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Study Loc. Method
Gupta et al. (2006) Exp.F. GP
Gupta et al. (2006) Exp.F. DRI
Asleson et al. (2009) UMD MPD
Asleson et al. (2009) TL; MPD
Asleson et al. (2009) RW1 MPD ——
Asleson et al. (2009) CG MPD ——
Asleson et al. (2009) UMSP MPD
Asleson et al. (2009) RW5 MPD —_—

° °1° ° Asleson et al. (2009) RW4 MPD

Va r I a I I ty I n Asleson et al. (2009) BRNSVL MPD —
Press (2019) SMPG Saturo R
° Press (2019) SMPD Saturo e
Press (2019) SMPC Saturo
t h e F I e | d Press (2019) SMPA Saturo —_—

Press (2019) DSRG Saturo ——
Press (2019) USRG Saturo ———
Press (2019) FRGI MPD —_——
Press (2019) BTI SR
Tecca et al. (2020) WS TT
Tecca et al. (2020) Wws DRI
Tecca et al. (2020) WS MPD : — . : i

T 1P 103
Measured Range (cm/hr)

UNIVERSITY OF MINNEs@fa
D

ST. ANTHONY FALLS LABORATORY

Driven to Discoverds




Objective

 Numerically estimate the accuracy
(precision and bias) of infiltration

measurement methods Turf-Tec X X
— 6 methods MPD X X
. Sat X X
— 7 soil types o
Double Ring X X
— 5 antecedent soil moistures Well Permeameter X N
— Full factorial design Pilot Infiltration Test X X

e 210 simulations

ST. ANTHONY FALLS LABORATORY MUNWERSITYOF MINN@E?

Driven to Discov



Turf-Tec Infiltrometer
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Simulated Soils

Operating SiC SC SiL SCL SL LS S
Range (in/hr) 0.008 0.047 0.18 052 1.7 5.7 11.7

1T 0.25 42

MPD 0.098 590.6
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Image Credits: USDA NRCS Soil Texture Calculator
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Workflow

Input Soil Properties *

Simulate field procedure
using COMSOL ¢

Post-process output to calculate
simulated Ksat or infiltration rate ¢

simulated

bias = _
input
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Pressure Head

_ Time-Variable Interior Wall No Flow
Axial Symmetry

0.55m
0.5

0.4')

2-D Axisymmetric = %] :
Homogenous __
sotropic Richards’ E//" i

Equation %]

-ree-Draining :

0.057

0]

= | /
005 02 0 /0.2 0.4 0.6
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e Modified form of

Water Resources

~===  yah Genuchten retention model

Effect of the shape of the soil hydraulic functions near saturation on l

ELSEVIER Advances in Water Resources 24 (2001) 133144

variably-saturated flow predictions
T. Vogel ®, M. Th. van Genuchten ®*, M. Cislerova ©
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User defined v

Unsaturated condition:

un IdI.pr.:hs 1
Liquid volume fraction:

g [if(dl.un,thetaH-(thetam-thetar)f{(1-r—abS(VGalpha*dI,Hp)“VGn}"VGmLthetas) 1
Effective saturation:

S. [iftdl.un,(dl.thetathetar)/(thetam-thetar),1) 1
Specific moisture capacity:

Cem [if(dl.un.d(dl theta,p}*rho*dl.g.0) 1/m

Relative permeability:
k. [iftdl.un,dl.Se~05%(1-FSe)/(1-F1))~2,1) 1
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Initialization Os<t<900s t>900s
i

I |
I | | | I | i

Name |Expression
Htout  : nojac(step3(t*1[1/s))-(totinfin2*step1(t*1[1/s])+totinfin2b)/(A2*rho))

Htin | nojac(step2(t*1[1/s])-(totinfin1*step1(t¥1{1/s])+totinfin1b)/(A1*rho))
Inner and outer \ \/ !
rings are

Equations do not Cumulative mass flux Convert mass to
contribute to Jacobian evaluated in Global ODE equivalent depth
(Thanks to advice

from COMSOL

Technical Support)

independent
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Name |Expression
Htout  : nojac(step3(t*1[1/s))-(totinfin2*step1(t*1[1/s])+totinfin2b)/(A2*rho))

Htin | nojaclstep2(t*1[1/s])-(totinfin1*step1(t*1[1/s))+totinfin1b)/(Al*rho))

step2 o \ stepl =

0.12f . O;:I ; I | | | I
0.08}- 1 0.8l
il ]
0.02 . 0.6
or il 0.5F
g ' i 0.4
oos| ] 03}
oal . Al
-0.12 0.1

-0.14 7 2 i \ 1 I L L

Initial filling of rings at t = 0 sec Refilling rings at t = 900 sec
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Loamy Sand at 40% Initial Relative Soil Moisture
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_ Simulated Infiltration Rate “

Bias Factor = 7 20

nput Ksat 18

16

Likely sources of bias: ke 12

« For methods like TT that assume E‘; .

1-D flow, lateral divergence m .
violates assumption

* For methods that assume 3-D °

flow, flow approximations may ’

not reflect actual flow pattern z
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Turf-Tec Infiltrometer

Sand T s
Loamy Sand
Sandy Loam + .
Sandy Clay Loam
Silt Loam .
Sandy Clay +

Silty Clay .
---- Bias=1

+D>OC %0 X
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Initial Relative Soil Moisture
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Coarse Soils am o wmE T
Typical of o r_ ¢
Infiltrating - -
Green - —
Stormwater ¢ Gi;jME’P- ---- A L.

Infrastructure -
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