NEOSHO BASIN TOTAL MAXIMUM DAILY LOAD
Water Body/ Assessment Unit: Eagle Creek

Water Quality Impairment: Copper

1. INTRODUCTION AND PROBLEM IDENTIFICATION

Subbasin:
Counties:

HUC 8:

HUC 11 (HUC 14s):

Drainage Area:

Main Stem Segments:

Tributary Segments:

Designated Uses:

2002 303(d) Listing:

Neosho Headwaters

Lyon, Coffey and Greenwood
11070201

040 (030, 040 and 050)
113.6 square miles

25 (Eagle Creek) dtarting at confluence with the Neosho River and
upstream to headwaters in  south-centrd Lyon County
(Figure 1).

South Eagle Creek (47)
Fourmile Creek (48)

Expected Aquatic Life Support, Secondary Contact Recresation, and
Food Procurement.

Category 5: Predominant Nonpoint Source Impacts

Impaired Use: Expected Aquatic Life Support

Water Quality Standard: ~ Acute Criterion = WER[EXP[(0.9422* (LN (hardness)))-1.700]]

Hardness-dependent criteria(KAR 28-16-28e(c)(2)(F)(ii)). Aquetic
Life(AL) Support formulaeare: (where Water EffectsRetio (WER) is
1.0 and hardnessisin mg/L).

2. CURRENT WATER QUALITY CONDITION AND DESIRED ENDPOINT

Level of Support for Designated Use under 2002 303(d): Not Supporting Aquétic Life

Monitoring Site: Station 634

Period of Record Used for Monitoring and Modeling: January 1993 through July 2001 for
Station 634. Generdized Watershed L oading Function (GWLF) modeling period for soil datais

1998 — 2002.



Figurel Eagle Creek Location Map

Flow Record: Pottawatomie Creek near Garnett (USGS Station 06914000) match to Big Creek
near LeRoy (USGS 07182710) whose runoff was proportioned to Eagle Creek near Olpe. Flow



duration curve for this TMDL was estimated by USGS (2004) and a summary of the flow data
used to generate the load duration curves are included in Table A-1 of the TMDL report.

Long Term Flow Conditions. 10 percent Exceedance Flows = 43.7 cfs, 95% = 0.167 cfs
Critical Condition: All season; wet wegther in particular

TMDL Development Tools: Load Duration Curves (LDC) and Generdized Watershed
Loading Function (GWLF) Modd

Summary of Current Conditions:

Estimated Average Non-Point Load of Copper from Sediment: 5.533 Ib/day (2,020 Ib/yr)
(derived from GWLF annud estimate of sediment loading)

Estimated Point Source Load: 0.0045 Ib/day
(assumed copper concentration multiplied by Olpe MWTP design flow [0.1671 cfs])

Edtimated Tota Current Load: 5.538 |b/day
(estimated non-point copper load from sediment (GWLF) + estimated point source load)

Summary of TMDL Results:
Average TMDL.: 0.467 Ib/day

Waste Load Allocation (WLA): 0.0285 Ib/day
(Olpe Wastewater Trestment Plant MWTP)

Average Load Allocation (LA): 0.392 Ib/day
(Average LA = average TMDL —WLA — average MOS; see Figure 7 for LA at specific flow
exceedance ranges)

Average Margin of Safety (MOS): 0.047 Ib/day

TMDL Source Reduction:
WLA Sources (MWTP): No reduction necessary

Non-Point: 5.141 Ib/day (93%)
(equal to TMDL reduction)



GWLF Modding for Generating Load Estimates

Exiging non-point sourceloads of copper to Eagle Creek were estimated using the GWLF (Haith,
et al. 1996) modd. The modd, in conjunction with some external spreadsheet caculations,

estimatesdissolved and tota copper loadsin surface runoff from complex watersheds such asEagle
Creek. Both surface runoff and groundwater sourcesareincluded inthesmulations. The GWLF
modd requiresdaily precipitation and temperature data, runoff sourcesand trangport, and chemicd

parameters. Trangport parameters include areas, runoff curve numbers for antecedent moisture
condition |1, and the eroson product KL SCP (Universal Soil Loss Equation parameters) for each
runoff source. Required watershed transport parameters are groundwater recession and seepage
coefficients, available water capacity of the unsaturated zone, sediment delivery ratio, monthly
vauesfor evgpotranspiration cover factors, average daylight hours, growing seasonindicators, and
ranfdl erosvity coefficients. Initid vaues must dso be specified for unsaturated and shdlow

saturated zones, snow cover, and five-day antecedent rainfdl plus snowmelt.

Input datafor copper in soilswere obtained from SCS and USGS (e.g., Juracek and Mau 2002,
2003). For modding purposes, Eagle Creek was divided into severa subwatersheds. The model
wasrun for each subwatershed separatdly usng a5-year period, January 1998 - December 2002,
and firg year results were ignored to diminate effects of arbitrary initid conditions. Dally
precipitation and temperature records for the period were obtained from the Western Regional
Climate Center (Haith et d. 1996). All transport and chemical parameters were obtained by
general procedures described in the GWLF manud (Haith, et al. 1996), and values used in the
model arein Appendix B. Parameters needed for land use were obtained from the State Soil
Geographic (STATSGO) Database compiled by Natura Resources Conservation Service (NRCS)
(Schwarz and Alexander 1995).

For each land use area shown on Figure 4, NRCS CN, length (L), and gradient of the dope (S)
were estimated from intersected e ectronic geographic information sysems (GIS) land use and soil
type layers. Soil erodibility factors (K i) were obtained from the STATSGO database (Schwarz
and Alexander 1995). Cover factors(C) were selected from tables provided in the GWLF manud
(Appendix B). Supporting practice factors of P=1 were used for al source areas for lack of
detailed data. Area-weighted CN and Ky, (LS)k, Ck, and Py vaueswere ca culated for each land
usearea Codfficientsfor daily ranfadl erosvity were sdected from tables provided inthe GWLF
manua. Modd input variables and mode outputs are shown in Appendix B.

To cadculate the watershed yield for copper, the GWLF model was run to generate the average
annud runoff and average annuad sediment load generated from each subwatershed. Average
sediment copper concentrationswere derived from severa USGS studies of lake and river bottom
sedimentsin Kansas. The average sediment copper concentrationsfor thisareaare gpproximately
33.5 pg/g (ppm). Thismass concentration of copper in sedimentswas used in conjunction with the
total suspended solids (TSS) concentrations in the ambient sampling to determine the particulate
portion of the ambient total copper resultsthat are attributable to copper in suspended sediments.



The remainder of the ambient total copper sampling results are, therefore, dissolved copper
concentrations.

The ambient dissolved copper conceriration was consarvatively assumed to be the same
concentration as in the runoff generated from the watershed. This fraction was estimated using
partitioning assumptionsimplicit in the modd. 1n addition, the average sediment concentration of
33.5 pg/g soil was used with the GWLF generated average annud sediment yield to caculate the
average annua copper yield associated with sediment.

Load Duration Curves. Because loading capacity is believed to vary as afunction of the flow
present in the stream, Table 1 was prepared to show the number of water quality samples
exceeding the copper acute WQS as a function of flow during different seasons of the year.

Ambient water quality data from the KDHE rotational sampling Station 634 were categorized for
each of the three defined seasons. Spring (Apr-Jul), Summer-Fal (Aug-Oct) and Winter (Nov-
Mar). FHow data and ambient water quality data for copper and hardness, collected in 1993,
1997, and 2001, from Station 634 are provided in Appendix A, Table A-2. High flows and
runoff generaly equate to lower flow exceedance (high flow) ranges; baseflow and point source
influences generdly occur in the 75-99% (low flow) range.

From Table 1, a tota of three acute WQS excursions for total copper were observed (of

15 samples collected) during rotationd monitoring, conssting of one during March 1993, one
during July 1993, and one during July 2001. Itisdifficult to discern whether sgnificant differences
occurred between each of the seasons evaduated due, in part, to the smdl number of samples,
athough the mgority of exceedances (2 of 3) occurred during very high springtime flows. These
three exceedances account for the impaired water body designation and inclusion on the 2002
Kansas 8303(d) list.

Tablel Number of Samples Exceeding Copper WQS by Flow During Spring,
Summer/Fall, and Winter
Percent Flow Exceedance Cumulative
Station Season 0to0 10% |10 to 25% 25 to 50% 50to 75% 75 to 90% 90 to 100% Frequency
Eagle Spring 1 0 0 1 0 0 2/6 (33.3%)
Creek Summer-Fall 0 0 0 0 0 0 0/2 (0%)
(634) Winter 1 0 0 0 0 0 1/7 (14.3%)

Figure 2 compares KDHE measured copper concentrations with paired hardness- specific acute
WQS vaues for total copper. As can be seen in Figure 2, atotal of three exceedances were
measured out of 15 samples taken, consigting of two during 1993 and one, most recently, during
July 2001.



Figure 2 Comparison of Total Copper Concentrationswith Paired Har dness-
Specific Acute WQS for Monitoring Station 634
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Edtimated Eagle Creek flow data for the associated sample date were used to estimate both the
observed load and the acute WQS load (Figure 3). Measured copper concentration and the
paired hardness-specific WQS were used to caculate the observed load and the assmilative
capacity based on the acute WQS, respectively. Differencesin the observed load from the acute
WQS load were ca culated by subtracting the acute WQS load from the observed load. Postive
(i.e., above zero) differencesindicated |oad exceedances.

Compliance with chronic WQS for copper. Thisdocument does not address compliance with
the chronic copper toxicity because representative data for chronic conditions did not support a
2002 303(d) ligting for Eagle Creek; the listing was based on exceedences of the acute criteria.
However, abrief andysis was dso conducted to generdly eva uate whether compliance with the
acute WQS would be adequately protective of chronic toxicity. To perform this evauation, the
average copper concentration (representing the long-term average) was divided by the standard
deviaiontoyield the coefficient of variation (CV). If the CV isgreater than 0.3 thenthevariaionin
the data is believed to be adequately addressed by the acute WQS, and no further evaluation of
chronic toxicity would be necessary. For Eagle Creek, the CV for the copper concentrationswas
greater than 0.3 (0.73), suggesting that compliance with the acute WQS would be adequately
protective of chronic toxicity aswell.



Figure 3 summarizes the copper load exceedances plotted against percent flow exceedances.
Excursons were observed at various flows, including those believed to be associated with both
point and non-point sources of copper inputs. Only three excursgons were observed, which
occurred at 1 percent, 2 percent, and 73 percent flow exceedance, respectively. Thissuggeststhat
excursonsonly occur a high and somewhat medium flow, with no excursionsobserved in low flow
conditions. This observation, therefore, suggests that |oading occurs from non-point sources. It
was not necessary to demonstrate stable hydrologic conditions because only transent (acute)
excursons were consdered in this comparison.

Figure3 Exceedances of Acute Total Copper WQS L oad as a Function of
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2011

The KDHE 2002 303(d) list identifiesthe aquatic life use of Eagle Creek asimpaired asaresult of
copper exceedances, accordingly, Eagle Creek was targeted for TMDL development. 40 CFR
§130.7(c)(1) satesthat “TMDLs shdll be established at levels necessary to attain and maintainthe
gpplicable narrative and numerica water quality sandard.” Thewater quality sandardiscaculated
using the hardness- dependent equation (KDHE 2003):

acute criterion (WQS) = WER[EXP[(0.9422* (LN(hardness)))-1.700]]



The desired endpoint of the Eagle Creek TMDL is for total copper concentrations attributed to
identified potentia sourcesof copper inthe watershed remain below the acute WQSinthe stream.

This desred endpoint should improve water qudity in the creek at both low and high flows,
athough WQS exceedances a Eagle Creek generdly occurred during periods of high flow.
Seasond variation isaccounted for by thisTMDL, since the TMDL endpoint accountsfor thelow
flow conditions usudly occurring in the July-November months.

This endpoint will be reached as aresult of expected, though unspecified, reductions in sediment
loading from the watershed resulting from implementation of corrective actions and best
management practices (BMP), asdirected by thisTMDL Report. Achievement of thisendpoint is
expected to provide full support of the aguatic life function of the creek and attain the acute WQS
for copper.

3. SOURCE INVENTORY AND ASSESSMENT

General Watershed Description: The Eagle Creek watershed lies within Lyon, Greenwood,
and Coffey Counties, dthough most of the watershed and drainage area, condsting of
gpproximately 113 sguare miles, lies within Lyon County. The watershed' s population dengity is
low to average when compared to dengties across the Neosho Basin (8-19 persons per square
mile). Therurd population projection for Lyon County through 2020 showsdight to modest growth
(8 percent increase). Lyon County had apopulation of 26,928 in 1960 and apopulation of 35,935
in 2000. Theannud average rainfal in the Eagle Creek watershed is gpproximately 32.4 inches
based on datafrom Topeka, Kansas. Approximately 70 percent of thisprecipitation falsbetween
April and September. Ten to 18 inches of snow fdl in an average winter. Average temperatures
vary from 35 degrees Fahrenheit (°F) in the winter to 78°F in the summer.

Land Use. Table 2 shows the generd land use categories within the Eagle Creek watershed
derived from USEPA BASINS Version 3.0 data (USGS 1994). Figure 4 depictstheland use
categories that occur within the Eagle Creek watershed. Most of the watershed is harvested
cropland and pasture. Mot of the riparian corridor traverses through cropland and pastureland,
and thereis an inggnificant amount of commercid or developed land in the watershed. Given the
and| sze of the rurd populaion and the limited resdentid and commercid land use, land
development impacts to water qudity in Eagle Creek are generdly limited.

Table2 Land Use Categories
LANDUSE TYPE Total Acres % of Total
CROPLAND AND PASTURE 62,871 85
DECIDUOUS FOREST LAND 80 0.11
HERBACEOUS RANGELAND 10,414 14




LAKES/RESERVOIRS 81 0.11

MIXED URBAN OR BUILT-UP 137 0.19
STRIP MINES 86 0.12
TOTALS 73,668 100




Figure4 Eagle Creek Watershed Land Use Map
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Soil. Figure 5, derived from STATSGO data, generdly represents soils types prevaent
throughout the Eagle Creek watershed. Mgor soil typesin Lyon County and the adjoining counties
are sty clay loam and st loam (Schwarz and Alexander 1995).

Figure5 Eagle Creek Water shed Soil Map
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No data for copper in soil or sediment were found specificaly within the Eagle Creek watershed,
but copper soil and sediment data were collected from Pottawatomie County (Whittemore and
Switek 1977). In that study, copper concentrations were measured in rocks (two limestone and
two shde), soil, and stream sediments. Thetota and acid solublefraction of copper concentrations
found in rocks ranged from 16-34 parts per million (ppm) and 1.6-9.5 ppm, respectively. The
total, exchangeeble fraction, and acid soluble fraction of copper found in soil ranged from 18-56
ppm, 2.4-3.1 ppm and 5.0-6.8 ppm, respectively. The total, exchangeable fraction and acid
soluble fraction of copper found in stream sediments from five locations in Pottawatomie County
ranged from 15-28 ppm, 0.4-2 ppm, and 5.1-8.7 ppm, respectively.

Point Sour ce Dischar ges

One NPDES-permitted wastewater discharger, the Olpe Wastewater Treatment Plant (WWT), is
located within the Eagle Creek watershed (Table 3).

Table3 NPDES Per mitted Discharger to Eagle Creek
DISCHARGING FACILITY STREAM REACH SEGMENT DESIGN ALOW TYPE
Olpe MWTP Eagle Creek (25) 25 0.1671 cfs Lagoon

The City of Olperdieson athree-cdl lagoon system with 120-day detention timesfor treatment of
wastewater. The population projection for Olpe to the year 2020 indicates a dight increase.

Projections of futurewater use and resulting wastewater appear to bewithin thedesign flowsfor of
the current system'’s treatment capacity. Examination of 1998, 1999, 2000 and 2001 effluent
monitoring of the City of Olpe indicatesthat no permit limits have been set for copper, and thusno
monitoring data were available from thisMWTP. Thereare no NPDES- permitted animal feeding
operations within the Eagle Creek watershed.

Non-point Sour ces

Nonpoint sources include those sources that cannot be identified as entering the water body at a
gpecific location. Non-point sources for copper may originate from roads and highways, urban
areas, and agriculture lands. Some automobile brake pads are a source of copper as are some
building products such as plumbing, wiring, and paints (Boulanger and Nikolaidis 2003).

In a Universty of Connecticut study, Boulanger and Nikolaidis (2003) found eevated
concentrations of total copper in runoff from copper roofed areas (ranging from 1,460 micrograms
per liter (ug/L) to 3,630 pg/L). They asofound moderately high concentrations of total copper in
runoff from paved and lawn areas (about 16 pg/L. and 20 pg/L, respectively). Automobile brake
pad dust containing copper particles, automobile fluid leskage, and fertilizer and pesticide
applications were reportedly responsible for the concentrations of copper on the paved and lawn
aress. Inasmilar sudy conducted at the University of Maryland, Davis, et al. (2001) found the
largest contribution of copper from brake emissons(47 percent), building siding (22 percent), and
atmospheric deposition (21 percent), with smaller contributions from copper roofing, tiresand ail



leskage (10 percent). Thus, dthough these studies suggest that residentia, roadway, and
commercid land uses may represent non-point pollutant sources of copper, given the smal
proportion of these types of land use that occur in the Eagle Creek watershed, such copper
contributions are assumed to be minimal.

Agricultural sources. Themost probable non-point source of copper may be associated withthe
extengve amount of agriculture activity that occurs in the watershed. Livestock operations are
operating in Eagle Creek watershed. Three operations are registered or certified within the

watershed upstream of Station 634. Thesefacilities(dairy or chicken) arelocated within 1 milecfa
liged stream in the watershed. NPDES permits are issued for facilities with more than
1,000 animas, however, noneof thefacilitiesin the Eagle Creek watershed are of thissze. Eachof

these livestock facilities has waste management systems designed to minimize runoff entering the
facility or detaining runoff originating from thefacility. Such sysems are designed for the 25-year,

24-hour rainfal/runoff event, which typically coincideswith stream flows being exceeded lessthan
1-5 percent of the time. Copper sulfate is widely used for treatment and nutrition of livestock,

trestment of orchard diseases, and removal of nuisance aguatic vegetation such asfungi and dgae.

However, no specific data are available on copper concentrations from waste management

systems.

Following isabrief discusson of agriculturd land use activitiesin Lyon County. Althoughthe Eagle
Creek watershed represents only a small fraction of the entire county, county census data are
expected to be rdatively accurate and provide a quditative indication of the agriculturd land uses
activitiesin thewatershed that may be primary pathwaysfor copper loading to the receiving waters.
There are gpproximately 75,000 cattlein Lyon County (KASS 2002; SETA 1997). Dairy and
beef cattle may suffer from various hoof diseases that are typically treated with a copper sulfate
hoof bath (Davis 2004 and Ames 1996). Improper disposal of the copper sulfate bath water onto
the land could subsequently infiltrate to groundwater and represents a possible nor+point source
pathway of copper in the Eagle Creek watershed.

According to SETA (1997), there were approximately 6,400 hogson 31 farmsin Lyon County in
1997. It is common practice to feed copper supplements to hogs and to a lesser extent other
livestock (Richert 1995). A 250 pound hog will have released approximately 1.5 tonsof copper-
containing waste (Richert 1995). Thus, past improper management of thiswaste may have crested
alegacy source of copper in the Eagle Creek watershed.

Soybean crops cover gpproximately 60,000 acres in Lyon County (SETA 1997). Copper
deficiency in soybeansiscorrected by gpplication of 3 to6 poundsof copper as copper suifateper
acre (Mengel 1990). In addition, copper-based pesticides are currently the 18" most widdly used
pedticide in the United States (Avery 2001). Such agriculturd gpplications could therefore
represent a non-point source of copper to the Eagle Creek watershed.
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Non-point Sour ce Assessment Conclusion

The above discusson concerning norkpoint sources of copper is a quaitative assessment of the
potential anthropogenic sources of copper in the Eagle Creek watershed. It ispossible that some
copper may originate from automobile brake deposits, building materia's, copper-based pedticides,
and feed or fertilizers. Due to the relatively low density of human population in the Eagle Creek
watershed, copper loadings from urban land uses may be quite limited, whilethosefrom agriculturd
land use may be more substantial.

Naturdly occurring copper in oil may congtitute asubstantia portion of estimated loadingsto Eagle
Creek. To calculate the watershed yield for copper, the GWLF mode was run to generate the
average annud runoff and average annud sediment |oad discharged to Eagle Creek. Thismodding
was conducted based on average sediment copper concentrations derived from severd U.S.
Geologica Survey (USGS) studiesof |akeand river bottom sedimentsin Kansas (Juracek and Mau
2002, 2003). The average sediment copper concentrations for this area are approximately
33 micrograms per gram (Lg/g) (ppm), which are devated compared to soilsin many other partsof
the country.

4. ALLOCATION OF POLLUTION REDUCTION RESPONSIBILITY

Following isadiscussion of the results of the TMDL processfor total copper at Eagle Creek, and
an evduation of potentia sources and respongbility.

TMDL Calculations

Figure 6 is aplot of hardness versus flow designed to define any potentia correlation between
these variables in the Eagle Creek watershed. Hardness is known to generdly be inversdy
proportiona to flow. Thisassertion is supported by Figure 6, which demonstrates an gpparent
relationship between these two variables in Eagle Creek (p<0.05).

Thisevauationisimportant because it helps define the effects of flow on copper bioavailability and
toxicity and, in addition, providesvaduableingght into hydrologic flow conditionsfor thewatershed.
Because the regression was found to be statistically significant (p < 0.05), the regression equation
(y = 1.2321x + 159.42) was used to define hardness at any particular flow exceedancerange. This
dlowed for derivation of “interim” WQS vaues for copper within individua flow exceedance
ranges and used to estimate TM DL loadswithin each of theseranges. Theaverage of these TMDL
estimates across dl flow ranges was used asthe TMDL for the watershed.

14



Figure 6 Correlation Between Hardness and Flow at Eagle Creek
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Figure 7 shows the load duration curve for copper which aso defines the Eagle Creek TMDL,
WLA, LA, and MOS. Thelnformation Sheet at the beginning of thisdocument summarizesdl the
numbersand caculations. Figure7 dso depictsloading from the KDHE water quaity monitoring
gtation of copper in relaion to the TMDL. The TMDL was developed using the acute WQS
derived from the flow- hardness regression equation.

The areabelow the TMDL with MOS and above the WLA representsthe LA in Figure 7. The
diagram showsthe LA range based on flow exceedance. Current point source loading is shown
on Figure 7 as aline below the WLA estimate, indicating that no point source load reduction
would be necessary. The current non-point loading estimateisnot shownin Figure 7 becausethe
GWLF egtimate is based on average loadings rather than flow exceedance ranges. Therefore, the
current non-point loading estimate was only compared to the average TMDL vaue. Based on
these calculations, the calculated average TMDL for total copper in Eagle Creek is 0.467 Ib/day
(270.5 Iblyr).

The cadculated average TMDL for total copper in Eagle Creek was computed:

TMDL (0.467 Ib/day) = LA (0.392 Ib/day) + WLA (0.029 Ib/day) + MOS (0.047 Ib/day)
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Figure7 Load Duration Curve Used to Derive TMDL
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Figure 8, which shows more potentiad WQS exceedances for tota copper, compares the

messured total copper |oading to theload duration curvefor three specific hardnessvauesthat are
representative of typica seasona variation in Eagle Creek. Figure 8 appears to be an effective
predictor of potential WQS exceedancesin part because three representative hardnessranges are
used to estimate total copper loadings to the watershed. In an evduation of possible seasond

effects of copper loading in Eagle Creek, it is gpparent from Table 1 that no WQS exceedances
were observed in the summer or fal for the years evaluated, while each of the three exceedances
observed were during spring and winter of the monitoring years.

Results of normality testing. Water hardness data were not subjected to normality testing due
to the pogitive correlation between flow and hardness as indicated by the regression equation

(Figure 6). Copper concentration data were tested for normality in order to generate the CV

va ue needed to eval uate whether compliance with the acute WQS would be adequatdly protective
of chronic toxicity aswell. For the data sets used to support al averaged load estimates such as
TMDL, LA/WLA, MOS, and load reduction, results of normality testing indicated that these data
were not normaly digtributed, and log-transformation of the data was necessary before the
caculations could be completed.

16



Figure8 Comparison of Measured total Copper Load by Season to L oad
Duration Curve at Specific Hardness Values
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TMDL Poallutant Allocation and Reductions

Any dlocation of wasteloads and loads will be made in terms of tota copper reductions. Y,
because copper loadings are amanifestation of multiple factors, theinitia pollution load reduction
responsbility will beto decreasethetota copper inputsover the critical range of flows encountered
on theEagle Creek system. Allocationsrelateto the average copper levelsseeninthe Eagle Creek
gystem at Station 634 for the critical lower flow conditions (represented by the 95 percent flow
exceedancevaueof 0.167 cfs). Additional monitoring over timewill be needed to further ascertain
the relationship between copper reductions of non-point sources, flow conditions, and
concentrations within the stream.

In caculating the TMDL, the mean of al TMDL vaues across different flow ranges was used.
TMDL at each percent flow exceedance range was cal culated by multiplying the associated flow
and copper WQS at the particular flow exceedancerange. Thisisrepresented graphically by the
integrated area under the copper LDC (Figures 7 and 8). The areaiis segregated into allocated
areas assgned to point sources (WLA) and nontpoint sources (LA). Future increases in
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wagteloads should be offset by reductions in the loads contributed by non-point sources. This
offset, dong with gppropriate limitations, is expected to eventudly diminate the imparment.

WLA for Eagle Creek

Since the lowest flows of Eagle Creek were adjusted to the design flow of 0.1671 cfs, the total
WLA for the watershed is equd to the minimum TMDL with MOS; i.e., 90 percent of the acute
TMDL load at the design flow. The estimated WLA for the Olpe MWTP, the sole point source
discharger, is 0.0285 Ibs/day. Figure 7 clearly shows that based on the estimated WLA, there
appear to be no historical excursonsfor copper from this point source discharger.

Based upon this assessment, the Olpe MWTP may contribute aload of total copper into the Eagle
Creek watershed upstream of Station 634. This discharge was incorporated into the WLA

edimate. The design flow of the discharging point source equds the lowest flows seen a

Station 634 (81-99 percent exceedance), and the WLA equasthe TMDL curve acrossthisflow
exceedance range (Figure 7).

LA for Eagle Creek
The LA was estimated by filling in the formula:

LA (0.392 Ib/day). = TMDL (0.467 Ib/day) — M OS (0.047 Ib/day) — WLA (0.029 |b/day)

This cdculation strongly suggests that the mgority of copper loading occurs from un-permitting
non-point sources, and that the contribution from NPDES dischargesis, by comparison, negligible.

The load from al non-point sources is contributed from miscelaneous land uses, dthough the
mgority of the LA gppears to come from soil loading, which includes contributions of naturd
background sources of copper.

The LA assgns responghility for naintaining the historica average in-stream copper levels at
Station 634 to bel ow acute hardness- dependent WQS va ues for specific flow exceedance levels.
As seen on Figure 7, the assmilative cagpacity for LA equds zero for flow at 0.17 cfs (81-
99 percent exceedance), sncetheflow at this condition may be entirdly effluent created, and then
increases to the TMDL curve with increasing flow beyond 0.17 cfs.

Point Source Load Reduction

A point source discharger isresponsiblefor maintaining its systemin proper working condition and
an gppropriate capacity to handle anticipated wastel oads of itspopulations. The Stateand NPDES
permitswill continue to be issued a 5-year intervas, with ingpection and monitoring requirements
and conditiond limits on the qudity of effluent rdeased from these facilities. Ongoing inspections
and monitoring of the sysemswill be madeto ensurethat minimal contributions have been made by
this source.
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Based on the preceding assessment, the sole permitted point source discharge isthe OlpeMWTP,
which may be a minor source of copper loading to the Eagle Creek watershed upstream of
Station 634. The design flow of the discharging point sources equas the lowest flows seen at
station 634 (81-99 percent flow exceedance), and the WLA equasthe TMDL curve with MOS
acrossthisflow condition (Figure 7). Noreduction in point sourceloading iscons dered necessary
under thisTMDL.

Non-Point Source Load Reduction

Nortpoint sources are regarded as the primary contributing factor to the occasional total copper
excursgons in the watershed. The LA equds zero for flows a 0.167 cfs (81-9 percent
exceedances, as seen on Table 4 and Figure 7), ance the flow at this condition may be entirely
created by the effluent, and then increasesto the TMDL curve with increasing flow beyond 0.167
cfs(Figure7). Sediment control practices such asbuffer stripsand grassed waterways should help
reduce any anthropogenic non-point copper loadings under higher flows as wdl as reduce the
sediment transported to the stream that may occur during the critical flow period.

The anticipated average LA source reduction was caculated by subtracting the LA from the
GWLF non-point loading esimate. This estimate is 5.141 Ibs/day, which represents an
approximate 93 percent reduction from current non-point loading estimates.

Margin of Safety

Federa regulations (40 CFR 8130.7(c)(1)) requirethat TMDL stake the MOSinto consideration.

The MOS is a conservative measure incorporated into the TMDL equation that accountsfor the
uncertainty associated with calculating the alowable copper pollutant loading to ensure water
qudity sandardsareattained. USEPA guidancedlowsfor useof implicit or explicit expressonsof
the MOS, or both. When conservative assumptions are used in development of the TMDL, or
consarvativefactors are used in the cdculaions, the MOSisimplicit. When a specific percentage
of the TMDL is set asde to account for uncertainty, then the MOS is considered explicit. This
copper TMDL rdies on both an implicit and explicit MOS derived from a variety of caculations
and assumptions made which are summarized below. The net effect of the TMDL with MOS s
that the assmilative capacity of the watershed is dightly reduced.

NPDES permitting procedures used by KDHE are conservetive and provide animplicit MOS built
into thecdculations (e.g., whether or not to dlow amixing zone). Asan example, thecaculationto
determine the permit limit is based on the long term average trestment efficiency based on a 90
percent probability that the discharge will meet the WLA. It is common knowledge that the
efficency of amechanicd MWTP isgreater during prolonged dry weather than under wet westher
conditions. Thelog-normd probability ditribution curvesfor treatment plant performance used by
USEPA to determine the long-term average takesinto account wet westher reduction in efficiency
for cdculating the 90th percentile discharge concentration of copper (USEPA 1996). During wet
westher periods there would be water flowing in Eagle Creek, further diluting the MWTP

19



discharge. Another conservative assumption that isthe WLA cal culation usesthe design flow rather
than actud effluent flows, which are lower.

Uncertainty Discussion

Key assumptions used. Following is a lig of operating assumptions utilized to support the
cdculations, duein part to the limited data s&t.

The lowest stream flow was adjusted to assure that it would not drop below the design
flow of the Olpe MWTP

Concentration of copper in wastewater effluent occurred at one- haf theanaytical detection
limit—5 pg/L isthe assumed vaue.

Matched flow data for USGS sation for Pottawatomie Creek near Garnett was used
rather than actud flow datafor Eagle Creek.

Water hardness val ues used for flow-hardness regression equation to calculate WQS for
copper.

Output from GWLF mode output from L DCs, for non-point source loading was compared
to estimate non+point load reduction.

Totd loading data was not norma and required log-transformation to support the
cdculations.

The LDC method is used to caculate TMDLSs in generd because it relies on measured water
qudity data and paired water hardness data, and a wide range of “flow exceedance’ data
representing acomplete range of flows articipated at Eagle Creek. Giventhelack of water quality
data, GWLF is the most reliable method for deriving current nonpoint source loading and non-
point load reduction because of the large non-point source data base throughout the watershed.

Using measured WQS excursions (Figure 3) toestimateload reduction. Load reductionis
defined asthe positive difference between the WQS and the measured | oad (exceedance), and may
be estimated from the |l oad exceedances shown on Figure 3. However, dueto the smdl number of
exceedances from the overdl water quality monitoring data, the uncertainty was too large and
therefore the GWLF modd |oad estimate was preferred and was used instead.

Comparing GWLF output with LDC TMDL. Itispossibleto comparethe non-point loadsfor
copper using the GWLF and LDC methods. Thethree basic differences between the GWLF and
LDC approaches to making these estimates are: (1) GWLF output is based on watershed
precipitation datarather than measured flow dataand therefore resultswoul d not be expected to be
comparable between the two methods; (2) the GWLF agorithms more completely account for
copper loadings (including natural background concentrations of copper in soil) because GWLF
edimates the total amount of sediment loading from the watershed to the receiving water; and (3)
the ambient water quaity data used to develop the LDC only accounts for the portion of copper
detected in thewater column and does not take into account the copper loading from the watershed
that resdes in the bed load. Thisfact dso partidly explains the higher copper loading estimates
provided by the GWLF output.
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Seasonal Variability: Federa regulations (40 CFR 8130.7(c)(1)) requirethat TMDLstakeinto
congderation seasond variability in goplicable standards. WQS exceedances occurred during
winter and spring (higher flows) rather than during summer and fdl (lower flows), and as such it
gppears that seasond variability, especialy during periods of higher flows, is a controlling factor
within this TMDL.

State Water Plan Implementation Priority: Because the copper imparment is due to natural
contributions, this TMDL will be aLow Priority for implementation.

Unified Watershed Assessment Priority Ranking: This watershed lies within the Neosho
Headwaters Basin (HUC 8: 11070201) with a priority ranking of 38 (Medium Priority for
restoration).

Priority HUC 11s and Stream Segments: Because the natural background affects the entire
watershed, no priority subwatersheds or stream segments will be identified.

5. IMPLEMENTATION

Copper containing chemicas are used extensvely in agriculture. Copper sulfate is probably the
most common chemicd usedinthearea. Copper sulfateisused asafeeding supplement or dip for
hogs, cattle, and other farm animd. Itisdsoisused to clear ponds and irrigation cands of agee.

Desired | mplementation Activities

1. Identify sources of copper in sormwater runoff.
2. Ingdl grass buffer strips where needed dong streams.
3. Educate users of copper-contaning chemicas concerning possible pollution problems

I mplementation Programs Guidance

Non-Point Sour ce Pollution Technical Assistance— KDHE

= Support Section 319 demondtration projects for pollution reduction from livestock
operations in watershed.

= Provide technical assistance on practices geared to smdl livestock operations which
minimize impact to stream resources.

» Invedigaefedera programssuch asthe Environmenta Quadlity Improvement Program,
which are dedicated to priority subbasinsthrough the Unified Watershed Assessment,
to priority stream segments identified by this TMDL.

Water Resource Cost Share & Non-Point Sour ce Pollution Control Programs—
SCC

= Ingddl livestock waste management systems for manure storage.

= |mplement manure management plans.
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= Coordinate with USDA/NRCS Environmenta Quadlity Improvement Program in
providing educationd, technical and financia assstance to agriculturd producers.

Riparian Protection Program — SCC

= Develop riparian restoration projects aong targeted stream segments, epecidly those
areas with baseflow.

= Design winter feeding areas away from streams.

Buffer Initiative Program — SCC

= |ngtdl grass buffer strips near streams.

= Leverage Consarvation Reserve Enhancement Program to hold riparian land out of
production.

Extension Outreach and Technical Assstance- Kansas State Univer sity
= Educate livestock producers on riparian and waste management techniques.

=  Educate chemicd and herbicide users on proper gpplication rates and timing.
*  Provide technica assstance on livestock waste management design.

= Continue Section 319 demonstration projects on livestock management.

Agricultural Outreach — KDA
= Provide information on livestock management to commodity advocacy groups.
= Support Kansas State outreach efforts.

Timeframe for I mplementation: Continued monitoring over the years from 2002 to 2007.

Targeted Participants. Primary participants for implementation will be the landowners
immediately adjacent to Eagle Creek that use copper-containing chemicas. Some inventory of
copper uses should be conducted in 2005- 2006 to identify such activities. Such an inventory would
be done by local program managerswith appropriate assi stlance by commodity representativesand
state program staff in order to direct state assistance programsto the principd activitiesinfluencing
the qudity of the streams in the watershed during the implementation period of this TMDL.

Milestone for 2007: Theyear 2007 marksthe midpoint of the tenyear implementation window
for the watershed. At tha point in ime, sampled data from the Eagle Creek watershed should
indicate no evidence of increasing copper levels relaive to the conditions seen in 1993-2001.
Should the case of impairment remain, source assessment, alocation and implementation activities
will ensue.

Delivery Agents. The primary ddivery agents for program participation will be the Kansas
Department of Hedlth and Environment and the State Conservation Commission.



Reasonable Assurances:

Authorities: The following authorities may be used to direct activities in the watershed to
reduce pollution.

1. K.S.A. 65-171d empowersthe Secretary of KDHE to prevent water pollution and
to protect the beneficid uses of the waters of the state through required trestment of
sewage and established water qudity standards and to require permitsby personshavinga
potentid to discharge pollutants into the waters of the state.

2. K.S.A. 21915 empowers the State Conservation Commission to develop
programs to asss the protection, conservation and management d soil and water
resources in the state, including riparian aress.

3. K.SA. 75-5657 empowers the State Conservation Commission to provide
financia assstance for loca project work plans developed to control nonpoint source
pollution.

4. K.SA. 82a-901, et seq. empowers the Kansas Water Office to develop a state
water plan directing the protection and maintenance of surface water qudity for thewaters
of the Sate.

5. K.S.A. 82a-951 createsthe State Water Plan Fund to finance the implementation
of the Kansas Water Plan.

6. The KansasWater Plan and the Neosho Basin Plan providethe guidance to ate
agencies to coordinate programs intent on protecting water quality and to target those
programs to geographic aress of the gtate for high priority in implementation.

Funding: The State Water Plan Fund, annudly generates $16- 18 million andisthe primary funding
mechaniam for implementing water qudity protection and pollution reduction activitiesin the Sae
through theKansas Water Plan. The state water planning process, overseen by the Kansas Water
Office, coordinates and directs programs and funding toward watersheds and water resources of
highest priority. Typicaly, the datedlocates at least 50% of the fund to programs supporting water
quality protection. Thiswatershed and its TMDL are aLow Priority consideration.

Effectiveness: Buffer drips are touted as a meansto filter sediment before it reaches a stream
and riparian restoration projects have been acclamed as a sgnificant means of stream bank
dabilization. Thekey to effectivenessis participation within afinite subwatershed to direct resources
to the activitiesinfluencing water qudity. The milestones established under thisTMDL areintended
to gauge the leve of participation in those programs implementing this TMDL.
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With respect to copper, should participation sgnificantly lag below expectations over the next five
years or monitoring indicateslack of progressin improving water quaity conditions, the sate may
employ more gringent conditions on agricultural producers and urban runoff in the watershed in
order to meet the desired copper endpoint expressed inthisTMDL. The state hasthe authority to
impose conditions on activities with a sgnificant potentid to pollute the waters of the state under
K.S.A. 65-171. If overadl water qudity conditions in the watershed deteriorate, a Critical Water
Quality Management Areamay be proposed for the watershed.

6. MONITORING

KDHE will continue to collect bimonthly samples at rotational Station 634 in 2004 and 2008
including total copper samplesin order to assess progress and successinimplementing thisTMDL.
Should impaired status remain, the desired endpoints under this TMDL may be refined and more
intengve sampling may need to be conducted under specified high flow conditions over the period
2007-2011. Useof thered timeflow data available a the Big Creek near Leroy stream gaging
gation can help direct these sampling efforts. Also, use of USEPA Method 1669 - Sampling
Ambient Water for Trace Metds at USEPA Water Quality CriteriaLevesfor ultra-clean copper
sampling and andysis could hdp to further define potentialy bioavailable and toxic forms of copper
occurring in the subwatershed.

7. FEEDBACK

Public Meetings. Public meetingsto discuss TMDL s in the Neosho Basin were held January 9,
2002 in Burlington, March 4, 2002 in Council Grove, and July 30, 2004 in Marion. An active
Internet Web site was established at hitp://mwww.kdhe.state.ks.us'tmdl/ to convey informaiontothe
public on the generd establishment of TMDL s and specific TMDLs for the Neosho Basin.

Public Hearing: Public Hearings onthe TMDL s of the Neosho Basn wereheld in Burlington and
Parsons on June 3, 2002.

Basin Advisory Committee: The Neosho Basn Advisory Committeemet to discussthe TMDLs
in the basin on October 2, 2001, January 9, March 4, and June 3, 2002.

Discussion with Interest Groups: Megtings to discuss TMDLs with interest groupsinclude:
Kansas Farm Bureau: February 26 in Parsons and February 27 in Council Grove

Milestone Evaluation: In 2007, evauation will be made asto the degree of implementation that
has occurred within the watershed and current condition of the Eagle Creek watershed.
Subsequent decisions will be made regarding the implementation approach and follow up of
additiona implementation in the watershed.
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Consideration for 303(d) Delisting: The wetland will be evaluated for delisting under Section
303(d), based on the monitoring data over the period 2007-2011. Therefore, the decison for
delisting will come about in the preparation of the 2012 303(d) list. Should modificationsbe made
to the gpplicablewater qudity criteriaduring the tenyear implementation period, consderation for
deliging, desred endpoints of this TMDL and implementation activities may be adjusted
accordingly.

I ncor por ation into Continuing Planning Process, Water Quality Management Planand the
KansasWater Planning Process: Under the current version of the Continuing Planning Process,
the next anticipated revison will come in 2003 that will emphasze revison of the Water Qudlity
Management Plan. At that time, incorporation of this TMDL will be made into both documents.
Recommendations of this TMDL will be congdered in Kansas Water Plan implementation
decisions under the State Water Planning Process for Fiscd Y ears 2003-2007.
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APPENDIX A
WATER QUALITY DATA
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Table A-1 Data Used to Generate the Flow Duration Curve

Flow (cfs)
P 6914000 | F29'e
Cr
99 0.01 0.00
98 0.05 0.00
97 0.07 0.00
9% 0.10 0.00
95 0.10 0.00
04 0.12 0.00
93 0.14 0.00
92 0.16 0.00
91 0.18 0.00
90 0.20 0.00
89 0.24 0.00
88 0.28 0.00
87 0.32 0.09
86 0.36 0.10
85 0.40 0.11
84 0.50 0.12
83 0.60 0.14
82 0.70 0.15
81 0.80 0.17
80 0.90 0.18
79 1.16 0.21
78 142 0.23
77 1.68 0.26
76 1.94 0.28
75 2.20 0.31
74 2.58 0.35
73 2.96 0.39
72 3.34 0.43
71 3.72 0.47
70 4.10 0.51
69 4.68 0.56
68 5.26 0.61
67 5.84 0.66
66 6.42 0.71
65 7.00 0.76
64 7.96 0.83
63 8.92 0.90
62 9.88 0.96
61 10.84 1.03
60 11.80 1.09
59 13.08 1.19
58 14.36 1.28
57 15.64 1.38
56 16.92 1.47
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Flow (cfs)

P 6914000 | £29'€
Cr
55 18.20 157
54 19.76 1.69
54 19.76 1.69
53 21.32 181
52 22.88 1.94
51 24.44 2.06
50 26.00 2.18
49 27.86 2.33
48 29.72 2.48
47 31.58 2.62
46 33.44 2.77
45 35.30 2.01
44 37.58 3.06
43 39.86 3.20
42 42.14 3.35
41 44.42 3.49
40 46.70 3.64
39 49.30 3.93
38 51.90 4.22
37 54.50 451
36 57.10 4.80
35 59.70 510
34 63.84 5.46
33 67.98 5.82
32 72.12 6.19
31 76.26 6.55
30 80.40 6.92
29 85.98 7.43
28 91.56 7.94
27 97.14 8.44
26 102.72 8.95
25 108.30 9.46
24 11654 | 1034
23 12478 | 11.21
22 133.02 | 12.08
21 14126 | 12.96
20 14950 | 13.83
19 167.00 | 1558
18 18450 | 17.33
17 202.00 | 19.07
16 21950 | 20.82
15 237.00 | 2257
14 28162 | 26.79
13 32624 | 31.01
13 32624 | 31.01
13 32624 | 31.01




Flow (cfs)

o

6914000 | E29'€
Cr

370.86 35.24

415.48 39.46

460.10 43.68

613.50 50.23

766.90 58.24

920.30 70.98

1073.70 87.36

1227.10 109.20

2062.83 138.32

2898.55 185.64

3734.28 273.00

4570.00 451.36

480.48

- 516.88

- 560.56

- 618.8

- 691.6

- 764.4

- 873.6

- 1092

oee|e|e|e|e(e|e 2=
NN PSS B Y R 11 kil e el il Al Sl I Bl A (ST IINY
1

- 1383.2

Notes. - indicates data not available
Source: USGS 2001
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TableA-2  Water Quality Data for Station 634 and Matched Flow Data Used to
Support the Load Duration Curve

Collection Flow Copper Concentration Hardness Acute WQS
Date (cfs) (ug/L) (mg/L CaCO,) (ug/L)
1/6/1993 351 19.0 224.00 29.9
3/3/1993 3660 25.0 102.00 14.3
5/19/1993 136 11.0 247.00 32.8
7/7/1993 11200 16.0 114.00 15.8
9/8/1993 3.2 27.0 248.00 32.9
1/15/1997 8.1 10.0 343.23 44.7
3/12/1997 63 5.3 320.75 42.0
5/14/1997 20 6.1 271.74 35.9
7/16/1997 112 8.3 192.24 25.9
9/3/1997 1.8 13.2 199.51 26.8
11/12/1997 8.6 9.8 243.09 32.3
3/15/2001 328 8.6 150.11 20.5
3/15/2001 328 5.9 146.37 20.0
5/10/2001 19 7.1 247.61 32.9
7/19/2001 3 40.9 216.87 29.0
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APPENDIX B
INPUT AND OUTPUT DATA FOR GWLF MODEL



Eagle Creek Input

LAND USE AREA(ha) CURVE NO KLSCP
CROPLAND AND PASTURE 25430. 87.0 0.02000
DECIDUOUS FOREST LAND 32. 83.0 0.02000
HERBACEOUS RANGELAND 4214. 87.0 0.02000
STRIP MINES 35. 98.0 0.02000
LAKES 4. 0.0 0.00000
RESERVOIRS 29. 0.0 0.00000
COMMERCIAL AND SERVICES 13. 98.0 0.02000

MXD URBAN OR BUILT-UP  55. 98.0 0.02000
MONTH ET CV() DAY HRS GROW. SEASON EROS. COEF
JAN .000 9.7 0 2

FEB .000 10.6 0 2

MAR .000 11.8 0 2

APR 9.000 13 0 2

MAY .000 14 1 3
JUNE .000 145 1 3
JULY .000 143 1 3

AUG 9.000 134 1 3
SEPT 9.000 12.2 1 3

OCT 9.000 11 1 3

NOV 9.000 10 0 2

DEC 9.000 9.4 0 2

ANTECEDENT RAIN+MELT FOR DAY -1TODAY -5

0 0 0 0

0

INITIAL UNSATURATED STORAGE (cm) =
INITIAL SATURATED STORAGE (cm)= 0

RECESSION COEFFICIENT (1/day) =

.01

SEEPAGE COEFFICIENT (L/day) = O

INITIAL SNOW (cm water) =

0

SEDIMENT DELIVERY RATIO = 0.065

UNSAT AVAIL WATER CAPACITY (cm) = 10
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EAGLE CREEK YEAR SIMULATION

YEAR PRECIP
1 88.2
2 69.6
3 108.5
4 70.8
5 74.8

YEAR
1
2
3
4
5

Eagle Creek Output

EVAPOTRANS GRWAT.FLOW

85.0

60.8

83.3

63.0

58.4

EROSION

222.1

201.7

360.8

188.8

250.2

RUNOFF STREAMFLOW
0.0 13.2 13.2
0.0 7.8 7.8
0.0 26.1 26.1
0.0 7.8 7.8
0.0 16.4 16.4
SEDIMENT
14.4
131
234
12.3
16.3



