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The Design Procedure of Groundwater Monitoring Wells for the
Site Selection of the High Level Radioactive Waste Disposal
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ABSTRACT

The performance of natural barriers at high-level radioactive waste disposal sites heavily depends on the regional
groundwater system, which regulates the leakage of waste and radionuclides. Waste disposal sites require homogeneous
and mechanically stable formations, making groundwater characterization difficult due to restricted discontinuities like
fractures and faults. In the fractured media, conventional groundwater level observation methods in a single borehole only
provide averaged hydraulic head data, failing to distinguish individual permeable fractures. To improve the interpretation
of the groundwater monitoring results in the fractured media, it is essential to separate each of permeable fractures within a
borehole and implement independent hydraulic head observation systems. Flow-logging is currently the most effective
method for identifying permeable fractures from each others, supplemented by lithologic and geophysical loggings. Once
permeable fractures are identified, their hydraulic connectivity can be examined, and multi-level monitoring wells can be
designed accordingly. Despite this, Korea still lacks sufficient technical expertise in constructing various observation wells,

highlighting the need for further development in this area.
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slar uok. 290519 7-9- 33%H(Granite), A== Hvlet
(Migmatic Gneiss), Z @22} 292 E o] Y (Mudstone),
=g F(Salt Dome) 55 oz HEA x|z 3
A1, 241 S0l ITH(Stephens et al., 2007; POSIVA,
2021). 3PgStolu, Hukek, o¢h, o T2 dRbHoR
Fhs &2 FedEET) ullg- gol A% eHAlE S-Sl
Ale Ak RE ofegl 71A] e TR ZAE TS|
- oL, FSEE UFHOR 1% PINEOR v Yk
e 7RIt webA ol S 7H AStellA Al
TE2 A AATE ot Al Hell 2a1H 0= AEE
T, &5, & 1] ZA 59 EdE45HS et 524
Ht. FAle oldd 251 AY e BEVF =
AR B8l EAsks] vk ZitESH, 1 3 B
gk wig- Egste] B9AQl 8-S W] getar|vt
- ofHrhke Aotk BAEHR] 7 E RE wjEelA 9]

gl
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* Approx. 375 plastic sheets

* Each sheet with an area of 2 m*
* 9 different conservative tracers
* Migration distances 10 to 56 m
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Fig. 1. The sketch of a large-scale tracer test conducted at the
Stripa Mine (Neretnieks, 1993).

A3 91 Aake) B Arsk WA 15

A3 5ol ek @A) B3k 2909 Stipa Mine
oA 2 Aals W AFS B8l B2 Fio] &<l
7%= 39t (Neretnieks, 1993). §3] Stripa Mine2] N1
AFEEE o83 thte] F2A; A (Fig. 10114 gkl=
vl w=m N1 72 Frde Askr 73] oF 50%7F
2] 3%2] AR WAS B3 FrdEe] HEETE St
olgfgt P B3l ERIE EAE o wjFA Ask
55 Alolehks 7MY Fa3t 542 1) B8 A28 5%
A8 -5 (channeling)®} 2) T4 E%H 7o
AZAA (connectivity)oll 3+ EAo]t}. o]o] HAE=
G wrh A Qg Aelc,

AR SellA ER ] AN H7E AR TR
2 a3kl e T8 Ao -k 54 sk
7Nk She Ajolehs Aolch, Qw02
et Aol sl 75 B A9He 294
g it v 5448 7iRIch weba] ) AR SR
FA9] A 1 4] H7EE flEike daewt vid
S EAEE e Al e 5SS FeldeE S
A% e B AAE 75T et AUk o, 5
2ol 1 Wiske X[l Al2Hlo) gk 950 A=53}
AlZ=Ele] S0 #et AR E ¥sl= dyjolr|w st 2
7R IAME A A8l 5 543 slids Sl a4
A 3 718 9] Aol HEES B8 A<
Hi7 A|3l=9] B5 Algle] AAll] Tl FElstar At
S 7le 1 BHow dx vk

N

© 1o

2. 2|5 (hydraulic head)?| 2|2}
2HE 29| X|515-2] (groundwater level)

&3] ARlA Y Aok F-2 ARk ALA ARSEE
Aslrelehe B HEEA FojE dolg TYA Al
ARESIAL ITh] Bk o 7EA] 7ide] ER)E]o] ARS-E]
3 e} =, A5 (groundwater level), 219 (hydraulic
head), X|3l4(the depth to the water table) 52| 7I'd
o] AL3] FEEA| Al AREAL vk Alelth. o4
AP Qo)M= FA| th=A] 2o} %=1 British Geological
Survey (BGS)2] web page A= “groundwater level”l]
w3l At e s Ao el Tt 2ol A&

afaL sloh.

“Groundwater level is a term that is used in a relatively
loose way, normally referring to the level, either below
ground or above ordnance datum, at which soil or rock is

saturated. This is also referred to as the water table and
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represents the top of the saturated zone. Above the water
table lies the unsaturated zone.” (BGS, 2021a)

olof] Wl 42]4=F(hydraulic heady= ¥t} HWE3}A A
SISk =

“The height above a datum plane (such as sea level) of
the column of water that can be supported by the hydraulic
pressure at a given point in a ground water system. For
a well, the hydraulic head is equal to the distance between
the water level in the well and the datum plane.” (BGS,
2021b)

SIARE, FElaro] TS 7HA1AS] FEiQl E9) =ol=
ks ol9f Ze N3-S Faks 52 FEHEET} -
=11 HwA F4% Sy 22 oA wiE elxde
o BN A Wh2lo] F 4= o), BEXdo] ik
2 oA widot 7 g ok vy} o) oufx|e] A
4/80] AR b= midelM= 2318 ide] gest
ol WellE o U= AlE WHo7IE St At o=
FHHEETE & o3y vid Yelxe 5320 =E F
A3t Aol A Fela7e] FAZR1 Aol Ao YEREA]
e AYS Holr|x s, TR SEREE Aake
PPL FAZ R e AEshe FAoF HX|HA
o we} FelgFe Jide] 22kl HAGO R EAEE
[3l5e] BSHOZ A5 H= Aol A7) W
olt}, o] 22 7S &3] Theiss equation (Theiss,
1935) 0.2 EB&)= -E5Kr(well function)?] 74 Ygjek=
FUs, o]2 F3) AA = F5EAIG(Transmissivity)
A Al =(Storativity)e] MEE S 221 HHo =z
78kl EEEe Jidoeltt. o]l A& Wlo] dE
ek wj ol M) FElFE Fslke Hl ofd AAF
CHE =T 7 AUSAE vy oA B} 2pAE] A
HE Zlo|th

A&} (hydraulic head)?] 7d-S AE3] AHelsh] ¢
SMe RS2l BT (“water table” or “potentiometric
surface”)e k= 7HA18} B= Vo2 AFoJsr] Hogke
A Ao g e g Hejshe Ao| SrkE WhHo|th
Schlumberger®] Oilfield Glossaryoll A= A1 (hydraulic
head)s T} #o] Aojslal .
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“The force per unit area exerted by a column of liquid at
a height above a depth (and pressure) of interest. Fluids flow
down a hydraulic gradient, from points of higher to lower

hydraulic head. The term is sometimes used synonymously
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with hydrostatic head” (Schlumberger, 2021).
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FAHT} oA 299l Stripa mineollA2] Ag Zxlol] tha|
Ak vk} 2o s AgelMe A TE2] 3% 30
T 50%7F FEEe Zlo] Aoz gld Ht 9l
TH(Neretnieks, 1993). o]2igr wEMHdellre] A3}~
fre 542 Askr Al=E W olvR]e] Ag 52 A8t
o] EF frao] vie- Al BEE Sl EAE]
iEolth. &, 284 ¢hitol|xe] Al feat e
AU A (A ekrF) wExv FAHoE BEd&EZolg=
Aotk ZEg] 212007y A=9 F3F FAA AlY
(cross-hole thermal tracer test) 232 F3| & WollA 4=
YHAEET} AR vER Qe FRlelek= FelE] 24
o] R &S F IS5 Bl 3 vf lom, v

Hydraulic head (m, el.)
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Depth (m)
=
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Fig. 2. Variations in groundwater levels along the depth in the
KURT BDZ-1 borehole (Park et al., 2020).
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&3}e] W] National Research Council (1996)°l4= Tk

O 23 24 Id =2 Z2 Rkl 38 ofF
A S5 AN TP S98HE 2217 (How
can fractures that are significant hydraulic conductors or
barriers be identified, located and characterized?)

@ TE AH el Aekre] sFont 829 sl
oj@ A WAS=71? (How do flow and transport
occur in fracture system?)

@D AR Hele] WslE oA dSsiar Aleid
AR17F? (How can changes in fracture systems be
predicted and controlled?)

o] M7EA] Aol st a2 Wik A4 ik vjA s
o g gk a7 Aslkrele] BSo] FHZR1 A3

< WA = =T A9 A s Boloh dAPIA|
T 99 AR el gk Feflolar A8 B

So] =L glont, ool thigk BHelst A= o} &
3] EEEATAL & 4 glok. AR 927 #AE 5
Aol AAlehs EAZ AFIA Al7ER] 9] ZiE 5 D9
AFoF o] TE Algke 4= ot ajar @9 4
o th3k thS- Hete] SRR Paillet(1993)7} Mgk )
k<5 218 (borehole flowmeter test) ¥ (Fig. 3)2 EA|
7HA] Tkt 82 AES AXHA w83 o R
2] o} ik Bennett et al., 2006; 415 £, 2003; 37143
2] 2007; 3AE 9, 2008; Crowder et al., 1994; Carlsten et
al., 2001; Paillet, 1998; Williams and Paillet, 2002).

2784 Ik wjdx] B 7 RS flE 3l
34 A& (borehole flowmeter test) HHo| WAL
H71E g 4] 54980l 2 E9E 312 Gentzschein
(1996)°] HZolth. -2, Paillet(1993)2] AT GA] wl=+2]
Yucca mountain projects Aol Fil Y=o
WM H71E AR $H A 32 Al RS AR
dpdo g 3 AL oAt o] A9 Rlofl A= Carlsten
et al.2001)°] 3 FF AT WHA A 3-S5 Al
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(a) Ambient flow test (b) Cross-hole flow test (c) Single-hole flow test

Stationary stationary

F 3 r 3
5m 5m

v vily

—_—

Trolling
A . Trolling
0.5m/min 0.5m/min
I Flowmeter I Flowmeter
e

Trolling

0.5m/min

Flowmeter

S N

Fig. 3. Conceptual diagrams of single-hole and cross-hole flowmeter tests (Jang et al., 2007).
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" (thermal dilution method)S ©]-8-3+ -3 =4 Wy}
A= NEA NEEATHOhberg and Rouhiainen, 2000).
15 53l 7 WPHS o] Posiva Flow Log, Difference
Flow Method (PFL DIFF)ER= A3 o2 AgRElon,
= POSIVA projecte} 2915l SKB project -4 - wii-5-
FRALIeA 285tk Komulainen et al., 2019; Komulainen
et al., 2020; Vaittinen et al., 2012; Vaittinen et al., 2019;
Vaittinen et al., 2020; Laakso et al., 2021; Laakso et al., 2022;
Laakso et al., 2023; Laakso et al., 2024).
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Measurement equipment (winch, m.m efc.) instalied into a trafler Gmund
Surface
Soil Steel casing
Cement paste
(grouting)
_______ , ST o e S
I
Bed rock

-~ Fiow along the hole thsagh the bypass pee

Fig. 4. The conceptual diagram of the PFL DIFF measurement
method (Vaittinen et al., 2012).
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she il A9 AAEle) B AR RS
‘rr£°ﬂ g AEd =3 AR 5y Hrkehs AxpellA
¢ 583 A2 S AT Dot
AR FIAvh oMo el
w52 Sfelde

3214
sl Aite] ok Be] me EdE,

*65}5 F3le, 7t So] B wet 1 A 2
APES xpaskdt vt glok. SR 3 E=oo)A]

AHke] EAo] W 43 ERolX ESE(Sil) &
F4Z(Alluvialye A|uke] F&H2 BFoAe] Eokzw}
ZIEES o}ge] AHsh= Ao =, 71WH(bed rock)y
231 (weathered rock)} 7155 A A|Hsh= o=
AREE Aol o= A3 2](2007)0] @7 A1 Aol
wE Aog P F=E FIF AFHA AlF (crosshole
thermal tracer test) Aol A] QS AH-2] F3lQtoll A<
Azl HE5E ESTY S4RTE 37H Ed540]
WEs] BAEe AYE BHe U] wiEeld

9l ] S T2 AR F] EYSolv A=

Fig. 5. The conceptual diagram of a single-interval monitoring
well in the upper bedrock section.
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b awel A 9ol girky BasE Y
219 213k U A5 2 elzelch
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2 olgsiel 1T Faint folmg

o:
Jut
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of

o B M A

N, >

ZIc}. 3RS sfj9] ARlellx AFEAAN, FF= POSIVAS]
Olkiluoto 5 R Foll= 477l X2 B0 Axd=g
HEE FHE HX, ZUEHHS Z‘JEES} AT} (Vaittinen
et al,, 2024). ©gh, o] A HAFH #E& T3l EYo]
IS FHE A=A BEE ZX|slodof gt} ohih, 4k
7Pt 1o B FE APS Bl XIS, A
EGTY Akt #5540 E A FYEA Xdt=
ESF ?7}2 Aol oyt 188 55 Fate] Adst
ofof 3l A5 S FH Y FA FAE gl U
(open hole) IS FASIH(Fig. 5).
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o] 3 B& T7he] A4 B AA) olF WAL F gt
eje] ©2e) A 2 Al Bl AT Aol
QT Felel thE A= B A7) e ol
FE7E JS F oy B adetele O vsdd
(multiple completion)T-ZE 7FA|= 73-%-(Fig. 6(a))¢} @
T HE (single completiony?} 38 43 (well perforation)

J. Soil Groundwater Environ. Vol. 30(3), p. 14~28, 2025



20 7
Ground
* Surface
Soil
e Steel casing
______ SN 3 ¢ 1 g G TS R
Bed rock
ok u
L1 Mm
Access tube _L——
= Concrete or
/:-:'f Cement paste
Perforated or _,--"""-" ~, Sand or gravel
ot sorees s (monitoring intervals)
=
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i Surface
Soil
____— Steel casing
------
Bed rock

Access tube
or pipe

Cement paste
~ (grouting)

z/’

Rod

—~—
.
~—
"~

Perforated zone

monitoring intervals
e Packer ( & )

mmmm Plug

(b)

Fig. 6. Conceptual designs of a permanent multi-level monitoring
well: (a) the multiple completion well, (b) the single completion
well.
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Ground

Surface
Soil __— Steel casing

------ L.

Bed rock

Rod

Access tube
=
or pipe

= Monitoring intervals
4

e packer

Fig. 7. The conceptual design of the depth-variable multi-level
monitoring well.
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=79 374 W B AEEE I3 "ed ¥xo %
8 FHL} Jo]E(access tube or pipe)E AX|Sldok Sk
e Hellx] 321 Alstll s 4= vl gick. webx] 9
HA=S 913 E(pressure housing) 52 AAIA] F7F L&
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Table 1. Various types of observation boreholes installed at the
Olkiluoto site in Finland (Vaittinen et al., 2020)
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2021; Laakso et al., 2022; Laakso et al., 2023; Laakso et
al., 2024).
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Fig. 9. Groundwater monitoring wells installed at the Olkiluoto site in Finland (Laakso et al., 2024).
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Fig. 10. The schematic structure of a Swedish KF-series multi-
packer monitoring well (Anderson et al., 2019).
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