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Radioactive contaminant from a nuclear facility moves to the ecosystem by run-off or groundwater flow. Among the two mechanisms,
contaminant plume through a river can be easily detected through a surface water monitoring system, but radioactive contaminant transport
in groundwater is difficult to monitor because of lack of information on flow path. To understand the contaminant flow in groundwater,
understanding of the geo-environment is needed. We suggest a method to decide on monitoring location and points around an imaginary
nuclear facility by using the results of site characterization in the study area. To decide the location of a monitoring well, groundwater flow
modeling around the study area was conducted. The results show that, taking account of groundwater flow direction, the monitoring well
should be located at the downstream area. Also, monitoring sections in the monitoring well were selected, points at which groundwater
moves fast through the flow path. The method suggested in the study will be widely used to detect potential groundwater contamination in

the field of oil storage caverns, pollution by agricultural use, as well as nuclear use facilities including nuclear power plants.
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Fig. 1. Geographical map of the study area.
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Fig. 2. Geologic map of the study area [6].
Study area is located in the northern part of Daejeon.
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Fig. 3. Implementing the Groundwater Protection Program [11].
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Fig. 4. Modeling area for groundwater flow simulation
(Solid line: local scale area, Dotted line: site area).
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Table 1. Parameters for groundwater flow simulation

Parameter HSD

UHRD LHRD HCD

Hydraulic conductivity (m-s™) 5.43x10¢
Recharge rate (m-d™)

Storativity (unitless) 3.0x10"

1.52x10% 7.94x10°" -
Avg. 5.06x10 (std. : 0.60x10)
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Fig. 5. Boundary condition for groundwater flow simulation around an imaginary nuclear facility in site scale area.

AEEE ABLrE 2AA " FAES 2l o
gatdon, AfATe A FFAP AN =& g ol
S35k, Askrfs o] AM-E 7t o Y gEeEE
Table 1] A 2Jst e}, AetrE LA ol 2 Aztel )
& FelTE ek S8 ARE Al 202 AT

o
ox ¥

X

A
ZZ(flux boundary condition)o|t}, dukzlo g AR
A 2712 57t A3 FAEE shd oy sl gS
Fo 2 AAs= AAIZRY, B =wolA] s Bl
7 o] R A3t BRE oA 2 R 2
T2 o]-g3fe] B} zhe o] wdlw)s 233t ) o
AAZA0 2= AREHCH13], B A[3ti-5 oA
= A TtE(local scale) o] Astrfrs ndy 4
oA =EH FF S vhdste] S| 7 AR} 5
5 AA 2oz AAsdrk, ek, 4] Rl o Het

ZZ(constant head boundary condition)} -2

o my o &

o orr &

250

4.3 A3t 2EY 29

Astr s B &

Q7H oe] A Tulsl fAbek

1;{11

—l .

il rr”g
N
9‘3
e
4
A
&

o
=
oy
20
=
= 9

4
—n
N
N
ol
1t
H
lo
Q,
-
N
12
lo,
e
R
I8
2
1o
rT'L
fd
RS

F 300 mo] FE|FE 2L 3le
TA ] FEEl AT A A
R FEeT 2SS9 A
3 B A2 oA AgkrE B
2laL M EFN 5 Fer &
g Ao AdErh(Fig. 6).

Astrfs R X =& thAlEE(darcy velocity)

n:)
o 4
n
N)
P\
o
12
o

[t
o)
(@]

l
[
(@]
EF

0% 10 o2
e 4y

M Hn
o o2 ko2 b

I 4
1o
[o
ulf
ol

P,ﬂ

>
ol
I

e
o%
o
il

i)
o
ot
5
o
2
)
=
o
n

JINFCWT Vol.17 No.2 pp.245-261, June 2019



Kyung-Woo Park et al. : Determination of Location and Depth for Groundwater Monitoring Wells Around Nuclear Facility

i = o ool 7 ARG 03 moday’ AL SEE
b Zka, v AglelA] 0.09~0.12 me] FXF Btk A&
= Ldle] gt JAHE A ST E e Fsi 3 A4
180
B i Hohdttf ol A 0.03~0.12 m-day' 9] £EE Ho| Ak,

120
i shehklols 0ol ZHeke] Ae) Ass 5ol gl A
& o % Slehrig. 7). oleld shiehile] TSR 2
FRA R G A] sHEh W F-o] FE|FruE ALl shAl
Sst7) wio| ™, whot mel ojofuj s ohittl o] FaEs
S RFFSthA TAES oA thA dolgh AdtE B A
N
b " e o2 oZH, Te B A5 mde] BHo] A3t
FEFLOW (R) 0.001 [d] [m]
= A7) A S 98 ZAR]|A 2] 9] 2|2 AAS= Fo]7] o
Fig. 6. Simulated hydraulic head distribution T 7S AR A e HAE 2 °}_ e ] _H
from the groundwater flow modeling. ol ZARAH oA o] e Frdle AL AlF F, A A
A28 B4 RUEY AR A4ehe vl g &
Darcy flux 9‘)]\% 7)—1011:}
-Bullets -
[m-d]

= S50 - ol 5
o 4.4 ZAF9 94
1 0.180319
1 0.150266

1 0120212
I 00901594

M 00601062
I 00300531

& 200 Atz oz Aol G oM ZHAE o] 225 A

ol glo] welalol & aa AT B2 YU} A
2ol g Ao QE Lol YFE FA) eholof sirl, 4
Aol g4 Fulel MG 5 gl Aok SHoIA 3
7 ol Ao} ek, wat, AE AAE S8 A
| NSk fERE TR 5 9l

Fallof & Zlolct. 3 i=iol
R EBEREEE

BgE Fasto], old A%

k)
o

N
wERE

s
FEFLOW (R)

Ts
N

Fig. 7. Simulated Darcy velocity distribution
from the groundwater flow modeling.

J

4y o o 4
ik o ek

o%
rt ol
ftlo
2
2>
ol
R}
k
2L
o
ok
38,
ui
Q,
-
R
o 12
1o,
D
ol
oY
Jo
o
fd
1,

2 B oo
0
ol
o

— o
iz
=
=2
>
(o3
[ot
al]

f
K

ox
i,
)
E
i
td
1,
o
o
hu
o
et
i,
kN
o
i
SOl
M

ot el
v

Nuclear facility

{0 _Q
2
-
R
18,
o
r{o
5y
)
o,
oo
2>
(0
é L
2
o

o

N 1
i)
lo,
o
off
o%
o8
il
i3
Ay
e}
o
£
=2
g
~I
9
2
do
o,

of i o

o
B
N, Ho
fol
i
ok
ot
o
R=}
ic
ol
ol
=i
-
=
=2
n\l
>,

gol i
AA A A & Aoleh, & ATolNE Aajse] &
7 Tl fjAIskaL, AFA g B4 A4S arest
Fig. 8. Suggested area (dot rectangle) of monitoring point for the detection TA G ol 7HAF-o] =2Fo] 7Fsst ZAAIH (RM-1)&

of contaminant transport from an imaginary nuclear facility. A8 5 ) TH(Fig. 8).

o
—_

fo
fo n@ 4 -

O

alid
=2

o o oo ff S X A 2 o X0

o &

JINFCWT Vol.17 No.2 pp.245-261, June 2019 251



Kyung-Woo Park et al. : Determination of Location and Depth for Groundwater Monitoring Wells Around Nuclear Facility

Spacing analysis
100 M
90 25
80 | f,ﬁ(
70
60
50

-,
N,

Percentile

3

30
20
10

go 1.0 20 30 4.0
Fracture spacing (m)

(a) Fracture spacing analysis

Cumulative Number of fracture (N)
0 100 200 300 400 500

20
30
40
50
60
70
80
90
100
110
120
130
140

150 ‘ ‘ :
0 5 10 15 20
Fracture frequency (N)

(b) Fracture frequency analysis

Drilling Depth (mabh)

Fig. 9. Statistical analysis of fractures observed in RM-1 borehole.

A3 B AE ol gahel PAA e 9318
AR o, A oS agjste] AE =Fe] golgt
A0 RM1 AFES BRI o F BHE RV 7
AlFolA RUBEE-S 93t A& A5t fls AE5A
24}, FeAAS A ASS FAASE AT
W, Wz} e g om Askr) 0 AR o] 7
Aol ke e del 4w 71he A
5.1 GEEA

WAE 25, 2A0] AR ol 3he] KoLz 3
Qe whode PRl AR e RES £EAYL, T
A A5 98] Hed @de Rlx(frequency analysis)
o} @7t FZH(spacing analysis) At 25 &-838FitH14], ©
Qo) M 34919 F71Ae) wde] WEE 174918) A)F
Fol w9 Lol Bl A5g olgdte] 28 4 glon,
E G e FXE o] &3te] T auir} 2t T o] T
2 Ao sk 2o At 1 4 Yone v
252

Cumulative Number of fracture (N)
00 100 200 300 400 500

10
20
30
40
50
60
70
80
20
100
IRIOE s, weassmaal
120
130
140

150 T ; —
0 5 10 15 20

Fracture frequency (N)
Fig. 10. Fracture zones obtained from statistical analysis of fractures.

Drilling Depth (mabh)

JINFCWT Vol.17 No.2 pp.245-261, June 2019



Kyung-Woo Park et al. : Determination of Location and Depth for Groundwater Monitoring Wells Around Nuclear Facility

Hydraulic head (m, EL.)
061 62 63 64 65 66

10
20
30
0 |
50
60 ,

70
80
20
100 —-
110
120
130
140
150

Drilling Depth (mabh)

Fig. 11. Measured hydraulic head values in RM-1 borehole.
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Table 2. Hydrogeological properties from the results of hydraulic tests

Test No. Test section (GL.-m) Test method Hydraulic conductivity (K) (m-sec™)

1 0.0~34.0 Pumping test 5.43x10¢
2 34.0~61.0 Slug test 1.52x10°
3 61.0~76.0 Slug test 1.92x10°
4 66.0~73.0 Slug test 5.87x10°
5 76.0~100.0 Slug test 4.10x10°
6 100.0~124.0 Slug test 2.07x107
7 124.0~150.0 Slug test 9.27x107
8 140.0~150.0 Slug test 1.18x10°
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Fig. 12. Vertical profile of hydraulic conductivities from the hydraulic tests.
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Table 3. Hydrogeological properties at each geological unit

Test section . - . Hydraulic conductivity (K) Transmissivity (T)
(GL.-m) Geological description Width (m-sec”) (- sec”)
Weathered zone 28 -
0.0~34.0 5.43x10¢
FZ 1 2 1.09x10°
FZ2 3 4.56x10°
34.0~61.0 1.52x10¢
FZ3 1.5 2.28x10°
66.0~73.0 FZ 4 3 5.87x10° 1.76x107
76.0~100.0 FZ5 4 4.10x10* 1.64x107
100.0~124.0 FZ6 4 2.07%107 8.28%107
140.0~150.0 FZ7 4 1.18x10° 4.72x10%
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(a) (b)
Fig. 13. Vertical temperature profile (a) and its difference value (b)
in RM-1 borehole.
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Fig. 14. Vertical EC profile (a) and its difference value (b)
in RM-1 borehole.
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Fig. 15. Vertical pH profile (a) and its difference value (b)
in RM-1 borehole.
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Fig. 16. Predicted water conducting features by anomalies of groundwater logging data.

Table 4. Preferred monitoring position in RM-1 borehole from a geological point of view (e: most preferred, A: preferred)

Section (GL.-m) Geological description Width Preference
surface~28.0 Weathered zone 28 °
28.0~61.0 Upper fractured rock 33 °
69.0~72.0 Fracture zone 4 3 A
80.0~84.0 Fracture zone 5 4 °
100.0~112.0 Fracture zone 6 2 A
143.0~147.0 Fracture zone 7 4 °
61.0~150.0 Lower fractured rock - -
AgF 772 b Table 49} o] AT & vk, AFA Aol = 4 me] F7E 2t @i 5, 9 =
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Table 5. Preferred monitoring position in RM-1 borehole from a hydrogeological point of view (e: most preferred, A : preferred)

Hydrogeological description Section (mabh) K/T Preference
Hydraulic Soil Domain 0~28 5.43x10° m-sec’! °
Upper Hydraulic Rock Domain 28~61 1.52x10° m-sec™! °
69.0~72.0 1.76x10° m*sec! °
80.0~84.0 1.64x107 m*sec’! A

Hydraulic conductor Domain

100.0~112.0 8.28x10” m*sec! -
143.0~147.0 4.72x10° m*-sec’! °

Table 6. Preferred monitoring sections in RM-1 borehole in consideration of groundwater logging data (e: most preferred, A : preferred)

Section (GL.-m) Groundwater Chemistry Width Preference
31.0~34.0 Temp, pH 3 °
44.0~47.0 Temp, EC, pH 3 °
56.0~58.0 Temp, EC, pH 2 -
63.0~67.0 Temp, EC 4 °
69.0~73.0 EC, pH 4 °

143.0~145.0 Temp, EC 2 A

Table 7. Suggested monitoring sections in RM-1 borehole in consideration of all results from the field investigation

Hydrogeology
Section (GL.-m) Geology Monitoring Section
Groundwater logging data Permeability
surface~28.0 ° - ° o
31.0~34.0 ° ° ° o
28.0~61.0 44.0~47.0 ° ° - o
56.0~58.0 ° - - o
63.0~67.0 - ° - -
69.0~72.0 A ° ° o
80.0~84.0 ° - A -
100.0~112.0 A - - -
143.0~147.0 ° ° ° o
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