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1. Executive Summary/Conclusions

lllinois River Studies

Numerous studies have explored phosphorus (P) ioatie lllinois River Watershed (IRW) to
the streams and rivers within the watershed andke Tenkiller. Observed data and models
indicate nonpoint source pollution is the majortcdwitor to P within the streams and rivers of
the IRW and to Lake Tenkiller. Poultry waste apafion within the IRW to pastures is
identified as a substantial contributor to oveRalbads within IRW streams and rivers and Lake
Tenkiller.

Poultry Waste and P Generation

Each of the defendants’ poultry operations withia Hlinois River Watershed (IRW) produces a
substantial amount of poultry waste and phosphoRailtry waste produced within the IRW
range between 354,000 and more than 500,000 tonsmbyn Phosphorus content of the poultry
waste ranges from 8.7 million to nearly 10 millipounds annually.

Poultry Waste Land Application

Common practice for poultry waste disposal is lapgdlication to pasture and cropped areas. A
substantial amount of the defendants’ poultry wasid P is land applied within the IRW
annually. The poultry waste is applied during thiey season from late winter through spring.

Observed P Loads in the lllinois River Watershed

The P loads to Lake Tenkiller averaged approxingiéb,000 lbs annually between 1997 and
2006. This represents a significant P load tddke and is much greater per unit area than for
other watersheds the region.

Point Sources of P in the Illinois River Watershed

A portion of the P in the IRW reaching Lake Terills from Waste Water Treatment Plant
(WWTP) discharges. P discharges from IRW WWTP lehanged over time peaking at
slightly more than 204,000 Ibs annually in the B®®0s and early 2000s. Beginning in 2003,
WWTP P discharges decreased to a little more tBa009 Ibs annually in the IRW due to
changes in WWTP technology. The defendants’ pracgdacilities discharge a significant
amount of P to WWTPs and thus contribute to poisb&ces within the IRW.

Phosphorus Mass Balance

A P mass balance for the lllinois River Watershetidates poultry production is a substantial
contributor to P within the lllinois River WaterghePoultry production within the lllinois River
Watershed is currently responsible for more tha# o6 P movement into the watershed.

P Loads in the IRW Based on Continued Poultry Waaiel Application

Average annual P loads to water in the lllinoisédRiWatershed attributable to poultry waste
application to pastures is calculated at between0@® Ib to nearly 500,000 Ib annually based
on poultry P application to the landscape andditee P loss coefficients.
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Poultry House Density Correlated to Elevated P Ileue Runoff and Base Flow

The analyses of observed P in runoff and in basefito 14 small watersheds within the lllinois
River Watershed that were sampled in 2005 and 2800& a strong and statistically significant
correlation between P in runoff and in baseflow padltry house density. Sub-basin poultry
house densities are strong predictors of streaah pbbsphorus concentration showing a cause
and effect relationship between poultry house dpera and phosphorus concentrations in IRW
waters. From these analyses, it is evident thaltqgyonaste is a substantial contributor to P in
stream runoff and in the baseflow within streamgheflllinois River Watershed.

Hydrologic/Water Quality Modeling of Illinois Riv&Watershed

1.

2.

Engel

The hydrologic/water quality model was able to aately model the P loads to IRW
rivers and streams and Lake Tenkiller.

For continued poultry waste application in the IRWturrent levels, modeled P loads to
Lake Tenkiller would increase during the first 3fays. For the next 70 years, P loads to
Lake Tenkiller would decline slightly and stabilizelevels above current Lake Tenkiller
P loads due to P saturation of soils.

Cessation of poultry waste application in the IR\WWWud decrease P loads to Lake
Tenkiller. The reductions in P loads to Lake Tdekidue to poultry waste land
application cessation would be limited to 16% dgtiine first 10 years following
cessation due to continued P load contributions fingstorical poultry waste application
in the IRW that have elevated soil P. Following lpyuvaste land application cessation
in the IRW, reductions in P loads to Lake Tenkilluld reach 50% by years 51-60.
For continued growth in the IRW poultry industryaatate the same as that between 1982
and 2002, P loads to Lake Tenkiller would incremdestantially. Within 40-50 years, P
loads to Lake Tenkiller would nearly double (in@e&f 92%).

The addition of vegetated 100 foot buffers alon@4lorder and larger IRW streams
combined with poultry waste application cessatiothe IRW would provide further
reductions of P loads of between 3 and 5% comparpdultry waste application
cessation alone. The addition of vegetated 100Huoffers along all IRW streams
combined with poultry waste application cessatiothe IRW would provide further
reductions of P loads of between 10 and 13% condgarpoultry waste application
cessation alone.

P loads to Lake Tenkiller would be more than 276,88 less than current levels (less
than %2 of current levels) if poultry waste had mdseen disposed of in the IRW. It
would take approximately 100 years of cessatiopoofitry waste application to return P
loads in the IRW to what they would have been ipoaltry waste land application had
occurred.

P loads to Lake Tenkiller since 1954 have increasegbproximately 10,000 Ibs per year.
Poultry waste application in the IRW is responsibleapproximately 6,600 Ibs of this
increase each year.

Poultry waste land application in the IRW is a sab8al contributor (45% between 1998
and 2006 and 59% between 2003 and 2006) to P toddske Tenkiller, representing the
largest P source. WWTP P loads are the seconediacgntributor to P loads to Lake
Tenkiller. Poultry plant discharges to WWTP reprégsa significant portion of WWTP P
loads.



9. Cattle in the IRW recycle P brought into the IRWded poultry that is excreted by
poultry and land applied to pastures within the IRAlthough the P contribution of
cattle is from poultry waste, cattle acceleratertttwement of P into IRW streams and
rivers when they excrete waste in and near IRWABtse Six percent of P loads to Lake
Tenkiller result from cattle in and near IRW stresam

10.The contributions of septic systems to P loadsé&nlRW are negligible.

Additional data from the IRW continue to becomeilade. These data will be used to refine
analyses reported herein and in new analyses as@fgie. Therefore, | reserve the right to
update this report.
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2. Review of lllinois River Watershed Studies - P @ntribution

Numerous studies have explored P loads in thelfiRiver Watershed (IRW) to the streams
and rivers within the watershed and to Lake TeekilAnalysis of these reports indicates that
poultry waste application to pastures within the i@eshed is a substantial contributor to P in
the streams and rivers of the watershed and to Ldlemkiller.

The majority of these studies indicate that P iretetreams and rivers within the IRW has
increased over time. These studies consistentlyctuate that nonpoint sources of P are a
substantial contributor to total overall P loads tbe lllinois River, its tributaries, and Lake
Tenkiller. When these studies identified the soeraf nonpoint source P, they consistently
identify land application of poultry waste as theimary nonpoint sourcelnformation is
summarized from these reports in the remaindehisfdection.

Observed data and models indicate nonpoint souroyion is the major contributor to P
loads within the streams and rivers of the IRW atalLake Tenkiller. Poultry waste
application within the IRW to pastures is identifleas the major and a substantial contributor
to overall P loads within IRW streams and rivers@hake Tenkiller.

The USGS (Terry et al., 1984) conducted an extensater quality study on the lIllinois River
above Lake Frances from September 1978 to SeptetBBér The study concluded that
existing water quality in the lllinois River, andweral tributaries, did not meet the Arkansas
State Guideline of 100 ug/l total phosphorus (asmBjreams.

Oklahoma’s 305(b) Report (Oklahoma Department diuBon Control, 1984 as reported by
Gade (1998)) included an assessment of trendsftaic water quality parameters at USGS
gauging stations 07195500 (lllinois River at Wat@5)196000 (Flint Creek near Kansas, OK),
07196500 (lllinois River near Tahlequah), and OT®7(Baron Fork near Eldon, OK) for the
period from 1975 to 1983 done by the Oklahoma Diepamt of Pollution Control (ODPC). The
report concluded there was an apparent increaseng in concentrations of total phosphorus at
all four stations.

Walker (1987 as reported by Gade (1998)) reviewled'& STORET data base and Gakstatter
and Katko’s data (1986 as reported by Gade (19898))concluded that phosphorus
concentrations have increased by a factor of rquigit to three over the past decade. Walker
used flow-weighted annual mean total P concentratio develop conclusions about trends. He
suggested it would be proper to compare yearsmpesable flow to determine if total
phosphorus concentrations had indeed increasedkeW\aso concluded the most probable
cause for accelerated eutrophication in Lake Tekig increased point source nutrient loadings
since nonpoint sources tend to be rich in nitroghlile point sources tend to be rich in
phosphorus (Walker, 1987 as reported by Gade (1998)ker’s interpretation is incorrect
because poultry waste contains significant amoohBsthat is not in proportion to plant needs.
Thus, when poultry waste has been applied to nheatitrogen needs of plants there is
inevitably an excessive P application to pastungbé IRW.
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Jobe et al. (1996) recommended a 30-40% reductiontrient input into Lake Tenkiller
(“Clean-Lakes” Diagnostic and Feasibility StudyDenkiller Lake, Oklahoma).

The authors of lllinois River Water Quality, Maangertebrate and Fish Community Survey
explored EPA STORET data. Atthe Savoy statiotal t® load increases slightly despite high P
peaks in mid 80s. They noted that peak values sedra in response to increased runoff.

Burks and Kimball (1988 as reported by Gade (19p8jjormed a study evaluating existing
concentrations of nutrients transported by thadis River to make an assessment of the
potential effects of water quality in Lake Tenkill@hey used QUALZ2E (a water quality model)
on the lower reaches of the lllinois River abové&é denkiller and the upper segment of Lake
Tenkiller. They found a projected decrease ingritirirom Tahlequah’s WWTP after
construction and implementation of a P removalesystvould be adequate in reducing the rate
of eutrophication in Lake Tenkiller. However, theyncluded that other point and non-point
sources within the basin would still contributehe further deterioration of water quality in
Lake Tenkiller. They recommended concerted effiargsublic and private agencies to reduce P
input into Lake Tenkiller to prevent further detgation.

Harton (1989 as reported by Gade (1998)) perforaeubdeling study of the Illinois River in an
attempt to analyze contributions of point and nonpsource P loading on Lake Tenkiller. The
Fayetteville wastewater treatment plant effluens Watermined to have no observable effect on
eutrophication in Lake Tenkiller. Harton concludbd substantial distance from the point of
entry of the effluent into the lllinois River to ka Tenkiller was sufficient to allow for nearly

total removal by biological activity. Nonpoint See (NPS) total P loadings from Oklahoma
and Arkansas were found to be the main loadingcesuio the lake. Harton concluded that
removal of 70-90% of the total P loading from pant nonpoint sources would be necessary to
bring eutrophication under control in Lake Tenkille

Burks et al. (1991 as reported by Gade (1998))uaxetl factors affecting water quality in the
lllinois River. In-stream total P concentratiorcegded the 0.1 mg/l level recommended by the
EPA (US EPA, 1986) to prevent enrichment of streantsibutaries to standing bodies of water.
They suggested there was “overwhelming evidenca’RBhloading to the upper end of Lake
Tenkiller was excessive, and predicted decreasestier quality for the lake. Total N loading
also was shown to be increasing over time. Theggested strict reduction of both point and
nonpoint nutrient inputs into the system, and satggkthat the focus be placed on P.

The Phase | Diagnostic and Feasibility Study onKillem Lake (OWRB, 1996) found that mean
annual concentrations of P, N, and chlorophyll @soeed throughout Lake Tenkiller were
indicative of eutrophic conditions. Recommendatifor control of eutrophication were focused
on the reduction of P from both point and nonpsemirces.

Gade (1990 as reported by Gade (1998)) presentgubtal trend tests (Kendall Tau) on flow
adjusted concentrations of total P at USGS gausfiaitgons 07195500 (lllinois River at Watts,
OK), 07196000 (Flint Creek near Kansas, OK), 070868llinois River near Tahlequah, OK),
and 07197000 (Baron Form Creek near Eldon, OKipdltated highly significant upward
trends for the period from 1976 to 1986.
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Phillips (2007) summarizes several studies thaéhmeen conducted on the IRW and its waters,
including Lake Tenkiller, that document excess Ehase waters and the source of the excess P.
Phillips concludes that poultry waste applicatiorsoils in the IRW has contributed to the
historical water quality problems within the IRWdabhake Tenkiller.

Nelson et al. (2002) analyzed 5 years of observddt®in the lllinois River at the Arkansas
Highway 59 bridge just prior to the lllinois Rivexzaching Oklahoma. TP load at the Illinois
River near the Arkansas-Oklahoma border is abo8iD kg where 45% of the annual loading
is from municipal WWTPs (Haggard et al., 2003). t083% of the average annual P loading
from municipal WWTPs in the lllinois River can birdouted to a single WWTP (Springdale,
Arkansas — see Section 6 of this report for furthecussion) (Nelson et al., 2002). However, in
2003 the WWTP loads were decreased significanti sliat the total load in the IRW draining
to Lake Tenkiller is approximately 90,000 Ib antyétompared to 226,000 Ib prior to 2003).
Haggard and Soerens (2006) indicated that WWTHEseitRW have recently adopted a 1 mg/L
P standard for discharge.

Nelson et al. (2002) also performed a P mass balimmdhe Arkansas portion of the lllinois
River Watershed. They concluded that even if psinirces were eliminated, the P
concentrations in the lllinois River at the samgliacation on Arkansas Highway 59 would
exceed the 0.037 mg P standard. Their analysasfidpoultry waste spread on pastures as the
primary source of the nonpoint source (NPS) P enlfimois River at Arkansas Highway 59.

Green and Haggard (2001) examined phosphorus &mogi@n concentrations and loads at the
lllinois River south of Siloam Springs, Arkansasviieen 1997 and 1999. They found that flow-
weighted nutrient concentrations and nutrient yedtthe Illinois River site were about 10 to
100 times greater than national averages for undesgé basins. Most of the phosphorus load
was contributed during surface runoff. On averdgse flow contributed 15 percent of the
annual total phosphorus load; surface runoff cbated 85 percent of the annual total
phosphorus load. On average, 72 percent of thibksoteactive phosphorus annual load was
contributed during surface runoff.

Haggard et al. (2002) examined phosphorus condemtsaand loads in the State of Oklahoma’s
scenic rivers (The Baron Fork, Flint Creek, andltl@ois River) between 1998 and 2000. They
found that approximately 39% of the 367,000 kglyogphorus load to Lake Tenkiller from the
lllinois River and Baron Fork was in the dissolfedn, and over 94% of the phosphorus load
was transported during surface runoff. Annual phosus loads were least in 1999 (232,000
kg/yr) but were greatest in the following year (3® kg/yr in 2000). Lake Francis, a small
impoundment near the Arkansas-Oklahoma bordelinegtaabout 26 % of the phosphorus
transported from Arkansas to Oklahoma in the lirRiver. Phosphorus yields (kg/kand
flow-weighted concentrations from the IRW were alibitimes greater than values reported for
undeveloped basins, nationally and regionally (Hadgt al. (2002)).

Pickup et al. (2003) observed phosphorus concemtrédr the lllinois River Basin, in Arkansas
and Oklahoma between 1997and 2001. These dataisedeto calculate P loads and yields.
Phosphorus concentrations in the lllinois Riveraenerally were significantly greater in
runoff-event samples than in base-flow samplesdk@ppeared to generally increase with time
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during 1997-2001 at all stations, but this increasght be partly attributable to the beginning of
runoff-event sampling in the basin in July 1999nRfficomponents of the annual total
phosphorus load at USGS gauges in the IRW rangead 58.7 to 96.8% from 1997-2001. Mean
flow-weighted concentrations were more than 10 simy@ter than the median and were
consistently greater than the"7percentile of flow-weighted phosphorus concentratiin

samples collected at relatively undeveloped basfitise United States. The annual average
phosphorus load entering Lake Tenkiller was ab@ut@0 pounds per year, and more than 86%
of the load was transported to the lake by rundficl is predominately NPS P.

Tortorelli and Pickup (2006) observed phosphorugeatrations in the lllinois River Basin,
Arkansas and Oklahoma between 2000-2004. Theythsedata to compute P loads at IRW
USGS gauging stations. Annual total loads in timeois River from Watts to Tahlequah
increased slightly for the period 2000-2002 and-eesed slightly for the periods 2001-2003 and
2002-2004. Calculated mean annual runoff loadsedtigpm 68-96% of the calculated mean
annual total phosphorus loads from 2000-2004. Watkled mean seasonal base-flow loads were
generally greatest in spring (March through May] arre least in fall (September through
November). Calculated mean seasonal runoff loademlly were greatest in summer (June
through August) for the period 2000-2002 but wersatest in winter (December through
February) for the period 2001-2003, and greatespiing for the period 2002-2004. The
calculated mean annual phosphorus load entering Takkiller ranged from about 391,000
pounds per year to 712,000 pounds per year, anddbmut 83 to 90 percent of the load was
transported to the lake by runoff which is predcemety NPS P.

The mean load of total P was calculated to be 1d8@day at the upper end of Tenkiller (Harton,
1989 as reported in Burks) of which an estimatet|B&/day were point sources with the
remainder from nonpoint sources (73%). Nonpoiorse P was estimated at 415 Ibs from
Arkansas and 189 Ibs from Oklahoma.

Vieux and Moreda (2003) used observed P concemtratata and flow data for the IRW to
create a relationship between stream/river flow Rmdncentrations. Figures 2.1 and 2.2 show P
concentrations at Watts and Tahlequah that theyeplo These P concentrations were
consistently above the 50 ug/l level that has comiynbeen recommended as a water quality
threshold. They found the majority of P loadinghe IRW occurred during direct runoff events
and found high concentrations of P at high flovesaind low P concentrations for low flow
rates. Vieux and Moreda (2003) also noted thaPtigenerated by the poultry industry in the
IRW is equivalent to a human population of 8 millipeople (2000 population of the IRW is
slightly more than 280,000 people). They furtimeticated that poultry manure is stored and
then applied to pastureland. They conclude thi, thie large number of poultry in the IRW,
the potential for contamination by poultry manwséigh. They indicate that most of the P
reaching Lake Tenkiller is from NPS sources.
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Figure 2.1. Vieux and Moreda (2002) plot of obsdrf?eat Watts Station for 1990-1998
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Figure 2.2. Vieux and Moreda (2002) plot of obsdri?eat Tahlequah Station for 1990-1998

Engel

0.25 - y . . - . -
; : ! H * . : :
02 |- b P S S SR A SR S
005 - # st e Lt Sty R
; L . H * : :
' : ; * N i H
* | . ) * * . * .
; : . * * : : 4 H
B R it . ol R Bl HRhitasis e Lonleainn Ll
; * . ; - . : @ i
) ' ' ' ! ' . *
*. L ' » : . ! ®. A : *
b ! !] J ® . we - * e . *
Recommended " ; 1 [ ' '
[_. - - i : & o
LIS | ; - - . & ; L
* ; ' L : * e
i ] ‘ : ; ' *
: * Lo : "
S i -
i . +
J=1) J-91 J-92 J-93 J-94 J-95 J-10 J-97 J-08
Time




Walker (1987) used monitoring data from subwatetshe the IRW not influenced by Waste
Water Treatment Plants (WWTP) and found the avePagencentration in runoff due to NPS
from Arkansas was .150 mg/l and from Oklahoma @6 mg/l.

Gade (1998) found statistically significant incriegsP concentration at 07194800 (lllinois River
near Savoy, AR) and 07197000 (Baron Fork Creek Bim, OK) for 1980-1993. Highly
significant increasing total P load trends (198@3)9were found at 07194800, 07196500
(llinois River near Tahlequah, OK), 07196000 (El@reek near Kansas, OK) and 07197000.

Gade (1998) estimated P loads to Lake Tenkillengiaimodel of the IRW. Gade (1998)
indicated that in1985 NRCS data identified 1,24éssthat had poultry houses for a total of
2,692 houses in the IRW. Gade (1998) used pohtinge data to estimate P production in
poultry waste, pasture applied P and pasture arédérnmis River Basin subwatershed in his
modeling. The land application of P was basedarsé location, soil test phosphorus (STP),
and distances from the houses. STP levels wehesigiear poultry houses. A distance from
poultry houses was identified that resulted inkibst fit with observed STP levels (1500-
2500m). This indicates the majority of poultry weas land applied within 2500m of poultry
houses.

Gade (1998) estimated mean annual adjusted loaelsrenLake Tenkiller at Horseshoe Bend
are 228,000 kg P/yr. He estimated that 83.5% isfridnpoint source pollution (190,000 kg/yr).
Gade estimated that at Horseshoe Bend, the mearalatoncentration of total P was 0.23 mg/I
with 0.15 mg/l from nonpoint sources, 0.02 mg/hfrbackground sources and 0.06 mg/l from
point sources.

Storm et al. (1996) used SIMPLE (Spatially IntegdaModel for Phosphorus Loading and
Erosion) in the lllinois River basin. They used 29RCS poultry house survey to calculate
poultry waste P but noted there was significanta@sppon of the poultry industry in the
Oklahoma portion of the watershed from 1985 throi@92. For the model run that considered
continuous loading of P from poultry over 25 yeding, average increase in P load is 324
percent. P loading was calculated at 2.30 kg/hyga from pastures after P was applied for 25
years. Storm et al. (1996) noted that long-terducéions in P loading can only be accomplished
by exporting animal manure from the watershed. Tihdicated that to prevent excessive
buildup of soil P, litter should be diverted tolfie deficient in P, and those fields with excessive
soil P levels should discontinue use of poulttgtiand receive nitrogen from commercial
fertilizers.

Storm et al. (1996) indicated that pasture areesuatt for 95 percent of total nonpoint source P
loading to the basin with most of this coming frpastures receiving poultry waste. They
estimated that 76 percent of total P load in th&/ IEomes from 6 subwatersheds: Flint, Benton,
Osage, Clear and Fork; although these watershpdssent 56 percent of the basin area. They
indicated that overall 66 percent of P was fromp@nt source pollution (Note significant P
reductions in point sources began in 2003 so ttopgation would be expected to be much
higher now).
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Storm et al. (2006) used the SWAT in the IRW arldudated 330,000 kg/yr of total phosphorus
(88,000 kg/yr was in soluble mineral forms) reachakle Tenkiller between 1997 and 2001.
They indicated point sources of P to be 35% oftibiial and application of litter being
responsible for 15% of total phosphorus load. Eway, they note “This does not include the
effect of increased soil phosphorus from yearsowiltpy litter application, which increased total
phosphorus load. Therefore, if litter applicatioasrsuddenly eliminated, the phosphorus load
would be reduced by approximately 15%. Total phosgh load due only to elevated soil
phosphorous from the application of litter was estimated.” They note that 50% of total P
loads were from other NPS sources, but they didiatdgrmine the portion of this attributable to
poultry.

A draft TMDL analysis was performed on the IRW dradke Tenkiller. In reviewing the sources
of nutrients, a 1989 Soil Conservation Service (BSECS, 1989) inventory was reviewed that
estimated more than 93,400,000 chickens and othétrp are produced in the basin each year,
producing 366,000,000 kilograms of manure. Gad@g) thdicates the poultry litter cleaned
from poultry houses is spread over open pastur@damnen fields. The report concludes that
eutrophication in Lake Tenkiller is most sensitisechanges in P loading. A 25 percent
reduction in P loading was required for lake wapeality to satisfy the target criteria. Point
sources were estimated to contribute 23% of P ke Oankiller while urban and cropland
contribute 5.6% of P, and pasture (with litter) wilutes 56% of P.

Smith et al. (1997) analyzed HUCs (watershedsjeatify the contributors of nutrients to
streams and rivers. For the lllinois River Watexshthey found that livestock contributed 93.01
kg P per square km per year (out of a total of 29&g P per square km per year), while point
sources contributed 5.33 kg P per square km perayehfertilizer contributed 8.52 kg P per
square km per year. The Smith et al. (1997) arsigdicates livestock are responsible for
78.63% of P in the lllinois River while point soescrepresent 4.5% and fertilizer represents
7.21%.

Smith and Alexander (2000) mapped P contributioosflivestock as shown in the figure below
(Figure 2.3). The lllinois River Watershed wasntiged as having between 50 and 83% of P
loads in runoff attributable to livestock (morenh&8% based on Smith et al. (1997)). They
found that compared to national data, the llliierger P contributions from livestock are among
the highest in the nation.
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Figure 2.3. Contributions of animal agriculturentatrient export from hydrologic units
(watersheds) (from Smith and Alexander (2000))

Appendix A summarizes additional journal papers tdoenplement the reports and literature

reviewed in this section. These materials furthgaport the analysis conducted throughout this
report.

Engel 11



3. Poultry Waste and P Generation

Annual poultry waste generated in the lllinois RiBasin was calculated using several sources
of data.The analyses indicate each of the defendants’ poutiperations within the Illinois
River Watershed (IRW) produces a substantial amoohpoultry waste and phosphorus.
Calculated poultry waste produced within the IRWnge between 354,000 and more than

500,000 tons annually. Phosphorus content of theufiry waste ranges from 8.7 million to
nearly 10 million pounds annually.

3.1 Poultry Production Data from Integrators

The 2001-2006 poultry production data for the disiRiver Basin provided by the integrators
(Table 3.1) was used to calculate poultry wastegma$sphorus (P) production. Not all
integrators provided production data by type oflfyjgu Therefore, it was necessary to estimate
the number of poultry by type for Tyson and Simmofikis was done by using the number of
houses of each type of poultry by integrator creéteDr. Fisher (Fisher, 2008) and the average
poultry production by type per house from the Aas Soil and Water Conservation

Commission to estimate the proportion of poultyyagyor Tyson and Simmons. The Cobb data
were combined with Tyson data.

Poultry waste production was calculated using weakees from the USDA Agricultural Waste
Management Field Handbook, Ch.4 - Ag Waste Chanatitss. The average weights of poultry
by type were obtained from the Arkansas Soil andéMaonservation Commission data.

Table 3.1. Poultry Production in the lllinois Rivigasin Provided by Defendants’ Discovery

Responses

Defendant 2001 2002 2003 2004 2005 2006
Cal-Maine 1,135,998 879,281 633,656 403,739 200,000 0
Cargill 3,058,603 3,032,295 3,381,331 3,545,084 3,381,451 2,305,422
Cobb 1,189,358 1,279,798 1,237,193 1,250,237 1,243,562 1,244,481
George's| 19,972,941 20,082,206 21,312,971 23,535,964 26,524,368 27,479,391
Peterson| 13,277,715 14,454,936 14,897,458 20,981,977 18,166,724 16,887,638
Simmons| 15,400,000 17,600,000 18,600,000 25,400,000 31,600,000 27,400,000
Tyson| 87,027,895 88,142,559 90,098,641 95,023,680 89,719,497 88,639,337
TOTAL | 140,870,901 145,267,099 149,255,914 170,140,681 170,835,604 163,956,26

The annual poultry waste and P produced by poblised on poultry production data provided
by the defendants are shown in Table 3.2 for tlaesy2001-2006. Phosphorus in the poultry

waste shown in Table 3.2 is consistent with cateuia obtained in performing a P mass balance

for the lllinois River Watershed (as setout in 88t of this report and Appendix B). Waste
ranges from nearly 420,000 tons in 2001 to more #&2,000 tons in 2004. Phosphorus in the
poultry waste ranges from more than 8.7 millionnpasiin 2001 to nearly 10 million pounds in

2004.
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Table 3.2. Poultry Waste and P Production withanI[lRW Based on Defendant Supplied Poultry
Production Data

Total Waste
Year (tons) Total P (Ibs)
2001 420,555 8,732,752
2002 425,308 8,801,173
2003 440,920 9,176,463
2004 482,407 9,975,305
2005 476,649 9,819,383
2006 445,364 9,000,113

The annual poultry waste produced by integratoethas defendant supplied poultry production
data is shown in Table 3.3. Each defendant pradasibstantial amount of waste with Tyson
producing approximately ¥z of the waste.

Table 3.3. Poultry Waste by Defendant within theiBased on Defendant Supplied Poultry
Production Data for 2001-2006

Poultry Waste (tons)

Year Cal-Maine Carqill Georges  Peterson  Simmons Tyson+Cobb
2001 18,626 45,086 69,510 27,970 40,247 219,116
2002 14,561 44,698 67,494 30,450 45,996 222,110
2003 10,821 49,843 73,401 31,382 48,610 226,862
2004 6,712 52,257 73,730 44,199 66,381 239,128
2005 3,135 49,845 76,879 38,269 82,585 225,936
2006 0 33,984 80,943 35,574 71,608 223,256

The annual P produced in poultry waste by integraésed on defendant supplied poultry
production data is shown in Table 3.4. Each ofdendants’ poultry operations produce a

substantial amount of P in poultry waste with Tys@roducing approximately %2 of P in poultry
waste.

Table 3.4. Phosphorus in Poultry Waste by Defendéhin the IRW Based on Defendant
Supplied Poultry Production Data for 2001-2006

P in Poultry Waste (Ibs)

Year Cal-Maine Cargill Georges Peterson Simmons Tyson+Cobb
2001 396,398 1,484,311 1,452,470 543,414 768,007 4,088,152
2002 311,363 1,471,544 1,404,951 591,594 877,722 4,143,999
2003 233,511 1,640,927 1,532,054 609,705 927,592 4,232,673
2004 145,707 1,720,395 1,522,252 858,725 1,266,712 4,461,513
2005 71,837 1,640,986 1,571,747 743,505 1,575,910 4,215,398
2006 0 1,118,799 1,658,320 691,157 1,366,453 4,165,384
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3.2 USDA Agriculture Census Data

In calculating poultry waste generated in the disRiver Basin using the 2002 USDA
Agriculture Census data, poultry were allocatethtobasin using the proportion of pasture
within counties to assign the proportion of poultrithe county to the basin. This approach
calculated approximately 528,000 tons of poultrgteger year generated in the IRW.

Annual poultry waste generation was also calculastdg 2002 USDA Agricultural Census data
by allocating poultry to the basin proportionatie area of each county within the watershed.
Calculated annual poultry waste in the IRW using #llocation approach is approximately
414,000 tons per year.

3.3 Arkansas Soil and Water Conservation CommidSga

The Arkansas Soil and Water Conservation Commisadfyy Poultry Registration data on
poultry production in the lllinois River Basin weused to estimate poultry waste production in
the basin. This data contained the type of powtsight, number, number of flocks, and
number of houses. These data were provided fdtrg@mperations that were within the basin
within Benton and Washington counties. The aveggétry production by type by house was
computed from these data as was the average wadigbultry.

The number of active poultry houses with knowngnégors within the Oklahoma portion of the
basin was obtained from Dr. Fisher (Fisher, 200B)ese houses had an assigned poultry type as
well. Poultry numbers for the Oklahoma countiesex@omputed using the average production
numbers by type of poultry from the Arkansas Sod &Vater Conservation Commission data.

The poultry waste values provided by the Arkansaikehd Water Conservation Commission
used equations that are unrealistic with regattiéamount of poultry waste produced per bird
as removed from poultry houses. The equations ligéke Arkansas Soil and Water
Conservation Commission to compute poultry waskeutate the amount of waste excreted on a
dry weight basis (amount of waste excreted witlwaller removed and without inclusion of
bedding materials). Therefore, poultry waste pobidn was calculated using waste values from
the USDA Agricultural Waste Management Field HarmyaCh.4 - Ag Waste Characteristics.
The average weights of poultry by type were obthiinem the Arkansas Soil and Water
Conservation Commission data.

The calculated annual poultry waste productiongighis approach within the IRW is
approximately 477,000 tons. The poultry house geg¢pared by Dr. Bert Fisher that identified
integrator and type of poultry were used to calieuthe proportion of each poultry type
produced by each integrator (Fisher, 2008). U#ingyinformation and total waste production
for each type of poultry, the litter production kit the IRW for each integrator was computed
and is shown in Table 3.5.
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Table 3.5. Calculated Annual Waste Productiongtdny Integrator Using Arkansas Soil and
Water Conservation Commission Data and USDA Wakta&tteristics Field Manual

Type Poultry Waste Production (tons/yr)
Cal-Maine Carqill Georges Peterson Simmons Tyson

Breeder 456 4,785 5,468 684 7,974 25,518
Broiler 0 1,018 56,006 38,950 58,552 148,162
Cornish 0 0 0 0 0 11,103
Turkey 0 52,073 0 0 0 0

Layer 12,362 0 11,411 6,657 0 6,657

Pullet 349 0 5,239 524 3,842 20,084

Total 13,167 57,876 78,125 46,814 70,368 211,523

The Arkansas Soil and Water Conservation Commisgata show the following amounts of
poultry waste generated within the lllinois RiveaWrshed (Table 3.6). The poultry waste
estimates by the Arkansas Soil and Water Conserv&ommission use equations that greatly
under predict poultry waste generation per bird a®uld be removed from poultry houses.
The equations used by the Arkansas Soil and Wates&vation Commission to compute
poultry waste calculate the amount of waste exdretea dry weight basis (amount of waste
excreted with all water removed and without inabmsof bedding materials).

Table 3.6. Arkansas Soil and Water Conservatiom@ssion (ASWCC) Estimate of Poultry
Waste Generated in the lllinois River WatershedeNbe Equation Used by ANRC
Underestimates Waste Production as Removed frortriélouses. Equation Estimates Waste
Production on a Dry Weight Basis Without Bedding.

ASWCC Poultry Waste Generated in IRW (tons)
County 2004 2005 2006 2007
Benton 56,470 70,168 62,507 95,091
Washington 72,896 107,003 89,141 120,014

If the Arkansas Soil and Water Conservation Comimmspoultry waste estimate for 2007
(215,105 tons) is converted to waste as removed froultry housing (includes some moisture
and bedding material), the estimated poultry wpsteluced in Benton and Washington Counties
is more than 376,000 tons. This is based on USQAcAltural Waste Management Field
Handbook, Ch.4 - Ag Waste Characteristics charaetigons of poultry waste data (20 Ibs dry
weight per 1000 Ibs broilers and 35 Ibs as remdrad housing including bedding per 1000 Ibs
broilers; to convert waste in Table 3.6 to as reeadomultiply values by 35/20 or 1.75).
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3.3 Poultry Waste Generated within the IRW BaseBaultry House Data

Fisher (2008) calculated poultry waste generatighiwthe IRW based on active poultry houses
within the IRW, house sizes, type of poultry, intggr, and waste production data. Poultry
houses within the IRW were identified from aeribbpgraphy and various data sources and
observations were used to identify active housesh@F, 2008). The sizes of active houses were
measured from aerial photography within a GIS. iftbegrator and type of poultry produced
within each active house was identified from vasioeicords and observations (Fisher, 2008).
The amount of waste produced per unit area of hbygmultry type was calculated from data in
animal waste management plans prepared under pleevssion of the U. S District Court (N.D.
OKl.) by the Eucha/Spavinaw Watershed ManagemeatTeAdditional details of the
calculation are provided in Fisher (2008).

Table 3.7 shows the amount of poultry waste prodigeeach integrator within the IRW based
on the data and calculations overviewed above h Bathe defendants produces a significant
amount of poultry waste within the IRW.

Table 3.7.
Poultry Waste Production (tons) Within the lllinétsver Watershed Calculated from a
Consideration of the Total Area of Active Poultrgii$es Operated by a Known Defendant
(from Fisher, 2008)

Defendant = Broiler | Breeder @ Turkey | Pullet | Cornish Hen TOTAL %

Cal-Maine 358 112 2,280 2,750 0.78%
Cargill 2,860 15,108 17,968 5.08%
Georges 49,813 5911 2,489 1,888 60,101 16.98%
Peterson 35,063 491 277 1,311 37,143 10.49%
Simmons 58,724 5,757 1,818 66,299 18.73%
Tyson 129,421 18,593 7,735 9,874 1,521 167,144 47.22%
Willowbrook 2,597 2,597 0.73%

TOTAL = 273,022 33,970 17,704 12,430 9,874 6,999 354,000
77.12% 9.60% 5.00% 3.51% 2.79% 1.98%

3.4 Literature Estimates of Poultry Waste and Paultry Waste in the IRW

Reports and published journal papers have estinpateltry waste and P in poultry waste within
the IRW. The estimates in these reports as destbklow are consistent with the analyses
presented in the preceding sections.

Willett et al. (2006) estimated more than 361,0f0¢@stof poultry waste was generated and
applied within the IRW annually. They estimateis tivaste contained more than 9,000 tons of
P. They recommended that poultry waste be expémded the watershed to address water
guality issues in the IRW.

In reviewing the sources of nutrients, a 1989 Soihservation Service (USDA-SCS, 1989)

inventory estimated more than 93,400,000 chickexsagher poultry are produced in the basin
each year, producing 366,000,000 kilograms (403t608) of manure. Vieux and Moreda
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(2003) noted that the P generated by the poultystry in the IRW is equivalent to a human
population of 8 million people.

Smith et al. (1997) analyzed HUCs (watershedsjeatify the contributors of nutrients to
streams and rivers. For the lllinois River Watextthey found that livestock contributed 93.01
kg P per square km per year (out of a total of 298g P per square km per year), while point
sources contributed 5.33 kg P per square km perayehfertilizer contributed 8.52 kg P per
square km per year.

Nelson et al. (2002) found nearly 6,000,000 Ib® @innually were input into the Arkansas
portion of the lllinois River Watershed (7,000,008 if cattle are considered but Nelson et al.
acknowledge that cattle are recycling P). Of theraximately 6,000,000 Ibs of P, nearly
5,000,000 Ibs of P were estimated to be from pplitter application to pastures in the
watershed.

The USDA SCS and FS (1992) estimated that pouittiié IRW generated twice as much
manure as cattle in the IRW. They estimated ppulanure in the IRW contained 5 times as
much P as cattle manure in the IRW.

3.4 Summary of Poultry Waste Generation in the IRW

Table 3.8 summarizes the poultry waste generatidnmthe IRW by method and/or source.
Poultry waste generated within the IRW ranges betwsb4,000 tons annually to more than
500,000 tons annually.

Table 3.8. Poultry Waste Generated in the lllidiger Watershed

Source IRW Poultry Waste (tons/yr)
Dr. Fisher (Fisher, 2008) 354,000
Defendant supplied poultry and USDA waste coeffitse 421,000-482,000
(2001-2006)
USDA Census and USDA waste coefficients (2002) @0@-528,000
Arkansas Soil and Water Conservation Commissio@Dat 477,000
Dr. Fisher house data, USDA waste coefficients 7200
USDA-SCS (1989) 403,000
Willett et al. (2006) 361,000
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4. Poultry Waste Land Application

The common practice for poultry waste disposalaad application to pasture and cropped
areas. A substantial amount of the defendants’ pioylwaste and P is land applied within the
IRW annually. The poultry waste is applied durinbe rainy season from late winter through

spring.

4.1 Poultry Waste Land Application Analysis
Fisher (2008) examined ODAFF records to documenrtt &pplication of the defendants’ poultry
waste within the IRW. Fisher’s table summarizihig is shown in Table 4.1.
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Table 4.1. Location of Waste Generation an d Location of Waste Disposal by Defendant

(from Fisher, 2008)

Location of Waste Dis

posal

Location Border Inside Outside
ILLINOIS ILLINOIS ILLINOIS
Defendant Of RIVER RIVER RIVER
Waste Generation Not Given [WATERSHED|WATERSHED|WATERSHED|  Total
(tons) (tons) (tons) (tons) (tons)
Not Given 0 0 0 146 146
Aviagen Inside ILLINOIS RIVER WATERSHED 360 0 110 0 470
Border ILLINOIS RIVER WATERSHED 0 0 0 0 0
Outside ILLINOIS RIVER WATERSHED 0 0 0 2559 2559
Not Given 0 0 0 0 0
Cal Maine Foods Inside ILLINOIS RIVER WATERSHED 69 0 3327 792 4188
Border ILLINOIS RIVER WATERSHED 0 0 0 0 0
Qutside ILLINOIS RIVER WATERSHED 0 0 0 0 0
Not Given 583 0 1472 0 2055
Cargill Inside ILLINOIS RIVER WATERSHED 0 0 3066 30 3096
Border ILLINOIS RIVER WATERSHED 0 5777 0 714 6491
Outside ILLINOIS RIVER WATERSHED 0 2784 0 616 3400
Not Given 7032 752 10792 43191 61768
Cobb-Vantress (Tyson) Inside ILLINOIS RIVER WATERSHED 364 478 31737 555 33134
Border ILLINOIS RIVER WATERSHED 0 3740 1721 1627 7088
Qutside ILLINOIS RIVER WATERSHED 1862 3336 2740 62078 70016
Not Given 415 0 0 0 415
Georges Inc Inside ILLINOIS RIVER WATERSHED 0 0 3165 0 3165
Border ILLINOIS RIVER WATERSHED 0 1096 45 108 1249
Outside ILLINOIS RIVER WATERSHED 0 270 114 384
Not Given 2778 90 240 1056 4164
Peterson Farms Inside ILLINOIS RIVER WATERSHED 0 1281 2959 633 4873
Border ILLINOIS RIVER WATERSHED 0 5110 0 1679 6789
Qutside ILLINOIS RIVER WATERSHED 301 1043 180 10277 11801
Not Given 945 405 4544 2988 8882
. Inside ILLINOIS RIVER WATERSHED 184 2733 16103 1512 20532
Simmons Foods

Border ILLINOIS RIVER WATERSHED 219 4891 636 984 6730
Outside ILLINOIS RIVER WATERSHED 579 748 3589 29444 34360
Not Given 717 232 2305 2570 5823
Tyson Foods Inside ILLINOIS RIVER WATERSHED 117 2404 23678 420 26619
Border ILLINOIS RIVER WATERSHED 300 4486 0 2327 7113
Qutside ILLINOIS RIVER WATERSHED 66 1258 515 17920 19759
Not Given 0 24 345 0 369
Willow Brook Foods Inside ILLINOIS RIVER WATERSHED 0 648 0 1120 1768
Border ILLINOIS RIVER WATERSHED 0 1194 997 2400 4591
Outside ILLINOIS RIVER WATERSHED 0 0 0 0 0

In recent years some poultry waste has been traespout of the IRW, largely due to a program
in which BMPs Inc. receives a $10 per ton subsahypbultry waste removed from the
watershed. BMPs Inc. documents (Herron, 2006 catdithere had been a market for
approximately 50,000 tons of poultry waste annuailh this level of subsidy. The BMPs Inc.
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document further indicates “It is clear that onee $ubsidy program ends, most of the litter will
have to be sold locally, without additional assis&”

Fisher (2008) documented movement of some poulaistevout of the IRW as shown in Table
4.2. As the BMPs Inc. documents indicate, the arholipoultry waste that will be transported
without a subsidy is likely to be very limited.

Table 4.2.
Tons of Poultry Waste Hauled from the lllinois RiW¥atershed to Locations Outside the|
lllinois River Watershed by BMPs, Inc. and Geord@§03-2006) (from Fisher, 2008)

Year 2003 2004 2005 2006 TOTAL
BMPs, Inc. Tons 0.00 905.88 | 14,783.57 | 59,736.56 | 75,426.01
Georges’ Tons |8,877.60|11,406.30 | 19,651.13 | 9,282.45| 49,217.48
TOTAL Tons | 8,877.60 | 12,312.18 | 34,434.7 | 69,019.01 | 124,643.50
% of Poultry Waste

Produced that was
Hauled | 2.51% 3.48% 9.73% 19.50% 8.80%

4.2 Proximity of Poultry Waste Land Applicationrkénsas Soil and Water Conservation
Commission

The Arkansas Soil and Water Conservation Commisgata show the following amounts of
poultry waste land applied within the lllinois R atershed (Table 4.3). The poultry waste
estimates and land application estimates use emsatnat greatly under predict waste generated
per bird as it would be removed from poultry housed land applied. The equations used by
the Arkansas Soil and Water Conservation Commidsi@mompute poultry waste calculate the
amount of waste excreted on a dry weight basis (atnaf waste excreted with all water
removed and without inclusion of bedding materialglost of the waste generated is shown as
being transferred and thus the location of landiegioon is not provided by the Arkansas Soil
and Water Conservation Commission.

Table 4.3. Arkansas Soil and Water Conservation i@ission Estimate of Poultry Waste Land
Applied in the lllinois River Watershed. Multiplyalues by 1.75 (See Section 3.3) to Obtain
Actual Waste Mass Land Applied.

Waste Land Applied in IRW (tons)
County 2004 2005 2006 2007
Benton 11,440 7,925 5,935.75 36,180
Washington 24,457 19,269 20,009 30,010
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4.3 Proximity of Poultry Waste Land Application BAFF Record Analysis

Dr. Fisher (Fisher, 2008), under the direction of Engel, examined ODAFF (Oklahoma
Department of Agriculture, Food and Forestry) resanf poultry waste land application. For
the State of Oklahoma, these data indicated tH#t @Qpoultry waste was land applied within
the square mile in which it was generated (dataluésn was to the nearest section or square
mile). Sixty percent of poultry waste was land leggpwithin 2 miles of where it was generated
and 80% of poultry waste was land applied withmifes of where it was generated.

Analysis of ODAFF records for the IRW indicatesraitar pattern with poultry waste applied
even closer to where it was generated. ODAFF dscgpecific to the IRW indicate 30% of
poultry waste is land applied within the squareenml which it was generated, 67.5% was land
applied within 2 miles, and 80% was land appliethimi 3.6 miles. The overwhelming majority
of poultry waste generated within the IRW is lapgléed near where it is generated.

Dr. Fisher’s analysis (Fisher, 2008) of nutrienti@gement plans for poultry producers within
Arkansas indicate a similar pattern of land appiccaof poultry waste.

4.4 Poultry Waste Land Application Literature

The BMPs Inc. (2007) final report to the EPA indezhthat poultry waste within the IRW has
been land applied in large quantities leading tiemkial to impact water quality. The BMPs Inc.
proposal for transport of a small portion of thelxy waste out of the IRW was built on this
premise.

Sharpley et al. (2007) indicate “in many areas, umais rarely transported more than 10 miles
from where it is produced. As a result manureftisrapplied to soils that already have
sufficient nutrients to support crop growth.”

The USDA SCS and FS (1992) indicated that a sicpnifi part of the water quality problems in
the IRW are a result of tHarge volume of poultry waste generated and disdax in the basin
Rausser and Dicks (2008) assumaéigoultry waste produced in the IRW was land applied
within the IRW.

Nelson found nearly 6,000,000 Ibs of P annuallyensgsplied to the Arkansas portion of the
lllinois River Watershed (7,000,000 Ibs if cattle @onsidered but Nelson et al. acknowledge
that cattle are recycling P). Of this total, ng&rJ000,000 Ibs of P applied in the Arkansas’
portion of the watershed were from poultry litt@pacation to pastures.

Vieux and Moreda (2003) noted that the P genetayatie poultry industry in the IRW is
equivalent to a human population of 8 million peopThey further indicated that poultry
manure is stored and then applied to pasturelatiteimatershed.

Storm et al. (1996) found that a maximum poultrstearansport distance of 8000m

(approximately 5 miles) from poultry houses in tR&V provided the best observed fit between
estimated STP and observed STP.
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Storm et al. (2006) applied all poultry waste withi km (approximately 3 miles) of poultry
houses when modeling the IRW. This was baseda@nékperiences and analysis of poultry
waste transportation distance in the Eucha Spaviatershed.

Other reports and literature in Section 2 “Revidvllmois River Watershed Studies - P
Contribution” also indicate that poultry waste gexted within the IRW is land applied within
the IRW. Literature reviewed in Appendix A alsalicates poultry waste is land applied near
where it is generated.

4.5 Timing of Poultry Waste Application in the IRW

Dr. Fisher (Fisher, 2008) analyzed the timing odapplication of poultry waste in the
Oklahoma portion of the IRW using ODAFF recordsialysis of these data indicates the late
winter and early spring are the primary period @flfry waste land application within the IRW.
Based on disposal records from 1999 through 2Q@grocximately 63.4% of the poultry waste
land disposed within the lllinois River Watershedlisposed during February through June as
shown in Figure 4.1. This period of land applicatcoincides with the period of greatest rainfall
within the IRW, thereby increasing runoff of poyltwaste to IRW waters.
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Figure 4.1. Timing of poultry waste disposal wittie Oklahoma portion of the IRW

determined from records maintained by ODAFF (19604data) (From Fisher, 2008).
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5. Observed P Loads in the lllinois River Watershed

The P loads to Lake Tenkiller averaged approximgt&05,000 |Ibs annually between 1997 and
2006. This represents a significant P load to flake and is much greater per unit area than
for other watersheds in the region.

The observed P loads to Lake Tenkiller indicatalzsgantial P load relative to other watersheds
in the region (Tortorelli and Pickup, 2006 and Riglet al., 2003). Table 5.1 provides USGS
calculated P loads at the Tahlequah and Baron B8&S gauging stations (Tortorelli and
Pickup, 2006 and Pickup et al., 2003). The P laaag greatly from year to year due to weather
variability that impacts P losses to streams aversiand impacts water flows that carry P into
Lake Tenkiller.

Table 5.1. USGS Computed Annual P Loads (Tortoaeltl Pickup, 2006 and Pickup et al.,

2003)
Total Annual P (Ib/yr)
Baron

Years Tahlequah Fork

97-99 307,000 32,800
98-00 511,000 124,000
99-01 621,000 135,000
00-02 559,000 154,000
01-03 331,000 59,000
02-04 355,000 120,000

USGS and OWRB samples analyzed for total P comters used along with USGS flow data to
compute observed P loads at the Tahlequah, Bandnnear Eldon, and Caney Creek gauging
stations between 1997 and 2006. The LOADEST (ésinator) software (Runkel et al., 2004)
was used along with these data in calculating Bdod ortorelli and Pickup (2006) and Pickup
et al. (2003) used this approach in computing Eddar the IRW. The approach used by
Tortorelli and Pickup (2006) and Pickup et al. (@0®as used in calculating P loads. THed®
LOADEST calculated P and observed P is shown i€lal2. The fit between calculated P and
observed P is a very good fit. LOADEST can be ueezhlculate P loads within the IRW.
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Table 5.2. Rfor LOADEST Calculated P and Observed P

R2
Year Tahlequah Baron Fork Caney Creek
1998 0.95 0.89 0.87
1999 0.95 0.96 0.87
2000 0.96 0.94 0.95
2001 0.94 0.93 0.97
2002 0.92 0.93 0.98
2003 0.90 0.92 0.98
2004 0.94 0.97 0.98
2005 0.95 0.98 0.99
2006 0.95 0.98 0.99

The IRW P loads calculated with LOADEST are showitable 5.3 and show substantial
variation annually due to differences in rainfaibdalow into Tenkiller.

Table 5.3. Observed P Loads Based on USGS and OWB&a and USGS Flow Data

Total P (Ib/yr)
Baron Caney
Year Tahlequah  Fork Creek Total

1997 211,467 25,500 4,140 241,107
1998 422,906 39,887 9,024 471,817
1999 392,336 49,755 8,349 450,440
2000 771,454 298,307 55,787 1,125,548
2001 456,947 98,931 36,616 592,494
2002 301,474 52,666 16,574 370,714
2003 94,684 10,107 3,485 108,276
2004 631,798 459,054 57,086 1,147,938
2005 258,021 68,639 14,004 340,664
2006 128,415 58,300 10,574 197,289

Walker (1987) indicated that for the IRW, phosplsotoncentration cannot be considered
independent of flow, and thus averaging the comaganhs independent of flow would yield
invalid results. Thus, the use of the approadbOADEST was necessary to account for the
relationships between flow and P concentrationkiwithe IRW.

For the period 1997 to 2006, the P loads to Lakwiller range from slightly more than 197,000
Ibs in 2006 to more than 1,147,000 Ibs in 2004hasve in Table 5.3. The average annual P
loads to Lake Tenkiller were approximately 505,080between 1997 and 2006. Vieux and
Moreda (2003) indicated that variability from yearyear is expected in water quality
constituents such as P if surface runoff is a damtitransport mechanism. They analyzed data
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for the IRW and found that surface runoff was tbhenthant transport mechanism for P in this
watershed. Data summarizing the variability imfowithin the IRW rivers are provided in
Figure 5.1 and Table 5.4. Rainfall variabilitysismmarized in Table 5.5.

The water flows to Lake Tenkiller for the periodi&97 to 2006 are much smaller than flows
that have been experienced to Lake Tenkiller inpdest (Table 5.4). If the IRW had experienced
flows that were similar to historical flows (1950%) during 1997 to 2006, the observed P
loads for 1997 to 2006 would have been significahitjher.

Average Flow Rate at USGS Gages
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Figure 5.1. Annual Observed Daily Average Flow Ret&lSGS Gauges at Tahlequah and Baron
Fork near Eldon

Table 5.4. Summary of Annual Flow Data at USGS @auphlequah and Baron Fork near
Eldon for 1950-2007 and 1997-2006

1997-2006  1950-2007

Baron Fork Q ave (cfs) 304 323
Tahlequah 878 922
Baron Fork Range (cfs) 144-409 41-795
Tahlequah 439-1159 205-2393
Baron Fork St Dev 95 163
Tahlequah 265 457
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Table 5.5. Annual Rainfall Summary Statistics faifiRGauge COOPID 35354 in the IRW

Average
Annual St.
Rainfall (in) Dev Range (in)
1950-2006 50.15 10.24 27.51-81.14
1997-2006 51.34 7.20  36.44-59.65
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6. Point Sources of P in the lllinois River Watershd

A portion of the P in the IRW rivers and streamd amaching Lake Tenkiller is from Waste
Water Treatment Plant (WWTP) discharges. WasteeWltatment Plants within the IRW
discharge P into the streams and rivers of the tR&Veventually reaches Lake Tenkillét.
discharges from IRW WWTP have changed over time. WR\P discharges into IRW streams
and rivers peaked at slightly more than 204,000 &éssually in the late 1990s and early 2000s.
Beginning in 2003, WWTP P discharges decreased tittle more than 90,000 Ibs annually in
the IRW due to changes in WWTP technology. The defants’ processing facilities discharge
a significant amount of P to WWTPs and thus contute to point P sources within the IRW.

WWTP contributions of P to the lllinois River fdiree time periods are shown in Table 6.1.
Changes in WWTP technology significantly reducezbRtributions beginning in 2003 (from
more than 204,000 Ibs annually to a little morentB@,000 Ibs annually). Recent P discharges
from WWTPs were computed from recent WWTP dischaaa (1999-2007 Permit
Compliance System (PCS) data) from the OklahomaBe@nt of Environmental Quality and
the Arkansas Department of Environmental QualyWTP discharges prior to 2003 were
obtained from Gade (1998), representing P discsdiagehe 1990s through 2002. Nelson
reported similar WWTP discharges of P for the Adasportion of the lIllinois River for the late
1990s through 2006. Nelson observed a significaahiiction in WWTP P discharges beginning
in 2003. Discharges from Arkansas WWTPs repretsentajority of WWTP P discharges into
the IRW streams and rivers.

Table 6.1. WWTP Total P Discharge to Streams anérmRiwithin the IRW
Mid 70s Early 90s 2003-present
P Load P Load P Load

WWTP (Ib/yr) (Iblyr) (Iblyr)
Springdale 70,841 95,128 25,112
Siloam Springs 23,014 22,046 29,638
Fayetteville - Noland 0 9,921 5,147
Rogers 41,515 47,619 16,206
Lincoln 1,767 2,646 2,336
Prairie Grove 2,409 2,646 3,285
Tahlequah 19,235 10,362 2,738
Stillwell 15,675 2,519
Westville 2,502 6,393 840
Gentry 1,767 3,748 2,336
Watts 1,102 0
Midwestern nursery 1,323 0
Cherokee Nation 1,168 0
Stillwell Cannery

Total 178,724 204,101 90,155

The WWTP P discharges from the late 1970s and 88dywere obtained from the
Roberts/Schnorick and Associates report of 1984tand=PA Environmental Lab (1977)
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reports as shown in Table 6.2. The Roberts/Sctkoeport provides WWTP discharges for
1979-1984 and the EPA values are mid 1970s vallies.Roberts/Schnorick P discharge values
are reported as Ibs/day of phosphorus. Comparaigefs/Schnorick P discharges for the same
WWTPs with the EPA values and values reporteddtarlin the 1980s, the Roberts/Schnorick P
discharges are not phosphorus but are phosph#de) (FFhe discharges converted to P are
shown in the far right column in Table 6.2.

Table 6.2. WWTP P Discharges into IRW Streams andrR for Late 1970s and Early 1980s

Annual P Discharge (lbs/yr)
Environmental
Roberts/Schnorick Lab Las Vegas Roberts/Schnorick

WWTP (1984) as ROs (1977) as P

Springdale 161,002 70,841
Siloam Springs 52,305 23,014
Fayetteville - Noland 0 0
Rogers 94,353 41,515
Lincoln 4,015 1,312 1,767
Prairie Grove 5,475 2,409
Tahlequah 46,173 19,235 20,316
Stillwell 0 15,675 0
Westville 0 2,502 0
Gentry 4,015 1,767

The Roberts/Schnorick report indicates there wemeet permitted point source discharges in the
upper lllinois River system in addition to the WW&Ttey considered. These were the
Centerton Hatchery, the Swepco Flint Creek PowantRrind Gates Rubber. No P discharges
from these sources were reported (permits didmabtide P discharge) or considered in the
Roberts/Schnorick lllinois River assessment report.

The historical WWTP P discharges into streams amaits of the IRW are shown in Table 6.3.
These were needed for modeling P Loads (SectianTh@) late 1970s/early 1980s WWTP P
discharges shown in Table 6.2 were used to comgputaste discharge per person and the
resulting value was used to compute WWTP P dis@saigy 1950, 1960 and 1970. WWTP P
discharges from Table 6.1 were used for 1980 tegurie

Table 6.3. Estimated WWTP P Discharges Historically Streams and Rivers of the IRW
IRW Estimated Estimated Observed
Year population P (kg/yr) P (Ib/yr) P (Iblyr)
1950 83,874 46,701 102,958
1960 91,552 50,977 112,383
1970 125,496 69,877 154,050

1980 165,695 178,724
1990 192,439 204,101
2000 280,383 90,155
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A substantial amount of the P discharged from gen8§dale WWTP is from industrial sources.
Table 6.4 shows industrial P flows to the SpringdMWTP. The defendants discharge more
than 88% of the industrial P to the Springdale WWiiere than 257,000 Ibs annually).
Historically (before 2003), the Springdale WWTPiBctlarges were 44% of IRW WWTP P
discharges and currently (since 2003) represenité®96 of IRW WWTP P discharges.

Table 6.4. P Discharges to Springdale WWTP fronu$tidal Sources

Facility Name Dates P (Ib/d)
Allen Canning Co 10/87-12/90 11.8
Allen Canning Co 12/94-11/01 80.8
Blaylock Company 12/94-11/02 2.8
Carqill, Inc. 12/94-11/03 118.8
Cintas Corporation 12/94-11/03 7.6
D. B. Foods, Inc 12/94-11/01 17.4
Danaher Tool Group 10/91-9/07 29.7
Danaher Tool Group 10/87-9/91 6.7
George's Debone 2/97-11/01 30.5
George's Further Processing 12/02-11/03 52.0
George's, Inc. 12/94-11/03 1155
J. B. Hunt Transport, Inc 12/94-11/03 0.9
J. B. Hunt Transport, Inc 12/94-11/03 0.4
Monark Egg 10/87-9/90 12.2
Midcentral Egg 10/90-9/91 6.4
Pappas Foods, L.L.C. 12/00-11/01 4.1
Sonstegard Foods Inc. of Arkansas 12/02-11/03 0.0
Superior Linen Service 7/98-11/03 3.1
Triple T Foods, Inc. 12/94-11/03 3.9
Tyson Foods, Inc. - Berry St. 12/94-11/03 244.0
Tyson Foods, Inc. - Hog Trailer Wash 8/95-11/03 1.
Tyson Foods, Inc. - Randall Rd. 12/94-11/03 123.8
Tyson Research & Technology 10/95-11/03 6.1
Total 893.0

The defendants make a substantial contributiorototgource P discharges from the Springdale
WWTP. The daily P contribution to the Springdal® WP from people is approximately 138
Ibs/day (2000 census population of Springdale g% people * 1.1 Ib P/person per year / 365
days/yr). The defendants discharge 705 Ibs P getalthe Springdale WWTP representing
79% of P inflow to the Springdale WWTP. Based loese inflows to the Springdale WWTP,
the defendants’ P discharge from the Springdale \WW\WE&presents 35% of total WWTP P
discharges into IRW rivers and Lake Tenkiller higtally (44% of WWTP P from Springdale *
79% of P to Springdale from defendants = 35%) (leeB®03) and currently (since 2003)
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represents more than 22% of total WWTP P dischagfW rivers and Lake Tenkiller (28 %
*79% = 22%). The defendants’ portion of P disgfegrthrough the Springdale WWTP
represents a substantial amount of WWTP P dischange IRW rivers and Lake Tenkiller.

WWTP water discharges to the IRW streams and risi@ce 2003 are shown in Table 6.5 as
reported in the PCS data.

Table 6.5. WWTP Water Discharges Since 2003

WWTP Flow (mgd)
Springdale 12.4
Siloam Springs 2.68
Fayetteville - Noland 5.18
Rogers 571
Lincoln 0.44
Prairie Grove 0.32
Tahlequah 2.65
Stillwell 0.81
Westville 0.14
Gentry 0.44
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7. Phosphorus Mass Balance

The movement of phosphorus into and out of an @eg, a mass balance analysis) provides
insight into the primary sources of P within anaasech as a watersheA.P mass balance for
the lllinois River Watershed indicates poultry pradtion is a substantial contributor to P
within the Illinois River Watershed. Poultry prodiion within the lllinois River Watershed is
currently responsible for more than 76% of P moveménto the watershed.

7.1 P Mass Balance Analysis for the IRW

Under my direction, M. Smith performed of an anayhat examined the flow of P into and out
of the IRW system (e.g., a mass balance) (see Afp&nfor full analysis). The findings
include:

1.

Poultry production is currently responsible for mothan 76% of the net annual
phosphorus additions to the IRW.

Historical data indicates poultry production hasrbéhe major contributor of phosphorus
to the watershed since 1964. Prior to 1964, datile were responsible for the majority
of the phosphorus contribution.

From 1949 to 2002, there was more than 219,000dbpbosphorus added to the IRW.
Almost 68% of that addition, more than 148,000 towss attributable to poultry
production.

Other contributing sources of phosphorus (net amdi) include commercial fertilizers

(7.5%), dairy cattle (5.2%), humans (3.2%), swiBé%), industrial sources — mostly
poultry processing facilities (2.7%) and beef ea(tl.7%). The remaining sources of
phosphorus evaluated in this study, which includ®n runoff, golf courses, wholesale
nurseries, and recreational users, are negligible4).

Of the three phosphorus exports from the waterghadested crops, harvested deer, and
water leaving Lake Tenkiller through the spillway)tflow of phosphorus through the
spillway at the south end of Lake Tenkiller was thegest. According to current
estimates, the flow of water through the spillwaynoves just under 1.25% of the total
annual phosphorus additions to the watershed. ré&hmaining two phosphorus exports
combined remove just over 0.25% of current annuabsphorus additions to the
watershed, totaling a 1.5% removal of current phosps additions.

Figure 7.1 shows the current additions of P tol\& by source. As noted above, poultry is
responsible for the overwhelming majority (76%)Po&dditions to the IRW.

Engel

32



Percentage of Current Phosphorus Additions by Sourc e

& o

M Poultry

B Human

0O Swine

O Dairy Cattle

Bl Beef Cattle

O Commercial Fertilizer
@ Urban Runoff
OlIndustrial Sources

B All Other Additions

Figure 7.1Phosphorus Additions to the IRW as a Percentadggooyce
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7.2 P Mass Balance Literature

The scientific literature describes similar apptecas that used by the mass balance analysis
set forth in Appendix B. In addition, some of teesudies include portions of the IRW and
reached similar conclusions as those highlightedvaland in Appendix B.

Slaton et al. (2004) indicate that a fundamentadonent of nutrient management strategies is
to determine the balance between nutrient inpudsoarputs to identify areas where soil nutrient
inputs are greater than removals. Slaton et ab4ptermed such areas as “critical areas” and
indicated that nationally many such areas have lmksmified and these areas coincide with
concentrated animal production. They identifietical nutrient areas within Arkansas by
dividing Arkansas into 9 geographic regions and gotimg a nutrient mass balance for each
region. Nutrient removal by crops and nutrientutgofrom livestock production were computed
based on Agricultural Statistics Service data.ektock nutrient inputs to soils were computed
based on livestock numbers and nutrient contelivedtock waste by species. Nutrients
contained in beef cattle manure were ignored bto8lat al. (2004) as they indicate “a large
proportion of these nutrients are obtained fronadgerand deposited directly (i.e., recycled) to
pastures during grazing rather than collectedgondas or stockpiled from confined animal
production facilities.” Nutrient inputs from inorge fertilizers were computed based on
Arkansas fertilizer sales data.

Slaton et al. (2004) found that the district wile greatest excess N and P was northwest
Arkansas which includes Benton and Washington ¢esinfThis region was estimated to have

an accumulated P in soils for a 5 year period ck@ha. Kellogg et al. (2000) and Kellogg
(2001) conducted a national nutrient balance assassand identified the lllinois River
Watershed and the northwest Arkansas and nortddashoma area as being vulnerable to P
loss in runoff due to excess manure based P bamtydpplied. Sharpley et al. (2007) indicate
that the spatial separation of crop and poultrypotion systems results in a large-scale one-way
transfer of nutrients from grain to poultry produgiareas. This is certainly the case for the

IRW.

A similar mass balance approach was used by MatichCahoon (2003) to estimate nutrients in
livestock waste within North Carolina. Stow et(@001) also used a similar approach in
computing nutrient inputs into the Neuse River W&tted in North Carolina. Cassell et al.
(2002) used a mass balance and modeling approaotpiaring P losses from watersheds.
Sharpley et al. (2007) computed P surpluses fonsaand found that poultry farms had the
greatest P surpluses. Tarkalson and Mikkelsen (2&d8mined P surpluses on a typical poultry
farm and found that an annual surplus of 65 kgrhpavas available for broiler farms and
indicated this presents a potential hazard to sarfeater quality.

The accumulation of excess P in soils is problemnatnce soil P levels are correlated to the
amount of P in runoff (Slaton et al., 2004). Onehef solutions to this problem is the
transportation of manure outside the critical wstteds with substantial animal production to
row-crop production areas (Slaton et al., 2004pwENer, they indicate that “the low economic
value of poultry litter, which represents the majoof organic nutrient sources produced in
Arkansas, as a fertilizer nutrient source is be&deto prohibit its transport to the primary row-
crop production area.” Slaton et al. (2004) codelthat their assessment may help reinforce the
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thought that current nutrient application strategrewestern Arkansas are not sustainable
without the danger of creating and/or exacerbatiatgr quality issues from excessive nutrients.

Nelson et al. (2002) performed a phosphorus mdasdmfor the Arkansas portion of the
lllinois River Watershed. Sources of P identifiedhe mass balance were livestock manure,
inorganic fertilizers, sludge applications and pa@iource inputs from wastewater treatment
plants. Livestock production was estimated basedgicultural statistics by county and the
portion of these livestock within the watershed alscated based on land use (pasture). A
reference value of P excreted by livestock was wg#dthe livestock production numbers to
estimate total P by livestock species. Nelson.€2802) included dairy and beef cattle in the
mass balance calculations but indicated that “bedfdairy are the only animals that obtain the
majority of their phosphorus through grazing. Hiere, they are consuming plant phosphorus
and depositing manure phosphorus (i.e., no netgeghemphosphorus in IRDA (lllinois River
Drainage Area)).” A presentation to Cargill prodrtecalso acknowledges this. The annual
accumulation of P in pasture soils was estimatéitatd kg P/pasture acre per year. This was
largely due to the application of excess poultitgtito pastures (CARTP016287-
CARTP016290).

Nelson found nearly 6,000,000 Ibs of P annuallyensgrplied to the landscape in the Arkansas
portion of the lllinois River Watershed (7,000,068 if cattle are considered but Nelson et al.
acknowledge that cattle are recycling P). Neaj006,000 Ibs of P were estimated to be from
poultry litter application to pastures in the watexd. This represents approximately 83% of P
inputs to the watershed annually.

Sharpley et al. (2007) conclude that “the capaafityatersheds to assimilate nutrients, assuming
some transport of manure from P-rich to P-deficaets, should be determined and used in
strategic planning of future development, expanstomealignment of poultry operations.”

7.3 Soil Test P Data for lllinois River Watershed

The soil test phosphorus data for the lllinois Rivéatershed area indicate soil P levels have
been built to excessive levels well beyond agromamguirements as a result of poultry litter
application to pastures in most areas (Johnsorg8)200e soil test phosphorus levels within the
IRW (Table 7.1) support the P accumulation desdringhe IRW mass balance. These high
STP levels in the IRW contribute to P loads in IRWeams and rivers and to Lake Tenkiller.

Table 7.1. Soil Test Phosphorus Levels in the IRdidate Elevated P Levels Due to Poultry
Waste Application

County Soil Test P Years
Benton 504 2000-2007
Washington 446 2000-2007
Adair 182 1995-2006
Cherokee 75 1995-2006
Delaware 160 1995-2006
Sequoyah 50 1995-2006
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Background STP levels in the IRW can be estimataah samples obtained at the Nickel
Reserve within the IRW. STP values for forestezharat the Nickel Reserve were 17.4 to 20.6
Ib/acre for the top 6 inches of soil. These valesild represent a background STP value within
the IRW as no P has been applied to these ardhs form of fertilizer or livestock waste. STP
values for pastured areas at the Nickel Reserve 2&to 37.4 Ibs/acre for the top 6 inches of
soil. Livestock waste and fertilizer have not baeplied to these areas for many years, so these
STP values would represent likely background lef@ipastures that are occasionally grazed by
livestock. STP values within the IRW soils as d&gd in Table 7.1 indicate elevated STP values
relative to background STP values.
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8. P Loads in the IRW Based on Continued Poultry Wste Land Application

Researchers have observed that annual P loadeaonst and rivers are approximately 5% of the
annual application of poultry litter or annual poylitter combined with other P applied to the
landscape in circumstances where there has begitdagin STP. Based on the annual
application of poultry waste to pastures within bfiaois River Watershed and literature values
of P loads to water, application of poultry wasteastures in the Illinois River Watershed is a
substantial contributor to P in the streams anersiwf the watershed and to Lake Tenkiller.
Average annual P loads to water in the lllinois RivWatershed attributable to poultry waste
application to pastures is calculated at betweer2 A®O0 |b to nearly 500,000 Ib annually based
on poultry waste P application to the landscape ditdrature P loss coefficients.

8.1 P Loads Based on P Application to LandscapesRahoss Coefficients

P loads to runoff can be computed based on thekedpo landscapes and relationships
between P in livestock waste that is spread otaifiet and P that is accumulated in the soil.
Sharpley et al. (2007) indicates 5% of poultry wagtplied to land is lost in surface runoff (see
Figure 8.1). They indicate such losses are agrazaiysmall (generally less than 2 kg P per
ha). However, such losses can have significant@mwental impact. With continued P
application in excess of agronomic needs, the o P lost with runoff could be greater than
5% (see Section 10 of this report) (Stow et alQ1930

Willett et al. (2006) modeled phosphorus loads ffmaltry waste application to agricultural
areas in the lllinois River Watershed within Arkassand Oklahoma. In their modeling, 33% of
P was available to the crop and 67% went to bugldirin the soil. Of the P going to the soil, 8%
was modeled as lost in runoff. Thus, 5.36% (67% &b soil * 8% of this lost in runoff) of P
applied through poultry litter applications in thatershed was lost in runoff each year (Willet et
al., 2006).

Nelson et al. (2002) performed a P mass balanchéofArkansas portion of the lllinois River
Watershed. They used observed P data in theilliRiver to compute the amount of annual P
applied to the landscape that is exported from Aska in the lllinois River. Point sources of P
were removed from the observed P in the lllinoigdRbefore computing the percentage of P
that was applied to the landscape that reachelillitit@s River and was exported. Nelson et al.
(2002) found that 4% of P applied to the landsaagmultry litter, cattle manure, sludge and
inorganic fertilizer was lost annually to the Iiis River. If cattle manure is removed from this,
as the P contained in cattle manure is recyclaor bther sources (poultry), this percentage is
slightly over 5% which is comparable to the valaparted by Sharpley et al. (2007) and by
Willett et al. (2006).
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Factors affecting the fate of phosphorus in a poultry farm.

Farm gate o
r 1 Manure application and land management
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Mote: Numbers in parentheses are based on an approximate farm nutrient balance and relative fate of P as a percentage of load (farm gate) or
percentage of fertilizer and manure (manure application and land management) (adapted from Howarth et al. 2000; Sims and Sharpley 2005).

Figure 8.1. Factors affecting P loss on poultrymfai(From Sharpley et al. (2007))

Elevated soil P from poultry waste application &sfure can also contribute substantially to P
losses in runoff. Figures 8.2 and 8.3 show theltesf a study in which poultry litter was
applied to Bermuda grass plots (Sharpley et ab720The soil P levels increased, resulting in
greatly increased surface runoff of P, even 6 yaties litter application was stopped. For high
levels of STP, P loss with runoff may occur for aées and beyond as highlighted in Section 10
of this report.

Daniels et al. (1999) indicate that areas with HEgth test phosphorus levels can have
appreciable amounts of soluble phosphorus in runafér and significantly impact water quality
in receiving streams and lakes.

A powerpoint presentation for Cargill producersiaades that the long term effects of poultry
waste land application should not be overlookedRTR016287-CARTP016290).
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Surface soil (o to 5 cm) Mehlich-3 P and mean annual dissolved P concentration of surface
runoff and subsurface flow (70 cm depth) from bermudagrass before, during, and after poultry
litter application (11 Mg ha ™ yr'; 140 kg P hat yr),
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Figure 8.2. P Loads in Runoff Due to Elevated ®dilevels (From Sharpley et al. (2007))

Phosphorus budget of poultry litter application, phosphorus uptake by bermudagrass, and total phosphorus loss in surface and subsurface flow
from a Ruston fine sandy loam in Oklahoma.

Bermudagrass Total P loss in flow

Litter P added Yield P uptake Surface Subsurface
Year (kg ha™ yr') (kg ha* yr ) (kg ha~* yr) (kg ha™ yr) (kg ha™* yr?) P balance
Before application
1989 0 3.500 59 0.2 0.1 -6.2
1990 s} 4,010 6.4 0.2 0.1 -6.7
During application
1991 140 8,110 169 38 0.1 +119.2
1992 140 B.210 18.6 51 0.4 +1159
1993 140 8,510 200 78 05 +111.7
After application
1984 o} B.040 225 5.6 0.7 -28.8
1985 [} 7,120 18.2 4.2 0.6 -230
1994 0 6.920 15.2 22 05 -159
1997 0 7,510 19.2 16 0.4 -21.2
1998 0 7,230 18.7 13 0.2 -20.2
1999 0 6.900 17.4 0.9 0,2 -18.5
Total 420 76,060 178.0 329 38 +206.0

Notes: Balance of P was determined as litter P added - P uptake by grass +P loss in surface runoff + P loss in subsurface flow. Negative values
indicate a net loss of P from the plots and pesitive values a net gain of P.

Figure 8.3. P Loads in Runoff Due to Elevated ®dilevels (From Sharpley et al. (2007))
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Sharpley et al. (2007) indicate as soil test Peases, so does P in runoff (Figure 8.4).

As soil phosphorus increases so does crop yield and the potential for P loss in surface runoff.

Soll test P categories for crop yield response
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Mote: The interval between the critical soil P value for yield and runoff P will be important for
P management.

Figure 8.4. Relationship Between Soil Test P ah@d$3 in Surface Runoff (From Sharpley et al.
(2007))

8.2 P Loads to IRW Water Based on Landscape Apjalicand Literature P Loss Estimates
The P loads to water from NPS sources can be eddrlibased on the mass of P applied to the
landscape annually and a coefficient (Sharpley.e2@07; Willett et al., 2006; and Nelson et al.,
2002). These authors all suggest the coefficieotilsl be approximately 5% of P applied to the
landscape. Using a coefficient of 5% and the didats’ poultry waste P content, the P losses
from this poultry waste are shown in Table 8.1.

Table 8.1. Poultry P Loads in the IRW Based on Beédamt Supplied Poultry Production Data
and a 5% P Load Coefficient

Poultry P Load to

Year Total P (Ibs) Water (Ibs)
2001 8,639,766 431,988
2002 8,702,182 435,109
2003 8,737,112 436,856
2004 9,975,305 498,765
2005 9,819,383 490,969
2006 9,000,113 450,006
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As noted above, we computed a P mass balancedd®RiN. The sources and amounts of P
applied to the IRW crop and pasture land in 20@2saown in Table 8.2. Based on these P
applications to the landscape and a 5% loss torythtetotal average annual P load in IRW
water from these sources is approximately 570,68@hnually, with poultry waste responsible
for more than 464,000 Ibs annually. This is simitathe P load to water computed in Table 8.1.
Poultry waste application to the landscape of B\ Iresults in substantial P loads to IRW
waters and Lake Tenkiller.

Table 8.2. P Applied to the IRW Landscape in 2002

Source P (tons)
Commercial Fertilizer 455
Poultry 4642
Swine 177
Dairy Cattle 319
Beef Cattle 105
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9. Poultry House Density Correlated to Elevated P évels in Runoff and Base Flow

The analyses of observed P in runoff and in basefltor 14 small watersheds within the
lllinois River Watershed that were sampled in 20@bd 2006 show a strong and statistically
significant correlation between P in runoff and ibaseflow and poultry house density. Sub-
basin poultry house densities are strong predictofstream total phosphorus concentration
showing a cause and effect relationship between lfrgthouse operations and phosphorus
concentrations in IRW waterd=rom these analyses, it is evident that poultry 1eas a
substantial contributor to P in stream runoff anchithe baseflow within streams of the lllinois
River Watershed.

Data were collected as part of the small tribusampling program in the IRW (Olsen, 2008).
Data were collected for both highflow and baseftmmditions throughout two summer periods
(2005 and 2006). Data were collected from a tatéurteen sampling locations in small
tributaries throughout the basin that covered geasf drainage area size and landuse
characteristics. A representative range of pouilbyse presence (from no presence to highly
active presence) was included in the sampling grmgFurther details of this sampling program
are provided in Olsen (2008). Regression analysee performed for measured total
phosphorus concentrations as a function of a rahbgpothesized potential predictor variables,
including poultry house densities in and near traged watersheds.

As the following analysis demonstrates, sub-baeulitpy house densities, in a variety of forms,
are strong predictors of stream total phosphorus@atration showing a cause and effect
relationship between poultry house operations do$jphorus concentrations in IRW waters.
For the combined 2005-06 data sets, all 6 of thétpohouse density predictor variable forms
are shown to be significantly and positively caated with total phosphorus concentrations in
the receiving streams during highflow events. Tinergjest and most convincing correlations
appear to be for the pooled 2005 — 06 phosphomserrations vs. total and active poultry
house densities within a 2 mile buffered drainaga ésee Appendix C). These results indicate
that poultry house density is a good predictor gbRcentration in runoff from sub-basins within
the IRW. This finding is consistent with: (1) tbbservation that land application of poultry
waste occurs near poultry houses (Section 4xh@jact that land disposal of poultry waste
results in P loss in runoff, and (3) the fact flaaid disposal of poultry waste increases soil
concentrations of P which also increases the amaiutin runoff water and which will elevate
P levels in runoff water even after poultry wastgpdsal has stopped. Further details of the
analysis are provided in Appendix C.

Figures 9.1 and 9.2 show the relationships betweeltry house density within sub-basins (a.

total and b. active) and a two mile buffer for rifrevents and at baseflow, respectively.
Significant relationships exist in each instance.
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a.) Pooled 2005 - 2006 Data
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Figure 9.1. Runoff Event Regressions: Total PhogghConcentration vs. Poultry Presence
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a.) 2005 - 2006 Pooled Data
Total House Density with 2 Mile Buffer
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Figure 9.2. Baseflow Regressions: Total PhosphGarxentration vs. Poultry Presence
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Storm (2008) also analyzed P concentration in rfuanad in baseflow from various sources for
the lllinois River Watershed. Significant relatstmps were found between poultry house
density and P in water (Figure 9.3). Relationshigisveen urban/developed area and P in water
were not significant (Figure 9.4).

0.12

o
—_—
Il

o
[o=]
I
*

= 8.0454x + 0.024
R?2=0.4733

Conqgntration'(gng;‘L

(o]
I

=
1

o

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009
Poultry House Density (# of house per acre)

Figure 9.3. Relationship between poultry house itemsthin a sub-basin and P concentration in
water within the IRW (From Dr. Dan Storm, 2008)

Median TotaiPhosph@’us
]
&

Engel 45



0.25

]
I

]

Total P concepfrations atbaseflow canditions ©
o

y = 0.354x + 0.0391
R?=0.033

—_—
Il

0d5 A
*
§
. ‘ 2
*e *
0 |‘. ul & T T 0| T T
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

Density of urban {urban'acres;‘total acres)

Figure 9.4. Relationship between amount of urbaa and total P concentrations in water within
the IRW (From Dr. Dan Storm, 2008)

Engel 46



10. Hydrologic/Water Quality (GLEAMS) Modeling of I llinois River Watershed

Introduction

The NPS P loads, including the defendants’ NPSaBdpin the IRW streams and rivers and to
Lake Tenkiller were modeled as described in Appeidi A model (GLEAMS) was used to
represent the details of hydrology, erosion proegssid nutrient movement based on elevation,
soil, rainfall, and land management data inclugogltry waste application to the IRW
landscape. WWTP P loads were added to the NP&dB leaching the IRW streams and rivers.
P loads to streams and rivers were routed to Lakiller using a model based on stream/river
flow and accumulated P in streams and rivers. Hlaads to Lake Tenkiller are presented for:
recent conditions (1997-2006), continuation of prgulvaste land application in the IRW at
current levels, cessation of poultry waste landiaation in the IRW, an increase in poultry
waste land application based on continued growthemoultry industry within the IRW, buffers
along streams with cessation of poultry waste appbn in the IRW, and historical P loading
(1950 to 1999) conditions. Also, an allocation agnaurrent principal sources of P loading to
the surface waters of the IRW was performed.

10.1 Modeled P for 1997 to 2006 (Actual Conditions)
The hydrologic/water quality model was able to acately model the P loads to IRW rivers
and streams and Lake Tenkiller.

The P loads to the three gauging stations were ledder 1997 through 2006 (Appendix D).
This period was selected due to the increased sagngil P concentrations for runoff events that
more accurately reflected P loads within the IRWhe modeled P loads (including both NPS
and WWTP P) are shown in Table 10.1. Observed@sléor this period are also shown in
Table 10.1. As both the modeled and observed dslshow, the loads vary greatly from year to
year. This is due to the variation in weather #os within the IRW. The flow and rainfall

data for the IRW for this period and from 1950 thgb 2007 are shown in Figure 5.1 and Tables
5.3 and 5.4.

Table 10.1. Modeled P Load at Gauging Stationdlimois River Watershed
Modeled P Load (Ib)

Observed
Baron Caney Total P
Year Tahlequah Fork Creek Total Load (Ib)

1997 278,955 61,794 21,874 362,623 241,107
1998 406,417 88,054 15,161 509,632 471,817
1999 430,596 53,139 7,815 491,550 450,440
2000 639,263 260,929 41,977 942,169 1,125,548
2001 386,787 73,015 26,355 486,157 592,494
2002 254,119 50,242 10,611 314,972 370,714
2003 120,477 6,381 2,993 129,851 108,276
2004 672,344 271,720 58,806 1,002,870 1,147,938
2005 333,198 58,829 12,742 404,769 340,664
2006 155,264 47,808 11,031 214,103 197,289
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The point source P loads were greatly reduced beggrin 2003 due to changes in WWTP
technology. However, the largest P load to LakeKilker in the 1997 to 2006 period occurred
in 2004. This was due to the weather and corredipgrflows in that year that resulted in more
NPS P load reaching Tenkiller.

The correlation between observed and modeled B lisaghown in Figure 10.1. The modeled
and observed P loads exhibit a very strong coroglat
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Figure 10.1. Relationship between Observed P LoddPaedicted P Load to Lake Tenkiller for
1997-2006

10.2 Modeled P for Next 100 Years with (1) ContthBeultry Waste Application and (2)
Poultry Waste Cessation in the IRW

For continued poultry waste application in the IRWhodeled P loads to Lake Tenkiller would
increase during the first 30 years. For the nex@ years, P loads to Lake Tenkiller would
decline slightly and stabilize at levels above @ant Lake Tenkiller P loads due to P saturation
of soils. Cessation of poultry waste applicationthe IRW would decrease P loads to Lake
Tenkiller. The reductions in P loads to Lake Teflkr due to poultry waste land application
cessation are limited to 16% during the first 10ays following cessation due to continued P
load contributions from historical poultry waste @fication in the IRW that have elevated soill
P. Following poultry waste land application cessatiin the IRW, reductions in P loads to
Lake Tenkiller would reach 50% by years 51-60.

The P loads at the three USGS gauging stationsstids Lake Tenkiller (Tahlequah, Baron
Fork near Eldon, and Caney Creek) were modeleflljorontinued poultry waste application in
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the IRW and (2) cessation of poultry waste applcain the IRW. The weather from 1997 to
2006 was repeated for 100 years. The modeledd? mad trend lines are shown in Figures
10.2-10.7 and in Tables 10.2-10.6.

lllinois at Tahlequah
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Figure 10.2. Modeled P Load at Tahlequah for Catigp Poultry Waste Application and for
Cessation of Poultry Waste Application in the IRW
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llinois at Tahlequah
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Figure 10.3. Trend Lines for Modeled P Load at €gbhh for Continuing Poultry Waste
Application and for Cessation of Poultry Waste Aggtion in the IRW
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Figure 10.4. Modeled P Load at Baron Fork Gaugitagiéh near Eldon for Continuing Poultry
Waste Application and for Cessation of Poultry VEa&pplication in the IRW

Engel 51



Baron Fork

400,000
350,000
300,000
250,000
200,000

P Load (Ib)

150,000
100,000
50,000

0
0 20 40 60 80 100
Year

—— Linear (Continued Waste Application)

—— Linear (Waste Application Cessation)

Figure 10.5. Trend Lines for Modeled P Load at Bafork Gauging Station Near Eldon for
Continuing Poultry Waste Application and for Cessabf Poultry Waste Application in the
IRW
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Caney Creek
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Figure 10.6. Modeled P Load at Caney Creek Gaugtagjon Near Eldon for Continuing

Poultry Waste Application and for Cessation of RgW\Vaste Application in the IRW
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Caney Creek
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Figure 10.7. Trend Lines for Modeled P Load at Gabeeek Gauging Station near Eldon for
Continuing Poultry Waste Application and for Cegsabf Poultry Waste Application in the
IRW

Table 10.2. Modeled P Loads at Illinois River GaggiLocations for Continued Poultry Waste
Application and for Cessation of Waste Applicatiorihe IRW. Weather Repeats Every 10
Years So Results Are Summarized in 10 Year Periods.

lllinois River at Tahlequah Baron Fork Caney Creek
P- Continued P — Cessation P- Continued P — Cessation P- Continued P — Cessation
Waste of Waste Waste of Waste Waste of Waste

Application Application Application  Application  Application  Application
Years (Ib) (Ib) (Ib) (Ib) (Ib) (Ib)
1-10 3,927,423 3,216,011 1,012,460 896,907 234,612 230,567
11-20 4,408,574 2,787,287 1,240,857 987,724 258,152 244,926
21-30 4,548,255 2,509,046 1,251,316 919,733 245,572 229,875
31-40 4,479,081 2,264,368 1,175,349 837,203 230,505 214,008
41-50 4,489,549 2,094,246 1,183,206 799,781 217,512 199,793
51-60 4,418,033 1,948,115 1,135,476 761,917 203,549 185,336
61-70 4,401,297 1,831,139 1,136,226 739,856 185,929 166,473
71-80 4,359,942 1,740,937 1,108,147 703,919 163,384 143,812
81-90 4,365,054 1,693,602 1,083,262 675,952 149,368 129,298
91-100 4,384,281 1,657,713 1,078,687 661,290 139,019 118,251
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Table 10.3. Change in P Loads to Lake Tenkillerlforyear Periods into the Future for
Continued Poultry Waste Application and Cessatiiowaste Application in the IRW. Weather
Repeats Every 10 Years So Results Are Summarizéd ¥ear Periods.

Change Change
from Total P from
Total P Previous Waste Previous
Continued | 10 Years | Cessation| 10 Years
Year Waste (Ib) (%) (Ib) (%)
1-10 5,174,495 4,343,485
11-20 5,907,583 14.2| 4,019,937 -7.4
21-30 6,045,143 2.3| 3,658,654 -9.0
31-40 5,884,93% -2.7| 3,315,579 -9.4
41-50 5,890,267 0.1 3,093,820 -6.7
51-60 5,757,058 -2.3| 2,895,368 -6.4
61-70 5,723,452 -0.6| 2,737,468 -5.5
71-80 5,631,473 -1.6| 2,588,668 5.4
81-90 5,597,684 -0.6| 2,498,852 -3.5
91-100 | 5,601,987 0.1| 2,437,254 -2.5

Table 10.4. Difference in P Loads to Tenkiller @ontinued Poultry Waste Application
Compared to Poultry Waste Application Cessatioreater Repeats Every 10 Years So Results
Are Summarized in 10 Year Periods.

Total P

Total P Waste
Continued | Cessation| Difference

Year Waste (Ib) (Ib) (%)

1-10 5,174,498 4,343,485 16.1
11-20 5,907,583 4,019,937 32.0
21-30 6,045,143 3,658,654 39.5
31-40 5,884,93% 3,315,579 43.7
41-50 5,890,267 3,093,820 47.5
51-60 5,757,058 2,895,368 49.7
61-70 5,723,452 2,737,468 52.2
71-80 5,631,473 2,588,668 54.0
81-90 5,597,684 2,498,852 55.4
91-100| 5,601,987 2,437,254 56.5
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Table 10.5. Percentage Change in Modeled P Loaldsiv®eto Modeled P Between 1997-2006
at lllinois River Gauging Locations for Continuedagte Application and Moratorium on Waste
Application. Weather Repeats Every 10 Years SaRefre Summarized in 10 Year Periods.
lllinois River at
Tahlequah Baron Fork Caney Creek
P Continue P Stop P Continue P Stop P Continue P Stop
Year Waste (%) Waste (%) Waste (%) Waste (%) Waste (%) Waste (%)

1-10 6.8 -12.5 4.2 -1.7 12.1 10.1
11-20 19.9 -24.2 27.7 1.6 23.3 17.0
21-30 23.7 -31.8 28.7 -5.4 17.3 9.8
31-40 21.8 -38.4 20.9 -13.9 10.1 2.2
41-50 22.1 -43.1 21.7 -17.7 3.9 -4.6
51-60 20.1 -47.0 16.8 -21.6 -2.8 -11.5
61-70 19.7 -50.2 16.9 -23.9 -11.2 -20.5
71-80 18.6 -52.7 14.0 -27.6 -22.0 -31.3
81-90 18.7 -53.9 11.5 -30.5 -28.7 -38.2
91-100 19.2 -54.9 11.0 -32.0 -33.6 -43.5

Table 10.6. Percentage Change in Modeled P Loaldiveeto Observed P Between 1997-2006
at lllinois River Gauging Locations for Continuedagfe Application and Cessation of Waste
Application. Weather Repeats Every 10 Years SaReaAre Summarized in 10 Year Periods.

lllinois River at
Tahlequah Baron Fork Caney Creek
P- P- P-
P- Waste P- Waste P- Waste

Continued Cessation Continued Cessation Continued Cessation
Year Waste (%) (%) Waste (%) (%) Waste (%) (%)

1-10 7.0 -12.4 -12.8 -22.8 8.8 6.9
11-20 20.1 -24.0 6.9 -14.9 19.7 13.6
21-30 23.9 -31.6 7.8 -20.8 13.9 6.6
31-40 22.1 -38.3 1.2 -27.9 6.9 -0.8
41-50 22.3 -42.9 1.9 -31.1 0.9 -7.3
51-60 20.4 -46.9 -2.2 -34.4 -5.6 -14.1
61-70 19.9 -50.1 2.1 -36.3 -13.8 -22.8
71-80 18.8 -52.6 -4.6 -39.4 -24.2 -33.3
81-90 19.0 -53.8 -6.7 -41.8 -30.7 -40.0
91-100 19.5 -54.8 -7.1 -43.0 -35.5 -45.2
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For continued poultry waste application, the P fatiTahlequah increase slightly for the first
30 years before stabilizing and declining sliglmlysubsequent years. Thus, the trend line for P
loads at Tahlequah is flat. The P load resulteémtinued poultry waste application for the
Baron Fork location are similar to those at TahldquThe Baron Fork and Tahlequah results
indicate the IRW soils in these watersheds haveheghtheir capacity to retain additional P and
thus expected P losses increase slightly over lbiefiere stabilizing and decreasing slightly. The
P loads from these watersheds has reached steddyatcurrent poultry waste land
application. Note however, that tremendous valitghn P loads from year to year exists due to
variability in rainfall and flows in IRW streams énivers.

The P loads for Caney Creek for continued poultagte application decline due to the small
amount of poultry waste applied in this watershed the low STP values for soils in this
watershed. More P is removed from this watershad ts applied with the poultry waste.

The P loads at Tahlequah and Baron Fork near Bidand likely be greater than modeled loads
under the continued poultry waste application sgend he historical flows from 1950 through
2007 in the IRW were greater than flows for 1992@06 (the period used for modeling the
future). P loads to Tenkiller are strongly caatetl with flow (Vieux and Moreda, 2003). Thus,
if the weather for 1950 through 2007 repeats irftigre, the P loads into Lake Tenkiller would
be greater than modeled loads using 1997 throu@B @@ather and flow data.

The P loads and trends for cessation of poultrytevagplication are shown in Figures 10.2-10.7
and Tables 10.2-10.6.

The P loads decrease by more than 16% in thelfirgears for IRW poultry waste application
cessation compared to continued poultry waste egibin (Table 10.4 and Figure 10.8). The
results indicate that poultry waste land applicatessation within the IRW would provide some
benefit (16% reduction in P loads to Lake TenkKjllddowever, more than 70 years would be
required for the P loads to be reduced to 50%ef turrent levels. This is due to the
significant amount of P stored in the soils witthe IRW as indicated by STP levels and the
IRW P mass balance described in Appendix B. Thgelamount of P from land application of
poultry waste continues to contribute to P loa@gineng Tenkiller at substantial levels into the
future. Even at 100 years, the accumulated P frouitry waste application continues to
significantly contribute to P loads.
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Figure 10.8. P Loads to Lake Tenkiller for ContidiWaste Application in the IRW. Weather
Repeats Every 10 Years So Results Are Summarizéd ¥ear Periods.

10.3 P Loads for Increased Poultry Waste Appliaatio

For continued growth in the IRW poultry industry & rate the same as that between 1982 and
2002, P loads to Lake Tenkiller would increase stabdially. Within 40-50 years, P loads to
Lake Tenkiller would nearly double (increase of 92%

Figures 10.9-10.14 show P loads at each of the tjmeging stations (Tahlequah, Baron Fork at
Eldon and Caney Creek) for continued growth in IRWMItry based on the same rate of growth
between 1982 and 2002 based on the USDA Agricul@easus poultry data. Figures 10.15
and 10.16 show P loads to Lake Tenkiller for tlaise situation. Based on this rate of growth
assumption, P loads to Lake Tenkiller through tabl&quah location would increase
substantially (double in 40-50 years) as a reduli@eased poultry waste application in this
watershed. P load changes at the Baron Fork totatould increase a smaller amount (60% in
40-50 years) due to less poultry waste being agpphiehis watershed. P loads at the Caney
Creek location would decrease slightly over tim@ yBars) in this scenario (but less than no
changes in poultry production) due to the small am@f poultry waste applied in this
watershed and the low STP levels.
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llinois at Tahlequah
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Figure 10.9. P Loading and Trend Lines at TahledqaaRontinued Waste Application, Waste
Application Cessation, and Growth in Waste ApplmatVodeled after Poultry Growth in IRW
between 1982 and 2002 Based on Ag Census Data
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lllinois at Tahlequah
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Figure 10.10. P Loading Trend Lines at TahlequalCfantinued Waste Application, Waste
Application Cessation, and Growth in Waste Applmatviodeled after Poultry Growth in IRW
between 1982 and 2002 Based on Ag Census Data
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Figure 10.11. P Load and Trend Lines at Baron e Eldon for Continued Waste
Application, Waste Application Cessation, and Gilowt \Waste Application Modeled after
Poultry Growth in IRW between 1982 and 2002 Basedg Census Data
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Baron Fork
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Figure 10.12. P Load Trend Lines at Baron Fork i#don for Continued Waste Application,
Waste Application Cessation, and Growth in Wastplisption Modeled after Poultry Growth
in IRW between 1982 and 2002 Based on Ag Census Dat
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Caney Creek
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Figure 10.13. P Load and Trend Lines at Caney Ci@mekontinued Waste Application, Waste
Application Cessation and Growth in Waste ApplicatModeled after Poultry Growth in IRW
between 1982 and 2002 Based on Ag Census Data
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Caney Creek
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Figure 10.14. P Load Trend Lines at Caney CreelkCtortinued Waste Application, Waste
Application Cessation and Growth in Waste ApplicatModeled after Poultry Growth in IRW
between 1982 and 2002 Based on Ag Census Data
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Total P Load to Tenkiller
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Figure 10.15. P Load and Trend Lines to Lake Témkibr Continued Waste Application,
Waste Application Cessation and Growth in Wastelisppon Modeled after Poultry Growth in
IRW between 1982 and 2002 Based on Ag Census Data
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Figure 10.16. P Load Trend Lines to Lake TenkilterContinued Waste Application, Waste
Application Cessation and Growth in Waste ApplicatModeled after Poultry Growth in IRW
between 1982 and 2002 Based on Ag Census Data

Table 10.7 shows individual main stream and totimlaéls to Lake Tenkiller for the poultry
growth scenario compared to current poultry producand waste application P loads. Growth
in the poultry industry in the IRW and the assaaidand application of this waste in the IRW
would result in greatly increased P loads to LakakKiller that nearly double in the 40-50 year

time frame.
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Table 10.7. P Loads for Growth in IRW Poultry Comguhto P Load for Poultry Waste Applied
to IRW at Current Rates. Weather Repeats Everyedds So Results Are Summarized in 10
Year Periods.

P Load (Ib) for Growth in Poultry in IRW P Load (Ib)

Total
Baron Continued Increase

Years TahlequahFork Caney Total Waste (%)

1-10 4,523,331 1,010,394 235,614 5,769,339 5,174,495 115
11-20 6,066,771 1,364,064 252,099 7,682,934 5,907,583 30.1
21-30 7,112,706 1,439,913 243,753 8,796,372 6,045,143 455
31-40 8,144,0701,512,312 235,329 9,891,711 5,884,935 68.1
41-50 9,464,415 1,635,132 228,607 11,328,153 5,890,267 92.3

10.4 P Loads for Buffers and Poultry Waste Landligppon Cessation

The addition of vegetated 100 foot buffers alond 3 order and larger IRW streams
combined with poultry waste application cessationtihe IRW would provide further
reductions of P loads of between 3 and 5% comparedoultry waste application cessation
alone. The addition of vegetated 100 foot buffateng all IRW streams combined with
poultry waste application cessation in the IRW wdybrovide further reductions of P loads of
between 10 and 13% compared to poultry waste appbo cessation alone.

P loads were calculated for three locations engdraike Tenkiller (Tahlequah, Baron Fork at
Eldon, and Caney Creek) for combined poultry wéeste application cessation and 100 foot
buffers placed along®order and larger streams and rivers with adjagesture. The P loads
for each of these locations are shown in Figure$7:00.22. The buffers would provide a
modest 4-5% additional reduction (see Table 10dBFagure 10.23) in P loads to Lake Tenkiller
relative to land application of poultry waste ceésgaalone as depicted in Figures 10.17-10.23.
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Figure 10.17. P Loads at Tahlequah for the Cominnaif Buffers Along Third Order and
Larger Streams and Rivers and Poultry Waste Larqliégiion Cessation in the IRW.
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lllinois at Tahlequah
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Figure 10.18. P Load Trend Lines at TahlequahtferGombination of Buffers Along Third
Order and Larger Streams and Rivers and Poultryté\lasnd Application Cessation in the IRW.
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Figure 10.19. P Loads at Baron Fork Near EldortferCombination of Buffers Along Third
Order and Larger Streams and Rivers and Poultryté\lasnd Application Cessation in the IRW.
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Figure 10.20. P Load Trend Lines at Baron Fork Nddon for the Combination of Buffers
Along Third Order and Larger Streams and RiversRodltry Waste Land Application
Cessation in the IRW.
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Caney Creek
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Figure 10.21. P Loads at Caney Creek for the Coatioin of Buffers Along Third Order and
Larger Streams and Rivers and Poultry Waste Larqliégiion Cessation in the IRW.
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Figure 10.22. P Load Trends at Caney Creek foCirabination of Buffers Along Third Order
and Larger Streams and Rivers and Poultry Wastd Baplication Cessation in the IRW.

Table 10.8. P Loads for Poultry Waste CessationRandtry Waste Cessation Combined with
Buffers Along Third Order and Larger Streams in lfR&/. Weather Repeats Every 10 Years So
Results Are Summarized in 10 Year Periods.

P Loads (Ibs)

Total Buffer
(Cessation Reduction

Years Tahlequah Baron Caney Total Only) (%)
1-10 3,133,605 757,634 218,815 4,110,054 4,343,485 5.4
11-20 2,689,217 933,909 231,133 3,854,259 4,019,937 4.1
21-30 2,423,927 873,672 216,971 3,514,570 3,658,654 3.9
31-40 2,191,768 795,600 202,047 3,189,414 3,315,579 3.8
41-50 2,030,388 760,109 188,671 2,979,167 3,093,820 3.7
51-60 1,891,768 724,197 175,071 2,791,037 2,895,368 3.6
61-70 1,780,790 703,274 157,327 2,641,391 2,737,468 3.5
71-80 1,695,237 669,183 136,005 2,500,425 2,588,668 3.4
81-90 1,650,338 642,659 122,352 2,415,349 2,498,852 3.3
91-100 1,616,287 628,752 111,958 2,356,997 2,437,254 3.3
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Figure 10.23. P Loads to Lake Tenkiller for Poultiaste Application Cessation and Cessation
Combined with Buffers Along Third Order Streamshntastures. Weather Repeats Every 10
Years So Results Are Summarized in 10 Year Periods.

P loads were computed at three locations enterakg DT enkiller (Tahlequah, Baron Fork at
Eldon, and Caney Creek) for combined poultry wéeste application cessation and 100 foot
buffers placed alongll streams and riverwith adjacent pasture (Figure 10.24 and Table)10.9
The buffers would provide approximately 10-13% &ddal reduction in P loads beyond
cessation of poultry waste application in the IRVEligle 10.9).
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Table 10.9. P Loads for Poultry Waste CessationRandtry Waste Cessation Combined with
Buffers AlongAll Streamswith Pasture in the IRW. Weather Repeats Everyd#&rs So Results
Are Summarized in 10 Year Periods.

P Load (Ibs)
Total Buffer
(Cessation Reduction
Years Tahlequah Baron  Caney Total Only) (%)
1-10 2,950,892 681,686 192,838 3,825,416 4,343,485 11.9
11-20 2,472,310 826,213 200,674 3,499,198 4,019,937 13
21-30 2,235,679 772,673 188,473 3,196,825 3,658,654 12.6
31-40 2,031,210 703,927 175,631 2,910,769 3,315,579 12.2
41-50 1,889,161 672,674 164,107 2,725,943 3,093,820 11.9
51-60 1,767,155 641,064 152,402 2,560,620 2,895,368 116
61-70 1,669,441 622,649 137,128 2,429,217 2,737,468 11.3
71-80 1,594,166 592,629 118,763 2,305,558 2,588,668 10.9
81-90 1,554,654 569,287 107,015 2,230,956 2,498,852 10.7
91-100 1,524,670 557,038 98,060 2,179,768 2,437,254 10.6
P Loads to Tenkiller for Waste
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Combined with Buffers
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Figure 10.24. P Loads to Lake Tenkiller for Poultiaste Application Cessation and Cessation
Combined with Buffers Alondll Streamswith Pastures. Weather Repeats Every 10 Years So
Results Are Summarized in 10 Year Periods.
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10.5 P Loads in lllinois River Watershed Streamad Rivers Assuming No Historic or Current
Poultry Operations of the Defendants

P loads to Lake Tenkiller would be more than 27500@s less than current levels (less than ¥
of current levels) if poultry waste had never beéisposed of in the IRW. It would take
approximately 100 years of cessation of poultry veaspplication to return P loads in the IRW
to what they would have been if no poultry wastadaapplication had occurred.

Figures 10.25-10.30 show the P loads at the thaagigg stations (Tahlequah, Baron Fork at
Eldon and Caney Creek) assuming no historic orectipoultry operations in the IRW. This
assumes no poultry industry and therefore no ppulrste application in the IRW (e.g., no
poultry waste application ever). It also assumresgnt (2003 and later) WWTP P loads
continuing into the future. This will show the peait and future state of P loads in the IRW
surface waters assuming the defendants poultryatipas never existed.
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Figure 10.25. P Loads at Tahlequah for BackgrdsmitiP Levels with No Poultry Waste
Application in the IRW.
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lllinois at Tahlequah
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Figure 10.26. P Load Trend at Tahlequah for Bamkgd Soil P Levels with No Poultry Waste
Application in the IRW.
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Figure 10.27. P Loads at Baron Fork near EldorBmmkground Soil P Levels with No Poultry
Waste Application in the IRW.
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Figure 10.28. P Load Trend at Baron Fork near iefdo Background Soil P Levels with No
Poultry Waste Application in the IRW.
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Caney Creek
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Figure 10.29. P Loads at Caney Creek for Backgtc&umil P Levels with No Poultry Waste
Application in the IRW.
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Figure 10.30. P Load Trend at Caney Creek for Bamknd Soil P Levels with No Poultry
Waste Application in the IRW.

The P loads for this scenario at Tahlequah indiPdtEads would be substantially less (more
than 275,000 Ibs annually) than those for continualtry waste application. The P loads for
the background scenario would also remain appraeiiynd50,000 Ibs annually greater than
poultry waste spreading cessation, narrowing taab0,000 Ibs annually after 100 years. This
is due to the vast amount of P that has accumuiatlRW soils due to excessive poultry waste
application (see Section 7. Phosphorus Mass Balamtesee Johnson, 2008).

Differences between background P loads at Barok ke@ar Eldon and continued poultry waste
application would be approximately 75,000 Ibs afigu@he difference between background P
loads and those with poultry waste application @géss would be approximately 50,000 lbs
annually.

Differences in background P loads for the CaneyeKgauging location and continued poultry
waste application would be small due to the limpedltry waste application in this watershed.

Table 10.10 summarizes the results for no hismricurrent poultry operations in the IRW and
for poultry waste application cessation in the IRWhe P loads for no historic or current poultry
operations in the IRW would decline over time do@tremoval from the system (P loads to
Lake Tenkiller and cattle). Even after 100 yedrs,waste cessation scenario indicates expected
P loads to Lake Tenkiller would be greater thanRHead for no historic or current poultry
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operations in the IRW (years 1-10). Thus, eveerd©0 years of poultry waste application
cessation in the IRW, the elevated soil P leveks tduhistoric poultry waste application would
continue to contribute to P loads to IRW waters.

Table 10.10. P Loads to IRW Waters with No PoWirgiste Application and Total P Load to
Lake Tenkiller for Poultry Waste Application Cessat Weather Repeats Every 10 Years So
Results Are Summarized in 10 Year Periods.

P Load (Ibs)
No
Application Total
Years TahlequahBaron  Caney Total (Cessation)

1-10 1,593,185 517,044 183,305 2,293,534 4,343,485
11-20 1,577,197 418,569 191,028 2,186,795 4,019,937
21-30 1,416,532 360,511 177,237 1,954,279 3,658,654
31-40 1,316,867 305,908 162,427 1,785,203 3,315,579
41-50 1,232,647 268,748 149,734 1,651,129 3,093,820
51-60 1,155,226 245,471 136,380 1,537,077 2,895,368
61-70 1,112,297 238,307 132,631 1,483,235 2,737,468
71-80 1,077,848 225,995 130,736 1,434,579 2,588,668
81-90 1,057,895 208,819 128,060 1,394,774 2,498,852
91-100 1,044,273 192,647 127,000 1,363,920 2,437,254

10.6 Historical P Loads in lllinois River Watersh8tteams and Rivers

P loads to Lake Tenkiller since 1954 have increasg@pproximately 10,000 Ibs per year.
Poultry waste application in the IRW is responsilfter approximately 6,600 Ibs of this
increase each year.

P loads to the 3 gauging stations (Tahlequah, Beook, and Caney Creek) were modeled using
the same approach that has been used for modélnegudts presented in prior sections. Soil P
levels were assumed to be equivalent to curreelsem Sequoyah County which would be
considered equivalent to soil P levels for therentiatershed in 1950. WWTP P discharges
were included as described in the WWTP sectiod &0 through 1999 (Table 6.3). Poultry P
applications to pastures in the IRW were basedistorical poultry production in the watershed
(Section 7).

Figures 10.31-10.33 show the modeled P loads freRW from 1950-1999. The trend line at
the Tahlequah indicates P loads increase approgiyn@200 |Ibs/year and at Baron Fork by
approximately 770 Ibs/year. The Caney Creek wagglsihhowed little change in P loads over
this 50 year period, since its pastures receiutd poultry waste over this period.

Stow et al. (2001) computed historical nutrientl®@n a watershed using a similar approach.

Nutrient inputs to the watershed were computedforore than 100 year period. WWTP
nutrient inputs were computed using a similar appincas used within this report. Using the
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nutrient inputs and historical nutrient trends bserved river water, nutrient concentrations were
computed.

Tahlequah
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Figure 10.31. Modeled P Load and P Load Trend toriEahlequah from 1950 to 1999 Using
Observed WWTP P Discharges and IRW Poultry Prodacti
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Figure 10.32. Modeled P Load and P Load Trend torigaron Fork near Eldon from 1950 to
1999 Using Observed WWTP P Discharges and IRW BoRtbduction
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Figure 10.33. Modeled P Load and P Load Trend ton@aney Creek from 1950 to 1999 Using
Observed WWTP P Discharges and IRW Poultry Prodacti

The NPS P loads from 1950 through 1999 are shovagures 10.34-10.36 for Tahlequah,
Baron Fork at Eldon and Caney Creek. The WWTPaBHdavere not included in the results
shown in Figures 10.34-10.36. The trend linesdatdi P loads increase 6,700 Ibs annually due
to NPS sources. Nearly all of the increased P isattributable to poultry waste application in
the IRW (see P inputs into the IRW as documentdderMass Balance Analysis in Appendix
B).
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Figure 10.34. Modeled NPS P Load and NPS P LoaddTténe at Tahlequah from 1950 to
1999 Using IRW Poultry Production Data

Engel 86



Baron Fork

250,000

200,000

150,000 —— Baron Fork

— Linear (Baron

100,000

P Load (Ib)

50,000
y =723.46x + 25508

Figure 10.35. Modeled NPS P Load and NPS P LoaddTltée to Baron Fork Near Eldon from
1950 to 1999 Using IRW Poultry Production Data
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Figure 10.36. Modeled NPS P Load and NPS P Loaddlténe to Caney Creek from 1950 to
1999 Using IRW Poultry Production Data

Average annual historical P concentrations for Marane and July-September were computed
for the Tahlequah and Baron Fork locations in sujppioDr. Jan Stevens’ analysis. Average
concentrations were computed based on daily coratents for each of the analyses periods.
Figures 10.37 and 10.38 show P concentrationstdedaah for March-June and July-
September, respectively. Average concentrations wemputed based on daily concentrations
for each of the analyses periods. Figures 10.891@M0 show P concentrations at Baron Fork
for March-June and July-September, respectivelg. Hltoncentration trends for these periods
are similar to annual P load trends.
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Figure 10.37. Average P Concentrations for MarameJannually at Tahlequah from 1950
Through 1999 Using IRW Poultry Production Data

Average P Concentrations July-Sept at Tahlequah
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Figure 10.38. Average P Concentrations for Julyt&aper Annually at Tahlequah from 1950
Through 1999 Using IRW Poultry Production Data
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Figure 10.39. Average P Concentrations for MarnahmeJAnnually at Baron Fork from 1950
Through 1999 Using IRW Poultry Production Data
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Figure 10.40. Average P Concentrations for Julyt&aper Annually at Baron Fork from 1950
Through 1999 Using IRW Poultry Production Data

10.7 Statistical Analysis of P Loads

A statistical analysis of the modeled P loads waslacted to determine if the P loads for the
scenarios were statistically different. Both paetic (ANOVA) and nonparametric (Kruskal-
Wallis Test) analyses were completed for each @sttenarios at each of the sites (Tahlequah,
Baron Fork, and Caney).
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For each location, boxplot exploratory data analyEDA) was used to gain insight of the
distribution of the daily P losses. This was damerisure that assumptions and constraints of
Gaussian statistical procedures were not violdtedexample, the validity of parametric tests
such as Analysis of Variance (ANOVA) requires ttiegt data follow a Gaussian distribution
with constant variance (Montgomery, 2004). If thed®l assumptions of normality and constant
variance are violated, then nonparametric testiogguures are usually more robust. However,
in practice, an alternative approach to nonparaosts involves the application of logarithmic
transformation to the data; thereby, facilitatihg tise of parametric test for further analysis.
This procedure stabilizes the variance while cnggéi distribution closer to normality. It is
useful especially in cases where the data setlaage or very small values. The data were log
transformed for use with the parametric tests.

The ANOVA analyses and multiple comparison testeevgenerated using SAS/STAT
software, version 9.1.3 (SAS, 2004). The teststai was based on the following hypothesis:
Ho: 11= 12= 13 = 14= 15=16= O Versus ht at least one treatment is not equal

where,

Ho = null hypothesis

H, = alternative hypothesis

11= effects of continue waste application

1,= effects of waste application cessation

13= effects of growth

14= effects of no waste ever

15= effects of waste cessation and buffer along tbider and above streams
1= effects of waste cessation and buffers alongtedams

Tukey multiple comparison indicates that P loadsefch of the six scenarios for Tahlequah and
Baron Fork were statistically different (TablesIDand 10.12). For Caney Creek scenarios, the
P loads for ‘Waste Cessation + Buffer All' (waspgohlcation cessation and buffers along all
streams and rivers) and ‘No Waste Background Ppndtry waste application ever in the
watershed) were not significantly € 0.05) different; however, all other P loads @aney

Creek scenarios were significantly different froacte other (Table 10.13).

The statistical analyses indicate the continueavtgran the poultry industry within the IRW and
land application of poultry waste would provide tamest P loads, continued poultry waste
application would provide the next largest P loaats] cessation of land application would
provide the next largest loads. Cessation of wagpdication with buffers along third order
streams would provide the next largest loads arstenapplication cessation with buffers along
all streams would provide the next largest P loaldse lowest P loads occur for the case in
which no poultry waste application was ever appligithin the IRW.
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Table 10.11. Statistical summary of phosphorusaies based on daily P output for
lllinois River at Tahlequah

Mean Daily P

Treatment N Load (Ib)

Continue Waste Application 36525 54369
Waste Cessation 36525 27000
50 Year Growth 18300 876.26

No Waste Background P 36525 156.44
Waste Cessation + Buffer 36525 262.07
Waste Cessation + Buffer All 36525 244 51

Note: Means with the same letter are not signifigadifferent at the 5% level.
N is number of observations (daily P loads)

Table 10.12. Statistical summary of phosphorusaies based on daily P output for Baron
Fork near Eldon

Mean Daily P
Treatment N Load (Ib)
Continue Waste Application 36525 141564
Waste Cessation 36525 99’16
50 Year Growth 18300 172.%58
No Waste Background P 36525 37.04
Waste Cessation + Buffer 36525 93.00
Waste Cessation + Buffer All 36525 82.46

Note: Means with the same letter are not signifigadifferent at the 5% level.
N is number of observations (daily P loads)

Table 10.13. Statistical summary of phosphorusates based on daily P output for Caney
Creek

Mean Daily P

Treatment N Load (Ib)
Continue Waste Application 36525 25718
Waste Cessation 36525 2313
50 Year Growth 18300 29.63

No Waste Background P 36525 18'89
Waste Cessation + Buffer 36525 2£.86
Waste Cessation + Buffer All 36525 19706

Note: Means with the same letter are not signifigadhfferent at the 5% level.
N is number of observations (daily P loads)

10.8 Allocation of P to Sources

Poultry waste land application in the IRW is a substial contributor (45% between 1998 and
2006 and 59% between 2003 and 2006) to P loadsateLTenkiller, representing the largest P
source. WWTP P loads are the second largest ctitior to P loads to Lake Tenkiller.

Poultry plant discharges to WWTP represent a sigeaint portion of WWTP P loads.
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The P contribution of each significant source wetenined using the IRW modeling
(Appendix D). The P allocation to each sourcenm in Tables 10.14 and 10.15. P loads
from poultry waste application within the IRW repeats 45% of P loads to Lake Tenkiller
between 1998 and 2006. Following a change in WMéERnology that reduced WWTP P
discharges, poultry waste application in the IRWs wesponsible for 59% of P loads to Lake
Tenkiller for years 2003-2006.

Table 10.14. IRW P Load Allocation to Sources

WWTP Forest Crop Urban Pasture
1998-2006 30 1 <1 7 62
2003-2006 15 1 <1 7 76

Table 10.15. IRW P Load Allocation to Sources

WWTP Pasture
Cattle
Near Swine,
Streams  Poultry Dairy,
Poultry  Nonpoultry | Forest Crop Urban Only Only Background
1998-2006 10 20 1 <1 7 6 45 11
2003-2006 3 12 1 <1 7 6 59 11

WWTP discharges are the second largest contrilmitBrloads representing 30% of P loads
between 1998 and 2006 (Table 10.14). A portiothefWWTP P load is attributable to poultry
processing discharge to the Springdale WWTP agitdesicin Section 6. Poultry processing
discharges released by the Springdale WWTP repréé of total P loads to Lake Tenkiller
between 1998 and 2006 and 3% of P loads betwees20W6 (Table 10.15).

Pasture with swine and dairy waste applicationl@akground P from pastures is the third
largest P load to Lake Tenkiller (Tables 10.14 28d.5). Runoff from urban areas is the fourth
largest contributor at 7% of P loads (Tables 1@id 10.15). Cattle in and near streams
contribute 6% of P. However, this is almost allijxy P because cattle only facilitate the
transport of P (discussion of cattle contributiéwlfows in the next section). Other sources of P
loads are responsible for 1% or less of P loadske Tenkiller.

These results are consistent with other reportthitRW (Section 2 of this report) and with
studies for similar watersheds. The Draft TMDL fioe IRW and Lake Tenkiller (USEPA
Region 6 and Department of Environmental Qualigt&bf Oklahoma, 2001) identified
pastures on which poultry waste is applied as beasgonsible for 56% of P to Lake Tenkiller.
Smith et al. (1997) indicated more than 78% ofd&iin the IRW were attributable to livestock
waste. Storm and White (2003) estimated that ppulaiste was responsible for more than 49%
of P loads in the Eucha Spavinaw Watershed thasin@tar conditions to the IRW.
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10.8.1 Contribution of Cattle in and Near Streams

Cattle in the IRW recycle P brought into the IRW feed poultry that is excreted by poultry
and land applied to pastures within the IRW. Althgh the P contribution of cattle is from
poultry waste, cattle accelerate the movement afit®e IRW streams and rivers when they
excrete waste in and near IRW streams. Six perca® loads to Lake Tenkiller result from
cattle in and near IRW streams.

Cattle within the lllinois River Watershed are relayg poultry waste P that has been applied to
pastures. For example, nutrients contained in tatie manure were ignored by Slaton et al.
(2004) as they indicate “a large proportion of thaeatrients are obtained from forage and
deposited directly (i.e., recycled) to pasturesraugrazing rather than collected in lagoons or
stockpiled from confined animal production facdgi” Cattle largely consume grass from
pastures and hay produced in the watershed, asdPtiminot imported into the watershed in the
form of cattle feed with the exception of a smaticunt of supplemental feed (Section 7 and
Appendix B).

The amount of cattle waste and P in that waste e@mguted as described in Appendix E.
Cattle in the IRW produce approximately 319,00Gtohwaste annually (dry weight basis).
This waste contains approximately 7.8 million Ilh$f which nearly all is recycled P from
poultry waste, with the exception of 210,000 Ibsha$ P that is imported in cattle supplement
(Section 7).

Cattle can accelerate the loading of P to surfaatemwhen they excrete waste in or near
streams. The amount of P deposited by cattle mear streams was calculated based on the
length of streams, pasture near streams, averafj@r@aizes, cattle in the watershed, and
excretion data for cattle in and near streamsclaled P deposited by cattle in or near (within
10 meters) streams is up to 35,594 Ibs/yr (6% loBHEs to Tenkiller). Details of the calculations
are provided in Appendix F.

10.8.2 Contribution of Septic Systems

The contributions of septic systems to P loadshe tRW are negligiblebased on the IRW
Mass Balance analysis (Section 7 and Appendix ilyais of P loads from sub-basins within
the IRW for 2005 and 2006 (Olsen, 2008 and Appe@ixand analyses of IRW septic systems
(e.g., Oklahoma Department of Environmental Qudli§97); Estimated Maximum
Contribution of Phosphorus from Septic Systemmdis Basin, 1997).
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Appendix A
Overview of Related Literature

McDowell, R.W., Sharpley, A.N., Beegle, D.B., Weldl.. (2001). “Comparing phosphorus
management strategies at a watershed schlar.hal of Soil and Water Conservation, 56(4),
306-315.

Starting with the premise that “The ultimate goaPananagement is to balance P inputs to farm
with outputs in primary production such that noesgP is applied and soil P concentrations are
kept at an optimum level for agronomic performaacd minimal environmental impact,” this
article examined three management scenarios aj #i2A-EPAUnified National Strategy for
Animal Feeding Operations to reduce phosphorus from a watershed (p. 306)nd.a “site
assessment phosphorus index” they found that nbthe evatershed was at high risk of
phosphorus loss and that those areas with medium egar the stream channel. Of the three
strategies, the authors endorse the phosphorus stdgegy because it can take into account
landscape variables that affect phosphorus lossamdfocus on defining, targeting and
remediating fields that combine high soil P concaidns with areas of high erosion and
overland flow potential,” (p. 313). Essentialllgig paper endorses the P index management
strategy because it can discriminate areas that theevgreatest risk of P loss from those that
have lower risks of P loss and can, thereforet themam differently.

Schérer, M., Stamm, C., Vollmer, T., Frossard(herson, A., Flihler, H., Sinaj, S. (2007).
“Reducing phosphorus losses from over-fertilizeaksgtand soils proves difficult in the short
term.” Soil Use and Management, 23(1), 154-164.

This article examines three management optionsefiwcing P runoff from grassland
soils. They found that, although omitting the aggtion of P fertilizer would reduce soil P in
the long term, more drastic measures were needachieve P loss reductions in the short term.
They found that establishing a new P equilibriunthie soil takes years and cannot be
accelerated, so it is especially important to $togher build-up of P as soon as possible. So, the
article essentially says that short-term treatmargsnadequate to solve the problem, so
stopping further P from being applied is extremelportant and is probably the only way to
solve the problem.

Hansen, N.C., Daniel, T.C., Sharpley, A.N., LemunyadL. (2002). “The fate and transport of
phosphorus in agricultural systemgdurnal of Soil and Water Conservation, 57(6), 408-417.

This article investigates the importance of eaahdport pathway (runoff, soil interflow,
deep leaching) as affected by soil type and managenThe paper notes that it can take “many
years to reduce P concentration in soils with & 9GP concentration” (415). The ultimate
conclusion that they reach for reducing P lossegesrisk assessment; identifying sites with a
high potential of P movement to surface water deth implementing management practices to
reduce P losses from those sites.

A-1
Engel



Edwards, D.R., Daniel, T.C., Scott, H.D., Moore BrA, Murdoch, J.F., Vendrell, P.F. (1997).
“Effect of BMP implementation on storm flow quality two northwestern Arkansas streams.”
American Society of Agricultural Engineers, 40(5), 1311-1319.

This article examined whether a program of Beshdgement Practice (BMP) is
effective at reducing storm stream flow concentragiand mass transport of nutrients. They
found that significant decreases (from 23 to 75%ypar) in both concentrations and mass
transport of nutrients occurred concurrently witddB implementation.

Kleinman, P.J.A., Sharpley, A.N. (2003). “Effectlowbadcast manure on runoff phosphorus
concentrations over successive rainfall everdautnal of Environmental Quality, 32(1), 1072-
1081.

This article evaluates the effects of manure apfibn rate and type on runoff P
concentrations. They found that the applicatida cd manure was related to runoff P due to
increased concentrations of dissolved reactive giharsis in runoff. That is, as the application
rate increased, so did the contribution to DRRumoff TP. Additionally, poultry and swine
manure treatments tended to have higher DRP camatiemis than runoff from dairy manure
treatment. Repeated rainfall diminished the d#ifexes in runoff DRP and differential erosion of
broadcast manure caused significant differencesrioff TP concentrations between soils.
Essentially, increasing rates of manure applicattere associated with a higher proportion of
runoff TP as DRP, which indicates that soluble $3é&s from manure become increasingly
important at higher rates of application.

McDowell, R.W., Sharpley, A.N. (2001). “Approximag phosphorus release from soils to
surface runoff and subsurface drainagetirnal of Environmental Quality, 30(1), 508-520.

This article investigates the P release from thréase in relation to the concentration of
P in surface runoff and subsurface damage. Thayd@a change point above which P increased
at a greater rate per unit increase in STP thbaldw the change point. They note that the
change point in STP may be used in support of aljui@l and environmental P management.

Sharpley, A.N., McDowell, R.W., Kleinman, P.J.AO@®). “Phosphorus loss from land to
water: integrating agricultural and environmentalmagement.Plant and Soil, 237, 287-307.

This article argues that the overall goal of @fdo reduce P loss to water should involve
balancing P inputs and outputs at farm and watdrkhels by optimizing animal feed rations
and land application of P as mineral fertilizer amanure. They found that the loss of P
originates primarily from small areas within wategds during a few storms. These areas are
those with high soil P, or P application in mindrtilizer or manure.

DelLaune, P.B., Moore Jr., P.A., Carman, D.K., SlegrpA.N., Haggard, B.E., Daniel, T.C.
(2004). “Evaluation of the phosphorus source coreppm the phosphorus index for pastures.”
Journal of Environmental Quality, 33(1), 2192-2200.
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This article evaluates the P index for pastureagplying poultry litter to test plots and
by evaluating watersheds that had been fertilizithl poultry litter for over ten years. The small
plots indicated that solil test P, by itself, wagsoar predictor of P concentrations in runoff water
and that the relationship between P in runoff dnedamount of soluble P applied was highly
significant. The pastures with natural rainfallaannual poultry litter application indicated that
the P index for pastures predicted P loss accyrati¢hout calibration. “These data indicate that
the P index for pastures can accurately assesgskhef P loss from fields receiving poultry litter
applications in Arkansas and provide a more realisgk assessment than threshold soil test P
levels.”

Wang, X., Harmel, R.D., Williams, J.R., Harman, W(2006). “Evaluation of EPIC for
assessing crop yield, runoff, sediment and nutfesges from watersheds with poultry litter
fertilization.” American Society of Agricultural and Biological Engineers, 49(1), 47-59.

This article is an evaluation of the EnvironmeRalicy Integrated Climate (EPIC)
model version 3060 and looked at runoff of sevesatiersheds when poultry litter was added.
The model accurately predicted surface P runofimannual, monthly, and daily basis for al
watersheds. So, they conclude that EPIC is aldetoessfully replicate the environmental
impact of poultry litter application on runoff, veatquality, and crop yields.

DeLaune, P.B., Moore Jr., P.A., Carman, D.K., SlegrpA.N., Haggard, B.E., Daniel, T.C.
(2004). “Development of a phosphorus index for yaest fertilized with poultry liter — factors
affecting phosphorus runoffJournal of Environmental Quality, 33(1), 2183-2191.

This article evaluates the effects of multipleiales on P concentrations in runoff water
and tries to construct P source component oiral®x for pastures that incorporates these
effects. Their goal is to see if recent studies #how that other factors are more indicative of P
concentrations in runoff from areas where manubeisg applied than an upper limit on soll
test phosphorus. They found that, without manso# test P was directly related to soluble P
concentrations in runoff water. After the poullitier was applied, soil test P had little effeat o
P runoff. In other words, “once manure was appl&P concentrations in runoff were not
correlated to Mehlich-111 P, but were highly coatdd to the SRP concentrations in the applied
manure (2189).” So, P runoff increased with insieg soluble P concentration in the manure.
They also found that runoff P varied based onype of manure applied, with alum-treated
litter having the lowest P runoff, and commercideRilizer and HAP or phytase litter having
the highest P runoff.

Mancl, K.M., Slates, J.D. (2003). “Farmer Estimatédlanure Application Rates.” Symposium,
Ninth International Animal, Agricultural and Fooddeessing Wastes Proceedings, 200-203.

This article looks at the ability of livestock jpiwcers and growers to make visual
estimates of manure application rates. Of thegdiicipants, 13% estimated at or near the
actual application rate, 22% estimated high appboaates, while 65% underestimated the
manure application rate (with 50% estimating l&éssitone-half the actual application rate).
Relying on visual estimates without training, 50%uwd have applied twice the desired
application rate. Thus, they conclude that theléay to underestimate manure application and
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therefore over-apply manure reinforces the neexlibrate spreading equipment as a part of a
manure management plan.

Gitau, M.W., Chaubey, I., Nelson, M.A., Penningtdr. (2007). “Analyses of BMP and land
use change effects in a Northwest Arkansas agui@iltvatershed.” ASABE Paper N. 072244.
St. Joseph, Mich.: ASABE.

This article seeks to quantify the effects of iempéntation, timing, and spatial
distribution of the Best Management Practices (BMiPssediment and nutrient loss reduction
and watershed ecological integrity. From an anglgEhistorical land use and BMP
implementation, they found a 9% increase in urlveasasand an 11% decrease in pastured areas
between 1992 and 2004. During this time about d0%e watershed was in transitional land
use, and BMP implementation increased from less 18a to 34% of the watershed area. Also
during this time, sediment loss declined by 22%gltphosphorus losses declined by 11%, and
total nitrogen losses increased by 11%.

Kleinman, P.J.A., Sharpley, A.N. (2003). “Effectlmbadcast manure on runoff phosphorus
concentrations over successive rainfall everdsutnal of Environmental Quality, 32, 1072-
1081.

This article evaluates the effects of manure appibn rate and type on runoff P
concentrations from acidic agricultural soils ogaccessive runoff events. The runoff boxes
were broadcast with three types of manure and sitedlrainfall was applied. They found that
application rate of manure was related to runofiu® to increased concentrations of dissolved
reactive phosphorus in runoff; as application nateeased, so did the concentration of DRP in
the runoff total phosphorus. Swine and poultry orarshowed higher DRP concentrations in
runoff than dairy manure.

White, M.J., Storm D.E., Stoodley, S., Smolen, MZD03). “Modeling the Lake Eucha basin
with SWAT in 2000.” ASAE November Conference, 53825

The SWAT model predicted that the application aflfry litter elevated soil test
phosphorus in the basin and is responsible for dB&e current annual phosphorus load to the
lakes.

Sen, S., Srivastava, P., Yoo, K., Dane, J.H., SBaM;, Kang, M.S. (2007). “Runoff generation
mechanism in the Appalachian plateau region of afa# — a field investigation.” ASABE Paper
No. 072090. St. Joseph, Mich.: ASABE.

This article attempts to delineate spatial andpianal distribution of hydrologically
active areas (HAAs) and identify surface runoff g@tion mechanism using distribution
sensors. This research is a response to thedafuklabama’s P-index to account for
differences in P loss, from poultry litter, acregecific fields within a single watershed. They
found that the surface runoff generation mecharssmostly infiltration excess (rather than
saturation excess) and that certain hydrologicaattaristics seem to play a dominant role in
surface runoff generation in this specific regid\abama. Additionally, they further conclude
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that the ability to predict the spatial and tempdistribution of HAAs can be predicted by a few
variables, would lead to significantly better mamagnt of P from land-applied poultry litter.

Gitau, M.W., Gburek, W.J., Jarrett, A.R. (2005). t@ol for estimating best management
practice effectiveness for phosphorus pollutiontiemri Journal of Soil and Water
Conservation, 60(1), 1-10.

As a response to P runoff from farms that hadhed¢he New York City water supply,
this study establishes a means of estimating BNHE®feness, based on data available in the
literature, and develops a tool that allows usersbtain BMP effectiveness estimates for their
respective site soil and slope conditions.

Secchi, S., Gassman, P.W., Jha, M., Kurkalovegtlal. (2007). “The cost of cleaner water:
Assessing agricultural pollution reduction at thetevshed scaleJournal of Soil and Water
Conservation, 62(1), 10-21.

This study, performed for the lowa Department afuMal Resources, outlines a
methodology to simultaneously assess economic eostsvater quality benefits associated with
the hypothetical placement of a broad set of caagi®n practices. Annual costs range from
$300 to $597 million and predicted sediment de@g&®m 6-65%, total P from 28-59%, and
nitrate from 6-20%.

Buczko, U., Kuchenbuch R.O. (2007). “Phosphorugciemias risk-assessment tools in the
U.S.A. and Europe — a reviewldurnal of Plant Nutrition and Soil Science, 170, 445-460.

This article reviews the factors of P loss which taken into account in P indices and
different modifications of P indices according beit components and structural approach.
Essentially, this article looks at the differennBexes that exist and divides them into three
groups: (1) additive approach, (2) multiplicatiyipeoach, and (3) multiplicative-aditive
approach.

Pote, D.H., Daniel, T.C., Nicholas, D.J., Moore BrtA., Miller, D.M., Edwards, D.R. (1999).
“Seasonal and soil-drying effects on runoff phospkaelationships to soil phosphoruSdil
Science Society of America Journal, 63, 1006-1012.

This article investigates the possibility that toerelation between increased
concentrations of dissolved reactive P (DRP) iroftifftom grassland and increased soil test P
(STP) levels are affected by seasonal changeslohdonditions and the practice of air-drying
soil samples prior to analysis. They found thhtatrelations of STP to runoff DRP were
significant, regardless of seasonal changes orr8@tRod. Additionally, they found that DRP
concentration in August runoff was almost doubkg tf May runoff. So, seasonal changes can
make a difference.

Tesfaye, D., Storm, D.E., Payton, M.E., Smolen, MEasta, N.T., Zhang, H., Cabrere, M.L.

(2004). “Spatial and temporal scaling effects odrblogy and phosphorus loss in runoff from
pastures.” ASAE Paper No. 042271.
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This article attempts to investigate: the intamacof explanatory variables and their
effects on response variables, the spatial anddeahpcaling effects on hydrology, and DRP
and TP losses in runoff from pastures. They faimad DRP loss from pastures was significantly
influenced by poultry liter, rainfall duration, gaee height, plot size, rainfall intensity, and
runoff duration.

Erb, K.A. (2002). “Phosphorus loading per acrecasv populations in a dairy watershed in
Northeast Wisconsin.” ASAE Publication No. 2010P®10

This article conducted a study to determine petdre rate of nitrogen, phosphorus, and
potassium loading on farms in the Lower Fox Rivasi over two years. The mass balance
showed an average of 98 kg/ha nitrogen accumulatitkg/ha phosphorus accumulation, and
90 kg/ha potassium accumulation on dairy farmssh@aain accumulation rates were 10, 3, and
26 kg/ha, respectively. Most of the dairy farmd b&ready implemented nitrogen based nutrient
management plans. “The study indicates that plarsigraccumulations could be reduced by
more that 90% by implementing a number of addifiomanagement practices, including
switching to lower phosphorus protein supplemegtswing rather than purchasing protein
sources, reducing the amount of phosphorus indivg cation, and reallocating manure across
the farm to fields with the greatest phosphorugiriee

Soupier, M.L., Mostaghimi, S., Yagow, E.R. (200®utrient transport from livestock manure
applied to pastureland using phosphorus-based reareag strategiesJournal of
Environmental Quality, 35, 1269-1278.

Recognizing that land applications of manure fmfined animal systems and direct
deposit by grazing animals are both major sourtesitoients in streams, this paper attempts to
determine the effects of P-based manure applicatortotal suspended solids and nutrient
losses from dairy manures and poultry litter swefapplied to pasturelands and to compare the
nutrient losses transported to the edge of thd fiefking overland flow events. The study found
that the nutrients are most transportable from ¢esys0 a buffer zone between pastureland and
streams or other appropriate management practieageaessary to reduce nutrient losses to
waterbodies.

Haggard, B.E., Storm, D.E., Stanley, E.H. (200Efféct of a point source input on stream
nutrient retention.” Journal of the American WaRarsources Association, 37(5), 1291-1299.

This article examined the effect of a point soarcgut on water chemistry and nutrient
retention in an Arkansas creek. They found tH#tpagh no single factor is responsible for
nutrient retention, discharge and the level ofieatrenrichment explained a substantial amount
of the observed variance in the SRP.

Srinivasan, M.S., Gerard-Marchant, P., Veith, T&burek, W.J., Steenhuis, T.S. (2005).
“Watershed scale modeling of critical source armdasinoff generation and phosphorus
transport.” Journal of the American Water Resoufssociation, 361-375.
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This article evaluated Soil Moisture Distributiand Routing (SDMR) and SWAT by
applying them to a watershed in Pennsylvania iriotal identify runoff generation areas.
Neither simulation matched the observed data dveeasons, but SWAT is better able to
predict time series stream flow. However, neithedel allows runoff routing across the
watershed.

Kornecki, T.S., Sabbagh, G.J., Storm, D.E. (19%)aluation of runoff, erosion, and
phosphorus modeling system — SIMPLE.” Journal efAmerican Water Resources
Association, 35(4), 807-820.

This article evaluates the performance of Spatiategrated Models for Phosphorus
Loading and Erosion (SIMPLE) in predicting runofflume, sediment loss, and phosphorus
loading from two watersheds. SIMPLE tended to westemate runoff volumes during the
dormant period and the comparison between obsemvégredicted dissolved phosphorus
showed better correlation than for observed andigted total phosphorus loading.

Sharpley, A., Kleinman, P., Weld, J. (2004). “Assasnt of best management practices to
minimize the runoff of manure-borne phosphorushimWnited StatesNew Zealand Journal of
Agricultural Research, 47, 461-477.

This article demonstrates that the P Index camigedflexible and reliable manure
management and provide farmers with options tommize the risk of P loss.

Kronvang, B., Vagstad, N., Behrendt, H., Bogerstrah, Larsen. S.E. (2007). “Phosphorus
losses at the catchment scale within Europe: arvewe.” Soil Use and Management, 23(10,
104-116.

This article examines the importance of phosphtwsses from agricultural land by
analyzing data and two different models for thed\imBaltic region of Europe.

Sharpley, A.N., Weld, J.L., Beegle, D.B., Kleinm&J.A., Gburek, W.J., Moore Jr., P.A.,
Mullins, G. (2003). “Development of phosphorus el for nutrient management planning
strategies in the United Stateddurnal of Soil and Water Conservation, 58(3), 137-152.

This article charts the development of the indgxapproach, which ranks site
vulnerability to P loss by accounting for source éransport factors and outlines modifications
made among States to the P index that reflect maditions and policy. The conclude that
using three management scenarios (changing theofimgplied manure, riparian buffer
establishment, and reduced feed P ration) thatiWiindex ratings can be decreased, giving
farmers more options for manure management thainyly reducing application rates.

Kleinman, P.J.A., Needelman, B.A., Sharpley, AMcDowell, R.W. (2003). “Using soill

phosphorus profile data to assess phosphorus teapbiential in manured soilsSbil Science
Society of America Journal, 67(1), 215-224.

Engel



This article investigates whether detailed desiompand interpretation of soil P profile
data provide adequate insight into P leaching pi@lenThey ultimately conclude that soil P
profile data appear to provide only limited insighto P leaching potential.

Gaudreau, J.E., Vietor, D.M., White, R.H., Provirl,., Munster, C.L. (2002). “Response of turf
and quality of water runoff to manure and fertitizeJournal of Environmental Quality, 31,
1316-1322.

This article evaluates responses of bermudaguasartd volumes and P and N
concentrations of surface runoff after fertilizercomposted manure applications. They found
that runoff volumes were similar between manurefarndizer sources of P and that dissolved P
concentration in runoff during a rain even was fivees greater for fertilizer than for manure P.

Kleinman, P.J.A., Sharpley, A.N., Moyer, B.G., Bhger, G.F. (2002). “Effect of mineral and
manure phosphorus sources on runoff phosphaodoarihal of Environmental Quality, 31, 2026-
2033.

This article attempts to quantify the effects liém@ative P sources, application methods,
and initial soil P concentrations on runoff P Iesfem three acidic soils. They found that
runoff DRP concentrations were highly correlatethwvater-soluble P concentration of surface-
applied manure. Additionally, practices that irage P sorption at the soil surface may reduce P
loss in surface runoff, even after surface appbecahas occurred.

Daniel, T.C., Sharpley, A.N., Lemunyon, J.L. (199&qgricultural phosphorus and
eutrophication: a symposium overviewdurnal of Environmental Quality, 27, 251-257.

This article provides an overview of the issuetdssed at a symposium titled
“Agricultural Phosphorus and Eutrophication.” “Geally, the loss of agricultural P in runoff is
not of economic importance to a farmer. Howeueran lead to significant off-site economic
impacts, in some cases occurring many miles frarPtisource. By the time these impacts are
manifest, remedial strategies are often difficald @xpensive to implement: they cross political
and regional boundaries...”

Edwards, D.R., Daniel, T.C. (1994). “Quality of nfhfrom Fescue grass plots treated with
poultry litter and inorganic fertilizer.” Journaf Environmental Quality, 23, 579-584.

This article assessed the impacts of fertilizeattment and simulated rainfalls on quality
of runoff from fescue grass. After the first rahfevent, the total P runoff was highest from
plots that received inorganic fertilizer, while thighest concentrations of chemical oxygen
demand and total suspended solids occurred infrénoof plots treated with poultry litter. The
runoff from the second and third rainfall eventgeveot significantly different than the control.
So, the first rainfall event is significantly worden subsequent rainfall events.

Pote, D.H., Daniel, T.C., Sharpley, A.N., Moore BrA., Edwards, D.R., Nichols, D.J. (1996).
“Relating extractable soil phosphorus to phosphtosses in runoff.” Soil Science Society of
America Journal, 60, 855-859.
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This paper tested the hypothesis that soil testrelates to dissolved reactive P and
bioavailable P in runoff varies, depending on tkigaetion method. They found that there is a
linear relationship between STP levels and DRP eoination in runoff from the soil surface.

Sauer, T.J., Daniel, T.C., Moore Jr., P.A., Coff€yR., Nichols, D.J., West, C.P. (1999).
“Poultry litter and grazing animal waste effectsranoff water quality.”Journal of
Environmental Quality, 28, 860-865.

This study compares the effects of grazing anoheglositions vs. poultry litter
application on nutrient runoff. Plots receivingufioy litter had significantly greater losses of
most nutrient parameters for both rainfall simalas. They ultimately concluded that “a severe
rainfall event shortly after poultry litter applio@an produces significantly greater nutrient losses
as compared to similar application of grazing ahidegositions at the rates used in the
experiment.

Edwards, D.R., Daniel, T.C. (1992). “Environmentapacts of on-farm poultry waste disposal —
a review.”Biosource Technology, 41, 9-33.

This paper reviews information regarding the dsgp@f on-farm poultry wastes and the
effects of poultry waste disposal on environmeqtadlity.

Edwards, D.R., Daniel, T.C., Scott, H.D., MurdoéH., Habiger, M.J., Burks, H.M. (1996)
“Stream quality impacts of best management pragiice Northwestern Arkansas basin.” Water
Resources Bulletin, 32(3), 499-5009.

This article attempts to asses the water quatigceveness of best management
practices implemented in the Lincoln Lake basidNorthwest Arkansas. Total P was highest for
sub-basins with the highest proportion of pastanelluse. The declines in analysis parameter
concentrations are attributed to the implementadioBMPs in the basin.

Pote, D.H., Daniel, T.C., Nichols, D.J., Sharplay., Moore Jr. P.A., Miller, D.M., Edwards,
D.R. (1999). “Relationship between phosphorus kirethree ultisols and phosphorus
concentrations in runoff.Journal of Environmental Quality, 28, 170-175.

This study attempts to identify the most consis&HRP method for predicting runoff
DRP levels, and determine effects of site hydrologyorrelations between runoff DRP
concentrations. They found that all correlatioh§®P to runoff DRP were significant, which
suggests the importance of site hydrology in det@ng P loss in runoff and may provide a
means of developing a single relationship for ayeaof soil series.

Nelson, M.A., Cash, W.L., Steele, K.F. (2000). “Bratination of nutrient loads in Upper
Moores Creek.” Arkansas Soil & Water Conservati@mighission.

Engel



This is a report of a monitoring project of thex¢oln Lake Basin in order to demonstrate
the effectiveness of the implemented BMPs in retlyautrient transport from the pastures in
the intensively managed areas.

Chapman, S.L., Moore, B.J., Barton, L. “Water giyadind poultry production in three
hydrologic units in Arkansas.” University of Arksais Cooperative Extension Service.

This is a report on three USDA hydrologic projaeaté\rkansas. They found that,
although only about 30% of the soils need phosghtatilization for crop production, however
producers continue to apply poultry litter to thad.

Sauer, T.J., Daniel, T.C., Moore Jr., P.A., Coff€yR., Nichols, D.J., West, C.P. (1999).
“Poultry litter and grazing animal waste effectsranoff water quality.”Journal of
Environmental Quality, 28(3), 860-865.

This study compares nutrient runoff as affectedjtazing animal depositions vs. poultry
litter application. They found that plots receiyipoultry litter had significantly greater lossds o
most nutrient parameters. “A severe rainfall exsdartly after poultry litter application
produces significantly greater nutrient lossesaspared to similar application of grazing
animal depositions.”

Moog, D.B., Whiting, P.J. (2002). “Climatic and agitural factors in nutrient exports from two
watersheds in OhioJournal of Environmental Quality, 31, 72-83.

This article uses a statistical analysis to idgmimatic, hydrologic, and agricultural
variables that best explain variations in nitrgtegsphorus, and total suspended solids between
1976 and 1995 in two watersheds that feed Lake Bigate, total suspended solids, and total
phosphorus tended to decrease when previous maetieswet, except in the summer, and to
decrease when snow cover was extensive. Soludd#ive phosphorus loads were negatively
correlated to conservation tillage and reserved pasitively correlated to fertilizer and manure
sources.

Lehmann, J., Lan, Z., Hyland, C., Sato, S., SolgnibnKetterings, Q.M. (2005). “Long-term
dynamics of phosphorus forms and retention in mesamended soils.” Environmental Science
and Technology, 39, 6672-6680.

This study investigates the relationship betwegamic and inorganic P in soil pools and
equilibrium leachate along a chronosequence oftgoahd dairy manure additions in New
York. They found that long-term manuring resultedhe low retention of additional P in the
soil.

Sauer, T.J., Daniel, T.C., Nichols, D.J., West,.CMbore Jr., P.A., Wheeler, G.L. (2000).
“Runoff water quality from poultry litter-treatedapture and forest sitesldurnal of
Environmental Quality, 29, 515-521.
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This study attempts to measure the effect of $iteacteristics and poultry litter application on
runoff and nutrient transport from grazed pastune farest sites at different landscape positions.
They found that poultry litter-treated plots hadhsistently higher concentrations of all water
guality parameters tested compared to untreated. pAdditionally, concentration of DRP in
runoff from untreated plots was linearly correlavath three soil P tests and soil P on litter-
treated plots had little effect on runoff DRP. &g, the results indicate that variation in runoff
has a significant effect on nutrient transport frgrazed pastures receiving poultry litter.

Maguire, R.O., Hesterberg, D., Gernat, A., AndersanWineland, M., Grimes, J. (2006).
“Liming poultry manures to decrease soluble phosphiand suppress the bacteria population.”
Journal of Environmental Quality, 35, 849-857.

This study evaluated the ability of CaO and CA2kiling manure bacterial populations
and stabilizing P in poultry wastes and to investghe influence on soils following amendment
with treated wastes. They found that the liminggess, when used successfully, reduced plate
counts and concerns about P losses in runoff faligwand application.

Sharpley, A., Foy, B., Withers, P. (2000). “Praatiand innovative measures for the control of
agricultural phosphorus losses to water: an overvidournal of Environmental Quality, 29(1),
1-9.

This paper provides an overview of P managemeatesfies to maintain agricultural
production and protect water quality that were ussed at a conference. They concluded that
there are many ways to control agricultural P ti@mfsom soil to water including: optimizing
fertilizer P use-efficiency, refining animal feeations, using feed additives to increase P
absorption by the animal, moving manure from swgptudeficit areas, and targeting
conservation practices.

Nolen, S.L., Carroll, J.H., Combs, D.L., Staves,.J1989). “Limnology of Tenkiller Ferry
Lake, Oklahoma, 1985-1986.” Proceedings of the kikiaa Academy of Science, 69, 45-55.

This study is a response to deteriorating wateatityun various watersheds, specifically
the lllinois River Basin. The purpose of this stwdas to collect sufficient baseline water
quality data to define current limnological condlits at Tenkiller Lake and to provide a basis for
future water quality protection and monitoring.

Vadas, P.A., Krogstad, T., Sharpley, A.N. (2008)otleling phosphorus labile and nonlabile
soil pools: updating the EPIC mode®dil Science Society of America Journal, 70, 736-743.

This study attempts to determine if replacing ERKdnstant sorption and desorption
rate factor with more dynamic rate factors can nam@urately predict changes in soil labile P on
addition to and depletion of P from soils. Thegammend improvements to EPIC’s sorption
and desorption rate factors by making them dynamic.

Vadas, P.A., Haggard, B.E., Gburek, W.J. (2005)editting dissolved phosphorus in runoff
from manured field plots.Journal of Environmental Quality, 34, 1347-1353.
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This article tests a previously proposed mod@réalict manure P in runoff. It finds that,
using independent field-plot data, original undexdictions of manure runoff P can be improved
by calculating P distribution fractions from measirunoff to rain ratios or adjusting runoff to
rain ratios based on their degree of error.

Vadas, P.A., Harmel, R.D., Kleinman, P.J.A. (200Tjansformations of soil and manure
phosphorus after surface application of manureetd plots.” Nutrition Cycle Agroecosystems,
77, 83-99.

This study monitors the manure and soil P ovetol¥7 months in field experiments in
Texas and Pennsylvania following dairy and pouttignure surface application. They found
that manure mass consistently decreased while reaatal P was essentially constant through
time. They ultimately concluded that managemeatices for water quality protection must
consider the potential for manure P transformatton=ontribute dissolved P to runoff long after
manure is applied.

Haggard, B.E., Soerens, T.S. (2006). “Sediment pihasis release at a small impoundment on
the lllinois River, Arkansas, and Oklahoma, USEcblogical Engineering, 28, 280-287.

The purpose of this study is to evaluate P rel&ase sediments accumulated at a small
impoundment where the lllinois River flows from Arksas into Oklahoma. They find that it is
possible that the impound increases dissolved Perdrations in the lllinois River.

White, M.J., Storm, D.E., Zhang, H., Smolen, M.PPM Plus: a tool to aid in nutrient
management plan development.” Oklahoma Cooperattension Service.

This article provides a general overview of PPMsRANnd its applications for nutrient
management planners and farm managers to evahsadfect of BMPs before implementation.
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Mcdowell, R., Sharply, A., Brookes, P., Poulton(Z001). “Relationship between solil test
phosphorus and phosphorus release to solutmi.'Science, 166(2), 137-149.

This article examines the existence and behaviaramange point in soil P release. The
change point is the point above which Caklincreases much more rapidly per unit increase in
STP (soil test P) than if it is below that poifithe change point varies greatly between soils and
in relation to management. The change point cgorédicted to within 40% after relatively few
samples (as few as 8), and the 40% level is adolepb@cause most change points are more than
40% of the optimum STP required for plant growHssentially, putting phosphorus onto the
ground in levels that far exceed the amount desoeglant growth, causes P levels to increase
much more rapidly than it does at lower levels.

Vadas, P.A., Kleinman, P.J.A., Sharpley, A.N., TarrB.L. (2005). “Relating soil phosphorus to
dissolved phosphorus in runoff: a single extractioafficient for water quality modeling.”
Journal of Environmental Quality, 34(1), 572-580.

This article investigates the extradition coe#iutis of water-extractable soil P and soil P
sorption saturation. They found that the relatpdetween soil P sorption saturation and
runoff FRP was the same for all 10 soils invesiadatind exhibited a split-line relationship
where runoff FRP rapidly increased at P sorptidarasion values greater than 12.5%. They
concluded that a test for soil P saturation mayidethe most universal prediction of dissolved
P in runoff, but only for non-calcareous soils., 8ssentially, they found that a single value for
an extradition coefficient relating to soil P canused across a wide range of soil, hydrology, or
management scenarios. Thus, this article can dx tascounter the argument that a specific
location is unique and that traditional modelinggtrces, therefore, do not apply to it.

Vadas, P.A., Gburek, W.J., Sharpley, A.N., KleinplRd.A., Moore Jr., P.A., Cabrera, M.L.,
Harmel, R.D. (2007). “A model for phosphorus tramsfation and runoff loss for surface-
applied maures.Journal of Environmental Quality, 36(1), 324-332.

This article develops a model to assess P rebradéransport from surface manures. It
looked at data from Texas, Pennsylvania, Georgid fakansas and found that 80% of the P
remains in the top 2 cm, while 20% leaches deepbe model can differentiate the effects of
the sources of P in the soil, machine-applied maramd manure applied from grazing animals.
This model can help target alternative managemeatipes that will be most effective in
mitigating P loss. There is also some discussidhis article about the application of poultry
manure in Arkansas.

Vadas, P.A., Kleinman, P.J.A., Sharpley, A.N. (2004 simple method to predict dissolved
phosphorus in runoff from surface-applied manuréauinal of Environmental Quality, 33(1),
749-756.

This article details a simple approach to predissolved P release from manures based
on observed trends in laboratory extraction of Baimny, poultry, and swine manures with water
over different water to manure ratios. The metivag able to predict dissolved inorganic P
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concentrations in runoff from surface-applied masurvhich indicates its potential to improve
water quality models.

Sharpley, A.N., Kleinman, P.J.A., McDowell, Gitay,, Bryant, R.B. (2002). “Modeling
phosphorus transport in agricultural watershedscgsses and possibilitiesidurnal of Soil and
Water Conservation, 57(6), 425-439.

This article looks at the challenges of modelinga®sport and provides a conceptual
framework from which process-based P transport isadeght be evaluated. They found that,
although extraction coefficients relating soil dlwv P are variable, they can be represented as a
function of land cover or erosion. The article émgizes improving current models to
accurately predict P transport.

Chaubey, I., Sahoo, D., Haggard, B.E., Matlock, M@bstello, T.A. (2007). “Nutrient
retention, nutrient limitation, and sediment-nuttienteractions in a pasture-dominated stream.”
American Society of Agricultural and Biological Engineers, 50(1), 35-44.

This article examines the effects of nutrienta iwatershed in Arkansas. They found that
light, not nutrients, limited algal growth. Thegrcluded that “even nutrient-rich streams may
continue to assimilate, to some extent, increasadd of P, altering the timing and magnitude of
downstream transport of P.
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1.0 EXECUTIVE SUMMARY

A phosphorus mass balance study was performed on the lllincis River Watershed (IRW).

The purpose of the study was to determine the source(s) of phosphorus causing eutrophication

of Tenkiller Ferry Reservoir and water quality degradation of the lllinois River and its tributaries.

Based on the findings of the study, the following can be concluded:

a,

. Poultry production is currently responsible for more than 76% of the net annual

phosphorus additions to the IRW.

Historical data indicates poultry production has been the major contributor of phosphorus
to the watershed since 1964. Prior to 1964, dairy cattle were responsible for the majority
of the phosphorus contribution.

From 1949 to 2002, there was more than 219,000 tons of phosphorus added to the IRW.
Almost 68% of that addition, more than 148,000 tons, was attributable to poultry

production.

Other contributing sources of phesphorus {net additions) include commercial fertilizers
(7.5%), dairy cattle (5.2%), humans (3.2%}, swine (2.9%), industrial sources — mostly
poultry processing facilities (2.7%) and bheef cattle {1 7%). The remaining sources of
phosphorus evaluated in this study, which include urban runoff, golf courses, wholesale

nurseries, and recreational users, are negligible (< 1%).

Of the three phosphorus exports from the watershed (harvested crops, harvested deer,
and water leaving Lake Tenkiller through the spillway) outflow of phosphorus through the
spillway at the south end of Lake Tenkiller was the largest. According to current
estimates, the flow of water through the spillway removes just under 1.25% of the total
arnual phosphorus additions to the watershed. The remaining two phosphorus exports
combined remove just over 0.25% of cument annual phosphorus additions to the

watershed, totaling a 1.5% removal of current phosphorus additions.
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2.0 BACKGROUND AND OBJECTIVE

The llinois River Watershed encompasses nearly 1,052,000 acres (1,644 square miles}
in northeast Oklahoma and northwest Arkansas. The watershed spans seven counties and
feeds the largest reservoir in Eastern Oklahoma, Tenkiller Ferry Reservoir (known locally as
Lake Tenkiller). The seven counties in the watershed include Adair, Cherokee, Delaware, and
Sequoyah Counties in Oklahoma; and Benton, Crawford, and Washington Counties in
Arkansas. The very small portion of Crawford County, Arkansas that lies within the watershed
boundary (just over 1,000 acres} was not included in this study.

The llinois River was designated a “Wild and Scenic River” in 1970 and benefits from
the state protection this designation provides. This protection promotes tourism in the
watershed, which sees its peak between April and September when stream flow and
temperatures are best for river activities (OSRC, 1998). The main recreational activity in the
watershed is canoeing/kayaking, but other activities include camping, fishing, hiking, hunting,
horseback riding, wildlife viewing, and sightseeing.

Repaorts of diminishing water quality caused by eutrophication of Lake Tenrkiller and the
water quality degradation of the lllinois River its tributaries have prompted concem from both
local citizens and state officials (Haraughty, 1999). The eutrophication has been attributed to
excess nutrients, specifically phosphorus. The objective of this study was to perform a mass

balarce on the IRW to determine the source(s) of this phospharus.
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3.0 APPROACH

The outline and approach for the phosphorus mass balance study of the IRW was
established by Bemie Engel, Ph.D., Thomas Alexander, Ph.D., and Meagan Smith.

The first step in the study was to identify all phosphorus additions and removals within
the watershed, including related assumptions. This was accomplished by first determining
which additions and removals are true sources and subtractions of phosphorus; that is, they add
phosphorus to or remove phosphorus from the watershed, not just recycle the phosphorus
within the watershed.

The next step was to quantify all additions and removals, by source, on an annual basis.
Both current and historical values were calculated in order to establish any phosphorus related
trends in the watershed, as well as to aid in evaluating the historical impact the added
phosphorus has had on the watershed. A mass balance could then be performed based on the
calculated values.

Coupling the detemmined approach with a detailed literature review, the following

phosphorus additions and removals were identified.

31 Phosphorus Additions
Publicly owned treatment works (FOTWs} and Septic systems — Mot specifically an
addition.  All phosphorus additions from human excrement were accounted for
individually, based on the overall human population in the watershed, not by wastewater
treatment plant (WWTP) discharge or septic system releases. This is based on the
assumption that all treated wastewater sludge, whether from a WWTP or septic system,
is eventually land applied within the basin.

2. Farm animal wastes — Addition {for poultry, swine, dairy cattle, and beef cows and
heifers that calved). The additions for poultry, swine and dairy cattle are based on the
phosphorus content of their wastes and assume all feed for the animals is imported to
the watershed. It is assumed all litter and manure produced in the watershed is land
applied in the watershed (Fisher, 2008 and Copenhaver, 1991). Phosphorus additions
due to beef cows and heifers that calved are accounted for based on the phosphorus
content of protein supplements fed to calving beef cattle (Lalman, 2004). Na other
portion of beef cattle waste is considered because beet cattle are an otherwise foraging

livestock that recycle the phosphorus already in the landscape (Lalman, 2004 and Slaton
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et al., 2004). Based on livestock data from the 2002 Census of Agriculture, the
population numbers of all other livestock compared with the population numbers of
poultry, swine, and cattle were insignificant and therefore, not considered.

Non-manure fertilizer application to agricultural land — Addition

Golf course fertilizer application — Addition

Urbanized areas — Addition. It is assumed this input (urban runoff} will account for all
residential fertilizer application, domestic pet waste, and cother phosphorus in storm
water runoff.

Plant nurseries — Addition. Additions related to wholesale plant nurseries are accounted
for using tailwater phosphorus concentrations.

Recreational users — Addition

Industrial sources {(manufacturing and processing) — Addition

Phosphorus Removals

Crop consumption/removal from watershed — Removal. The calculations for this
phosphorus removal assume all crops grown in the watershed are removed from the
watershed upon harvest. The only exception to this assumption is hayfforage crops. It
is assumed all harvested forage crops are used for livestock in the IRW and that for
every bale of hay that may leave the IRW, an equal amount is brought into the IRW.
This results in no phosphorus removal due to the harvest of forage crops.

Farm animal consumption/subsequent removal from watershed — Removal for beef
cattle only. This is based on all beef catile in the watershed being faraging animals,
therefore recycling phosphorus, with only beef cows and heifers that calved given
protein supplements, representing any phosphorus addition (Slaton et al., 2004 and
Lalman, 2004). Beef cattle recycle phosphorus until they are sold and subsequently
removed from the watershed, at which point all stored phosphorus is removed. Although
poultry and swine are also sold and removed from the watershed, they do not remove
phosphorus from the watershed because they are non-grazing animals. Based on
livestock data from the 2002 Census of Agriculture, the population numbers of all other
livestock populations compared with the population numbers of pouliry, swine, and cattle
are deemed insignificant, therefore any percentage sold out of the watershed represent

a negligible removal of phosphorus.
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Indigenous animals — Removal for harvested deer, only. These animals act to recycle
phosphorus in the watershed. They are not introducing more phosphorus nor
permanently removing phosphorus. The only indigenous animals permanently removing
phosphorus from the watershed are deer harvested during hunting season.

Water leaving through spillway on Lake Terkiller — Removal. There is a quantifiable

amount of phosphorus leaving through the spillway at the south end of Lake Tenkiller.

Other Phosphorus Additions and Removals Considered

Indigenous animals (other than harvested deer} — Not an addition or removal. This was
based on the assumption that indigenous animals are recycling phosphorus in the
watershed through grazing, defecation, bodily decay, etc., not introducing more
phosphorus nor permanently removing phosphorus.

Solid waste disposal sites — Not an addition. Solid waste disposal facilities must operate
leachate collection/treatment systems, therefore eliminating them as a source of
phosphorus (EPA, 40 CFR Part 258 Subpart C).

Mining operations — Not an addition or removal. The only mining operations in the area
are for gravel and sand, which do not intfroduce phosphorus ta the watershed. |t is
assumed any soils removed by mining are deposited elsewhere in the watershed. This
results in no addition or removal of phosphorus through mining.

Sedimentation/Erosion — Not an addition or removal. Although there is aeclian and
alluvial erosion occurring  throughout the watershed, there is also
sedimentation/deposition occurring throughout the watershed. All eroded material is
captured within the watershed or reserveir, leading to no net addition or removal of
phosphorus due to erosion, sedimentation, or deposition.

Unmanaged land (riparian areas, forests, grasslands, etc.) — Not a removal. These land
areas recycle phosphorus through the natural growth and decay of plant matter. They
do not introduce or permanently remove phosphorus (Daniels et al., 2000).

Golf course grass uptake — Not a removal. Golf courses typically mulch/compaost their
clippings on property (G. Hallett, personal communication, 7 August 2006). This leads to

a recycling of phosphorus, not a removal of phosphorus.

Figure 1 depicts all phosphorus additions and removals from the IRW, as well as those

processes which recycle phosphorus within the watershed.
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Figure 1. Phosphorus mass balance flow diagram for the lllinois River Watershed.
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4.0 PHOSPHORUS CALCULATIONS

After all potential sources of phosphorus to and removals of phosphorus from the
watershed were determined, these source contributions and removals were guantified on an
annual basis. Both current and historical values were calculated. This was done in order ta
determine any phosphorus related trends in the watershed, as well as to aid in evaluating the

historical impact on the watershed.

4.1 Land Use/Land Cover

Unless otherwise noted, all land use/land cover data used for this study is from the
National Land Cover Dataset (NLCD) 2001, summarized by Dr. Robert van Waasbergen (van
Waasbergen, personal communication, 2007). The NLCD 2001 was put together by the Multi-
Resolution Land Characteristics Consortium {MRLC) and is derived from 30-meter resolution
Landsat satellite imagery. There are 29 total land use classes in the data set with only 15 of
those classes found in this watershed. The 15 land use classes were grouped into five

categories; water, developed, forest, pasture, and crop, as shown below.

1) Open Water - Water 9} Mixed Forest - Forest

2) Developed, Open Space - Developed 10} ShrubfScrub - Pasture

3) Dewveloped, Low Intensity - Developed 11} Grassland/Herbaceous - Pasture

4) Develcped, Medium Intensity - Developed 12} Pasture/Hay - Pasture

5) Developed, High Intensity - Developed 13} Cultivated Crops - Crops

6) Barren Land (Rock/Sand/Clay) - Developed 14} Woody Wetlands - Forest

7) Deciduous Forest - Farest 15} Emergent Herbaceous Wetlands - Pasture

8) Evergreen Forest - Forest

Table 1 shows the amount of each land usefland cover type, in acres, for the entire
counties that make up the IRW and the portions of those counties that lie in the IRW. The

NLCD 2001 was used for both current and historical calculations.

a,

=~ Alexander Consulting, Inc.

May 2008
linois River Walershed Phosphorus Mass Balance Study -7- ACI Project ES-233



Table 1. Land use/Land cover for the IRW in acres

Land Use/Land Cover Acres
Entire County
Caunty Water Developed Forest Pasture Crop Total
Adair 568 16,714 200,486 142,120 325 369,313
Benton 22020 61,902 231,008 247,725 722 583,377
Cherokee 16,368 25,535 268,179 186,520 267 496,868
Delaware 35042 28813 219619 219868 3711 507,053
Sequoyah 24,362 25727 195,710 203,669 7.653 457,020
Washington 4,109 53,045 301,119 253,091 528 611,892
IRW Portions
County Water Developed Forest Pasture Crop Total
Adair 263 12,744 128,395 113,515 264 255,180
Benton 677 26,076 47,256 111,483 272 185,765
Cherckee 10,218 13,818 132,719 66,465 92 223312
Delaware 35 2,975 26,077 18,710 101 48,897
Sequoyah 3,432 2,987 22,451 17,232 378 46,479
Washington 862 33,680 102,962 154,380 370 292,163
Watershed 15,486 92,189 459,860 482,785 1,478 1,051,796

4.2  Phosphorus Additions
4.2.1 Human Population

The phosphorus additions attributable to the human population in the watershed were
accounted for individually, as untreated waste additions. The conservative assumption made to
support this method is that all treated discharge water and sludge from both WWTPs and septic
systems are eventually released into the watershed.

In order to perform the calculations, it was necessary to determine the phosphorus
contributing human population in the watershed. This was done using population numbers from
the United States Census Bureau sorted by county areas and total watershed areas calculated
in ArcGIS (van Waasbergen, 2007). First, countywide populations were taken from the 1950,
1960, 1970, 1980, 1990, and 2000 U.S. Census. Nexi, all urban centers over 1,000 people
located partially or entirely within the boundary of the IRW, were isolated. The populations of
the urban centers in each county were then subtracted from the total county populations. The
resulting rural population numbers for each county were multiplied by the percent of the rural
area for each county located within the IRW and then summed. This resulted in the rural

ﬁ,
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population for the IRW for each of the six U.8. Census years. The population of all urban

centers located partially or entirely within the boundary of the IRW was then added to the rural

population numbers to account for all phosphorus additions due to humans. Table 2 shows the

IRW populations (accounted for in each county of the IRW) every ten years starting in 1950.

Table 2. Human population in the IRW

Total Population - lllinois River Watershed

Year Adair Benton Cherokee Delaware Sequoyah Washington IRW
1950 10,824 21,720 11,079 1,415 1,703 37,125 83,874
1960 9814 24050 11,139 1,150 0 1,701 43899 91552
19704 11,077 37,156 15,441 1,361 2,242 58,218 125,496
1980 13,839 55,854 18,197 1,773 1,897 74,135 165,695
1990 13927 69,460 20,910 2,096 2,009 84,036 192,439
2000 15987 111,255 26,931 2.829 2,387 120.993 280,383

Two different phosphorus generation rates for the human population were identified-

Septic Systermn Performance: A Study at Dunoon, Northern NSW (Sarac et al., 2001) and
chapter four of the Agricultural Waste Management Field Handbook (USDA, 1992) combined
with Mean Body Weight, Height, and Body Mass Index, United States 1960-2002 (CDC, 2004).
Sarac et al. (2001) determined annual per capita phosphorus generation rate of 1.1 Ib of total
phosphorus. The Agricultural Waste Management Field Handbook (USDA, 1992) breaks down

the human phosphorus generation rate to 0.02 Ib/day/AU of excreted phosphorus, where an AU

equals 1000 Ib animal live weight. Due to the ability to account for the increase in weight of the

average person over the last several decades, it was concluded the preferable resource to

utilize was the Agricultural Waste Management Field Handbook (USDA, 1992).

compares the phosphorus contributions of both waste characterization estimates.

Table 3

Table 3. Comparison of annual phosphorus additions from humans in the IRW (tons/yr)

ﬁ,

Phasphorus Additions (tons/yr) — Humans

Year UshDA Sarac et al.
18650 45 46
1960 51 50
1970 73 69
1980 97 91
1990 118 106
2000 182 154
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4.2.2 Livestock

The process used to calculate phosphorus production for the various livestock in the
watershed was similar to that used to calculate human phasphorus production. Livestock
population numbers were combined with phosphorus production rates to determine annual
phosphorus cantributions for each livestock category.

The countywide livestock populations, both cument inventory and livestock sold,
depending on the animal type, were obtained from the United States Census of Agriculture (Ag
Census) for years 1949, 1954, 1959, 1964, 1969, 1974, 1978, 1982, 1987, 1992, 1997, and
2002. Currently, the Census of Agriculture is conducted by the United States Department of
Agriculture, but prior to 1997 the United States Census Bureau conducted the census.

After studying the various livestock population trends in the watershed, it was decided
only those animals for which feed is imported into the watershed would be considered. These
animals include poultry (broilers, layers, pullets, and turkeys), swine, dairy catile, and beef cows
and heifers that calved. It is assumed all calving beef cattle are fed a protein supplement in
addition to their regular foraging (Lalman, 2004). Further, it is assumed all other livestock are
grazing livestock, and therefare do not account for a net addition of phasphorus to the
watershed (Slaton et al., 2004).

The livestock populations for each portion of county within the IRW were determined
based on the percentage of pasture acreage for each county that lies inside the watershed
boundary (Nelson et al., 2002). For example, if 10% of the pasture acreage for any given
county lies within the boundary of the watershed, then it was assumed that 10% of the livestock
population for that county resided within the watershed. This method of livestock distribution
was based on the assumption that livestock would not be housed or grazed on cropland,
forests, or developed areas and would be equally distributed on pasture (Nelson et al., 2002).
The livestock populations accounted for include the number of broilers and turkeys sold from the
watershed; the number of layers, pullets, and swine both sold from the watershed and on-hand
at the time of each census; the on-hand inventory of dairy cattle at the time of each census; and
the on-hand inventory of beef cows and heifers that calved. [f data was not available in the Ag
Census, a population of zero was assumed, resulting in a zero contribution. The calculations
resulted in the current and historical phosphorus contributing livestock populations provided in
Table 4.

ﬁ,
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Table 4. Phosphaorus contributing livestock populations in the IRW

Livestock Populations in the lllinois River Watershed

. . Dairy Beef C.:OWS
Year Broilers Layers Pullets Turkeys  Total Poultry Swine Caitle & Heifers
that Calved
1949 11,924,434 N B 38497 11,962,932 79.555 29478 10,379
1954  18,617.043 a a 302,795 18,919,838 28,281 20,877 19,842
1959  35,685.226 N B 489,136 36,174,360 50,939 21,253 29,742
1964 60,681,482 1,759,742 2 2 62,441,223 28423 14,886 50.503
1969 75718474 6,687,861 a a 82,406,334 44,297 11,674 62321
1974 80779485 3.881.138 ? ’ 84,660,623 57,064 9.302 86,725
1978 87085705 6358778 4,041,266 2274966 99,760,715 212,851 11,771 79,062
1962 91,645,666 7,730,130 3,951,899 2899320 106,227,014 284,402 15,620 83,235
1987 100,090,686 9.386,334 4,354,641 5,443,358 119,275,019 484,617 13,095 81,212
1992 124,834,505 7.550,805 4476492 4013895 140875787 324,755 12,148 85408
1997 126,788,271 5.895,940 3,503,572 4,780,619 140,968,402 299,286 9,958 97.440
2002 139,700,237 4.870.817 3,186,207 4,024,094 151,781,185 208,243 10,280 101,367

*Ne information listed in Ag Gensus.

PData listed as not available in Ag Census.

Table 5 presents the same livestock numbers in terms of animal units {AUs), or 1000 |b
of animal liveweight. Due to the vast size difference of the animals listed, this allows for a better
comparison of the “amount” of each animal type in the watershed. Average liveweights at
market were used to determine the Als. The average liveweights for broilers and turkeys have
increased greatly over the past several decades. That increase was accounted for by using
their iveweights at market taken from the Paultry Yearbook (ERS, 2008) for years 1964 through
2002. Prior to 1964, the liveweights for broilers and turkeys were estimated using a linear
regression. The liveweights for broilers and turkeys are provided in Table 6. The average
liveweights at market used to calculate the AUs for the remaining animals are 1375 b for dairy
cattle, 963 Ib for beef cows and heifers that calved, 155 Ib for swine (ASAE, 2005), 4 Ib for
layers (ASAE, 2003), and assuming a laver is a full-grown pullst, 2 Ib for pullets. These
liveweights at market are current estimates and are used to calculate both current and historical

AUs in the watershed.
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Table 5. Phosphorus contributing livestock populations in the IRW in terms of Animal Units

Livestock Populations in terms of Animal Unitg***

; Beef Cows &
Year Broilers Layers Pullets Turkeys PTB tal Swine Dairy Heifers that
oultry Cattle
Calved
1849 32,792 * * 530 33,323 12331 40,532 9,985
1954 55,106 * * 4,481 59,588 5,934 41,081 19,108
1959 113,122 * * 7,743 120,865 7.896 29,222 28,641
1964 211,172 7.039 * * 218,211 4.406 20,469 48,635
1969 272,587 26,751 * * 299,338 6,866 16,052 60.015
1974 305,346 15,525 * ** 320,871 8,845 12,790 83,516
1978 337,893 25435 8,083 43,202 414,612 32,992 16,185 76,136
1982 370,248 30,921 7,904 55,754 464,827 44,082 21477 80,156
1987 430,390 37,545 8,709 110,555 587,199 75,116 18,006 78,207
1992 561,755 30,204 8,953 87,142 688,053 50,337 16.704 82,248
1997 609,852 23,584 7,007 114,544 754,986 46,389 13,693 93,835
2002 716,662 19,482 6,372 107,685 850,202 32,278 14,135 97,616
#1000 Ibs of animal livewaight.
®No information listed in the Ag Census.
“Data listed as not available in the Ag Gensus.
Table 6. Historical liveweights at market for broilers and turkeys
Liveweights at Market for
Broilers and Turkeys (b}
Year Broilers Turkeys
1949 275 13.78
1954 296 14.80
1959 317 15.83
1964 3.48 17.94
1969 3.80 18.95
1974 3.78 18.35
1978 3.88 18.99
1982 4.04 19.23
1987 430 20.31
1992 4.50 21.71
1997 4.81 23.96
2002 5.13 26.76
-.@-" Alexander Consulting, Inc.
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The historical animal populations in the watershed are represented graphically in Figures
2 and 3. Figure 2 depicts the historical animal population numbers and Figure 3 depicts the
populations in terms of animal units.

After determining livestock populations for the watershed, multiple sources were
considered to calculate the phosphorus addition for each population. The various phosphorus
generation rates were combined with liveweight estimates and standard animal growth cycles,
when needed, in order to calculate and compare the overall phosphorus additions from each
livestock source. Standard growth cycles were used to account for multiple rotations of animals

raised on a farm in a given year.
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4.2.21 Poultry
Four phosphorus generation rates were identified to calculate and compare the

phosphorus additions attributable to the different poultry populations in the watershed. The four
resources include:
s Agricultural Waste Management Field Handbook (USDA, 1992)
e ASAE Standard D384.2 MAR2005 {ASAE, 2005)
= Manure Characteristics — MWPS-18 Section 1 (MWPS, 2000)
o Data summarized from 321 Nutrient Management Plans (NMPs} from the
Eucha/Spavinaw Watershed in northeastern Oklahoma  Data was summarized by
Lithochimeia, Inc. (NMP, 2007},

Table 7 lists the phosphorus generation rate parameters from each resource for broilers,

layers, pullets, and turkeys.
Table 7. Phosphorus generation rate parameters for pouitry

Phospherus Generation Rate Parameters for Poultry®
USDA ASAE MWPS NMP

_ lo/dayape  1offinished oy %
Bird Type animal manure
Broiler 0.34 0.035 0.0006 2.08%
Layer 0.275 0.402° 0.0012 2.65%
Pullet® 0.24 NA NA 1.78%
Turkey 04 0.26 0.0048 2.22%

*These rates are not directly comparable.

®Animal unit — 1000 Ips animal liveweight.
°As excreted manure values used for USDA. Valuas not available for ASAE or MWPS,

“Manure must be determined on dry basis.
°Converted from lbfdayfanimal

USDA
The USDA method of calkulating phosphorus contributions allows one to explicitly

account for the increase over time in the liveweights at market of broilers and turkeys. This is
due to the phosphorus generation numbers being given in terms of animal units (AUs), defined
as 1000 Ib of animal. The liveweights at market for broilers and turkeys were taken from the
Poultry Yearbook (ERS, 2006) for years 1964 through 2002. Prior to 1964, the liveweights were
estimated using a linear regression. Table 6 lists the liveweights at market used for broilers and
turkeys. The liveweights for layers and pullets were considered to be constant over time for
these calculations. Layers were assumed to have a liveweight of 4lb (ASAE, 2005} and pullets

&_
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were assumed to have an average liveweight of 2 Ib. When calculating the phosphorus
contributions, the liveweights for broilers and turkeys were assumed to be half the listed weight
in order to account for the varying ages of animals on hand.

The growth cycles used for the USDA calculations were taken from ASAE Standard
D384.2 MAR2005 (ASAE, 2005) for broilers and turkeys, and were assumed to be 48 days and
119 days, respectively. It was assumed layers are on the farm year round; therefore their
growth cycle is 365 days. The growth cycle for pullets was assumed to be 20 weeks or 144
days (Ag Census, 2002). Table 8 lists the annual phosphorus additions for each bird type using

the USDA resource for phosphorus generation rates.

Table 8. Annual phospharus additions to the IRW from poultry using USDA (1992)

Annual Phosphorus Additions from Poultry - USDA - tons
Year Broilers Layers Pullets Turkeys  All Poultry
1949 134 * * 6 140
1954 225 * * 53 278
1959 462 " hd 92 554
1964 862 353 * * 1,215
1969 1,112 1,343 b * 2,455
1974 1,246 779 * * 2,025
1978 1,379 1,277 102 514 3.271
1982 1,511 1,552 100 663 3,825
1987 1,756 1,884 110 1,316 5,066
1992 2,292 1,516 113 1,037 4,958
1997 2488 1,184 88 1,363 5,123
2002 2,924 978 80 1,281 5,263

*Population data not available

ASAE

ASAE Standard D384.2 MAR2005 (ASAE, 2005) lists phosphorus generation rates in
temms of Ib phosphorusffinished animal for broilers and turkeys, and Ib phosphorus/day/animal
for layers. Because these units do not account for the weight of the animal in the calculation,
the phosphorus generation rates were converted to Ib phosphorus/b bird for each bird type
using the average bird weights listed in the ASAE document for broilers and turkeys, and the
average weight of a layer listed in ASAE Standard D384.1 FEB2003 combined with a 365 day
growth cycle for layers. This reference does not provide nutrient generation rates for pullets,

therefore phosphorus additions due to pullets was not be calculated under this method.

Annual phosphorus contributions were then calculated using the liveweights at market
for broilers and turkeys found in Table 6 and the average liveweight for a layer of 4 Ib (ASAE,

a,
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2003). Table 9 lists the annual phosphorus contributions from broilers, layers, and turkeys

using the ASAE resource for phosphorus generation rates.

Table 9. Annual phosphorus additions to the IRW fram poultry using ASAE (2005)

Annual Phosphorus Additions from Poultry - ASAE - tons
Year Broilers Layers Turkeys All Pouliry
1849 111 2 3 113
1954 186 Z 24 210
1959 381 s 41 423
1964 712 353 * 1,065
1969 919 1,343 * 2.262
1974 1.030 779 * 1,809
1978 1,139 1,277 229 2,645
1982 1.248 1.552 296 3.096
1987 1.451 1.884 587 3.922
1992 1.894 1,516 462 3.872
1997 2,056 1,184 608 3.848
2002 2416 978 571 3.966

*Population data not available.

MWPS

Manure Characteristics — MWPS-18 Section 1 (MWPS, 2000) lists phosphorus
generation rates for broilers, layers, and turkeys in units of Ib phosphorus/day. Phosphorus
generation rates for pullets were not listed and therefore not calculated under this method.
These units were converted to Ib phosphorus/lb bird by using the bird weights listed combined
with the average growth cycles used in previous calculations. The weights used were 4 b for
broilers (assuming the listed weight of 2 Ib is the average weight during its growth cycle), 4 |b for
layers, and 20 Ib for turkeys. The phosphorus generation rates in Ib phosphorus/lb bird were
then applied to the historical average liveweight values for broilers and turkeys found in Table 6
Table 10 lists the annual phosphorus contributions from broilers, layers, and turkeys using the

MWPS resource for phosphorus generation rates.

ﬁ,
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Table 10. Annual phosphorus additions to the IRW from poultry using MWPS (2000)

Annual Phosphorus Additions from Poultry - MWPS - tons
Year Broilers Layers Turkeys All Poultry
1949 121 * 7 129
1954 204 * 63 267
1959 418 * 109 528
1964 780 382 » 1,162
1969 1,007 1,450 = 2457
1974 1.128 841 * 1,970
1978 1,249 1379 611 3,238
1982 1,368 1,676 788 3,833
1987 1,591 2,035 1,563 5,189
1992 2,076 1,637 1,232 4,945
1997 2,254 1,278 1,619 5,152
2002 2,649 1,056 1,522 5,227

*Population data not available.

NMP

Data from 321 Eucha/Spavinaw watershed Nutrient Management Plans (NMPs} was
summarized by Lithochimeia, Inc. (NMP, 2007). The summarization culminated in as-is
average waste generation rates in Ibffinished bird, average moisture contents, average % total
nitrogen and average % total phosphorus on a dry basis, and average bird weights at market,
Note that the waste generation rates summarized from the NMPs are based on bird capacity
and not number of birds produced. Because the capacity of a house is typically greater than the
number of birds generated from the house, the per bird waste generation rates are
underestimated. This will, in tum, underestimate the amount of phosphorus contributed to the
watershed.

In order to account for the increase in bird weight over time, the waste generation rates
were converted to Ib waste/lb bird on a dry basis, using the average bird weights at market
listed in the NMPs: 5.5 Ib for broilers, 8 Ib for layers, 8 Ib for pullsts, and 14 Ib for turkeys.
Because the average bird weights at market for layers, pullets, and turkeys differed so greatly
from the other calculation methods, their phosphorus contributions were calculated using a
constant weight over time, the average weight at market listed in the NMPs. The Ib waste/lb
bird generation rate for broilers was applied to the historical liveweights listed in Table 6. The %
phosphorus for each bird type was then applied to the tonnage of waste produced by the
correspanding bird type. Table 11 lists the annual phosphorus contributions from each bird type
using the data summarized from the NMPs.
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Table 11. Annual phosphorus additions to the IRW from paoultry using NMP (2007}

Annual Phosphorus Additions from Poultry - NMP - tons
Year Broilers Layers Pullets Turkeys All Poultry
1949 140 b L 2 142
1954 235 " L4 18 253
1959 482 * - 2 511
1964 898 17 * * 1.315
1969 1,180 1,583 » * 2,743
1974 1,300 919 ® * 2,218
1978 1,438 1,505 249 137 3,329
1982 1,576 1,830 243 174 3.823
1087 1.832 2,272 268 328 4,649
1992 2,391 1,787 275 242 4,696
1997 2,596 1,396 216 288 4,495
2002 3,051 1,153 196 242 4,642

*Population data not available.

After reviewing the methods of calculating phosphaorus additions from the various poultry
populations in the IRW, it was determined the most accurate method is based on the
summarized Nutrient Management Plans (NMPs} for the Eucha/Spavinaw watershed. This
decision takes into account various factors regarding the data, including the proximity of the
llinois River Watershed and the Eucha/Spavinaw Watershed. This proximity of location results
in comparable production methods between the two watersheds. The NMP data is very recent
data with the bulk of all lab tests performed at the same lab, the Agricultural Diagnostic
Laboratory at the University of Arkansas in Fayetteville. This results in highly consistent,
reliable data. The NMF data also pravides waste and phosphorus generation rates for pullets,
which two of the other sources do not. Having generation numbers for pullets allows for the
calculation of the overall phosphorus contribution from the entire poultry population in the
watershed. The annual phaosphorus additions from poultry using NMP (2007) data are depicted
graphically in Figure 4.
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4.2.2.2 Swine and Dairy Cattle

Two resources for phosphorus generation rates were identified to calculate and compare
the phosphorus contributions attributable to the swine and dairy cattle populations in the
watershed: the Agricultural Waste Management Field Handbook (USDA, 1992) and ASAE
Standard D384.2 MAR2005 (ASAE, 2005). Table 12 lists the phosphorus generation rates used

in the calculations.

Table 12. Phosphorus generation rates for swine and dairy cattle

Phosphorus Generation Rate Parameters
for Swine and Dairy Cattle®

UsSDA ASAE
. b Ib/finished
Animal Type tb/day/AU animal
Swine 0.16 1.7
Dairy Cattle 0.07 62°

These rates are not direclly comparakble.
® Animal Units — 1000 Ib animal liveweight.
“Gonverted from ib/dayfanimal

In order to calculate the overall phosphorus contributions attributable to the swine and
dairy cattle populations using the USDA method, average animal liveweights and growth cycles
were needed. The liveweight used for swine was 155 pounds with all swine in the watershed
assumed to be grower/finishers with a growth cycle of 120 days (ASAE, 2005). The liveweight
used for dairy cattle was 1375 pounds {ASAE, 2005) with all dairy cattle assumed to be full-

grown and lactating and on farm year round, vielding a growth cycle of 365 days.

Calculating the overall phosphorus contributions using the ASAE method required first
converting the phosphorus generation rate for dairy catile from Ib/day/animal to Ib/finished
animal using the growth cycle of 365 days. The phosphorus generation rates were then applied
to the number of swine and dairy cattle in the watershed. The annual phosphorus contributions

for swine and dairy cattle using both methods are listed in Table 13.
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Table 13. Annual phospharus additions to the IRW from swine and dairy cattle (USDA, 1992 and

ASAE, 2005)
Annual Phosphorus Additions from Swine and
Dairy Cattle - tons
USDA ASAE
Dairy Dairy
Year Swine Cattle Swine Cattle
1949 118 518 68 915
1954 57 525 33 927
1959 78 373 43 659
1964 42 261 24 462
1969 66 205 38 362
1974 85 163 49 289
1978 317 207 181 365
1982 423 274 242 485
1987 721 230 412 406
1992 483 213 276 377
1997 445 175 254 309
2002 310 181 177 319

For comparing phosphorus contributions from swine and dairy cattle to all sources in the
watershed, the ASAE Standard D384.2 MAR2005 was because it had the most recent data.

4.2.2.3 Beef Cows and Heifers that Calved

Beef catlle in the watershed are grazing animals that recycle phosphorus already in the
landscape (Slaton et al., 2004 and Lalman, 2004). It was noted, however, that the implementation
of a high protein supplement schedule for beef cows and heifers that calve can be heneficial to
cow health (Gill and Lusby, 2003). In order to account for phospharus additions resulting from
possible protein supplementation, it was assumed all beef cows and heifers that calved in the
watershed are on a winter supplementation schedule. Common supplementation strategies were
taken from Supplementing Beef Cows (Lalman, 2004) and can be found in Table 14.
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Table 14. Daily high protein supplementation schedule

Daily Supplementation

Schedule
Spring Fall
Month Calving Calving
Cows Cows
October None 1{b HP

November 11b HP* 2IbHP
December 2Ib HP 31bHP

January 31b HP 3IbHP
February 3IbHP 3bHP
March 3IbHP 3IbHP
April 2lb HP 21b HP

*HP = high protein supplement, such as 38% protein range cubes or cottonseed meal.

in order to calculate the overall phosphorus additions, the supplementation schedule
includes using 41% cottonseed meal as the supplement and a 50% spring calving, 50% fall
calving rate (Lalman, D., personal communication, 4 April 2008). It was also assumed the cows
were in good body condition and winter weather was moderate. Note that cottonseed meal has a
phosphorus content of 1.25%, the highest phasphorus content of all commonly used supplements
and feeds (Lalman, 2004}.

The pounds of supplement were summed for both spring and fall calving schedules and
multiplied by the number of spring and fall calving cows in the watershed. The annual phosphorus
contributions due to cottonseed meal supplementation are found in Table 15.

Table 15. Arnual phosphorus additions to the IRW from beef cows and heifers that calved

Annual Phosphorus Additions from
Beef Cows & Heifers that Calved
Year Tons P
1049 30
1954 58
1959 87
1964 148
1969 182
1974 254
1978 231
1982 243
1987 238
1992 250
1997 285
2002 296
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4.2.3 Commercial Fertilizer

The phosphorus contributions from commercial fertilizer applications were quantified
using the canservative assumption that all commercial fertilizer sold within the watershed was

applied to crop and pasture acreage within the watershed.

Available fertilizer sales data was gathered from the Oklahoma Department of
Agriculture and the Arkansas State Plant Board. State fertilizer sales data and fertilizer sales
data for the counties in the IRW were used to project fertilizer sales spanning from 1951 to 2002
{G. Johnson, Appendix A). All fertilizer phosphorus values were reported in P05 and converted
to total P using: Total P = P;0O5 * 0.44. The projected county fertilizer sales were then multiplied
by the percentage of crop and pasture acreage inside the IRW far each county. Table 16 shows
total phosphorus sales for the Oklahoma and Arkansas portions of the IRW, as well as the totals
for the entire watershed.

Table 16. Annual phospharus additions to the IRW based an projected commercial fertilizer sales
for the IRW in Oklahoma and Arkansas

Annual Phosphorus Additions from
Commercial Fertilizer Sales in IRW - tons
Year Oklahoma  Arkansas IRW
1951 253 8 261
1954 258 23 281
1959 253 49 302
1964 221 74 296
1969 189 100 289
1974 167 125 293
1978 187 146 333
1982 176 166 342
1987 178 192 369
1992 188 31 509
1997 197 248 445
2002 200 256 455

4.2.4 Golf Courses

The next step in determining the overall mass balance for phosphorus in the IRW was to
consider the phosphorus addition from golf courses located in the watershed, The use of
commercial fertilizers is standard practice for golf course superintendents around the country,
and it is no exception for the seven 9-hoke courses and thirteen 18-hole courses located within
the IRW (South Central Golf Magazine and www.golfcourseportal.com). A list of all golf courses
in the IRW can be found in Appendix B.
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For the following calculations, it was assumed the vast majority of fertilizer for golf
courses is applied to the fairways with the 18-hole courses in the watershed having average

fairway acreages of 32 acres and the 9-hole courses being half that acreage, or 17.5 acres
(EPA, 2007).

The amount of applied phosphorus was compared using two methods. The first method
employed the following fertilizer regimen {G. Hallett, personal communication, 7 August 2008:
e May - 1 Ib N/1000 ft® in the form of ammonia sulfate {20.5-0-0)
¢ June — 1 Ib NA0OQ £ in the form of slow release fertilizer (39-0-0)
o August—1 Ib N/1000 f£ in the form of slow release fertilizer (39-0-0)
o September — 0.5 Ib N/1000 ft in the form of (5-10-31)

The second method used for calculating the amount of applied phosphorus to golf
courses in the watershed was extrapolated from Martin and Hillock (2002). Martin and Hillock
(2002} recommends a moderate fertilization program for Bermuda grass using the following
regimen:

« May—1 Ib N/1000Q ft in the form of (15-5-10)
e July—1Ib N/1000 {2 in the form of (20.5-0-0)
«  September — 1 Ib N/1000 ft* in the form of (15-5-10)

The tonnage of annually applied phosphorus using both methods is compared in Table
17  The results vary between the two methods, but when compared to the phosphorus
additions from other sources in the watershed, either method results in a negligible amount of
phosphorus from golf course fertilizer application. As such, the conservative approach of
assuming the current addition of phosphorus to be constant over time was used in order to

compare against other historical phosphorus additions.

Table 17. Annual phosphorus additions from golf courses in the IRW

Annual Phasphorus Additions
from Golf Courses
Calculation Tons
Methed Phosphorus
Method 1 5.1
Method 2 3.4
Average 4.2
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4.2.5 Urban Runoff

Another consideration in determining the overall phosphorus mass halance for the IRW
concerns the phosphorus additions attributable to urban storm water runoff. Phosphorus
sources for urban runoff include residential fertilizer applications and domestic pet waste. The
first step in determining this addition was to establish the developed acreage in the watershed
This was done using the NLCD 2001. As seen in Table 1, there are 92,189 acres of developed
land in the watershed. Combining this developed land area with urban runoff phosphorus
concentrations from the National Stormwater Quality Database: Version 1.1 (Pitt et al., 2004} of
0.27 mg Total P/L arnd an average annual runcff for urban areas in the region of 10 inches,
estimated using the Long-Term Hydraulic  Assessment model {L-THIA,
www.ecn.purdue.edu/runoff/ithianew/Index.html), yielded the phosphorus additions to the

watershed from the developed areas.

In order to calculate histarical values for phosphorus additions from urban runoff, it was
first assumed that the amount of developed land using the NLCD 2001 data corresponded with
the urban population from the 2000 U.S. Census. From there, a linear correlation was assumed
between the acreage of developed land in the watershed and the urban population, allowing the
determination of historical urban runoff phosphorus values to be calculated based on historical
U.S. Census urban populations for the watershed. The results of the phosphorus calculations
are listed in Table 18.

Table 18. Annual phosphorus additions to the IRW from urban runoff

Annual Phosphorus
Additions from Urban Runoff
Year Tons

Phosphorus
1950 84
1960 9.2
1970 12.6
14980 16.7
1990 19.4
2000 282

ﬁ,

www~ Alexander Consulting, Inc.

May 2008
linois River Walershed Phosphorus Mass Balance Study -27 - ACI Project ES-233



4.2.6 Wholesale Nurseries

Another potential source of phosphorus to the IRW is the large-scale plant nurseries in
the IRW. The first step in calculating the phosphorus contributions was to determine the
number and size of all wholesale plant nurseries in the basin. This was done using the
Oklahoma Nursery & Landscape Association (ONLA) website and the Arkansas Green Industry
Association (ARGIA) website. It was determined there are three wholesale nurseries in the
basin, all of which are located in or near Tahlequah, Oklahoma. The nurseries vary in size with
Grandview Nursery Co., Inc. being the smallest at approximately 250 acres, Pack Hill Wholesale
Nursery is next at approximately 500 acres, and Greenleaf Nursery Co., Inc is the largest at 570

acres.

Using a similar calculation method as used for urban runoff, the phosphorus additions
from plant nurseries were quantified using average nursery tailwater concentrations for total
phosphate taken from the Curtis Report (ODA, 1993) combined with average annual runoff for
eastern Oklahoma of 20 inches from the Oklahoma Water Atlas (OWRB, 1980) and nursery
land areas. The average failwater concentration for phosphorus in the Curtis Report was 1 mg
P,OsL. This value translates to 0.44 mg total P/L. The resulting current phosphorus addition
due to wholesale plant nurseries in the IRW is 1.3 tons phosphorus/year (Table 19). Note this is
a conservative estimate of the phosphorus addition from plant nurseries due to the fact that at
least one nursery in the watershed is equipped with total retention technology {Alexander,
1999}). As such, the conservative approach of assuming the current addition of phosphorus to
be constant over time was used in order to compare against other historical phosphorus

additions.

Table 19. Annual phosphorus addition to the IRW from wholesale plant nurseries

Phosphorus Addition -
Wholesale Nurseries

1.3 tonsfyr

427 Recreational Users

The phosphorus contribution attributable to annual recreational users in the [RW was
determined based on annual recreational visits to the watershed combined with phosphorus
generation rates for humans. Recreational users include not only those visitors who float or
canoe on the River, hut also those using the banks of the River for recreational purposes and
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those using Lake Tenkiller and the immediate surrounding scenic area. lllinois River and Lake
Tenkiller recreational user numbers were taken from Caneday (2008). Dr. Caneday lists user
numbers on the Illinois River as 155,555 per year and user numbers at Lake Tenkiller as
2,617,359 per year. The River numbers include both river floaters and non-floaters and the
Lake numbers include campers, day visitors, and boaters. It is conservatively assumed that all

recreational users originate from outside the watershed.

The phosphorus coniributions were then calculated using the Agricultural Waste Field
Handbook (USDA, 1992). The phosphorus addition due to recreational users is 4.9 tons
phosphorusfyear (Table 20). In order to compare the phosphorus addition from recreational
users to other historical sources of phosphorus in the IRW, it was conservatively assumed the

current addition of phosphorus has been constant over time.

Table 20. Annual phospharus addition to the IRW from recreational users

Annual Phosphorus Addition
Recreational Users

Pgpulation Tons Phosphorus
2,772,814 4.93

4.2.8 Industrial Sources

Information provided by Dr. Engel {personal communication, 10 April 2008) lists all known
industrial facilities in the IRW, with a facility description, and their average daily phosphorus
additions. This information is provided in Appendix C. There are thirteen companies listed with a
total of 23 facilities. Inputs regarding the now closed Stilwell Cannery were not available;

therefore the calculated totals do not reflect additions from this source.

The values provided were translated to average annual phosphorus additions in tons/year
and are summarized to poultry and non-poultry related facilities in Table 21 Of the 162.6 tons
phosphorus/year attributable to industrial sources, only 18% or 29 tons of phosphorus, comes
from non-poultry related facilities. These non-poultry related facilities include Allen Canning Co.,
Cintas Corporation, Danaher Tool Group, J.B. Hunt Transport, Inc., Pappas Foods, L.L.C.,
Superior Linen Service, and Tyson Foods, Inc. — Hog Trailer Wash. The remaining 133.6 tons of
phosphorus comes from egg and poultry processing facilities in the IRW. In order to account for
the historical phosphorus additions from industrial sources, the current addition is used for all

historical comparisons to other phosphorus sources.
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Table 21. Current annual phosphorus contribution, in tons, from industrial sources in the IRW.

Annual Phosphorus Contributions -
Industrial Sources

Facility Type Tons Phosphorus
Poultry Related 133.6
Non-poultry Related 29

Total 162.6

Although the majority of phosphorus being introduced to the IRW from industrial sources is
ativbutable to the poultry industry (82%), it is not being included as a phosphorus addition from
poultry production.

43 Summary of Phosphorus Additions

Upon guantifying the phosphorus loads coming into the IHinois River Watershed, the
loads from all sources were compared in order to determine the source(s) of the greatest
contribution of phosphorus. Table 22 compares current phosphorus loads from each source as

well as current phosphorus loads in terms of percentage of the curent total addition.

Table 22. Comparison of current annual phosphorus loads to IRW listed in tons of phosphorus
and % of current total phosphorus addition

Current Phosphorus Additions to IRW®
% of Current

Source Tons P P Addition
Humans 182 2.9%
Pouliry 4,642 74 0%
Swine 177 2.8%
Dairy Catlle 319 5.1%
Heifers and Beef
Cows that Calved 296 4. 7%
Commercial Fertilizers 455 7.3%
Urban Runoff 28.2 0.4%
Industrial Sources” 163 2.6%
Other Additions® 10.5 0.2%
Totat 6,273 100.0%

“Total phosphorus addition, without subtracting any source removals, i.e. beef cattle.
PIncludes gphosphorus additions from poultry processing facilities.
“Includes golf courses, wholesale nurseries, and recreational users.
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44 Phosphorus Removals
Four phosphorus removals were identified for the IRW. They include the phosphorus
removed by grazing beef cattle sold and removed from the watershed, crops harvested, deer

harvested, and water leaving Tenkiller Ferry Reservoir through the spillway.

44.1 BeefCattle

Beef cattle are the only livestock considered to remove phosphorus from the watershed.
This is based on the assumption that all poultry, swine, and dairy cattle are given feed brought
into the watershed and are not grazing animals, therefore the waste produced would introduce
phosphorus to the watershed. All beef cattle in the watershed are primarily grazing animals,
recycling the phosphorus in the watershed along with all other grazing livestock (Lalman, 2004
and Slaton, 2004). However, the number of beef cattle sold is significant enough to warrant
accounting for the removal of phosphorus upon being sold and removed from the watershed.
The difference between the addition of phosphorus from supplementation of beef cows and
heifers that calved and the removal of phosphorus from heef cattle sold will determine whether

there is a net loss or addition of phospharus to the watershed from beef cattle.

The cattle population sold from the IRW was determined in the same manner as the
previous livestock calculations. The number of beef catile sold from each county within the
watershed was gathered from the 1849 through 2002 UJ.S. Census of Agriculture, The number
of cattle sold from within the IRW was then determined based on the percentage of pasture
acreage for each county that lies inside the watershed boundary. Again, this method of cattle
distribution is based on the assumption that cattle would not be housed or grazed on crapland,
forests, or developed areas and would be equally distributed on pasture (Nelson et al., 2002).

This process provided the historical and present number of beef cattle sold from the watershed.

The amount of phosphorus removed from the watershed was then determined based on
ASAE Standard D384.2 (ASAE, 2005) and Smolen et al. (1994). For calculations performed by
Smolen et al. (1994), assumptions included an average beef cattle weight gain of 500 Ib per
head with 20% of that being protein. Combining this average weight gain and make-up with the
recognized average phosphorus retention of 3.9 g per 100 g of retained protein (ASAE, 2005),
yields the amount of phosphorus sold out of the watershed with each head of cattle. The

retention amounts are found in Table 23.
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Table 23. Tons of phasphorus remaved annually by beef cattle sold

Annual Phosphorus Removal
by Beef Cattle Sold
Year Tons P
1949 80
1954 83
1959 89
1964 114
1969 157
1974 155
1978 191
1982 167
1987 182
1992 168
1997 192
2002 192

Comparirg the addition of phosphorus due to protein supplementation of beef cows and
heifers that calved with the removal of phosphorus due to beef cattle sold resulted in a net
addition of phosphorus to the watershed beginning in 1964. These net additions are shown in
Table 24.

Table 24, Net annual phosphorus additions due to beef cattle

Net Annual Phosphorus

Addition - Beef Cattle
Year Tens P
1949 -
1954 -
1959 -
1964 33
1969 25
1974 o8
1978 41
1982 78
1987 55
1992 81
1997 94
2002 105
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4.4.2 Harvested Crops

Next, the removal of phosphorus from the IRW due to harvesting crops was calculated
The first step was to determine the major crops currently and historically harvested in the
watershed and their overall production or yield rates. This was established by referring to the
U.S8 Census of Agriculture (Ag Census, 1949-2002). After review, the crops with the greatest
production in the watershed from 1964 to 2002 were determined to be corn, sorghum and wheat
for grain, as well as soybeans for beans. For Ag Census years 1949, 1954, and 1959, oats for
grain were also included for calculation purposes. Beginning with Ag Census year 1964, the

production of oats for grain began a steep decline.

The removal of phosphorus due to forage crops was nat included in these calculations.
Although hayfforage crops are the major crop grown in the watershed, it was assumed all
hay/forage crops harvested in the IRW remain in the IRW as feed for foraging livestock;
therefore the phosphorus is being recycled, not removed from the watershed (Slaton et al., 2004
and Lalman, 2004).

The yvield per acre was determined for each crop for each year for both the Oklahoma
and Arkansas portions of the watershed. This was accomplished by summing the production of
each crop, in either tons or bushels, and dividing by the number of acres under production for
that crop (Ag Census, 1949-2002). The number of acres under production for each crop for
each county was then multiplied by the percentage of cropland that actually lies within the
watershed boundary for each county, resulting in the number of acres under production, for
each crop, within the watershed boundary.

The vield per acre for each crop was used with the Crop Nutrient Tool on the Natural
Resources Conservation Service website (NRCS; npk.nres.usda.gov) to determine the
phosphorus removed by harvest in Ib/facre. The results were then multiplied by the number of
acres under production for each crop for each state. The final phosphorus removal results are
found in Table 23. A detailed list of the amount of nutrients removed by each crop can be found
in Appendix D.
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Table 25. Tons of phosphorus removed annually by harvested crops

Annual Phosphorus Removal
by Harvested Crops
Year Tons P
1949 74
1954 37
1959 43
1964 17
1969 14
1974 11
1978 19
1982 28
1987 15
1992 "
1997 12
2002 14

443 Deer

The phosphorus removed by deer harvested from the watershed during hunting season
was quantified in order to determine its share of removal of phosphorus. The first step for these
calculations was to determine the number of deer harvested from each of the counties within the
IRW. This information was gathered for years 2001 to 2005 from the Oklahoma Department of
Wildlife Conservation and years 2002-2003 through 2005-2006 from the Arkansas Game and
Fish Commission. The harvest numbers for the two states are reported in different formats. For
Oklahoma the numbers are reported on an annual basis and for Arkansas they are reported on
a seasonal basis. Upon reviewing available harvest data, it was concluded the most
appropriate harvest numbers to use were those from the most recent reporting year, 2005 for

Oktahoma and 2005-2006 for Arkansas, and assume them constant over time if needed.

For this calculation, harvest densities were calculated using the pasture, crop, and forest
acreage for each county within the watershed, vielding the number of deer harvested per acre.
The harvest density values were then multiplied to the pasture, crop, and forest acreages that
lie within the boundary of the watershed for each county to determine the harvest numbers for

the watershed. This resulted in a total of 3,982 deer harvested and removed from the IRW.

Once the deer harvest numbers were established, phosphorus removal values were

determined based on literature values. Two assumptions were made in order to perform the
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necessary calculations: 1) all deer harvested were bucks with an average hog-dressed weight of
103 Ib (Masters et al., 2004} and 2} all deer harvested were white-tail deer with a meat protein
content of 23.6 g protein/100 g meat {(UIUC, 2006). Using the recognized average phosphorus
retention rate of 3.9 g of retained phosphorus per 100 g of retained protein (ASAE, 2005} yields
a phosphorus removal of 1.9 tons phosphorus/year (Table 26). Because historical deer harvest
values were not available, the current removal rate of phosphorus due to harvested deer in the
watershed was assumed to remain constant over time in order to compare with other historical

phosphorus removals.

Table 26. Tons of phosphorus removed annually from the IRW by harvested deer

Annual Phosphorus Removal
by Harvested Deer

Year Tons Phosphorus
2005 19

4.4.4 Lake Tenkiller Spillway

The dam located at the south end of Lake Tenkiller has an average annual release of
236 hillion gallons (Dr. Engel, personal communication, 10 April 2008). Due to the lake acting
as a catch basin for phosphorus, the phosphorus in the water column is removed from the
watershed as water is released through the spillway. As determined by Dr. Engel, the average
phosphorus outflow through the spillway is 75 tons Pfyear (Table 27) (Dr. Engel, personal
communication, 10 April 2008). Given that historical phosphorus data for the spillway is
unavailable, the cumrent removal of phosphorus through the spillway was assumed to be

constant over time in order to compare with other historical removals.

Table 27. Tons of phosphorus removed from the IRW by the spillway on Lake Tenkiller

Phosphorus Removal - Lake
Tenkiller Spillway
75 tons/yr
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45 Summary of Phosphorus Removals

Upon quantifying the total mass of phosphorus leaving the lllinois River Watershed, the
values were compared in order to determine the greatest removal of phosphorus. Table 28
compares the current removals of phosphorus from the IRW. Note it was determined the flow of

phospharus in the watershed due to beef cattle resulted in a net addition of phasphorus.

Table 28. Comparison of current annual phosphorus removals from the IRW

Current Phosphorus

Removals from IRW
Source Tonhs P
Spillway 75
Harvested Crops 14
Deer 1.9
Total 91.2

The total current phosphorus removals from the IRW remove 1.5% of the current
phosphorus additions to the IRW.

4.6 Overall Net Addition of Phosphorus

The net addition of phosphorus in the llinois River Watershed from 1949 to 2002 was
determined using linear interpolation where needed. Data that did not have corresponding
years with the Ag Census {(additions due to human population and urban runoff) were linearly
interpolated to account for those years. Table 29 lists the annual phosphorus additions from all
sources to the IRW for the Ag Census years from 1949 to 2002. Table 30 lists the annual
phosphorus removals from the IRW for the Ag Census years from 1949 to 2002. The net
additions and removals for the interim years without data were then determined using linear
interpolation. From 1949 to 2002, there was more than 219,000 tons of phosphorus added to
the IRW. Almost 68% of that addition, more than 148,000 tons, was attributable to poultry
production. There was an overall net addition from 1949 to 2002 of nearly 214,000 tons of
phosphorus to the IRW.
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Table 29. Annual phosphorus additions, in tons, to the lllineis River Watershed. Includes the

percentage of the total addition from poultry.

Phosphorus Additions by Source for the IRW - tons

Dairy Beef Commercial Urban Industrial Al Other % from
Year Human Poultry Swine Cattle Catile® Fertilizer Runoff Sources” Additions® Total Poultry
1949 44 142 68 915 - 261 8 163 105 1,611 9%
1954 47 253 33 27 - 281 9 163 105 1,723 15%
1959 51 5811 43 659 - 302 9 163 105 1,748 29%
1964 60 1,315 24 462 33 296 11 163 10.5 2.374 55%
1969 71 2,743 38 362 25 289 11 163 105 3,712 74%
1974 82 2,218 49 289 98 293 14 163 10.5 3,216 69%
1978 92 3,329 181 365 41 333 16 163 10.5 4529 74%
1982 101 3,823 242 485 76 342 17 163 10.5 5,259 73%
1987 112 4,649 412 406 55 369 19 163 10.5 6.196 75%
1992 131 4,696 276 377 81 509 21 163 10.5 6,264 75%
1997 163 4,495 254 309 94 446 286 163 10.5 5.959 75%
2002 195 4,642 177 319 105 455 30 163 10.5 5.095 76%
“Phosphorus addition from beef cows and heifers that calved minus removal from beef cattle sdld.
®Includes poultry processing facilities
“Includes golf courses, wholesale nurseries, and recreational users.
Table 30. Annual phosphorus removals for the lllinois River Watershed.
Phosphorus Removals - tons
Harvested Harvested
Year Spillway Crops Daer Total
1949 75 74 1.89 151
1954 75 37 1.89 114
1959 75 43 1.89 119
1964 75 17 1.89 93
1969 75 14 1.89 91
1974 75 11 189 88
1978 75 19 1.89 96
1982 75 28 188 104
1987 75 15 1.89 92
1992 75 11 189 88
1997 75 12 1.89 88
2002 75 14 1.89 91
-éﬁ" Alexander Consulting, Inc.
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4.7 Summary of Findings

Figure 5 illustrates the current phesphorus additions and removals, in tons, to the llinois
River Watershed. This figure demonstrates there is more phosphorus coming into the IRW than
is being removed, with poultry production being responsible for a large majorty of the
phosphorus addition (> 76%).

Figure 6 illustrates the current and historical phosphorus additions to and remavals from
the IRW. This figure demonstrates that for decades, the addition of phosphorus to the
watershed has been greater than the removal of phosphorus. This results in an accumulation of
phosphorus over time. It can be seen from this figure that poultry production has been by far
the greatest contributor of phosphorus to the IRW since, at the very latest, 1964.

Figure 7 illustrates the cument percentage of phosphorus additions to the IRW by
source. This figure demonstrates that poultry, by far, is the major contributor of phosphorus to

the watershed, being responsible for more than 76% of the current phosphorus additions.

Figure 8 illustrates the current and historical percentages of the phosphorus additions in
the IRW attributable to poultry. This figure demonstrates a drastic increase in the percent of
phosphorus addition due to pouliry from 1949 to 1969, from 9% to 74 % From 1974 to 2002
there has been a steady increase in the percentage of the overall phosphorus addition in the
IRW due to poultry, from 69% to 76%. Note that over the past three decades, poultry
production has consistenily been responsible for approximately 75% of the total annual

phosphorus additions to the watershed.

Figure 9 illustrates a comparison of the current and historical percentages of phosphorus
additions in the IRW attributable to poultry and the percentage attributable to all ather sources
combined (humans, swine, dairy cattle, beef cattle, commercial fertilizer, urban runoff, industrial
sources, golf courses, wholesale nurseries, and recreational users). This figure demonstrates
that the percentage of the overall phospharus additions in the IRW due to poultry has been
increasing over time while the percentage of overall phosphorus additions in the IRW due to all

other sources has been decreasing over time.
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5.0 CONCLUSIONS
Based on the findings of the study, the following can be concluded:

1. Poultry production is currently responsible for more than 76% of the net annual

phosphorus additions to the lllinois River Watershed.

2. Historical data indicates poultry production has been the major contributor of phosphorus
to the watershed since 1964. Prior to 1964, dairy cattle were responsible for the majority

of the phosphorus contribution.

3. From 1949 to 2002, there was more than 219,000 tons of phosphorus added to the IRW.
Almost 68% of that addition, more than 148,000 tons, was attributable to poultry
production.

4. Other confributing sources of phesphorus (net additions) include commercial fertilizers
(7.5%), dairy cattle (5.2%), humans (3.2%), swine (2.9%), industrial sources — mostly
poultry processing facilities (2.7%), and beef cattle (1.7%). The remaining sources of
phosphorus evaluated in this study, which include urban runoff, golf courses, wholesale

nurseries, and recreational users, are negligible (< 1%).

5. Of the three phosphorus exports from the watershed (harvested crops, harvested deer,
and water leaving Lake Tenkiller through the spillway) outflow of phosphorus through the
spillway at the south end of Lake Tenkiller was the largest. According to current
estimates, the flow of water through the spillway removes just under 1.25% of the total
annual phosphorus additions to the watershed. The remaining two phosphorus exports
combined remove just over 0.25% of cument annual phosphorus additions to the

watershed, totaling a 1.5% removal of current phosphorus additions.
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APPENDIX A

Projected Fertilizer Sales from 1951 — 2002

Provided by Dr. Gordon Johnson
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State

Phosphorus

as P205

Year x1000*

1951 25
1952 30
1953 23
1954 ol
1955 19
1956 21
1957 18
1958 18
1959 25
1960 26
1961 34
1962 45
1963 49
1964 54
1965 61
1966 69
1967 79
1968 76
1969 85
1970 90
1971 98
1972 97
1973 10
1974 108
1975 95
1976 105
1977 116
1978 87
1979 115
1980 115
1981 109
1982 98
1983 97
1984 a9
1985 104
1986 g0
1987 a5
1988 95
1989 104
1990 91
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Oklahoma

Projected P205 sales for counties {tons)

Adair
615
596
623
630
638
630
642
642
615
611
581
539
524
505
478
448
410
421
387
368
338
341
292
307
349
311
269
379
273
273
296
338
341
334
315
368
345
345
315
364

Cherokee
138
147
134
131
127
131
125
125
138
140
154
174
181
190
203
217
235
230
246
255
269
268
291
284
264
282
302
250
300
300
289
269
268
271
280
255
266
266
280
257

Delaware
399
381
406
413
420
413
423
423
399
395
367
329
315
297
273
245
210
220
189
171
143
147
101
115
154
119

80
182

84

84
105
143
147
140
122
171
150
150
122
168

Sequayah

OO CCOoOOoO 00 OoO0o0aO0O

~ 0 W
RSN SR = R

100
132
172
160
196
216
248
244
296
280
236
276
320
204
316
316
202
248
244
252
272
216
240
240
272
220
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State

Phosphorus
as P205
Year x1000*
1991 77
1992 769
1993 838
1994 90.6
1995 858
1996 80.2
1997 77
1998 79
1999 62.7
2000 68
2001 56.1
2002 75
2003 48
2004 56
2005 53
2006 49
2007 45
2008 42

Projected P205 sales for counties {tons)

Adair
417
418
392
366
384
405
417
410
472
452
497
425
535
498
510
523
536
549

Cherokee
232
231
244
256
247
237
232
235
206
215
194
228
176
193
188
182
175
169

Delaware
217
27
193
169
186
205
217
210
257
248
290
224
325
291
302
314
326
338

Sequoyah
184
164
191
218
199
177
164
172
107
128

80
156
40
79
66
53
39
25

*From files used to print Oklahcma Soil Fertility Handbook; from QSDA

reports.

Shaded cells are based on State lotals projecied from sales since 1980.
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Arkansas

Fertilizer P205 and N Tonnage for Arkansas and Selected Counties

Benton Washington Benton Washington
Year Total tons P205 Total tons N

1951 23 12 43 21
1952 38 20 72 35
1853 53 28 100 49
1854 68 36 129 62
1955 a3 44 157 76
1856 o8 52 185 80
1957 113 60 214 104
1958 128 68 242 117
1859 143 76 270 131
1860 158 84 299 145
196" 173 92 327 159
1862 188 100 355 172
1963 203 108 384 186
1864 218 116 412 200
1865 233 124 440 214
1966 248 132 469 227
1967 263 140 497 24
1968 278 148 526 255
1969 293 156 554 269
1970 308 164 582 282
1871 322 172 611 206
1972 337 180 639 310
1973 352 188 667 324
1874 367 196 696 337
1975 382 204 724 351
1976 397 212 752 365
1877 412 220 781 379
1978 427 228 809 392
1979 442 236 837 406
1880 457 244 866 420
1981 472 252 894 434
1882 487 260 923 448
1883 502 268 951 461
1984 517 276 979 475
1985 532 284 1,008 489
1986 547 292 1,036 503
1987 562 300 1,064 516
1988 577 308 1,093 530
1989 592 318 1,121 544
1990 607 324 1,149 558
1691 622 KX 1,178 571
1882 962 450 1,001 370
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Fertilizer P205 and N Tonnage for Arkansas and Selected Counties

Benton Washington Benton Washington
Year Total tons P205 Total tons N

1993 858 481 887 388
1994 837 466 984 443
1995 816 4351 1,081 489
1996 796 435 1,179 554
1997 591 489 717 3719
1888 754 405 1.373 664
1999 734 390 1,470 720
2000 713 375 1,567 775
2001 692 360 1,664 830
2002 800 363 2339 1,332
2003 651 330 1,868 o41
2004 620 315 1,955 096
2005 582 259 1.823 795

Values in shaded cells were estimated from tonnage reports.
Values in shaded cells were estimated from regression of total tonnage and time, followed by
fraction of total that is P205 or N.
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APPENDIX B

Golf Courses in the lllinois River Watershed
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Oklahoma

Cherokee Trails Golf Course — 22706 South 504 Road Hwy 62, Tahlequah, OK 74441,
{918)458-4294, semi-private, 9 hole

Cherry Springs Golf Club — 700 E Ballentine Rd, Tahlequah, QK 74464, (918)456-5100Q, public,
18 hole

Tahlequah City Golf Course — Bryant Rd, Tahlequah, OK 74464, (918}456-3761, public, 9 hole
Deer Valley Golf Club — Hwy 10, Kansas, OK 74347, {918)597-3638, private, 9 hole

Section 1.01 Arkansas

Lost Springs Golf & Athletic Club — 3024 N 22nd St, Rogers, AR 72756, (501)631-9988, private,
18 hole

Pinnacle Country Club — 3 Clubhouse Dr, Rogers, AR 72758, (501)273-0555, private, 18 hole

Prairie Creek Country Club — Hwy 12 E & Country Club Rd, Rogers, AR 72757, (501)825-2414,
semi-private, 18 hole

Shadow Valley Country Club — 7001 Shadow Valley Road, Rogers, AR 72758, (479) 203-0000,
private, 18 hole

Brush Creek Golf Course — 6220 Har Ber Ave, Springdale, AR 72762, (501)750-0606, public, 9
hole

Springdale Country Club — 4705 S Thompsan, Springdale, AR 72764, (501)751-5185, privats,
18 hole

Dawn Hill Galf & Racquet Club — Dawn Hill Rd, Siloam Springs, AR 72761, (800)423-3786,
resort, 18 hole

Siloam Springs Country Club — 801 N Country Club Rd, Siloam Springs, AR 72761, {(501)524-
4269, semi-private, 9 hole

Links at Bentonville Golf & Athletic Club — 2101 SE Hilton Head Dr, Bentonville, AR 72712,
(479)271-0163, public, 9 hole

Fayetteville Country Club — 3335 Country Club Dr, Fayetteville, AR 72701, (501)442-5112,
private, 18 hole

Paradise Valley — 3728 Qld Missouri Rd, Fayetteville, AR 72703, (501)521-5841, private, 18
hole

Razorback Park Golf Course — 2514 W Lori Dr, Fayetteville, AR 72704, (501)443-5862, public,
18 hole
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Stonebridge Meadows Golf Club — 3495 E Goff Farms Rd, Fayetteville, AR 72701, (479)571-
3673, public, 18 hale

Lakeside Village Golf Course — 200 Village Lake Drive, Fayetteville, AR 72703, (479)442-7748,
public, 9 hole

The Blessings Country Club — 5826 Clear Creek Blvd, Fayetteville, AR 72704, (479)444-6330Q,
private, 18 hole

The Creeks Public Links — 190 S Hwy 112, Cave Springs, AR 72718, (501)248-1000, public, 18
hole
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APPENDIX C

Industrial Sources
Facility Descriptions and Average Phosphorus Inputs

Provided by Dr. Bernie Engel
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Facility Name

Description

Allen Canning Co

Blaylock Company
Cargill, Inc.

Cintas Corporation

D. B. Foods, Inc

D. B. Foods, Inc.

Danaher Tool Group
Georye's Further Processing
George's, Inc.

J. B. Hunt Transport, Inc

Pappas Foods, L.L.C.

Sonstegard Foods Inc. of Arkansas

Superior Linen Service

Triple T Foods, Inc.

Tyson Foods, Inc, - Berry St.

Tyson Foods, Inc. - Hog Trailer Wash
Tyson Foods, Inc. - Randall Rd.

Tyson Research & Technology

ﬁ,
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Spinach and other greens, green beans, and dry-
pack beans are processed and canned.

Poultry product is ground, frozen, stored, and
shipped to pet food manufacturing facilities

Turkey slaughter, deboning, and further processing

Laundering and processing of industrial uniforms,
shop towels, mats, and mops

Eggs are broken, processed, frozen, and shipped to
another facility to be dehydrated.

Eggs are broken, processed, frozen, and shipped to
another facility to be dehydrated

Forging, stamping, broaching, grinding, and
electroplating wrenches

Raw chicken is deboned and shipped out fresh.
Some is marinated, cooked, stc., and shipped out

Poultry slaughter, chilling, cutting, packing, and
shipping.

Truck and trailer maintenance, including washing,
fueling, mechanical and wreck repair.

Fruit is delivered, pressed, pasteurized, and stored
in refrigerated tarks. Various fruit ingredients are
blended and filtered. Bottles are filled, packed,
palletized, and shipped. A non-fruit {sparts drink) is
also prepared at this facility. The only fresh fruit
processed is grapes and cranberries. All other fruit
comes in as a prepared concentrate

Eggs are broken, processed, frozen, and shipped to
another facility to be dehydrated

Washing and drying rental linen - napkins, table
cloths, towels, sheets, pillow cases, floor mats, etc.

Poultry products are ground and frozen, then
shipped off for use as animal feed

Chickens are unloaded, killed, scalded, picked,
eviscerated, chilled, weighsed, cut up, breaded,
cooked, frozen, packed, weighed, boxed, stored,
and shipped.

Washing of hog trailers

Chickens are received, slaughtered, eviscerated,
packed, frozen, and shipped

Further processing of products made from chicken,
research and development
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Facility Name P ave (kgi/d)

Allen Canning Co 5.35
Allen Canning Co 36.64
Blaylock Company 1.28
Cargill, Inc. 53.90
Cintas Corporation 347
D. B. Foods, Inc 7.89
Danaher Tool Group 13.46
Danaher Tool Group 3.05
George's Debone 13.83
George's Further Processing 23.60
George's, Inc. 52.39
J. B. Hunt Transport, Inc 0.39
J. B. Hunt Transport, Inc 0.19
Maonark Egg 554
Midcentral Egy 2.89
Pappas Foods, L.L.C. 1.84
Sonstegard Foods Inc. of Arkansas 0.00
Superior Linen Service 1.43
Triple T Foods, Inc. 179
Tyson Foods, Inc. - Berry St. 110.69
Tyson Foods, Inc. - Hog Trailer Wash 6.58
Tyson Foods, Inc. - Randall Rd. b6.14
Tyson Research & Technology 2.76
Total 405.07
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APPENDIX D

Pounds of Nutrients Removed by Harvested Crops
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Nutrient | Corn _for Sorgh um Whea! for Oats Soybeans
(Ib) Grain for Grain Grain for Beans
Year
N 532,012 6,213 43,669 188,881 5,481
1849 P 101,569 1,107 8,247 36,499 561
K 111,921 1,287 9,242 41,885 1,287
N 21,728 2,090 35,213 342,784 9,510
1654 P 4,148 372 6,650 62,530 974
K 4,571 433 7.440 76,013 2,232
N 247 .431 52,148 61,793 67,045 48,627
1859 P 47,238 9,292 11,669 12,230 5012
K 52,052 10,799 13,057 14,867 11,485
N 43,881 13,148 74,763 - 82,142
1664 P 8,378 2,343 14,119 - 8,414
K 9,231 2,723 15,797 - 19,282
N 19,810 32,167 49,149 - 95,045
1969 P 3,782 5,732 9,281 - 9,736
K 4,167 6,662 10,385 - 22,310
N 10,422 18,865 35,140 - 103,845
1674 P 1,990 3,361 6,636 - 10,637
K 2,193 3,807 7,425 - 24,376
N 12,818 31,033 67,179 - 170,065
1678 P 2,447 5,530 12,686 - 17,420
K 2,696 6,427 14,195 - 39,920
N 5,791 16,184 151,071 - 221,323
1882 P 1,106 2,884 28,529 - 22,671
K 1,218 3,352 31,921 - 51,952
N 0 15,664 26,020 - 182,735
1¢87 P 0 2,791 9,194 - 18,718
K Q 3,244 10,287 - 42,6894
N Q 2,308 48,866 - 126,606
1692 P 0 411 9,228 - 12,969
K Q 478 10,325 - 29,719
N 15,405 1,892 48,206 - 104,954
1697 P 2,841 337 9,103 - 10,751
K 3,241 392 10,186 - 24,636
N 21,378 1,733 95,512 - 63,993
2002 P 4,087 309 18,037 - 6,555
K 4,497 359 20,182 - 15,021
-éﬁ" Alexander Consulting, Inc.
May 2008

linois River Walershed Phosphorus Mass Balance Study ACI Project ES-233



Appendix C
River Phosphorus Concentrations vs. Poultry House &nsity

The analyses described in this appendix were alomiative effort of Dr. Roger Olsen, Dr. Tim
Cox, and Dr. Bernard Engel. Dr. Cox prepared é&x¢ ¢ontained in this appendix.

Objectives

The primary objective of this analysis was to irtigege for causal links between selected sub-
basin characteristics and total phosphorus coretémts in tributaries of the lllinois River. In
particular, the impacts of poultry house presentstoeam water quality were investigated. A
secondary objective was to develop the basis amale empirical predictive tool to assist in
watershed management.

Methods

This work involved linear regression analyses dgadallected as part of the small tributary
sampling program in the basin. Data were colletdetboth highflow and baseflow conditions
throughout two summer periods (2005 and 2006). vat& collected from a total of fourteen
sampling locations in small tributaries throughth# basin that covered a range of drainage area
size and landuse characteristics. In particulaepaesentative range of poultry house presence
(from no presence to highly active presence) welsided in the sampling program. Further
details of this sampling program are provided isedl (2008).

Regression analyses were performed for measuraldotodsphorus concentrations as a function
of a range of hypothesized potential predictoralaas, including poultry house densities in

local drainage areas. Table 1 summarizes the poediariables included in the analysis.
Predictor variables were generally quantified usirgpmbination of GIS mapping, aerial
photographs, and field reconnaissance. Poultryendaasities were determined by first
identifying and locating potential poultry housessng up-to-date aerial photography of the
watershed. These houses were then confirmed thiitelghreconnaissance and categorized as
either “active”, “temporarily inactive”, or “abanded”. The house locations were then mapped
in GIS and densities were calculated as the nuideouses in the targeted sub-basin divided

by the area of the sub-basin (Fisher, 2008). Ocilliy@ houses were included in the “active

house density - AHD” calculations while all hougastive + inactive + abandoned) were
included in the “total house density — THD” caldidas. Soil Conservation Service Curve
Numbers (SCS CN) were estimated by first interagdBIS layers of soil hydrologic type (A —

D) and landuse category. Table 2 of the USDA TeazdiiRelease-55 (“Urban Hydrology for
Small Watersheds”) was then used to assign curweats to each intersection area of each sub-
basin. Finally, these values were used to calcal@a-weighted average curve numbers for each
sub-basin. Other parameters listed in 1 were catledlusing standard GIS mapping and
calculation methods.

High flow and baseflow data were separated forahalysis. Total phosphorus concentration
data were pooled in three ways: 2005 only, 200§,@ard combined 2005 — 2006. For the high
flow analysis, flow-composited samples from eachréwvere averaged for each time period
pool for each sampling station. In other wordsipgle average value was generated for each

Engel C-1



pool and each station. The flow-weighted averagmeghod used here applied weightings to
each event based on the relative size of the ekw-weighted averages were calculated as:

1 numEvents

TPan = numEvents z EMCiVOli

dvol, ™

n=1

where TRy = the flow-weighted average phosphorus concentrati= index for a given
sampled storm event, numEvents = number of sangbteth events, Vok total runoff volume
for storm event i, and EMG measured event mean phosphorus concentrati@véont i. In this
way, the values assigned to each station bettéureathe relationships between total miassis
and sub-basin characteristics. Thus, a small rusadht that results in high phosphorus
concentrations is weighted less in the calculattbas a large event which results in lower
concentrations to reflect the relative mass loddeetwo events.

Straight averaging across sampling events wasfosélke baseflow data.

Two of the sampling stations, Site HFS 04 and HESA2re excluded from the statistical
analysis described here due to the presence dof paimces within the station sub-basins. Stream
water quality at these two sites is dominated fiyerfit from the City of Siloam Springs
wastewater treatment plant and the City of Lincg&stewater treatment plant, respectively.
These sites were sampled to provide informatiothermass loads contributed by these types of
facilities but are not appropriate for inclusiortive analysis described here. Additionally, 2006
data from HFS 14 were excluded from the analysisil&\this site was a verified reference site

in 2005 (no poultry activity in the sub-basin), fopwaste spreading was observed on a field
immediately upstream of the sampling site in 200&refore, the original landuse designation
(forested) and poultry house density (0O housesim@rg not valid in 2006 and the data collected
during this sampling period were omitted from tihalgsis.

Microsoft Excel was used to calculate correlatioefficients (R values) and significance levels
(p values) for each pairing of predictor varialhel #otal phosphorus concentration. A
statistically significant correlation was definegslane in which p €.05 (95% significance level).

Results and Discussion

Table 2 summarizes the results of the regressialysis. Graphical results of two sets of
regressed data with high correlation coefficiehigh significance, and good data spread are
shown in Figures 1 and 2.

As can be seen, sub-basin poultry house densitiesyariety of forms, appear to be strong
predictors of stream total phosphorus concentratfibrs is particularly true when the 2005 and
2006 data are pooled and a more comprehensiveséiisformed. For the combined 2005-06
data sets, all 6 of the poultry house density ptedivariable forms are shown to be significantly
and positively correlated with total phosphorusaanirations in the receiving streams during
highflow events. Overall, 21 out the 36 TP vs. pgullensity regressions show significant and
positive correlations. The strongest and most cunng correlations appear to be for the pooled
2005 — 06 phosphorus concentrations vs. total atidegpoultry house densities within a 2 mile
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buffered drainage area (Figures 1 and 2). Thesgtsandicate that poultry house density could
be used as a predictor of stream phosphorus coatiens in this watershed. Additionally, the
relationships established here could be used teguatershed management decisions.

Septic tank density is also shown to be a statibyisignificant predictor of stream phosphorus
concentration for most of the data combinationswveler, these correlations are not generally as
strong as those associated with poultry house gempsirticularly for high flow conditions.
Additionally, a strong cross correlation is obserbetween septic tanks and total poultry house
density within the 2 mile buffered area (see Figg)dn other words, in areas with high poultry
house development, human dwellings are also relgthigh. This is not unexpected. Finally, an
independent analysis of the total phosphorus lgpeipected from septic tanks in the watershed
has shown these contributions to be negligibldivedo the total mass loading in the systems
(see Appendix G). These factors lead us to condluaea true causal relationship between
septic tanks and stream phosphorus concentraties mat exist. Rather, the perceived
correlation between these variables is simply &faat of the cross-correlation between
residential dwellings and poultry house presence.

The Soil Conservation Service Curve Number (SCS i€Nhown to be a significant predictor of
the 2005 baseflow TP concentrations (positive tatiaen). Similarly, the percent of the sub-
basin stream length with riparian buffers is shawbe a significant predictor of 2006 highflow
TP concentrations (negative correlation). Bothhefse parameters are significantly correlated
with only one of the six TP datasets, and neithaignificantly correlated with the most
comprehensive dataset (pooled 2005-06 data). Tdrerefre conclude that these parameters are,
at best, weak predictors of stream phosphorus odrat®n.

Table 1
Potential Total Phosphorus Predictor Variables
Variable Description Rationale
Total House density (houses per Miof | poultry waste is spread on fields in
Density (THD) | all identified poultry houses|, vicinity of poultry housesgexpected
including inactive houses, in positive correlation)
sub-basin
Active House density (houses per fMiof

Density (AHD) all identified active poultry
houses in sub-basin

THD - 1 mile density (houses per fiof tributary water quality may be
buffered all identified poultry houseg impacted by poultry houses a shart
in sub-basin plus 1 mile | distance outside of sub-basin (waste
perimeter buffer transported from a house outside

the basin to a field inside the basin)
(expected positive correlation)

134}

AHD — 1 mile density (houses per fiof
buffered all identified active poultry

houses in sub-basin plus 1
mile perimeter buffer
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D

t

THD - 2 mile density (houses per fiof approximately 80% of poultry
buffered all identified poultry houseg waste is spread on fields within 2
in sub-basin plus 2 mile miles of poultry house (Fisher,
perimeter buffer 2008)
(expected positive correlation)
AHD — 2 mile density (houses per Miof
buffered all identified active poultry
houses in sub-basin plus 2
mile perimeter buffer
SCS CN Soil Conservation Service  sub-basins with varying runoff
Curve Number potential may differ in their impac
on receiving stream water quality
Septic Tank estimated density (tanks per leaching from septic tanks may
Density mi®) of septic tanks in sub-| carry a significant phosphorus loz

1d

basin (expected positive correlation)
% Pasture percent of pasture in suh- amount of pasture in a sub-basir
basin can serve as a surrogate for

agricultural activity which may be
good predictor of stream
phosphorus concentratigexpected
positive correlation)

\

% Riparian Buffer

percent of stream length i
sub-basin that is buffered b
forest

from runoff prior to entering
streamgexpected negative
correlation)

y

n riparian buffers can filter nutrients

D

Median Distance
to Chicken Houses

median of distances (mi)
5 from poultry houses in the
sub-basin to the sampling

poultry houses closer to the stream

may have a greater impact on wa
quality than those further away

ter

site (expected negative correlation)
Table 2
Regression Analysis Results Summaty
2005 2005 2006 2006 | 2005 — 06| 2005 — 06
Highflow | Baseflow | Highflow | Baseflow | Highflow | Baseflow
THD 0.64 0.86 0.14 0.66 0.76 0.68
AHD 0.32 0.73 0.26 0.49 0.56 0.47
THD — 1 mi 0.28 0.63 0.39 0.31 0.65 0.3
AHD — 1 mi 0.13 0.42 0.49 0.18 0.49 0.19
THD — 2 mi 0.48 0.63 0.27 0.35 0.74 0.36
AHD — 2 mi 0.49 0.64 0.28 0.33 0.74 0.36
SCS CN 0.18 0.43 0.14 0.40 0.23 0.27
Septic Tanks 0.48 0.52 0.15 0.57 0.37 0.41
% Pasture 0.13 0.13 0.09 0.01 0.12 0.01
% Rip. Buff. 0.03 0.09 0.49 0.19 0.18 0.12
Med. Dist. CH 0.11 0.07 -0.25 0.01 0.04 0.001
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1 = statistically significant correlations (p0<05) indicated by highlighting

a.) Pooled 2005 - 2006 Data
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b.) Pooled 2005 - 2006 Data
Active House Density with 2 Mile Buffer
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Figure 1. Highflow Regressions: Total Phosphorus Grentration vs. Poultry Presence

a.) 2005 - 2006 Pooled Data
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b.) Pooled 2005 - 2006 Data
Active House Density with 2 Mile Buffer
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Figure 2. Baseflow Regressions: Total Phosphorus @centration vs. Poultry Presence
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Figure 3 Cross Correlation Between Septic Tank Deity and Poultry Presence
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Appendix D
Hydrologic/Water Quality Modeling

Data Sour ces and Preparation

Spatial data for land cover, solil, elevation, sest phosphorus (STP), poultry litter application,
other nutrient applications to the landscape, aedther gage stations were used for preparation
of the GLEAMS model inputs. These spatial data vpeoeessed in ArcView software in the

GIS grid file format. Observed weather data werxpssed for GLEAMS input file generation.
Observed USGS stream flow and water quality date weed for model calibration/validation

processes. OWRB water quality data were also useahddel calibration and validation.

Land Cover

The land cover is important information for GLEAM®deling because land cover type
influences the water budget and pollutant loadmgifwatersheds. Most watershed models
generally simulate runoff and pollutant loadingsdach hydrologic response unit (HRU) which
is typically defined based on land cover or a corabon of land cover and soil type. Figure 1
shows the land cover for the lllinois River Basasbd on the most recently available National
Land Cover Dataset (NLCD) for 2001. Land use wagdd into five categories: water, crop,
pasture, urban and forest. The lllinois River Basiea is 4,277 kfrand the primary land use
type is pasture at about 50% (2,126°kof total area followed by forest with about 40%708

km?) of total area.

Soil

Soil information is also import for GLEAMS modelings characteristics influence water
movement, soil erosion processes and nutrient memerihe spatial distribution of soil data
was obtained from the State Soil Geographic (STADyGatabase (available from the USEPA
web site [ittp://www.epa.gov/waterscience/htp/basins/gisthaia)). The soil groups can be
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divided into 14 categories by STMUID and major gwodup as shown in Figure 2. The
STATSGO database contains numerous soil propddiesach soil group that were used in
parameterizing GLEAMS.

Landuse

I Crop
[ ]Lake
[ ]| Pasture

[ ] Urban

10 0 10 20 Miles [ Woodland
™ ———————

Figure 1. Land cover distribution for Illinois RivBasin based on NLCD 2001 data
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Figure 2. STATSGO soil type distribution for lllirsoRiver Basin
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Topography

The topographic characteristics determine the watarement within watersheds and can be
defined by a digital elevation model (DEM). The DEd the lllinois River Watershed was
obtained from the USGS with a 30m grid cell resoluand is shown in Figure 3.

Weather Data

Observed daily precipitation and average monthiypterature were used in the GLEAMS
modeling. Weather data were obtained from the Mati€limatic Data Center (NCDC).

Weather Sations

There are several weather stations in the IlliRdiger Basin. Various precipitation patterns need
to be considered in GLEAMS model application. Theme the distribution of weather gage
stations was generated as ArcView (GIS) point datag latitude and longitude information of
weather stations at the NCDC website (Figure 4gs§ken polygons for the weather stations
were generated using the weather station gagaedocddta (Figure 4) to identify appropriate
rainfall gages to use for locations within thenitlis River Watershed. All weather stations have
not been monitored continuously and most weatlaiosts which are being monitored for
rainfall have not been monitored for temperaturthatsame station. Table 1 shows the selected

weather stations which are operated currently.

Table 1. Weather stations used to model Baron Hitirlgis River, and Caney Creek Basins

Baron Fork lllinois River Caney Creek
Rainfall stations 035354, 348506 032444, 344678634 | 348506
Temperature station] 9450 9450 9450
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Weather Data

Daily rainfall and temperature data were downloaflech the NCDC website. Average monthly
temperature data were obtained using the last 86y daily temperature data from the stations
identified in Table 1.

M

Elevation (m)

I 140 - 191
I 192 - 242
[ 243 - 293
] 294 -344
[ 345 -395
I 396 - 446
I 447 - 497
[ ] 498 -548

549 - 599
No Data

10 0 10 20 Miles
— e——]

Figure 3. USGS DEM for the lllinois River Basin
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@ Temperature gage stations
@ Rainfall gage stations

10 0 10 20 Miles L] Thissen polygon
e = e [_] Watershed boundary

Figure 4. Rainfall gage station locations and &Infhiessen polygons derived from these gages

Engel D-6



Stream flow data

Streamflow data were obtained from USGS streamfiauging stations, and each USGS
streamflow gauging station with name of the stu@dyessheds is listed in Table 2.

Table 2. USGS gage stations for each watershed

USGS gage station
lllinois River USGS 07196500 lllinois River nearhfaquah, OK
Barron Fork USGS 07197000 Barron Fork at Eldon, OK
Caney Creek USGS 07197360 Caney Creek near B&Ker,
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GLEAM S Modeling Approach

GLEAMS (Groundwater Loading Effects of Agricultutdianagement Systems) is a one-
dimensional mathematical model for field-scale asseent and it assumes that the area to which
it is applied is homogenous for hydrological antiygant loading characteristics. Therefore,
input files were generated and the GLEAMS model wsesd to represent landuse, soil,
management, and weather combinations for waterstedd application. For the hydrologic
simulation, the combination of land use and s@ktys a hydrologic response unit so GLEAMS
input file for hydrologic simulation were generateased on these two combinations. For the
pollutant loading simulation, the combination afdause type and pollutant loading
characteristics of watershed form a homogenousrgaésponse unit so four zones were
created using poultry house density (Figure 6). BMS input files for pollutant loading
simulation were generated as the combination af lese type and four zones. Therefore, several
hydrologic input files which have the same land type but different soil type shared pollutant
loading input files which had the same land use t{fpgure 5).

Additional details about GLEAMS are provided in tBEEAMS User’'s Manual and in Lim and

Engel (2003), Lim et al. (2006), Mitchell Adeuyaadt (2005), and Thomas et al. (2007).

Hydrologic simulation input file generation

Most hydrologic parameters for the GLEAMS model ednom STATSGO information and the

GLEAMS manual as follows.

DAREA is the area for each hydrologic response amit was generated using the clipped GIS
layer for the combination of land use, soil andlpglihouse density.

Engel D-8



RC is the effective saturated conductivity of tb& Borizon immediately below the root zone
(cm/hr). This value was obtained from the saturatgdtaulic conductivity information (SOL_K)
of the deepest STATSGO soil layer.

CONA is the soil evaporation parameter and wasiodtafrom the GLEAMS manual as shown
in Table 3.
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Figure 5. The combination of land use and soil
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Table 3. Physical properties of soils by textutassification from GLEAMS manual Table H-3.

Texture Field capacity Wilting Point Evap. Const.
(cm/cm) 1500 kPa (cm/cm) (mm/dP>)
Coarse sand 0.11 0.03 3.3
Sand 0.16 0.03 3.3
Find sand 0.18 0.03 3.3
Very fine sand 0.27 0.03 3.3
Loamy coarse sand 0.16 0.05 3.3
Loamy sand 0.19 0.05 3.3
Loamy fine sand 0.22 0.05 3.3
Loamy very find sand 0.37 0.05 3.3
Coarse sandy loam 0.19 0.08 3.3
Sandy loam 0.22 0.08 3.5
Fine sandy loam 0.27 0.08 3.5
Very fine sandy loam 0.37 0.08 3.5
Loam 0.26 0.11 4.5
Silt loam 0.32 0.12 4.5
Silt 0.27 0.13 4.0
Sandy clay loam 0.30 0.18 4.0
Clay loam 0.35 0.22 4.0
Silty clay loam 0.36 0.20 4.0
Sandy clay 0.28 0.20 3.5
Silty clay 0.40 0.30 3.5
Clay 0.39 0.28 3.5
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CN2 is the curve number for AMC Il condition. Thvglue can be obtained from an NRCS-
USDA table knowing the combination of land use agdrologic soil type. Although land use
and hydrologic soil type is the same, the CN valtaey by agricultural management activity for
cropped land, percentage of impervious area faarutand, cover condition for forest, and
grazing condition for pasture. Whereas, exact dardi for each watershed are unknown,
therefore an averaged CN value for each combinatidend use and hydrologic soil group

types was used (Table 4) as a starting point.

Table 4. CN values for the combination of land asd hydrologic soil group.

Hydrologic soil group
A B C D
Crop 64 77 84 87
Pasture 49 69 79 84
Urban 77 85 89 92
Forest 44 64 76 82

CHS is the hydraulic slope of a field and is defiiraes the slope of the longest flow path. The
longest flow path is the flow line from the most@te point of the field boundary to the outlet
of the field. This length and difference in elewatifrom the most remote point to the outlet are
the same as those used in estimating a time oecdration of a drainage area. CHS was
generated using the following equation from the GMS manual.

ELEV,, - ELEV,,
LFP

Where, ELEV,x and ELEV,, is maximum and minimum elevation of the drainageaga

CHS=

respectively, and was obtained from the DEM. LF#héslength of the longest flow path and
was obtained using the USEPA Reach File 1 (RF1gkvivas downloaded from the USEPA
web site [ittp://www.epa.gov/waterscience/htp/basins/gisthaia).

WLW, a ratio of the watershed, or field, lengththe width is a relative measure of the

elongation, is used in the empirical relationsligstimate peak rate of daily runoff. As WLW
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increases, the peak rate of runoff decreases aradeaished length width ratio was calculated as

follows using an equation from the GLEAMS manual.

(length of longest flow path in field, m)?

WLW = _ .
Drainage area(m°®)

Where length of longest flow path in field was geted using RF1.

RD, an effective rooting depth, was defined in GINEA as that which gives the best estimate of
surface runoff. These values came from depth froifrsarface to the bottom of the deepest
layer (SOL_2Z) of the soil in STATSGO.

ELEV and LAT is mean sea level elevation and lasathformation of weather gage station
which is used to estimate potential evapotrangpirdity the Penman-Monteith method and was

obtained from the NCDC weather station web site.

NSOHZ, number of soil horizons in the root zones\ganerated from the STATSGO data.

BOTHOR, depth of bottom of each soil layer, is regetb define the profile physical dimensions.
The number of horizons and their thickness endd@denodel to set the computational layers
within the horizons and this information was obgairirom SOL_Z of the last soil layer of
STATSGO.

POR, soil porosity for each soil horizon, represehe maximum amount of water that a unit
volume of soil can hold without any drainage. Thesleiles were calculated using bulk density
using the following equation from the GLEAMS manual

POR=1- 2.
2.65

Where BD is bulk density obtained from bulk dengitfprmation (SOL_BD) in STATSGO.
FC, the agronomic definition of field capacity uised for the volumetric water content after 24

hours of drainage. This value was obtained usiieg sail’s texture (obtained from STATSGO)

and data from the GLEAMS manual as shown in Table 3
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BR15, wilting point, is defined as the volumetriater content at 1,5000 kPa matric potential.
The volume of water at wilting is needed since thater contains pesticides and nutrients that
react with each chemical pulse and this value fainbd using texture (obtained for each soll
from STATSGO) and the GLEAMS manual as shown inl@ &b

SATK, saturated conductivity in each soil horizaras generated from SOL_K of each soil layer
using STATSGO data.

CLAY and SILT, percent of clay and silt mass inteaoil horizon, respectively, are important
data in the GLEAMS model because the relative ansodetermine the textural classification
which are used in estimating porosity and fieldazay. These were obtained from STATSGO
data.

Table 5. Original soil properties and calibrated groperties for four soils

ARO001 ARO009
Original Ill?nois Barron Caney Original Ill?nois Barron Caney
River  Fork Creek River  Fork Creek
RC 0.004 0.003 0.005 0.006 0.607 0.509 0.825 0.894
RD 61.71 34.29 32.96 83.93 2854 15.86 15.24 38.82
BOTHOR(1) 10.03  5.57 5.36 13.64 3.86 2.14 2.06 5.25
BOTHOR(2) 36.26 20.15 19.36 49.32 7.71 4.28 4.12 10.49
BOTHOR(3) 61.71 34.29 32.96 83.93 19.28 10.71 10.30 26.22
BOTHOR(4) 27.00 15.00 14.42 36.72
BOTHOR(5) 28.54 15.86 15.24 38.82
FC(1) 0.509 0.444 0.482 0.330 0.453 0.395 0.429 0.293
FC(2) 0.479 0.418 0.453 0.310 0.453 0.395 0.429 0.293
FC(3) 0.509 0.444 0.482 0.330 0.453 0.395 0.429 0.293
FC(4) 0.453 0.395 0.429 0.293
FC(5) 0.057 0.050 0.054 0.037
BR(1) 0.320 0.338 0.350 0.256 0.270 0.285 0.296 0.216
BR(2) 0.360 0.380 0.394 0.288 0.260 0.275 0.285 0.208
BR(3) 0.390 0.412 0.427 0.312 0.300 0.317 0.329 0.240
BR(4) 0.300 0.317 0.329 0.240
BR(5) 0.010 0.011 0.011 0.008
SATK(1) 0.120 0.105 0.119 0.101 0.080 0.070 0.079 0.067
SATK(2) 0.200 0.174 0.199 0.168 0.110 0.096 0.109 0.092
SATK(3) 0.280 0.244 0.278 0.235 0.180 0.157 0.179 0.151
SATK(4) 0.180 0.157 0.179 0.151
SATK(5) 0.009 0.008 0.009 0.007
OoM(1) 0.070 0.059 0.095 0.103 2551 2.137 3.465 3.756
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OM(2) 0.013 0.011 0.018 0.019 0.607 0.509 0.825 0.894

OM(3) 0.004 0.003 0.005 0.006 0.607 0.509 0.825 0.894
OM(4) 0.425 0.356 0.577 0.626
OM(5) 12.148 10.178  16.502 17.888
ARO010 OK182
Original III!nois Barron Caney Original III!nois Barron Caney
River  Fork Creek River  Fork Creek

RC 0.010 0.008 0.014 0.004 0.003 0.005 0.006
RD 47.83 26.57 25.54 37.03 20.57 19.78 50.36
BOTHOR(1) 154 0.86 0.82 9.26 5.14 4.95 12.59
BOTHOR(2) 3.86 214 2.06 12.34 6.86 6.59 16.78
BOTHOR(3) 6.17 3.43 3.30 35.48 19.71 18.95 48.26
BOTHOR(4) 30.08 16.71 16.06 37.03 20.57 19.78 50.36
BOTHOR(5) 47.83 26.57 25.54

FC(1) 0.479 0.418 0.453 0.453 0.395 0.429 0.293
FC(2) 0.479 0.418 0.453 0.426 0.372 0.403 0.296
FC(3) 0.472 0.412 0.447 0.442 0.386 0.418 0.336
FC(4) 0.509 0.444 0.482 0.057 0.050 0.054 0.037
FC(5) 0.498 0.435 0.471

BR(1) 0.260 0.275 0.285 0.360 0.380 0.394 0.288
BR(2) 0.260 0.275 0.285 0.360 0.380 0.394 0.288
BR(3) 0.360 0.380 0.394 0.400 0.423 0.438 0.320
BR(4) 0.320 0.338 0.350 0.040 0.042 0.011 0.032
BR(5) 0.320 0.338 0.350

SATK(1) 0.110 0.096 0.109 0.200 0.174 0.199 0.168
SATK(2) 0.110 0.096 0.109 0.200 0.174 0.199 0.168
SATK(3) 0.200 0.174 0.199 0.300 0.262 0.298 0.252
SATK(4) 0.120 0.105 0.119 0.030 0.026 0.009 0.025
SATK(5) 0.120 0.105 0.119

OM(1) 0.547 0.458 0.743 0.152 0.127 0.206 0.224
OM(2) 0.516 0.432 0.701 0.009 0.008 0.012 0.013
OM(3) 0.011 0.009 0.015 0.004 0.003 0.005 0.006
OM(4) 0.005 0.004 0.007 6.074 5.089 8.215 8.944
OM(5) 0.004 0.003 0.005

Phosphorus simulation input file generation

For the phosphorus simulation, parameters relatg@thdsphorus simulation were selected and
determined from various data sources. The paramfgteeach Zone were estimated based on
the observed data from the watershed and numheoudfry houses.

Total poultry houses in study area: 3662

Total poultry houses in Zone 1: 759
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Total poultry houses in Zone 2: 662
Total poultry houses in Zone 3: 2200

Total poultry houses in Zone 4: 41
CLAB(), labile phosphorus concentration in the $mfizon, was estimated for pasture land uses
based on observed data. The CLAB() values for zéreesd 2 ranged from 80 to 300, and for

zone 3 ranged from 300 to 700 (Table 6).

Table 6. Observed CLAB for each county

County name CLAB County name CLAB
Benton 655 Delaware 204
Washington 581 Cherokee 110
Adair 229 Sequoyah 82
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20 Miles

Figure 6. Four zones divided by number of poulmyses for nutrient simulation.
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RATE, rate of application, represents animal wagiglication as solid, slurry, or liquid and is
expressed as kg/ha dry matter. This value for pasamd use type is generated using observed
poultry litter data as follows.

Total applied litter for the study area was 228,88hs/yr on a dry weight basis.

Total applied litter for Zone 1:
759 poultry houses o 1

=223,00@ons Ar x =1.0Gons /ha
3536polutry houses fortoal 47,720a
Total applied litter for Zone 2:
=223,00@ons Ar x 662 poultry houses X 1. 0.840ns /ha
3536polutry houses fortoal 49, 45%ha
Total applied litter for Zone 3:
=223,0000ns Ay x—2200poultryhouses 1y 6a00s ha
3536polutry houses for toal  85,658a
Total applied litter for Zone 4:
=223,0000ns frx—arPoultyhouses 1 (5400 ha

3536polutry houses fortoal 10,91Ba

APHOS, total phosphorus content as a % in animateyavas estimated by observed data. Total
applied litter and phosphorus within the study avese 223,000 tons/yr on a dry basis and 4,642
P tons/yr (Mass Balance Analysis), respectively.

APHOS = 4642Ptons/ yr

= , =0.0208= 208%
223000Qitter tons/ yr

APORGP, organic phosphorus content in animal wasis,generated using APHOS and the

ratio of organic and total phosphorus as describélde GLEAMS manual as follows.

Range (Organic P/TP) Average

Solid 0.95-1.00 0.98

Fertilizer in GLEAMS was set as animal waste (MFER)for poultry waste and applied April
1 (NF=91 as Julian day).
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Additional nutrient inputs were applied based amtiatrient inputs into the IRW identified by
the Mass Balance Analysis. These include P framfdaHowing sources in the following
amounts: swine 177 tons, dairy cattle 319 tonsf tedle 105 tons and commercial fertilizer 455
tons.

Point sour ce consideration

To estimate the total loads of P in streams aralliake Tenkiller, point source pollution needs
to be considered. However, GLEAMS does not congliepoint source pollution, so point
source pollution was added to nonpoint source polwsimulated by GLEAMS. Point source
pollution in the study area is shown in Table 6.

Table 6. WWTP Total P Discharge to Streams andrRiwgthin the IRW
Early 90s-2002 2003-present

P Load
WWTP P Load (Ib/yr) (Iblyr)
Springdale 95,128 25,112
Siloam Springs 22,046 29,638
Fayetteville - Noland 9,921 5,147
Rogers 47,619 16,206
Lincoln 2,646 2,336
Prairie Grove 2,646 3,285
Tahlequah 10,362 2,738
Stillwell 0 2,519
Westville 6,393 840
Gentry 3,748 2,336
Watts 1,102 0
Midwestern nursery 1,323 0
Cherokee Nation 1,168 0
Total 204,101 90,155
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Calibration

The GLEAMS model was linked with the Shuffled CompEvolution Algorithm (SCE-UA)
because it is widely used to optimize hydrologicdls. Optimization approaches are typically
faster and less subjective than manual methodsodehtalibration. In addition, it is likely that
model results are better than that which could baually obtained. Calibration and validation
processes were performed based on approximatghgdrOsimulation periods, considering
available data. For the hydrologic simulation, bcdhibration (1996-2005) and validation (1986-
1995) were performed. For the phosphorus simulatalibration was performed with 1998
through 2002 data, and validation was performedgu2003 through 2006 data. Beginning in
1998, runoff events were targeted for P samplirggthos P data from 1998 through 2006 were
used in the P calibration and validation.

Calibration parameters were selected by referontp¢ GLEAMS manual. The GLEAMS

manual explains which parameters are most sensiwest parameters were generated based on
observed data and documented databases so thezapitom range was set as +50% of estimated
values to avoid searching extreme values and toénbat calibrated parameters were within
reasonable ranges. For optimizing the model pamensé&r soil series, multiple factors were
obtained as optimized parameters to maintain taéieaship among the soil series. Therefore,
calibrated values for soil series were obtainednoitiplying the optimized factors and default

values related to soil series.

P Routing M odel

The GLEAMS model simulates nutrient movement tolibtom of the root zone and to the edge
of HRUs. Therefore, an additional model to routéients through streams/rivers and to Lake
Tenkiller was necessary. An empirical model wdscded that used observed data to create a
relationship between stream or river flow and Ruandlation in the streams and rivers. This is

similar to the approach used in various modelirgstincluding LOADEST (Runkel et al.,
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2004). A P routing model was created for each maulgcation used in the modeling effort

(Tahlequah, Baron Fork near Eldon, and Caney CreEkg equations were of the form:
P Load =a+ b * Q * P Accumulation + ¢ *®P Accumulation

Where P Load is a daily P load in lbs
a, b, and c are coefficients obtained during equalevelopment
Q is average daily flow rate at USGS gauge

P Accumulation is computed P accumulated in thesastror river
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GLEAMSModel Calibration and Validation
P Routing M odel
The P routing model coefficients were determinedtie three USGS locations used in the
modeling effort (Tahlequah, Baron Fork near Eldamg Caney Creek). An iterative process
was used to model P with GLEAMS and use USGS flata do fit the coefficients for observed
P loads between 1998 through 2002. The routingetnomkfficients were optimized using an
automated Shuffled Complex Evolution approach.

The optimized coefficients for each location areveh in Table 7.

Table 7. Coefficients for P load routing models

Location a b C Initial P Accumulation (lbs)
Tahlequah 0.101 4.88* 710 1.26 * 10' | 500,000

Baron Fork 0.101 5.46 * 16 | 1.00 * 10° | 100,003

Caney Creek 0.101 8.93*16| 5.10 * 10° | 10,000

Hydrologic Calibration

The performance of the GLEAMS hydrologic simulatfollowing automatic calibration shows
GLEAMS is able to estimate monthly runoff valuedlwdonthly calibration for Baron Fork
River and lllinois River produced Nash-Sutclifféi@kncies (NS) of 0.64 and 0.63, respectively
(Table 8). Time-series and 1:1 scatter plots oLtated and observed stream flow illustrated the
fit is reasonable at the two gage sites. For tlaelydS, the highest value was obtained for 2005
with NS values of 0.94 for Baron Fork River and®i8r the Illinois River. The worst NS was

obtained for 2003 which was a dry year.

Figures 7-12 show predicted and observed flowsnduhe calibration period.
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Table 8. Calibrated model performance for runoff

14

Baron Fork lllinois River Caney Creek
NS R NS R NS | R
1996 0.79 0.82 0.45 0.80 Data is not available
1997 0.45 0.48 0.22 0.31 Data is not available
1998 0.53 0.54 0.45 0.49 0.79 0.84
1999 0.72 0.76 0.67 0.84 0.62 0.74
2000 0.79 0.83 0.79 0.85 0.64 0.65
2001 0.73 0.75 0.73 0.76 0.78 0.83
2002 0.17 0.33 0.45 0.61 0.64 0.80
2003 -20.22 0.00 -0.06 0.19 -1.89 0.03
2004 0.68 0.94 0.39 0.51 -0.49 0.47
2005 0.94 0.98 0.81 0.96 0.97 0.99
Average 0.64 0.65 0.63 0.68 0.51 0.60
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Figure 7. Hydrologic calibration for Illinois Rivdasin at Tahlequah.
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Figure 8. Hydrologic calibration for Baron Fork Bas
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Figure 9. Hydrologic calibration for Caney CreeksBa
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Figure 10. Scatter plot of hydrologic calibratian fllinois River Basin at Tahlequah
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Figure 11. Scatter plot of hydrologic calibratiar Baron Fork Basin
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Figure 12. Scatter plot of hydrologic calibratiar Baron Fork Basin
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Hydrologic Validation

Validation is a subsequent testing of a pre-caldatanodel with additional field data, usually
under different external conditions, to further mae the model’s ability to predict future
conditions. Validation improves the reliability tife model and reduces the uncertainty in its
predictions. Hydrologic validation was performedngs1986-1995 data for the two watersheds.
The NS values for Baron Fork and lllinois River @73 and 0.59, respectively, and illustrated
that the calibrated GLEAMS model could predictdatange of conditions (Table 9). Based on
these results, the calibrated model can be usewbttel scenarios of interest with confidence.
The best and worst NS values for the Baron Forlevi@r 1990 and 1994 with 0.87 and 0.26,
respectively, and those for the lllinois River wése 1990 and 1993 with 0.83 and -0.09,
respectively.

Table 9. Results for hydrologic validation

Baron Fork lllinois River Caney Creek
NS R NS R NS R
1986 0.69 0.75 0.24 0.49 Data is not available
1987 0.76 0.79 0.62 0.69
1988 0.41 0.49 0.46 0.61
1989 0.82 0.88 0.77 0.82
1990 0.84 0.85 0.83 0.86
1991 0.69 0.69 0.59 0.70
1992 0.87 0.87 0.78 0.84
1993 0.35 0.56 -0.09 0.65
1994 0.26 0.51 0.47 0.59
1995 0.76 0.80 0.50 0.82
Average 0.73 0.73 0.59 0.67

Note: Yearly NS is that NS value calculated forhegear using monthly results so 12 monthly

data values were used to calculate yearly NS.

Figures 11-14 show the model performance relatvabserved flow data during validation.
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y = 0.9021x + 11.158
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Figure 13. Scatter plot of hydrologic calibratian fllinois River Basin
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Figure 14. Scatter plot of hydrologic calibratiar Baron Fork River Basin
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Phosphorus L oading Calibration and Validation

For the phosphorus simulation, calibration wasgrened with 1998 through 2002 data, and
validation was performed using 2003 through 20aé.d&deginning in 1998, runoff events were
targeted for P sampling, and thus P data from 188figh 2006 were used in the P calibration
and validation. USGS and OWRB samples analyzetbfal P content were used along with
USGS flow data to compute observed P loads at éfe§uah, Baron Fork near Eldon, and
Caney Creek gauging stations between 1997 and ZD0& LOADEST (load estimator)
software (Runkel et al., 2004) was used along thiése data in calculating P loads. Tortorelli
and Pickup (2006) and Pickup et al. (2003) usexldphproach in computing P loads for the IRW.
The approach used by Tortorelli and Pickup (200@) Rickup et al. (2003) was used in
calculating P loads. The’Ror LOADEST calculated P and observed P is shawhable 10.

The fit between calculated P and observed P isyagaod fit. LOADEST can be used to

calculate P loads within the IRW.

Table 10. Bfor LOADEST Calculated P and Observed P

R2
Y ear Tahlequah Baron Fork Caney Creek
1998 0.95 0.89 0.87
1999 0.95 0.96 0.87
2000 0.96 0.94 0.95
2001 0.94 0.93 0.97
2002 0.92 0.93 0.98
2003 0.90 0.92 0.98
2004 0.94 0.97 0.98
2005 0.95 0.98 0.99
2006 0.95 0.98 0.99

The IRW P loads calculated with LOADEST are showifable 11 and show substantial

variation annually due to differences in rainfaidalow into Tenkiller.
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Table 11. Observed P Loads Based on USGS and OWRBR&B&and USGS Flow Data

Total P (Ib/yr)
Baron Caney
Year Tahlequah Fork Creek Total

1997 211,467 25,500 4,140 241,107
1998 422,906 39,887 9,024 471,817
1999 392,336 49,755 8,349 450,440
2000 771,454 298,307 55,787 1,125,548
2001 456,947 98,931 36,616 592,494
2002 301,474 52,666 16,574 370,714
2003 94,684 10,107 3,485 108,276
2004 631,798 459,054 57,086 1,147,938
2005 258,021 68,639 14,004 340,664
2006 128,415 58,300 10,574 197,289

The daily calibration Rresults for 1998 through 2002 are shown in Figd&47. The daily
Nash-Sutcliffe Coefficients are: Tahlequah 0.95,0BaFork 0.98, and Caney Creek 0.94 (Table
12).

The daily validation Rresults for 2003 through 2006 are shown in Figd&<o.
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Figure 15. Calibration for Daily P Load at TahleQua
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Figure 16. Calibration Results for Daily P LoadBaron Fork near Eldon
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Figure 17. Calibration Results for Daily P LoadCainey Creek
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Figure 18. Validation Results for Daily P Load ahlequah
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Figure 19. Validation Results for Daily P Load ar8n Fork near Eldon
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Figure 20. Validation Results for Daily P Load a&ney Creek
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The daily Nash-Sutcliffe Coefficients for P loadilbeation and validation are shown in Table 12.
Based on these values and tifesRlues for P loads, the model performs at an dabéplevel

for use in this project.

Table 12. Nash-Sutcliffe Coefficients (Daily) foddad calibration and validation

L ocation Calibration | Validation
Tahlequah 0.95 0.98
Baron Fork 0.98 0.80
Caney Creek 0.94 0.80
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Modeling Protocol for GLEAM S Application to thelllinois River Watershed

Bernard Engel, Ph.D., P.E.

Problem Definition/Background

Excessive phosphorus loads to the streams and i¥éhe Illinois River Watershed (IRW) and
to Lake Tenkiller are a concern. Numerous stud#ég been collected regarding the IRW as
described in Engel (2008).

The goals of the hydrologic/water quality modelofghe IRW are to:
1. Quantify phosphorus load magnitudes to streamgsigacs in the IRW and to Lake
Tenkiller

a. Historically (1950 to present)

b. Future scenarios (continued poultry waste appbeatid pastures, cessation of
poultry waste application, growth in IRW poultrymbers and corresponding
waste application, remediation scenarios)

c. Background (background soil phosphorus and no powihste application)

2. Allocate P loads to the most significant sources

A modeling approach will be needed to complemeseoled data, prior modeling and analysis
as described in various reports on the IRW, aneé®xpinion. The data documenting historical
P loads is limited and modeling provides an oppuotyuo extend P load estimation spatially and
temporally. Modeling will be valuable in prediagivarious future scenarios for which observed
data are not available. The modeling of futurenaces can help identify expected P loads for a
range of scenarios. The literature and expertrexpee provide insight to such scenarios as well
and modeling can help conform and further quarsiifgh expert opinions.

Several models have been applied previously téRM¢e to determine P loads. Additional
details can be found in Engel (2008) and the repeitiewed by Engel. Several studies have
used relatively simple modeling approaches thacoséicients based on observed data. Smith
et al. (1997) analyzed HUCs (watersheds) to idgthié contributors of nutrients to streams and
rivers. The Smith et al. (1997) model analysisdates livestock are responsible for 78.63% of
P in the lllinois River while point sources repneisé.5% and fertilizer represents 7.21%. Willett
et al. (2006) modeled phosphorus loads from powtgte application to agricultural areas in
the lllinois River Watershed within Arkansas and&iloma. In their modeling, 33% of P was
available to the crop and 67% went to building Ehimsoil. Of the P going to the soil, 8% was
modeled as lost in runoff. Thus, 5.36% (67% ob Rdil * 8% of this lost in runoff) of P applied
through poultry litter applications in the waterdhveas lost in runoff each year (Willet et al.,
2006). Nelson et al. (2002) performed a P masanisal for the Arkansas portion of the lllinois
River Watershed. They used observed P data itilith@s River to compute the amount of
annual P applied to the landscape that is expémbed Arkansas in the lllinois River. Point
sources of P were removed from the observed Reiliilthois River before computing the
percentage of P that was applied to the landsdetedached the lllinois River and was
exported. Nelson et al. (2002) found that 4% apPBlied to the landscape in poultry litter, cattle

Engel D-37



manure, sludge and inorganic fertilizer was lostuelly to the lllinois River. If cattle manure is
removed from this, as the P contained in cattleurais recycled P from other sources, this
percentage is slightly over 5% which is comparabléhe value reported by Willett et al. (2006).

More complex models have also been applied toRN&.| Storm et al. (1996) used SIMPLE
(Spatially Integrated Model for Phosphorus Loadang Erosion) in the lllinois River basin. P
loading was estimated at 2.30 kg/ha per year (B/sre/yr) from pastures after P was applied
for 25 years. Storm et al. (2006) used SWAT anouéing model in the IRW and estimated
330,000 kg/yr of total phosphorus (88,000 kg/yr wasoluble mineral forms) reached Lake
Tenkiller between 1997 and 2001. The developmeatdraft TMDL for the IRW and Lake
Tenkiller was completed with HSPF which found pestwith poultry waste application
responsible for 56% of P loads to Lake TenkilleBQlb P/acre).

The GLEAMS (Groundwater Loading Effects of Agriautl Management Systems) model was
selected for this project due to its ability to ciése the hydrologic and water quality processes
of importance. One of the strengths of the mosldkiability to describe agricultural
management systems. In addition, the sciencem@BhiEAMS has the same origin of that in
SWAT, thus facilitating the potential to use botbdels without raising concerns about
differences in the underlying science.

Model application goals, objectives and hypothesis

The specific objectives of the modeling effort were
1. Quantify P loads to the three gauging station looaton streams and rivers closest to
Lake Tenkiller (Tahlequah, Baron Fork near Eldod @aney Creek) for the following:
a. Historical (1950-1999) conditions
b. Background (background soil phosphorus and no powiaste application) — no
poultry waste ever in the IRW
c. Future scenarios
I. continued poultry waste application to pastures
ii. cessation of poultry waste application
iii. growth in IRW poultry numbers and correspondingteapplication
iv. cessation of poultry waste application combinedhwilffers along
streams
2. Allocate P loads to the most significant source<torent conditions

To model future scenarios, weather data repregettiiasn 1997-2006 period will be used as this
period has the best available data for the IRWvaiticbe used for model calibration and
validation. In addition, the rainfall and flowsanTenkiller for this period are variable
representing much of the anticipated level of \lity that would be expected.

Data for the model scenarios outlined in the maodgetibjectives will be prepared. Graphs

providing comparisons of the results will be créatd@he continued poultry waste application
scenario will provide a basis of comparison for gnahthe results.
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Model selection

The GLEAMS (Groundwater Loading Effects of Agriautl Management Systems) model was
selected for this project due to its ability to cése the hydrologic and water quality processes
of importance. One of the strengths of the mosldkiability to describe agricultural
management systems. In addition, the sciencem@hiEAMS has the same origin of that in
SWAT, thus facilitating the potential to use botbdels without raising concerns about
differences in the underlying science.

Further details regarding the GLEAMS model candastl in the GLEAMS manual, Lim and
Engel (2003), Lim et al. (2006), Mitchell Adeuyaatt (2005), and Thomas et al. (2007).

A model will be required to route P modeled by @leEEAMS model as being lost to streams
through the streams/rivers to Lake Tenkiller. $aviodels were considered for this purpose.
A simple empirical approach based on flows in streand rivers of the IRW and P accumulated
in these streams and rivers will be used for rguBrioads.

Model sensitivity analysis

The sensitivity of the GLEAMS model to its paranmstis well documented in the literature. Dr.
Engel has extensive experience in working with GMBAbased on prior work (Lim and Engel
(2003), Lim et al. (2006), Mitchell Adeuya et &005), and Thomas et al. (2007)). The theses
and dissertation from which this work was publisdedcribe the GLEAMS parameter
sensitivity in more detail.

Available Data

Various spatial data are available for the lllinBiser Watershed from various sources. The key
data include:

1. Elevation data - USGS

2. Land Cover - National Land Cover Dataset (NLCD)2001

3. Soil - State Soil Geographic (STATSGO) data

Numerous other spatial data sets for the IRW haen lzollected and are available from Dr.
Robert van Waasbergen.

Weather data for the watershed and surrounding ameavailable from the NCDC (National

Climate Data Center). The weather stations wighntost complete data suitable for use in the
IRW are shown in Table 1.
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Table 1. Weather stations with data for IRW

Baron Fork lllinois River Caney Creek
Rainfall stations 035354, 032444, 344672, 348677 348506
348506
Temperature station 9450 9450 9450

Streamflow data are available at USGS streamflougipg stations within the IRW. The gauge
locations nearest Lake Tenkiller will be used fug tinalysis and are listed in Table 2. The
period of record for the gauge on Caney Creekmgdid in that it starts in October 1997.

Table 2. USGS gauge stations in the IRW nearest Dakkiller

USGS gage station
lllinois River USGS 07196500 lllinois River nearhfequah, OK
Barron Fork USGS 07197000 Barron Fork at Eldon, OK
Caney Creek USGS 07197360 Caney Creek near B&HKer,

Phosphorus concentrations in water are availalleed SGS gauging stations in Table 2 from
the USGS and the OWRB. Beginning in 1998, phogphdata at these locations were collected
for baseflow as well as some storm events. Poidi9B8, efforts were not made to sample storm
runoff, and thus nearly all water samples werenakebaseflow conditions. The water samples
beginning in 1998 are most appropriate for the rmogeffort since the majority of P is moved
from the landscape during rainfall events, thusiting nonpoint source (NPS) movement of P.
The modeling effort for this project is focusedrmandeling P movement during rainfall events in
addition to daily P movement in IRW streams/rivieré.ake Tenkiller.

Soil Test Phosphorus (STP) data are available trenniversity of Arkansas and Oklahoma
State University. These data can be summarizembbnty.

Poultry house location and supporting attributesavekeveloped by Dr. Bert Fisher for the IRW.
Poultry waste production and its nutrient conteart be computed based on Dr. Fisher’'s data,
Agricultural Census data, integrator poultry datd autrient content in poultry waste data.
Additional data to be collected

Data quantifying poultry waste amounts and itsieatrcontent are needed. These will be

generated by Dr. Bert Fisher and Dr. Engel. Datcdbing poultry waste land application
patters will be obtained from the literature andlgses to be conducted by Dr. Fisher.
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Model representation issues

A P mass balance for the IRW will be completeddentify the important P sources to be
considered in modeling. Point and nonpoint souoté of significance (> 2% of P based on
mass balance) will be considered. Point sourcastewvater treatment plants) will have the P
load directly input to streams and rivers for ragtthrough the streams/rivers to Lake Tenkiller.

The IRW will be divided into hydrologic responsatar{HRUs) and the GLEAMS model
applied to each HRU. This approach is used byrotiuglels such as SWAT. Land use and soil
data will be intersected in GIS to identify HRUSIS elevation and watershed boundary data
will be used to subdivide HRUSs to place them withilbwatersheds.

Individual BMPs within each HRU will not be consrdd by the model, rather calibration will
be used incorporate consideration of BMPs intantleeleling effort. The calibrated model will
account for existing BMPs. If BMPs are to be meddh scenario evaluation, these BMPs will
be represented as they represent new managemems.eff

Some soil parameters will be initially estimateohfr STATSGO soil properties and then
calibrated based on observed runoff and nutriesg tlata. These include:
= Effective saturated conductivity
CN
Rooting depth
Depth of bottom of each soil layer
Soil field capacity
Soil wilting point
Soil saturated hydraulic conductivity
Soil organic matter

The relative values of soil parameters across soilde linked so it will only be necessary to
calibrate one parameter linking soil propertiebeathan each soil property for each soil.

The parameters most sensitive for calibration tfefels are:

. CLAB(); Labile phosphorus concentration, ppmthia soil horizon

. DF: Date of fertilizer application

. RATE; Application rate for animal waste

. APHOS; Total phosphorus content, %, in animadte/a

. APORGP; Organic phosphorus content, %, in anaaste

. AOM; Organic matter content, %, in animal waste

. RESDW; Crop residue, kg/ha, on the ground serf@een simulation begins

~NOoO oI, WNBE

Model Calibration
The hydrology (runoff) will be calibrated first amdll use observed flow data at the USGS

gauging locations identified in Table 2. The cadiibn period for hydrology will be 1996-2005
(note data at Caney Creek are not available forealts). The P calibration period will differ as
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described earlier in this document due to availghof P concentration data in water samples at
the gauging sites that represent runoff events.Pk-the calibration period will be 1998 through
2002.

Calibration Procedures

An automated calibration approach will be used tasethe Shuffled Complex Evolution
algorithm approach. This will avoid the potent@bias the model calibration. Hydrology will
be calibrated and if results are acceptable, ldor will be extended to P.

Goodness of fit (R and Nash-Sutcliffe coefficients will be used éwmaluating calibration
success. The runoff calibration will be considesadcessful if the average monthl§iRgreater
than or equal to 0.60 and the average monthly agbliffe coefficients are greater than or
equal to 0.50. For nutrient calibration, valuesager than 0.40 for average monthfyaRd the
average monthly Nash-Sutcliffe coefficients will tensidered successful.

Model Validation

The runoff validation period will be 1986 throug@9b for the USGS gauging stations identified
in Table 2. Note that data are unavailable fas geriod for Caney Creek. However, Caney
Creek contributes little runoff and P to Lake Tédiekiso is far less important than the Tahlequah
and Baron Fork near Eldon locations.

The P validation period will be 2003 through 2006.

Average monthly Rand the average monthly Nash-Sutcliffe coefficentill be used to assess
validation. Values 0.1 less than the calibratioocess levels will be used to identify successful
model validation. If the model performs satisfatyotluring validation, it will be applied to
model the scenarios of interest.

Model scenario prediction

The calibrated model will be applied to the scaevmrdentified in the Model Applications
section of this document. Continued poultry wagiplication will serve as the base case for
comparison of other modeled results.

Results inter pretation/hypothesis testing

A ten year weather cycle will be used in modelingife scenarios (weather and flows from
1997 through 2006). This weather and flow dataasgnt years with rainfall and flow much

greater than average as well as years with raiafallflows much below long-term averages.
This 10 year weather cycle will be repeated to rmpdeaods longer than 10 years into the future.
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Results will be compared to assess the impactamdys scenarios. Appropriate statistical tests
will be performed to determine if the P loads toe vvarious scenarios are statistically different.
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Appendix E
Cattle Manure Generation

The amount of cattle manure produced within the IRW was calculated. In addition the amount
of Pin this manure was calculated. Note that P in the cattle manureis amost entirely P that was
deposited within the IRW when poultry waste was spread on pastures (Slaton et a., 2004).

The number of cattle in the IRW was calculated using the 2002 USDA Agricultural Census data
and the land uses within the IRW. The census reports cattle numbers by county. To distribute
the cattle within counties to the IRW, the amount of pasture within each county was used to
perform the distribution in amanner similar to Nelson et al. (2002). Data used in computing
manure and P excreted are shown in Table 1. The number of cattle within the IRW by type of
cattleis shown in Table 2.

The amount of cattle manure and P produced annually within the IRW is shown in Table 2.
Cattle produce approximately 319,000 tons of manure annually on adry weight basis that
contains approximately 7.79 million pounds of P. Note however, that the P contained in this
manure is almost entirely from P imported into the IRW for poultry production (Section 7 and
Slaton et a., 2004).

Table 1. Data for computing cattle manure and P excreted (from the Agricultural Waste
Management Field Handbook)

P Average Timein  Manure
Excreted Weight Watershed  (dry)

Cattle Type (Ibs/day) (Ibs) (days) (Ibs/day)
Beef cows that calved 0.12 1100 365 7.3
Dairy cows 0.07 1300 365 10
Other cattle 0.07 650 365 7.3
Calves and cattle sold 0.07 500 300 7.3
Calves 0.03 300 240 7.3

Table 2. Number of cattle within the IRW by type of cattle as calculated from 2002 Agricultural
Census dataand IRW land use data

Number in Waste
Cattle Type Water shed P (Ib/yr)  (tonslyr)
Beef cows that calved 101,367 4,883,857 148,551
Dairy cows 10,280 341,455 24,390
Other cattle 81,535 1,354,094 70,606
Caves and cattle sold 98,455 1,033,782 53,904
Calves 81,481 175,999 21,413
Total 7,789,186 318,864
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Appendix F

Contribution of Cattlein Streamsto P Loadsin thelllinois River Water shed

Cattle standing in or near streams and defecatitigese areas make phosphorus (P) more
readily available to water in the streams than wdod the case if they were fenced from these
streams. Although the P excreted by cattle inltimois River Watershed is P initially placed in
the watershed through the production of poultryne®f these cattle have access to streams and
deposit some P in or near the streams. The anodihteposited in or near streams (within 10
meters) was estimated following a procedure desdriielow. Cattle P deposited in or near

streams represents 6% of the annual P loadsto Lake Tenkiller.

Cattlein the Illinois River Water shed

The number of cattle in the watershed was estintadsdd on the 2002 Census of Agriculture
and the lllinois River Watershed (IRW) land useadathe number of cattle in each county that
were also within the IRW was estimated based omp#neentage of pasture within a county that
was within the IRW and the census estimate ofeattthe county. A similar allocation
approach was used by Nelson et al (2002).

The number of cattle within each of the countiethimithe IRW as reported in the 2002 Census
of Agriculture are shown in Table 1. The portidreach county’s pasture that is within the IRW
is shown in Table 2. Estimates of the number tfecly type within the IRW were obtained by
multiplying the data from Tables 1 and 2. The lssare shown in Table 3.

Table 1. USDA 2002 Census of Agriculture Cattldllinois River Watershed Counties
Cattle Type Adair Benton Cherokee Delaware Sequoyah Washington
cows that calved
(included in cattle and

calves) 35554 64383 27709 43146 22199 63281
beef (included in cows

that calved) 28028 60948 25333 40089 22126 60753
cattle and calves 59033113588 45573 74719 37889 112650
other (included in cattle

and calves) 23479 49205 17864 31573 15,690 49369
cattle and calves sold 34,17454172 25,183 40,251 23,453 52811
calves < 500 sold 13,574 25514 8,927 14,450 8,061 26950
calves and cattle > 500

sold 20600 28658 16256 25801 15392 25861
dairy (included in cattle

and calves) 7526 3435 2528 3057 73 2528
cattle on feed (included

in cattle and calves) 101 944 192 219 530 651
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Table 2. Portion of pasture within each countyRN
County Portion of Pasturein Water shed

Adair 0.799
Benton 0.450
Cherokee 0.356
Delaware 0.090
Sequoyah 0.085
Washington 0.610

Table 3. Cattle in the IRW

Cattle Type Number in Water shed
Beef cows that calved 101367
Dairy cows 10280
Other cattle 81535
Calves and cattle sold 98455
Calves 81481

Cattle with Access to Streams

The cattle with access to streams were calculatgblforming a capture zone analysis within
GIS to identify pastures with stream access arichathg the number of cattle within these
pastures. Pasture sizes were identified from ODAdeBrds that identified the size of pasture on
which poultry waste was spread. Pastures wereras$to be square and were assumed to
randomly intersect streams and rivers within thé&/IRUsing the pasture sizes, capture zone (or
buffer) distances to use along streams and riversléntification of pastures with access to
streams and rivers were computed. The distancesy@2 ft, 582 ft, 617 ft, and 660 ft. Pasture
within each of these distances froffi &der and larger streams (streams that typicalyeh

water) were identified (Table 4). Cattle by vasdypes were assumed to be uniformly
distributed within these pastures (Table 5).

Table 4. Area of pasture within capture zone distasf Third order and higher streams in the
IRW
Pasture Area by Zone (acres)
522 ft 582ft 617ft 660 ft
24,548 27,575 29,449 31,494

Engel



Table 5. Cattle density in IRW pastures and nurobeattle by capture zone distance

522 ft 582 ft 617 ft 660 ft
Density
(animals/acre  Number Number of Number of Number of

Cattle Type of pasture) of cattle cattle cattle cattle
Beef cows that
calved 0.210 5154 5790 6183 6613
Dairy cows 0.021 523 587 627 671
Other cattle 0.169 4146 4657 4974 5319
Calves and cattle
sold 0.204 5006 5624 6006 6423
Calves 0.169 4143 4654 4970 5315

Not all pastures provide access to streams orgmwghin the IRW. Ed Fite indicated between
40 and 50% of pastures that would touch streamisens within the IRW fence cattle from the
stream or river.

Cattle P in and Near Streams

James et al. (2007) observed cattle in and nesaras and determine the amount of waste
excreted in these areas and the amount of P impattves. They found that cattle excreted
approximately 0.0076 Ib/day of P in or within 10f,streams. Gary et al. (1983) observed cattle
in and near streams and found that 8% of cattleeexent was deposited in or within 10m of
streams. Using 8% of waste, P in cattle waste fleerlJSDA Waste Characteristics Handbook,
and assuming 1000 Ib cattle, the daily P deposited near streams (within 20m) is 0.0096
Ib/day.

Using a daily P deposited value of 0.0096 Ib/dbag,dattle with potential access as shown in
Table 5, and assuming 45% of cattle with potefitiahccess are fenced from the stream or
river, the annual P deposited in or within 10mtoéams was computed as shown in Table 6.
Cattle were assumed to preferentially prefer defiegan or near streams year around. In reality
not all cattle have access to streams throughewedhr nor do they preferentially prefer to be
near streams in cooler periods of the year. Timgsestimates of P excreted in Table 6
overestimate the P actually deposited in thesesarea

Table 6. Estimated P deposited by cattle in and gvathin 10m) of streams in the IRW

P (Ib/yr)

Cattle Type 522 ft 582 ft 617 ft 660 ft

Beef cows that calved 11920 13390 14300 15293
Dairy cows 1209 1358 1450 1551
Other cattle 4794 5385 5751 6150
Calves and cattle sold 6946 7803 8333 8912
Calves 2874 3229 3448 3688
Total 27743 31165 33283 35594
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To put the P estimates from Table 6 in perspectheaverage annual P observed at the three
gauging stations closest to Lake Tenkiller (TahédguBaron Fork and Caney Creek) between
1998 and 2006 (years with the most complete P ta&dightly less than 500,000 Ibs. Cattle P
deposited in or near streams would represent 68tecdinnual P loads to Lake Tenkiller.
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Appendix G
Potential Septic Tank Contribution

An analysis was conducted to estimate the poteatinputs into the highflow watersheds based
on human populations. Properly functioning segystems would allow no or very little P to be
discharged into the streams within these watersh&éddle Oklahoma Department of
Environmental Quality (1997) investigation of seystems in the lllinois River concludes
“systems identified in this study were found to @o® apparent significant threat to the quality
of the Illinois River.”

P loads to septic systems within each of the haghilvatersheds were computed based on the
number of houses identified from aerial photos imigach watershed, household size from the
census, and P excreted per person from a literatunee. P exports from these watersheds were
estimated for a small number of runoff events aamseow from 2005 and 2006.

Estimated P exported from the watersheds for theffevents sampled and from baseflow
greatly exceeded P loads to septic systems for afidke watersheds (Table 1Based on this
analysis and the Oklahoma Department of Environmental Quality report on septic systems,
the septic systemsin the highflow water sheds are not the primary source of P exportsin runoff
and baseflow.

2.49 people/household in Arkansas frbttp://quickfacts.census.gov/gfd/states/05000.html

2.49 people/household in Oklahoma frattp://quickfacts.census.gov/afd/states/40000.html

1.11b P per person per year (Sarac et al., 2001)

P contribution per household per year
2.49 people * 1.1 Ib/person = 2.74 Ib per housepeldyear
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Table 1. P loads from sub-basins compared to hutnarsub-basins

2005 2006 2005 2006 Annual

baseflow baseflow highflow highflow Human
StelD P(kg) P(kg P(kg P(kg) P(kg
HFS 02 7.34894234.45084 369.8509 357.2 236.9436
HFS 04 0 0 0 0 244.2534
HFS 05 5.15742916.03391 1165.365 375.06 204.5985
HFS 08 0.670428 0 371.9345 0 196.241
HFS 14 0.063186 0 95.10451 142.88 16.64032
HFS 16 0.3431910.080233 133.4142 2.4111 21.35549
HFS 20 0.327493 1.83129 74.34226 19.646 45.46773
HFS 21 0.08138620.34333 0 40.185 77.23901
HFS 22 0 0 0 0 65.31386
HFS 23 78.45195 24.6948 250.04 371.488 578.3071
HFS 26 0.0221 0 154.0425 0 25.12264
HFS 28A 0 3.977095 103.1415 3.572 17.71308
HFS 29 0 1.900684 0 25.004 52.61533
HFS 30 0 15.15998 0 178.6 28.72762
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