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Safety Assessment on the Human Intrusion Scenarios of Near Surface
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The second-stage near surface disposal facility for low and very low level radioactive waste's permanent disposal is to be
built. During the institutional control period, the inadvertent intrusion of the general public is limited. But after the institu-
tional control period, the access to the general public is not restricted. Therefore human who has purpose of residence and
resource exploration can intrude the disposal facility. In this case, radioactive effects to the intruder should be limited within
regulatory dose limits. This study conducted the safety assessment of human intrusion on the second-stage surface disposal
facility through drilling and post drilling scenario. Results of drilling and post drilling scenario were satisfied with regulatory
dose limits. The result showed that post-drilling scenario was more significant than drilling scenario. According to the human
intrusion time and behavior after the closure of the facility, dominant radionuclide contributing to the intruder was different.
Sensitivity analyses on the parameters about the human behavior were also satisfied with regulatory dose limits. Especially,
manual redistribution factor was the most sensitive parameter on exposure dose. A loading plan of spent filter waste and dry
active waste was more effective than a loading plan of spent filter waste and other wastes for the radiological point of view.

These results can be expected to provide both robustness and defense in depth for the development of safety case further.
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Radioactive Waste
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2) Inhalation of dust waste
leaked into the ground
(Internal exposure)

1) Radioacitve Waste is sprayed onto
the ground due to the drilling of
disposal facility.

3) External exposure from
the waste leaked into the
ground
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Safety Assessment on the Human Intrusion Scenarios of Near Surface Disposal Facility for Low and Very Low Level Ra-

1) Radioacitve Waste is
sprayed onto the ground §
due to the drilling of
disposal facility.

2) Crop cultivation
and external
| exposure from
contaminated
soil

3) Internal exposure by
4] inhalation and ingestion

Fig. 3. Exposure Pathways of Post-drilling Scenario.

Table 1. Exposure pathways both for drilling and post-drilling scenario

Exposure Pathways Drilling Scenario Post-drilling Scenario

Finite Plume, External X X

Infinite Plume, External

Ground, External

Recreation, External

Inhalation Uptake

Drinking Water, Ingestion

Aquatic Foods Ingestion

Terrestrial Foods Ingestion

Animal Product Ingestion

KRR X X O | X | OO
XX O X X O | X |O | O

Inadvertent Soil Ingestion
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Table 2. Radioactivity concentration for human intrusion scenario

(Unit : Ci/m?)

Nuclide Radioactivity Concentration
H-3 3.00E-01
C-14 5.50E-02
Fe-55 2.50E+00
Co-58 7.60E-01
Co-60 1.50E+00
Ni-59 4.60E-02
Ni-63 1.50E+00
Sr-90 2.10E-04
Nb-94 2.50E-05
Te-99 1.70E-03
1-129 8.50E-08
Cs-137 1.20E-01
Ce-144 5.10E-04
Total Alpha 4.80E-03
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Table 3. Input parameters for human intrusion scenarios

Safety Assessment on the Human Intrusion Scenarios of Near Surface Disposal Facility for Low and Very Low Level Ra-

Drilling Scenario

Post-drilling Scenario

Parameters

Near-field Parameter

0 1 Fraction of Roots in Deep Soil
0 Fraction of Roots in Deep Soil
7.62E-04 3.05E-05 Manual Redistribution (ms/mz)
100 2500 Source Area for External Dose Modification Factor (m2)
Waste Form
0 Waste Form/Package Half-life (yr)
9.7 Waste Thickness (m)
5.1 Depth of Soil Overburden (m)

External Exposure

1 4866 Plume (hr)
40 4866 Soil Contamination (hr)
Inhalation
1 4390 Hours of Exposure to Contamination per Year (hr/yr)
1.00E-04 1.00E-04 Mass Loading Factor (g/ms)
Ingestion
Food Type Consumption Rate (kg/yr)
Leaf 132.9
Post-drilling Scenario
Root 87.1
Fruit 176.5
WAE FYHE A L4390 AL B LOBOd g/m Sl EFARAEL] el o3 AF % AF F AT
WAE FYshe 20 FASI Wb AF F AT AL vkl ool B AT S FAFATE Table 40 £0F
2 S ol AZF4,390 AIZE Bk 10604 g/mPe] MIFR @ stdom, Aol me 8158 Aaads §/1av
¥ 3718 FYshe ez dAstinil £ Fig. 4(XF AlUe] )} Fig. S(A1F F 715 Avele)
N F e Bt AR F AR AN E AR, o 22 ANsT.
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Table 4. Maximum effecitve dose equivalent from human intrusion scenarios

: Safety Assessment on the Human Intrusion Scenarios of Near Surface Disposal Facility for Low and Very Low Level

Radioactive Waste

(Unit : mSv/yr)

Drilling Scenario Post-drilling Scenario

Ratio (Post-drilling/Drilling)

Regulatory Guide (1.0 mSv/yr)

3.45E-06 8.82E-03 2.56E+03 Satisfied
10' — - TOTAL 10 — - TOTAL
Vault : Drilling Scenario i Vault : Post-drilling Scenario ot
100 1 H3 100 1 H3
—a— Cl4 —A—Cl14
-4 FES5 4 FES5
102 —o— €058 102 —o—C058
102 1 NI59 10° NI59
—>— CO60 —>— CO60
= 10° 1 Ni63 = 10— — Ni63
204 —%— SR90 EPA Kg\‘ e o T~ | —=—sRo0
31077 —o— Y90 2 1071 OT0—8 5 1 T7{ —o—Y90
€ 105 1 —o— NB94 € 1051 X 00| —0— NB94
- —+—TC99 - X —+—TC99
o 10 1 —x— IC1$21937 = 10° x g XX KRR XXX = X-XX XX X~ IC1$21937
s e —¥— g R Bar-Y-YYN —¥—
g 10 1 y\* e 0\0\9\0»9 —-—Total Alpha g 10 7 1\0\0\“\a 6 \A\ —-—Total Alpha
810°1 ¥ 220 810%1 Yk % 2
23 AEANYA, A—Aepn YE X A\A
1007777 abbasa 1001 g% % Nt
-10- S 2, 10 Q¥ O N
1070g-++ K S 1070 by A \
E S Py
10111 X N 1011 33 »
o N A Y o O}ﬁ
102 . . 10° T
300 10° 104 10° 300 10° 10 10°

Time after closure (yr)

Fig. 4. Effective Dose Equivalent: Drilling Scenario.
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Time after closure (yr)

Fig. 5. Effective Dose Equivalent: Post-drilling Scenario.
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10' — - TOTAL
Vault : Drilling Scenario —o— H3
'IOO O-
k| —a— C14
1 o FESS5
1079 —o— CO58
102 4 NI59
—p— CO60
T 10% 4 NI63
204 —4— SR90
3 101 —o— Y90
€ 10° —o— NB94
< —+—TC99
% 10 $rg 00000000mm™ 0—0—0-0-0-0 oaa\\ —x— 1129
=0y O—o—o_, —x— (5137
o 107 4 90,6, | —— Total Alpha
S 10 ;
a 108 o &i\amm A“ANA>A—A7AAAA
10° 4 i T—a
107] 8 ot 4
* N
107y, ); N
10712 kdpcacpperiey ey SO VIRV
300 10° 10% 10°

Time after closure (yr)

Fig. 6. Effecitve Dose Equivalent of MRF Modification: Drilling
Scenario.
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Table 5. Results of the sensitivity analysis
Value for Sensitivity
. Value Sensitivity Result Analysis Result Vah.le Result Ratio Ratio
Scenario Name . (mSv/yr) Ratio .l _
(a) AnalYSIS (C) (mSV/yr) (e)z (b)/(a) (f)_ (d)/(C) (g)_ (ﬂ/(e)
(b) (d)
MRF (m3/m2) 7.62E-04 3.05E-03 3.45E-06 1.36E-05 4 3.94 0.99
e 1(Plume) 10(Plume)
Drill
sonr - Bxternal EXposure o i) Contamina- 400(Soil Contami-  345E-06  7.94E-06 10 2.30 0.23
Time (hr) ) .
tion) nation)
Inhalation 1 10 345E06  3.00E-05 10 8.70 087
Time (hr)
MRF (m3/m2) 3.05E-05 1.22E-04 8.82E-03 3.55E-02 4 4.02 1.01
External Exposure 4866(Plume) 8760(Plume)
. P 4866(Soil Contami- 8760(Soil Contami- ~ 8.82E-03 9.19E-03 1.8 1.04 0.58
Time (hr) . .
. nation) nation)
Post-drilling -
Scenario Inhalation 4390 8760 $.82E-03  9.34E-03 1.99 1.06 0.53
Time (hr)
Consumtion Rate Leaf 132.9 Leaf 1329
(kp/ ) Root 87.1 Root 871 8.82E-03 4.65E-02 10 527 0.53
&y Fruit 176.5 Fruit 1765
Table 6. Emplacement plan for near surface disposal facility W ot Aol TAJake] olo] tiak ol7HA 9 oakS 1
Disposal Unit Number of Emplacement Plan (200() VSR, AP A oJake 1t u) vpekE sl A x| Hote)
1 6390 of Spent Resin 3] =3 H gt}
2 6390 of Waste Concentrate FSARAIE S AAE 200 1 2AER ARk FarA)
3 6390 of Spent Filter 9] -5 ARbRaLAl, A LA, SR AR 3 T4
| = AAgaA, FEA 97189 B AMEDS Y 55
4 6390 of Dry Active Waste(DAW) _ _
a9) 38} 37)%, ApAe] B9 AERS 8 Az 95
5 5112 of Spent Filter + 1278 of Dry Active Waste(DAW) Z],:LE],T’_ r]%rﬂ fﬂ]7]%-°/] 761_?_ %ELE]EE]'OI% 1;% %“{F‘E
6 5112 of Spent Filter + 1278 of Spent Resin ZaglEgloly FFEASE ety TEABAE
7 5112 of Spent Filter + 1278 of Waste Concentrate e s H RS Lty I H vt
o 7lo 13 b RS PN S 51 sl 1
8 3834 of Spent Filter + 2556 of Dry Active Waste(DAW)  F's wc= ToFal 2F 2= W o] tigt &5 7}
ZHYTS 3 cHg A2k ZH7E A A5
9 3834 of Spent Filter + 2556 of Spent Resin © O# _E Fol =99 WAbs TS A gt
FSAREAIL O] AL H AR Table 691 20313
ilter + . .
10 3834 of Spent Filter + 2556 of Waste Concentrate O AET 1~47kA hel @7 Bule 2 A shn A1
11 2556 of Spent Filter + 3834 of Dry Active Waste(DAW) 5~77}A1= HFDE H7] 2o HES A H7)E = SOz
12 2556 of Spent Filter + 3834 of Spent Resin A, A8 8~1071A+= A e #7159 vj&S A
13 2556 of Spent Filter + 3834 of Waste Concentrate Al A71E S 60%= AAskITh ARa 11~137k4)= 4
B #H7]E 9] H|e-LS AA HI7E = 4002 AT 7
14 1278 of Spent Filter + 5112 of Dry Active Waste(DAW) 171 vig= A A71E T 40 dAet i A
3L 14~167HA1= 8 #7159 Bl&S A4 A7= &
15 1278 of Spent Filter + 5112 of Spent Resi
of Spent Filter of Spent Resin 20062 A AFA}
16 1278 of Spent Filter + 5112 of Waste Concentrate
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Table 7. Effective dose equivalent per disposal unit (Institutional control period 300 years)

Diqusal Waste Type Drum Ratio Effective Dose . Regulatory
Unit (Spent Filter/Total) Equivalent (mSv/yr) Guide (1.0 mSv/yr)
1 Spent Resin - 8.89E-04 Satisfied
2 Waste Concentrate - 6.93E-04 Satisfied
3 Spent Filter 1.0 2.84E-03 Satisfied
4 Dry Active Waste - 2.87E-04 Satisfied
5 Spent Filter + Dry Active Waste 0.8 2.33E-03 Satisfied
6 Spent Filter + Spent Resin 0.8 2.45E-03 Satisfied
7 Spent Filter + Waste Concentrate 0.8 2.41E-03 Satisfied
8 Spent Filter + Dry Active Waste 0.6 1.82E-03 Satisfied
9 Spent Filter + Spent Resin 0.6 2.06E-03 Satisfied
10 Spent Filter + Waste Concentrate 0.6 1.98E-03 Satisfied
11 Spent Filter + Dry Active Waste 0.4 1.31E-03 Satisfied
12 Spent Filter + Spent Resin 0.4 1.67E-03 Satisfied
13 Spent Filter + Waste Concentrate 0.4 1.55E-03 Satisfied
14 Spent Filter + Dry Active Waste 0.2 7.97E-04 Satisfied
15 Spent Filter + Spent Resin 0.2 1.28E-03 Satisfied
16 Spent Filter + Waste Concentrate 0.2 1.12E-03 Satisfied

25k A
k.

Fol A% F AFAG 2 1

] ¥ ZX 8-S Table 79| 89Fs}

A4 A7 E2 FAAEHNS v SF29 #@7E7HA]
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