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Hydrologic Validation Graphs
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Watts, OK
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Tahlequah, OK
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APPENDIX F

Data Sources
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Topography:
U.S. Geological Survey 10 meter Digital Elevation Model (http://seamless.usgs.gov/).

Soils:
STATSGO (State Soil Geographic Database), Environmental Protection Agency
BASINS (Better Assessment Science Integrating Point and Non-point Sources) dataset
(http://www.epa.gov/waterscience/ftp/basins/gis_data/huc/).

Landcover/ Land Use Image:
2001 U.S. Geological Survey National Landcover Dataset (NLCD) 30 meters resolution
(http://seamless.usgs.gov/).

Weather:
National Weather Service Cooperative Observing Network (COOP). Data is available at:
(http://www7.ncdc.noaa.gov/IPS/getcoopstates.html).
Oklahoma MESONET weather data (http://www.mesonet.org/).

Ponds:
1:24,000 U.S. Geological Survey Digital Raster Graphic (DRG).

Crop and Pasture Management:
Obtained from the 2001 Illinois River SWAT 2000 model (Illinois River Upland and In-
stream Phosphorus Modeling - FINAL REPORT - Appendix A - Management
Operations used in the SWAT model).

Poultry House Locations, Litter Production, and Litter Application:
Oklahoma Attorney General’s Office (Illinois River Poultry House Database).
National Agricultural Statistics Service (NASS) for poultry (broilers, layers, pullets, and
turkeys) in Adair, Benton, Delaware, Cherokee, and Washington Counties.

Litter Nutrient Content:
The data was derived from 321 Nutrient Management Plans in the Eucha-Spavinaw
basin of Northeastern Oklahoma and summarized by Lithochimeia, Inc.

Soil Test Phosphorus Data:
Oklahoma State University Soil, Water, and Forage Analytical Laboratory. Data from
Delaware County were from 1-1993 to 12-2006, Cherokee County data were from 2-
1993 to 12-2006, and Adair County data were from 1-1993 to 12-2006. Arkansas STP
data for both Washington and Benton County were obtained from the University of
Arkansas Soil Testing Research Laboratory from 1-2000 to 12-2006.

Point Sources and Future Projected Point Sources:
Bob Bednar and Dr. Andrew Fang - Oklahoma Department of Environmental Quality
(ODEQ)

Flow and Water Quality Data:
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U.S. Geological Survey (http://water.usgs.gov/ok/nwis)
Oklahoma Attorney General’s Office.
Oklahoma Conservation Commission
Oklahoma Department of Environmental Quality
Arkansas Department of Environmental Quality
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APPENDIX G

SWAT Phosphorus In-Stream Model Code
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subroutine streamP

!!    ~ ~ ~ PURPOSE ~ ~ ~
!!    This subroutine simulates the transport of phosphorus via stream flow
!!    per reach.

!!    ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
!!    name         |units         |definition
!!    ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
!!    bfullp_eq |none       |fraction of bankfull flow phosphorus when no resuspension or deposition 
!!                            |occurs 
!!    bfullp_mn   |none       |fraction of bankfull flow phosphorus when all particulate P is deposited in
!!                            |the benthos 
!!    bfullp_mx |none       |bankfull flow phosphorus when all benthos Phosphorus is 
!!                             |resuspended
!!    phi(5,:)    |m^3/s |flow rate when reach is at bankfull depth 
!!    ch_l2(:)   |km          |length of main channel 
!!    disp2       |mg P/L   |initial soluble P concentration in reach
!!    dispout     |mg P/L   |soluble P concentration in outflow 
!!    disolvp(:) |mg P/L   |dissolved P concentration in the reach
!!   Pdecaymin |mg P/L   |Minimum dissolved P concentration in the reach for soluble P to particulate decay to occur
!!    EPC         |mg P/L   |estimated equilibrium phosphorus concentration on current day 
!!    nd_pflow    |days        |number of days current for soluble phosphorus in flow
!!    ptrans_in   |km-1       |soluble phosphorus transformation constant into streambed coefficient
!!    ptrans_out |km-1       |soluble phosphorus transformation constant out of streambed coefficient
!!    q_depo     |      |fraction of flow at which deposition occurs 
!!    q_eq        |              |fraction of flow at which no resuspension or deposition occurs  
!!    q_resus     |              |fraction of flow at which all particulate phosphorus is resuspended
!!    resus_rto  |              |resuspension ratio
!!    wt         |none       |weighting factor 
!!    varoute(2,:) |m^3 |water
!!    varoute(5,:) |kg P        |organic phosphorus
!!    varoute(7,:) |kg P        |soluble phosphorus
!!    PDepratio |none | ratio of particulate P in the water column which gets deposited in the reach
!!    Deltap |kg P | change in soluble P load due to instream processes
!!    deltapcon |mg P/L | change in soluble P load due to instream processes
!!    inital_benp |kg P | inital benthic P reservoir
!! sedp_benthos(:) |Kg P | benthic P reservoir by reach
!!   curyr        |none        |current year of simulation
!!   pdecaycon    |mg P/L    |change in soluble P load due to P decay process
!!   rchtime |hours       |average time water is in this reach

      use parm
      integer :: ndc,pflag

real :: inital_benp, pdecaycon, rchtime
pflag = 0
ndc = nd_pflow

     
jrch = inum1

      eof = 0.
      EPC = 0.
      sum = 0.
      dispin = 0.
      disp2 = 0.

deltap = 0.
      sumndc = 0.

inital_benp = 0.
pdecaycon = 0.
rchtime = 0.

!! MJW stop at year 2
if (iyr >=1.) then
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if (jrch == 75) then
if (i==3) then

sumndc = 0.
end if

end if
end if

!! Calculate EPC from stored previous days soluble P concentrations
!! for the first year of the simulation limit ndc to days of simulation to aid reduce warmup requirements

if (curyr == 1)  then
if (i < ndc) then 

ndc = i + 1
end if

end if

      do indc = 1, ndc
        wt(indc) = 1. - (float(indc) / (float(ndc)))

  sumndc = sumndc + wt(indc)
        sum = sum + plag(indc,jrch) * wt(indc)
      end do

if (sumndc >0.) then
epc = sum / sumndc

else 
epc = 0.

end if

inital_benp = sedp_benthos(jrch)

!! if the EPC is greater than todays soluble P Concentration use PTrans_in otherwise use PTrans_out to calculate a EPC driven
concentration out

!! Calculate travel time in reach (Hours)  time = length (km) * 1000 / 3600 velocity (m/s)
if (vel_chan(jrch) > 0.0001) then

rchtime = ch_l2(jrch) * 1000. / (3600. * vel_chan(jrch))
else 

rchtime = 24.
end if

      if (epc > solpcon) then
!!soluble P Concentration = EPC + (SP_Concentration -EPC)* exp(PTrans_in*Reach_Length) MJW
        EPC_Driven = epc + (solpcon - epc) * exp(-ptrans_out *         
     &                                  rchtime)
      else
!!soluble P Concentration = EPC + (SP_Concentration -EPC)* exp(PTrans_out*Reach_Length) MJW
        EPC_Driven = epc + (solpcon - epc) * exp(-ptrans_in *        
     &                                  rchtime)
      end if

!! Calculate the flux in (kg/day) = (EPC based concentration out (mg/l) - current concentration in (mg/l)) /1000000 (mg/kg)
*outflow from reach(M^3/day)* 1000 (l/m^3) 

deltap = ((EPC_Driven - solpcon) / 1000000) * (rtwtr * 1000)
!! Allow 100% of soluble P for adsorption but only allow 50% of what is in the benthic pool for desorption any given day

if (deltap > 0.5 * sedp_benthos(jrch)) then
deltap = 0.5 * sedp_benthos(jrch)

end if
!! calculate deltap as a concentration

if (rtwtr > .0001) then 
deltapcon = (deltap * 1000000) / (rtwtr * 1000)

else 
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deltapcon = 0.
end if

!! Set soluble P current to current plus flux 
disolvp(jrch) = (solpcon + deltapcon)

!! account for change in benthic pool
sedp_benthos(jrch) = sedp_benthos(jrch) - deltap

!! NEW Soluble p decay to particulate P routine
if (solpcon > Pdecaymin) then

Pdecaycon = disolvp(jrch) * (1 - exp(- pdecay * rchtime))
pflag = 0

else
pflag = 1
pdecay = 0.

end if

!! Move the P from soluble to particulate
disolvp(jrch) = disolvp(jrch) - Pdecaycon                                  
orgpcon = orgpcon + Pdecaycon

!! Compute particulate p transport in reach
!! Convert all fraction flows to real flows in CMS
!! phi(5,jrch) = flow rate when reach is at bankfull depth

!!      flow = varoute(2,jrch) MJW
!! Convert Flow to m^3/s , rtwtr is m^3/s  Varoute is m^3/day

flow = rtwtr/86400
      q_eq = bfullp_eq * phi(5,jrch)
      q_depo = bfullp_mn * phi(5,jrch)
      q_resus = bfullp_mx * phi(5,jrch)

!! Flow < EQ_Bank_Frac  NET Deposition
      if (flow < q_eq) then

PDepratio = (1. - ((flow - q_depo)) / (q_eq - q_depo))
if (pdepratio >1.) then

PDepratio = 1.
end if

organicp(jrch) = orgpcon -(orgpcon * PDepratio)
      else
!! Net Scour
!! Resuspention Ratio = (Flow - EQ_Flow) / (Scour_Flow - EQ_flow)
        resus_rto = (flow - q_eq) / (q_resus - q_eq)
!! Concentration of Benthic_P in water if 100% were released (mg/l) (BP_Con from now on) = Ben_P_stored (kg) * 1000 / 
Flow_out_of_reach (m^3/day)

  sedp_ben = sedp_benthos(jrch) * 1000. / rtwtr
!! if Resuspension_ratio > .5 then   'Limit to .5 of benthic P Scour per day  
        if (resus_rto < 0.5) then
!! Organic_P out (mg/l) = Organic_P (mg/l) + BP_Con * Resuspension_ratio

organicp(jrch) = orgpcon + (sedp_ben * resus_rto)
        else
!Limit to .5 scour per day
          organicp(jrch) = orgpcon + sedp_ben * .5
        end if
      end if
!! Get change in Benthic Pool 
!! Benthic_P (kg)= Benthic_P(kg) + (Organic_P_in (mg/l) - Organic_P_out (mg/l))* Flow_out_of_reach (m^3/Day)/1000
Note:(1 kg) per (cubic meter) = 1000 mg/l

      sedp_benthos(jrch) = sedp_benthos(jrch) + ((orgpcon - 
     &organicp(jrch))  * rtwtr / 1000.)



G-5

!!    printing variables requested by Oklahoma State  6/6/08 gsm

!! MJW print only a single reach 
if (jrch == 83) then
write (1811,2001) epc, rtwtr / 86400, solpcon, disolvp(jrch),
1 orgpcon, organicp(jrch), inital_benp, sedp_benthos(jrch),

     1float(jrch), float(i), flow / phi(5,jrch), - deltap,
1((orgpcon - organicp(jrch))  * rtwtr / 1000.),float(pflag)

2001  format (14f15.4)
return
end if
end


