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Development of an Integrated Monitoring System for the Low and
Intermediate Level Radioactive Waste Near-surface Disposal Facility

Se-Ho Choi', HyunGoo Kang"*, MiJin Kwon' and Jae-Chul Ha'
'Korea Radioactive Waste Agency, 174, Gajeong-ro, Yuseong-gu, Daejeon 34129, Republic of Korea

In this study, the function and purpose of the disposal cover, which is an engineering barrier
installed to isolate the disposal vault of the near-surface disposal facility for radioactive waste from
natural/man-made intrusion, and the design details of the demonstration facility for performance
verification were described. The Demonstration facility was designed in a partially divided form to secure
the efficiency of measurement while being the same as the actual size of the surface disposal facility to
be built in the Intermediate & low-level radioactive waste disposal site of the Korea Radioactive Waste
Agency (KORAD). The instruments used for measurement consist of a multi-point thermometer, FDR
(Frequency Domain Reflectometry) sensor, inclinometer, acoustic sensor, flow meter, and meteorological
observer. It is used as input data for the monitoring system. The 3D monitoring system was composed
of 5 layers using the e-government standard framework, and was developed based on 4 components:
screen, control module, service module, and DBIO (DataBase Input Output) module, and connected them
to system operation. The monitoring system can provide real-time information on physical changes in the
demonstration facility through the collection, analysis, storage, and visualization processes.
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BEABALL ABH Ao A4E 722 gseo ¥ Hoh[7] (Fig 1).
HES AEok ¢dFH e HEALRM (1], IHE A
B & oK oz AL Ahetn €9 wHlo] 7 2.1.2, Btz uhy
detn g 297l wre W E-S AR HF HEA Fig. 2012 AE1E go| HEAH ] HF w2 e
A7 geir glom, ool ATt AR EH T gl AR fReks ZekA WS Uepfglt) ol BEE, vi5E,
X/ o] Fefolct[2]. SeEld Zog IAE FEEZ0R LA 3o
BEARAAE oF 3000 A Hot AAG AR el o (S 59 47 Az 5480 YL dHAeh=
=jojof ght}(3]. 300 F2te] A7ItAAdS Ejlstr] 9 71%-S 7}tk (Table 1). ©]2]t AL WA W71 & A
AL AutAE o g HAAS Sato] HAAS Shelgh
T} [4,5]. SHAEE AAs|A 0] Be AT BEAEAL A
A7 AL 9l A2 G0l 2P 6], webA
B A BEARAA] g BUHY A28 A l =
2 Eolo], BEAEAL F AREAR) ARG A2
7] S1t Al 25le nheistaat gtk A5 gy my
_ _ _ o 1. construction Construction,
e A2E @AY 59 Ao} BEHEA ] A7 g
A BAG 915 AZA Q] A W83t & et
ot 8-S 7]ttt i -
2- xHE DXI I:IOI‘IéI.l 4. post-closure 3. Final - coverd
2.1. .E%H-E—*I*E‘gl J H'E=|| Fig. 1. Operation concept of the near-surface disposal facility.

2.1.1. BEEXNEAL

i il
ERER A& & FoHA HHo g g Ao w w4 Fig. 2. Component layers of the engineering barrier.
Table 1. Component of the multi layer
Layer Thickness [m] Component Function
Top-soil 0.2 8th: Silty sand b Prevention of inflow of concentrated rain
> Human intrusion prevention

Protection (I) 0.5 7th: Gravelly sand > Prevention of animal/plant invasion

Protection (II) 0.5 6th: Pea gravel

Drainage 0.3 Sth: Sand b Horizontal drainage

Barrier 0.8 4th: Clay b Vertical infiltration block

Drainage 0.3 3rd: Sand b (same as Sth)

Barrier 0.8 2nd: Clay b (same as 4th)

Drainage 0.3 1st: Sand b (same as Sth)
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Table 2. Information of the measuring items
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Measuring items

Instrument

Temperature, penetration water movement direction
Humidity, EC

Velocity of the displacement

Slope

Released amount of the penetration water

Temperature, humidity, wind direction/speed, solar radiation, rainfall

Temperature sensor
FDR sensor
Acoustic sensor
Inclinometer
Flowmeter

Meteorological reconnaissance aircraft
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Fig. 3. Design drawing of verification test facility.
Table 3. Information of the multi-layer material condition
Material ~ Sieve size[mm]  Penetration ratio [%] Consideration

- ASTM D 2487, silty sand
- Dry density > 1.5t m™

i -P ity <42%
Silty Maximum particle diameter < 19 mm orosity ) 0
sand - No humulite
- Low absorptiveness
- Low compressibility
19.05 100
9.53 75~100
4.76 55~100
Gravelly 2.00 35~95
sand -ASTM D 2487
0.85 20~80 .
- No organic matter
043 10~5 - Percentage of abrasion <40%
0.15 0~2
Pea 9.53 100
gravel 4.76 0~5
9.53 100
4.76 95~100
2.36 80~95 -ASTM D 2487
Sand 118 50~85 - No fine gr.alned soil
0.60 $~60 - Good drainage
0.30 530 - Permeability coefficient >3 X 107 cm sec™
0.15 0~10
- Maximum particle diameter <25 mm
4.75 90 C
- Liquid limit > 30%
Clay - Plasticity index 10~30%
- . : %1077 -1
0.075 50 Permeability coefficient < X 10" cm sec

- Bentonite replacement (Monmorillonite content >70%, swelling>24mL g™")
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Fig. 6. Panoramic view of the facility.
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Fig. 4. Design drawing of retaining wall.

Fig. 5. Monitoring room.

SFE flsto] IS Alsstalom, AAAIE SH $17]
S ez PeEet 4% HYE R FElE 28517 913 Y
B P A2 AlESHA T (Figs. 4~6).
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Fig. 7. Measuring item installation. Fig. 8. Measuring item.

Table 4. Range, accuracy and cycle of measurement target

Factor Resolution Measurement range Accuracy Measurement period
Wind direction 1° 0~360° +3° 2.5 sec
Wind speed 0.447ms™" 0.4~89.4ms™" +0.89ms™ 2.5 sec
Outside temperature 0.1°C —40~65°C +0.5°C 10 sec
Outside humidity 1% RH 1~100% RH +3% 25 sec
Rainfall 0.2mm 0~999.8 mm 3% 10 sec
Solar irradiance 1Wm™ 0~1,800W m ™ +5%FS 50 sec
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Fig. 9. System design information.

(Cyper-Physical system, CPS)-= 7|52 2 3t} (Fig. 9).
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Fig. 10. Measuring item connection detail.
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Table 5. Facility status information

No Item Information
1 Opverall state Comprehensive normal/caution/warning indications
2 Communication status Displays the number of unconnected buried sensors
3 Water content effect Determining facility safety with slope safety prediction module
4 Slope change Safety determination through acoustic sensor data
S Slope safety Determining facility safety through predicted values
6 Weather conditions Real-time weather condition
7 Model panel 3D model control panel
8 3D model 3D image of facility
| spotal Analysi
| |
=
Stability Stability

Fig. 11. 3D monitoring system main GUL

| Real-time Monitoring

Real-time Data

sobTemp
15.4375°C
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3 BUHY A 2" 259 7

4
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Fig. 13. Spatial analysis model expression screen.

A

)
rr

A

Ry

Jol A &, FDR, AAH] A 2
Atk (Fig. 12). E3F A2t} 715
oju|z]e]] A4, 7HeA, FPOR

ekelgk 4= Qlck (Fig. 13). 2 A

510
= o a1o
5 Y 29

O >
>
)

of
ol
-

c

o
rO
nch
4

S

> 2w

B M
rel
o N wx Ho

nx
rlo
o I
T

>,
juiel}
>,
11k

A,

oo e
d

> fo
T 1%
ol
rd,
ftlo
oy

c

2,
ol
=

Mo

o

NI

S

[o

L

2l
off
ot
ol
2,

re %0,
>,

g
[¢]
lo Ho
(VRN A
R ol
ox
flo M
Job o
e <L 1
ol rlr
ol
R
2 O
oy I
O f
>
)
Fr o
>

»
Y
ru

28] WApa 7B o] Hg Slat
o gehe A

o
e,
1
2,
>
rlr
ol
Y

|

) E i
L

J 1o

:u: fto

« o H
ol oX,
RG]
o
ol

i

)

o

)

—_—

off & N o I
2o HU oo T
2
4z
™
of
-
iy
|o
Hl
o
E
ol -
H'F
o
rE
|o
il
i
Ak
i
)
o rr

ol
1% -
Sl
=i
=
rr

it
> N
Sl
o
1)
gh
Ru)
To,
Alm
o
<
R
o
El

o~
2
ol
lo,
o
fuj
rE
oflh
o,

e
re
-
2 =2
>
=
>
e
T
S ol
lo >
It
L
N =2
rui iy
~ %P
lo [‘ﬂ
N
B
o 10
o,
ko

K
9_[5
ol
&
_)&
A

o, >

N w0
o o
g
Y
i
do
e}
filo
>
rx
)
2
A
uh

L A
%9
rr
N
i)Y
Hu
=

ol
)
N
1o
oL
X
oX
i_‘L‘
N
o
M
T
=



A LE AT 295 F0] 7S E SR
FEw} QLS Ao Pkt
AL AL

B =72 o x]7]&% 7] (KETEP) 9] “HS A EA|A
o] Feh4 W A7 A5 AS 71e P IHA| (AR S
o

20193210100130) 2] Y2ro 2 FPE|QH T

1. International Atomic Energy Agency. 2014. Near surface disposal
facilities for radioactive waste. IAEA Specific safety Guide, No.
SSG-29, International Atomic Energy Agency, pp. 51-56.

2. International Atomic Energy Agency. 2001. Technical Consider-
ations in the Design of Near Surface Disposal Facilities for Radio-
active Waste. JAEA-TECDOC-1256, International Atomic Energy
Agency, pp. 20-26.

3.Jacques D, Leterme B, Beerten K, Schneider S, Finke P and
Mallants D. 2010. Long-term evolution of the multi-layer cover.
NIROND-TR 2010-03E, ONDRAF/NIRAS, pp. 13-19.

4.Jeong J, Kwon M and Park E. 2018. Safety Assessment of Near
Surface Disposal Facility for Low-and Intermediate-Level Radio-
active Waste (LILW) through Multiphase-Fluid Simulations Based
on Various Scenarios. Econ. Environ. Geol. §1(2):131-147. https://
doi.org/10.9719/EEG.2018.51.2.131.

S.HaJ, Lee J and Yoon J. 2017. Simulation of Unsaturated Fluid
Flow on the 2™ Phase Facility at the Wolsong LILW Disposal Cen-
ter. J. Nucl. Fuel Cycle And Waste Technol. 15(3):219-230. https://
doi.org/10.7733/jnfcwt.2017.15.3.219.

6.Jeong MS, Yi J, Ahn J and Jun S. 2021. Development of Monitoring
System based on Cyber Physical System for Long-Term Perfor-
mance Assessment of Near Surface Disposal Facility. Joint Fall
Meeting of Korean Geological Societies, pp. 335-335.

7.Korea Radioactive Waste Agency. 2016. Low- and Intermediate
level Radioactive waste 2™ repository Safety Analysis Report. 1*
ed. Korea Radioactive Waste Agency.

8. Bhatt RN and Porro I. 1998. Evaluation of engineered barriers at

the Idaho National Engineering and Environmental Laboratory,

INEEL/CON-97-00968, Idaho National Engineering and Envi-
ronmental Lab.

9. Cartwright K, Larson TH, Herzog BL, Johnson TM, Albrecht
KA, Moffett DL and Stohr CJ. 1987. A study of trench covers to
minimize infiltration at waste disposal sites, NUREG/CR-2478-
VOL. 3, Illinois State Geological Survey.

10. International Atomic Energy Agency. 2001. Technical Consid-
erations in the Design of Near Surface Disposal Facilities for
Radioactive Waste. IAEA-TECDOC-1256, International Atomic
Energy Agency, pp. 8-18.

11.US EPA. 1989. Technical Design Guidance Document: Final
Covers on Hazardous Waste Landfills and Surface Impound-
ments, EPA-530-SW-89-047, US EPA, pp. 33-34.

12. Kwon MJ, Kang HG and Cho CH. 2021. Study on Rainfall In-
filration into Vault of Near-surface Disposal Facility based on
Various Disposal Scenarios. J. Nucl. Fuel Cycle And Waste Technol.
19(4):503-518. https://doi.org/10.7733 /jnfcwt.2021.042.

13.Rhee CG, Lee EY, Park SM, Kim CL and Yeom YS. 2001. A
Conceptual Design on Performance Test Facility of Disposal
Cover for the Near Surface Disposal of Low and Intermediate Level
Radioactive Waste. . Eng. Geol. 11(3):245-254. https://scienceon.
kisti.re.kr/commons/util/ original View.do?cn = JAKO20011192
0895872&0Cn=JAKO200111920895872&dbt =JAKO &jour
nal =NJOU00291704.

14. Chang KM, Park JW, Yoon JH, Park HJ and Kim CL. 2000. Water
Balance Evaluation of Final Closure Cover for Near- surface Radio-
active Wastes Disposal Facility. Nucl. Eng. Technol. 32(3):274-282.
https://koreascience.kr/article/JAKO200011921633548.

15. INTERGRATE Maxim. 2008. DS18B20 Programmable Resolu-
tion 1-Wire Digital Thermometer, Manual Documents, INTER-
GRATE Maxim.

16. KORINS. 2011. 2010/2011 Catalog (DAVIS-KORINS) mete-
orlogical measuring instruments, Manual Documents, KORINS:
235-236.

17. Physical Acoustic Corporation, R6a Sensor General Purpose,
60 kHz Resonant Frequency Acoustic Emission Sensor, Manual
Documents, Physical Acoustic Corporation.

18.Nam JW. 2015. Experimental Study on Temperature-Moisture
Combined Measurement System for Slope Failure Monitoring. J.
Korea Inst. Struct. Maint. Insp. 19(2):33-39. https://doi.org/10.
11112/jksmi.2015.19.2.033.

19. Kim YH, Park HJ, Jeong J, Park EG, Gwon GJ, Kwon MJ and Park
CH. 2020. Development of Probabilistic Estimation System for
Long-term Performance Verification of Multilayer Covers in Nea-
rsurface LILW Disposal Facility,Korean Engineering Geology Soc-
iety, Proceding of the Geological Society of Korea, pp. 253-253.

367


https://doi.org/10.9719/EEG.2018.51.2.131
https://doi.org/10.9719/EEG.2018.51.2.131
https://doi.org/10.7733/jnfcwt.2017.15.3.219
https://doi.org/10.7733/jnfcwt.2017.15.3.219
https://doi.org/10.7733/jnfcwt.2021.042
https://scienceon.kisti.re.kr/commons/util/originalView.do?cn=JAKO200111920895872&oCn=JAKO2001119208
https://scienceon.kisti.re.kr/commons/util/originalView.do?cn=JAKO200111920895872&oCn=JAKO2001119208
https://scienceon.kisti.re.kr/commons/util/originalView.do?cn=JAKO200111920895872&oCn=JAKO2001119208
https://scienceon.kisti.re.kr/commons/util/originalView.do?cn=JAKO200111920895872&oCn=JAKO2001119208
https://koreascience.kr/article/JAKO200011921633548
https://doi.org/10.11112/jksmi.2015.19.2.033
https://doi.org/10.11112/jksmi.2015.19.2.033

