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- Maumee River Watershed(MRW)

d 76% ofthe MRW land use is row-crop
agriculture

O Characterized by very poorly drained
soils

89.6% of Agr Watershed
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Obijectives

and Biological Engineers

To enhance the representation of drainage mtensity in
a field-scale SW AT model using the recommendations
from Ohio Dramage Guide

To assess the performance of the SW AT model
with improved dramage intensity representation

To assess the sensitivity of the SW AT model at

watershed and field scales to different drain spacing
configurations



Data and Methods

and Biological Engineers

SWAT Model
(Aposteletal.,2021)
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Summary of drainage intensity representation

Drain Spacing Drain depth Area

% of Agr
Watershed

Drainage
Coefficient

Number of
HRUs

% of Agr

Watershed Area

Apostel et al.
(2021)

Improved
Model

(ft (m))

15 (4.6)
35(10.7)
30 (9.1)
35 (10.7)
40 (12.2)
50 (15.2)

60 (18.3)

(ft (m)) (km?)
5384.3

33 (1)
3979.9
2947
12602
292 (0.89) 5003.1

243

129.5

Area

41.1

304

225

9.6

38.2

0.2

(mm/day)
12.7
254
12.7
254
12.7
254
12.7
254
12.7
254
12.7
254
12.7
254

7072
5603
186
3777
646
1076
4736
2035
16
26

19
158

41.1
30.4

21.5
3.3
6.4
26
12.2
0.1
0.1
0.1
0.9



Watershed -Scale Performance (Monthly)
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- VVatershed -Scale Performance (Monthly) CFAES
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- \atershed -Scale Sensitivity of the SWAT to

Drainage Intensity

Average Annual Water Balance (2005 -2021)
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components (mm)
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and Biological Engineers

Apostel et
al., 2021
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- \atershed -Scale Sensitivity of the SWAT to
Drainage Intensity

TNand NO, TP and DRP Q
-2.51
-250+ ‘ 301
— -5.0-
. g -500
Annual Sensitivity 5 20
(2005 -2021) £
Sy 7501
-
=
O 10.
~1000 ‘ -10.0
|
-12501 0-
&) ASABE & S & § s
P -10 to -20% 5to 15% -1to -5%

E5 ™~ B No3 B TP 5 prRe BE Q



Watershed -Scale Performance (Monthly) CFAES

 The SWAT -MRW model performance in the calibration and validation
—periods

Monthly Calibration (2005 -2016) Monthly Validation (2017 -2021)
Apostel et al., Apostel etal.,
i Improved model 2091 Improved model
PB.IA_I PBIA | NS :II
R? NSE PBIAS R? NSE R R?2 NSE R R? . PBIAS
0.9 0.9 0.8 I
Q 0.94 2.13 094 093 5.12 090 1057 092 13.70
4 2 8
0.7 Ny 0.5 - - 0.4
NO, 0 0.20 -18.7% Satisfactory range (Moriasi et al., 2015) |55 6 0.62 3 -0.87
0.7 Q: |PBIAS| <15 0.7
AgRBE " 0.68 1.57 TN, NO,, TP, DRP: [PBIAS| < 30 -0.73 0.75 0 16.39

and Biological Engineers

0.7 - 0.5 0.5
DRP 0.68 -2.93 =0 046 1633 0.61 6.44



- Field -Scale Sensitivity of the SWAT to Drain Spacing (CFAES
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- Field -Scale Sensitivity of the SWAT to Drain Spacing I
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I |CFAES
Conclusions

1 Watershed -scale sensitivity of the SWAT to enhanced drainage
intensity representation

 Significantly improved the model performance in water quality predictions

« Annualdischarge: a slight decrease in (56%)
« Annual nitrate and total nitrogen losses: 10-20% reductions
« Annual DRP and TP losses increased: 5 to 15%



— _ |CFAES
Conclusions

 Field-scale sensitivity of the SWAT to enhanced drainage
intensity representation

* Drain spacings from 15 to 30-60 ft: Reduction in subsurface drainage mainly
due to wider drain spacings of 30 and 35 ft

« Drain spacings 0f40, 50, and 60 ft: Negligible changes in subsurface drainage

 Wider drain spacings of 50 and 60 ft: Higher subsurface drainage and lower

surface runoff due to higher effective: hydraulic: conductivityy
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Phosphorus dynamics in tile drained landscapes

Fixing Swat to fix
Lake Erie

Infiltration

.. Precipitation

Total P

@ Dissolved P
@® Particulate P




P transport associated with drainage discharge

I\
~ \X~ .
Flow
o P transport associated with matrix, o P concentration should increase during
crack, and groundwater flow larger flow events




Hydrology - partitioning of subsurface drainage water

* Pie chart of Tile Q (or Tile P) may look more like:

Proposed
Allow SWAT to calculate the Q

crack

Remaining water balance (Qtile_chack)eremain

as 80% Groundwater and 20% Matrix

\/

Input parameter?
Dynamic?
Field specific (tile spacing...)

Partition Q

remain

Assume one GW P concentration (0.005? <- calibrate)
Fast flow represents crack flow desorption
Slow flow represents matrix flow desorption

Groundwater



ORIGINAL solp algorithm in

SWAT2012

SWAT+ solp algorithm

Step — 1 Calculate soluble P lost in
surface runoff

Step — 1 Calculate soluble P lost in
surface runoff

Step — 2 Calculate the amount of
soluble P Leached using w,

erc

Step — 2 Calculate the amount of
soluble P Leached using w
GLEAMS equation

perc

Step — 3 Estimate soluble p in tiles
due to crack flow using min(1, w,,/3)

Step — 3 Estimate soluble p in tiles
using TileQ and the GLEAMS
equation




Modified solp algorithm

New Approach:

* Processes were reorganized to better represent DP transport.

« DP transport via macropore and matrix flow were calculated on a layer-by-
layer basis.



ORIGINAL solp algorithm in
SWAT2012

NEW solp algorithm

Step — 0 Calculate soluble p transport
via crack flow for each soil layer using

Wcrk'

Step — 1 Calculate soluble P lost in
surface runoff

Step — 1 Calculate soluble P lost in
surface runoff.

Step — 2 Calculate the amount of
soluble P Leached using w,,,

Step — 2 Calculate the amount of
soluble P leached using matrix flow for
each soil layer (W, q-W,).

Step — 3 Estimate soluble p in tiles
due to crack flow using min(1, w_,/3)

Step — 3 Calculate soluble p in tile
drainage using TileQ.




Subsurface Dissolved Phosphorus

SWAT 2012 solp algorithm New solp algorithm
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How Dissolved Phosphorus (DP) transport is 'CFAES
— impacted by soil properties and hydrology

Inflow rﬂo'f :rﬁur?:.rmllml
Flow -through P sorption and desorption tests T e
Plastictiting |
. . . ';i;:c:h“ Jf’ljrl ﬂigu]lgu:r
o Collected topsoil and corresponding subsoil samples / e
(26 soiltypes) 7’
o Two flowing conditions : e E //
* Slow Flow rate (0.5 cm/hr) P_conn Pt
* Fast Flow rate (25 cm/hr) o _:Peristaltic Pump
BEEL00
.

Flow-through system for studying sorption
and desorption under flowing conditions

(Laboratory study by Chad Penn, USDA-ARS)




Slow Flow (Matrix Flow)

Desorption of P from topsoil

FWMC =m xQ +C

m = —0.0001 x M3P + 0.0038
C = 0.0039 x M3P + 0.0314

Fast Flow (Crack Flow)

Desorption of P from topsoil

FWMC =m xQ +C

m = —0.00003 x M3P — 0.0001
C =0.0015 x M3P + 0.0374

FWMC (mg/L)

4.5

3.5

25

15

0.5

How Dissolved Phosphorus (DP) transport is 'CFAES
impacted by soil properties and hydrology

Example relationship for one of the soils

y =-0.1729x+4.0831 R
R®=0.8875 e @

0 2 4 & 8 10 12 14 16

Inflow volume (cm)

FWMC: Flow Weighted Mean Concentration (mg/L)
Q- Volume of flow (cm)

m. Slope

C: Infercept

M3P: Soil test P (STP) concentrations (soil M3-P
level) of the topsoil layer (mg/kg)



- Equilibrated Groundwater

0.07 Relationship between Initial FWMC

WSP = 0.0056 x M3P; x 10 ® 006 and Final FWMC
o
m = 0.0126 X WSP = 005
i 0.04
C == 00889 X WSP ngi 0.03
0.02
FWMCgy = LN(IF(FWMCpitiq; < 0.01 001
,0.01, (FWMCppirigr X m + C)) 0
0 1 2 3 4
Initial FWMC (mg/L)
Desorption i - f Prtic.ulat-e P
m: Slope d Dissolved P
C: Intercept ’
WSP. Groundwater soluble P (mg/kg) Sorption
MS3P: soil test P (STP) concentrations (soil Mehlich-3 P level) in the soil
layer corresponding to the groundwater depth (mg/kg)
FWMC Initial: DP concentration moving from the soil layer with tile drain Dilution I

(mg/L)
FWMC EQ Equilibrium DP concentration (Final DP in outflow from the tile
drain (mg/L)

Topsoil layer

Subsoil
layers

Impermeable
layer



- Proposed Workflow of DP concentration for SWAT

Slow Flow (Matrix Flow)

FWMCtopsoil

FWMCsubsoil

Desorption of P from topsoil

FWMC=m xQ +C

m = —0.0001 x M3P + 0.0038
C = 0.0039 x M3P + 0.0314

Adsorption/sorption by subsoil

m = —0.8088 X FWMCyopson + 0.0043 x M3P — 1.604

C = —0.0019 x M3P + 0.8342

> DP _ FWMCtopsoil xQ
dd —
“ Zsubsoil X BDsubsoil
FPSorption =—10™ X DPpyq + C

FWMCsubsoil = (1 - FPSarption) X FWMCtopsoil

Adsorption/sorption by subsaoil

\4

m = —0.8088 X FWMCypsoil layer avove + 0-0043 X M3P — 1.604

C = —0.0019 X M3P + 0.8342

FWMCsubso[i layer above X Q
Z.subsoil X BDsubsoil
FPSorption = —10" X DPygq + C

FWMCsubsoil = (1 - FPSm‘ption) X FWMCsubsoil layer above

DPuga =

Equilibrated Groundwater

WSP = 0.0056 x M3P; x 10
m = 0.0126 X WSP

C = 0.0889 x WSP
FWMCgg = LN(IF(FWMCipjtiq; < 0.01
,0.01, (FWMCjpieiqr X m + C))

Fast Flow (Crack Flow)

Desorption of P from topsoil

FWMC =m xQ +C

| m = —0.00003 x M3P — 0.0001
C =0.0015 x M3P + 0.0374

A

Adsorption/sorption by subsoil

m = —0.8088 X FWMCqpsoil tayer avove + 0.0043 X M3P — 1.604

C =—0.0019 x M3P + 0.8342
FWMCsubsoil layer above X Q

Zsubsoit X BDsubsoil
FPSorption = —10" X DPgqq + C

FWMcsubsoiI = (1 - FPSorption) X FWMcsubsoi[ layer above

DPyaq =

Continue through the layer
with tile drain
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Step — 0 Estimate soluble p transport via crack flow for
each soll layer

Sol_solPsoution,surface-CTk(lyr,hru)

drp_crk (lyr, hru) =

(Pb(lyr,hru)-AePth(1yr hru)-Kd surface) +1

Arpcrk(yrnrw) = Soluble P due to crack flow for each soil layer,kg/ha
crk(lyr, hru) = percolation due to crack flow for each soil layer, mm

Sol_solPg,iytionsurface = amount of phosphorus in solution in the top 10mm,h—‘cgl

pp (lyr, hru) = soil bulk density for each soil layer

depthgyrrace = depth of the surface layer, 10 mm

ka surface = Phosphorus soil partitioning coef ficient,m3/Mg



Step — 1 Calculate soluble P lost in surface runoff

Psotution,surface- Usurface p . SOl—SOIPSOZution,surface- qurface
(Pp-depthsurface: Ka,surface) surt (Pp- depthsurface- kd,surface) + 1

Psurf =

Pgyrs = amount of soluble P lost in the runof f ,h—‘Z
S ol_solPsolution,surface = amount of phosphorus in solution in the top 10mm, h—‘Z

Qsurface = amount of surface runoff on a given day, mm

depthgyrrace = depth of the surface layer, 10 mm

Ka surface = Phosphorus soil partitioning coef ficient,m3/Mg



Step — 2 Calculate the amount of soluble P leached via
matrix flow for each soil layer.

Sol * (prk —crk
P solution,surface- Wperc,surface SOLP (iyr,hrw) (P (Lyrhru) (Ly r,hru))

— Pperc -

P
perc 10. pp. deptheyy race- Kaperc (conv,,; (yr hr) /1000) * Pperco_subyr pry)

Pyerc = amount of phosphorus leached from soil layer.

Sol = amount of phosphorus stored in solution.

SOLP (1yr hru)
Prkyrhruy = percolation from soil layer on current day, mm.

crkyr nruy = percolation due to crack flow for each soil layer, mm

k
CONVit 1y hru) = factor which converts ésoil to h—‘Z

Pperco_subyy nryy = Phosphorus percolation coef ficient



Step — 3 Estimate soluble p in tile drainage

SOlSOlP(lyr,hru) * qtile

, _ SOl op TileP =
TileP = Pperc * min(1, 3 ) (CONVit (11,1 pyayy/ 1000) * Pperco_subiyy pry)
crk
. o . kg
tilep = soluble phosphorus in tile dramage,ﬁ.

Sol = amount of phosphorus stored in solution.

SOLP (1yr hru)

qtile = tile discharge, mm.

. kg . kg
CONVit (1yr hrw) = factor which converts @SOll to a

Pperco_subyr nryy = Phosphorus percolation coef ficient



= Field -Scale Sensitivity of the SWAT to (CFAES
Drainage Intensity

Average annual changes in water balance components (2005 -2021)

Drain Spacing (ft Precipitati Subsurface |Evapotranspira | Lateral
pacing on (mm) drainage (mm) tion (mm) Flow (mm)

Apostel et 15 1007+£50 93+16 265+42 646+49 2+5
al., 2021 35 1020+48 98+21 234+37 676+34 7+7
30 998+ 43 120+48 I 220+94 650+41 0.4+1

35 1001+42 20+£54 72+77 70723 0.8+2

15 40 1030+£58 90+16 236+33 l 697+37 6+6

50 954+25 72+31 241+£56 626+71 15+27

Improved 60 963+27 | 71+41 28927 | 581427 20+18
Model 30 1002+£38 | 127+£54 196+91 666+33 2+2
35 1000+£34 | 132+43 191+74 662+43 3+4

35 40 1023+£50 | 10119 225431 681£29 9+7

50 953+19 67+36 1 281+48 I STT£57 27+33

60 970£29 75+43 287+30 580£17 29+24




— _ |CFAES
Conclusions

 Field-scale sensitivity of the SWAT to enhanced drainage
intensity representation

« The SWAT model may not accurately predict the effects of drain spacing at
the field scale, highlighting the need for additional source code modifications



Conclusions

1 Next Steps

e Compare SW AT simulations with DRAINMOD
* Analyze water quality and crop yields at the field scale

 Test Dramnage Water Management across all suitable HRUs



Watershed -Scale Performance

 Improving drainage intensity had minimal impact on discharge

Calibration: NSE= 0.94 to 0.93
Validation: NSE= 0.90 to 0.88 Q

Q
o
@

Discharge (cms)
W
o
-

N
W
-

Time (month)

- Apostel model(simulated) — Improved model(simulated) — Observed



- VVatershed -Scale Performance CFAES
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- \atershed -Scale Sensitivity of the SWAT to
Drainage Intensity

Vionthly
Sensitivity

(March-July)

—~
W -

Change (ton or cm

ﬁﬁ e | R | Y ' N

w S ™
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50
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10 A A
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25

Q
-50

& w I
Month
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