apLojyd  Jad moj} sawn uo MoJ} 10} Aep Budwes  wSTO00VYNO
paosnpay uaun)d apuojyo 90ULPI3IXD uo eaJe e apuojyo

PaAIasqO 821ad uun Jad moj4  paAIasqO



¢olqel

i 40 17 abed
SIX'JILINIM-SIAAIFOTHO TAWINTANL\HOIL\ET9-0TT2\SLO3Arodd\:d 3114
Aep/suol Z1°9¢ = VM - SO - [10} = 8T Yoeal IO} ISJUIM 10§ BPLIOIYD 10} /T
Aep/suol 00°0 = (peo] Bunsixa se awes) gT Yyoeal J0] JIS1UIM 10} 3pLIOJY2 10} VM

Kep/suol TO'¥ = (ST°0¥ » %0T) 8T yoeal o} JSJUIM 1O} SPLOJYD 10} SOIN UoldX3T



Kep/suoy €2°g
Kep/suoy /2200

7/6w 09
Swo 000

Kep/suoy Gz'g
SWo /6SY

¢l 9.7
clw/swd 09¢0°0

€ 9|qel
Z 10 T abed

=20°0 - G2'S = 6T Yoeal Jo} I81uIMm 1o} peo| apLojyd SdN bBunsixg

= SUOISIBAUOD 4 T/BW 09 « SW2 £00°0 =
= T Yoeal 10} I81UuIM IO} Peo| aplIojyd 82.nos ulod Bunsixg
= $924N0sS 1ulod 10} UOITUSIUOD BPLIOJYD JUBNJYS PAWNSSY
= T Yoeal 1o} $221n0s ulod Joj smoj} ubisap Jo wng

= SUOISIBAUOD , SWI /6S'Y » 1/BW 2T =
6T Yoeal 10} JS1UIM IO} peo| aplojyd [e101 Bunsixg

=9/T x« 0920°0 = 6T Yoeal Io} JaJuim 10} Moj} abelany
= 6T yoeal loj eale abeurelp parewnsy
= Ja)uIm Joj eale jun Jad moj) abelany

7/6w ZT = U0ISIBAUO02 / (§8/T°0/ TTZ 0) = (71/6w) apuojyd abelane payybiom mol4
0 = SUOIIONPaJ Jaye SaoULPadIXad JO "ON
0 = SUOIIoNPal 810}9(Q S9OUBPIIIXI JO 'ON
T = S9IUBPIIIXA JO "OU 3|qeMo||y
%0T = S9IUBPIIIXD JO Uy 3|eMO||Y
S = SanfeA Jo laguinu [eloL 1120 S8/T0 =SIv1l0ol
S9A 89T90°0 6TT00 ¢T0°0 %065 2¢L000 VLT S6/LT/T 3 LNIM
SaA 08t€C0 ¥280°0 2800 %6°'GC ¥.20°0 9'T€ S6/TT/Y H3ILNIM
S9A TS6S0°0 02100 ¢100 %€'09 6900°0 2’8t 96/.¢/c dILINIM
SaA ¥0099°0 2290°0 2900 %V'6 0L.0°0 9’8 T0/CC/T H3ILNIM
S9A 96€TS°0 92100 €r0'0 %S'CT 00900 S/ T0/9/E d3LNIM
cpeol ‘Moje  ziwj(Aepjsuoy) ziwj(Aep/suoy) ziwj(Aep/suol) Aep burndures (2iwy/swo) (7/6w) ared uosesas
01 [enba pareiodiooul peo| apliojyo peo| apuojyo uo Moy} 10} Aep Buidwes  Tod49MN
1o uey} ss9| SOIN yum paonpay waund 290UBpPa3IXd uo eale Te apuojyd
peo| paonpay  peo| apuLojyd 1U9218d uun Jad moj4  paniasqo
S|qemo|y
30 :papasu uononpal alow Jo SSI| o) }o8Y9 Josig %0 = uolonpal uadiad
3o :papasu Jou SI / S| UOIONPal 10} ¥93yd o3 /6w 06 = 9puo|yd Joy prepuels OM

(6T0-T000S080 HOVIY) TOH49MN LV "HIAIY 4NF0F HO4 YILNIM 04

NOILONAd3d LINJOH3d ANV SAVOT 3AIdOTHO d04 SNOILYINDTVD €M 3TavL



€ 9lqel
2 10 z abed

STX'YILINIM-STAIHOTHO TANIVTAWI\HOTL\ETO-0TT\S LOIrOdd\:d ‘T4

Kepjsuoy °Ge = 94 - VM - SOW - [€10) = 6T YIeal Joj JSWIWNS 0} SPUIO|YI IO} /T
Kep/suo) 0 = SUOISISAUOD 4 0 » 000°0 = Peo| N2IdXa Yol ainn4

7/6w 0 = (06 - 09 ‘0) XVIN = pJepuels Jo SS89Xa Ul 'du0d Juan|y3

Swo 200'0 = 040G = MoJ} ubBisap ul asealoul PaWNSSY

:ymmolB a1niny 824N0s Ul0d

Aep/suol 200 = (peo] Bunsixa se awes) gT Yyoeal 10} JIS)UIM 10} 3pLIOJY2 10} VM
Kep/suol ¥6°¢€ = (0V'6€ » %0T) 6T Ydeal 1o} JSJUIM 10} SPLOJYD 10} SOIN Uoldx3T
Aep/suol Ov'6€ =ZIW 9/T x T-3€2°2 = 6T Yoeal o} buipeo| ajqemolle [ejoL

Z\wy/Aep/suol T0-3£2°2 = (T'C 9|geL wouj) spis 198w 0] eaJe Jun Jad Buipeo| sjqemoje [e1oL



7'M 3alqel

Z 10 T abed
Aep/suol 81°0 = SUOISIBAUO0I , /bW 09 x SWI £80°0 =
= gZ yoeal 1o} ISJUIM 10} peo| apLIojyd 82inos julod Bunsix3
/6w 09 = $921N0S 1ulod 10} UOIRIUSIUOD SPLIOJYD 1USN|LUS PBLINSSY
Swo £80°0 = ZZ Yyoeal 1o} $a21nos juiod Joj smojj ubisap Jo wng
Aep/suol 69 = SUOISIBAUOI , SWO #7261 « 1/BW 0T =
22 Yyoeal JoJ JIa1uIm 10} peo| apLIojya [e10] bunsix3
SW9 vZ6'v = 68T x« 0920°0 = ZZ yoeal loj Ja1uim 10} moj} abelany
2w 68T = gz yoral o} eale abeurelp parewnsy
Zlw/swd 09200 = Jajuim 1oj eale 1un Jad moj) abelony
J/6w 0T = UOISIaAU09 / (§82T°0 / 89T°0) = (71/6w) apuojyd abesane pajyblom moj
0 = SUOIONP3al JsYe SBIULPa3IX3 JO "ON
0 = Suol1onpal al0ja(q SaduepaaIXa JO 'ON
T = S9OUBPDDIXS JO "OU 3|qemo||y
%0T = S9JUBPJIX3 JO oy 3|eMOo|lyY
S = SaN[eA JO Jaquinu [ejo L 89T°0 0G8.T°0 =SIV10l
SaA 096200 GZT0°0 €100 %0'6S 02.00°0 €8T G6/LTIT HILNIM
SN 0/ZTT0 16200 0€0°0 %6°'GC 6€.20°0 an S6/TT/V HILNIM
SaA 1S820°0 Zr10°0 100 %€"09 ¥6900°0 v'1e 96/.2/2 HILNIM
SN Z89T€0 8T.0°0 2.00 %6 002200 8'6 10/22/1 HILNIM
SaA 0/9%¥2°0 16€0°0 0v0°0 %GZT 96650°0 0L T0/9/€ JILNIM
¢épeoj ‘moje N_E\AZwU\wCOC N_E\ﬁ>m_o\wcot N_E\AZwU\wCOC >m_o UC__QEmm AN_E\wEov ﬁn_\UEv oled uoseas
0] _,m:Um Umamhoeooc_ peo| saplojyd peo| apLojyd uo MOoJ} 10} >mU @c__QE.mw 2E00vNoO
10 uey] SS9 SO yum paonpay uaun)d 90UBPOIIXd uo eaJe Je apuojyd
peo| paonpay peo| apuojyd juadlad uun Jad moj4 paAIasqoO
algemo|y
MO  :papaau uononpal 810w IO SS3| 40} XI8yd JoL] %0 = uolonpal Juadlad
3o :papasu Jou SI / SI UonRINpal 1o) 328ayd Joug /6w gy = 8puojyd Joy prepuels OM

(220-T0005080 HOV3YH) ZE0OVNO LV NOAVE 9Ig9 Y04 ¥4I LNIM HOd

NOILONA3d IN3Dd3d ANV SAVO1 IAIJOTHD ONILSIX3 404 SNOILVINDTVYO ' 319Vl



v’ el

Z 10 Z abed
STX HYILNIM-SIAAIHOTHD TANLNTAWLHOILNETI-0TT2\SLOACOHd\H 311
Kep/suol £/°6T =94 - VIM - SO - [el0] = ¢¢ Ydeal 10} ISJUIM 10} SplIOoJYy>I 10} V]
Aep/suol 500 = SUOISIBAUOI 4 O » 000’0 = peo| 1a1dxa yimolb ainin4
/6w 2T = (8% - 09 ‘0) XVIN = pJepue]s JO SS99Xa Ul 'ouU0d Juanjy3
Swo zZv0'0 = 905 = MoJ} ubisap ul asealoul pawNsSsy
:IMmoIB aininy 821n0S JUlod
Aep/suol 817°0 = (peo| Bunsixa se awes) gz yoeal 1o} IS1uIm 10] dpLIOJYD J0) V1M
Kep/suol Gz'g = (TS'22 » %0T) 2¢ yoeal Jo} JS)UIM 10} 8pLIOJYD 10} SOIN Holjdx3
Rep/suol 1522 = 2w 68T « T-I6T'T = ZZ Yoeal Jo} buipeo| sjgemoje [ejoL
Zlw/Aep/suol T0-36T'T = (T°C 9|geL woJ)) spis 198w 01 eaJe jun Jad Buipeo| sjgemole 2101

Kepjsuoy 1z = 81°0 - 69'% = ZZ Ydeal 10} J9IUIM J0} Peo| aplojyd SN Bunsixg



S’ 3lqel

Z J0 T abed
Aep/suol 81°0 = SUOISIBAUO0I 4 /bW 09 x SWI £80°0 =
= ZZ yoeal 1o} ISJUIM 10} peo| apLIojyd 82inos julod Bunsix3
/6w 09 = $92N0S 1ulod 10} UOIRIUSIUOD SPLIOJYD 1USN|LUS PALINSSY
Swo £80°0 = ZZ Yyoeal 1o} $a21nos juiod Joj smojj ubisap Jo wng
Aep/suol /62 = SUOISIBAUOD , SWO ¥26'1 « 1/PW LT =
22 Yoeal 1oJ JIa1uIm 10} peo| apLIojy2 [e10] bunsix3
SW9 26’ = 68T x« 0920°0 = ZZ yoeal 1o} Ja1uim 1o} moj} abelany
2w 68T = gz yoral o} eale abeurelp parewnsy
Zlw/swd 09200 = Jajuim 1oj eale 1un Jad moj) abelony
/6w LT = UOISIaAU09 / (§82T°0 / €82°0) = (1/Bw) apuojyd abesane pajyblom moj
T = SUOIONP3al Jsle SBIULPa3IX3 JO "ON
T = SuoIl1onpal al0jaq SaduepaaIxXa JO 'ON
T = S9OUBPSDIXS JO "OU 3|qemo||y
%0T = S92UBPJIX3 JO 9y 3|eMOo|Y
S = SaN[eA JO Jaquinu [ejo L €82°0 G8.T°0 =SIV10l
SN 289T€0 0.80°0 180°0 %6 0L20°0 6'TT 10/22/T HILNIM
SN 0/9%¥2°0 ZTTT0 TITO %S'2T 00900 G'6T 10/9/€ HILNIM
S8A 0/2TT°0 62€0°0 €€0°0 %6°SZ ¥/20°0 9¢t G6/TT/V HILNIM
SaA 096200 0€T00 €100 %0°'6S 2.00°0 06T G6/LT/T HILNIM
ON 1G820°0 ¥6€0°0 6€0°0 %€E"09 6900°0 G'65 96/.2/2 HILNIM
¢épeoj ‘moje N_E\AZwU\wCOC N_E\ﬁ>m_o\wcot N_E\AZwU\wCOC >m_o UC__QEmm AN_E\wEov ﬁn_\UEv oled uoseas
0] _,m:Um Umamhoeooc_ peo| saplojyd peo| apLojyd uo MOoJ} 10} >mU @c__QE.mw T0d99dMN
10 uey] Ss9| SOIN yum padnpay usind 9JUepPo”dXa uo eale Je aployo
peo| paonpay peo| apuojyd juadlad uun Jad moj4 paAIasqoO
algemo|y
MO  :papaau uononpal 810w IO SS3| 40} XI8yd JoL] %0 = uolonpal Juadlad
3o :papasu Jou SI / SI UonRINpal 1o) 328ayd Joug /6w gy = 8puojyd Joy prepuels OM

(220-T0005080 HOV3Y) TO999MN LV NOAVE 919 404 43 LNIM HO4

NOILONA3Id LNIDOH3Id ANV SAVO1 AAIHJOTHD ONILSIX3 404 SNOILVINDTVO 'G°M 319VL



S0 slqel

Z 10 z abed
STIX"YILNIM-SIAIHOTHD TAW L\ TANL\HOIL\ETI-0TTZ\SLOICOHd\Y 314
Kepysuo) €/°6T =94 - V1M - SO - [e10} = Z¢ ydoeal 104 IS1UIM 10} SpLIOIYI 10) V]
Aep/suol 500 = SUOISJBAUOI 4 ZT « Z2770°0 = peo] 1a1dxa ymmoib ainin4
7/6w 00°2T = (8% - 09 ‘0) XV = pJepuels JO SS8IXa Ul *0U0d uan|y3
Swo 00 = %05 = MOJ} uBISap Ul 8sealoul PAWNSSY
:YmolB ai1ning 824n0S Julod
Aep/suol 810 = (peo| Bunsixa se awes) gz yoeal Jo} JSUIM 10} dPLIOJYD 10} WM
Aepysuol Gz'z = (TS'2Z » %0T) ¢ Yoeal 1o} JaJUIM 10} 8pLIOJYD 10} SOIN HoIIdX3
Kep/suol 1522 = 2w 68T « T-36T T = ¢¢ Ydoeal Jo} Buipeo| s|gqemojie [ejoL
Ziw/Aep/suol TO-36T'T = (T'r 9|geL woJ)) spis 1@aw 01 eale jun 1ad Buipeo| sjgemole [e1o0L

Kep/suoy 6y, = 81°0 - L6'L = ZZ Ydeal 10} J9IUIM 1o} peo| aplojyd SdN Bunsixg



9'M slqel

Z 10 T abed
Aep/suol 022 =000 - 0/°Z = 0T Ydeal 1o} J21uIm 10} peo| apuojyd SdN Bunsix3
Aep/suol 00°0 = SUOISIBAUOI 4 T1/BW 09 x SWI 0000 =
= 0T Yoeal 1o} J31uIm 10} peo| apLojyd 321nos ulod Bunsixg
/6w 09 = $924N0S Jul0d 10} UOITRIIUSIUOD 3PLIOJYD JUBN|YD PaWINSSY
Swo 0000 = 0T Yyoeal 1o} $224n0s juiod Joy smoyy ubisap Jo wns
Aepysuol 022 = SUOISIBAUOD 4 SWO GS'E « 1/PW 8 =
0T yoeal Jo} Jajuim 10} peoj apLiojyd [e1ol Bunsixg
Swo 615'E = 9€T » 0920°0 = OT Yoreal 10} JSIUIM 10} MO|} abelany
ZIw 9T = 0T yoeal loy eale abeurelp parewnsy
ZIw/swod 09200 = I21UIM 10} BaJe 1un Jad moyy abelany
7/6w 8 = U0ISIBAUO0I / (6ETT 0/ 980°0) = (71/6w) apuojyd abelane payybiom mol
0 = SUOIIONPaJ Jaye SaoULPaaIXd JO "ON
0 = SUOIIoNPaJ 810}3( S9OUBPIIIXI JO 'ON
T = S9IUBPIIIX JO "OU 3|qeMo||y
%0T = S92UBPIIIX JO Uy B|eMO||Y
[ = SanfeA Jo lagquinu [eloL 9800 66TT°0 =SIv1l0ol
S9A 29T1€°0 9ev0°0 700 %S'6 L.S/0°0 09 T0/S/E d3LNIM
S9A 8.18T°0 9¢¥0'0 €v0°0 %/.°9T Zrv0'0 70T TO/EC/T H3ILNIM
ZPeol ‘MoJe  Ziwy(Aep/suol) Ziwj(Aep/suol) ziwj(Aep/suol) Aep burndures (giwy/swo) (7/6w) ared uoseas
01 |enba pareiodiooul peo| apuojyd peo| apuojyd uo Moy} 10} Aep Buidwes 6.TVNO
1o uey) ss9| SOIN yum paonpay waund 290UBPI3IXd uo eale e aplojyo
peo| paonpay  peo| apuojyd JuavIad uunJad moj4  paniasqo
S|gemolv
30 :papasau uononpal alow o SSI) o} }o8Yd Josig %0 = uononpal uadiad
3o :papasU J0U SI / SI UOIONPaI 10} ¥93Yd Jol] /6w gy = 8puojyd Joy prepuels OM

(0T0-20005080 HOV3Y) 6.T0VNO NOAVE MVO HO-4 ¥3LNIM 04

NOILONA3d IN3Dd3d ANV SAVO1 IAIJOTHD ONILSIX3 404 SNOILVINDTVYO '9°M 319Vl



9'M slqel

Z 10 Z abed
STIX'IILNIM-SIAIHJOTHD TANL\TANLI\HOFL\ET9-0TT2\SLO3Ar0dd\:d F1Id
Kep/suo) T9'¥T = VM - SO - [€30} = QT YI©al J0} JSJUIM 10} SPLIOJYD 10} /]
Aep/suol 000 = (peo] Bunsixa se awes) QT Yyoeal 10} JIS)UIM 10) 3pLIOJY2 10} VM
Kep/suol z9'T = (£2°9T » %0T) OT yoeal o} JSJUIM 10} SPLOJYD 10} SOIN UoldXT
Kep/suo) €2'9T = ZlW 9ET « T-36T'T = 0T Yoeal o} Buipeo| ajgemojfe [ejo L

Z\wy/Aep/suol T0-36T'T = (T'C 9|geL wouj) spis 198w 0] eaJe Jun Jad Buipeo| sjqemoje [e1oL



00T

06

papaadxa Mo|} sAep Jo Juadlad
09 0S oy (01 (014 0ot

08 0.

T00°0

- 100

- T°0

0T

eJopng Jeau uode\ nokeg 0896950 SOSN 10J SAIND UOIRIN MO|H JSIUIM "T°Y 2inbi4

(21wysyo) moyy



00T

06

08 0.

papaadxa Mmo|} sAep Jo 1uadiad

09

0§

ov

0o¢

0¢

(0]

VSTOOVNO Ye suoionpal Jaye speo] x
VSTOOVNO ¥e peo| paAlssqo O

SON - TdNL——
1ANL—

T000

- 100

0T

VSTOOVNO 18 J3AIY Jnaog 10} aAIND uoleing peoT apliojyDd JB1UIM "2°Y ainbi4

(z1w/(Aep/suoi)) peo| apliojyd



papaadxa Mmo|} sAep Jo 1uadiad

00T 06 08 0. 09 0§ ov 0€ 0¢ (0] 0
L | | | | | | | | | HO0.0

- 100

TOY49MN Te suononpal Jaye speo  x
T0d49MN Ye peo| panlasqO O

SON - TdNL—

TAWL ——

0T

TOY49MN 18 JIBAIY Jnaog 10} 3AIND uoITeINg PeOoT aplIojyD JBIUIA "€ M ainbi4

(21w/(Aep/suoy)) peo| apliojyo



papaadxa Mmo|} sAep Jo 1uadiad

00T 06 08 0L 09 0§ oy 0€ 0¢

0T

Z£00VNO Te suononpal Jayje peo| x
2€00VNO e peo| panissqO O

SOW - TdNL——

1AWl —

ZEOVNO e nokeg Big 10} aAIND uolRING PEOT 3PLIOIYD JISIUIM v M 8inbiq

T00°0

- 100

- T0

0T

(21w/(Aepyuoy)) peo| apliojyd



papaadxa Mmo|} sAep Jo 1uadiad

00T 06 08 0. 09 0§ ov 0€ 0¢ (0]

TOGOGMN Je usoonpal Ioye speo]  x
TO999MN Te peo| paalssqO 0O

SON - 1dINL——

JaNL—

10999MnN e nokeg 61g 10) 8AIND uoITRING PROT 3PIIOIYD JBIUIM ‘G M 31nbi

T00°0

- 100

- T0

0T

(21w/(Aep/suoy)) peo| apliolyo



papaadxa Mmo|} sAep Jo 1uadiad

00T 06 08 0L 09 0s oy (01 (014 0T 0
L | | | | | | | | | HO0.0
- T00
= =
- 10
- T
6/.TOVNO Je suononpal Iaye speo | x
6.T0VNO ¥e peo| paAlssqO 0O
SON - TdNL——-
TANL——

0T

6.TOVNO e noAeg eQ 104 8AIND UOITeIN PROT 3PIOJYD JSIUIM "9" M 94nBi4

(21w/(Aep/suoy)) peo| apliojyo



APPENDIX L

Calculations for Summer TDS TMDL
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APPENDIX M

Calculations for Winter TDS TMDL
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WLAsfor Individual Point Sour ces
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