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Aims & Obijectives

» The aims of the course are to:

(1) Study the types of artificial groundwater recharge
(2) Study benefit of the surface dam installation and the reason for the
need for artificial recharge

= The objectives are that trainees will understand:

(1) Types of artificial recharge
(2) Benefit of the surface dam installation
(3) The needs for artificial recharge
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1. Groundwater artificial recharge
2. Case study of artificial recharge in Korea

3. Case study of subsurface dam in Korea

1. Groundwater artificial recharge

1.1 Groundwater recharge
1.2. Type of groundwater recharge




Groundwater

1.1 Groundwater recharge

@ Definition :

— A method that enables large—scale intake by increasing groundwater in the
aquifer by withdrawing surface water from a river or lake, transporting it to
an appropriate place, and forcibly infiltrating and cultivating the aquifer

through various method

€ Advantage : Reduction of environmental problems, evaporation loss,

flooding, cost and improvement of water quality

€ Disadvantage : Water quality problem and limit of soil texture

1.1 Groundwater recharge

® Artificial recharge
— Use of aquifers as water storage sites
— Increase the amount of water source cultivated and stored as an aquifer
through artificial methods
— Purpose
Groundwater level recovery, water quality improvement, control of
underground pollutants, prevention of salinization of groundwater

Surface water—groundwater integrated water resource management
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1.1 Groundwater recharge

@ Type of artificial recharge
— Direct method:
* Aquifer Storage and Recovery: ASR
* Artificial recharge through wells or surface recharge fields
— Indirect method
* Riverbank filtration: RBF

* Groundwater dam

1.2 Type of groundwater recharge

(1) Aquifer storage and recovery(ASR)

* Treated water is directly injected into the aquifer through a well or
recharge site to increase the groundwater storage,

* if necessary, the stored water is recovered and used

* Purified water can be stored for a long time in an aquifer

* Good water quality for injection water is required

Winter
Injection

Summer
Extraction

=

Groundwater
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1.2 Type of groundwater recharge

(1) Aquifer storage and recovery(ASR)

« ASR in Korea (Jeju)
— short period of discharge time
— water flows during rainy season
— only 520 days per year
— Artificial recharge using flood reduction reservoirs

Source) K-Water

1.2 Type of groundwater recharge

(2) Riverbank filtration (RBF)

* Collecting water filtered by pollutants while river water passes
through the river bed sedimentary layer for a long period of time

* Started in the Rhine River in Germany from the 19t century

Riverbank filtration Water
A—r supply
{— - = o

ration tank Primary filter Secondary filter

Source) K-Water
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1.2 Type of groundwater recharge

(2) Riverbank filtration (RBF)

* Feasibility study was started in 1995 by K—water
* 60,000 ton Riverbank site was constructed during 2000 to 2005

Source) K-Water

1.2 Type of groundwater recharge

(3) Groundwater dam

* By constructing a water barrier in the basement, groundwater is stored,
and pumped
* Advantage
— No loss due to evaporation, no submerged area on the surface
— Low risk of water pollution and relatively low construction cost
* Disadvantage
— Pumping facility required for pumping, maintenance cost
— Difficult to evaluate the amount of groundwater storage

| Increased pumping rate due to water level rise | '

Prevention of salt water intrusion |

)
| g

i

Water barrier

Source) Korea Rural Community Corporation
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2. Case study of artificial recharge in Korea

2.1 Overview of the artificial recharge
2.2 Artificial recharge site investigation
2.3 Recharge plan at test site

2.1 Overview of the artificial recharge

* Location of test site : Southern part of Korea

* Cause of water shortage : Excessive water use in collective facility
cultivation complex

* Purpose of recharge : Supply of water through groundwater recharge to

areas suffering from water agricultural water shortage

Groundwater
depletion

k 4Bedrock

A . i Sand, Gravel " i

) @ Pumping well @ Recharge well

Source) Korea Rural Community Corporation

- 379 -
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| 2.1 Overview of the artificial recharge

® Classification of artificial recharge
: ' Groundwater Sewage Tt Surface
source (Riverbank) treated Dl runoff

\ |
Field characteristics (Topography, /

Hydrogeology) —
Rain Subsurface
RBF e i Channel

>=_—<

S(\alg\?vtaetrerreiz(t)ruursci%n ‘ Water quality improvement
P : Groundwater contamination
urpose Underground storage il

Subsurface subsidence . .
el Irrigation waterimprovement

| 2.2 Artificial recharge site investigation

@ Feasibility study for groundwater recharge project

+ Facility agriculturel complex
+ 323 site(more than 10 ha) s,

* Area : 18,936ha

* Water shortage occurred at
219 site out of 323 site (68%)

+ 98 site is more than 50ha

100 150 Kilometers

Source) Feasibility report for artii‘icially recharge groundwater in a facility agricultural complex, KRC 2015
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2.2 Artificial recharge site investigation

€ Investigation results

4 Basic status of site 4 Greenhouse crop (2,058 ea)

*Facility area : 250ha *Main crop : Pumpkin(45.7%),

*Greenhouse : 2,058ea paprijka(18.7%), pepper(13.8%),

*Groundwater well : 972ea strawberry(10.2%), pimento(7.1%),
etc(4.5%)

¢ Groudwater well (972ea)

*Water for growing : 439ea, 45.2%

*Water for energy : 189ea, 19.4%

*Water usage at each grounhouse : 64.18(m*/day)
*Combined use : 334 ea, 35.4%

1 7 Source) Korea Rural Community Corporation

2.2 Artificial recharge site investigation

€ Investigation results

Test well location for soil { Location of groundwater well
texture 32ea ) 972¢a )
1 8 Source) Korea Rural Community Corporation
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2.2 Artificial recharge site investigation

€ Investigation results for recharge rate

Recharge by surface

?

Recharge by gallery

, Recharge by well ; c
i BN
Recharge by gallery + pipe Gl |
ace

Recharge by surface+ ppe

A 3 ook R v i

%
L

Source) Korea Rural Community Corporation

| 2.2 Artificial recharge site investigation

€ Investigation results for recharge rate

Source) Korea Rural Community Corporation
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2.3 Recharge plan at the site
4 Recharge plan

{ WELL ) { GALLERY AND PIPE )

Injection

After
recharge

1,000mm

S
e

—

200mm pipe

Source) Korea Rural Community Corporation

2.3 Recharge plan at test site
4 Recharge plan

Dike

Pumping well Sand remove Well type Gallery type Well type  Gallery type

(double filter) facility recharge recharge recharge recharge
_ _ Farmland

River

Silt and sand layer
LN

L

Silt and sand layer
e

Groundwater Level

Source) Korea Rural Community Corporation
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2.3 Recharge plan at test site
€ Recharge plan

—

' &2 = Pumping
7 4
N well
g2 = Pumping | well Yo :

Gallery type
o Well type

Source) Korea Rural Community Corporation

3. Case study of subsurface dam in Korea

3.1 Description of groundwater dam
3.2 Subsurface dam in Korea
3.3 Characteristics of irrigation by subsurface dam
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3.1 Description of Groundwater dam

dam.

Korea, China, Japan)

(or aquifer). (i.e. Kenya, Ethiopia)

* Groundwater dam is classified into subsurface dam and sand storage

* Subsurface dam is constructed fo secure additional groundwater

resources and to prevent seawater intrusion in coastal aquifer, (ie. s.

* Sand storage dam is constructed to secure additional sand deposits

1

—_gStream bed

: Regional:
g vater table

oy S Y

Layers of/sand deposite‘d ‘ i ‘
during’rainy/season/ 7 /-7 7 Jstage 2| e s +

| 3.2 Subsurface dam in Korea

® Location and specification

\
y NS
5 1984
JU\‘ i‘?u'\/“'\l i)
Y0 1“\ Gocheon 1986
) Q"!iamsong
S ‘/{vj Wooil 1986
Oksung 1986
Legend

Namsong 1986

'
@ subsurface dam for agricultural water
@ subsurface dam for domestic water

o wome| Ssangcheon 1998

A Corstr | |
A / / \'H & SSangcheon m
N \ year
(b3 o0 lan

192

778

482

89

840

ngth | Height
(m) (m)
230 4.0

75

6.7

9.2

18.8

27.0

(x10°m)
4,143
1,543
2,457
2,850

4,017

7,300

Pumping
rate
(m*/day)

24,000

25,110

16,200

27,900

27,000

41,000

Surface water—
groundwater
interaction type

Linkage type to
irmigation canal

Seawater intrusion
prevention type

Source) Rural Research Institute
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| 3.2 Subsurface dam in Korea

@ lan dam : surface water—groundwater interaction type

Role Main source
Construction Stage grouting
type +
Concrete
Displacement
Benefited 134ha
arca
LEGEND Catchment 2,700ha
¥ Radial Collector Well |
@ Tube el area
""" Subsurface dam g 3
B o Pumping rate 24,000m’/day
=== Pipe line
-Road
N -Slream
l:IReservoir
Farm land \
Contour line <77/ O\ ) o \\‘ e »
7 o ey
(T ssean EBHTAAN | ot 4 < 3
Pumped-storage
Source) Rural Research Institute

| 3.2 Subsurface dam in Korea

@ Oksung dam : linkage type to irrigation canal

Role Secondary source
Construction Stage grouting
type
Benefited 146ha
area
i LEGEND Catchment 27,500ha
=== Groundwater Dam arca
¥ Radial Collector Well - ;
B ouet Pumping rate 27,900 m’/day
@  Groundwater monitoring well

/  Stream monitoring system
I Diversion weir
= Pipe line

=== Main irigation canal

o = Subsidiary of Dongcheon
Road
.- diversion weir

Farm land

Contour line

= Water supply increases
during drought periods

Source) Rural Research Institute
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3.2 Subsurface dam in Korea

€ Namsong : Seawater intrusion prevention type

=== Main irrigation canal

] :] Reservoir
| Il Ro=d
- Stream

Farm land

Contour line

Role Secondary source
Construction Grouting
type
Benefited 155ha
area
Catchment 15,300ha
area
ZEGEND Pumping rate 27,000 m*/day
B] === Subsurface Dam
% Radial Collector Well = )
.o : R : ~ * To prevent seawater intrusion

Source) Rural Research Institute

3.2 Subsurface dam in Korea

& Prevention of seawater intrusion

Seawater intrusion can be prevented by subsurface dam.

_____ Land surface z=40h
______________ 2
Witor tabls = _gpermcs | Subsurface dam z=—"—h

R (ps p/)
Groundwater level rise | Sea level
A g:
i Freshwater i Zi
- Sea floor
v

’
’

’
’
&
l ;;‘ Saltwater
.

Interfa

The interface is regressed into saltwater zone

@ Subsurface dam for agricultural water
@ Subsurface dam for domestic water

Source) Rural Research Institute
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3.3 Characteristics of irrigation by subsurface dam

» Monthly supply of each subsurface dam in 2015 at lan dam

800 -
—e—Demand ; lan
700 4| --Total groundwater supply |- ‘ : ‘
—&- By radial collector well ‘ i 78% of annual demand
- 500 |
X )
> ;
E 400 ;
=
< i
g_ (1] e e O o LN V' /a\ e
1o
2 200 ‘
«
=
(111 SRR -
0 +—=® B y T T T T —
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Source) Rural Research Institute

3.3 Characteristics of irrigation by subsurface dam

* Monthly supply of each subsurface dam in 2015 at Gocheon dam

800
—e—-Demand Gocheon
700 4 -4-Total groundwatersupply | . e .
—#-By radial collector well 5
oo LBy tube el 43% of annual demand
£ 500
°©
-
%
B 400
]
]
g 300
o
g
£ 200
3
100
0 4 T T T T T T ¥ —
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Source) Rural Research Institute
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| 3.3 Characteristics of irrigation by subsurface dam

* Monthly supply of each subsurface dam in 2015 at Namsong dam

800 = =
—e—Deman

700 4| ~*Total groundwater supply : i i Namsong
-#-By radial collector well

ity |y tibeuwel] 48% of annual demand

w
[=}
=]

Water quantity(x103m’)
w
=3
=]

200 A
100
0 4 e —
Nov Dec

Source) Rural Research Institute

| 3.3 Characteristics of irrigation by subsurface dam

* Monthly demand and water supply in Oksung area (2017)
[ N wii i — ro
800 - LA 100
700 f- i R R 200
mmm Diversion weir
-’E o | e Radial Collector Well [ 300 TE‘
Z s Tube well £
% o500 d e ZZ7riMean precipitation | 400 =
= o A ctual precipitation 2
B 1800 Jommmeifrmeme e I = —== Demand tso S
] &
1=
g 300 rrrrrrrrr 600 E
é’ 200 ————————— 700
100 rrrrrrr 800
[ l'—v—l_r—Ii—l_r— 900
May Jun. ul. Aug. Sep. Oct. Nov. Dec.
Month
Time Total Supply Diversion weir Subsurface dam
(Surface water) (Groundwater)
Annual 1,787.7 1,883.4(105.4%) 1,051.8(58.8%) 831.6(46.5%)
April to June (drought) 1,072.5 1,002.8(93.5%) 412.6(38.5%) 590.2(55.0%)
Unit: x103m’

Source) Rural Research Institute
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Thank you very much

-
/




UNESCO i-WSSM

|4.2 Calculation of irrigation water requirement

(Example) Area of crop cultivation in the watershed

(unit : ha)

rea 695 446| 20 183 35 1

Ratio(%) 100 64.2 | 2.8 26.3 5.1 1.6
f ) q Doubl s .

1,297,453 991,523 2,288,975 100.0%

200,944 470,373 661,749 28.9%
354,340 119,774 477,726 20.9%
349,118 44,680 395,509 17.3%
91,765 120,832 215,650 9.4%
103,071 - 104,886 4.6%
35,552 62,707 98,450 4.3%
55,158 16,649 72,302 3.2%
30,014 8,242 38,820 1.7%
(7777 Greenhouse 19,006 - 19,326 0.8%
i 10,416 2,938 13,458 0.6%
Agricultural land
B Forest 6,085 3,045 9,206 0.4%
B Grass 7,059 - 7,099 0.3%
B Wet land 34,927 142,283 174793 31 T6%
Barren [References] Song (2019)

B Wwater

|4.2 Calculation of irrigation water requirement

(Example) Crop cultivation status by month and land (lot)

SC-02 owme
/TN

QRS
Y
SRR
N
K
W Residential
demul‘l::l

N
Sl
N\
X

R

\ >
SRS
\\‘\\_ i \\\\\ /

B oiLtais6.6%)
Hl o=03.7%)
Bl =ot=07%)

JIE

[References] Song (2019)
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4.2 Calculation of irrigation water requirement

(Example) Calculation of irrigation water requirement

Irrigation water requirements (mm/day) = Potential EVT x Crop coefficient (Kc)
Weather data Potential EVT
Grass(ref. crop) ETO

TEMP. HUM+
PITYIWIND S

PEED SUNS
HINE

Kc factor ETC IWR

REF: FAO 56

ETy x

4.2 Calculation of irrigation water requirement

(Example) Calculation of potential evapotranspiration (PET)

900
B 0.408A(R, — G) + rmU {es —ea)

o A+7(1+0.34u,)

(unit : mm)

mn
65.6 40.3

2010 259 347 581 83.1 113.7 116.3 106.5 1085  92.0

28.8 873.57

2011 247 34.6 0.0 89.9 113.3 114.7 113.7 97.3 972 65.8 384 27.8 817.49
2012 288 342 0.0 94.4 127.4 125.3 122.2 130.1 923 71.5 41.8 23.8 891.81
2013 26.1 37.3 0.0 90.2 123.9 120.9 1333 1484 994 73.0 37.3 26.7 916.50
2014 31.1 414 0.0 93.8 139.2 125.6 124.7 1003 96.8 71.6 374 23.8 885.80
2015 27.1 36.2 0.0 86.1 132.0 115.0 113.0 1126 947 67.5 29.0 23.8 837.08
2016 250  37.6 0.0 90.6 124.6 103.8 1257 1324 80.0 53.4 379 253 836.25
2017 272 364 0.0 100.6  126.6 125.9 106.4 1174 894 62.3 37.5 245 854.07

242 356 0.0 91.5 105.4 121.2 1437 136.0 822 59.6 343 279 861.64

[References] Song (2019)
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|4.2 Calculation of irrigation water requirement

(Example) Calculation of crop coefficient

Feb

ar

IH

Apr
May
Jun
Ju

(=5

u
P
Oct
Nov
Dec

wn
o

>
aa

0.90
0.90
0.90
0.90
0.50
0.80
1.20
0.90
0.90
0.90
0.90
0.90

Tomato You.ng Chili aicr Eggplant |Cucumber| Leek Potato |Strawberry| The rest
radish (pepper) | melon
0.75

1.20 0.82 - 0.90 1.28 0.35 0.82 0.40 0.70
1.11 - - 0.90 - 1.28 1.10 - 0.85 1.05
0.58 = = 0.90 = 0.64 0.25 = 0.75 0.95
1.20 - 0.50 0.60 0.60 1.08 0.35 0.50 0.40 0.70
.11 0.53 0.80 0.60 0.60 1.28 1.10 0.77 0.85 1.05
0.58 0.96 0.98 1.05 1.00 1.28 0.25 111 0.75 0.95
1.20 1.06 0.88 1.05 1.00 1.28 0.35 0.82 - 0.70
.11 1.06 - 1.05 0.75 1.28 1.10 - - 1.05
0.58 0.82 - 0.90 0.60 1.28 0.25 - 0.40 0.95
1.20 0.53 0.90 0.60 1.28 0.35 0.50 0.85 0.70
1.11 0.96 - 0.90 1.00 1.28 1.10 0.77 0.75 1.05
0.58 1.06 - 0.90 1.00 1.28 0.25 L.11 - 0.95

REr: RDA,RRI, FAO 56

(Example) Calculation of groundwater recharge

Watershed

N

()
20,775,865
189,084
21,538,129

42,503,078

Areal

rainfall

(mm)

L

676

663

345

Total amount of
water (x103 m’)

14,044
112
14,280

28,325

Recharge
rate

0.148
0.148

0.148

Recharge
(x 103 m’)

2,079

|4.2 Calculation of irrigation water requirement

0.2

2,113 | L
f r |
/ 708 .
4,192 & ‘I 783|
/ | |
T

i Ba-1 |
S | Ba-2 /
- I\' ‘}

\\\J‘ Jia?
Ba-3 ~
710
A
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|4.2 Calculation of irrigation water requirement

(Example) Estimation of potential water supply compared to IWR

Water budget = potential water supply — irrigation water requirements:

(unit : 10° m’/year)

Potential water supply 54,847 3,203 11,091

43,312]  3,058| 9,944| 2941 365 1,819 1,831 2,045 1,963 4,351| 1,962| 3,112 9,920

3,862 104 133 184 346 403 496 759 626 299 244 158 109

37,335  2,954| 9811 2,757 0f 1,402 678 678 678| 3,893 1,718 2,954 9811

Water budget 13,649 -1,952| -8,088 97| 4,041 1,398 2,992| 9,653| 11,403| 1,261| 1,711| -431| -8,241

5. Conclusions
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5. Conclusions

» Understanding of the impact the climate crisis on the groundwater

system is essential to stably supplying irrigation water and securing
groundwater during the event of a drought.

Understanding groundwater system
— Hydrologic cycle
— Subsurface distribution of water
— Aquifer formation
— Sustainable groundwater development
Climate crisis environment
— Climate crisis
— Climate change impact on agriculture
Effect of drought on groundwater system
— Standardized precipitation index (SPI)/ Standardized groundwater level index (SGI)
— Evaluation of drought for groundwater system
— Determination of limit value of groundwater level
« Irrigation water requirement
— Irrigation water requirement (IWR)
— Calculation of irrigation water requirement

oV

Thank you very much
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