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ABSTRACT
This study evaluates the dose assessment of the RESRAD-OFFSITE code and safety
assessment SR-PSU project for the extended SFR repository located in Forsmark,
SWEDEN. The results of the study have proposed the conversion between the
radiological dose and concentration of releasing nuclide for the LLW radioactive waste
disposal in the near-shore and off-shore island environments, investigating the slope
factor that is the conversion between the radiological dose and risk assessment for the
LLW radioactive waste disposal, radionuclide transport and dose calculations through
the near-field, far-field and bioshpere. The study also focused on the complete system
of radiological dose of the biosphere integrated the near-field and far-filed for the
outline safety assessment in LLW tunnel disposal. The study results show as follows:
radiological dose and risk assessment in RESRAD-OFFSITE code can provide
sensitivity analysis, uncertainty and probabilistic analysis of parameter, and also
evaluate the radiological dose and excess cancer risk to an individual who is exposed
while located within or outside the area of radionuclide. The annual effective dose can
be related to a risk criterion of 10 for a representative individual in the group exposed
to the greatest risk. The conversion from effective dose to risk is 0.073 per Sievert. It
should be noted that a dose of 14 pSv corresponds to a risk of 10°°. The model chain
for radionuclide transport and dose calculations in near-field, far-field, and biosphere
are built using the compartment approach. Suggestions related to radiological dose and
risk assessment involved in the Review Guidelines on Safety Assessment of Low-Level
Waste Disposal Repository (0 version) are provided. The results of the report can also
provide regulatory departments as references for the safety plan review of radiological

dose assessment in low-level radioactive waste disposal.
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BB HEA F)F o H-3 cwx » 2T 2 LA F 50 0 HY F 50%¢0 *HHO 5d 4
Yo o B L oefer & - L (ICRP 1979-1982) o
3. B r3 2 mEFH I A
RESRAD-OFFSITE 1945 1 & v f xRkt § 2 % &+ P2 &~ sl
o KA ATRORE - RHAAF)FT L RE R F 2 BEYF P
c RN BRFEAOR(EMNZE FH)ZARFEE PR 2 2EY S P
PE ERHE AR (PR )L ARGAE LS A F ORI EFLE LT AL
2 G PR oo

CE BB ER(E)LARSARES L F OB R ER A L5 e
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.@T

B¢ omd 3garig % 22 %% 0 RESRAD-ONSITE # * —‘F% £ p 2 %447 C (Yu et al. 2001) -
LA RERIZ A S PAAL CEER AN RBAL RS AMN L F LR 12
oSl BRI RS (Chi/Q) » % F BEI P R RA -
A4 Pk P AT AT RSP UZ Sge2 g
(I)k ~HEd ~msg s p g~ k2 a2 RE2 RIp T2 FF3- 5

Dose = Chuclide in food * U1* fI*DCF (2)

e

DCF : % #8.%| & &4 7]+ ((mrem pCi—1]) (4% 43 4 6)

Ui &4 (kgyr=l & Tyl

fitd FALRBEFZ 85 5

Chuclide in food © 8 F7 e 48k & (pCi [kg]~1, pCiL-1)
QORBERF ~ EH2 FF L ety nd B2 RERE

Dose = Chuclide in soit * U2 * f2 * DCF-ing (3)

H v

DCF : 84 £ 3 7]+ ((mrem pCi—1]) (4r% 43 % 6)

U 4 485~ (gyr- 1)

£ AN R H 2 PR B

Chuclide insoil © # 3 & IRH- A B 2 $2 487k & (pCi g~ 1)

RESRAD-OFFSITE 5\ & & # 4% %]+ #2;% & 7 j&_RESRAD-OFFSITE #| & #
FlFMmERE R MEEHEF]F REZTL- B oR* &£ > @ N5 o
RESRAD(ONSITE 2 OFFSITE)4%5¢ o & & % F]+ A5V R 3 T A7 o T g
H ¢ ooo9rg B B g4 ¥ 4258 £ ¢ 7 ¢ FGRI11 (Eckerman et al. 1988) ~ age-dependant
ICRP72 (ICRP 1996) ¢ i * % f £lé0f 5% &£ o (H# = : mrem/pCi & mSv/Bq) (4=l 7)

RESRAD-OFFSITE #=5¢ j4_FGR11 (Eckerman et al. 1988) ~ age-dependant ICRP72

(ICRP 1996)i = 2_ #| & # 4% F]F (4 43 % 6)
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% 4 RESRAD-OFFSITE #I| £ & # %]+ (DCFs)

B EDS = e
*t % DCFs DCFs DCF
248" (mrem/yr)/(pCi/g) Class® (mrem/pCi) f,¢ (mrem/pCi)
Ac-227 2.01E+00 D 6.72 1.00E-03 1.48E-02
Ag-108m+D 9.65E+00 Y 2.83E-04 5.00E-02 7.62E-06
Ag-110m+D 1.72E+01 Y 8.03E-05 5.00E-02 1.08E-05
Al-26 1.74E+01 D 7.96E-06 1.00E-02 1.46E-05
Am-241 4.37E-02 w 4.44E-01 1.00E-03 3.64E-03
Am-243+D 8.95E-01 W 4.40E-01 1.00E-03 3.63E-03
Au-195 2.07E-01 Y 1.30E-05 1.00E-01 1.06E-06
Ba-133 1.98E+00 D 7.86E-06 1.00E-01 3.40E-06
Be-7 2.88E-01 Y 3.21E-07 5.00E-03 1.28E-07
Bi-207 9.38E+00 W 2.00E-05 5.00E-02 5.48E-06
C-14 1.34E-05 (ORGANIC) 2.09E-06 1 2.09E-06
Ca-41 0.00E+00 w 1.35E-06 3.00E-01 1.27E-06
Ca-45 6.26E-05 W 6.62E-06 3.00E-01 3.16E-06
Cd-109 1.47E-02 D 1.14E-04 5.00E-02 1.31E-05
Ce-141 3.18E-01 Y 8.95E-06 3.00E-04 2.90E-06
Ce-144+D 3.24E-01 Y 3.74E-04 3.00E-04 2.11E-05
Cf-252 1.76E-04 W 1.57E-01 1.00E-03 1.08E-03
Cl-36 2.39E-03 W 2.19E-05 1 3.03E-06
Cm-243 5.83E-01 w 3.07E-01 1.00E-03 2.51E-03
Cm-244 1.26E-04 W 2.48E-01 1.00E-03 2.02E-03
Cm-245 3.40E-01 w 4.55E-01 1.00E-03 3.74E-03
Cm-246 1.16E-04 w 4.51E-01 1.00E-03 3.70E-03
Cm-247 1.86E+00 W 4.14E-01 1.00E-03 3.42E-03
Cm-248 8.78E-05 W 1.65 1.00E-03 1.36E-02
Co-57 5.01E-01 Y 9.07E-06 3.00E-01 1.18E-06
Co-60 1.62E+01 Y 2.19E-04 3.00E-01 2.69E-05
Cr-51 1.74E-01 Y 3.34E-07 1.00E-01 1.47E-01
Cs-134 9.47E+00 D 4.63E-05 1 7.33E-05
Cs-135 3.83E-05 D 4.55E-06 1 7.07E-06
Cs-137+D 3.41E+00 D 3.19E-05 1 5.00E-05
Eu-152 7.01E+00 W 2.21E-04 1.00E-03 6.48E-06
Eu-154 7.68E+00 W 2.86E-04 1.00E-03 9.55E-06
Eu-155 1.82E-01 W 4.14E-05 1.00E-03 1.53E-06
Fe-55 0.00E+00 D 2.69E-06 1.00E-01 6.07E-07
Fe-59 7.64E+00 D 1.48E-05 1.00E-01 6.70E-06
Gd-152 0.00E+00 D 2.43E-01 3.00E-04 1.61E-04
Gd-153 2.45E-01 D 2.38E-05 3.00E-04 1.17E-06
Ge-68+D 5.62E+00 W 5.19E-05 1 1.41E-06
H-3 0.00E+00 (H20) 6.40E-08 1 6.40E-08
1-125 1.66E-02 D 2.42E-05 1 3.85E-05
1-129 1.29E-02 D 1.74E-04 1 2.76E-04
1-131 2.17E+00 D 3.29E-05 1 5.33E-05
In-111 1.96E+00 W 8.40E-7 2.00E-02 1.33E-06
Ir-192 4.61E+00 Y 2.82E-05 1.00E-02 5.74E-06
K-40 1.04E+00 D 1.24E-05 1 1.86E-05
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# 5 RESRAD-OFFSITE #| £ ## 51+ (% 4 %)

(28N ¥s
“t & DCFs DCFs DCF
¥ 48P (mrem/yr)/(pCi/g) Class® (mrem/pCi) f, (mrem/pCi)
La-138 7.96E+00 D 1.37E-03 1.00E-03 5.88E-06
Mn-54 5.16E+00 w 6.70E-06 1.00E-01 2.77E-06
Na-22 1.37E+01 D 7.66E-06 1 1.15E-05
Nb-93m 1.04E-04 Y 2.92E-05 1.00E-02 5.21E-07
Nb-94 9.68E+00 Y 4.14E-04 1.00E-02 7.14E-06
Nb-95 4.69E+00 Y 5.81E-06 1.00E-02 2.57E-06
Ni-59 0.00E+00 (VAPOR) 2.70E-06 5.00E-02 2.10E-07
Ni-63 0.00E+00 (VAPOR) 6.29E-06 5.00E-02 5.77E-07
Np-237+D 1.10E+00 w 5.40E-01 1.00E-03 4.44E-03
Pa-231 1.91E-01 w 1.28 1.00E-03 1.06E-02
Pb-210+D 6.05E-03 D 1.38E-02 2.00E-01 5.37E-03
Pm-147 5.01E-05 Y 3.92E-05 3.00E-04 1.05E-06
Po-210 5.23E-05 w 9.40E-03 1.00E-01 1.90E-03
Pu-238 1.51E-04 w 3.92E-01 1.00E-03 3.20E-03
Pu-239 2.95E-04 wW 4.29E-01 1.00E-03 3.54E-03
Pu-240 1.47E-04 wW 4.29E-01 1.00E-03 3.54E-03
Pu-241+D 1.89E-05 w 8.25E-03 1.00E-03 6.85E-05
Pu-242 1.28E-04 wW 4.11E-01 1.00E-03 3.36E-03
Pu-244+D 7.73E+00 w 4.03E-01 1.00E-03 3.32E-03
Ra-226+D 1.12E+01 w 8.60E-03 2.00E-01 1.33E-03
Ra-228+D 5.98E+00 w 5.08E-03 2.00E-01 1.44E-03
Ru-106+D 1.29E+00 Y 4.77E-04 5.00E-02 2.74E-05
S-35 1.49E-05 wW 2.48E-06 8.00E-01 7.33E-06
Sh-124 1.17E+01 w 2.52E-05 1.00E-02 1.01E-05
Sb-125 2.45E+00 w 1.22E-05 1.00E-01 2.81E-06
Sc-46 1.27E+01 Y 2.96E-05 1.00E-04 6.40E-06
Se-75 1.98E+00 w 8.47E-06 8.00E-01 9.62E-06
Se-79 1.86E-05 w 9.84E-06 8.00E-01 8.70E-06
Sm-147 0.00E+00 w 7.47E-02 3.00E-04 1.85E-04
Sm-151 9.84E-07 w 3.00E-05 3.00E-04 3.89E-07
Sm-153 1.58E-01 w 1.96E-06 3.00E-04 2.99E-06
Sn-113+D 1.46E+00 w 1.07E-05 2.00E-02 3.19E-06
Sn-126 1.18E+01 w 1.01E-04 2.00E-02 2.11E-05
Sr-85 2.97E+00 Y 5.03E-06 3.00E-01 1.98E-06
Sr-89 9.08E-03 Y 4.14E-05 1.00E-02 9.25E-06
Sr-90+D 2.46E-02 Y 1.31E-03 3.00E-01 1.53E-04
Ta-182 7.94E+00 Y 4.48E-05 1.00E-03 6.51E-06
Tc-99 1.26E-04 w 8.33E-06 8.00E-01 1.46E-06
Tc-99m 5.51E-01 D 3.26E-08 8.00E-01 6.22E-08
Te-125m 1.51E-02 w 7.29E-06 2.00E-01 3.67E-06
Th-228+D 1.02E+01 Y 3.45E-01 2.00E-04 8.08E-04
Th-229+D 1.60E+00 w 2.16 2.00E-04 4.03E-03
Th-230 1.21E-03 w 3.26E-01 2.00E-04 5.48E-04
Th-232 5.21E-04 w 1.64 2.00E-04 2.73E-03
TI-201 2.76E-01 D 2.35E-07 1 3.00E-07
TI-202 2.50E+00 D 9.84E-07 1 1.47E-06
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4. 6 RESRAD-OFFSITE #| & # 4% 715 (% 5 ¥)

SEPN #a
*t & DCFs DCFs DCF
P fE° (mrem/yr)/(pCilg) ~ Class®  (mrem/pCi) f, (mrem/pCi)

TI-204 4.05E-03 D 2.41E-06 1 3.36E-06
U-232 9.02E-04 Y 6.59E-01 5.00E-02 1.31E-03
U-233 1.40E-03 Y 1.35E-01 5.00E-02 2.89E-04
U-234 4.02E-04 Y 1.32E-01 5.00E-02 2.83E-04
U-235+D 7.57E-01 Y 1.23E-01 5.00E-02 2.67E-04
U-236 2.15E-04 Y 1.25E-01 5.00E-02 2.69E-04
U-238+D 1.52E-01 Y 1.18E-01 5.00E-02 2.69E-04
Xe-131m 2.26E-02 D 0.00E+00 0.00E+00 0.00E+00
Zn-65 3.70E+00 Y 2.04E-05 5.00E-01 1.44E-05
Zr-93 0.00E+00 D 3.21E-04 2.00E-03  1.66E-06
Zr-95+D 4.52E+00 D 2.36E-05 2.00E-03  3.79E-06

4 External dose conversion factors taken from Eckerman and Ryman (1993), and
inhalation and ingestion dose conversion factors are from Eckerman et al. (1988).

+D indicates that the dose conversion factors of associated radionuclides (half-life less
than 30 days) are included along with the principal radionuclide.

¢ The three inhalation classes D, W, and Y correspond to retention half-times of less
than 10 days, 10 to 100 days, and greater than 100 days, respectively. (H20) indicates
water; (IO GANIC) indicates an organic material; and (VAPOR) indicates a gaseous
material.

Fraction of a stable element entering the GI tract that reaches body fluids.

B R A e B A R il
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(2) SR-PSU % »3= 3+ 4 2 1148 # £ ik

SRPSU % 232G ¢ % B3 4 0 2 Hfek BHR s FFd & 8350 A4 4o A
W TH S R PR R R T~ 2 S BP0 E I PR G
# (Dosecoefficient ) £2 & P~ 5 & 2 ¥ E 40 A MG SHHE - BB R B P ik
WP AEDRAE ¢ EJPOL S TGS IR R o B 04

Dosemtal Dosemg water + Dosemg/tmd + Doseert + Dosemh

(4)

H e

DOSemg,water : %B’\ ’J( 145 ’?i. l‘;ﬁf)’z fé—éﬂ E‘E‘_ [SV 7]]
Dosemg(/b(,d : %B’\ % *;’ 145 ’?(T( l‘;ﬁf)’: fé ;i‘ff] ?3 SV yﬁl]

Dose,,, SRR 1 f% BT ey ﬁ )£ [Svy']
Dose,,, N ,?f‘_ghs]rr %ﬁ,ﬁrﬂ & [Sv y—l]

Hepok nE - PAEH R Bkt KR e y ot 450k ¢ Pk B [Bq m] > 40T
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Dos eing, water — ACing, wateringRatewatmeS eCO€ﬁng,water ( 5)
He
A ino we . , , o A . Y -3
Czné,water : 'éﬁ ¥ 7]\ t,._r z %—),; ﬁé_lé /& )i [Bq m ]
j 3 -1
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BRSPS ARBPANGE Y FRIER  SP
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H
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Dosey = ACynadens gouna Legosure d0seCoef ., (7)

;E_! ¢
ACna DA 4 3 P fEIE 1K & [Bq ko ']
dens ground

bR 3 R (kg m]
t@x[’nsm‘@ DA %\ i% g: Fé*: 7 [h y 1]
doseCodfea 1 ot g iR L epA] B S 4EI(SY h)(Bg m )]

B E e AR Ed 25 P RAEEER R FER RO ARE Sk

%
ST R 8 R PR R S

i

Dose,,, = AC,,inhRate t ... doseCoef,,, (8)
He
AC,, —
“ 5{« ‘J’ff$é/r']izkﬁi qu]
inhRate D K [m ]
doseCoef,,

D~ T En fE A & 4 3Kk[Sv Bq]

SR-PSU % >3-4 M€ thficizyp ICRP (1996 & ) #& @ » &t 7 7] &P~
o BN Bt P E AR Gl & 8 g d BB BUNP F e d 1Y)

F PR R Glice £ 95 d FB 3 r IR R PP E(F 452 PEY S PG
SR Tl SR-PSU % 252535 4 e 2 4 0 2 Ak B i d5d Aob R~ 133
B LR S A TS A T H RS O - § PR 2 P Bk
Bis> £ 1% & 9488 £ 2 e (Dose coefficient ) 22 & 1+ &P~ 5 & L8| * = 4255 (4)-
@) EHWAMRBAE IR Y ISP AR D ¢ EEPL BB E S IR

FRCERNE P Y T R
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207 K P % A E AR R A PR ik

Radionuclide Half-life Decay Ingestion Inhalation Type External exposure
modes' Sv Bq™ SvBq™ - Svh' perBgm= Svh' per Bqm?

H-3 12.35y B— 1.8E—11 2.6E-10 S - -
C-14 5,730y B- 5.8E-10 6.2E-12 CO, 2.1E-19 4.6E-17

2.9E-11* - - - -
Cl-36 3.01E5y EC,f+,B- 9.3E-10 7.3E-09 M 4 8E-17 4.0E-14
Ca-41 1.4E5y EC 1.9E-10 1.8E-10 S - -
Ni-59 7.5E4y EC 6.3E—11 4.4E-10 S - -
Co-60 5.271y B- 3.4E-09 3.1E-08 S 3.0E-13 8.3E-12
Ni-63 96y B- 1.5E-10 1.3E-09 S - -
Se-79 65,000y B— 2.9E-09 6.8E-09 S 2.9E-19 5.9e-17
Sr-90 29.12y B- 2.8E-08 1.6E-07 S 1.2E-17 5.9E-15
Mo-93 3.5E3y EC 3.1E-09 2.3E-09 S 8.0E-18 1.4E-14
Nb-93m 13.6y IT 1.2E-10 1.8E-09 S 1.4E-18 2.5E-15
Zr-93 1.53E6y B- 1.1E-09 2.5E-08 F — —
Nb-94 2.03E4y B— 1.7E-09 4.9E-08 S 1.8E-13 5.4E-12
Tc-99 2.13E5y B- 6.4E-10 1.3E-08 S 2.1E-18 2.3E-16
Pd-107 6.5E6y B- 3.7E-11 5.9E-10 S - -
Ag-108m 127y EC,IT 2.3E-09 3.7E-08 S 1.7E-13 5.6E-12
Cd-113m 13.6y B- 2.3E-08 1.1E-07 F 1.2E-17 6.4E-15
Sn-126 1.0E5y B— 4.7E-09 2.8E-08 M 2.5E-15 1.7E-13
1-129 1.57E7y B— 1.1E-07 3.6E-08 F 1.8E-16 7.0E-14
Ba-133 10.74y EC 1.5E-09 1.0E-08 S 3.5E-14 1.3E-12
Cs-135 2.3E6y B— 2.0E-09 8.6E-09 S 6.2E-19 9.7E-17
Cs-137 30.0y B— 1.3E-08 3.9E-08 S 1.6E-17 1.1E-14
Sm-151 90y B- 9.8E-11 4.0E-09 M 1.3E-20 1.3E-17
Eu-152 13.33y B—,EC,B+ 1.4E-09 4.2E-08 M 1.3E-13 3.9E-12
Ho-166m 1.20E3y B- 2.0E-09 1.2E-07 M 1.9E-13 5.9E-12
Pb-210 22.3y B— 6.9E-07 5.6E-06 S 3.8E-17 7.7E-15
Po-210 138.38d a 1.2E-06 4.3E-06 S 9.5E-19 2.9E-17
Ra-226 1,600y a 2.8E-07 9.5E-06 S 5.6E-16 2.2E-14
Ac-227 21.773y B—.a 1.1E-06 5.5E-04 F 8.6E-18 5.1E-16
Th-228 1.9131y a 7.2E-08 4.0E-05 S 1.4E-16 7.7E-15
Th-229 7,340y a 4.9E-07 2.4E-04 F 5.6E-15 2.8E-13
Th-230 7.7TE4y a 2.1E-07 1.0E-04 F 21E-17 2.3E-15
Pa-231 3.276E4y a 7.1E-07 1.4E-04 M 3.4E-15 1.4E-13
U-232 T2y a 3.3E-07 3.7E-05 S 1.5E-17 2.9E-15
U-233 1.585E5y a 5.1E-08 9.6E-06 S 2.4E-17 2.2E-15
U-234 2.445E5y a 4.9E-08 9.4E-06 S 6.6E-18 2.1E-15
U-235 703.8E6y a 4.7E-08 8.5E-06 S 1.3E-14 5.0E-13
U-236 2.3415E7y «a 4.7E-08 8.7E-06 S 3.4E-18 1.8E-15
Np-237 2.14E6y a 1.1E-07 5.0E-05 F 1.3E-15 9.1E-14
Pu-238 87.74y SF,a 2.3E-07 1.1E-04 F 2.2E-18 2.3E-15
U-238 4.468E9y SFa 4 5E-08 8.0E-06 S 1.5E-18 1.5E-15
Pu-239 24,065y a 2.5E-07 1.2E-04 F 5.1E-18 1.0E-15
Pu-240 6,537y SF,a 2.5E-07 1.2E-04 F 2.2E-18 2.2E-15
Am-241 432.2y a 2.0E-07 9.6E-05 F 7.2E-16 8.4E-14
Pu-241 14.4y a,B— 4.8E-09 2.3E-06 F 1.0E-19 6.2E-18
Am-242m 152y a,lT 1.9E-07 9.2E-05 F 2.8E-17 8.1E-15
Pu-242 3.763E5y SFa 2.4E-07 1.1E-04 F 1.9E-18 1.8E-15
Cm-242 162.8d SF,a 1.2E-08 5.9E-06 S 2.5E-18 2.5E-15
Am-243 7,380y a 2.0E-07 9.6E-05 F 2.4E-15 1.7E-13
Cm-243 28.5y a,EC 1.5E-07 6.9E-05 F 1.0E-14 4.2E-13
Cm-244 18.11y SF,a 1.2E-07 5.7E-05 F 1.7E-18 2.3E-15
Cm-245 8,500y a 2.1E-07 9.9E-05 F 5.9E-15 2.9E-13
Cm-246 4,730y SF,a 2.1E-07 9.8E-05 F 1.6E-18 2.1E-15

*Dose coefficients (Sv Bq™!) for exposure from ingestion (doseCoef ing) and inhalation (doseCoef inh) (ICRP 1996). Dose
coefficients (Sv h” per Bq m” and Sv h' per Bq m”) for exter- nal exposure (doseCoef ext, doseCoef ext_surf) (Eckerman and
Leggett 1996, Eckerman and Ryman 1993) due to spatially uniformly distributed radionuclides to an infinite depth and surface
exposure respectively. Values include only radiations emitted by the indicated radionuclide

*Dose coefficient used for ingestion of water (Leggett 2004).

' Decay modes: B— for beta minus decay, B+ for beta plus decay, EC for electron capture, a for alpha decay, IT for isometric
transition, and SF for spontaneous fission.
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%8 Sd JEP 0B MPB R EL RS AR E G
Z € = 253 -\ b 2

1{% %é‘ -k EP * % ’ }\‘ ) ?;l‘an‘1 E%/)\Bq“ ﬁpﬁe Sv h“&t)%;{i%éﬁm‘3 Sv h™ per Bq m™
Y-90 64.0h B— 2.7E-09 1.5E-09 S 7.7E-16 3.9E-13
Ag-108 2.37Tm EC,3+,8— - - - 2.2E-15 3.2E-13
Sb-126 12.4d B— 2.4E-09 3.2E-09 S 3.1E-13 9.8E-12
Sb-126m  19.0m IT,— 3.6E—11 2.0E-11 S 1.7E-13 5.6E-12
Ba-137m  2.552m IT - - - 6.5E-14 2.1E-12
TI-207 4.77Tm B- - - - 4 4E-16 2.0E-13
TI-208 3.07m B— - - - 4.2E-13 1.1E-11
Pb-209 3.253h B— 5.7E-11 6.1E-11 S 1.5E-17 1.1E-14
TI-209 2.20m B— - - - 2.4E-13 6.9E-12
Bi-210 5.012d B— 1.3E-09 9.3E-08 M 1.1E-16 1.3E-13
Bi-211 2.14m a,B- - - - 4.6E-15 1.6E-13
Pb-211 36.1m B— 1.8E-10 1.2E-08 S 5.6E-15 3.4E-13
Po-211 0.516s a - - - 8.6E-16 2.7E-14
Bi-212 60.55m B—a 2.6E-10 3.1E-08 M 2.1E-14 8.1E-13
Pb-212 10.64h B— 6.0E-09 1.9-07 S 1.2E-14 4.9E-13
Po-212 0.305us a - - - - -
Bi-213 45.65m B—a 2.0E-10 3.0E-08 M 1.4E-14 6.0E-13
Po-213 4.2us a - - - - -
Bi-214 19.9m B- 1.1E-10 1.4E-08 M 1.8E-13 5.2E-12
Pb-214 26.8m B- 1.4E-10 1.5E-08 S 2.4E-14 8.6E-13
Po-214 164.3us a - - - 9.3E-18 2.9E-16
Po-215 0.001780s «a - - - 1.8E-17 6.0E—16
Po-216 0.15s a - - - 1.9E-18 5.8E-17
At-217 0.0323s a - - - 3.2E-17 1.1E-15
At-218 2s a - - - 9.4E-17 1.3E-14
Po-218 3.05m a,pB- - - - 1.0E-18 3.1E-17
Rn-219 3.96s a - - - 5.5E-15 1.9E-13
Rn-220 55.6s a 3.5E-09' 2.1E-08? - 4 1E-17 1.3E-15
Fr-221 4.8m a - - - 2.7E-15 1.0E-13
Rn-222 3.8235d a - - - 4.2E-17 1.4E-15
Fr-223 21.8m [ 2.4E-09 8.9E-10 F 3.5E-15 2.8E-13
Ra-223 11.434d a 1.0E-07 8.7E-06 S 1.1E-14 4.4E-13
Ra-224 3.66d a 6.5E-08 3.4E-06 S 9.1E-16 3.3E-14
Ac-225 10.0d a 2.4E-08 8.5E-06 S 1.1E-15 5.3E-14
Ra-225 14.8d B— 9.9E-08 7.7E-06 S 1.7E-16 3.9E-14
Th-227 18.718d a 8.8E-09 1.0E-05 S 9.3E-15 2.5E-13
Th-231 25.52h B— 3.4E-10 3.3E-10 S 6.2E-16 5.6E-14
Pa-233 27.0d B— 8.7E-10 3.9E-09 S 1.8E-14 6.7E-13
Pa-234 6.70h B— 5.1E-10 4.0E-10 S 2.1E-13 6.5E—12
Pa-234m  1.17m BT - - - 1.9E-15 3.9E-13
Th-234 24.10d B- 3.4E-09 7.7E-09 S 4.1E-16 2.7E-14
U-237 6.75d B— 7.6E-10 1.9E-09 S 9.3E-15 4.4E-13
Np-238 2.117d B- 9.1E-10 3.5E-09 F 6.3E-14 1.9E-12
Np-239 2.355d B- 8.0E-10 1.0E-09 S 1.3E-14 5.5E-13
Am-242 16.02h EC.B— 3.0E-10 2.0E-08 S 8.6E-16 5.8E-14

* Dose coefficients (Sv Bq') for exposure from ingestion (doseCoef ing) and inhalation (doseCoef inh) (ICRP 1996) for short-
lived progeny not explicitly modelled. Dose coefficients (Sv h” per Bq m” and Sv h' per Bq m®) for external exposure
(doseCoef ext and doseCoef ext surf) (Eckerman and Leggett 1996, Eckerman and Ryman 1993) due to spatially uniformly
distributed radionuclides to an infinite depth and surface exposure respectively. Values include only radiations emitted by the
indicated radionuclide.

' (NRC 1999).
2 (ICRP 1993) recommended mean value.

3 Decay modes: B— for beta minus decay, B+ for beta plus decay, EC for electron capture, a for alpha decay, IT for
isometric transition, and SF for spontaneous fission.
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Zhd e A INERREE
Sv Bq™ Sv Bq™ Svh™ perBqm= Svh” per Bqm?

H-3 1.8E-11 2.6E-10 - -

C-14 5.8E-10 6.2E-12 2.1E-19 4.6E-17
CI-36 9.3E-10 7.3E-09 4.8E-17 4.0E-14
Ca-41 1.9E-10 1.8E-10 - -

Ni-59 6.3E-11 4.4E-10 - -

Co-60 3.4E-09 3.1E-08 3.0E-13 8.3E-12
Ni-63 1.5E-10 1.3E-09 - -

Se-79 2.9E-09 6.8E-09 2.9E-19 5.9E-17
Sr-90* 3.1E-08 1.6E-07 7.9E-16 4.0E-13
Mo-93 3.1E-09 2.3E-09 8.0E-18 1.4E-14
Nb-93m 1.2E-10 1.8E-09 1.4E-18 2.5E-15
Zr-93 1.1E-09 2.5E-08 — -

Nb-94 1.7E-09 4.9E-08 1.8E-13 5.4E-12
Tc-99 6.4E-10 1.3E-08 2.1E-18 2.3E-16
Pd-107 3.7E-11 5.9E-10 — -
Ag-108m* 2.3E-09 3.7E-08 1.7E-13 5.6E-12
Cd-113m 2.3E-08 1.1E-07 1.2E-17 6.4E-15
Sn-126* 5.1E-09 2.8E-08 2.1E-13 7.1E-12
1-129 1.1E-07 3.6E-08 1.8E-16 7.0E-14
Ba-133 1.5E-09 1.0E-08 3.5E-14 1.3E-12
Cs-135 2.0E-09 8.6E-09 6.2E-19 9.7E-17
Cs-137* 1.3E-08 3.9E-08 6.2E-14 2.0E-12
Sm-151 9.8E-11 4.0E-09 1.3E-20 1.3E-17
Eu-152 1.4E-09 4.2E-08 1.3E-13 3.9E-12
Ho-166m 2.0E-09 1.2E-07 1.9E-13 5.9E-12
Pb-210* 6.9E-07 5.6E-06 1.4E-16 1.3E-13
Po-210 1.2E-06 4.3E-06 9.5E-19 2.9E-17
Ra-226* 2.8E-07 9.5E-06 2.0E-13 6.1E-12
Ac-227* 1.2E-06 5.5E-04 3.6E-14 1.7E-12
Th-228* 1.4E-07 4.4E-05 1.9E-13 5.2E-12
Th-229* 6.1E-07 2.4E-04 2.9E-14 1.2E-12
Th-230 2.1E-07 1.0E-04 2.1E-17 2.3E-15
Pa-231 7.1E-07 1.4E-04 3.4E-15 1.4E-13
U-232 3.3E-07 3.7E-05 1.5E-17 2.9E-15
U-233 5.1E-08 9.6E-06 2.4E-17 2.2E-15
U-234 4.9E-08 9.4E-06 6.6E-18 2.1E-15
U-235* 4.7E-08 8.5E-06 1.3E-14 5.6E-13
U-236 4.7E-08 8.7E-06 3.4E-18 1.8E-15
Np-237* 1.1E-07 5.0E-05 1.9E-14 7.6E-13
Pu-238 2.3E-07 1.1E-04 2.2E-18 2.3E-15
U-238* 4.8E-08 8.0E-06 3.0E-15 4.4E-13
Pu-239 2.5E-07 1.2E-04 5.1E-18 1.0E-15
Pu-240 2.5E-07 1.2E-04 2.2E-18 2.2E-15
Am-241 2.0E-07 9.6E-05 7.2E-16 8.4E-14
Pu-241* 4.8E-09 2.3E-06 3.3E-19 1.7E-17
Am-242m* 1.9E-07 9.2E-05 1.2E-15 7.5E-14
Pu-242 2.4E-07 1.1E-04 1.9E-18 1.8E-15
Cm-242 1.2E-08 5.9E-06 2.5E-18 2.5E-15
Am-243* 2.0E-07 9.6E-05 1.6E-14 7.3E-13
Cm-243 1.5E-07 6.9E-05 1.0E-14 4.2E-13
Cm-244 1.2E-07 5.7E-05 1.7E-18 2.3E-15
Cm-245 2.1E-07 9.9E-05 5.9E-15 2.9E-13
Cm-246 2.1E-07 9.8E-05 1.6E-18 2.1E-15

* Dose coefficients include contribution from short-lived radioactive progeny assuming secular equilibrium.

* Dose coefficients for exposure from ingestion (doseCoef _ing) and inhalation (dose_coef _inh) (ICRP 1996). Dose
coefficients(Sv h” per Bqm™ and Sv h” per Bq m®) for exter- nal exposure (doseCoef_ext and doseCoef_ext_surf) (Eckerman
and Leggett 1996, Eckerman and Ryman 1993) due to spatially uniformly distributed radionuclides to an infinite depth
and surface exposure respectively. Values include radiations emitted by the indicated radionuclide as well as the
contribution from short-lived radioactive progeny
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Set Sensitivity Analysis Range

YWariable Description:

Longitudinal dispersivity of Saturated Zone to
well

Yariable Name:

ALPHALOW

Multiply and Divide
the variable's
deterministic value

by

|—|.
(2]

Lower Yalue: 1.5
Base Yalue: 3
Upper Yalue: b

QO0O®O
(]

o
-~

Cancel ‘ No Analysis
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Uncertainty and Probabilistic Analysis

( Step by step analysis T Helated inputs T Post run regression 1
Sample zpecifications T Parameter diztributions T Input rank correlations T Output specifications ]
- — Statisticz of uncertain or probabilistic parameter
Yariahle Description L .
— Drinking water consumption rate
Precipitation
Runoff coefficient in area of IR
Distribution

Total Porozity of contaminated UNIFORM ﬂ
Dy hl.!“i densﬂ_l,_l of cunlamm_ated Minimum (453
Effective Porosity of contaminated )
Diy Bulk Density of saturated zone Maximum |561
Hydraulic Conductivity of
Hydraulic Gradient of zaturated Uniform zensitivity range options
Drinking water consumplion rate " + - 0.1% about determimstic value

i + - 5% about deterministic value

f+ + - 10% about deterministic value

i~ + - 25% about deterministic value

i~ + - B0% about deterministic value

Previous parameter J‘ Update Parameter stats and distnbution ‘
Hext parameter -
Hestore Parameter
Remove parameter | aEE H statz and distribution ‘ |

|+ Sort alphabetically before run |~ Suppress uncertainty analysiz this zession [1]4
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Probabilistic / Uncertainty Outputs
Plot choices
M1 - " Input againstinput (" Histogram of Inputs
a (® Input against Output " Cdfofinputs
(447, " Qutputagainst Output  © Cof of Outputs
,’ 17.5) -
P as
a ° ‘ . Depth of aquifer contributing to well
a
151 42 ; ; H?L ® Linear " Lograthmic -
L | s 5 Percentile = 97.2 -
B s E Mean = 25.
B a 3
% Std. devi. =233
ga ¥ Yy
8 a ] li,q. Y axis
101 1= ; ; Dose from All Pathway's
a
3 ;; i (® Linear " Lograthmic -
A 83 Percentie =201 —~]
N | Mean =143
a a —
51 -:ﬂ; . Std. devi. = 6.
:: Plot Settings
ay Plot of |Depth aof aguifer contributing ta well ﬂ
against |Dose rom All Pathways |
Repetitons selected Repetitons omitted
0103 4 : : : :
0.0572 249 49.7 746 99.4 Display
graph
Close

- — — UnCEFa OT Brobabilst
variable Description Ctalistics of uncertain or probabilistic pﬁrﬁmefer

Depth of aquifer contributing to well Well pumping rate

Well pumping rate L
Distribution |DISCRETE CUMULATIVE ﬂ
NMumber of entries I:I

Yalue cdf
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2500 75
5100 1
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Uncertainty and Probabilistic Analysis

Sample specifications Parameter distributions Input rank correlations Output specifications

Step by step analysis T Related inputs T Post run regression

Generate input ‘
samples (LHS)

(® Perform uncertainty analysis (" Suppress uncertainty analysis this session OK
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Uncertainty and Probabilistic Analysis

Step by step analysis Related inputs

Post run regression

Sample specifications T Parameter distributions T

Yariable Description -
IBearing of X axis ]
* dimension of Primary
Y dimension of Primary
Smaller X Coordinate of Fruit, grain.
Larger X Coordinate of Fruit, grain,
Smaller Y Coordinate of Fruit, grain,
Larger ¥ Coordinate of Fruit, grain,
Smaller X Coordinate of Leafy
Larger X Coordinate of Leafy
Smaller Y Coordinate of Leafy
Larger ¥ Coordinate of Leafy
Smaller X Coordinate of Pasture,
Larger X Coordinate of Pasture,
Smaller Y Coordinate of Pasture,
Larger ¥ Coordinate of Pasture,
Smaller X Coordinate of Grain fields
Larger X Coordinate of Grain fields
Smaller Y Coordinate of Grain fields
Larger ¥ Coordinate of Grain fields

Input rank correlations T Output specifications

— Statistics of uncertain or probabilistic paral

Bearing of X axis

Distribution | MIFORM

Previous parameter
Next parameter -

=

Minimum |g1
Maximum (99

Update Parameter stats and distribution ‘

Smaller X Coordinate of Dwelling Restore Parameter
Larger X Coordinate of Dwelling site Remove parameter | hi=le stats and distribution
Smaller Y Coordinate of Dwelling v

(® Perform uncertainty analysis (" Suppress uncertainty analysis this session OK

Bl 12 RESRAD-OFFSITE 7 #& 2_f [ & A 47 2. S8 AR 8 2 ) % Bt o7

Rl 13

Help on Statistical Distributions

-~

0.199 -

015 4

0.0997 4

0.0439 4

Bearing of ¥ axis

Conditions
0 < Standard deviation {Sigma)

rmaximum values where

The sample values are obtained in the segment of the distribution Bounded by the specified minimurm and

Mean - 4 76 * Standard deviation <= Minirmum < Maximum <= Mean + 4 75 * Standard deviation

There are two ways of specifying a
normal distribution with the tails cut
off, “bounded normal”, or “truncated
normal”. Either the values (Min, Max)
or the quantiles (Lq, Uq) of the cut off
point can be specified . The
relationship between the two are

Min= Vi, Max = Vi,

The probability density function
for the normal distribution is

1 1(x- 4\
———exp|- =
T~ 2T L 2\ ¢ J
J(x)= Uq- Lq

& | Previous parameter g
w | Mextparameter $
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Uncertainty and Probabilistic Analysis
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Step by step analysis Related inputs Post run regression

Sample specifications T Parameter distributions T Input rank correlations T Output specifications N

Sampling parameters —Information about current selection

Random Seed: Grouping of observations:=

Number of Observations: )
Correlated or uncorrelated grouping: The samples of each
variable are ordered and grouped together so that,

1] the correlations between the variables for which
correlations have been specified are as close as possible
1o the specified values.

2) the correlation between the variables that are not
specified to be correlated will be as close to zero as
possible.

Number of Repetitions:

Sampling Technique

@ Latin Hypercube
O Monte Carlo

L

Random grouping: The samples of each variable are
grouped together at random.

Grouping of observations Itis possible that some of the variables will be correlated
® Correlated or Uncorrelated just by chance, especially if the number of obseryations is
O Random not much greater than the number of variables.
(® Perform uncertainty analysis (" Suppress uncertainty analysis this session OK
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Uncertainty and Probabilistic Analysis

Step by step analysis Related inputs Post run regression

Sample specifications T Parameter distributions T Input rank correlations T Output specifications N

Variable 1 Variable 2 RCC —Rank Correlations

Variable 1 ALPHALOSW 7

Longitudinal Dispersivity of saturated zone to
surface waterbody

Variable 2 ALPHATW o

Horizontal lateral Dispersivity of saturated zone
to well

Rank Correlation Coefficient I:I

Update Correlation table |

Bemowve correlation |

(® Perform uncertainty analysis (" Suppress uncertainty analysis this session OK

Uncorrelated ; 2 #j » f% 40 B 1238 2
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Uncertainty and Probabilistic Analysis

Step by step analysis Related inputs Post run regression

Sample specifications T Parameter distributions T Input rank correlations T Output specifications

— PRE RESRAD run specifications — Proababilistic outputs awvailable for current selection —

Probabilistic statistical analysis is available on the Temporal plOTS of ChOSQn percer_w‘rlles, _mean an_d
following outputs median of Total Dose will be available irespective of
whether this option is set or not.

= Peak total dose and risk (summed over nuclides

and pathways) If this option is checked, the following probabilistic

_) Peak dose and risk from each pathway (summed analysis option will be_available for pomponen‘r
M over all nuclides) Doses, component Risks and Media

concentrations:=
! Peak dose and risk from each nuclide in the source

(summed over all pathways) 1. Temporal plots of chosen percentiles, mean and

[ Dose and risk at graphic time points rnedian,

FEeseliomieschinueizelandipatisagaizachioiiie 2. Statistics (mean. median, minimum, maximurm, and
user specified times percentiles) at the graphical time points.

— Output-Input correlation and regression options —— The component doses {or risks) are the doses (or
Check the coefficients to be computed risks) from the individual pathways due to the
PCC SRC PRCC SRBRC individual nuclides.
Peak total dose [v [v [v [v
Peak pathway dose [+ [v [v [v
Peak nuclide dose v v v v | |
(® Perform uncertainty analysis (" Suppress uncertainty analysis this session OK
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24 T Generate output samples(RESRAD-O) | ﬂ#%] 1 #& A (RESRAD-O) 2 # 7 4754
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Uncertainty and Probabilistic Analysis

Sample specifications Parameter distributions Input rank correlations Output specifications

Step by step analysis T Related inputs T Post run regression

Yiew scatter plots of
input ¥s input

Yiew histogram of ‘

Generate input input

samples (LHS)

Yiew cdf of input

Yiew scatter plots of
output ¥s input

Yiew scatter plots of

Generate output Yiew cdf of output output Vs output

samples (RESRAD-O)

Yiew temporal plots and
statistics of total dose

Generate output-input correlation and
regression coefficients

(® Perform uncertainty analysis (" Suppress uncertainty analysis this session OK
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FIAVRY - BRI AL - = TLHI?J ~ [l (scatter plots of input vs. input, histogram of input,
and cumulative distribution function [cdf] of input) (s » & 5 % » 421 B] ~ 55 ~ £ > Kl ~ &
» 2. B fx 4w di(cdf) ~ = fﬁtﬁi%l 41 Bl (cdf of output, scatter plots of output vs. input, and
scatter plots of output vs. output)(ﬁi%l SHES S RANTESTE %] > B *}’%] T B B B 51
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Uncertainty and Probabilistic Analysis

Sample specifications Parameter distributions Input rank correlations Output specifications

Step by step analysis T Related inputs T Post run regression

Yiew scatter plots of
input ¥s input

Yiew histogram of
input

Yiew cdf of input

Yiew scatter plots of
output ¥s input

Yiew scatter plots of

Yiew cdf of output output Vs output

Yiew temporal plots and
statistics of total dose

Generate output-input correlation and
regression coefficients

Oulpnl, 1 U

(® Perform uncertainty analysis (" Suppress uncertainty analysis this session OK
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Probabilistic / Uncertainty Outputs

%*

Flat chaices
1 — " Input against input " Histogram of Inputs
95.%% " Input against Output (" Cdfof inputs
(" Output against Output @ Cof of Outputs
b=Vl
Risk due to H-3
075 4 ® Linear " Lograthmic -
85 Percentile=601E-6 £14E-7 j
tMean=5b11E-6 +BE-E
Std. devi. =bBEE-7 + 2 4E-8
Y axis
0s + Cumulative distribution function
® Linear " Lograthmic
025 4
Flat Settings
Plot of |Risk due ta H-3 ﬂ
Repetitons selected Repetitons omitted
o } } } i
3.42E-8 427E-8 E11E-B E.96E-5 6.5E-6 Display
graph
Close
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Probabilistic # Uncertainty Outputs

Flat choices
Py " Input againstinput " Histogram of Inputs
a (® |nput against Output (" Cdfofinputs
(" Output against Output  © Cdf of Outputs
a
, a g™ %, = s
a ﬂ:, Precipitation
|
a a
228 4 ta d‘:ﬂu 2 2 = @ Linear " Lograthmic -
a a 2 e, ag a }
£ F -:ﬂ o a 50 Percentile = 1. ~|
a o
e aa 8452 e = @ . Mean = 1.
2 2 a aa a 2 @ a a Std. devi. = 0.0B07 + 0.0039
2 ae, =" o 201) a a
ta o ,% Ly e = Y axis
LR S w a ',‘ - 1 ? " Dose fram External Ground(releas)
uu az a4 Fa a " a a . .
a 1 [ £ aa a ® Linear " Lograthmic -~
da , g ,g, a, ] a
' -
LI R | 80 Percertile = 20.1 £ 0.1
“a .t Mean =201 £ 0.1
P o “a Std. devi. =211 £ 0.0b
166 4 228 4o a a
a "' a a Flot Settings
° . Plot of |Precipitati0n ﬂ
a a .
against |Dosefr0m External Ground(releas) ﬂ
a Repetitons selected Repetitons omitted
136 } { = { {
0.884 0.945 1.0 1.08 1.14 Display
graph
Close

B 20 RESRAD-OFFSITE 7 & 2 & [#8 5 » #’?%J » B 31:?] iR Al ?]i?f"v']ﬁ%] »
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Probabilistic / Uncertainty Outputs

Flot choices

40110,

358100

3010

2510,

20ma.
3380.

" Input againstinput
" Input against Output

(" Histogram of Inputs
(" Cdfof inputs

4860,

5540,

Close

(® Output against Output Colf of Outputs

> axis
Dose from All Pathwess
® Linear

B0 Percentile = 4870+ 70,
Mean = 4870 + 60
Std. devi. =535 £ 8.

" Lograthmic

' Exis
Dose from Wwater Ingestion

® Linear " Lograthmic

B0 Percentile = 2990 + 40,
Mean = 3000, + 40
Std. dewi. =397 £ 5.

Plot Settings

-
=

Plot of |Dose fram All Pathwary's

=l

against |Dose from ‘Water Ingestion

Repetitons selected Repetitons o

=l

rnitted

Display
graph

Rl 21
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Probabilistic Temporal Plots

Flot choices -
5320 - [v a9th Percentlle
All Repetitions - [v median
[v mean
2065280 7 xis
Time
4741, | (® Linear " Lograthmic
Y axis
Dose from all Pathways and MNuclides
(® Linear " Lograthmic
3160 J FPlot Settings
Percentile to plot| 93
Plot of |Dose from all Pathways and Muclides ﬂ
Read data and Display graph |
1580, 4 Close
Plot data at 208 vears
[ Mean [ Median [ 99%
4750, 4730, 6120.
0 ¥ 4690. 4690, 5980.
- ' ! ' h 4650. 4650, 6240.
0. 128 256 354 512

=7

B 22 RESRAD-OFFSITE F & Bl % & 7 11 2% & (¥

59132 2 H R L 10)

St

(F) 3 & % jF
117 L RESRAD-OFFSITEZ ¥ 18 > i@ * 7 gt £ 4HE L2 3~ 2 fi ) Sl 2 17
WREAYT R H N R AE LT S (R bR B E) TREF TR 2

e, BB R M M B R R GRS Y - (0FI23)

Uncertainty and Probabilistic Analysis

Sample specifications Parameter distributions Input rank correlations Qutput specifications

Step by step analysis T Related inputs T Post run regression

— Output-input correlation and regression options

Check the correlation coefficients and regression coefficients that you want the code to compute. then press the
"Determine correlation and regression coefficients® command button

[v Dose [v Risk PCC SRC PRCC SRRC

Peak Total dose and risk [v [v [v [v

Peak Nuclide dose and risk [v [v [v [v

Peak Pathway dose and risk PCC SRC PRCC SRRC

Pathway Sub pathway — > Whater borne Air borne and direct

External radiation from ground [v [v [v [v [v [v [v [v
Inhalation of particulates [ [ 2 2
Ingestion of Fish [v [v [v [v
Inhalation of Rn and progeny [v [v [v [v [v [v [v [v
Ingestion of Yegetables [v [v [v [v [v [v [v [v
Ingestion of Meat [ [ [ [v [v [+ [+ [v
Ingestion of Milk [v [v [v [+ [+ [+ [+ [v
Ingestion of Soil [v [v [v [ [ [vw [vw [v
Ingestion of Water [v [v [v [v

Determine correlation and
regression coefficients

Partial Correlation Coefficient {(PCC) Standardized Fartial Regression Coefficient (SRC)
Partial Rank Correlation Coefficient {PRCC) Standardized Partial Rank Regression Coefficient (SRRC) -
i® Perform uncertainty analysis " Suppress uncertainty analysis this session 0] 4
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$ A F T3 4258 £ & § 0 FGRI3 morbidity (Eckerman et al. 1999) ~ HEAST morbidity

libraries (EPA 2001)#¢ & * - f £]¢0fz 3¢ £ o (H = : Risk/pCi ¢ Risk/pBq)(4- ] 24)

;ﬁmgﬁmiﬁ_@wﬁ PGl

E&Fﬂ ot Z RIEE 2 E
< FGR13 morbidity (Eckerman
Cancer Risk Coefficients for et al. 1999) - HEAST
SEPA  Environmental Exposure to morbidity libraries (EPA 2001)

Radionuclides

Federal Guidance Report No. 13
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AR S CELE: k&S I R¥ES

Pift (Risk/yr)/(pCilg)  (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi)
Ac-227+D 1.47E-06 2.13E-07 6.51E-10 4.85E-10 6.51E-10
Ag-108m+D 7.19E-06 1.04E-10 1.12E-11 8.14E-12 1.12E-11
Ag-110m+D 1.30E-05 451E-11 1.37E-11 9.88E-12 1.37E-11
Al-26 1.33E-05 2.90E-10 2.49E-11 1.73E-11 2.49E-11
Am-241 2.76E-08 3.77E-08 1.34E-10 1.04E-10 1.34E-10
Am-243+D 6.35E-07 3.70E-08 1.41E-10 1.08E-10 1.41E-10
Au-195 1.38E-07 6.48E-12 2.19E-12 1.50E-12 2.19E-12
Ba-133 1.44E-06 3.25E-11 9.44E-12 6.81E-12 9.44E-12
Be-7 2.13E-07 2.13E-13 1.20E-13 8.66E-14 1.20E-13
Bi-207 7.08E-06 1.10E-10 8.14E-12 5.66E-12 8.14E-12
Cc-14 7.83E-12 1.69E-11 2.00E-12 1.55E-12 2.00E-12
Ca-41 0.00E+00 5.07E-13 4.37E-13 3.53E-13 4.37E-13
Ca-45 3.96E-11 1.28E-11 3.37E-12 2.47E-12 3.37E-12
Cd-109 8.73E-09 2.19E-11 6.70E-12 5.00E-12 6.70E-12
Ce-141 2.27E-07 1.35E-11 6.77E-12 4.63E-12 6.77E-12
Ce-144+D 2.41E-07 1.80E-10 5.19E-11 3.53E-11 5.19E-11
Cf-252 1.80E-11 2.60E-08 1.80E-10 1.80E-10 1.80E-10
Cl-36 1.74E-09 1.01E-10 4.44E-12 3.30E-12 4.44E-12
Cm-243 4.19E-07 3.67E-08 1.23E-10 9.47E-11 1.23E-10
Cm-244 4.85E-11 3.56E-08 1.08E-10 8.36E-11 1.08E-10
Cm-245 2.38E-07 3.81E-08 1.35E-10 1.04E-10 1.35E-10
Cm-246 457E-11 3.77E-08 1.31E-10 1.02E-10 1.31E-10
Cm-247+D 1.36E-06 3.49E-08 1.30E-10 1.00E-10 1.30E-10
Cm-248 1.50E-11 1.50E-07 1.30E-09 1.30E-09 1.30E-09
Co-57 3.55E-07 3.74E-12 1.49E-12 1.04E-12 1.49E-12
Co-60 1.24E-05 1.01E-10 2.23E-11 1.57E-11 2.23E-11
Cr-51 1.27E-07 1.67E-13 2.66E-13 1.85E-13 2.66E-13
Cs-134 7.10E-06 6.99E-11 5.14E-11 4.22E-11 5.14E-11
Cs-135 2.36E-11 2.49E-11 5.88E-12 4.74E-12 5.88E-12
Cs-137+D 2.55E-06 1.12E-10 3.74E-11 3.04E-11 3.74E-11
Eu-152 5.30E-06 1.90E-10 8.70E-12 6.07E-12 8.70E-12
Eu-154 5.83E-06 2.11E-10 1.49E-11 1.03E-11 1.49E-11
Eu-155 1.24E-07 1.91E-11 2.77E-12 1.90E-12 2.77E-12
Fe-55 0.00E+00 1.48E-12 1.16E-12 8.62E-13 1.16E-12
Fe-59 5.83E-06 1.47E-11 1.11E-11 7.88E-12 1.11E-11
Gd-152 0.00E+00 9.10E-09 3.85E-11 2.97E-11 3.85E-11
Gd-153 1.62E-07 8.58E-12 2.22E-12 1.52E-12 2.22E-12
Ge-68+D 4.17E-06 1.08E-10 1.03E-11 7.24E-12 1.03E-11
H-3 0.00E+00 8.51E-13 1.44E-13 1.12E-13 1.44E-13
1-125 7.24E-09 2.77E-11 6.29E-11 2.54E-11 6.29E-11
1-129 (vapor) 6.09E-09 1.60E-10 3.22E-10 1.48E-10 3.22E-10
1-131 1.59E-06 5.03E-11 1.34E-10 4.55E-11 1.34E-10
In-111 1.42E-06 8.58E-13 1.85E-12 1.29E-12 1.85E-12
Ir-192 3.40E-06 2.41E-11 1.07E-11 7.36E-12 1.07E-11
K-40 7.97E-07 2.22E-10 3.43E-11 2.47E-11 3.43E-11

37



# 11 RESRAD-OFFSITE 425" % f8 b %37 2 A 5 515 (& 10 ¥)

4 aR e S ki S kS

Pt (Risk/yr)/(pCilg)  (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi)
La-138 6.07E-06 3.05E-10 4.96E-12 3.53E-12 4.96E-12
Mn-54 3.89E-06 1.21E-11 3.11E-12 2.28E-12 3.11E-12
Na-22 1.03E-05 9.73E-11 1.26E-11 9.62E-12 1.26E-11
Nb-93m 3.83E-11 5.66E-12 1.17E-12 8.03E-13 1.17E-12
Nb-94 7.29E-06 1.35E-10 1.11E-11 7.77E-12 1.11E-11
Nb-95 3.53E-06 6.44E-12 3.50E-12 2.45E-12 3.50E-12
Ni-59 0.00E+00 1.27E-12 3.89E-13 2.74E-13 3.89E-13
Ni-63 0.00E+00 3.74E-12 9.51E-13 6.70E-13 9.51E-13
Np-237+D 7.96E-07 2.87E-08 9.10E-11 6.73E-11 9.10E-11
Pa-231 1.39E-07 7.62E-08 2.26E-10 1.73E-10 2.26E-10
Pb-210+D 4.17E-09 2.80E-08 1.19E-09 8.88E-10 1.19E-09
Pm-147 3.21E-11 1.61E-11 2.48E-12 1.69E-12 2.48E-12
P0-210 3.95E-11 1.45E-08 2.25E-09 1.77E-09 2.25E-09
Pu-238 7.22E-11 5.22E-08 1.69E-10 1.31E-10 1.69E-10
Pu-239 2.00E-10 5.51E-08 1.74E-10 1.35E-10 1.74E-10
Pu-240 6.98E-11 5.55E-08 1.74E-10 1.35E-10 1.74E-10
PU-241+D 1.33E-11 8.66E-10 2.28E-12 1.77E-12 2.28E-12
Pu-242 6.25E-11 5.25E-08 1.65E-10 1.28E-10 1.65E-10
Pu-244 2.70E-08 2.70E-08 3.20E-10 3.20E-10 3.20E-10
Ra-226+D 8.49E-06 2.82E-08 5.14E-10 3.85E-10 5.14E-10
Ra-228+D 4.53E-06 4.37E-08 1.43E-09 1.04E-09 1.43E-09
Ru-106+D 9.66E-07 2.23E-10 6.11E-11 4.22E-11 6.11E-11
S-35 8.77E-12 6.55E-12 3.70E-12 2.72E-12 3.70E-12
Sb-124 8.89E-06 3.20E-11 1.85E-11 1.29E-11 1.85E-11
Sb-125 1.81E-06 4.00E-11 6.14E-12 4.37E-12 6.14E-12
Sb-126 1.28E-05 1.29E-11 1.59E-11 1.11E-11 1.59E-11
Sb-126m 6.94E-06 3.32E-14 9.21E-14 6.66E-14 9.21E-14
Sc-46 9.63E-06 2.47E-11 8.88E-12 6.22E-12 8.88E-12
Se-75 1.45E-06 5.00E-12 1.08E-11 8.14E-12 1.08E-11
Se-79 1.10E-11 1.99E-11 9.69E-12 7.29E-12 9.69E-12
Sm-147 0.00E+00 1.26E-08 47TE-11 3.74E-11 4.77E-11
Sm-151 3.60E-13 9.18E-12 8.07E-13 5.55E-13 8.07E-13
Sm-153 1.06E-07 3.19E-12 7.10E-12 4.85E-12 7.10E-12
Sn-113 2.02E-08 1.45E-11 6.33E-12 4.33E-12 6.33E-12
Sn-126 8.83E-06 4.13E-11 3.92E-11 2.72E-11 3.92E-11
Sr-85 2.20E-06 3.23E-12 3.11E-12 2.26E-12 3.11E-12
Sr-89 7.19E-09 3.02E-11 1.84E-11 1.28E-11 1.84E-11
Sr-90+D 1.96E-08 4.34E-10 9.55E-11 7.40E-11 9.55E-11
Ta-182 6.04E-06 3.74E-11 1.15E-11 7.96E-12 1.15E-11
Tc-99 8.14E-11 3.81E-11 4.00E-12 2.75E-12 4.00E-12
Tc-99m 3.93E-07 6.07E-14 1.14E-13 7.96E-14 1.14E-13
Te-125m 6.98E-09 1.45E-11 4.70E-12 3.33E-12 4.70E-12
Th-228+D 7.79E-06 1.44E-07 4.22E-10 3.00E-10 4.22E-10
Th-229+D 1.17E-06 2.30E-07 7.14E-10 5.29E-10 7.14E-10
Th-230 8.18E-10 3.40E-08 1.19E-10 9.10E-11 1.19E-10
Th-232 3.42E-10 4.33E-08 1.33E-10 1.01E-10 1.33E-10
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4 aR = Sy ki S kS
Pt (Risk/yn)/(pCilg)  (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi)
TI-201 1.88E-07 6.85E-13 5.00E-13 3.61E-13 5.00E-13
TI-202 1.83E-06 1.34E-12 2.01E-12 1.49E-12 2.01E-12
TI-204 2.76E-09 6.07E-11 8.25E-12 5.85E-12 8.25E-12
U-232 5.98E-10 9.25E-08 3.85E-10 2.92E-10 3.85E-10
U-233 9.82E-10 2.83E-08 9.69E-11 7.18E-11 9.69E-11
U-234 2.52E-10 2.78E-08 9.55E-11 7.07E-11 9.55E-11
U-235+D 5.43E-07 2.51E-08 9.73E-11 7.18E-11 9.73E-11
U-236 1.25E-10 2.58E-08 9.03E-11 6.70E-11 9.03E-11
U-238+D 8.66E-08 2.37E-08 1.20E-10 8.73E-11 1.20E-10
Xe-131m 1.41E-08 0 0 0 0

Zn-65 2.81E-06 7.59E-12 1.54E-11 1.17E-11 1.54E-11
Zr-93 0.00E+00 1.52E-11 1.44E-12 1.11E-12 1.44E-12
7r-95 3.40E-06 2.11E-11 6.59E-12 4.59E-12 6.59E-12

Values for slope factors were taken from FGR-13 (Eckerman et al. 1999) except for Cf-
252, Cm-248, and Pu-244. These radionuclide values were obtained from Yu et al. (2001).
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RISkTotaI = RISkMain_scenario 1- z Pl + Z (PiRISki)
less less
probable probable
scenario(i) scenario(i)

9)

F-2 5 Er s F TSl 82 ST T Bh %R

BE - B A E o hoT S

RiSkWeII = RiSkMain_scenario + Z (PIRISkI)

Well
scenario(i)

LRME SRS TR RS E E B SRR

14 2 B 27 #F b~ f5 508 £ b ' B 4.0x107 3 4 3030 8 &

15 54 £ b ' 1 2.6<107 5 2 3% 1BLA hr iz & o

13 M FHFEIES e s S
. % (P)
% B35 (High inventory ) <0.05
A 4R R8 % ¥ 5 Bs (High flow in the bedrock) <0.1
B2 4vi# 131 (Accelerated concrete degradation) <0.1
iR 1 39 (Bentonite degradation) <0.1
# 72 (Earthquake) 10*6/year
% Jk & 4% & | (High concentrations of complexing agents) <0.1
fi® 3T #5# (Wells downstream of the repository) 0.13
» & (Intrusion wells) i # (Silo) 2-1074

SFR 1 % % # % (Each vaultin SFR 1) 81074
SFR 3 # i 4 % (Each vault in SFR3)  3-1074

& e s l(Scenario combination 1) <0.1-0.1
Fael IR ARTMBENFER R 4vd 30 a BHEE

# & % & 2(Scenario combination 2) <0.1-0.1
s 2Rt AR nHMEERt R kAL &M BHS

41

(10)



Total risk Total risk
Global warming Early Periglacial

Global warming

Early periglacial

High inventory
[
High flow in the bedrock
||
Accelerated concrete degradation

Bentonite degradation
|
Earthquake

High concentrations of complexing agents

Wells downstream of the repository

Intrusion wells

Total risk

PV‘IdiII SLClidl iU

Less probable
scenarios

] 26

AREEEEFEE FHEL R G HET L
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14 A BRFE&EMRF FEFEHABER HE A g SR E B R

& (Scenario) RAEHBERYSE AR %EZ2ERFAD]
Main scenario

Global warming variant 4.0-107 6,200
Early periglacial variant 9.0-10°° 17,800
Less probable scenarios

High inventory 8.3-10°® 7,200
High flow in the bedrock 5.4-10°® 5,900
Accelerated concrete degradation 5.7-10°® 5,250
Bentonite degradation 4.2-108 6,250
Earthquake 2.510°® 58,500
High concentrations of complexing agents  7.6-10-% 44,500
Wells downstream of the repository 1.4-107 5,000
Intrusion wells — Silo 1.9-10°® 4,400
Intrusion wells — 1BMA 8.4-10 4,100
Intrusion wells — 1BLA 2.6-107 3,050
Intrusion wells — 1BTF 7.8-10° 3,250
Intrusion wells — 2BTF 1.1-10°® 3,850
Intrusion wells — BRT 8.3-107" 3,250
Intrusion wells — 2BMA 1.6-10°° 86,000
Intrusion wells — 2BLA 2.0-108 3,450
Intrusion wells — 3BLA 1.9-108 3,400
Intrusion wells — 4BLA 1.6-108 3,550
Intrusion wells — 5BLA 2.1-10°® 3,550
Scenario combinations

Scenario combination 1 8.9-10°° 5,700
Scenario combination 2 9.7-10° 40,000

#F : The year at which the maximum radiological risks are obtained is also indicated. The maximum radiological
risk is given for both the global warming variant and the early periglacial variant of the main scenario.

Main scenario
Global warming variant
Early periglacial variant ]
Less probable scenarios =~ |
High inventory
High flow in the bedrock
Accelerated concrete degradation
Bentonite degradation
Earthquake
High concentrations of complexing agents
Wells downstream of the repository
Intrusion wells — silo
Intrusion wells — 1BMA
Intrusion wells — 1BLA
Intrusion wells — 1BTF
Intrusion wells — 2BTF |
Intrusionwells -BRT/————
Intrusion wells — 2BMA

Intrusion wells — 2BLA )

Risk criterion

Intrusion wells — 3BLA ‘

Intrusion wells — 4BLA ‘

Intrusion wells — 5BLA ‘

Scenario combinations ‘
[

\

Combination 1
Combination 2

10710 1070 108 1077
106 107

Bt g bR E b g

B127 R ENERCE 4 R E 2 Bt g AR R bR
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R AT ERE TFAEPE  MMRHEEIF REREE 2T G AREN
@2 Y SRR R P A TH R R 2 A RN G2 TS B
BE LS 2 APTERRY Y MORsUE el 2% 2 AT A P B R 8 e
#3234 2 178124712 2 HYDROGEOCHEM & H# 4% % - ¥ L #45 SR-PSU % >
FEVEANZ BES(C A LRSS ML ISR LRSS PN Rl
H i 25 o SRPSU % 23534373~ 2 4 F Bligs@ £ > % 0%
237 % 0 1 % H4ic3] (Compartment models) A #7373~ B 3541 4 4~ Bl Ao & = B % 5o
& RSP AR B2 B A 31 R M B S P
BH et P EIRBHEA N o T A E 2 .
(- )iT 2 FHH5% % & RESRAD-OFFSITE #25V 22 * 5 5+ & 5 & 22 &
Rl Ve

T3 MR R R P AR RS E 2R FARPH BT AR
B RN PR R T HERFE L L DA FL RN THRFEE
F R ATE Y Y MORBUE Bk ¥ 2497 0 3T 3R 1347 12(Chen et al., 2012) & 474
HYDROGEOCHEM(Yeh, et al., 2004,2009) & {7 1T 3~ i 5% 2 4~ 15> £ % £ B4 ] 28-
P et B R e 2 2 P ERHFE R EF A 2208 - B %
%A TR R DR 2T L H
1. THf347 j2 P /618 1) 8 i@ % RESRAD-OFFSITE i 5~ # 1+ BliF 5% £ 3=

Ri+3+H5 2?0 J PR RRR T BRFES E TR FH AT 2T

TR R HCHR T R - R 2 R ST PR AR Tk kB e enfi ) 0 )

PORHCER TR R IR % o & PR Tk o SRR R e TR 2 %
RoNEAPHEREFREIET B P AT % el L E RO EF A 8 E
AR R TORGB B DR ARRA P PR FEF AR FERARR
BHBR R ETHFE 2R o

4ol 28 (T H-Z B HRCA & 4 4 4 B RESRAD-OFFSITE #2528 i * i s+ £ 127 42
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#& £ HYDROGEOCHEMS.0 2 RESRAD-OFFSITE #5¢ » 4] * RESRAD-OFFSITE
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FORTRAN 3% 3 #r# 8 > ¥ 11 Visual Basic &= 3 # i H o > RARN K IEB R
AR Arg et o RAH=E <) K THBM B xR "'F'f il
oo AT M TERMHREFSERETCRE W z%?ﬁé
5 o 8 RESRAD-OFFSITE #5584 A= 2k 2t pF > ¢ SELRG| 2 ¢
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# 15 RESRAD-OFFSITE ﬁ%l » Fh A i

th & fu i
AQFLUXIN.DAT | {2462 & f:46 @63 13 T k23 # (Flux) ¥ i @ pCilyear

SWFLUXIN.DAT | {5 46% + $:46@ 5 1 # # -k 2.3 £ (Flux) ¥ = @ pCi/year

AIFLUXIN.DAT R R - AL ﬁ“’*]"‘ Z # 23 £ (Flux) H i+ @ pCi/year

¢ ** HYDROGEOCHEM 34 2 4 44+ i £ e @ gigpdl* A2 2 R =45~ 4 4
¥ v F s Fick's flux law 3235 5 A A& > B ipd] 2307 &5 3 i e e 503 7 Kb fe/
Al e kB2 R B AT RERL PR et (1)917 o 21 & S iEaL L

Fon s R AV F R(F ZOB R BT S BRI RIE o e T A4

9 e N =Ly +or M, ic(M)
ot ot (11)
L(C,)=-V-(VC,)+V-[#D-VC,] (12)

(D2 (12)7 ¥
. 3
Coixippgenn MIT)

3
| SEF FICF TR WA (M/L/T)
L(C) . .

D ﬁi%J@' ¥ & (The transport operator)
{M}={1,2,...,M}
M e
D : 2 4% ¥4 #ic(The dispersion tensor) (L2 /T)
Mg B4 B2 IR & IR (M/LE1T)

= #255(11)% 5 HYDROGEOCHEM #-: g (B Rl 2 kR & > o 2 258 ()iE {7
FHREFBEASGFRECZ A RENMHFTZE KR F B> 7 % moll/year
¥ =3 & B/year & pCi/year ¥ i » #712#% HYDROGEOCHEM #; 1k & 4450 §
= pCi/year & > ¥ £ # HYDROGEOCHEM ;¢ %‘J 12 5% %k 2 5 AQFLUXIN.DAT #%
2 5% -7 # £ HYDROGEOCHEMS5.0 2 RESRAD 5" fickt 4~ 1722 = RESRAD &
AANPRRE L L BRI ES ETH B2 R 2R AT E
BRBAS 5 it AR RGBSR FED 64 L kier AR R
B ERA f@ﬁ%iﬁ?ﬁii&%ﬁdi BRE o BRERITE PN RREL AP BLT
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FsRE R b'e 0 TR ZEHEHEZ R 'GATE A FE 4 "E 0.25 mSv/year o AR

A kT 245 RESRAD $8icié * 54 £ AN A5 F 1 5 F - MeEP B - &
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ORI R SR GFRE 2F B LFRHIIRD - £11% RESRAD fi5t ¢ 22 2 g2
SRS IR SRS SR R W e S

ik §5 3 if > % ¥ 4% HYDROGEOCHEM #icftid ¢ RESRAD-OFFSITE # #- [ {5 &

=
T
Rt
%m
\l\_

3. RESRAD-OFFSITE i # ~ i #-% 2 4 Bl{5 13| 35 2 4
RESRAD £ 3 = . @%ﬁ’*#"’rﬁ’* 2 3 it ¥ g Fu--k © -1v & (Thermo-Hydro-
Chemistry)iit % ¥ e ¥ H-ab3c st gx 3 & B 2 25 > & RESRAD #5387 4 {737 514
fLE 2o ZRBERN LT @ F 2 PHEBE > IVEHBHRBEFSEHE
B AR o
1) T4~ 2 %S4k
HP P AR R C BERERF S BT R PR B2
R AP AL 2 3 PEER §EER T b o A 4P fER 2
FRARAEEERT Y T 2 R e R

dﬁ
——=—(A+m)A (13)
dA gar2<k<

= AAL (At p)A P 2<ksn, (14)

H e

A= % k BPE R a2 E IR (pCigh),

t = Ba:@z B,

A = % kB st gk (yr)), 2

= F kB R % SR kL (yrl)
gﬂiixk%,éMMt,jguJ}WWkﬁ4mm R

(t) = 2 ay, exp(=A4t — s4t)
Ak ; k, (15)

1 yesi® % 283~ ~ %% > RESRAD-OFFSITE #-i% fd= 4o 8 8 325 — ~ % 3 > @ @e vt 2 8 1)
n ‘ "
FEFT G IRBILRF AP F s R -
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G H-3~C-14 0 FHER > 42355 4T Aron
A(t) = A(0) exp(—At — s — ev(t)t) (16)

Hoe
)= tPF 2 =8 % (yrl) (32 RESRAD ¥ 6 % * £ 44+ L[Yuetal. 2001]

SR s L L% 1 R C RO s 2 B

(2) 158 IR0 ¢ 1-FF 8 O 05 (First-order release model)

Rt P » 35 R R VI I L FR P EREER ¢
k

A(t) = Zak,i exp(—At — st)
i1

(17)
H
B, = da, = AO)THES Bl B L
A.a
A, e 3 1<i<k, »
lk + luk /1| lul
k-1
ak’k = _Zak,i .
i=1
(3) iTHf I 5N L 353 #9058 (Uniform release model)
t k
A, ()= [1— T—JZ he eXp(_/lit) 3 1< Trelease
release / i=1
' (18)
Ak (t) = O § t=> Trelease (19)

Nud
X
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Trelease = 1{% 7@—#—: ‘§‘%$ :h' 2 B’t’ﬁ"&(‘/&)
Ay 1
aki — k~k-L,i

k-1
Qo = _Zak,i .
i=1

(4) iT 3 J0050 0 T g R 0 05N (Uniform release model)

¥ 1<i<k, *

FI% PRGBS A2 JEd ki R P 0 o i 2 Bl PR A T

Feapdlo ki PR T PR I .

2
% =-AC, + m -V, OCh + D) 0 sz
ot (‘9t +pbKd) 0z oz
2
——ac, -V, Lo, p: T
o1 oz (20)
Hoe
em
Mg+ pK
tTAN = 1w TEEA  (myerl)
DC: m Hm
L0+ pK 5
tTPARe = 1 s A m Gk (m2 year-1)
Ki = &% ((em]pCigh;
Co, Cp = #d 22 BIHFP 2 PEkR  (pCim?),
em = PBEILHFH>FTILAILHY p I /fﬁ”»’}‘{gfg °
O, = ABEamEo bi K Rk pd RE 2 kA
O = s H At TR RBIHT -
Vo= kingEBE Iz TE A (myear?)
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() SR-PSU % 233 32 4 P BG4 H 8 & & 178 B3> L n% 2
A
1. SR-PSU = >+ F

>B\-

SR-PSU % 23 EdRIN=ZBHFFLFILEBFG  MFL FHFFEHE e el
Pl & > #30 SFR il - s e F L % 23Tk o
(1) L &FE AWk S el FE P BRE i FE 2 T L&
W& mBELF T - BRA D 2 RA oS ARG RS o
(2) M2 FHEE D RRE 2B A RPN 2 FEE
(3) HisFaadflpfias i BARAFEEFFHATS > TRIBFSFZETH

LR FIRE
SR-PSU % 23#fp 3t 2 3 B F & A ik 4 & R &~ Mg 2 FiFs - H e
SRR EEF SRS o LA FHRT AN S 2P E R0 oF 29

2. TH B HE AP EESAE 2 kK 2R EH
SR-PSU % 2= F #0175~ @52 2 P Bl HAE 2 4 0% 2375 4 7]
o) 30 2 3T H ~ B A F BIPR B B 2 B0 TN IR e iR T
AZR Ao @] 32 o HATITH - RHE 2 Bk S F B0 (Compartment models) 4 #F > 2
oS PAET TS RS2 S BB BECA] 0 £ 16 7)) 2 5 B fé_@ﬁis?ﬁi—?i‘
Z HBHRAGZ B 31 AP B RS2 A @ﬁiﬂﬁ- SR AR fook 4 kA B

TH @S fod PEAL L F B ERRAD A AF BRAN PR BT e
Y ragi’agﬁogﬁﬁg LR T A R kel ;\j\ﬁntg'ﬁ AE N FET R

T RHAABHEAEFF AT BF AP ERE  FLR S KT D

FRFAFRERX B0 T 3 2 p e BT HAKE o RHN o
ARG (TSP a7 R ) BT RN IRIT R E AR (Ao R ) foF B R B
GTH -~ RF G2 5B R)nF E L BE (Ao i frdficnid o o ) frd p IR
BiEr o H A dkiEfes THB ) o TES Bk, AL

* Transfer Trjj [Bq/year] : %8 /& R ®e sl i EH B2 D] ¥ - B RH L)
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RS EA L E - U

* Transfer coefficient 7Cjj [1/year] : ¥ fa g # & Trjj KR % Bk S35t P fd
58 ATt BFS o T Ty = TC; ATSUACA] B i % SR-PSU + 204 et
o B 5 BB HEA AL o - DB L PR R R TR
AR o

fvi“«»‘ PATE A BB T T o smp

A= TS TS B2 A A .
jeN; jeN; peR,

He o

A= EEPE n bR Mk S R, [Bql,

A=A X, [Ba/yr,

A= Pifhp bR A K S SE R [Bq),

RS T F-SI I F L)

Py =— . 9—4’}"‘7f§n[ﬂ Fl=x ],

Tri =t n 5 R H % 5o i 45 @ B ¥ — B R34 5, [Bq year 1],

M =pifs n % % % [year 1],
Bri=i&* ¥ifhp % % 5+ Pifln 774 2 0t [,
M= T dl k 3ui s 4E n ek fo® g [Bqyear .

(=) SR-PSU iTH-~ it -2 4 - B > 4 sz f 3

SFR e} Hakepp ok nga g 8w & 7 (4% & Yucca Mountain)# F » #7112 SR-

PSU % 23R 3% % 2454 ¢ 577 eOfC o IR 5 S RL BN AR G AB R

Ho;% o o 3% Forsmark ¥ Hak =30 Reenjd ja AL LR RVE X T F R A 2
A M F R R o B R A KK E R oA R~ B F kSR e 5o i

siee b A F B R w Y SEREAS o £ 17 7] SRPSU X 23T HH L

3F 2 SFR i} Hht % 23R afics @ 3 AR - T3 32 4 B TR

3 & * % & Yucca Mountain 3+ % #7# 3 £ Goldsim #%3¢ o
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A 2 . A% EY < 25
TLI R Ty
rrpeg iARFE
Global warming CCM_GW CCM_TR
Early periglacial CCM_EP
5 9y ek g % AR R o3
2 —
High inventory CCL_IH
High flow in the bedrock CCL_FH
Accelerated concrete degradation CCL_BC
We_"c_hseha“ Bentonite degradation CCL_BB
7kiP e 4P
Earthquake CCL_EQ
High concentrations of complexing agents CCL_CA
Wells downstream of the repository CCL_WD
W prpeg i .
Intrusion wells CCL_WI
fl 401 &
Loss of barrier function CCR_B1 CCR_B2
Changed redox conditions in SFR 1 CCR_RX
Extended global warming CCR_EX
Unclosed repository CCR_UR
Future human action CCFHA1 CCFHA2 CCFHA3
Glaciation and post-glaciation condition CCR_GC
Faes
Scenario combination 1 CCC_SC1
Scenario combination 2 CCC_SC2
CCM_GW  Global warming CC CCR_B1 Loss of barrier funct. CC - no sorption in the repository
CCM_TR  Timing of releases CCR_B2 Loss of barrier funct. CC - no sorption in the bedrock
CC CCM_CD  Collective dose CCR_B3 Loss of barrier funct. CC - high water flow in the
CC CCM_EP Early periglacial repository CCR_RX Changed repository redox conditions in SFR
CCL_IH High i tory CC 1cc
ol e H_'gh f'lnve_” ‘i:’ ook oo CCR EX  Extended global warming
ol Be A'g | °"‘1 '2 ©be t“"; » CCCCR UR  Unclosed repository CC
ce ECL BB cc;erati e't cc;ncre: t.egraCéi on CCFHA1 FHA CC - Expos. of on-site crew during a drilling event
oL e & nhe" T(”' eCCegra ation CCFHA2  FHA CC - Exp. during construction on drill. detritus
= arthquake landfill CCFHA3  FHA CC - Expos. due to cultivation on drill.
CCL_CA High conc. of complexing agents CC
CCL_WD  Wells downstream of the repository CCC_SC1 Scenario combination 1 -
CcC CC CCC_SC2 Scenario combination 2
CCL_WI Intrusion wells CC -CC
B29 L EHnT A8 X0 MER
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216 2 e B S R 0 0 OS2 BT

Fe B ]

ENiL

'k 2 Aquatic
Water

PM org !
Prod

RegoUp
RegoUper,
RegoPG
RegoPGy,
RegoGL

RegoLow

Radionuclides in open water of sea basins, lakes and streams, including radionuclides
dissolved in water and adsorbed to particulate matter.

Radionuclides stored in organic particulate matter suspended in the water column. Prim

Radionuclides stored in aquatic primary producers, including radionuclides in pelagic,

microbenthic and macrobenthic primary producers.
Radionuclides in the upper oxic and biologically active layer of aquatic sediments, including
radionuclides in pore water and adsorbed on sediment particles.

Radionuclides incorporated into organic particulate matter in the upper aerobic and biological active
layer of aquatic sediments.

Radionuclides in post-glacial aquatic sediments (clay gyttja) below the biological active layer,
including radionuclides in pore water and adsorbed on sediment particles.

Radionuclides incorporated into organic particulate matter in post-glacial aquatic sediments
(clay gyttja) below the biological active layer.
Radionuclides in glacial clay (typically overlaid by post-glacial deposits), including radionuclides in pore
water and adsorbed on sediment particles.

Radionuclides in till (typically overlaid by glacial clay), including radionuclides in pore water and
adsorbed on sediment particles.

4 (52%) Terrestrial (mire)

PrimProd
RegoUp
RegoUper,
RegoPeat
RegoPeat,,
RegoPG
RegoPG,,
RegoGL

RegoLow

Radionuclides stored in mire vegetation biomass, including both above and below ground biomass
of bryophytes, vascular plants, dwarf shrubs and trees.
Radionuclides in the upper oxic and biologically active layer of wetland peat (acrotelm peat),
including radionuclides in pore water and adsorbed on peat.

Radionuclides incorporated into organic matter in the upper aerobic and biologically active layer
of peat (acrotelm peat).
Radionuclides in deep, permanently anoxic, wetland peat (catotelm peat), including

radionuclides in pore water and adsorbed on peat.
Radionuclides incorporated into organic matter in the deep, permanently anoxic wetland peat
(catotelm peat).

Radionuclides in post-glacial sediments (clay gyttja) overlaid by wetland peat, including
radionuclides in pore water and adsorbed on sediment particles.

Radionuclides incorporated into particulate organic matter in post-glacial sediments (clay gyttja)
overlaid by wetland peat.

Radionuclides in glacial clay buried under wetland peat and typically overlaid by post-glacial deposits.
Inventory includes radionuclides in pore water and adsorbed on sediment particles.

Radionuclides in till, buried under wetland peat and typically overlaid by glacial clay. Inventory
includes radionuclides in pore water and adsorbed on sediment particles.

2 (B #) Terrestrial (agriculture)

RegoUp

RegoUpay

Radionuclides in the upper layer of agricultural soil (or top soil) influenced by plowing and
bioturbation, and where crops primarily take up nutrients and trace elements. This layer is
well drained and have a high soil biological activity. Inventory includes radionuclides in pore
water and adsorbed on sediment particles.

Radionuclides incorporated into solid organic matter in the upper layer of agricultural soil.

' Compartment is also referred to as Water,, in the technical model description (Saetre et al. 2013).
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# 17 SR-PSU % >33 % 24F 4 SFR ek 0% 2>

(CRER L =0

E
WA#RaRT 28 KRS ERESARRW 2% HamiE L LA
]
FRRBRA F RO A Ecolego 95 Radionuclide transport report
(SKB, 2014f)
TH
/s % LA Comsol Multiphysics 150 von Shenck and Bultmark 2014
Ja® ¥ pH w1 PHREEQC 51,133, 174,206 Cronstrand 2014
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