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Previous study

Subsurface flow In Terraced Fields

Onishi, T., et al. Transactions of the Japanese Society of Irrigation, Drainage and Reclamation Engineering (Japan) (2003).
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Previous study

Subsurface flow In Terraced Fields

Liu, et al Journal of the American water resources association, 2004

e Simulation the subsurface flow based on
terraced fields condition in Northern
Taiwan

* Considering the soil conditions in
Northern Taiwan
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Our study

2D simulation (steady state)

Steady and homogeneous conditions
Topology given from the study area (A-A’ line)

Study Area

0110 Wk
-
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Taiwan

Relative

Elevation (cm)

<

stream

e cm)
0

I -2187.000
I -2078.200
B -2050.400
-1936.900
-1899.700
-1722.500
-1615.900
-1520.200
-1416.900
-1326.500
-1205.100
-1146.700
-1039.100
-1001.700
935,030
-826.230
-767.660
-723.3%0
-720.900
-559.400
-543.750
-527.800
-396.210
-361.040
-321.300
217,070
-210.280
-111.200
I -27.536
I 92.403
I 150.342
I 281.181
(-

The subsurface return flow exists; and the groundwater reaches

to the field surface.

Not flow back to the surface of the next step (different from
Onishi’s result)

Inclined flow path

Field water infiltrates from a part of the field surface
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Method
Geoelectric Resistivity Tomography -

(ERT) Survey->clarify subsurface flow

Relative
Study Area Elevation (cm)
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Electrical resistivity tomography (ERT)

Apparent resistivity
AV
Pa = T
ol AL M| ~— IN §B AV : electrical potential difference

Current, |

..................

R T B | : electrical current

25 SRR e Wl G : Geometric factor

el .. . |Observed p,

Inversion process
arg min{(pg — po)*}

AV 4
Optimized p (x,y)

(ERT image)

pPa: Modeled Apparent resistivity
pq: Observed Apparent resistivity
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Electrical Resistivity Imaging (ERI)

* A geophysical technique for imaging sub-surface structures from electrical
resistivity measurements made at the surface

* Electrical Resistivity reflects soil texture, electrical conductivity, and water
content

TABLEI

TYPICAL SOIL RESISTIVITY OF VARIOUS TYPES OF SOIL 250 _
Type of Soil or water Typical Resistivity ® Cheshire Clay (McCarter 1984)
| o London Clay (McCarter 1984)
(Q [ m ) » & Loamy Clay Calsisol (Michot 2003)
Sea Water 2 E‘ 200 H »  Kibushi Clay (Fukue 1989)
Clay 40 E ~ “
Ground well and spring water 50 > 1504
Clay and Sand mix 100 2 o
Shale, Slates, Sandstone 120 “ .
Peat, Loam and Mud 150 57 W
Lake and Brook Water 250 5 = o
Sand 2000 D 50 " o
Morane Gravel 3000 ] . i:;' A
Ridge Gravel 15000 B e LT
Solid granite 25000 A S A S S U R A T
Ice 100000 Volumetric water content (%)

Nassereddine, et al, 2013 A. Samouelian, et al, 2005



ERT change - flow path

ERT image at Time 1 (before infiltration)

ERT image at Time 2 (after infiltration)

Geoelectric resistivity {, because of
increasing soil moisture, or
high liquid conductivity

Resistivity change implies
the subsurface flow path



Electrical resistivity tomography (ERT)

Date of Test

Before saturating
fields

To saturate fields

2021/03/12

Planting

Fertilize

2021/04/09
2021/04/16

Cease irrigation

2021/04/23
2021/04/30

\4

No ponding water

Ponding water

No ponding water

\VA

unsaturated soil

saturated soil



Results and Discussions
ERT image on Mar-12

Before saturating
fields

To saturate fields

2021/03/12

Planting

Fertilize

Cease irrigation

Elevetion m

Low p region 5 m below surface may due to the
high soil moisture area (shallow groundwater)

20 30 40
Horizontal distance m

50

60

2000.00
1177.41
693.14
408.06
240.22
141.42
83.26
49.01
28.85
16.99
10.00
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Results and Discussions
ERT images in April

Before saturating
fields

To saturate fields

Planting
2021/04/09
.1 2021/04/16
Fertilize
2021/04/23
2021/04/30

Cease irrigation

0 10 20 30 40 50 60
* p near the filed surface decreased

* The pattern of p did not change a lot
= Shallow groundwater might not increase rapidly

" ; S Apr-09 : é Apr-16
:; E Apr-23 : ; E Apr-30

Apr-09

- m

B2

2000.00
1177.41

1693.14
1408.06
1240.22
1141.42

83.26
49.01
28.85
16.99
10.00
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Results and Discussions

Change percentage comparing to 4/9

Before saturating
fields

To saturate fields

Planting
2021/04/09
.1 2021/04/16
Fertilize
2021/04/23
2021/04/30

Cease irrigation

Apr-16

Elevetion m

2000.00
1177.41
693.14
408.06
240.22
141.42
83.26
49.01
28.85
16.99
10.00

2021-04-16 % g{ijsoing p

24.0
18.0
12.0

i 6.0
\_L\d 0.0
N - 6.0

X\ I

-18.0
-24.0
-30.0

-12.0
0 10 20 30 40 50 60 decreasing p
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Results and Discussions
Change percentage comparing to 4/9

Before saturating
fields

To saturate fields

Elevetion m

Planting

2021/04/16
2021/04/23

Fertilize

Cease irrigation

&n
1

-10 -
-15 -+
-20 -
25 -
-30 -

2021-04-16

Before fertilization

p decreases slightly

LN
e - S
25N

\x/

10

20

2021-04-23  After fertilization L

24.0
18.0
12.0
6.0
0.0
-6.0
-12.0
-18.0
-24.0
-30.0

10 20 30 40 50 60
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Results and Discussions
Change percentage comparing to 4/9

. 2021-04-16 2021-04-23
Before saturating 0 0
fields 5 5
. £ 10 - 10 -
To saturate fields 5
Z -15 -15
Planting i 20 20
-25 - -25 1
-30 - -30 1 | . |
0 10 20 30 40 50 60 0 10 20 30 40 50 60
2021/04/16 T Low p liquid infiltrates
Fertilize Orjo;
2021/04/23 L lonay,
-20 \nkn\k““‘* p area e
25 High resistivity “ dllUtEd
Cease irrigation e e S el »
v Inflow of the not penetrate

low p area » »

Origional low p area
(high moisture area) 22



Results and Discussions

Possible subsurface flow path

2021-04-30

5 &change % comparing to 4/9

240
- 18.0

12.0

6.0

-6.0
-12.0
- -18.0
-24.0
-30.0

0 10 20 30 40

Horizontal distance m

al

60

«—Ft
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Results and Discussions
Possible subsurface flow path

2021-04-30  p change % comparing to 4/9
2D simulation (steady state)

)

Inclined flow path - Asymmetry p decreasing area A symmetry p decreasing area fully accounts the field
Return flow - this area accounts the partial field — downward infiltration, and little subsurface return flow

p decreasing area
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Conclusions

1. ERT can demonstrate the moisture change,
and the influence of the resistivity of the
infiltration liquid.

2. Flow path was pictured by the resistivity
change.

3. In the study area, the subsurface return
flow was little under unsaturated situation.

National Taiwan University

syhsu@ntu.edu.tw
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Onishi, T., et al. Transactions of the Japanese Society of Irrigation,

Drainage and Reclamation Engineering (Japan) (2003).
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Before Saturating

2021/03/12

Saturate
Planting

Fertilize

Cease irrigation

Gravel )
Pavement Ditch  Boulders
Leakage B11
Bl
0 B9
-5 \J .
' B8
o ~_B7
-10 Low resistivity
15 p-ol
-20 P Concrete
STl wall
75 High resistivity N }
0 10 20 30 40 50 60 \ \
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Electrical resistivity tomography (ERT)

Current, |

Observed p,

Apparent resistivity

R W, : electrical current
i |
R e
i M
SRS R SNSRI NSRS 2
2 3 4 k G
m Pseudo-section

(resistivity distribution)

846,
|_- 72515

(ERT image)

[ > Optimized p (x,y) -
Inversion process
arg min{(pg — pa)?}
pPa: Modeled Apparent resistivity i, I
pPq: Observed Apparent resistivity -

-1
_21TAV 1 1 1 1
Pa="1"\\Na ~NB) \Ma B

AN e B AV:electrical potential difference
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ERT images
Change comparing to 4/9

Before Saturating

Saturate
Planting

Fertilize

Cease irrigation

2021/04/23
2021/04/30
2021/07/02

0 10

2021-04-23 % 0.0 2021-04-30 % 00
Change comparing to 4/9 24.0 _ Change comparing to 4/9 24.0
18.0 .
12
6.0 6.0
0.0 0.0
5.0 -6.0
2.0 -12.0
-18.0 =18.0
24.0 -24.0
L, . , . , . , =300 . . . . : _ -30.0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Horizontal distance m
Comparlng 4/161 4/301 0702 wn trial2 DiffRes2_dat Yo 0.0
ther:eg.lo.n that pdc.igcreaskng due : h(‘:hange comparing to 4/9 [ %°
to the irngation did not change. @ 20
“““““““ ‘ 0.0
-14.0
Result on July 2nd shows that
. -42.0
the p decreasing area expanded 560
-70.0

20 30 40 50 60
Horizontal distance m
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Elevetion m

0702 wn trial1 InvRes4.dat 2021-07-30 wenner trial1 InvRes4.dat Q-m 2000.00

1177.41
693.14
408.06
240.22
141.42
83.26
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28.85
16.99
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