NEOSHO BASIN TOTAL MAXIMUM DAILY LOAD

Water Body/Assessment Unit: Big Creek (Leroy)
Water Quality Impairment: Copper

1. INTRODUCTION AND PROBLEM IDENTIFICATION

Subbagn: Upper Neosho
Counties: Coffey, Greenwood, and Lyon, Kansas
HUC 8: 11070204

HUC 11 (HUC 14s): 010 (040, 050 and 060)
Drainage Area: 130.9 square miles

Main Stem Segments.  Segment 14 garting a confluence with the Neosho River in south-centra
Coffey County and upstream to confluence of North and South Big Creek in
south-centra Coffey County (Figure 1).

Tributary Segments: North Big Creek (16)
Varvel Creek ( 43)
Dinner Creek (823)

Designated Uses: Expected Aquatic Life Support, Primary Contact Recrestion, Domestic Water
Supply and Food Procurement for Main Stem Segment 14.

Impaired Use: Expected Aquatic Life Support

Water Quality Standard:  acute criterion = WER[EXP[(0.9422* (In(hardness)))- 1.700]]

Hardness-dependent criteria (KAR 28-16-28e(c)(2)(F)(ii)). Aquetic Life
(AL) Support formulae are: (where Water Effects Ratio (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 Aquetic Life

Monitoring Site: Station 615 near LeRoy

Period of Record Used for Monitoring and Modeling: 1992, 1996, and 2000 for Station 615.
Generalized Watershed Loading Function (GWLF) modeling period for soils dataiis 1998 — 2002.

Flow Record: Pottawatomie Creek near Garnett (USGS Station 06914000) match to Big Creek near
LeRoy (USGS 07182710). Flow duration curve for this TMDL was estimated by



USGS (2004) and a summary of the flow data used to generate the load duration
curvesareincluded in Table A-1 of the TMDL report.

Figurel Big Creek Location Map
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Long Term Flow Conditions. 10 % Exceedance Flows = 157.2 cfs, 95 % = 0.0786 cfs
Critical Condition: Wet wegther and high flow

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

Summary of Current Conditions:
Edtimated Average Non-Point Load of Copper from Sediment: 6.021 Ib/day (2,198 |b/yr)
(derived from GWLF annud estimate of sediment loading)

Estimated Point Source Load (Gridley MWTP): 0.0016 Ib/day
(assumed copper concentration multiplied by MWTP design flow [0.059 cfg])

Edtimated Tota Current Load: 6.023 |b/day
(estimated non-point copper load from sediment (GWLF) + estimated point source |oad)

Summary of TMDL Results:

Average TMDL.: 0.937 Ib/day
Waste Load Allocation (WLA): 0.0057 |b/day
Average Load Allocation (LA): 0.838 Ib/day

(Average LA = average TMDL —WLA — average MOS; see Figure 7 for LA at specific flow
exceedance ranges)

Average Margin of Safety (MOS): 0.0937 Ib/day

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

Non-Point: 5.183 Ib/day (86.1%)
(equa to TMDL reduction)

GWLF Modding and Non-Point L oad Estimates

Exiging non-point source loads of copper to Big Creek were estimated using the Generalized Watershed
Loading Function (GWLF) (Haith et a. 1996) modd. The model, in conjunction with some externd
gporeadsheet calculations, estimates dissolved and total copper loads in surface runoff from complex
watersheds such as Big Creek. Both surface runoff and groundwater sources are included in the
amulations. The GWLF mode requires daily precipitation and temperature data, runoff sources and



trangport, and chemica parameters. Transport parameters include areas, runoff curve numbers for
antecedent moisture condition 1l, and the eroson product KLSCP (Universal Soil Loss Equation
parameters) for each runoff source. Required watershed transport parameters are groundwater recesson
and seepage coefficients, available water capacity of the unsaturated zone, sediment ddlivery ratio, monthly
vauesfor evapotranspiration cover factors, average daylight hours, growing season indicators, and rainfal
erosvity coefficients. Initial valuesmust aso be specified for unsaturated and shalow saturated zones, snow
cover, and five-day antecedent rainfal plus snowmelt.

Input data for copper in soils were obtained from Soil Conservation Service (SCS) and USGS (e.g.,
Juracek and Mau 2002, 2003). The modd for Big Creek was run using a5-year period, January 1998-
December 2002, and first year resultswere ignored to eiminate effectsof arbitrary initid conditions. Daily
precipitation and temperature records for the period were obtained from the Western Regiond Climate
Center (Haith, et al. 1996). All transport and chemical parameters were obtained by genera procedures
described in the GWLF manud (Haith, et al. 1996), and vaues used in the modd are in Appendix C.
Parameters needed for land use were obtained from the State Soil Geographic (STATSGO) Database
compiled by Natural Resources Conservation Service (NRCYS) (Schwarz and Alexander 1995).

For each land use area shown on Figure 4, NRCS Curve Number (CN), length (L), and gradient of the
dope(S) wereestimated fromintersected € ectronic geographicinformation sysems (GIS) land useand soil
type layers. Soil erodibility factors (K) were obtained from the STATSGO database (Schwarz and
Alexander 1995). Cover factors (C) were selected from tables provided in the GWLF manua (Appendix
C). Supporting practice factors of P= 1 were used for al source areasfor lack of detailed data. Area
weighted CN and Ky, (LS)k, Ck, and P values were calculated for each land use area. Coefficients for
daly rainfdl erosvity were selected from tables provided in the GWLF manud. Modd input variablesand
model outputs are shown in Appendix B.

To cdculate the watershed yield for copper, the GWLF moded was run to generate the average annud
runoff and average annua sediment load generated from each subwatershed. Average sediment copper
concentrations were derived from severa USGS studies of lake and river bottom sediments in Kansas
(Mau 2004). Theaverage sediment copper concentrationsfor thisareaare gpproximatdly 33.5 ug/g (ppm).
This mass concentration of copper in sediments was used in conjunction with the total suspended solids
(TSS) concentrationsfrom ambient sampling to determine the particul ate portion of the ambient tota copper
results that are attributable to copper in suspended sediments.

The ambient dissolved copper concentration was conservatively assumed to be the same concentration
asin the runoff generated from the watershed. This fraction was estimated using partitioning
assumptions implicit in the modd. In addition, the average sediment concentration of 33.5 pg/g for
copper in soil was used with the GWLF generated average annud sediment yield to calculate the
average annua copper yied 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. Thistable displaysa
continuum of desired loads over dl flow exceedance ranges, rather than fixed & asingle vdue. Ambient
water quality data from the KDHE rotationa sampling Station 615 were categorized for each of the
three defined seasons: spring (Apr-Jul), summer-fal (Aug-Oct) and winter (Nov-Mar). Flow data and
ambient water quality datafor copper and hardness, collected between the period of February 1992,
1996, and 2000, from Station 615 are provided in Appendix A, Table A-2. High flows and runoff
generdly equate to lower flow exceedance (high flow) ranges; baseflow and point source influences
generdly occur in the 75-99 percent (low flow) range.

From Table 1 atota of four acute WQS excursions can be seen in two of three defined seasons. There
were no exceedances during the winter sampling season. The four exceedances account for the impaired
water body designation and the inclusion of the Big Creek watershed on the 2002 K ansas §303(d) lig.

Tablel Number of Samples Exceeding Copper WQS by Flow During Spring,
Summer/Fall, and Winter

Percent Flow Exceedance Cumulative
Station Season 0to 10% |10to 25% ]25t0 50% |50 to 75% 75 to 90% 90to 100% |Frequency
Big Creek [Spring 1 0 1 0 0 0 2/6 (33.3%)
near Le Summer-Fall 0 1 1 0 0 0 2/6 (33.3%)
Roy (615) |Winter 0 0 0 0 0 0 0/6 (0%)

Figure 2 compares KDHE measured copper concentrations with paired hardness- specific acute WQS
vauesfor total copper. Ascan be seen onthediagram, atotal of four exceedances were measured during
that time. The most recent exceedance was measured in October 1996. Based on Figure 2, copper
concentrations appear to have diminished considerably since 1996.

Estimated Big Creek flow datafor the associ ated sampl e date was 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 calcuate the observed load and the assimilative capacity based on the acute WQS,
respectively. Differencesin the observed |oad from the acute WQS load were calculated by subtracting
the acute WQS load from the observed load and positive (i.e. above zero) differences indicate load
exceedances.



Figure2 Comparison of Total Copper Concentrationswith Paired Har dness-Specific
Acute WQS for Monitoring Station 615
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Compliance with chronic WQS for copper. ThisTMDL Report does not address compliance with the
chronic copper toxicity because representative datafor chronic conditions did not support a 2002 303(d)
listing for Big Creek; the listing was based on exceedances of the acute WQS only. However, agenerd

eva uation was a so conducted to determine whether compliance with the acute WQS would be adequately
protective of chronic toxicity. To perform this evaluation, the average copper concentration (representing
the long-term average, or [L TA]) wasdivided by the sandard deviation to yield the coefficient of variation
(CV). If the CV isgresater than 0.3 then the variation in the datais believed to be adequately addressed by
the acute WQS, and no further evaluation of chronic toxicity would be necessary. For Big Creek, the CV

for the copper concentrations was greater than 0.3 (0.63), suggesting that compliance with the acute WQS
would be adequatdly protective of chronic toxicity aswell.

Figure 3 summarizesthe copper load exceedances plotted against percent flow exceedances, calculated by
subtracting the observed load minus the acute WQS load. Excursions were observed at various flows,
including those flows believed to be associated with both point and non-point sources of copper inputs.
Only four excursionswere observed, which occurred a 5 percent, 14 percent, 34 percent and 48 percent
flow exceedance, respectively. This suggests that excursgons only occur a high and somewhat medium
flow, with no excursgons observed in the low flow conditions. This observation therefore suggedts that
loading occurs from nonpoint sources.



It was not necessary to demondtrate stable hydrol ogic conditions because only transient (acute) excursions
were conddered in thiscomparison. [naddition, therewasno apparent Satistical correlation between flow
and hardness.

Figure3 Exceedances of Acute Total Copper WQS L oad as a Function of Percent Flow
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The KDHE 2002 303(d) list identifies the aquatic life use of Big Creek asimpaired as aresult of copper
exceedances, accordingly, 40 CFR8130.7(c)(1) statesthat “ TMDL s shdl be established at levelsnecessary
to attain and maintain the applicable narrative and numerica water qudity sandard.” The water quality
standard for copper is caculated using the hardness- dependent equation (KDHE 2003):

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

The desired endpoint of the Big Creek watershed isfor total copper concentrations attributed to identified
potential sources of copper in the watershed to remain below the acute WQS in the stream. This desired
endpoint should improve water qudity in the creek at both low and high flows. Seasond variation is
accounted for by the TMDL, since the TMDL endpoint accounts for the low 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), as directed by this TMDL Report (see Implementation — Appendix A). Achievement of this
endpoint will provide full support of the aguatic life function of the creek and attain the tota copper WQS.



3. SOURCE INVENTORY AND ASSESSMENT

General Watershed Description: The Big Creek watershed lieswithin Coffey, Greenwood, and Lyon
Counties, Kansas, with the mgority lying within Coffey County. The Big Creek drainage area is

gpproximately 131 square miles. The watershed' s population density islow when compared to densities
across the Neosho Basin (6-9 persons per square mile). The rura population projection for Coffey

County, for example, through 2020 shows modest growth (17 percent increase). Population Satisticsfor
this part of Kansas show generdly light dengties (for example, dl of Coffey County’s population in 2000
was8865). Theannud averagerainfal intheBig Creek watershed isapproximately 32.4 inches (based on
data from Topeka, Kansas). Approximately 70 percent of this precipitation fdls between April and
September.  Ten to 18 inches of snow fdls 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 showsthe generd land use categorieswithin the Big Creek watershed derived from
USEPA BASINS Verson 3.0 land use/land cover data (USGS 1994). Cropland and pastures cover
approximately 86 percent of the total acreage in the Big Creek watershed, with rangeland covering
approximately 14 percent. Figure 4 depicts the land use categories that occur within the Big Creek
watershed.

Table2 Land Use Categories
LANDUSE TYPE Total Acres % Of Total
CROPLAND AND PASTURE 33,377 86
DECIDUOUS FOREST LAND 157 0.40
HERBACEOUS RANGELAND 5,423 14
MIXED URBAN OR BUILT-UP 24 0.06
OTHER AGRICULTURAL LAND 8 0.02
OTHER URBAN OR BUILT-UP 13 0.03
RESERVOIRS 32 0.08
TOTALS 39,034 100




Figure4

Big Creek Watershed Land Use Map
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The grazing dengity esimateislow to averagein thewatershed when compared to dengtieselsewhereinthe
Neosho Basin (28-35 animds per square mile). The Office of Sociad and Economic Trend and andlys's
(SETA) (1997) reports about 31,000 combined head of poultry and livestock for dl of Coffey County, the
predominant county in which the Big Creek watershed is located. Given the smdl sze of the rurd
population and thelimited resdentid and commercid land use, land devel opment impactsto water qudity in
Big Creek are expected to be limited.

Soils. Figure 5, derived from STATSGO data, generally represents soil s types prevaent throughout the
Big Creek watershed. Mgor soil types throughout the region of the Big Creek Watershed are silty clay
loam, clay, and slt loam (Schwarz and Alexander 1995).

No copper datain soil or sediment was found specificaly within the Big 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 limestones and two shaes), soils and stream
sediments. Thetota and acid soluble fraction of copper concentrations found in rocks ranged from 16-
34 parts per million (ppm) and 1.6-9.5 ppm, respectively. The total, exchangeable fraction, and acid
soluble fraction of copper found in soils ranged from 18-56 ppm, 2.4-3.1 ppm and 5.0-6.8 ppm,
repectively. Thetotal, exchangeablefraction 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.
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Figure5

Big Creek Watershed Soils Map

SREENWOO 0 COUNTY

—
[State and County Locator Map|
1)

T\ . /’ "‘“\x

,‘i WODDS0N COUNTY / NG -
/ ' - =3

Ving .'L\__r'III}\'I | . h
- - ‘:\ )
\, — |
-~ ™, g
f N
| ' ~~ .
I. = .-'F
ol Type egend 'I f
| K3151 A  Dischargars o
[ 1 ks183 = Cities and Towns ™,
| ket Sreams \_,— 5 |
I Ksee2 m— ig Creak | _
| KS211 ~ . I““m : Contar
B ks21e |~ Subsalershes Boudaries \\H . \\.
] | County Boundanes — \ 1 1.6 3 ﬂu\nu" -

1



Point Sour ce Discharges

One NPDES- permitted wastewater discharger is located within the watershed, the Gridley wastewater
treatment plant (MWTP), with adesign flow of 0.038 million gdlons per day (mgd) (Table 3).

Table3 NPDES Permitted Discharger to Big Creek
DISCHARGING FACILITY STREAM REACH SEGMENT DESIGN FLOW TYPE
Gridley MWTP South Big Creek 17 0.059 cfs Lagoon

The City of Gridley relies on a two-cdll lagoon system with 150-day detention times for trestment of its
wastewater. The population projection for Gridley to theyear 2020 indicatesadight increase. Projections
of futurewater use and resulting wastewater appear to bewithin the design flowsfor of the current sysem’s
treatment capacity. At Station 615, excursions from the copper WQS appear to occur primarily under
runoff conditionsor higher flows. Of sgnificanceto point sourcesisthelack of excursonsunder lowflowin
al seasons, especidly during winter, therefore point sources are not seen as asignificant source of copper
loading in the watershed. The City of Gridley relies on atwo-cell lagoon system with 150-day detention
times for trestment of its wastewate.

Examination of the effluent monitoring information of the city of Gridley indicates that no permit limits have
been set for copper, and thus no monitoring data were available from thisMWTP. There are no NPDES
permitted anima feeding operations within the Big Creek Watershed.

Non-point Sour ces

Nonpoint sources include those sources that cannot be identified as entering the water body a a specific
location. Non-point sourcesfor copper may originate from roads and highway's, urban areas or agriculture
lands. Some automobile brakepads are a source of copper as are some building products such as
plumbing, wiring, and paints (Boulanger and Nikolaidis 2003).

In aUniversty of Connecticut study, Boulanger and Nikolaidis (2003) found eevated concentrations of
total copper in runoff from copper roofed areas (ranging from 1,460 pg/L to 3,630 pg/L). They dsofound
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, automobilefluid leakage,
and fertilizer and pesticide applicationswere reportedly responsiblefor the concentrations of copper onthe
paved and lawn areas. In asmilar sudy conducted at the University of Maryland, Davis et al. (2001)
found the largest contribution of copper to be from brake emissions (47 percent), building sding

(22 percent), and atmospheric deposition (21 percent), with smaler contributionsfrom copper roofing, tires
and oil leskage (10 percent). Thus, dthough these studies suggest that residentid, roadway, and

commercid land uses may represent nortpoint pollutant source of copper, given the smal proportion of
these typesof land usethat occur in the Big Creek watershed, such copper contributionsare assumed to be
minimd.



Agricultural sources. Themost probable non-point source of copper may be from the extensive amount
of agriculture activity that occursin the watershed. Two operations are registered, certified or permitted
within the watershed. Thesefacilities (beef or sheep) are in subwatersheds contributing to the listed main
stem or tributaries of Big Creek. NPDES permits, also non-discharging, areissued for facilitieswith more
than 1,000 animds. None of the facilities in the watershed are of thissze. Totd potentid animasfor al
fadlitiesis 238. Permitted livestock facilities have waste management systems designed to minimize runoff
entering their operaions or detaining runoff originating from these areas. Such systems are designed to
retain the 25 year, 24 hour rainfal/runoff event, aswell as an anticipated two weeks of norma wastewater
fromther operations. Suchrainfal eventstypicaly coincidewith stream flowswhich are exceeded lessthan
1 — 5 percent of the time. Requirements for maintaining the weter level of the waste lagoons a certain
distance below the lagoon berms ensures retention of the runoff from these intense, loca storm events.
However, no specific dataisavailable on copper concentrationsfor any of thesefacilities. Copper sulfateis
widdly used for treetment and nutrition of livestock, trestment of orchard diseases, and removal of nuisance
aquiatic vegetation such as fungi and agee.

Thereare gpproximately 75,000 cattlein Lyon County (KASS 2002; SETA 1997). Dairy and besef cattle
may suffer from various hoof diseasesthat istypicaly trested 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 represent a possible nonpoint source of copper in the Big 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 hog grown to 250 pounds will have released approximately 1.5 tons of copper-
containing waste (Richert 1995). Thus, pastimproper management of thiswaste may have created alegacy
source of copper in the Big Creek watershed.

Soybean crops cover gpproximately 60,000 acresin Lyon County (SETA 1997). Copper deficiency in
soybeans is corrected by application of three to sx pounds of copper as copper sulfate per acre
(Menge 1990). In addition, copper-based pesticides are currently the 18" most widdy used pesticidein
the United States (Avery 2001). Such agricultura applications could therefore represent anonpoint source
of copper to the Big Creek watershed.

Non-point Source Assessment Conclusion

The above discussion concerning nonpoint sources of copper is a quditative assessment of the potentia

anthropogenic sources of copper in the Big Creek watershed. It ispossible that some copper may originate
from automobile brake deposts, building materiads, and copper-based pesticides and feed or fertilizers.
Dueto the rdatively low dengty of human populationsin the Big Creek watershed, copper loadings from
urban land uses on the impaired portions of Big Creek may be quite limited, while those from agricultura

land use may be more substantial.

Naturaly occurring copper in soils may congtitute asubstantial portion of estimated loadingsto Big Creek.
To cdculate the watershed yield for copper, the GWLF modd was run to generate the average annua
runoff and average annua sediment |oad discharged to Big Creek. Thismodeing was conducted based on
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average sediment copper concentrations derived from severd U.S. Geologicd Survey (USGS) studies of
lake and river bottom sedimentsin Kansas (Juracek and Mau 2002, 2003). The average sediment copper
concentrations for this area are gpproximately 33.5 ug/g (ppm), which are eevated compared to soilsin
many other parts of the country.

4. ALLOCATION OF POLLUTION REDUCTION RESPONSIBILITY

Following is a discusson of the results of the TMDL process for total copper a Big Creek, and an
evauation of potential sources and responghbility.

TMDL Calculations

Figure 6isaplot of hardnessvs. flow to deineate any potential correlation between these variablesin the
Big Creek watershed. Although hardnessis known to generdly beinversely proportiond to flow, thereis
no apparent satistica relationship between these two variables at Big Creek. Thisevauation isimportant
becauseit helpsto define the effects of flow on copper bioavailability and toxicity, and in addition provides
vauableingght into hydrologic flow conditions for the Big Creek watershed. Because the regression was
not found to be gatigticaly sgnificant (p > 0.05), the 90 percent LCL value for measured hardness data
(145.9 mg CaCO4/L at Big Creek) was used to derive the acute WQS vaue for copper. This hardness
vaue yielded an acute WQS value of 19.98 ug/L, which was derived to support the TMDL.

Figure6 Correlation Between Hardness and Flow at Big Creek
300
*
250
*
Py -
L 4
w . 200
o0
Q 6 -
c 0O .
g8 i -
gg . y = 0.6175x + 124.49
= * 2 _
R*=0.1723
100 p =0.087
50
O T T T T
20 40 60 80 100

Percent Flow Exceeded

14



Figure7 showstheload duration curve depicting the Big Creek TMDL, WLA, LA, andMOS. Figure7
aso shows measured |oading from the KDHE water quality monitoring station aswell as estimated current
loads. The TMDL was developed using the acute WQS derived using the 90 percent LCL total hardness
(approximately 145.9 mg CaCOs/L). TheMOSisshown asthedotted linebelow the TMDL, and thearea
below the MOS and above the WLA representsthe LA in Figure 7.

Figure7 Load Duration Curve Used to Derive TMDL
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The caculated average TMDL for total copper in Big Creek was computed as follows:
TMDL (0.937 Ib/day) = LA (0.837 Ib/day) + WLA (0.0057 Ib/day) + MOS (0.0937 Ib/day)

The current point source loading could be overestimated, especidly at low flows (i.e. high percent load
exceedance). The estimated point source loading was dightly higher than the observed loading.

Figure 8, which shows more potentid WQS exceedances for tota copper, compares the historicd tota

copper loading to theload duration curvefor three specific hardnessva uesthat are representative of typica

seasond variaion in Big Creek. Figure 8 appears to be an effective predictor of potentid WQS
exceedancesin part because three representative hardnessranges are used to estimate total copper loadings
to the watershed. No seasond effects are apparent in either Figure 7 or Figure 8.

Results of normality testing. Results of the normdity testing for water hardness data from Big Creek
indicated that dl datanormaly distributed, and it was not necessary to log-transform these datato estimate
the TMDL. For the data sets used to support al averaged load estimates such as TMDL, LA/WLA,
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MOS, and load reduction, results of normdity testing indicating that these data were not normaly
distributed, and it was necessary to log-transform the data before the ca culations could be completed.

Figure 8 Comparison of Measured total Copper Load by Season to Load Duration
Curve at Specific Hardness Values
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TMDL Pollutant Allocation and Reductions

Any dlocation of wasteloads and loads will be made in terms of tota copper reductions. Y et, because
copper loadings are amanifestation of multiple factors, theinitia pollution load reduction responsbility will
beto decreasethetota copper inputsover thecritica range of flowsencountered on the Big Creek system.
Allocationsrelate to the average copper levels seen in the Big Creek system at Station 615 for thecritical
higher flow conditions. Additiona monitoring over timewill be needed to further ascertain the rdationship
between copper reductions of non-point sources, flow conditions, and concentrations within the stream.

In caculating the TMDL the average condition is consdered across the seasons to establish god's of the
endpoint and desired reductions. Therefore, the target average copper level was multiplied by the average
daily flow for Big Creek across dl hydrologic conditions. Thisis represented graphicaly by the integrated
areaunder the copper load duration curve (Figures 7 and 8). Theareaissegregated into allocated areas
assigned to point sources (WLA) and non-point sources (LA). Futureincreases in wasteloads should be
offset by reductions in the loads contributed by non-point sources. This offset, dong with appropriate
limitations, is expected to eventudly diminate the imparment.
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WLA for Big Creek

The WLA for the Big Creek TMDL used the design flow for the single permitted point source discharge
(Gridley MWTP), and assumed ageneralized copper concentration of 5 pug/L based on anationwide study
of copper dischargesin treated wastewater (Tchobanoglousand Burton 1991). Thetota estimated WLA
for the single NPDES discharge is 0.0057 Ib/day. Figure 7 dearly shows that based on the estimated
WLA, there appears to be no historical excursons for copper from point sources.

LA for Big Creek
The LA was edimated by filling in the formula
LA (0.837 Ib/day) = TMDL (0.937 Ib/day) — MOS (0.0937 Ib/day) — WLA (0.0057 Ib/day)

This calculation strongly suggests that the mgjority of copper loading occurs from non permitted nonpoint
discharges, and that the contribution from NPDES point source discharges is by comparison virtualy
negligible. The load from dl non-point sources is contributed from miscellaneous land uses, dthough the
mgority of the LA gppearsto comefrom soil loading, which may be representative of natural background.

TheLA assgnsresponghility for maintaining the historical averagein-stream copper levelsat Station615to
bel ow acute hardness- dependent WQS va uesfor specific flow exceedancelevels. AsseenonFigure?,
the asamilative capacity for LA equaszerofor flowsat 0.059 cfs(96- 99 percent exceedance), sincethe
flow a thiscondition may beentirdy effluent created, and then increasestothe TMDL curvewithincreasing
flow beyond 0.06 cfs.

Point Source Load Reduction

Point sources are respongble for maintaining their systems in proper working condition and providing
appropriate cgpacity to handle anticipated wastel oads of their respective populations. NPDES permitswill
continue to be issued on five year intervals, with ingpection and monitoring requirements and conditiona
limits on the qudity of effluent rdeased from these facilities. Ongoing ingpections and monitoring of the
systemswill be made to ensure that minimal contributions have been made by this source.

Based upon the preceding assessment, the only permitted point source discharge is the MWTP from the
City of Gridley, which may contribute copper to the Big Creek watershed upstream of Station 615. This
dischargewas conddered inthe WLA estimate. Thedesgn flow of the discharging point source equasthe
lowest flows seen at Station 615 (96 - 99 percent flow exceedance), and the WL A equasthe TMDL curve
across this flow exceedance range Figure 7. No reduction in point source loading is consdered
necessary under thisTMDL.

Non-Point Source Load Reduction

Non-point sourceisregarded asthe primary contributing factor to the occasond total copper excursonsin
the watershed. The LA isanticipated to be negligible (i.e., equa to zero) for flowsat 0.059 cfs, sincethe
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flow at this condition may be entirely created by the effluent from the point sourcedischarger. TheLA then
increases as the TMDL curve increases with higher flow vaues (Figure 7). Sediment control practices
such as buffer strips and grassed waterways should help reduce anthropogenic non-point copper loadings
under higher flows as wel as reduce the sediment transported to the stream that may occur during the
critica flow period.

The anticipated average LA source reduction was cal culated by subtracting the LA from the GWLF nor+
point loading estimate. Thisestimateis5.18 Ib/day, which represents an gpproximate 86 percent reduction
from current nonpoint loading estimates.

Margin of Safety

Federd regulations [40 CFR 8130.7(c)(1)] require that TMDLSs take the MOS into consderation. The
MOS is a conservative measure incorporated into the TMDL equation that accounts for the uncertainty
associated with caculating the alowable copper pollutant loading to ensure water qudity standards are
attained. USEPA guidance dlows for use of implicit or explicit expressons of the MOS, or both. When
consarvative assumptions are used in development of the TMDL, or conservative factors are used in the
cdculations, the MOS is implicit. When a specific percentage of the TMDL is set asde to account for
uncertainty, then the MOSis congdered explicit. Thiscopper TMDL relieson both animplicit and explicit
MOS derived from avariety of caculations and assumptions made which are summarized below. The net
effect of the TMDL with MOS is that the assmilative capacity of the watershed is dightly reduced.

NPDES permitting procedures used by KDHE are conservative and provide animplicit MOS built into the
cdculations (e.g.,whether or not to dlow amixing zone). Asan example, the caculation to determine the
permit limit isbased on thelong term average treetment efficiency based on a90 percent probability thet the
discharge will meet the WLA. It is common knowledge that the efficiency of a mechanicd MWTP is
greater during prolonged dry weether than under wet weether conditions. The log-norma probability
digtribution curves for treatment plant performance used by USEPA to determine the long-term average
takes into account wet weather reduction in efficiency for caculating the 90th percentile discharge
concentration of copper (USEPA 1996).

During wet wegther periods there would be water flowing in Big Creek, thus reducing the effect of the
MWTP discharge. Another conservative assumption is that the WLA cdculation uses the design flow
rather than actua effluent flows, which are lower.

Uncertainty Discussion

Key assumptions used. Followingisalist of operating assumptions utilized to support the caculations
duein part to the limited data set:
Thelowest stream flow was adjusted to assure that it would not drop below the design flow of the
MWTP discharge.
Discharged concentration of copper occurred at one- hdf theandyticd detection limit; 5 pg/L isthe
assumed vaue.
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Matched flow data for USGS dation for Pottawatomie Creek near Garnett (USGS Station
06914000) was used rather than actual flow datafor Big Creek.

90 percent LCL vaue for water hardness used to cal culate acute WQS for copper.

Output from GWLF modd for non-point source loading was compared to output from land
duration curves (LDC) to estimate non-point load reduction.

Tota loading data was not normaly distributed and required log-transformation to support the
cdculations.

The LDC method is used to caculate TMDLs in generd because it relies on measured water quaity data
and paired water hardness data, and awide range of “flow exceedance’ datarepresenting acompleterange
of flowsanticipated at Big Creek. Giventhelack of water quality data, GWLF isthe most reliable method
for deriving current non-point source loading and non-point load reduction because of the large non-point
source data base throughout the watershed.

Using measured WQSexcursons(Figure 5) to estimateload reduction. Load reductionisdefined as
the positive difference between the WQS and the measured | oad (exceedance), and may be estimated fram
the load exceedances shown on Figure 5. However, due to the smal number of exceedances from the
overdl water quality monitoring data, the uncertainty was too large and therefore the GWLF mode 1oad
estimate was preferable and was used instead.

Comparing GWLF output with LDC TMDL. Itispossibleto comparethe non-point loadsfor copper
using the GWLF and LDC methods. The three basc differences between the GWLF and LDC
approaches to making these estimates are: (1) GWLF output is based on watershed precipitation data
cdibrated to flow rather than measured flow data and therefore results would not be expected to be
completely consstent between the two methods; (2) the GWLF agorithms more completely account for
copper loadings (including natura background concentrations of copper in soil) because GWLF estimates
the total amount of sediment loading from the watershed to the receiving water; and (3) the ambient water
quality dataused to devel op the LDC only accountsfor the portion of copper detected inthewater column
and does not take into account copper loading from the watershed that resides in the bed load. Due to
thesefactors, it isanticipated that the sediment and copper loads estimated using the GWLF modd would
be somewnhat higher than estimates derived using the LDC method.

Seasonal Variability

Federd regulations[40 CFR 8130.7(c)(1)] requirethat TM DL stake into consderation seasona variability
in applicable standards. Because the acute WQSfor copper appliesyear around and because the observed
WQS excursions occurred during severa seasons of the year, seasond variability is not expected to bea
controlling factor within this TMDL.

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

Unified Watershed Assessment Priority Ranking: Thiswatershed lieswithin the Upper Neosho
Basin (HUC 8: 11070204) with a priority ranking of 20 (High Priority for restoration).
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Priority HUC 11sand Stream Segments: Because the naturd 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 chemica usedinthearea. Copper sulfateis used asafeeding supplement or dip for hogs, cettle,
and other farm animd. Itisasoisused to clear ponds and irrigation cands of agee.

Desired | mplementation Activities

1. Identify sources of copper in ormwaeter runoff.

2. Ingdl grass buffer strips where needed dong streams.

3. Educate users of copper-containing chemicas concerning possible pollution problems

Implementation Programs Guidance

Non-Paoint Sour ce Pollution Technical Assissance— KDHE

= Support Section 319 demondtration projectsfor pollution reduction from livestock operationsin
watershed.

= Providetechnica assstance on practices geared to smdl livestock operations which minimize
impact to stream resources.

» Investigatefedera programs such asthe Environmenta Quality Improvement Program, which
are dedicated to priority subbasins through the Unified Watershed Assessment, to priority
Stream segments identified by this TMDL.

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

= Ingdl livestock waste management systems for manure storage.

*  Implement manure management plans,

= Coordinate with USDA/NRCS Environmental Qudity Improvement Program in providing
educationd, technica and financia assistance to agricultura producers.

Riparian Protection Program — SCC

= Develop riparian restoration projects along targeted stream segments, especially those areas
with baseflow.

= Design winter feeding areas away from streams.

Buffer Initiative Program — SCC

= Indal grass buffer strips near streams.
= Leverage Conservetion Reserve Enhancement Program to hold riparian land out of production.
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Extension Outreach and Technical Assstance- Kansas State Univer sity

= Educate livestock producers on riparian and waste management techniques.
= Educate chemica and herbicide users on proper application rates and timing.
= Provide technical assistance 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.

Timeframefor |mplementation: Continued monitoring over the years from 2002 to 2007.

Targeted Participants. Primary participants for implementation will be the landowners immediately
adjacent to Big 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 loca program
managers with appropriate assstance by commaodity representatives and state program staff in order to
direct sate assstance programs to the principd activities influencing the qudity of the streams in the
watershed during the implementation period of this TMDL.

Milestone for 2007: The year 2007 marks the midpoint of the tenyear implementation window for
the watershed. At that point in time, sampled data from the Big Creek watershed should indicate no
evidence of increasing copper leves rdative to the conditions seen in 1993-2001. Should the case of
impairment remain, source assessment, adlocation and implementation activities will ensue.

Delivery Agents: The primary delivery agentsfor program participation will be the Kansas
Department of Hedlth and Environment and the State Conservation Commission.

Reasonable Assur ances:

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

1. K.SA. 65-171d empowers the Secretary of KDHE to prevent water pollution and to
protect the beneficia uses of the waters of the state through required treatment of sewage and
established water quality standards and to require permits by persons having a potentia to
discharge pollutants into the waters of the Sate.

2. K.S.A. 2-1915 empowers the State Conservation Commission to develop programs to
ass g the protection, conservation and management of soil and water resources in the state,
including riparian aress.

3. K.S.A. 75-5657 empowers the State Conservation Commission to provide financid
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assistance for local project work plans developed to control nonpoint source pollution.

4. K.S.A. 82a-901, et seg. empowers the Kansas Water Office to develop a state water plan
directing the protection and maintenance of surface water qudity for the waters of the state.

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

6. The Kansas Water Plan and the Neosho Basin Plan provide the guidance to state agencies
to coordinate programs intent on protecting water quality and to target those programs to
geographic areas of the ate for high priority in implementation.

Funding: The State Water Plan Fund, annually generates $16-18 million and is the primary funding
mechanism for implementing water qudity protection and pollution reduction activitiesin the Sate
through the Kansas 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. Typicdly, the state alocates at least 50% of the fund to programs supporting water
quality protection. This watershed and its TMDL are aLow Priority consideration.

Effectiveness: Buffer strips aretouted asameanstofilter sediment beforeit reachesastream and riparian
restoration projects have been acclamed as a Sgnificant means of stream bank stabilization. The key to
effectiveness is participation within a finite subwatershed to direct resources to the activities influencing
water qudity. Themilestones established under thisTMDL areintended to gaugethelevel of participationin
those programs implementing this TMDL.

With respect to copper, should participation significantly lag below expectations over the next five yearsor
monitoring indicates lack of progress in improving water qudity conditions, the state may employ more
stringent conditionson agricultura producers and urban runoff in the watershed in order to meet thedesired
copper endpoint expressed inthisTMDL.. The Sate hasthe authority to impose conditionson activitieswith
a sgnificant potential to pollute the waters of the state under K.SA. 65-171. If overal water quaity
conditions in the watershed deteriorate, a Criticd Water Quality Management Areamay be proposed for
the watershed.

6. MONITORING

KDHE will continueto collect bimonthly samplesat rotationa Station 615 in 2004 and 2008 including total

copper samples in order to assess progress and success in implementing this TMDL. Should impaired
datus remain, the desired endpoints under this TMDL may be refined and more intensve sampling may

need to be conducted under higher flow conditions between the period 2007-2011. Useof thered time
flow data available a the Big Creek near LeRoy stream gaging station, or other appropriate sation, can
help direct these sampling efforts. Also, use of USEPA Method 1669 - Sampling Ambient Water for Trace
Metdsat USEPA Water Qudlity CriteriaLevelsfor ultra-clean copper sampling and andysiscould help to
further define potentialy bioavailable and toxic forms of copper occurring in the subwatershed.



7. FEEDBACK

Public Meetings. Public meetings to discuss TMDLs 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
Ste was established at http://mww.kdhe.state ks.us/tmdl/ to convey informetion to the public on the
generd establishment of TMDLs and specific TMDLSs for the Neosho Basin.

Public Hearing: Public Hearings on the TMDLSs of the Neosho Basin were held in Burlington and
Parsons on June 3, 2002.

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

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

Milestone Evaluation: In 2007, evauation will be made as to the degree of implementation that has
occurred within the watershed and current condition of the Big Creek watershed. Subsequent decisons
will be made regarding the implementation approach and follow up of additiona implementation in the
watershed.

Consderation for 303(d) Ddlisting: The wetland will be evauated for ddisting under Section 303(d),
based on the monitoring data over the period 2007-2011. Therefore, the decison for deligting will
come about in the preparation of the 2012 303(d) list. Should modifications be made to the gpplicable
water qudity criteria during the ten-year implementation period, consideration for delisting, desired
endpoints of this TMDL and implementation activities may be adjusted accordingly.

I ncor poration into Continuing Planning Process, Water Quality Management Plan and the
Kansas Water Planning Process: Under the current version of the Continuing Planning Process, the
next anticipated revison will come in 2003 that will emphasize 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 consdered in Kansas Water Plan implementation decisons
under the State Water Planning Process for Fiscal Y ears 2003-2007.

23


http://www.kdhe.state.ks.us/tmdl

References

Ames 1996. Hairy Heel Warts, Foot Rot, Founder: The Enemies, N. Kent Ames, DVM, Michigan
Dairy Review, May 1996, Veterinary Extenson, Michigan State Universty.

Avery 2001. Nature' s Toxic Tools: The Organic Myth of Pesticide-Free Farming, Alex A. Avery, Cinter
for Globa Food Issues, Hudson Ingtitute, Churchville, Virginia

Boulanger, Bryan and Nikolaos P. Nikolaidis. 2003. Mobility and Aquatic Toxicity of Copper inan Urban
Watershed. Journd of the American Water Resources Association. 39(2):325-336.

Davis 2004. From the Ground Up Agronomy News, Jassica Davis and Bill Wailes, November-
December 2001, Volume 21, Issue 6, Cooperative Extension, Colorado State University.

Davis, Allen, P. Mohammad Shokouhian, and Shubel Ni. 2001. Loading estimates of Lead, Cooper,
Cadmium, and Zinc in Urban Runoff from Specific Sources. CHEMOSPHERE. 44(2001)997-
1009.

Haith, D. A., R. Mandd, and R. S. Wu. 1996. GWLF: Generdized Watershed Loading Functions,
Verson 2.0, Usar's Manud. Department of Agriculturd & Biologica Enginesring. Corndl
Univergty, Ithaca, NY.

Juracek, K. E. and D. P. Mau. 2002. Sediment Deposition and Occurrence of Selected Nutrients and
Other Chemical Congtituentsin Bottom Sediment, Tuttle Creek Lake, Northeast Kansas, 1962-99.
Water-Resources Investigations Report 02-4048. USGS. Lawrence, Kansas.

Juracek, K. E. and D. P. Mau. 2003. Sediment Deposition and Occurrence of Selected Nutrients, Other
Chemica Condtituents, and Diatoms in Bottom Sediment, Perry Lake, Northeast Kansas, 1969-
2001. Water-Resources Investigations Report 03-4025. USGS. Lawrence, Kansas.

KASS 2002. Kansas Farm Facts 2002 County Profiles. Agricultural Satistics and Rankings for
2002, Kansas Agricultural Statistics Service, Kansas Department of Agriculture, U.S. Department
of Agriculture

KDHE. 2002a. Kansas Water Quality Assessment 305(b) Report. Kansas Department of Health and
Environment, Divison of Environment. April 1, 2002.

KDHE. 2002b. Methodology for the Evauation and Development of the 2002 Section 303(d) List of
Impaired Water Bodiesfor Kansas. Kansas Department of Health and Environment, Watershed
Planning Section. September 5, 2002.

KDHE. 2003. Kansas Adminigrative Regulations (KAR). Current Water Qudity Standards KAR 28-
16-28b through 28- 16- 28f.

Mau, D.P. 2004. Sediment Deposition and Trends and Transport of Phosphorus and Other Chemical
Congtituents, Cheney Reservoir Watershed, South-Centra Kansas.

24



US.  Geologicd Survey, Water-Resources Investigations Report  01-4085.
http://ks.water.usgs.gov/kansas/pubs/reports .

Mengd 1990. Role Of Micronutrients In Efficient Crop Production, David B. Mengd, Agronomy
Guide, Purdue University Cooperative Extenson Service, West Lafayette, Indiana.

Richert 1995. Assessing Producer Awareness of the Impact of Swine Production on the Environment,
Brian T. Richert, Mike D. Tokach, Robert D. Goodband, Jim Nelssen, August 1995, Journd of
Extension, Volume 33 Number 4, Kansas State University, Manhattan, Kansas.

Schwarz, G.E., and R.B. Alexander. 1995. State Soil Geographic (STATSGO) Data Base for the
Conterminous United States. U.S. Geological Survey, Reston, VA.

SETA (Office of Socia and Economic Trend Andyss). 1997. Census of Agriculture for Lyon County,
Kansas. http://www.setaiastate.edu/agcensus.aspx state=K S& fips=20111

Tchobanoglous, George and Franklin L. Burton 1991. Wastewater Engineering, Treatment, Disposal,
and Reuse. Metcalf & Eddy, Inc. 3¢ Ed. New York. McGraw-Hill, Inc.

USEPA 2003. Guidancefor 2004 Assessment, Listing and Reporting Requirements Pursuant to Sections
303(d) and 305*(b) of the Clean Water Act; TMDL-01-03. Memorandum from Diane Regas,
Director, Office of Wetlands, Oceans, and Watersheds, July 21, 2003.

USGS. 2001. Water Resources of the United Statess NWIS web online hydrologic data
http://water.usgs.gov.

USGS. 1994 Land Use/Land Cover Data.  http://edowww.cr.usgs.gov/products/|andcover/lul c.html

USGS. 2004. Estimated FHlow Duration Curves for Selected Ungaged Sites in Kansas. Water
Resources Investigations Report: No. 01-4142.
http://ks.water.usgs.gov/K ansas/pubs/reports/wir.01-4142.htmli#HDR14

Whittemore, D.O. and Switek, J., 1977. Geochemica controlson trace e ement concentrationsin natura
waters of a proposed cod ash landfill dte Kansas Water Resources Research Indtitute,
Contribution no. 188, Manhattan, KS, 76 p.

25


http://ks.water.usgs.gov/Kansas/pubs/reports/wir.01-4142.html#HDR14
http://edcwww.cr.usgs.gov/products/landcover/lulc.html
http:http://water.usgs.gov
http://www.seta.iastate.edu/agcensus.aspx?state=KS&fips=20111
http://ks.water.usgs.gov/kansas/pubs/reports

APPENDIX A
WATER QUALITY DATA

26



Table A-1; Data Used to Gener ate the Flow Duration Curve

Flow (cfs)
P 6914000 7182710
99 0.01 0.06
99 0.01 0.06
98 0.03 0.06
97 0.05 0.06
96 0.08 0.06
95 0.10 0.08
94 0.12 0.10
93 0.14 0.11
92 0.16 0.14
91 0.18 0.15
90 0.20 0.20
89 0.24 0.23
88 0.28 0.27
87 0.32 0.31
86 0.36 0.34
85 0.40 0.38
84 0.50 0.43
83 0.60 0.49
82 0.70 0.54
81 0.80 0.60
80 0.90 0.66
79 1.16 0.75
78 142 0.84
77 1.68 0.93
76 1.94 1.02
75 2.20 111
74 2.58 1.26
73 2.96 1.40
72 3.34 1.55
71 3.72 1.69
70 4.10 1.83
69 4.68 2.02
68 5.26 2.20
67 5.84 2.38
66 6.42 2.57
65 7.00 2.75
64 7.96 2.99
63 8.92 3.22
62 9.88 3.46
61 10.84 3.69
60 11.80 3.93
59 13.08 4.27
58 14.36 4.61
57 15.64 4.95
56 16.92 5.29
55 18.20 5.63
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Flow (cfs)

P 6914000 7182710
54 19.76 6.08
53 21.32 6.52
52 22.88 6.97
51 24.44 7.41
50 26.00 7.86
49 27.86 8.38
48 29.72 8.91
47 31.58 9.43
46 33.44 9.96
45 35.30 10.48
44 37.58 11.00
43 39.86 11.53
42 42.14 12.05
41 44.42 12.58
40 46.70 13.10
39 49.30 14.15
38 51.90 15.20
37 54.50 16.24
36 57.10 17.29
35 59.70 18.34
34 63.84 19.65
33 67.98 20.96
32 72.12 22.27
31 76.26 23.58
30 80.40 24.89
29 85.98 26.72
28 91.56 28.56
27 97.14 30.39
26 102.72 32.23
25 108.30 34.06
24 116.54 37.20
23 124.78 40.35
22 133.02 43.49
21 141.26 46.64
20 149.50 49.78
19 167.00 56.07
18 184.50 62.36
17 202.00 68.64
16 219.50 74.93
15 237.00 81.22
14 281.62 96.42
14 281.62 96.42
13 326.24 111.61
12 370.86 126.81
11 415.48 142.00
10 460.10 157.20
9 613.50 180.78
8 766.90 209.60
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Flow (cfs)
6914000 7182710
920.30 255.45
1073.70 314.40
1227.10 393.00
2062.83 497.80
2898.55 668.10
3734.28 982.50
4570.00 1624.40
- 1729.20
- 1860.20
2017.40
- 2227.00
- 2489.00
- 2751.00
- 3144.00
- 3930.00
- 4978.00

R S S N S S S S N NI S A N
RIN[w|s|o|o |~ |o
1

Notes: - indicates data not available
Source: USGS 2001
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Table A-2: Water Quality Data for Station 615 and M atched 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)
2/12/1992 0.64 14.0 164.00 22.31
4/15/1992 29 75.0 182.00 24.61
6/10/1992 1560 29.0 81.00 11.48
8/5/1992 65 37.0 125.00 17.27
10/7/1992 1.4 10.0 159.00 21.67
12/9/1992 266 26.0 209.00 28.04
2/21/1996 0.15 7.9 229.95 30.68
4/17/1996 0 7.4 266.22 35.22
6/19/1996 48 11.9 113.54 15.78
8/14/1996 0 10.7 155.57 21.23
10/9/1996 300 27.7 133.88 18.43
12/4/1996 568 10.2 103.65 14.48
1/31/2000 4 9.7 217.19 29.07
4/3/2000 55 114 169.76 23.05
6/5/2000 1.9 3.9 218.62 29.25
8/7/2000 0.21 4.7 102.41 14.32
10/2/2000 0.03 2.2 151.09 20.65
11/27/2000 0.37 4.0 120.90 16.74




APPENDIX B
INPUT AND OUTPUT DATA FOR GWLF MODEL
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TRANSPRT DATA

Big Creek Input

LAND USE AREA(ha) CURVE NO KLSCP

CROPLAND AND PASTURE 13503. 82.0 0.02000
DECIDUOUS FOREST LAND 64. 77.0 0.02000
HERBACEOUS RANGELAND 2195. 78.0 0.02000
OTHER AGRICULTURAL LAND 7. 86.0 0.02000
RESERVOIRS 13. 0.0 0.00000
MXD URBAN OR BUILT-UP 15. 98.0 0.02000

MONTH ET CV() DAY HRS GROW. SEASON EROS. COEF
JAN 0.500 9.7 0 2
FEB 0.500 10.6 0 2
MAR 0.500 11.8 0 2
APR 0.500 13 0 2
MAY 0.500 14 1 3
JUNE 0.700 145 1 3
JULY 0.700 14.3 1 3
AUG 0.700 134 1 3
SEPT 0.700 12.2 1 3
OCT 0.700 11 1 3
NOV 0.500 10 0 2
DEC 0.500 9.4 0 2

ANTECEDENT RAIN+MELT FOR DAY -1TODAY -5

0 0 0 0 0

INITIAL UNSATURATED STORAGE (cm) = 10

INITIAL SATURATED STORAGE (cm) = 0
RECESSION COEFFICIENT (L/day) =
SEEPAGE COEFFICIENT (Lday) = 0

INITIAL SNOW (cm water) = O

SEDIMENT DELIVERY RATIO = 0.065

.01

UNSAT AVAIL WATER CAPACITY (cm) =

10

32



Big Creek Output

YEAR PRECIP EVAPOTRANS GRWAT.FLOW RUNOFF STREAMFLOW

----------------------------------------------------------------- (CM) == mm e e
1 88.2 42.3 33.7 7.6 41.3

2 69.6 429 22.9 3.7 26.6

3 108.5 475 41.0 17.0 57.9

4 70.8 41.0 311 4.0 35.1

5 74.8 41.1 20.1 11.4 315

YEAR EROSION SEDIMENT

------------------- (G100 o] V) Ee———————
1 117.9 7.7

2 107.0 7.0

3 191.5 12.4

4 100.2 6.5

5 132.8 8.6



