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ABSTRACT

Two proposed sites, Daren and Wuchiu, have been on the selected lists by Taiwan
Power Company, MOEA for final disposal of low-level waste. Reviews of radiological
dose assessment are crucial steps for the approval of long-term radiological safety
requirements of LLW disposal facility. However, how much concentration of
radionuclides released from the near-field to biosphere and what radiation exposure
levels to an individual can influence on the satisfactory performance of the LLW
disposal facility and safety disposal environment. Therefore, all low-level radioactive
waste must be managed and disposed to the radiological dose that minimizes risk of
radioactive release to the environment or to people. The dose limit of 0.25 mSv/year to
the individual expected to receive the greatest exposure to residual radioactivity is the
requirement. Texas Commission on Environmental Quality (TCEQ) staff performed an
independent analysis using RESRAD, and including sensitivity and uncertainty studies
for the environmental and safety analysis of a proposed low-level radioactive waste
disposal facility in Andrews County, Texas. USNRC has approved the license of LLW
disposal facility in Andrews County. Therefore, the purpose of this study attempts to
investigate the RESRAD code for the performance assessment of low-level radioactive
waste disposal facility in Andrews County. This study uses the RESRAD code
(RESRAD-OFFSITE and RESRAD-ONSITE) to simulate the case study of
performance assessment in the proposed site, Taiwan and investigate the possibility of
radiological dose and potential pathway exposure. The results can provide detailed
tools of confidence in the protectiveness of the human health and environmental impact
for safety assessment of low-level radioactive waste disposal facility. 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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Figure 8.1-1 Site Conceptual Cross-Section
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g Ea i s 2 e 0 £ % SWAT (Soil and Water Assessment
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2.2 M B H % 23T A E R E R R A
m AL e 2P A2 %ﬂ—% ﬁf B R EREIRT A IFA R 5 50mSviyr;
TF BV ERAERT - G 025 mSv/yr, ,,.\,&% >4 5 1 mSviyr- #
& PIEEP ’Fﬂ Gy £ B2 K"’t’ B R B HFH D ’fw‘ » MR TE A
fos - 42 B Sgh s »EP%L~ FEELE ¥ R TR SR
¥ ;LIEQ%%%E“%"F@?’F%’ » Tadk * 2 B ARGONNE B 73 % 3 % & 2
RESRAD Ao R PR B A TIE S ZF BTk RS B R
BB H AR %\ gt E ¥R % 0 L RESRAD #2558 2 478 % » 8 &40 0 >
éﬂinpmﬂ +ﬂ$ (s 2 FRITEMWFE A > 2011) - 2 B ARGONNE R 73 %% %
#r B 2% 2. RESRAD (i.e., radiation doses and risks from RESidual RADioactive
material) - # z ONSITE ~ OFFSITE ~ BUILD % BIOTA % i & 247 /&% ficke >
# ¢ RESRAD (ONSITE 2 OFFSITE ficie) = &2 BFfiac g 414 R € $3 iz
ﬁ%ﬂ*%iﬂ P AT TR 23 A2 0T 0 BN VARG P ESFE
LAY IR R S 4 R 2 R AR (#F B 020105 W,
2000, 2001, 2003, 2007 ) - 2 Wtz g#1& A €37 2013 # 2% 2532 37 19 &
% W B k3B 72 Waste Management 2013 #34 ¢ & #pw + = £y%2 [ Panel:
Recent Developments and Trends in Integrated Risk Assessment Methods, Tools and
Decision Analysis SupportJ €0 F AR MO R R P RS g:ﬁ,a»,ﬁff.
T % >% A58 2 - 5 RESRAD(Onsite) 6.5 and RESRAD-OFFSITE #i-5¢
A4 W f TCEQ 4% % M4tV % 7.8 34 11* RESRAD #%3% & 37 {F &4
HELER TR ML - BHMERRTFL 282 % T Draft
Environmental and Safety Analysis of a Proposed Low-Level Radioactive Waste
Disposal Facility in Andrews County, Texas | > 4 445 &% € b "& 3% 0F 2 & 2 & =
0 3 M AN LR 71 EARR ~ 1 AKX B2 RESRAD 425 #-
FIF AT R "6 0 4oF] 15
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Landfill Design Comparison

Landfill Liner Comparison:
WCS Design vs. Clive Design

INTRUDER RESIDENT

Peak dose less than 10 mrem/yr at 36,000 years. Regulatory limit is 25 mrem/yr.
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Dornsife(2012) % # *t £ W} k33 WM2012 # 3t ¢ " An Updated Performance
Assessment For A New Low-Level Radioactive Waste Disposal Facility In West
TGX&SJ }i R & Aﬁ;% ”“ﬂfﬁ*%‘#ﬁ #”'}%@E E¥W a2 {7 AT A B% o wm~ #}
Jy 0% 2009 £ 9 7 10 B oo o 45 TCEQ % i acsid o it # ﬁp@m/ﬂ*fﬁ

( Radioactive Material License, RML ) & WCS» 7 4z & 5 (A/B/IC» % 7 42 C %)
M B B 3 e B 3K %6 o WCS(2012 ) 41 * 375 75 4 (Probabilistic fate )
) f@ﬁ%ﬁﬁ“ » 4 GoldSim #-5¢ (2012) 5+ T ok HE:S > # 32 HYDRUS Hr
MODFLOW-SURFACT™#5¢ 38 17 7 iy 3% 15 A 45 e { &7 ik Jp48 1 17 5702 R(TAC)
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b ?ﬁ"fr Ry Ry 0 M E BT ans i i (Kd) or 0 @ 353t R
PPl K Eﬂﬂ?/%—r e AT 2 B3 %L;' 1ARREEREY TR
2. Kd & - WCS 7§ B4V % 40 & MOt 0 3 P B K26 973 FolraR 2 (3%
>t e gt http://www.urs-slc.com/wes/ ) (WCS, 2013 ) » 3% #:ﬁtréﬂ; LHE T B

WP hertdr A B BAFE gt 5 M 25 T % 2-Section 8: Performance
Assessment | 7 it #®=fm ~ T ¥ 2-Section09-Quality Assurance and Quality Control |

&R 4 - T 4 31-Appendix 8.0-6: Detailed Pathway Analysis | #-tmik jT 4~
+7 ~ T % 31-Appendix 8.0-7: Sensitivity and Uncertainty Analysis | 5T B & % 7z %_
& 45 ~T % 31-Appendix 8.0-8: Computer Outputs ; = ”mrﬁg?] % o BIR L7308
W fr c EFRMPacEHIL A g (NRC) »+ 2012 # 8 % 29 2 30 p »* % W &G 4
NRC %% (=2 TPUBLIC MEETING ON WORKSHOP ON PERFORMANCE
ASSESSMENTS OF NEAR SURFACE DISPOSAL FACILITIES: FEPS ANALYSIS,
SCENARIO AND CONCEPTUAL MODEL DEVELOPMENT, AND CODE
SELECTION > 4437 373 % Je B K36 e# i 3= A7 3 € (4 B AR A 47

TaBMme 3 B AN EH  BEHH 0 SR Bt Emne %t 6 &
BSAENNEP EAHAER (BB EEES NG T Al
FLAZ KL HRT 5 AMBER #5574 - Russell Walke, Quintessa; ASCEM - Paul
Dixon, LANL; Ecolego - Rodolfo Avila, Facilia; GoldSim - lan Miller, GoIdSim
Technology Group; RESRAD - Charley Yu, ANL o &3+ 3% W B %473t ¢ 742 2

# (#F2 NRC 3 - % xn @ http://www.nrc.gov/waste/llw- dlsposallpubllc—
outreach/august-2012-workshop.html#webcasts ) » & #-=> % v % [ @ & 22 R Al
Fab FH BT Nl AT A 2 F ASERTRY 2 A E SR R
X >F AET ) BT HHBERP o
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AR S ﬂm # Andrews Site ] * RESRAD #2 ;% & 17 §§ &3]
TELGTRAAMEL BB ER G TR 2 EEA L
N 8 é%mﬁ%% BRRITRIRE
r19 £ RAE Y % 18 & Hu (Andrews Site) 41* RESRAD #4254~
,ﬁ& ﬁrﬁ%ﬁ IR E R R 2E S % o U3
WCS = & & Y 53 £ 4 14 m,@p‘; L4 87 78 £ 34 P (B KRR
Rev. 12c, May 1, 2007) » p % 3+ U&l‘—% Wl KL IED AT
A }f@'»‘r%"‘;{»,l. 5 Jers \*ﬂi_g. j:;—;]:gf&g f@llF‘,—‘-é(@ﬁ% ~ ER
HF-EFF) B2 "E:I“’bt’ﬁ‘%z%*&il F R RITIR ‘—Tz“i"ﬁfé N
%"lﬁ— 513—4\13—%@?]/\ FEG PR S RAee AR E > GHNRE LH
S OHC RPN A o 3% T BNER 4 ( 33T e g o http://www.urs-
slc com/wces/ ) (WCS, 2013) AP o5 B EREY L EESa 4 * RESRAD
E AR R SR G AR AR S i&éfﬁ?llf‘é_ R e R e N
4 :}{; % 2-Section 8: Performance Assessment | # &c :=iz ~ I % 2-Section09-
Quality Assurance and Quality Control ; & & %z 2274 ~ " % 31-Appendix
8.0-6: Detailed Pathway Analysis | w2 /&4 7 ~ T % 31-Appendix 8.0-7:
Sensitivity and Uncertainty Analysis |47 & #2 7 #/x 74~ 17~ ¥ 31-Appendix
8.0-8: Computer Outputs ; & ”faﬂi%] % o ¥ TCEQ -~ 4% T Draft
Environmental and Safety Analysis of a Proposed Low-Level Radioactive Waste
Disposal Facility in Andrews County, Texas ; #2.& 7= 3 4 % % R4 % & &
Ha 4% RESRAD ;N 2 47 {5 64 E H R "= GAPMIFE L - R ER
TR FE R ke R F e WEST A T e FEEP RESRAD 425¢
2 o8 RO IRl N e ISP = R
ARB f% RESRAD A28 2 47 {5 54 M £ & b "R37 0% »  FALEHEL 72 A
AP RERELSFTEB 195 WCS 2 4 I inY 353 0 5 M % 2-Section
8: Performance Assessment | =4 it 3G $8 4 » Fjaqe VISR A3 o el PR
# 473k % (Compact Waste Facility, ™7™ i CWF) ; ™ 2 321 % Wi &
IRE PP 1 E MR P 2R 47 K %5 (Federal Waste Facility, ™
THAFE) 2P > B E R RINEP LA 2 hClass A~ B~ CHgig
3 $» e FWF-CDU(Canister Disposal Unit); ¥ — 5 #4782 & #8 (Mixed
Wastes) 2z g 3 4~ e FWF-NCDU(Non-Canister Disposal Unit) o % 3% *&
Bl ARAFHFEERwER 1324 3977 # 7P CWF #&4c Class A~ B~
CH MDA S BlcBRNFHABE 2809 = > B FR 470 § 2 2 -FWF
# % Class A~B-~C: ﬁ:"&*f»%i\ﬂal > #H ¢ FWF-CDU #:4z At 3 Jfﬁi‘*";}g
2430 & = > &~ ER 1640 & A 2 5 FWF-NCDU 4% 4c 3 4~ 48 4% 3260 7
22 ERSFER0LTOE AL -
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21 CWF 542 ick 3 545 &

Class A Class B Class C
Waste Stream Ft3 Ci Ft3 Ci Ft3 Ci
CONDFSL [Condensate phase separator filter sludge | 3.69E+04 | 3.84E+02 | 2.76E+03 | 1.77E+02
COTRASH [Compactible trash 8.50E+04 | 7.38E+02
DECONRS [Decontamination resins 1.34E+03 | 1.28E+03
FLDRFSL  [Floor drain filter sludge 3.30E+03 | 2.11E-01
FPFILSL Fuel pool skimmer filter sludge 2.27E+02 | 2.62E+01 4.58E+02 | 1.66E+02
HIGHACT High activity wastes 5.63E+03 | 3.77E+02
LOWASTE [Low activity waste 6.16E+03 | 1.03E+01
NFRCOMP |Non-fuel reactor components 2.54E+03 | 1.34E+06
PROCFIL  [Process filters 1.93E+04 | 5.58E+04
RWCUPRS [Reactor water cleanup resins 1.75E+02 | 6.30E+01
RWDMRES [Reactor water demineralization resins 1.16E+04 | 3.19E+03 | 2.46E+04 | 3.69E+04
SOURCES [Sealed radioactive sources 1.07E+04 | 9.70E+03 | 2.05E+03 | 2.34E+03 | 4.62E+03 | 2.56E+04
SSYSRES [Secondary system resins 2.39E+04 | 4.79E-05
Totals by Class and Activity 2.49E+06 |5.76E+04 |2.44E+05|1.03E+06 |3.20E+04 |3.64E+06
Total Cubic Feet for CWF 2.8E+06
Total Curies for CWF 4.7E+06
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2 FWF-CDU 3k *& 4= FWF-NCDU 3 & H v B 3 4~ :}ﬁ; E'id
B 3550 Class A Class B/C
W () #R (Ci) A (f°) %R (Ci)
FWF-CDU

Low-Level 5.74E+06 3.15E+04 1.57E+07 1.46E+07
Mixed 2.64E+06 4 47E+04 2.26E+05 1.80E+06
EX T 2.43E+07
wiE R (Ci) 1.64E+07
FWF-NCDU
Low-Level 3.14E+07 6.84E+03 --- ---
Mixed 1.19E+06 6.54E+02
B () 3.26E+07
BER (Ci) 7.50E+03

3 FWF-CDU % *& ~ FWF-NCDU 2% *5 27 CWF 3% 6 & & 372 B 3 7 3%
FWF-CDU FWF-NCDU FWF CWF
3 (Curies) 3 (Curies)
I.\ﬂﬁﬁ
iR A R R
2 (Curies) 2 (Curies)
Class A [Class B/C Class A
2010 | 2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 4.6E+05
2011 |2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 4 6E+05
2012 |2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 4.6E+05
2013 |2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 7.6E+04
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FWF-CDU FWF-NCDU FWF CWF
B. 2 (Curies) B. 2 (Curies)

LW

SRIEY ] RIS R
Class A [Class B/C Class A % 2 (Curies) #x(Cunies)

2014 [ 2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 7.6E+04
2015 |2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 7.6E+04
2016 [2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 7.6E+04
2017 | 2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 7.6E+04
2018 [2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 7.6E+04
2019 | 2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 5.8E+03
2020 | 2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 5.8E+03
2021 | 2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 5.8E+03
2022 | 2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 5.8E+03
2023 [2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 5.8E+03
2024 [ 2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 5.8E+03
2025 [2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 5.8E+03
2026 [2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 5.8E+03
2027 [2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 5.8E+03
g 2028 [2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 2.5E+05
?; 2029 [2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 2.5E+05
2030 [ 2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 2.5E+05
2031 | 2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 3.7E+05
2032 [2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 3.7E+05
2033 | 2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 3.7E+05
2034 [2.19E+03 | 4.67E+05 2.14E+02 4.69E+05 3.7E+05
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FWF-CDU FWF-NCDU FWF CWF
B. 2 (Curies) B. 2 (Curies)
AU
R R TERBR
Class A [Class B/C Class A % 2 (Curies) # 2 (Curtes)
2035 [2.19E+03 | 4.67E+05 | 2.14E+02  |4.69E+05 1.2E+05
2036 |2.19E+03 | 4.67E+05 | 2.14E+02  |4.69E+05 1.2E+05
2037 [2.19E+03 | 4.67E+05 | 2.14E+02  |4.69E+05 1.2E+05
2038 |2.19E+03 | 4.67E+05 | 2.14E+02  |4.69E+05 1.2E+05
2039 [2.19E+03 | 4.67E+05 | 2.14E+02  |4.69E+05 1.2E+05
2040 | 2.19E+03 | 4.67E+05 | 2.14E+02  |4.69E+05 1.3E+03
2041 [2.19E+03 | 4.67E+05 | 2.14E+02  |4.69E+05 1.3E+03
2042 |2.19E+03 | 4.67E+05 | 2.14E+02  |4.69E+05 1.3E+03
2043 [2.19E+03 | 4.67E+05 | 2.14E+02  |4.69E+05 1.3E+03
2044 |2.19E+03 | 4.67E+05 | 2.14E+02  |4.69E+05 1.3E+03
Totals| 7.68E+04 | 1.63E+07 | 7.50E+03 |1.64E+07 | 4.7E+06
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2. EFRFENE (MAEHFFII00E 2 prep)
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Podpier ERrd o v r FREFS T i € FR OB A bR E o
R EIREHFRY  FHRT I FEBELBEEOA MR EREF B AR
FE AT AR AR

1 3”5‘??_1 T’E‘-%Z

2. FwHGRP DB A
3. HRIT B R

4. BEB»F

"R g B R P T e FARATIH A R e 1T o M
Fio METEARETDRATHFRENRE - FFE R P P L Ldaaas
FEEHFRY > C A2 REH RS BT THERERP DB RS
i AR P AR FH1002 < R - 20 FHFIFS AT EPERT o AT
PR Ghdp B AT WCSHHEIL G 0 S HFEHEF62 w@’vuﬁ%AA”Wﬁﬂ
g A bt 44 o ;gra%y<@mw%ﬁ'1mﬁ Prdp ) o TARIT A A
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A WCS 2 7 4 oY -F (3EA4R4 erl) 2 T % 31-Appendix 8.0-3:
Qualitative Pathway Analysis | » # 44> % 5 TR R | p o

EBORBFHEZAEVELET - B A LRAPM 4301 F B (T {ob B
BREHAE 25 50 /E0RE (T BE ) > FNEG K p A 7502
4 (TAC) §336. 724(1) 2 AEE30R T & A B U o S B AR LB T
Fretilp A fod BT el A o 1 (kB R U 2 5000% K p/E > kp T30
TAC8§336.305(a) | s T £ ea B cnB A 2 R BEE 21008 A p /&> % p 30
TAC§336.305(a)1 | 3. 2o
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AL AL IE AR AL
I e
B L EIET FEIR(RI2|2|5
AO|F ®
Air Pathway
A1, Airborne dust from open bulk waste cell during XXX X
operations Dust resuspension
oy EEARAFE R E AR A Bt EEapiEiy
Dust resuspension
A2, Airborne dust from loading and transport of bulk waste Bt R oEgEE x | x| x X
A IR IR A
\Waste decomp. &
. . . rad. deca
A3, Airborne gases from waste cell during operations (H-3, y
C-14, Kr-85, 1-129,radon) e A C R PR S
M R g i e Csm s - % XXX X
by EEARA AR E AN 2§48 (4H-3, C-14, Kr-85,
1-129,% # )
A4, Evaporating water from disposal unit sumps in bulk ~ [Evaporation
waste cell during s X [ x| x X
Operations
By E AR P Al B ki ok
Dust resuspension
A5, Suspension of post-closure residual soil contamination SR s Ix Ix [ x % | x
HHRMPEART IR R 2B FE2
A6, Gas emanation through finished cover (H-3, C-14, Kr- Waste decomp. &
- . XX |X]|X X | X
85, 1-129, radon) rad. decay
F RS REREFACE IR (wH-3,C-14, Kr- |55 4 4 32 45 54 %
85, 1-129,% # ) %
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AO|F ®
A, Transport of contamination exhumed by burrowing Dust resuspension
animals and deep- A3 B ORAE Y X X
rooted plants
BMREE LR g E 4P @ﬁs?]%i% BN
A8, Air releases associated with a dropped, breached XXX X
canister Dust resuspension
e 2 1) ’| s A N -
BT EHAR R 5 Mg [ ET
A9, Air releases associated with a truck fire Fire v X | X | x X
FHRIERIFAGE LT M
A0, Air releases associated with a tornado Dust resuspension | X [ X | X X
FAFNAWERL G MY A R OR AR F
Soil Pathway
Residual X X
S1, worker inadvertent soil ingestion contamination
A 1Y wF A
S2, Inhalation of off-site resuspended soil contamination XX X
(contaminated by dust
deposition) Dust deposition &
B RS R R R RS 42 g (B ke g2 B [ESUSPENSION
A% Ao ATE SRR R
2
83, External radiation from off-site soil contamination N
(contaminated by dust Dust deposition X | X X
deposition) LR
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Groundwater Pathway

Gl, Leaching and groundwater transport through red beds
to a well screened

above the red beds
B S o d 23 FRE S ;‘7%5)%—%5?%’“}4?@%%1']’]41*
2§k g

Leaching from
disposal cell

Ut B 2%

GZ, Leaching and groundwater transport through 125-foot
zone to a well screened above the red beds

B
P

bk b

B d 1268 R RS FIREE T K @%?JE'J

Leaching from
disposal cell

ek H 7%

GB, Leaching and groundwater transport of radionuclides
to a well screened in

the 225-foot water-bearing zone
PG BikRE s Tk @3‘1%11"12254‘:? RN 7ok BB ak
ok

S

Leaching from
disposal cell

A H AR

G4, Leaching and groundwater transport of radionuclides
to a well screened in the Trujillo sandstone

ﬁ@@d%%ﬁyf«@ﬁﬂnwmm%ﬁ¢ﬁﬁ¢§

Leaching from
disposal cell

ik R R

G5, Leaching and groundwater transport of radionuclides
to a well screened in

the Santa Rosa formation

Pifigd RS TK T@ﬁi%li'JSanta Rosa i ek # -k &

Leaching from
disposal cell

AL B AR

Surface Water Pathway
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Fadz
e X pee Hp
AL IEAEAE:
A
‘A_ < :hl 9 (=4 rg‘ f fb
BRE BhER A gl e e e
£ | &
W1, off-site transport of bulk waste as a result of high Surface runoff
precipitation or flood conditions EARE R St X | X X
d TR A B CRERT o i A B ’%“"L‘E\»*%@ﬁ%]
W2, Surface water transport of ground-deposited Surface runoff
contaminated dust to a low- IR At X | x X
lying area
BoRoRH A2 B AR IEAT HMEE R
W3, surface water run-on and contaminant transport Surface runoff
(precluded by design features) IR A X | X X
WA 8T 4 B (RS LR )
Plant Pathway
\Waste exhumation
P1,Mesquite logs gathered from the Site, post-closure, by roots
used locally for firewood B R oAk g iR g
R Y LA TN £ N TS X X
‘J\' %\ EF"
P2, cattle grazing on deep-rooted grass Waste exhumation
' by roots
LI ERET R N
EE R SRl A
Yo X X
Burrowing Animal Pathway
B1, waste exhumation by burrowing animals (precluded
by depth of burial) Dust resuspension
B ek (RN aFER ) At B R apE s X X
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A ERRHE
HE
Ty a3 s (B | pe | P2 | 12
BRE BhER A gl e e e
AO|F &
Direct External Pathway
D1, Exposure to high activity waste packages during
operations Direct radiation
YEERRATFRAEAEDF 22 =S s X | X X
D2, Exposure through the finished cover to an on-site Direct radiation
maintenance worker after closure EiE:S S0y
SERMPL MBI TFIE RS REFLBHRE X X
Direct radiation
D3,Exposure to inadvertent intruder well mud pit i X X X
ALE~»FD 2R GRHRE
#. 6 RESRAD #2.5% 2z 3715 §5 58| £ 4 &
CWF Maximum/
FWF-CDU FWF-NCDU Total = %5
(mrem/yr)
(mrem/yr) (mreml/yr) (mrem/yr) (mreml/yr)
& ¥y EREFR, 1 iEy
# 2 Al, dust 0 0 1.8E+01
# = A3, gases 0 0 1.1E-03
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CWF Maximum/
FWF-CDU FWF-NCDU Total &
(mrem/yr)
(mrem/yr) (mreml/yr) (mrem/yr) (mrem/yr)

# 7% S1, soil ing. 0 0 1.3E-01
External gammayg(a) 2.4E+02 9.5E+01 1.1E+01

BAE 2.4E+02 9.5E+01 2.9E+01 3.6E+02 5,000
THYERFERR, FRAER B A
# = Al, dust 0 0 2.4E-02
# L A3, gases 0 0 4.6E-06
# 2 S3, extrad 0 0 1.4E-05
i 1% G1, gw red bed 0 0 0
# = G2, 125 zone 0 0 0
#JE G3, 225 zone 0 0 0
# = W2, surf water 0 0 4.9E-04

KAE 0 0 2.5E-02 2.5E-02 25
¥ Y IR, BT A
# % Al dust 0 0 1.1E-04
#Z A3, gases 0 0 2.1E-08
#J% S8, extrad 0 0 6.4E-08
# = W2, surf water 0 0 2.2E-06

BHE 0 0 1.1E-04 1.1E-04 25
EE B (MR # F 111008 2 prgp ), 1 iFK
# /% A6, gases 9.4E-03 3.9E-01 9.8E-05
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CWF Maximum/
FWF-CDU FWF-NCDU Total &
(mrem/yr)
(mrem/yr) (mreml/yr) (mrem/yr) (mrem/yr)

BRE 9.4E-03 3.9E-01 9.8E-05 4.0E-01 5,000
EERPERMER (MR F 10082 ), FHERB A
#J% A6, gases 1.2E-02 1.6E-04 1.1E+00
i & G1, gw red bed 0 0 0
# i G2, 125 zone 0 0 0
#j5 G3, 225 zone 0 0 0

RAE | 12E-02 1.6E-04 1.1E+00 1.2E+00 25
T B PR B (B RS HF F T100E 2 pEp ), BOERIT R R
%I AB, gases 5.3E-05 5.2E-03 7.4E-07

BHE 5.3E-05 5.2E-03 7.4E-07 5.2E-03 25
E R (MAR100E 2 8255 ) , B »F 48F ¢
% J3 A6, gases 3.6E-03 2.9E-03 4.5E-07
i f2 D3, mud pit 6.7E+00 1.8E+00 1.3E-02

BHE 6.7E+00 1.8E+00 1.3E-02 6.7E+00(b) 100
TR (MA100E 2 52 prgp) , B~ 4 &2
# /% A6, gases 9.8E-01 8.0E-01 1.2E-04
# & G83, 225 zone,
0-10,000 yrs 0 0 0
# 5 G3, 225 zone,
0-100,000 years 5.8E-01 1.1E+00 3.4E+00
# = D3, mud pit 3.0E+00 7.9E-01 1.9E-02
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CWF Maximum/
FWF-CDU FWF-NCDU Total %
(mrem/yr)
(mrem/yr) (mreml/yr) (mrem/yr) (mrem/yr)

BAE | 4.6E+00 2.7E+00 3.4E+00 4.6E+00(c) 100
T F s (B A i100# 2 (52 p5gp ) | ARIT A 2
#J% A6, gases 9.8E-01 8.0E-01 1.2E-04
# & G3, 225 zone,
0-10,000 years 0 0 0
#j5 G3, 225 zone,
0-100,000 years 5.8E-01 1.1E+00 3.4E+00

BAE [ 1.6E+00 1.9E+00 3.4E+00 3.4E+00 25
¥k, 1 n”r—'ﬁ
# i= A8, dropped pkg 2.4E+01 6.7E+02 n/a (e)
# i A9, fire 1.6E+02 1.8E+02 n/a (e)
i# % D1, extrad 8.9E-01 8.9E-01 n/a (e)

BAE [ 1.6E+02() 6.7E+02(f) n/a (e) 6.7E+02(f) 5,000
i, BRERBA ..
# /% A8, dropped pkg 2.2E-02 2.5E+00 n/a (e)
e A9, fire 2.2E+00 2.5E+00 n/a (e)
# & D1, extrad 7.5E-03 7.5E-03 n/a (e)

BAE | 2.2E+00() 2.5E+00(f) n/a (e) 2.5E+00(f) 100
¥, BARIT A A
#j= A8, dropped pkg 3.4E-06 3.8E-04 n/a (e)
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CWF Maximum/
FWF-CDU FWF-NCDU Total &
(mrem/yr)
(mrem/yr) (mrem/yr) (mrem/yr) (mrem/yr)
# iz A9, fire 4.0E-03 4.5E-03 n/a (e)
BAE | 4.0E-03(f) 4.5E-03(f) n/a (e) 4.5E-03(f) 100

(a) #7f #8pAleha v T30 » kpae TF 31 e 8.0-4, 1 T4 AL -
(b) gFtpv etz im = B3RS > LKA § - BLA B »F

(c) ,—t@ﬂﬁw@»iﬁﬂ‘;%?&%?i_fagfﬁg{%" , f&ffii?‘ﬁ - f]}%»iﬁz o
-
0

(e) FWF-NCDU fac® 3% % & Jit 3 o Je® 212 o Fa & d FWF-CDU ¥ 3% %6 7 37
fg‘_g o]
(f) BEEF - BEIFFRT nE g 2 o

0TS R FARE T AR E I AT R EAND

o WCSEH T AL R TR FEmA 7 1% T E - BE L g g0
R ONEP B EII LR HRE L 2 T ERE R RS R wT Y

A A7 e e

1. ﬁﬁma@*‘@ﬁrWﬁ%ﬁﬁﬁE%%ﬁ‘&4

2. #HITA3 LY EBAAEPFHEAFD 8 (4cH-3, C-14, Kr-85, I-
m&i%)

3. #TA6F MK =R EF AeE I k(4eH-3, C-14, Kr-85, 1-129, # % )

A A8 ZF AN EF EARHE G M

D. #EAY FHEINEERIFF ALY LG MR

6. #/ZS1- 1 147 kS 3

T. @ES3 - BH TR 2 M2 RS (R AR AEZ L AR

8. RIEGl-*id Fr o md FRIFLD FEHELS TORBEIRY Y F R
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AL A EEAGR S GRS B R B Ho
1. A6 &

ABg 3™ F WA REF R RESATE MR (-3, C-14, Kr-85, I-
129, # 5 ) = *wﬁa‘#ﬁ ) £ o 4oNUREG-1573 & 3% » H-3, C-14, Kr-85, I-
129, x # o“!r‘ A ARG ERAL T R Ry Y A SRR PR R
Aok o dm I \;g B R F o bR R > ol B EART i S st
'F*’Hém?% s (Wl R = e iflir bk e PR NG T RE 2 &Y
[-129F #imig Mg iz > FI5 28 2k 0 [-125fe1-131% —J“f‘ﬁF S R
59% 2 8% » KA ERBEF MBI kT ke SR HH 75 F F Wend 4 2R
PR R EAEM -

I ARAEZ BE AT G A M TG B HER A o A A 0 WCS
AN EDIRER LA G EA PP A IR AT R PR RE

seen X AR G F WMEB P ERR T G -

CWF » FWF-CDU £FWF-NCDU% 573 H-3, C-14, Kr-85, I[-1294- Ra-226 -
poan aWCS2 & 4 diend -3 2 % 3044458, 0-148. 0-2745-- WCS Bk -3, C-14,
Kr-85, 1-1294- Ra—226m;f? R RIE o o M Al KW T100E 2 P ol PFR IS

GHCH TR 2 AR o WOSE AR AL B AT B LR EHRG R -
BAHE T

BERBRE (MR IFFIN00# 2 pFrep )> 2B B 1 1FF foriT & A ih
Wfé_?% °5'?'JE’LE 2 i R A F RS AR (T100E 2 (5 P )y AL
Flam2LE ﬁ?ﬁ‘%i: Fe 3&% o Mg IF—%‘ NI AEFFRLZLEFRF A BRTAE P

bﬁxﬁ% b P Rl P{*ﬂﬁfq*ﬁ;\“ﬂ RE A2 (b1 iFX hie dfoagCVF

FWF-CDU £ FWF-NCDU= %3k % & f 41 & » Hrht o b FFs %L-% EE R e

BT R AR E o LB~ ARF H ok A %?‘7 WEE R AT F R (M A

(s FF 100~ 2 FP}E’P) ‘J’ﬁf\F‘i‘F’&i'%w» U R EARE éﬁﬁ«ﬁ—*““
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38



T BT AG iy ~ Sdkc

Parameter CWEF FWE-CDU FWF-NCDU
H-3 inventory (Ci) 1.92E+04 3.01E+06 4.36E+02
C-14 inventory (Ci) 2.09E+03 5.06E+02 2.46E-01
Kr-85 inventory (Ci) 1.46E+02 3.58E+02 1.98E-02
[-129 inventory (Ci) 2.78E-04 8.80E-01 2.94E-07
Ra-226 inventory (Ci) 2.26E+02 2.17E+02 3.64E-02
Waste volume (m3) 78,220 688,000 923,000
Volume increase factor for CWF and FWF-CDU 4.0 4.0 1.0
Disposal area (m2) 20,600 112,800 37,800
Decomposition time, assumed (year) 100 100 100
Radon emanation coefficient 0.2 0.2 0.2
H-3 decay constant (year'l) 5.64E-02 5.64E-02 5.64E-02
C-14 decay constant (year'l) 1.21E-04 1.21E-04 1.21E-04
Kr-85 decay constant (year'l) 6.47E-02 6.47E-02 6.47E-02
[-129 decay constant (year'l) 4.41E-06 4.41E-08 4.41E-08
Radon decay constant (s'l) 2.1E-06 2.1E-06 2.1E-06
Radon diffusion coefficient (cmzls) 0.03 0.03 0.03
Radon dose conversion factor (mrem/yr per pCi/L, outdoor) 46 46 46
Mixing height for worker box model (m) 2 2 2
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Parameter CWF FWE-CDU FWF-NCDU

Average wind speed (m/s) 3.1 3.1 3.1
Cover thickness (cm) 900 900 900
Inhalation rate (m3/year) 8,400 8,400 8,400
Distance to site boundary individual (m) 100 100 100
Wind frequency in direction of north site boundary 0.13 0.13 0.13
Atmospheric dispersion at north boundary (X/Q) (s/m3) 6.08E-05 6.08E-05 6.08E-05
Distance to nearest resident (m) 6,000 6,000 6,000
Wind frequency in direction of nearest resident (west) 0.06 0.06 0.06
Atmospheric dispersion at nearest resident (X/Q) (s/m3) 2.30E-08 2.30E-08 2.30E-08
Fraction of year exposed

Worker (96 hr/year) 0.011 0.011 0.011

Site boundary individual (2 hr/day) 0.083 0.083 0.083

Nearest resident (8,760 hr/year) 1.0 1.0 1.0

Inadvertent intruder driller (32 hr) 3.65E-03 3.65E-03 3.65E-03

Inadvertent intruder resident (8,760 hr/year) 1.0 1.0 1.0
Calculated radionuclide flux at ground surface

H-3 (Ci/m?-s) 4.37E-10 1.80E-08 3.65E-12

C-14 (Ci/mz-s) 4.76E-11 3.00E-12 2.06E-15

Kr-85 (Ci/m?-s) 3.33E-12 0 0
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Parameter CWF FWF-CDU FWF-NCDU

1-129 (Ci/mZ-S) 6.35E-18 2.86E-15 2.46E-21

Rn-222 (pCi/m>-s) 7.77E-01 1.22E-01 1.06E-05

kT R R B AH D L3 TTH = Bk ks (CIF > FWF-CDUA-
WFMW)@mﬁﬁ’ﬂﬁﬁﬁﬁm @H8+%’“&&4@& B LR
ww,%4®*mﬁmi%g8+%%@ﬁgbi—’%EE%KEA%&ﬁ%
K Pleig AR kTG 2 AR B e o R MR~ AEEE S B A A
£ 0 RIEXR Fg”"'ﬁ‘ K o

H-3, C-14, Kr-85, fcl- 129% E#H TR pF+d T4k P R L %)
& [-129:0% 5 FliicdziT] o
Fop = [1 — exp(-A*top)] / [A*top] (3-1)
Fop =+ i& # ¥ % j* %]+ (operational decay factor) (& =)
A= 8% % ¥ # (radioactive decay constant) (yr-1)
top = ¥ @k iv¥p (operational period) (35 years)

(D#FF ok cXHE -
AL EEE T 8B oA B E RE A T TR AR B
ﬁﬁmmfﬁf’”m.ﬁéfﬁfﬁm 2= o MTILIEE fE ARG R (PF F

7})

Dose = C,ir * U * f * DCF-inh (3-2)

Dose =# #8=% » #| & (gas inhalation dose) (mrem/year)
Cair=7% § © #4748k & (airborne nuclide concentration)  (Ci/m?3)

U= = » & (inhalationrate) (8,400 m®/year)
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f=21i4= &gt pe & (fraction of year worker exposed ) (0.011, or 96
hrlyear)

DCF-inh =% » #| & #& # ]+ ( inhalation dose conversion factor ) (mrem/Ci, EPA
1988)

0 W F O R R G

Eﬂr

Car=J* A/ [sqrt(A) * u* h] (3-3)

J=tp 6 ihf st gl £ (CilmP-s)

JZQ/(A*T) (3_4)
J=§ fi sty fasd £ (Cilm?-s)

= Jek f2 85 & (Ci)
Feed K5 & (M)

4 f2pE R (decomposition time) (100 year)

q
A=
T

TR RS ER S A R AL F MAABERE E R o BT
o HEAR BRAFERRADRE FL AT F»—‘—fﬂPFﬁz 2oL R EFR S
e z\xé'ﬂ@ﬁ%];@fﬁit‘ 2% RE 39‘3?'{:\111—‘_1-0 B ldp R ,3»’7147 , Tff'f'-’ﬁ
AhE R AR DT G EEY EHFRF o F TR ERE B AT Ay

Dose = C, *0.001 * f * DCF-rn (3-5)

Dose =% = » | & (mrem/year)
Cn=% 7‘? = gF 3 /}é)*;i(pCI/m3)
0.001 =¥ =i #]+ (m3/L)
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f= 5 & & {5 59 & pF R (0.228, or 2,000 hr/year)
DCF-rn =% #| £ # 3% %]+ (46 mrem/year per pCi/L outdoor, 10% equilibrium)

Cn=J*A/[sqrt(A) *u*h] (3-6)

u i# (3.1 m/s)
h=4#3:;/2 £ 3 & (mixing height for box model ) (2 m)

W46 5 BT T8 L% (NRC 1984);

e

J=Ra* E *sqgrt(A * D) * exp[ -sqrt(A / D) * teo (3-7)

Ra=A 3 4 ¢ 45-226)k & (pCi/lcmd)

E=#% % ) 2% (Emanation coefficient) (0.2)
=% % % ¥ #(2.1E-6 s)

D =% #54% % #(0.03 cm?/s)

tov =R+ B ;%:}-%-)A}i (900 cm)

T RN EERRFER L T E AT BASIE AT a2 - BT
pRERF o FWF-CDUri® 335 4 & f5 54& € kiR 5 H-8 o #75 s fa @ g >
T T Bt 3% Y] mrem/year 0 dv & 8977 o

Z 8 #JE A6 T M (4 enfg 5+ (mrem/year)

Nuclide CWF FWF-CDU FWF-NCDU

H-3 5.9E-03 3.9E-01 9.8E-05
C-14 5.4E-04 5.6E-05 4.7E-08
Kr-85 0 0 0
1-129 5.3E-07 7.1E-04 4.1E-10
Radon 3.0E-03 7.7E-04 5.6E-08
REESE XA 9.4E-03 3.9E-01 9.8E-05
9T KR 4.0E-01
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(2) B » G % 81 5 % b £
LA ROE ~ GEF ok AR RE B RS A PF (T100# 2 12 S
7)o Bl5 & heng » %t*fﬁ?%"\E”“LrU 4 100# chpE R > 3% 0 2R 2
ERE > F L E L A R R R 2100 PR PR R

f*ﬂJﬂ ’ H—3$rKr—85f'ﬁ3"ﬂJﬂ By rs i wC-14 > [-129 > fvRa-226% % 2 i > #|

75 o BE- BR

CHEDR o~ BEEH o - v H R220% IFA R R - 45

28
2 A
7 1o b

- BRAPE A H R B\xe‘.)»ii—hﬁ’l N N R R R

BT s %3

ik

ﬁ‘:u:' B\X’ﬁ;fﬁi?} Eﬁ‘l&% :‘%,’5_ X 24/J\B3|3: ’ 51]%(["% 9 °

A 45338 F LNRCF AL (NRC > 1986) - B~
EIR SR »Jﬁ

2 Big SR

09 T AG P~ HRIFF & 2 A chi M~ § 54 £ (mrem/year)
ﬁﬁ CWF FWF-CDU | FWF-NCDU
LR
H-3 2.1E-05 1.4E-03 3.5E-07
C-14 5.3E-04 5.5E-05 4.6E-08
Kr-85 0 0 0
1-129 5.3E-07 7.1E-04 4.1E-10
Radon 3.0E-03 7.7E-04 5.6E-08
Total 3.6E-03 2.9E-03 4.5E-07
Maximum, all disp. units 3.6E-03
B
H-3 5.7E-03 3.8E-01 9.6E-05
C-14 1.4E-01 1.5E-02 1.3E-05
Kr-85 0 0 0
1-129 1.4E-04 2.0E-01 1.1E-07
Radon 8.3E-01 2.1E-01 1.5E-05
IARERE A 9.8E-01 8.0E-01 1.2E-04
3 R AR E 9.8E-01
() B HE A EhaiTh A HE
fﬁ%ﬁé%ﬁﬁ%ﬁ%ﬁﬁﬁ%ﬂ’m& v RLE 62 2
TH TP EA #NWW%RQFN%(%&wfﬁﬂmmfﬁﬁ
B ) B ALEE o F RSB PERE (3 FF ) 7 E 2R3

20 HFif B g BTl A
WA AR

ar =J* A* (X/Q)

J=§ R sty faid £ (Cilm?s)
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A= Rk K *fff (m?)
(X/IQ) = 17 F+ (a tmospherlc dispersion factor) (F%:Eh =
6.08E-5 s/m3, ﬁxﬁk&sir 2 % % 2.30E-8)
F EEMEAEE () a3t 8 278405834 kp 7 B35 o0 et
3-Hhe HF 1% jll f‘—"ﬁxlj}%:‘- E N mi ,L" /}E}i =3

Cm=J*A*(X/Q) (3-9)
FHEE(J)d 2 ARN-THET o F %R fob T A R RSP
%A E 4 B H 1.2 mrem/year 0 0. 0052 mrem/year ° 4c# 10475

10 7% A6 3T 8 B 8 SART B R 503 £ (mrem/year)

Pfa CWF FWF-CDU FWF-NCDU
EFRER
H-3 7.2E-03 1.1E+00 1.6E-04
C-14 6.6E-04 1.6E-04 7.8E-08
Kr-85 0 0 0
1-129 6.5E-07 2.1E-03 6.9E-10
Radon 3.7E-03 2.2E-03 9.4E-08
B W] 3% 25 % £ | 1.2E-02 1.1E+00 1.6E-04
3 R AR E 1.2E+00
B HBIT A A
H-3 3.3E-05 5.1E-03 7.4E-07
C-14 3.0E-06 7.3E-07 3.5E-10
Kr-85 0 0 0
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Bt CWF FWF-CDU | FWF-NCDU
1-129 3.0E-09 9.3E-06 3.1E-12
Radon 1.7E-05 1.0E-05 4.2E-10
RS R 5.3E-05 5.2E-03 7.4E-07
T3 KRR AE 5.2E-03

S P A OR Ao A 110 P75 A £ Mt 25 mrem/year » (g 30
TAC§336.724/21 )+ M3 ERIRFLHGFFETF 25U & 10 mrem/year -

% 11 27 A6 §5 53 £ 3 5 & % (mrem/year)

¥

#BEF A& (mremlyear)

1 ik 4.0E-01

RE > F YR E - 5100 &P

100 3.6E-03

LR kA -

%100 & p* 9.8E-01
FERER - M 1.2E+00
BOARIT B R — B FPE 5.2E-03

RS BEAL TR T B TII0E < F § kR
, v ; 3

2

ﬁ J# dr s g f—%‘%%vgi’ ,?1_—': 1‘9\%; » Wi S %] > I %

o BRis B AT ok #%ﬁzk%%Tkﬁ§ﬁ“L*ﬁ%ﬁ*
g

FE KRR o T DT R B SN T 8 P H AN (02t
ﬁ>%@¢W§’ﬁM/&m%@lﬁqhwlﬁﬂqﬁ*ﬁﬁ*ﬁi%?ﬁﬁ
oo B AIREIRIEY R o RFH AT BFRR BB ROFRE RS DRE A

ARLBR TR TR

46



Bl 17 G32iEfaddl B * s T kq iR

AR AR RN e T E i R FIIRR 225 R BB
B o CWF B 3K ¥ 8 E ) RN T|2263% o f cnd-8 JEA T 420 % > @ 30 F R
L iF e ® K % FWF-CDUf-FWF-NCDUR| 232 = &
ELEARE R ¥ M | * RESRAD#-3% (ONSITESR £6.3) o 2 2RHC
B U R BWCSH I enY b (BR AR 4 gl ) 2 T % 31-Appendix 8.0-
8: Computer Outputs ;> >R E ﬁiz ]4470;* o HiE 1 A7 % B3 *I&,]LM kR E=ER: .
od A REKAE (402 12) 3-8 Az 4p ‘i:}ﬁ'\/wﬁ ’]“$ A e {f;é_/p )LFT$
BoAEBGR T 0 Fl G RIBEK AT s B R B RR SR
Rt B R AR R 2 (WwiER g AR RHRRS) ¥
L oAt o fr.@;g@ FoasB P AERE > s TROoEHL D
RESRAD# ;¢ £ & ﬁis?] *»IEP - GHHERE AAIERRFEEEN O
riE R o BV AE N FEERER S F R VAT G AER LT L AD
P2 %% KE o »BE G D HELPHY (3.07%%) 8 {85 - CWF/k &%=
£ * %% 50.0383% +  FWF-CDUfrFWF-NCDU R ¥ 3% 5 P| £ & #0.0378% ~ -

o

1
-
1
-
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% 12 RESRAD fics“ ## @ * 22 Kd &

Saturated
Waste Kd Red bed Kd
Nuclide Reference Ref. zone Kd Ref.
(ml/g) (ml/g)
(ml/g)

Ac 20 Default 2,400 E.3, clay 450 E.3, sand
Ag 110 350.73(e)(1)(C) 180 E.3, clay 90 E.3, sand
Al 110 350.73(e)(1) 353 350.73(e)(1) 353 350.73(e)(1)
Am 20 Default 8,400 E.3, clay 1,900 E.3, sand
As 110 350.73(e)(1)(C) 114 Default 114 Default
Au 353 E.4, NUREG 30 E.4, NUREG 30 E.4, NUREG
Ba 20 350.73(e)(1)(C) 52 E.4, NUREG 52 E.4, NUREG
Be 31 350.73(e) 1,300 E.3, clay 250 E.3, sand
Bi 30 E.3, lowest 600 E.3, clay 100 E.3, sand
Bk 52 Default 70 Default 70 Default

C 23 Default 1 E.3, clay 5 E.3, sand
Ca 100 E.3, lowest 50 E.3, clay 5 E.3, sand
Cd 70 350.73(e)(1)(C) 560 E.3, clay 80 E.3, sand
Ce 0 E.3, lowest 20,000 E.3, clay 500 E.3, sand
Cf 5 E.4, NUREG 510 E.4, NUREG 510 E.4, NUREG
Cl 4,300 Default 0.1 Default 0.1 Default
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Saturated

Waste Kd Red bed Kd
Nuclide Reference Ref. zone Kd Ref.
(ml/g) (ml/g)
(ml/g)

Cm 500 E.3, lowest 6,000 E.3, clay 4,000 E.3, sand
Co 510 350.73(e) 550 E.3, clay 60 E.3, sand
Cr 0.1 350.73(e) 1,500 E.3, clay 70 E.3, sand
Cs 4,000 E.3, lowest 1,900 E.3, clay 280 E.3, sand
Cu 45 350.73(e) 333 Default 333 Default
Dy 1,200 Europium 240 Europium 240 Europium
Eu 270 E.4, NUREG 240 E.4, NUREG 240 E.4, NUREG
Fe 40 E.3, lowest 165 E.3, clay 220 E.3, sand
Fm 240 Californium 510 Californium 510 Californium
Ga 240 Gadolinium 240 Gadolinium 240 Gadolinium
Gd 165 E.4, NUREG 240 E.4, NUREG 240 E.4, NUREG
Ge 510 Default 0 Default 0 Default
H 240 Default 0 Default 0 Default
Hf 240 E.3, lowest 2,400 E.3, clay 450 E.3, sand
Hg 0 350.73(e) 52 Default 52 Default
Ho 0 E.3, lowest 1,300 E.3, clay 250 E.3, sand

I 450 Default 1 E.3, clay 1 E.3, sand
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Saturated

Waste Kd Red bed Kd
Nuclide Reference Ref. zone Kd Ref.
(ml/g) (ml/g)
(ml/g)

In 0.04 Default 158 Default 158 Default

Ir 250 E.4, NUREG 91 E.4, NUREG 91 E.4, NUREG
K 0.1 Default 75 E.3, clay 15 E.3, sand
La 158 350.73(e)(1)(C) 52 E.4, NUREG 52 E.4, NUREG
Lu 91 Europium 240 Europium 240 Europium
Mn 55 E.3, lowest 180 E.3, clay 50 E.3, sand
Mo 52 350.73(e) 90 E.3, clay 10 E.3, sand
Na 240 Default 10 Default 10 Default
Nb 50 E.3, lowest 900 E.3, clay 160 E.3, sand
Ni 20 350.73(e)(1)(C) 650 E.3, clay 400 E.3, sand
Np 10 E.3, lowest 55 E.3, clay 5 E.3, sand
Os 160 Default 157 Default 157 Default

P 1,900 E.3, lowest 35 E.3, clay 5 E.3, sand
Pa 5 Default 2,700 E.3, clay 550 E.3, sand
Pb 157 350.73(e)(1) 550 E.3, clay 270 E.3, sand
Pm 5 E.4, NUREG 240 E.4, NUREG 240 E.4, NUREG
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Saturated

Waste Kd Red bed Kd
Nuclide Reference Ref. zone Kd Ref.
(ml/g) (ml/g)
(ml/g)

Po 50 350.73(e)(1) 550 E.3, clay 270 E.3, sand
Pr 597 Default 157 Default 157 Default
Pu 240 E.3, lowest 5,100 E.3, clay 550 E.3, sand
Ra 597 Default 9,100 E.3, clay 500 E.3, sand
Rb 157 E.3, lowest 270 E.3, clay 55 E.3, sand
Re 550 E.3, lowest 60 E.3, clay 10 E.3, sand
Rh 70 Default 4 Default 4 Default
Ru 55 E.3, lowest 800 E.3, clay 55 E.3, sand
S 10 E.4, NUREG 14 E.4, NUREG 14 E.4, NUREG
Sb 4 350.73(e) 250 E.3, clay 45 E.3, sand
Sc 55 E.4, NUREG 310 E.4, NUREG 310 E.4, NUREG
Se 14 350.73(e) 740 E.3, clay 150 E.3, sand
Sm 45 E.3, lowest 1,300 E.3, clay 245 E.3, sand
Sn 310 E.3, lowest 670 E.3, clay 130 E.3, sand
Sr 2.2 E.3, lowest 110 E.3, clay 15 E.3, sand
Ta 245 E.3, lowest 1,200 E.3, clay 220 E.3, sand
Th 130 Default 157 Default 157 Default
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Saturated
Waste Kd Red bed Kd
Nuclide Reference Ref. zone Kd Ref.
(ml/g) (ml/g)
(ml/g)
Tc 15 E.3, lowest 1 E.3, clay 0.1 E.3, sand
Te 220 E.3, lowest 720 E.3, clay 125 E.3, sand
Th 157 E.3, lowest 5,800 E.3, clay 3,200 E.3, sand
Ti 0.1 Scandium 310 Scandium 310 Scandium
TI 125 Lead 550 Lead 270 Lead
u 3,200 350.73(e) 1,600 E.3, clay 35 E.3, sand
\% 310 350.73(e) 310 Scandium 310 Scandium
w 597 Default 157 Default 157 Default
Y 3,000 E.3, lowest 1,000 E.3, clay 170 E.3, sand
Zn 1,000 350.73(e)(1)(C) 2,400 E.3, clay 200 E.3, sand
Zr 157 E.3, lowest 3,300 E.3, clay 600 E.3, sand
References:

E.3, sand = RESRAD User’s Manual, Table E.3, value for sand.
E.3, clay = RESRAD User’s Manual, Table E.3, value for clay. E.3,

lowest

=RESRAD User’s Manual, Table E.3, lowest value.

E.4, NUREG = value from NUREG/CR-5512, RESRAD User’s Manual Table E.4.
350.73(e) = value recommended in 30 TAC 350.73(e).

Default = Default value from RESRAD User’s Manual, Table E.4
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T 7 B F St o R Lwo C 2255 T H 28T okE R
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% 13 # /2 G3 > RESRAD BN g2 * 2. 48k
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Parameter Compact Federal Federal Comment
Canister Bulk

Waste disposal area (mz) 38,300 128,000 41,500
Waste thickness (m) 15.2 24.4 24.4 50’ Com, 80’ Fed
Waste length parallel to aquifer (m) 196 358 204 Sqrt (area)
Cover thickness (m) 12.3 12.8 12.8
Cover density (g/cm3) 1.6 1.6 1.6
Cover erosion rate (m/year) 1.2E-05 1.2E-05 1.2E-05 |Erosion study
Waste density (g/cm3) 1.6 1.6 1.6
Waste erosion rate (m/year) 0 0 0
Evapotranspiration coefficient 0.9975 0.9975 0.9975 |Calc’d from

HELP3 output

Wind speed (m/s) 3.1 3.1 3.1

Precipitation (m/year) 0.41 0.41 0.41 16 in/yr

Irrigation rate (m/year) 0 0 0 Based on site
characteristics

Runoff coefficient 0.0482 0.0482 0.0482 |Calc’d from

HELP3 output
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Parameter Compact Federal Federal Comment
Canister Bulk
Saturated zone density (g/cm3) 2.2 2.2 2.2 225-ft zone
Saturated zone total porosity 0.14 0.14 0.14 225-ft zone
Saturated zone effective porosity 0.14 0.14 0.14 225-ft zone
Saturated zone hydraulic conductivity 0.02 0.02 0.02 6.0E-8 cm/s
(m/yr)
Saturated zone hydraulic gradient 0.016 0.016 0.016 225-ft zone
Water table drop rate 0 0 0 225-ft zone
Well pump intake depth (m) 10 10 10 Thickness of 225-
ft zone
Unsaturated zone travel (vertical, m) 42 32 32 Trench bottom to
225-ft zone
Unsaturated zone density (g/cm3) 1.6 1.6 1.6 Red beds, 100 pcf
Unsaturated zone total porosity 04 04 04 Red beds
Unsaturated zone effective porosity 0.2 0.2 0.2 Red beds
Unsaturated zone hydraulic conductivity 1.26E-03 1.26E-03 1.26E-03 |Based on age
(m/yr) dating, lab and
in situ
measurements

RESRAD #-7| #4577 100,000 # cnp /F o % - F&25 # 4 HE > 535
HOE A T1225% ¢ F b 48 8 4 P R < 50 10000F o H ¢ S CWFE]E
2253 % 3 K end — @S 48+ 15,000# o ECWF# 84 & 2.4 15,600%
¢11CI-36 © FWF-CDU4rFWF-NCDU sk i |4 4% 46 3] i 225 % & F & £_412000 %
e1CI-36 - FWF-CDU % EH & 51.1% B B /& > 3 4 pr 36,400# > # & 1
£ .4 Tc-99 (£959%) 5 i - 1-129 (:59% ) > FWF-NCDU* e #| & 53.4% 4 P
[# > i & P fEETC-99 > ¥3t36,400% -
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BRI PR E dod 14 o £100,000F #1530 25 mrem/year >
(16" 30 TAC8336.724:% L 18 )> ¥ i ig4Z 1) 7 TCEQHp ¥~ * & R1000-+# £ ¥
% 14 #7% G3 > RESRAD #i-5¢ 2+ & &) £
Facility Peak Dose | Year of Peak
(mrem/year) Dose
CWF CI-36 0.58 15,600
FWF-CDU Tc-99 (95%) 1.1 36,400
1-129 (5%)

FWF-NCDU Tc-99 3.4 36,400

(2) RESRAD #, {7 % g

R

- A PH - FESRE AT R O RALE - Sl R OHRE b
R ERZB R F BE TR R AKX LER :eéﬁp’% BEFF 18 A2
JRECABTETRUE > FNE NG BEANEL CEFRRE RS B
SHF FOFRT > AN EE TSR PUE AT T RE ERESF S
B VRGBRKEAEHES P 40k 152 £ 16
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15 RESRAD %7 B A 452 2% 1% &

Condition

Parameters varied

Baseline

All parameters at baseline values

1. High Infiltration

Infiltration 8 times baseline value

2. Enhanced Leaching

Waste zone Kds decreased to one tenth of baseline value

3. Enhanced Transport

Red bed Kgs decreased to one tenth of baseline value

4. High erosion

5. Red bed clay hydraulic conductivity

Red bed clay conductivity 6 times baseline value (95th percentile)
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Condition Parameters varied

to 7.57E-03 m/yr

6. Chelated metals in CWF and FWF- |Red bed Kds decreased to 0 for Co, Cr, Fe, Mn, Ni, Cs, Sb, Sr,

Cbhu Np, U, Pu, Am, Cm

7. 16 RESRAD #5-3% *%32 J2 G3 2 ATt & 4 17 5% %

CWF FWF-CDU FWF-NCDU
Time Time Time
Max. Dose Max. Dose Max. Dose

Condition (mrem/yr) (yr) (mreml/yr) (yr) (mrem/yr) (yr)
Baseline 0.58 15,600 1.1 36,400 3.4 36,400
High infiltration 14 6,700 1.2 4,600 3.5 4,600
Enhanced leaching 0.81 15,600 1.6 36,400 5.0 36,400
Enhanced transport 0.79 14,000 1.2 12,800 3.7 12,800
High erosion 0.58 15,600 1.1 36,400 3.4 36,400
High red bed cond. 0.59 14,500 11 35,600 34 35,600

Chelated metals 0.59 15,600 1.2 36,400 €) €)

(@) No chelating agents present in bulk waste.

(3) RESRAD # {7 # & %A 17

g % B S
FERPESG A 474 7 % 2] & R BRI & »’s%éf“ 1;@ 'rio @ ﬁ ;gw
S Rl P RE R G R e M E AR R e TR R B
SRBR AT T A S S HR AR AT R Y K 5 F A
¥72. $dct > FSHIFTHF8 T ¥ o #2585 38 ¥ S ¥z A ¥cie > 12093 11R
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S R RIS o S AR B SRR 17 1R E i i
8 R f i A -

TS Eﬁ&%&%ﬂ%ﬁT*W§?iﬁ*%%@fﬁ%7
k&&ﬁ»mﬁ@m%ﬂ CHFE TR AR ERL BB T B
@7 F e FRE A L A B2 ﬁﬁ%w’?%&lﬁﬂﬂ49#41

i

BF2 o PULE MR R AR DN TR T RAFRIALEE
ok 17% 4% 18

o

% 17 RESRAD #5% #4 % % 7 24 7 2 S8 e [f)

Parameter Range Uniform Comment
Precipitation (m/yr) 0.41-0.74 Uniform From climate study
Runoff coefficient 0.0482 — 0.0682 Uniform (a) From HELP output
Evapotranspiration coeff. 0.9887 — 0.9975 Uniform (a) From HELP output
Erosion rate (m/yr) 0-2.2E-05 Triangular From zero to max. rate from
Mode 1.2E-05 SWAT analysis
Red bed conductivty (cm/s) 4.0E-09 to 2.4E-08 Uniform Baseline to 95" percentile of

measured values

Contaminated zone Kg 0.1x baseline to Log-uniform  [aries leach rate
10x baseline

Unsaturated zone Kg 0.1x baseline to Log-uniform  |[Varies retardation factors in red
10x baseline beds

7 18 RESRAD #5358 *vi2 /2 G3 2 /2 i 722 B %

Doses (mrem/yr) CWF FWF-CDU FWF-NCDU
Maximum dose in first 10,000 years 9.48E-01 1.15E+00 3.55E+00
Minimum dose in 100,000-year simulation 5.53E-01 1.08E+00 3.45E+00
50t percentile dose, 100,000-year simulation 6.02E-01 1.16E+00 3.57E+00
oot percentile dose, 100,000-year simulation 1.18E+00 1.18E+00 3.58E+00
g5 percentile dose, 100,000-year simulation 1.24E+00 1.18E+00 3.58E+00
Maximum dose in 100,000-year simulation 1.35E+00 1.18E+00 3.58E+00
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Olkiluoto, Finland

Contral building

Low and Intermediate Level Waste Disposal Facility
at Olkiluoto (Finland)

if Ak 7 A W~ 5 Olkiluoto A ko L s LS

Deep disposal of LLW - Morsleben, Germany
SFR - Forsmark

P ek o L B-7 4 SFR P Ak m £ B-76 B Morsleben

Ty Al v L B-E R 1 Aube
El Cabril, Spam

S

Tk kT L B-#R Drigg W Rl 7R B-7 719 El Cabril
Bl 18 WP s 9 1 Al % 6l
(R3HFm; 2727 5 2011)
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FNFER A MR B AR T I FEFE A AT FE] o 5
e B3l AR BT i RS TR AT BRI SRR o B 2 T
Fprri o gl S AAFRE  FRBE T BB TR el A3 F
1 & W &% B ARGONNE R #+F % 3 “7H % 7 RESRAD 725425\~ % B~ T
FErARFFHRIBF DI ATRRS 24 &% & 5 (MEPAS)GENII
FRAMES,SUM3 - % i EPA B % ¢ MMSOILS -~ NRC # % DandD - # i EPA
B 2 e Presto - EPA - CPG » 1 2 % ] EPA # % <7 PATHRAE - EPA % -

4.3 Ml AR R F A

PHBERPAFHL A €202013 227 25337 1p iRy eBsiEF
2. Waste Management 2013 # 3¢ ¢ % #f » + = £ #%2 [ Panel: Recent Developments
and Trends in Integrated Risk Assessment Methods, Tools and Decision Analysis
Support ; o # di MRS R D P RN Rl BHAEFRE 2F A AR G
GOLDSIM ~ RESRAD(Onsite) 6.5 and RESRAD-OFFSITE ~ FRAMES and GENII
% AMBER 5% > 4-®] 19 #77 o 5w f GOLDSIM - RESRAD(Onsite) 6.5 and
RESRAD-OFFSITE ~ FRAMES and GENII 2 AMBER #-5% 2. 45 5% & & b & &
B DM AL AR ST B St N ALk B R T AR S R
T2t A E 2F AP TEY o #4 GOLDSIM ~ FRAMES and GENII %
AMBER #-7% 20 35 40T o

din
Common Models/Codes Use
ilUSNRC Reviews of Dose Assessments

Ui Sesmes Moo Reguiamary Commion

Prveccting Prople and she Emperommmrns

. Decommissioning & EIS Analysis
_ RESRAD Codes (RESRAD Onsite 6.5; RESRAD-Build 3.5; and
RESRAD-Offsite (Beta Version 3.0)
- D&D Screening Code (2.1 Updated Version)
- FRAMES & GENII
+ LLW&WR

- GoldSim

- RESRAD 6.5 and RESRAD-OFFSITE
- FRAMES and GENII

- AMBER

UR

- MILDOS-AREA

B 19 ZFNRCHIFHHEIZEE 2% & W85
(Fm kiR @ > F73F € M3 USNRC fj4rpdp#k) 2 ¢ (WIR : Waste
materials incidental to reprocessing ; EIS : Environmental impact statement )
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Edit Mode: Press FS to run model.

Total_Soil_Conc Total_Mass_Conc

SHE> 00 cOrS/

Solid_Mass_Conc
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Expression Properties : Total Soil Cone _ Expression Properties : Total Mass_Conc

Definitian ] Definton |
Elemert ID: Appearance . AR T otal Mass Conc Appearance...
Description: |Total 30il concentration per unit valume Description: ITotal mass concentration in soil
Dizplay Units: 1qu ma Type... 1 ‘ectorSpecies] Display Units: IBQ" ka Type... ] Vector[Species]
Equation Equation
]T0psoil_conc"[P0msity+SoiI_Density"Kd] lTOKal_S oil_Conc/Soil_Density
[ Define initial value I Defing initial value
Save Results Save Results
¥ Finalalues ¥ Time Histories [ FinalValues |~ Time Histories
Ok | Cancel J Help ] | 0K l Cancel | Help j
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+ foe Soil_Solid_Conc
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+ foe Total_Soil_Conc
[#- fie Activity_Intake_animals
[+ fie Stream_Conc
+-§§ Dose_by_Pathway
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i+ Fish_Data
## Human_Consumption_animal
# §# Plant_Dose_Data
+&# Resuspension_Dose_Data
+-§§ Soil_Properties
[ Drinking_Water_Consurnption
[ Soil_Consumption
+-§§ Pathway_Switches
- fie Total_Dose
--§# Materials v

Conc_Liver

<

 Containment View | Class View |«

Edit Mode: Press FS to run model.
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Expression Properties : Conc_Beef

Definition ]

Element |11

Appearance...
Dezcription: 1Enncentratinn ir beef.
Dizplay Units: 1Bq.-"kg Type... ]"v"ectu:ur[S pecies)

E quation

].-'l'-.ctix-'it_l,l_l ntake Animalz*TF_Beef

[ Define initial value

Save Resultz
W Final Waluez W Time Histories

| (] | Cancel ] Help ]
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- f Soil_Solid_Conc > 16 » I‘Ev'“"/> > lé-‘ P>
+ f Solid_Mass_Conc

Ei-J2 Topsol.conc Switch_Extemal  Switch_Resuspension Switch_Drinking_Water
#- fie Total_Mass_Conc = _ .

+- fie Total_Soil_Conc
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+- fie Stream_Conc
+-§f Dose_by_Pathway —
=& Input_Data 314
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% Animal_Transfer_Factors
## CED_values
%3 External_Exposure_Data
%@ Fish_Data
## Human_Consumption_animal
%@ Plant_Dose_Data
## Resuspension_Dose_Data
% Soil_Properties
Drinking_Water_Consumption
+ Soil_Consumption
+-§f Pathway_Switches
[+ fo Total_Dose »

-
§# Containment View %Class View 4 | ] ‘bj—“

Edit Mode: Press FS to run model. 85,993 KB | O bytes [Scale: 100% | Edit Mode
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Data Properties : Switch_Drinking Water

Definition | Databass |

itch Drinking

Element 1D

Appearance. ..

[ e=zcription: 1Drinking water switch,

Digplay Units: Type... 1 Scalar

[ efinitiar

1.0

Save Results

I Final Values [ Time Histories

Ok |
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Ed GoldSim Pro - Nirex Biosphere Model Groundwater™
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#- fie Conc_Kidney ~
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& Animal_Transfer_Factors
H# CED_values
%@ External_Exposure_Data
%@ Fish_Data
## Human_Consumption_animal
## Plant_Dose_Data
## Resuspension_Dose_Data
# Soil_Properties
Drinking_Water_Consumption
Soil_Consumption
Pathway_Switches
Switch_animal
Switch_Drinking_‘\Water
R Switch_External
Switch_Fish
Switch_Plant
Switch_Resuspension
Switch_Soil
% Total_Dose b}
< | @

i Containment View [ Class View <

Edit Mode: Press FS to run model.
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Expression Properties : External Dose

Definition ]

Element ID:  {[=AEEE MEIEE Appearance... |

Description: lExtemaI effective dose rate
Display Units:ls‘f‘f".'r'r Type... IVector{Species]

Equation

IT 2075 Total_Soil_Conc*External_Dose_FactorExtemal_Occupancy

I Define initial value

Save Results
IV Final Values IV Time Histories

[ ok | cencel | Hep |
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Expression Properties : Resuspension_Dose @

Definition I

Element ID:

Appearance... I
Description: ]effective dose rate due to resuspension
Display Units::ls‘v'f"}’r Type... IVector[Species]

Equation
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™ Define initial value

Save Results
¥V Final Values [V Time Histories
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Expression Properties : Total Dose

Definition ]

Element ID: tal Dose Appearance...

Description: |Total effective dose rate over all pathways that are switche
Display Units: ISW’}" Type... IVector[Species]

Equation

IS witch_Fish™Fish_Dose+Switch_animal*animal_Product_Dose+Switck

[ Define initial value

Save Results
[V Final Values [V Time Histories

| oK I Cancel Help
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2B F & Paeh GENI-S 4258 > #as 4 4 Blig st &2 7 4258 o (R4 ¥

444 GENI 175 % & 1 & phjbeinfed4c@) 42 2 B) 43 -

Tools  Cusktomize GO... Help Refresh...

- It pays to start with the Pathways tab first.
— urn on the pathways that are of interest.
) - T the pathways that are of interest

(ﬁ Database
\/ Selectors

# Aquatic Dat WCF Surface Wa
« Toxic

Tenestrial L
&

Ingestion Inhalation
Soil § WCF Aquifer Module (Mod4) FRef: 0 < Mest =
hak! Ref: 0 [~ Poultry Ref: O % Inhalation of lndoor Air
Toxic Fief: 0 B Milk. Fief: 0 € Suspended o resuspended soil
) Fief: 0 [ Eggs
Enternal
. GIS Fsf: 0 [ Leafy vegetables Hene —
Fief: 0 B¢ Foot vegetables —
% Constituent Fef: 0 W Fufis —
..... Fsf: 0
« Aquatic Ber | ER=Ts Fef: 0 ¥ Sai external
Fief: O X Fish 3
| Aquatic Org Ref: 0 [ Mollusca P
- Ref: 0 [T Crustacea
(ﬁ Model Ref. 0 [ Aguatic plants
Ref 0 ¥ Drinking water
@ Example Ref: 0 [ Inadvertent shower water
-
~
< '%f Fate & Tran™= Fief: 0 [ Inadvertent soil

File: c:\ files\F FAE ionsitest12. sim

Fl 42 GENII st = @did (27 b 45 5441 2

Framework Development Environment - [Simulation Editor]
= File Tools Customize GO... Help Refresh... =

Make selections for GENIl Health Impacts using ICRP
30/48. Notice that each of the dose/risk options has
additional associated method parameters to select.

.....

E Sensitivity

Database

J Selectors

Health Impacts [Mod?]
e ....",é

WCF Surface Water Module (Mod3)

i Tozic
L Help
‘A“A Terrestrial L Method Selection §_tethd S]
‘ . Soil WCF Aquifer Module [Mod4)
!
‘ a4 Toric [T Calculate lifstime ca; cidence
i isk /Sy v
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[T Calculate cancer fatalifies

fisk/Sy =
% Conslituent

¢ Calculate radiation effective dose equivalent cormmitment [CEDE]
P Auntic B
«_ quatic Ber
S |

WA tic O
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iy, na 9

Thickness of contaminated sol/sediment layer ~  [G78 [m =] Aef0
Model SOILT
@ Example gfsﬂty of contaminated soilfsediment laper - 1500.0 kg/m™3 | Ref0
SRk Fate & Tran ¥

<5 | >

File: c:\ Files\F FAL] il Atest] 2. sim |
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3. AMBER

% AMBER # % ¥ i Quintessa = & Russell Walke 1 1 ,»+ 2012 £ 8 * 29
2 30 P ¥ WERFH NRC %388 (72 'PUBLIC MEETING ON WORKSHOP
ON PERFORMANCE ASSESSMENTS OF NEAR SURFACE DISPOSAL
FACILITIES: FEPS ANALYSIS, SCENARIO AND CONCEPTUAL MODEL
DEVELOPMENT, AND CODE SELECTION | ﬁéiﬁ FLZ A s A My B 2

Sl 23T A B

*|AEA :
—ISAM (Improvement of Safety Assessment Methodologies for Near Surface
Disposal Facilities) % &3 4%
- BT ER R g
. B

— Dounreay LLW, VLLW, LLW Pits
— Hunterston near-surface graphite
—LLWR 2002 = 2> 4 47 % &
‘v £ % Canada
—% <2 g 4 2 7 (Ontario Power Generation, OPG) assessment options
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* I
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—F 73 % & ¥ Fu (National siting for surface facility )
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.
¥
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— ¢ Ml F
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Options  View Windows Font Help

File Edit Calculation Results
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Selected_Scenario
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|Gr0undwater

Simple Trench Disposal Case

Select from groundwater and intrusion scenarios.
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£ Model

AMBER Implementation of the IAEA's Trench Training Case

o=
% Reference Scenario
- 4_ W
(—)
| i iosphere
= i Otheriater i >
_— = —'—‘;\ -

Irrigation¥yater

BL:]

Implementation of models and data described in:

IAEA (2002). Safety Assessment of Near-Surface Low and Intermediate Level Radioactive Waste Disposal Facilities: YWork Book, Version 2.0, November 2002,

MNote that the model layout has been modified from that illustrated in the Work Book.

For more information on IAEA's safety assessment training courses, contact:

=] System Model

lonmBowat O Near_Field
Waste Safety Section, Division of Radiation and Waste Safety, Nuclear Safety Department, El_lae"s"here
Aguifer

International Atomic Energy Agency, YWagramer Strasse 5, P.O.Box 100, 1400-Vienna. Austria a Biosphere

e 3 Displa
e-mail: j.rowat@iaea.org [I]
Window l

2 — | >

[€
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RESRAD-OFFSITE #2354 ¢ » pIR % ¥ &3 4 H 973 FR - &0 » TR FL &
ARERER A ARTELE R o

53113185 4MANMHAL KT
PEA VS g L S e 2 AR ] TR s
LY E SRR SR AN L L R TR L

(&
dor
e
v
<
|
pr|
S

T()=T_(0) % t<t, , * (5.1)

o -

T () =T,(0)-¢ (t-t,) ¥ ot>t,

Tpc(t) FRERLtE AR5 4 2 5R (M),
Tpc(0) = A 41 &5 %2 B A& (M),

t = FHuiE sz PR (),

tov = Tov(0) ey =243 4 + chpr ¥ (yr),
Tev(0) = #4232 BER (M),

ev= %2 E&F (myrl),
gpc= LEAZEEF (myrl)
Fatz ;"i CB PR 3R A 2 RNt B 4245 RESRAD-OFFSITE i = @
LI 2.102:»2m1\v:t+1' C J{ R F N T TG 2 HAp M Bl A
£=24 xRxKxLSxCxP/(px10°) (5.2)
¢
e=&a%F (myrh),
R=&%a 2l a2 FailnFs (yrh),
K = 3 3 &4 %]+ (tons/acre),
LS = & 5 #]3 (dimensionless),
C =7f %E*g = FF ~ & 4 g F]S (dimensionless),
P=i%%fF3 ~ L4F7 B %5 (dimensionless),
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o4 = Ew oW S E T2 08 2 f ik (g m2 [tons/acre]-1),
p=tEicE %A (9lem]3), 2

106 = = = 2oL 2 2 2 2 A ([om]3 md).
5.3.1.2 ARFAPAER

EHP AR EE N BERRE AR FAPEIER - A PAR YA
A2 FPfEE G A R PEF BT A4 a3 PR PR S PR R €4
FRERAcod WA L5 A2 PR N REF - RESE F a4 T
ARFLAZPAERY € - REDF AU P IEE A PR B3PS
BRERVd 0T 3 fg i g

dil = —(A, + u)A, (5.3)

dA

dtk = A AL - a)A, A 2<k<n,

k

Ak(t) = ¥ K BEE 482 R kR (pCigl),
t = FrapkiE (s 2 pER(Yr),

¥ KB a2 e % 28 g (yrl), -
k= %k BPaz »x skl (yrel)

N
R
I

t

Ay +u » (A + )t 4 A
ek e, wo ,foe TUAC (At oA
k
Ak (t) = Z a‘k,i eXp( _Ait - 'uit) y (54)

i=1

a,, = 195 a,=A0) &2 BkE &,

ia .
W kH k-, 41»1——5“ 1gi<k,.g
A+ = A = p

S F AW~ » %5 - RESRAD-OFFSITE ik -4 ff I 5% fp — ~ B 3> & 92 1 fad 5]
By TRBARF AP F R B E -
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k-1
Ay = _z ay
i=1

FHH3-C-140 B RIER D A28 40T AT

A(t) = A0) exp( — At — ut — ev(t)t) (5.5)
H g

7

evt) = tPERF 2 iz % (yrl) (322 RESRAD % 6 5% * < p sqéx L [Yu et
al. 2001]7 » 3t A FRERE L 2 H-3 - C-14 558 2 4a B 3 3h)

5313 %2 R EHN

ALRL KT DG A AL R
ZPREREIRFAZPAERT it 3 nﬁ W
F(I e M AT) TG R Fi%i%&°

5314 REK2ZIERR
PR 2 %J-a 7 B GR &
ﬁﬂwwkﬁ’mﬁiﬁﬁga

FRRaE A4 REHERE AR ERRTEIRA G
B R E AT

BoTLO<d, ST,O+T, () » o & F DA dpif 2 > 3R F 4 gt 3 4750
d . > ’ v = L g2h 2 N - I v
0, Loy —p ) RE B IHAEREERC TR A LIERE S

dt
\3)

AERFAENRERZTEAT L G FPRERZFTE o Bidnif 2 i

mix 1 -

p.(0)=p, 4% T _(0)>d_, ¥ (5.6)

~p,) 4% T (0)<d

FOMEL AR ERA P RRER T BT A RFRZFARITA T L RS
ERfE, F P LR A E o REEBRAENS
pmix (d pc) = ppc + (pmix (0)_ppc )EXp (_ dpc /dmix )l (5'7)
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Tov() = tERF2Z42 kER (M),

Dmix = RE&EER (M),

pmix(dpc) = @ &K HAE (g [cm]'),

ppc = LEFAHA (9Lem]'3),

pov = §5% 42 @A (g[em]'3), and

dpc = B4R EE O RERTHEIILEFALT®EZIFR(M).
BHAIBEIRFARTI BRI RE - AL HERM YR EKZER A L
RAAFT OIS BN RE Ko PR AR L K2 aﬁ@ﬁ@
e fr R ) BN R T E R LR EN T ARFLTIERET § N R R e
EﬂJ%%ﬁ%i%iﬁiﬁﬁ%%%ﬁﬁﬂﬁﬁﬁﬁﬁVmﬁﬁﬁfaW%ﬂ

ERR(F FLARAAT LR

)

N—r

5315 REKY LRFH2 I HMHE F

PP AR AR AR AR SR A FREEERRE
IREORIRERTALT R FRERERAREL IR PR BB TG R
RV ARFALIEMA F LR ER AP UFRTEERL T 2a
%1@ﬁwﬁﬁii@ﬁw$wko
(]

(O <dy ST,O+T, (0 R EK P 2 BI5 A2 AW T A deig 2o d
'%mﬂﬂmen’ﬂ S ARERY LR m47i$W$i%

B
5
mEIERAE S IEIREREN AR SFL2ZHA > NE IEIRERPH
N—_ » i .

%
ey
d

f(0)=0 if T (0)>d_ ,and (5.8)

T,

mix

vl R EKIEN AR TR 2IFR Sl pE

BRI R AR B
1 £ é\'éﬁﬂ;‘ /54’#’?“{7'71\7’;’/??

fvm (d pC):l_(l_ fvm (0))exp (_dpc/dmix)! (5'9)
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FRIXINRLOREFF»IA ﬁ%bwﬂg}é]i@%‘ﬂﬁf?%ﬁ_iﬁﬁ%@p\ i
TR R SR

ALk RITE AZd A R
BRAIBFEATIHALFTR2.
ERY 2 FAMAF T gD AR F 2 A AR
df

ff'_' zézgy 5 d vm_ _ —gf o Z‘:ﬂ-&‘;fl}; fi :‘;
dt

¥ d, >T,(O+T (1) » R

) if ch (0) 2 dmix

mix

il =1-exp (-T,(0)/d

y 1_Tww>ﬁp[_Tww>+me>de
d mix

mix

Y% T,(0)<d <T,(0)+T,(0), ®

mix

T (0 .
fp:£|fd_

vm mix

> T (0)+T (0) (5.10)

PP LT EUREFTAIRFAT I 2ZFRAT

( upc)_ fpeXp( /dmix)’ (511)
Ho
dupc = AR L > REEFTFTLIAIRB LT3 2%E (M)

AR FRET N ERER T BSERT B EB LT SR

5316 i &F4 3241 PEER

AIPRAERENRB IR S L ERZABEEFI Y - LREK2ZRLRY
B HE-FBRE2ZIF  EBITFFIEILFLERA R 5

Asc (t) = fvm (t)Apc (t)ppc /pmix (t) ' (512)

T 3 2 _-_1:%/154‘& "l‘"_ﬁ_:}’giﬁ,ﬁd’
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Asc(t) = GiBRER tis > £3ERKARL (pCigl) =
Apc(t) = SRRt A &7F4ERERL (pCigl)

5317 = & #5\

mgﬁ%%iiﬁﬁgﬂim%ﬁii’@ﬁiﬁg;#%; 54 (3)%3
Xz RERk > HER#RILE ?‘54“0 LR AERPERFT FK;&,Z—H?'B?I} ° %
E’g@i/#}iﬁ’&ﬁi%/#}i ‘ Jré%\’ﬁ _{Lrﬂwpﬁ: E%Z*i}é]ﬂzﬁf%m’l%%

[

-~

Pl iEiE i 2 K o gmA@W%?» AR SRR ATAT o P HERET
E N e B AN A
ii'; TCV (t)deixi ?J: é (513)
T,(O=T,(1), T,0=0, ¥ T7(@1)=T,(0)),
Ho

T, () joiEd 2 k2 BRE (M)
T = XFAREKE2ZER (M)
Ta) = RBEZIEFLER (M)
¥ OToO<d, ST, O+T (0, R (5.14)
T,(0=0, T.(®=d,, 2 T7@®)=T_()+T,(t)-d
BT O+T, (0 <d,,, K
T,()=0, T ()=d PoT"()=0.

mlx mix 1 — pc

5318 # &/

i%&%&A%4%%mﬂﬂ?'ﬁ%%@w’%éiiﬁ%iiii%
oI E A RZFAPEER FLEFALTEERALE R
B P FEEE o 1345 ﬁﬁﬁwwuﬁﬁi%agiﬁ%wﬁ%%

b
=
P

m, (t)=eAf, ()p,10° (5.15)

A=i&E4eH# (M) 2
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Ry () =m (DA (1),

= % @47 5 K

R, (1)

h A

53.1.9 M 3# Tk
H R P

2l T o
Fy e o

1[#%*%@7 =

F* %’ﬁ‘ d 2w

(5.16)

2 1
mENFEI T

(5.17)

R (1) = u, A, (0o  A(f, TS (1) +T 7 (1)

Nhud
Ar

¥ 4aY K BPfE B Tk S (pCiyrl)

RN () =

5.3.1.10 2 B4 A fs f# 4
'%i*%’?%éiﬂﬁﬁkaidﬂ 52

HEprEp o e A
43?)‘['5°f§if’%3—3\xﬁli£i-§55§4?¥’ié S Rk A S -
A DDA, . ﬁiﬁ#?’?‘*

'ﬁ/"lel"]%ﬂ'u’ ﬁ"“""_;"i"?

RS ()= f, (1)

7
A, (t)m, Av, 3.1576 x 10 ',

pmixt

St
4

RO = % 4y

Mmdu =
vdu = ABRFLHEEITHEER

3.15576 x 107 5 d FisE# 3 & i B (syrl)

(ms1)

5&2%T$@ﬁﬁﬁ
5.3.2.1 3 T -k @ﬁ.’r}%,{{ fu
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Immobile pores  Solid Flux out
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BERML M ARN T P AR S RN AT ALY o F
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Pz Bk B2 koA - Y RPBSE R AL T Pfiz 4
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ARRBERINEEIFET M
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SELZFEPE R G R E LERZ KT LRNE ERN s (y) ~F
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0 +60 =6 (5.19)

m im t
H9
6, = HBEIMI T RIS P RE 2 R
b, = FEBEIHF o AT P J IR L KRR
Ht = _}iﬁ'ﬁzbfﬁi;‘:“#ﬁ4t’%’é’5"f"ﬁ @3}%2[‘%—$°
G PAREL I EL RSO P S YRRV IBETE S N AT 2
B 2B BIHIBB I BERESER BRI E SR o

Oy “0in =0, 100 (5.20)

2. RAPZ FRIELIPAFA

RARZ FAR R PR AR RS B R o PR R 2 PR i e ik
)i”ﬁ B CREE: 1 WG 2 sﬁxﬁ;ﬁ b%*rﬁ r‘];}g/k)i}, Bd o e<;@p$F'3;)~ngg »
BRI T T LAY EAR C RAP L R 4 B T A G Bk

w

K,=-"10°=-""10", (5.21)
Cm Cim
H ¢
K, = Akl ([em]®pCigh);
Sy Sy = Y BB SABEICKIP 2 EPAER (pCigh);
Coy & = BB AP HIH I 2 kR (pCim?);

10°= Hi=EFHFF ([cm]Pm?3)

3. Eiigmpd 2 Pk
B3 gAY 2 PAARCE B PEN AR L BRI AR L e .

e.c, +0,.¢c. +v p 10 6sm +v,, 0,10 6sim
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=9, c, +0,c, + p,10°s + p,10°s
Um+Uim Um+l)|m
:9 cm+9|mc|m+ +’"9 pbKde+6 _ll_me pbchlm
K K
:Q m pb de Cm+H|mC|m +pb dgimcim
0
f (5.22)
K
_1+ 2 ]9 c, {l+pb d]eimcim
01
0,.c,+0,c,
__m”m _ Tim Tim im "~ im (9[+,0bKd)
0,

:Cav(6t+pbKd)

Nhud
Ar

o, = PEEEIH TR (pCimd)

4 PR BRERAAHMMP PG LR
PRRRERTFHAEP P il.? T TS ARV T

Change =-ic, (0, + p, K, )oxdyoz | (5.23)
5. ﬁm@ﬁii ~EMHP A E R

PR R BTN P ERYRT R B SR AFMAP 2 PEEE
F — o

Change = -V 0 _o&x3y oc ) (524)
oz
H ¢
V., = kimE#HItHM2 TimER (myear?)

6. He@FICERAEHHFP AT R
P B RACTFP PR ARG A B AB B Fio g died AR
WHM 2P EKE? - -

Change =6,06xsyD | —-61 (5.25)

0z
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7 H&iﬁﬂﬁﬁfiiﬁ%ﬂ
3

Net Change - (o, + p k)25 sxsy oz - (5.26)
ot
8. FETH &L
BE Tk 4258 (5.23) ~ (5.24) ~ (5.25)4p #r » & 5 B 4234(5.26) :

ac,, ac, .ok
(0t+pbKd) :_/1(0&+pbKd)cav_Vm m zm
ot 0z 0z

o (5.27)

2
Lo _je, 4 — Y v aC"‘+Dmacm] : (5.28)

AN EEd i 2 A ek ERER R 2ok 2 P @ﬁi%lo %
LiF (e iok L SRR ER > 2 RSN GA) BB WS IRR(,)ERT)

9. BB - AEBHIHT 2 HER

FOAABBE 73 PAAZRIESFILEY > n PARARER B K - T
FoRBEI GEBIABEIR AR B EIHY P« fARE
) WA IR A A o‘?’“ﬁfﬁﬁ*i%ﬁ’%;ﬁv PEF B IR P Ak R R
& I groﬂa;féme}:: AT RLEHE BRIV T ERM %o hodk ok
S AR R T T o B L BRI Y kR i
FRT RIVH T EE R ] T 3 Nt E

0.c,+0,c,

c, = et Tl Ceg (5.29)

)

B

)

%%4qu4%nﬂﬂfﬁ<%lgﬂmﬁm$w’arwf%ﬂﬁweﬁkaﬁﬁf?
BEICY R AGHEIRT BRIV T EER B 0T 2 frl g
0,c,+0,.c, 0

C, = 9— ~ G—Cm =C, . (530)

t t

10. @ﬁe?]:}‘;:#'l'* fg ;%
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24 42 N (527)% (5.28) 0 7 F
6, oc, 0, 0, o, L 0%c
=-1 c_ + -V, + D,
6, ot 9, (01+pbKd)[ oz azzj
ac _ae 4 0, v, ac D" o'c, (531)
ot 6, +p,K,) oz oz’
oc ¢ 82cm
=-Jc, -V, +D, —
oz 0z
Ho
0
Voev,—2 = 1gmakTimEA (myear))
0, +p,K
m 61 s 22
D; =D, = A5 A hE (m? yeart)
0, +p,K
2 £(527)% (5.29) » ¥ @
oc,, 2 0., v oc,, Dma c,
=-Ac_+ - +
ot "6, + p,K,) " oz t ooz
(5.32)
ac,, co’c,
= —Jdc, -V, D, —
oz 0z
Ho
9 > N— 2 Z » 2 ~ -
V=V ——n = IS LPFToER (myear?)
0.+ p,K,
D/ =D —"—= 135 L FAc kA (m* year™)
0.+ p,K,
11. &% 7+
BFE TS R BBk T RS AT g B2 K
Vv
R = 5 (5.33)
REd PR T e R R Bl & 4 B T 2 i

Sl 1 e

-
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:61+pbKd :1+and ) (534)

d

gt et
an«% RS PR A T GEA g R o Bl 3 3 BF TS 2 842 5N
Ol 6 Pk (5.35)
em gm Hm

g2t 2N (533)E F Rz RALBFY 4 RA 2Pk AR > & RESRAD-
OFFSITE = 258 ¥ » %42k 5 20 2 425% o

Y

12. 3*M.-kiE B
e RRERAPRHEIETIECIRA ZHBEE %Ké}éﬁ‘fré]Léﬁ“ﬁ)iﬁ%{%
/7¢—1 .

Vo=1=0-c)le-c)p+1.], (5.36)
He
v, = EF# R (myear?)
I = »%F (myear?)

C, = Z#FITEK
c = iLjnihidk
p = 'aZ (myear?)
= ARSFLREZEELF (myearl)
£ Lo JEAEE VIR S L NPT |
V, = K,_i (5.37)

K, = #4fo-k4 &% %Hc (myear?)
i, = kA R
BBtk T R
V, =0V, . (5.38)
= 4258 (5.37) A | & % 258 (5.36) % (5.37) 3 B AL irk drfok 2 3V Hokid B o

o
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igﬁﬁﬁﬁﬁﬁyuT%ﬂﬁfﬁz

Vd
-t (5.39)

+ 42.39(5.38) 4 B % & ¥ F]F > 4238(5.33)~ (5.34) % = 4254 (5.35)~(5.36) 5 3
ﬁﬁ_%@#aﬁﬁﬁaﬁ%ﬁa

d 233 2 NB33)IE 2 RAFFE BB 2R FIM i ¥ 3 23N (5.38) >
7234 (5.33) i 9 Pl-2 PAET 308 B 2 2 RAER T ARSE Y LA
HRFT 2R AR SHGF R IRFLAES RER R Y RRLEFT
+ (7 #2354 (5.33)) ¥ & 3| ﬁ‘n?ﬁ’— T2 % o 8% 2 f254(5.33)» & ¢ * RESRAD-
ONSITE 2 &% %]+ % & - ,—K(RESRAD -OFFSITE i beta 5% & ¢ * > 4234 (5.34)) -

13 5k
St SRR ERTTE Y SN R Y

g2 D (5.40)

Ho
d = ++fmz wﬁ'x (m)

¢ av,
Di- S (5.41)

m d

5&H2&@ﬁ%ﬂﬁﬁm%i%#mﬂ 2R

TR TR TS S PSP
0c, (2.1) + ¢, (z,1) +vc—acm(z’t) - D:—a Cm(zz’t) = (5.42)
ot 0z 0z
JEER 2 TREERRET] RN AT A ER 2 TREE 2
Voo (ty-00" Tl _ygo n-pre ZoY s, (5.43)
oz oz
A ¥
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t \ 42Dt 4Dt
SRR VR 3 A SCONELUNYTE o) S F Sl
t _vV 2
f(z,t):jf(o,t—r)i : exp[—u—thr, (5.46)
) T 47IDZCT 4chr
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MG L PROF BB EEAY TR 2 MR R R 2 SR B
R BB TE RSP RER M R A KRRk TR ER P
o Bor 2 cnP R R iR Rl BB AR A AT BRG &
BEFRP AL/ 211 (T 2 AT 0 2RI 4y AR Mz
LREN: SR LR W0 st S £ S L S LA S LA I LA ) TR}
ERERAF - 2 ~Z 2 P f fi“,f RBERP Py BT R TR
T2RAFEE B XA TEL ZBRP PR ”L’rﬁﬂ?ﬁifiv,f’di%ﬁ%
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YELARZPAGE CER L RWERIRAE > NGRS A H M eEE
9% R E 0 EPF 3 0.25mSviyr 2 Pifa k3 14 48 0 4 %) 5 C-14 ~ Ni-59 ~ Ni-
63 ~ Sr-90 ~ M0-93 ~ Nb-94 ~ Tc-99 ~ 1-129 ~ Cs-137 ~ Np-237 ~ Pu-238 ~ Pu-239 -
Pu-240 ~ Am-241 (FMiﬂéam 30 #75% )o L 554 & F L 4 rfm 7J<;‘f~ 2%
B 4 1200kg/m3 > 3t M % % 015> B E i kL B E R L 255 ¢
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2 29 EHFRIEIFAHEELT A

A% [B&E |CHE | @3t
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Bk BRI R E () 960 | 16 | 22 | 998
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008~ k¥ 2 AFFEHEF LA SEIZ P AT E 58004 5 - oL &
RESRAD-OFFSITE #5% 5F 2 & o 49 B % #ick %4 %] 55 T B 65° s * RESRAD-
OFFSITE 5% i& (7 B3k 3-hk #ok2 R 3% - RESRAD-OFFSITE 4 47+ 48 @,gi%] 34 P
650 AT E e BSOS i AN R RIS Y S 4 s
RAEA AR f BT E R B BRI f5 SR E R G o R F] 66 7T
&W%Lw%ﬁmf AR EEDZPEZT A E 0 TR FZEMAE
2 b e F oA #8245 'UE 0.25 mSviyear o Ak G4 mh'ﬂrjs @@13@ o X |
£ 8.5x10™ mSv/year >+ 1000 # z_ {& o gt A £ > 30 F £ 72 452 iE 0.25 mSv/year-

2 30 R kR MR M A A
(A3FFms 2227, 2010)

W
(£ 998 ¥4 )
B 41 48(14 f8)
ikt = 34 (yn) i+ & (Bq) pBa/g

C-14 5730 2.32E+13 9.10E-05
Ni-59 7.6E4 4.00E+12 1.57E-05
Ni-63 100 4. 74E+14 1.86E-03
Sr-90 28.9 1.21E+13 4. 74E-05
Mo-93 3.5E3 4.22E+09 1.65E-08
Nb-94 2E4 1.10E+10 4.31E-08
Tc-99 2.13E5 5.92E+11 2.32E-06
1-129 1.57E7 4.48E+11 1.76E-06
Cs-137 30 1.65E+14 6.47E-04
Np-237 | 2.14E6 1.91E+07 7.49E-11
Pu-238 86.4 4.26E+10 1.67E-07
Pu-239 2.4E4 1.47E+12 5.76E-06
Pu-240 6580 1.22E+12 4.78E-06
Am-241 432.2 9.66E+11 3.79E-06
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Source:

Nuclide Concentration:

Ieonic Navigator

Pathways?
Froblem I "In";fj{‘ I Results I Help

List of Nuclides Present a
the Si

Add Nuclide
Delete Nuclide

Release and Air iansport
Distribution Coefficients

Transfer factors

All nuclide factors
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List of Nuclides
in Database




Water Use

Well pumping rate needed to support specified Walter uze:

Bl 55 RIEE M FaokiE féﬁ%]% i o %

Plant Factors
Crops

Wet weight crop yeld [kg/m=*2]
Duration of Growing season [yearz]
Foliage to Food Transfer coefficient
Weathenng Removal constant [1/year]
Foliar interception factor for irrigation
Foliar interception factor for dust

Boot Depth [meters]

® 56

. Livestock Intakes

i

Water [liters/day]

Pasture. and Silage [kg/fday]

Grain [kg/day]

Soil from Pasture and Silage [kg/day]
Soil from grain [kgfday]

51

109

RIE S DI R WPk £

1698417

Fruit, grain,

cubic metersfyear

5%

Leafy

Description of Usage:- Fraction of water from Mumber of
Water for . ) individuals
Quantity Surface body well
Consumption by humans R10 Liters/year | 0 1
Use indoorz of dwelling 295 Liters/day | D 1 El
Beef cattle a0 Litersfday | D 1
Dairy cows 160 Litersfday | 1
Irrigation applied per year:- s Ffmemijﬂﬁ
Fruit, grain, non-leafy vegetables | 2 metersfyear | 1 TG
Leafy vegetables 2 metersfyear | 0 1 T
Pasture, Silage 2 meters/year | 1 ST
Livestock feed Grain 2 metersfyear | D 1 AT
Offsite Dwelling site 2 metersfyean | 1 SR
Well pumping rate: 16985 cubic meters/year

non-lealy vegetables

15

A7 .25

| 1

20 20

.25 .25

.25 .25

1.2 9

RITE R PSR Bl gy~ A5 2

Beef Cattle Dairy Cows
E 160
14 44
h4 11
1 4
4 N |
A -
%] RIS S



Ingestion Rates

Consumption Fraction from
rate affected area
Dnnking water W Literz/pear 1
Fizsh a4 kgfvear 5
Crustacea and mollusks q kafyear 5
Fruit, grain. non-leafy vegetablez | 160 kafyear 5
Leafy vegetables 14 kagfyear 5
Meat 63 kgfvear 1
Milk q2 Litersfpear | q
Soil [incidental] 3655 gramsz/year

Livestock Factors

Livestock Feed Factors

Plant Factors

B 58 Rl Gl pLEP AT S R

e
E
>’
>
=1
W
N
e

Occupancy

Fraction of Time zpent on PRIMARY CONTAMINATION
[whether cultivated or not]

Indoors I

Outdoors 1}
Fraction of Time zpent in OFFSITE DWELLING SITE

Indoors R

Outdoors 2

Fraction of Time zpent in FARMED AREAS [including
Primary and Secondary contaminated areas]

Fruit, grain, and Monleafy fields 1
Leafy wvegetable helds 08
Pazture and zilage fields o1
Livestock grain fields 1

[f part of a farmed area lies on the Primarny Contamination, the time
fraction gpent in that part of the area should be included in both the
farmed area occupancy and the primany) contamination occupancy.

@&)W%%M%ﬁ%%%é%%%?%?%?ﬁ%ﬁﬁﬁ%&
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Transfer Factors

Radionuclide: Am-241 i‘ Element Am

Soil to plant transfer tactor
Fruit, grain, nonlealy vegetables |0 001 [pBgfkg)/[pBglk:
Leafy vegetables: o.oo1 [(pBa/ka)/[pBalk:
Pasture. silage: o001 [(pBa/ka)/(pBalk:
Livestock feed grain: 0.001 (pBgfkal/(pBglk:

Intake to animal product transfer factor
Meal: 0.00005 | [pPBgfkgl/(pBgid]
Milk: 0.000002 | (pBg/L)/[pBq/d]

Water to Aquatic food transfer factor
Fish: 30 (rBa/kg)/(pBq/L)
Crustacea: 1000 [pBa/ka)f(pBa/L]

Bl 60 RIzEF 0 Fak Am-241 @ﬂﬁj 'ﬂ—?ﬂﬁj > e 2 Sl

Distribution Coefficients

Radionuclide Am-241 i...l

Distribution coefficient {cm /¢ in-

Lontaminated Zone: Sediment in surface water body
Unzaturated Zone 1: Fruit, grain, nonleafy helds 20

Leafy vegetable fields 20

Pasture, zilage growing areas 20

Livestock feed grain fields 20

Dwelling site

Saturated Zone:

Humber of Unzaturated Zones: q |
set in preliminary inputs form

Bl 61 GBI % s3Fa Am-241 & iF Tk Kd fﬁﬁs?] SRR IS
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Transfer Factors

B 62 BIFEEHHA [-129 1-21?3‘1%] ﬂ—?ﬂj%]/\ g 2 %

Distribution Coefficients

Radionuclide I1-129 i“’l

Distribution coefficient {cm /¢ in-

Radionuclide:I-129 i.,l Element |
Soil to plant transfer factor
Fruit, grain. nonleafy vegetables (p.02 [(pBafka)f(pBafk:
Leafy vegetables: 002 [(pBafka)/(pBalk:
Pasture, silage: 0.02 (pBgfkal/(pBglk:
Livestock fFeed grain: 002 [(pBafka)f(pBalfk
Intake to animal product transfer factor
Meat: 0.007 (pBafkao)/(pBq/d)
Milk: 0.01 (pBgfL)/(pBq/d)
Water to Aquatic food transfer factor
Fish: 40 (pPBafkao)/(pBq/L)
Crustacea: q [(pBa/ka)f(pBa/L]

;o

LContaminated Zone: |:| Sediment in surface water body |:|

Unszaturated Zone 1: |:| Fruit, grain, nonleafy fields
Leafy vegetable fields

Dwelling site

Saturated Zone: |:|

Humber of Unzaturated Zones:  1q |
set in preliminary inputs form

B 63 PliEE HHne [-129 » i 2 #cKd f,ﬁ_ﬁa?l > AmE
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Pasture, silage growing areas

Livestock feed grain fields
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Transfer Factors

Radionuclide:Cs-137 EI Element Cs

Soil to plant transfer tactor
Fruit, grain, nonlealy vegetables (p. 04 [pBgfkg)/[pBglk:
Leafy vegetables: 0.04 [(pBa/ka)/[pBalk:
Pasture. silage: 004 [(pBa/ka)/(pBalk:
Livestock feed grain: 0.04 (pBgfkal/(pBglk:

Intake to animal product transfer factor
Meal: 0.03 (pBg/kg)/(pBqg/d]
Milk: 0.008 (pBg/L)/(pBqg/d]

Water to Aquatic food transfer factor

Fish: 2000 (pBg/kg)/[pBag/L]
Crustacea: 100 [pBa/ka)f/(pBa/L]

Bl 64 RlsF % 3R Cs-137 @ﬂﬁj 'ﬂ—?ﬁ%]/\ e 2 S

Distribution Coefficients

Radionuclide Cs-137 ﬁl

Distribution coefficient {cm /¢ in=-

Contaminated Zone: AG00 Sediment in surface water body | AG00
Unsaturated Zone 1: AG00 Fruit. grain. nonleafy fields AB00

Leafy vegetable fields AGDO

Pasture. zilage growing areas AG00

Livestock feed grain fields AGOO

Dwelling site

Saturated Fone:

Humber of Unzaturated Zones:
zet in preliminary inputs form

Bl 65 PR %k vHnk Cs-137 & v Tr#ic Kd fﬁﬁs?] IR I = S
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DOSE: AllNuclides Summed, AllPathways Summed
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4.3 3F-n 3.3

Bearing of X axis (clockwise angle from North)

¥ dimension of Primary Contamination

¥ dimension of Primary Contamination
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Fruit. grain. non-leafy vegetables plot
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Grain fields

Dwelling site

Surface- water body

a0 degrees
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100 meters
Smaller Larger Smaller Larger
X Coordinate Y Coordinate
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0 100 450 550 meters
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-100 200 550 850 meters
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Source

MNuclide Concentration: m pCifg

List of Nuclides Present at List of Nuclides
the Site in Database

Cc-14 100 Add Nuclide ‘ Ac-227 ~

H-3 100 Ag-105

Pb-210 0 - Ag-108m

Ra-226 100 Delete Nuclide ‘ Ag-110m

Ra-228 100 Al-26

Th-228 0 Am-2411

Release and Air transport ‘ Am-242m

Am-243

Distribution Coefficients ‘ Ar-37 No DCFs

Ar-39  No DCFs

As-13

| [Au195
Ba-133

‘ Be-10
Be-7

‘ Bi-207

Dose and risk factors

Transfer factors

Bi-210m

Bk-247

Bk-249

C-14

Ca-11 4

All nuclide factors
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Source Release and Deposition Velocity

Radionuclide: Pb-210 i‘ Element: Pb

Release to ground water Atmospheric transport

Leach Rate: D }year Deposition velocity mfs
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Radionuclide- H-3 j

Distribution coeflicient (cmgig) in:-

D Sediment in surface water body II'
Unsaturated Zone 1: D Fruit. grain. nonleafy fields

Contaminated Zone:

Leafy vegetable fields
Pasture. silage growing areas

0
0
0
0

Livestock feed grain fields

Dwelling site II'

Saturated Zone:

Number of Unsaturated Zones: 1
setin preliminary inputs form
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Dose Conversion and Slope Factors

Radionuclide: C-14 j
S|0p9 Factor Library FGR 13 Morbidity ‘
External Slope factor 7.83E-12 {riskfyear) { (pCifg)
Food Ingestion Slope factor 2E-12 risk{pCi
Water Ingestion Slope factor risk{pCi
Soil Ingestion Slope factor 2 E-12 risk{pCi
Inhalation Slope factor 1 K9E-11 risk{pCi
Gaseous Inhalation Slope factor |1 99E-14 risk{pCi

Dose Factor Libraries FGR 12. FGR 11

mremfyear) / (pCifg)

(E
Ingestion Dose conversion factor mrem/pCi
EXES |

Inhalation Dose conversion factor 2 D9E-6 mremfpCi

External Dose conversion factor

Gaseous Inhalation Dose conversion factor |2 35E-8 mremfpCi

Launch Dose and Slope Factors Editor ‘

"Save"
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Cancel
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Dose Conversion and Slope Factors

Radionuclide Ra-226 i‘ Radon Dose and Slope Factors | Risk and Dose Factors for Radon
Slope Factor Library FGR 13 Morbidity Radon Progeny Slope Factors
Parent Progeny Slope Factor
. . i Ci
External Slope factor 2.29 (riskfyear) ! (pCifqg) risk/p
Ra-226 RBin-222 1.8E-12
Food Ingestion Slope factor _ risk/pCi Po-218 37E-12
Water Ingestion Slope factor risk/pCi Pb-214 6.2E-12
Bi-214 = . .
Soil Ingestion Slope factor risk/pCi ' A Save
Th-228 Rn-220 1.9E-13
Inhalation Slope factor risk/pCi
Po-216 3 E-15
Pb-212 3.9E-11
: . Bi-212 37E-11
Dose Factor Libraries FGR 12, FGR 11
External Dose conversion factor 0.0318 mremjyear) / (pCi/g Radon Dose Conversion Factors
Ingestion Dose conversion factor 0.00132 mrem/pCi Indoor Outdoor
Rn222  [760. | [s70. | mremwiM
Inhalation Dose conversion factor 0.00858 mrem/pCi
Rin-220: |]5|]_ ‘ |25|]_ | mremfWLM
Launch Dose and Slope Factors Editor ‘
"Save"
Cancel
0S A= a2 N2 12 N2 22 A=\ \Fﬁ b =T 444
F i@ KiEP g w4 (Ra-226 ~ Th-228) T fx #* 5 4 j5 % 78 TE
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Radionuclide: Th-228 j‘ Element: Th

Soil to plant transfer factor

Fruit. grain. nonleafy vegetables |0.001 {pCifkg)/{pCifkg)
Leafy vegetables: 0.001 {pCi/kg)/(pCijka)
Pasture. silage: 0.001 (pCifkg)/(pCifkg)
Livestock feed grain: 0.001 {pCifkg)/{pCifkg)

Intake to animal product transfer factor

Meat; 0.0001 (pCifkg)/{pCi/d)
Milk: 0.000005 (pCi/L)/(pCi/d)

Water to Aquatic food transfer factor

Fish: 100 (pCi/ka)/(pCifL)
Crustacea: 500 {pCifkg){(pCi/L)
Save
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Reporting Times

Times at which output is reported (years):

® ®®®®®®®®

100 1000 10000 100000

Add Remove

1)
2) |3
3 |6
Storage times ‘ 4 12
5 |30
Save ) 75
Cancel 8) 420
9)
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Storage Times

Surface water: 1 days
Well water: 1 days
Fruits. Grain, and Nonleafy vegetables: 14 days
Leafy vegetables: 1 days
Pasture and Silage 1 days
Livestock feed grain: 45 days
Meat: 20 days
Milk: 1 days
Fish: 7 days
Crustacea and mollusks: 7 days
Save
—=ouill] - [
Cancel
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Physical and Hydrological

Site properties

Precipitation: 1 metersfyear

Wind Speed 2 metersfs

Sub-area properties

Contaminated zone and Cover

Agricultural areas

Livestock feed growing areas

Offsite Dwelling site
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414 1B FA(FATFEFARE) HILE ke TR

Primary Contamination

Length of contamination parallel to aquifer flow: 100 meters
Depth of soil mixing layer: 15 meters
Deposition Velocity of dust: oo metersfs
Irnigation applied per year: 2 metersfyear
Ewvapotranspiration coefficient: 5

Runoff coefficient: 2

Rainfall and Runoff Factor: 160
Slope-length-steepness factor: K|

Cover and Management Factor: 003

Suppor practice factor: 1

Soil layer Contaminated Clean Cover

zone
Thickness: 2 ] meters
Total Porosity: x|
Dry bulk density: 15 gramsfcm™*3
Soil erodibility factor: x| tonsfacre
Field capacity: 3
b parameter: 53
Hydraulic conductivity: 10 metersfyear
]
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Agricultural Areas

Crops Fruit. grain, Leafy
non-leafy vegetables

FEraction of area directly over primary contamination: | 1]
Irrigation applied per year (meters/year): 2 2
Evapotranspiration coefficient: 5 5
Bunoff coefficient: 2 .2
Depth of soil Mixing layer or Plow layer {meters): 15 15
Yolumetric water content: 3 3
Dry bulk density of soil (gramsfcm™*3): 15 1.5
Soil erodibility factor (tonsfacre): 4 4
Slope-length-steepness factor: 4 4
Cover and management factor: 003 .003
Support practice factor: 1 1

Save

| -
Cancel

Livestock Feed Growing Areas

183

Crops Pa_sture, Grain
Silage
Fraction of area directly over primary contamination: | 1]
Irrigation applied per year (metersjfyear): 2 2
Evapotranspiration coefficient: 5 h
Bunoff coefficient: 2 2
Depth of soil Mixing layer or Plow layer {(meters): 15 A5
Yolumetric water content: 3 3
Dry bulk density of soil (grams/cm™*3): 15 1.5
Soil erodibility factor (tons/acre): 4 4
Slope-length-steepness factor: 4 4
Cover and management factor: 003 .003
Support practice factor: 1 1
Save
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Offsite Dwelling Area

Building Offsite
location Dwelling
EZZ
Irrigation applied per year (metersfyear): 2
Ewvapotranspiration coefficient:
RBunoff coefficient:
Depth of soil Mixing layer or Plow layer (meters): 15
Yolumetric water content: 3
Dry bulk density of soil (grams/cm™*3): 15
Soil erodibility factor (tons/acre): 1]
Slope-length-steepness factor: 4
Cover and management factor: 003
Support practice factor: 1
Save
| - [
Cancel
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Atmospheric Transport

Release height 1 meters Dispersion Model Coefficients Windspeed Terrain
Release heat flux L calfs ® Pasquill-Gifford Coefficients
Anemometer height 10 meters @ Rural

Bri Rural Coefficient
Ambient temperature 2856 Kelvin O Briggs Rural Coefficients O Urban

() Briggs Urban Coefficients

AM atmospheric mixing height 400 meters

PM atmospheric mixing height 1600 meters
Fruit, grain, Leafy Pasture, Grain Dwelling Surface

Offsite location non-leafy wvegetables silage fields site water body
wvegetables plot growing
A A A A plot area

Elevation of offsite location. relative to ground m

0 [ [o [ [ [

level at primary contamination

Grid spacing for areal integration m

Read Meteorological STAR file ‘

[ modify joint frequency data read from STAR file for CHICAGO MIDWAY. IL

Wind speed ||]_39 ||2_45 ||4_4? ||5_93 ||9_51 ||1 252 |mfs
Stability class Joint frequency of wind speed and stability class for wind from Sto |N -

A G 0 o [0 o o

B |u_uu1u4 0.00206 ||u_uuz4 ||u ||u ||u

c |u_uuua 0.00343 ||u_u1 016 ||u_uuzurs ||u_uuuza ||u

D |u_uuu41 0.00605 ||u_u1 587 ||u_uzza4 ||u_|1051 4 ||u_uu1|]3

E ||]_|]|]112 0.00251 |||]_|]1 93 |||]_|]2|]32 |||]_|]|]3|]a |||]_|]|]|15?

F |u 0.01096 ||u_u1 599 ||u ||u ||u
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Unsaturated Zone Hydrology

Number of Unsaturated Zones: 1
setin preliminary inputs form

Unsaturated Zone Number: 1:
Thickness {meters) 4
Dry Bulk Density (gramsfcm™3) 1h
Total Porosity ¥
Effective Porosity 2
Field Capacity 3
Hydraulic Conductivity (metersfyear) 10
b Parameter 53
Longitudinal Dispersivity {(meters) 1
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Saturated Zone Hydrology

Thickness of saturated zone: 100 meters
Dry Bulk Density of saturated zone: 15 gramsfcm™*3
Total porosity of saturated zone: 4
Effective porosity of saturated zone: 2
Hydraulic Conductivity of saturated zone: 100 metersfyear
to surface

to well waterbody
Hydraulic Gradient of saturated zone: 02 n2
Depth of aquifer contributing 10 10 meters below water table
Longitudinal Dispersivity of saturated zone: 3 10 meters
Horizontal lateral Dispersivity of saturated zone: ¥ 1 meters

(® Disperse Yerically

Yertical lateral Dispersivity of saturated zone: | g2 | | 06 meters
(O Do Not Disperse Vertically {0 surface
Yalue Averaged over length of saturated zone to well waterbody
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| S -
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4.20 k¥

Description of Usage:-
Water for.
Consumption by humans
Use indoors of dwelling
Beef cattle

Dairy cows

Irrigation applied per year:-
Fruit. grain. non-leafy vegetables
Leafy vegetables
Pasture, Silage
Livestock feed Grain

Offsite Dwelling site

Well pumping rate:

Well pumping rate needed to suppornt specified Water use:

Fraction of water from Number of
individuals
Quantity Surface body Well
510 Litersfyear |0 1
225 Liters{day 0 1 El
50 Liters/day 0 1
160 Liters/day 0 1
Area of Flot
{square meters)
.2 metersfyear | 1
2 metersfyear | 1
2 metersfyear | ( 1
2 metersfyear | 1
2 metersfyear | 1
5100 cubic metersfyear
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421 ¥ 2K

Surface Water Body

Sediment delivery ratio: 1
Yolume of surface water body: 150000 cubic meters
Mean residence time of water in surface water body: 1 years
SQUEIE mElers
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Groundwater Transport

Sub Screens

Unsaturated Zone Properties Water Use parameters

Saturated Zone Properties Surface Water Body

Distance in the direction parallel to aquifer flow from downgradient edge of contamination to

well: 100 meters

surface water body: 450 meters

Distance in the direction perpendicular to aquifer flow from center of contamination to

well: 0 meters
right edge of surface water body: -150 meters
left edge of surface water body: 150 meters

Convergence criterion (fractional accuracy desired):

Number of sub zones (to model dipsersion of progeny produced in transit):

Main sub zones in saturated zone 1

Main sub zones in each partially saturated zone 1

® nuclide specific retardation in all sub zones. longitudinal dispersion in all but the
sub zone of transformation

0O longitudinal dispersion in all sub zones, nuclide specific retardation in all but the
sub zone of transformation, parent retardation in zone of transformation

O longitudinal dispersion in all sub zones, nuclide specific retardation in all but the
sub zone of transformation, progeny retardation in zone of transformation
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4.23 %

Ingestion Rates

Consumption Fraction from
rate affected area
Drinking water 510 Litersfyear 1
Fish 5 4 kglyear 5
Crustacea and mollusks q kglyear 5
Fruit, grain, non-leafy vegetables 160 kglyear 5
Leafy vegetables 14 kglyear 5
Meat 63 kglyear 1
Milk g2 Litersfyear |1
Soil (incidental) 365 gramsjfyear

Livestock Factors

Livestock Feed Factors

Plant Factors
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424 H 3%~ £

Beef Cattle Dairy Cows
Water (liters/day) 50 160
Fasture. and Silage (kg/day) 14 44
Grain (kg/day) 54 1
Soil from Pasture and Silage (kg/day) 1 4
Soil from grain {(kg/day) | 1
Save
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Livestock Feed Factors

Crops Psﬁislglgrg, Grain
Wet weight crop yield {(kg/m*™*2) 1.1 g
Duration of Growing season (years) .08 A7
Foliage to Food Transfer coefficient 1 1
Weathering Remowval constant {(1/year) 20 20
Foliar interception factor for irrigation .25 .25
Foliar interception factor for dust .25 .25
Root Depth (meters) 9 1.2
Save
| -
Cancel
Crops F:;i'tl._lf_ll;:fi;. velg_gf:ifﬁles
Wet weight crop vield (kgfm*=2) ¥ 1.5
Duration of Growing season (years) A7 .2h
Foliage to Food Transfer coefficient 1 1
Weathering Remowval constant {(1/year) 20 20
Foliar interception factor for irrigation .25 .25
Foliar interception factor for dust .25 .25
Root Depth (meters) 1.2 R
Save
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Cancel
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4.26 3~ % ¢ 2R poIf

Inhalation and External Gamma

Inhalation rate: 8400 m**3fvear
Mass loading for inhalation: noo1 grams/m**3
Mean Onsite mass loading : noo1 grams/m**3

Indoor to outdoor dust concentration ratio: | 4

External gamma penetration factor: 7

Shape of Primary Contamination

Occupancy Factors
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4.27 thIRgE BFAL K 2 W ff F+

External Radiation Shape and Area Factors

Onsite i Offsite
Dwelling Location X: 100
Dwelling Location Y: o
\— Calculate Radn and Fractions
—Drawing Instructions ———— - i
Use the left mouse button to change Radius: (m) Fraction:
the dwelling location and to calculate 1 1325 0
the Radii and Fractions. = _
2z 265 1]
3 39.75 1]
1 53 022
—Key board Instructions 5 B6.25 13
Key in the dwelling location. n _ _
Then press the Calculate Radii and & 795 -24
Fractions button. 7 97 75 7
8 106 A7
E] 119.25 15
10 [1325 13
Shape of the plan of the primary contamination: 11 | 14575 12
O Circular (@ Polygonal 12 | 1589 055
Scale: 200 meters

Coordinates of the verticies of polygon:
X (m): Y (m):
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External Radiation Shape and Area Factors

. Onsite T Offsite
Dwelling Location X: 181
Dwelling Location ¥: 14
I— Calculate Radii and Fractions
Drawing Instructions —— i -
Use the left mouse button to select or Radius: (m) Fraction:
change the dwelling location and to 1
calculate the Radii and Fractions. = ]9'533333333| 0
2 39.166666666| |0
3 58.75 0
1 70.333333333 |0
Key board Instructions ——— X X X | g5 97 916666666 | 034
Key in the dwelling location_ n - -
Then press the Calculate Radii and L3 1175 Ay
Fractions button. 7 [137.08333333) [ 19
8 156.66666666| | .25
a 176.25 21
10 19583333333 |1
Shape of the plan of the primary contamination: 11 | 215 41666666) | .048
p i p p ry Clear
() Circular @ Polygonal 12 (235 013
Scale: l:l meters
Coordinates of the verticies of polygon:
o s
| | | | Cancel
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4.28
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s
i
4

Fraction of Time spent on PRIMARY CONTAMINATION
{whether cultivated or not)

Indoors ]

QOutdoors ]

Fraction of Time spent in OFFSITE DWELLING SITE
Indoors 5
QOutdoors 1

Fraction of Time spent in FARMED AREAS (including
Primary and Secondary contaminated areas)

Fruit, grain. and Nonleafy fields

Leafy vegetable fields

Fasture and silage fields

—_— =] =] -

Livestock grain fields

If part of & farmed area lies on the Primary Contamination, the time
fraction spent in that part of the area should be included in both the
farmed area occupancy and the primary contamination occupancy.
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B3RP R FE A ARBEERFL G PR G E 3 T AR 2
(FRMEAFFLETIRFTLHL Dl E)o
AEHEZ FET PR EMAITESR AT 0 R RIAR T TR -

Effective radon diffusion coefficient of Cover: 000002 m**2}s
Effective radon diffusion coefficient of Contaminated zone: 000002 m**2}s
Effective radon diffusion coefficient of Floor: 0000003 m**2}s
Thickness of floor and foundation: 15 meters
Density of floor and foundation: 2 4 gfcm™3
Total porosity of floor and foundation: 1
Yolumetric water content of floor and foundation: 03
Depth of Foundation below ground level: -1 meters
Onsite vertical dimension of mixing: 2 meters
Building room height: 25 meters
Building air exchange rate: 5 1/hr
Building indoor area factor: ]
Rn-222 emanation coefficient: 25
Rn-220 emanation coefficient: 15
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430 g-14 F 4

Carbon-14

Thickness of evasion layer for C-14 in soil: 3 meters
C-14 evasion flux rate from soil: 0000007 1/sec
C-12 evasion flux rate from soil: 1E-10 1/sec
Fraction of vegetation carbon absorbed from soil: 02

Fraction of vegetation carbon absorbed from air: 98

Mass fractions of C-12

Save
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Cancel
Contaminated soil: 03 gfg
Local water: _0ooon2 gfcm™=3
Fruit. grain. non-leafy vegetables: x|
Leafy vegetables: 09
Pasture and Silage 09
Livestock Feed Grain 4
Meat 24
Milk .07
Save
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Humidity in air: grams,."m”ii

Mass fraction of water in:-

Fruit. grain. non-leafy vegetables:
Leafy vegetables:

Pasture and Silage

Livestock Feed Grain

@| =] =] =| =

Meat
Milk .88
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Set Sensitivity Analysis Range

Yariable Description:

Longitudinal dispersivity of Saturated Zone to
well

Yariable Name:

ALPHALOW

Multiply and Divide
the variable's
deterministic value

..... Lower ¥alue: 1.5

®2 ﬁ> Base Value: 3
O3 :

Upper Value: b
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6.2 % FETNZE PEF L 47

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

P e

AT SEEERF > ARSI AT P RS R 2 %ﬂ o 7
FERNPES 45 T % 3] & 2 SR %E‘atgh% s .é_jg F*( ey
A\ﬁ FEIL6.3) 0 i H T IR R M Sl B R 10 R ,wfgr—\
FEMEHE LG TTERZRE o

EEF AP mEL 2 F¥k

° Bﬁfﬂ*@%iﬁﬁﬁ%aaWﬁﬁAﬁmx&@fumﬁmu
OFFSITE P 4%2L% 538 £ 5 > 58 2 /8 TP 5 45 (F8) -

e L1EWIpAETHAFIEIL/MMI LAt B B%&“‘%
F T2 e s a4 | BeE(3 s - Hems T Biet o 2 E

R MRT DH LE TR R R A R RS 1 et

FRERSBES A 47 4 5 4 B 2 S A GHRRGEL 621)Y A

220



TREMFLP(N5)EE
o P& BERA S P T HHESF A 6 (CTRL+F8) » v B fx 7 Fx T %
[Pk s im 25 o ¥ 7 { ecid® —"ﬁfﬁ;&»} v X T L F B R
RESRAD-OFFSITE p# > fj‘uﬁ#ﬂ Fah e a4 i 2 H o
% bk R (GE w7 éﬁ@h‘/%ﬂﬂ%ﬁ%‘?ﬁj"ﬁﬂt ERE2 /i
FAAF)T B FE R EF AT A G A H o de gt S R 2 poend kR H -
4&%1 gFd o
PREEPRS AT A E LG S AR RO AP~ R R D BB et
%Tﬁﬂﬂﬁ%%ﬁﬁﬁi
Lo 38m it @ 57 d M RRK LS ~ 2 A LA A LG
i

W%ﬁﬁo

)‘/ﬁ%lwwﬁ]ﬁ’#g 2 ﬁftﬁ I»‘fﬁi °
5. 3EH MY LT UREHALFESN  BEHEFE - HHLA
j % 2 P F A -
6. ERBRRfF d vV uETF UG /NS T
ETF % Hc o
M R A B3R 6.21 % 626

221



621 SlA G

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

— Statistics of uncertain or probabilistic paramet

Yariable Description -
IBearing of X axis ]

Bearing of X axis
* dimension of Primary

Y dimension of Primary Distribution |yNIFORM |
Smaller X Coordinate of Fruit, grain.

Larger X Coordinate of Fruit, grain, Minimum |81
Smaller Y Coordinate of Fruit, grain, Maximum (99
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 ' Coordinate of Grain fields Previous parameter a Update Parameter stats and distribution ‘

Larger ¥ Coordinate of Grain fields Mext parameter -
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 m

(® Perform uncertainty analysis (" Suppress uncertainty analysis this session OK
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Help on Statistical Distributions

Bearing of X axi T
0199 - Ferng sl es There are two ways of specifying a
normal distribution with the tails cut
off, “bounded normal”, or “truncated
normal”. Either the values (Min, Max)
0.15 or the quantiles (Lq, Uq) of the cut off
point can be specified . The
relationship between the two are
0.0997 4 Min = \-lq Max = \-’Uq
The probability density function
for the normal distribution is
0.0499 1 1(x-p\?
exp| - — -
c~2m 2\ ¢ J
x)=
J(x) Uq- Lq
0.
& | Previous parameter
838 ' ' ' ' ~ | Mextparameter %
Conditions
0 < Standard deviation (Sigma)
The sample values are obtained in the segment of the distribution Bounded by the specified minimurnm and
maximurm values where
Mean - 4.75 * Standard deviation <= Minimum < Maximum <= Mean + 4.75 * Standard deviation
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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

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
o 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 Bepetitions:

Sampling Technique

@ Latin Hypercube
O Monte Carlo

I

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 observations is
O Random not much greater than the number of variables.
(® Perform uncertainty analysis (" Suppress uncertainty analysis this session OK
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6.2.3

Wy~ AR B8

Uncertainty and Probabilistic Analysis

Step by step analysis

Related inputs

Post run regression

Sample specifications T Parameter distributions T

Input rank correlations T

Yariable 1 Yariable 2

RCC

—Rank Correlations

Output specifications

Yariable 1

ALPHALOSW v

Longitudinal Dispersivity of saturated zone to
surface waterbody

ALPHATW v

Horizontal lateral Dispersivity of saturated zone
to well

Rank Correlation Coefficient I:I

Yariable 2

Update Correlation table |

RBemowve correlation |

(® Perform uncertainty analysis

(" Suppress uncertainty analysis this session

OK
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6.2.4

RS

Uncertainty and Probabilistic Analysis

Step by step analysis Related inputs Post run regression

Sample specifications T Parameter distributions T Input rank correlations T

—PRE RESRAD run specifications

Output specifications

— Proababilistic outputs available 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) ; R ; i
[T this option is checked, the following probabilistic

_) Peak dose and risk from each pathway (summed analysis option wil 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,

= Dose from each nuclide and pathway at each of the

1 each 2. Statistics (mean, median, minimum, maximum, 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 SRRC 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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6.25 iEH L 4T

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 histogram of
input

Yiew scatter plots of
input ¥s input

Generate input Yiew cdf of input

samples (LHS)

Yiew scatter plots of
output ¥s output

. Yiew scatter plots of
Generate output Yiew cdf of output output Vs input

samples (RESRAD-0)

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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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 Yiew histogram of View cdf of inout
input ¥s input input p

Yiew scatter plots of
output ¥s output

Yiew scatter plots of
output ¥s input

Yiew cdf of 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 f Uncertainty Outputs

Flot choices

(" Input againstinput (" Histogram of Inputs
" Input against Qutput " Cdfof inputs
" Outputagainst Output @ Cdf of Outputs

HExs
Risk dueto H-3

(® Linear " Lograthmic -
[~]

95 Percentile=6.01E-6 +14E-7
Mean=511E-6 +GE-8
Std. devi = b BRE-Y + 2 4E-5

Y axis
Curmulative distribution function

(® Lingar " Lograthmic
Flot Settings
Plot of |Risk due to H-3 ﬂ
Repetitons selected Repetitons omitted

0. t } } |
342E-6 427E-6 511E-6 5.96E-6 6.8E-6

Display
graph

Close
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Probabilistic f Uncertainty Outputs

Flot choices
I . " Input against input " Histogram of Inputs
a a a (® Input against Output " Cdfof inputs
" Outputagainst Output © Cdf of Outputs
| 29 g ", = * axis
4 g 2 Frecipitation
‘ " a =] % a !
LR ,:’, 9a_|la ®a g ® Linear " Lograthric -
aa L “a a
S a 50 Percentile = 1. -
a aa o
u’ﬂgd:’ﬂ:’gg a a 8 a Mean = 1.
E 4 a Iy 2 2 ° a a Std. dewi. = 0.0507 + 0.0059
a a8, a” =0, 20.1) a 2
tE | Ly = Y axis
[ELE S % - a ',!ﬂﬁ - 1 ? "a Dose from External Ground(releas)
= as a ; a a a ®
a :’ ., u!u :I‘= Hg:taﬂ o L (® Linear " Lograthmic -
T PYP B0 Percentile = 20.1 £ 0.1 ~|
a a8 Mean=201+01
-] a —
i a & . Std. dewvi. =211 £ 0.05
agd 8 g
a 7, = a Plot Setings
. “ Plot of |Precipitati0n ﬂ
a 9 a
against |Dosefr0m External Ground(Wreleas) ﬂ
a Repetitons selectad Repetitons omitted
136 } t —it |
0.884 0.948 1.0 1.08 114 Display
graph
Close
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Probabilistic f Uncertainty Outputs

Flot choices

" Input against input " Histogram of Inputs
" Input against Output " Cdfof inputs
ad ® OQutputagainst Output © Cdf of Outputs

4010. 4

d'a @ ¥ s

L] Daose from All Pathways
3510 4 %Ha = ® Linear (" Lograthmic -

gﬁ“ 50 Percentile = 4870 + 70. |

Maan = 4870, + 6O
T Std. dewi. =695 £ 8.
83 o " Y axis

3010, Dose fram YWater Ingestion

g‘," ™ Linear " Lograthmic —
(A ]

B0 Percentile = 2990 + 40,
Foatra Mean = 3000 + 40

2510. J a:i:‘:t Std. devi. = 397. £ 5.
s a Flot Settings

g "= Plot of |Dose from All Pathways |

against |Dosefr0m ‘Water Ingestion ﬂ

Repetitons selectad Repetitons omitted

Display
graph

2010. . s } + |
3380, 4120, 4860. 5540. £330
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Probabilistic Temporal Plots

Flot choices -
F320 — [v 9ath percenhle
All Fiepetitions - [v median
[v mean
2018, 5290, Hods
Tirne
4740, ® Linear " Lograthmic
Y axis
Dose from all Pathways and Muclides
(® Linear (" Lograthmic
2160, Flot Settings
Percentile to plot] 99
Plot of |Dose fram all Fathways and Muclides ﬂ
Read data and Display graph ‘
1580, 4 Close
Flot data at 208 yvears
| Mean | Median | 99%
4750, 4730. 6120
. . . 4690. 4690. 5930.
- ! ! ! ! 4650, 4650. 65240
0 128 25k, 384 B1z
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6.26 i#EH 5w ETF

Uncertainty and Probabilistic Analysis

Sample specifications Parameter distributions Input rank correlations Output 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

[+ Dose [+ Risk PCC SRC PRCC SRRC
Peak Total dose and risk [v [v [v [v
Peak Nuclide dose and risk r2 [v [v [v
Peak Pathway dose and risk PCC SRC PRCC SRRC
Pathway Sub pathway — > Water borne Air borne and direct
External radiation from ground [v [v [v [

< <
< <
< <
< <

Inhalation of particulates
Ingestion of Fish

Inhalation of Rn and progeny
Ingestion of Yegetables
Ingestion of Meat

Ingestion of Milk

Ingestion of Soil

Ingestion of Water

BRI
BRI
BRI
BRI
< <<
< <<
< <<
< <<

Determine correlation and
regression coefficients

Partial Correlation Coefficient (PCC) Standardized Partial Regression Coefficient (SRC)
Partial Rank Correlation Coefficient (PRCC) Standardized Partial Rank Regression Coefficient (SRRC) |
(® Perform uncertainty analysis (" Suppress uncertainty analysis this session OK

A
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6.3

4
E4

SH

W4 o iz AR S b G A

5 Sid- Ll i

—elp

LineDraw ~v|[[10 ~| Page ~ EIZI

JFFSITE Regression and Correlation output 07/27/06 09:00 Page: Coef 1
Users Guide Output Screen Shots
usersGuide Imp.ROF

:ients for peak All Pathways Dose

Coefficient = PCC PCC PCC SRC SRC SRC
Repetition = 1 2 3 1 2 3
iion of Probabilistic Variable Sig Coeff Sig Coeff Sig Coeff 5ig Coeff Sig Coeff Sig Coeff
Leach Rate of Ra-226 7 -D.97 9 -D.94 7 -0.96 | 7 -0.26 9 -0.20 7 -0.29
Rd of Pb-210 in Saturated Zone 4 -0.98 5 -0.97 5 -0.97 | 4 -0.33 5 -0.32 5 -0.32
Ed of Ra-226 in Unsaturated Zone 1 14 -0.81 14 -0.69 14 -0.65 |14 -0.09 14 -0.07 14 -0.07
Rd of Ra-226 in Saturated Zome 8 0.97 & 0.95 9 0.95| 8 0.25 8 0.23 9 0.24
Precipitation 12 0.83 12z ©0.76 13 0.65 |12 0.10 13 0.09 13 0.07
Length of contamination parallel to aguifer flov 5 0.96 3 0.96 3 0.98 | 5 0.32 3 0.36 3 0.36
Evapotranspiration coefficient in area of primary contamination 13 -0.81 13 -0.76 11 -0.80 |13 -0.09 1z -0.09 11 -0.10
Thickness of contaminated zone 1 0.99 1 0.96 2 0.98 | 1 0.41 1 0.41 2 0.37
Dry bulk density of contaminated zome 2 0.96 2z 0.9 1 0.96 | 2 0.38 2z 0.41 1 0.40
Thickness (meters) of Unsaturated zone 1 15 -0.67 15 —0.60 15 -0.50 |15 -0.06 15 -0.06 15 -0.05
Pry Bulk Density (grams/cm*+3) of Unsaturated zome 1 11 -0.84¢ 11 -0.76 12 -0.69 |11 -0.10 11 -0.09 12 -0.07
Hydraulic Conductivity of saturated zome 6 -0.98 6 -0.97 6 -0.97 | 6 -0.31 6 -0.31 6 -0.29
Hydraulic Gradient of saturated zoneto well 3 -0.98 4 -0.98 4 -0.97 | 3 -0.33 4 -0.33 4 -0.34
Vertical lateral Dispersivity of saturated zometo well 17 -0.12 17 -0.23 16 -0.19 |17 -0.01 17 0.0z 16 -0.02
Vater for Consumption by humans & 0.97 7 0.96 & 0.95| 9 0.25 7 0.26 & 0.24
Fraction of water from well for Consumption by humans 10 0.92 10 ©0.92 10 0.92 |10 0.16 10 ©0.17 10 0.19
: in the direction parallel to aguifer flow from downgradient edge of contamination 16 -0.14 16 -0.33 17 -0.13 |16 -0.01 16 -0.03 17 -0.01
R-SQUARE = 1.00 0.99 0.99 1.00 0.99 0.99
3 set to zero if the dose is zero or the correlation matrix is singul
iE varies between 0 and 1 and is called the coefficient of determination; it provides a measure of the
ion in the dependent varisble (Dose) explained by regression on the independent variables.
2. o A
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Probabilistic 7 Uncertainty Outputs

Plat choices

209 " Input against input " Histogram of Inputs
a { ® Input against Output (" Cdfofinputs
(447, " Qutputagainst Output Cdf of Outputs
! i7.5) _
— s
i ° ‘ . Depth of aguifer contributing to well
15.1 L E ; % ® Lingar " Lograthmic -
i E]
L | s 5 Percentile = 97.2 r
B ® E Mean = 25.
L, a .
% Std. devi. =233
a3 & Yy
e ] i IL% Y Exis
101 1= ; i Dose fram All Pathways
ﬂﬂ . .
3 g i ® Linear " Lograthmic -
o a3 Percentie =201 |
. Mean =148
a =
£ -:5; N Std. devi. = 6.
:E Flot Settings
ay Plot of |Depth of aquifer contributing to well ﬂ
against |Dose from All Pathways ~|
Repetitons selected Repetitons omitted
0.103 4 t t t i
0.0572 24.9 49.7 74.6 94.4 Display
graph

Close

Variable Description
Depth of aquifer contributing to well

Well pumping rate
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W i o
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— [ﬁ[IS[ICS of uncertain or probabilistic parameter

Well pumping rate

Distribution |DISCRETE CUMULATIVE

=
Number of entries I:I

Value cdf

330 .2h

1000 5

2500 75

5100 1
BEEFRIRT o BET N DR FR 5%

FFaR RN E -3 R ”mx%ﬂ

By DA B A B AR T R B
ﬁ?%ﬁﬁ&ag%’imm43@’uﬁ@ﬂ

236



7 PB4
RESRAD-OFFSITE #47;% 4% # & ftaes 3 ;4 > 2R T 3 4 & o
© BT RBAE SR ERE AT A EHE B eSS
o r it oo
c RALRELE(ZF OUTPUTFIL#’,)' FARSNEE R fééi?ﬁ
Lt d o %%ﬁ;‘ FRFERL R T EFAL kS
B2 Wapledr 10 ?F?QLBJ#WB °
 RESRAD #F :RESRAD #F @ 73 % RESRAD #z;'2 < i » i
e TR T T P EATR 0 JUa 2 P gAY Ede s TR
RESRAD-OFFSITE | # ¥ » ¥ 5 7] RESRAD # | 2 B[} T =+
%48 e
s FEWRvALE FANIRFTEETEFT AL E R
HERER > FHARGR ARG ER
. '&;.—’-;}Fl,;\’&»:’v:f..[ua\ PDF s & © 483\ % éa‘%%;%éi_]llﬁj
PDF #} °

237



71 s faet 2 B

~» Application Help

File Edit Bookmark Optons Help

Qu:untents| Index | Back ‘ Erint |§I055ary|

Irrigation Applied per year

This is the average annual irrigation rate applied to the region of primary contamination or to
the farmed areas. It is the amount of irmigation water that is applied over a period of one vear,
and is not the actual rate of irrigation applied during the growing period. Different values that
take into consideration the site specific needs of the vegetation in each area (different crops,
pasture etc ) should be used.

This parameter is used to compute the following:-

# the rate of infiltration into the primary contamination,

s+ the transport in the unsaturated zone,

the rate of infiltration in the offsite areas,

the accumulation at offsite agricultural areas and pastures,

the foliar uptake by vegetation ,

the computation of the release and distribution of tritium in the ervironment,

the estimation of the radionuclide release rate from the primary contamination if necessary.
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72 A4 %454 8

[E view - ouTPUT.FIL
File Edit Help

Font: |MS LineDraw ﬂhﬂ ﬂ

Be 1 [S[A

Opened usersGuideDet.ROF for &£DB namelist input
Opened NHUCLIDES.EBERN for Branching input
Opened NUCLIDES.DAT for nuclide data input
Opened COEEZT.DAT for input
Reading DEFAULT file ...
--=- DEFAULT.DAT created.
Reading site—-specific data from usersGuideDet.ROF
.-.- Aall site—-specific data successfully input
Opening reports and writing dose transfer and slope factors
Starting calculations ...
Performing global one time calculations.
Perfomring preparatory calculations.

Hodeling primary contamination.

Hodeling air transport.

Hodeling Ground water transport.

Hodeling accumulation in surface water body.
Hodeling accumulation in farmed areas.
Hodeling accumulation in deelling site.
Hodeling accumulation in Livestock.

Hodeling exXxposSure.

Calculations complete; starting Summary Output ...
- == Summary Output complete.

Starting Progeny Dose Output ...
.-- Progeny Dose Output complete.

Starting Health Risk Output ...
.-- Health Risk Output complete.

B {8 34

B P S8 AR ~ L ied o R EE B R AR R f B

Eofn >
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7.3 RESRAD % F

RESRAD| RESRAD Home Page

FAMILY OF CODES

RESRAD-
CHEM

RESRAD-  »g% +
BaseLiNe - -

‘nzsm. i l .
ECORISK eagAD % I

RESRAD Home | EAD Home | Download

AT
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1 RESRAD = i

| RESRAD' Documents

FAMILY OF CODES

RESRAD

B RESRAD 6 Manual (August 30, 2001) T4 4 M8)

B RESRAD Data Collection Handbook

B Assessing the Impact of Hazardous Constituents on the Mobilization, Transport, and
Fate of Radionuclides in RCRA Waste Disposal Units (O.Q MEB)

B pESRAD Benchmarking Against Six Radiation Exposure Pathway Models (4. 56 M8)

B Groundshine (External Dose) Methodology {1.04 megs)

B inhalation Area Factor Report (2.2 megs)

RESRAD-BIOTA

B RESRAD-BIOTA: A Tool for Implementing a Graded Approach to Biota Dose
Evaluation. User's Guide, Wersion 1. DOE Report Mo, DOE/EH-0676; ISCORS Technical

Report 2004-02 T 7. 19 MB)

RESRAD-BUILD

B User's Manual for RESRAD-BUILD Version 3 (3. 03 M8)

B verification of RESRAD-BUILD Computer Code, Version 3.1 by Tetra Tech MUS
(1368 MB)

B RESRAD-BUILD Verification Ba(2 1 M8)

Probabilistic

B Probabilistic Modules for the RESRAD and RESRAD-BUILD Computer Codes: User
Guide (NUREG/CR-6692) (7.3 MB)
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4 EEERriLE

Deing Calculations

UNC= 5 SENS =0, GW Transport Ra-226 572=W Pb-210 Pb-210 250

Elapsed calculation time 30. Seconds Cﬂ"CE|

Estimated calculation time 329 Seconds

Estimated time to completion 4 minutes 59 Seconds
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hek BT @Y o B UNC(? /22 1)% SENS(FTR M)A T 5 F 5 4
FEEFAREIEALN > B BREAAR AT OFEHRE TS AR

BoH?® SENS® UNCH# " g nEHieR - 2 H T3 Bgn 0 afh 72
ﬁiﬁﬂ‘_@ﬁ%anﬁﬁg‘Q,TL@$Vfﬁ?¢ﬂ%ﬁ%m@»&
e AFAAENL ARSIV NRALAEAFGELALE) A HFLR
ﬁﬁiﬁwﬂsﬁﬁ B

BAFEREFRETW2E T 8- 7 EREFIEIPEMMEI S B A
BT g4 FNERZF 2 FEIERRINEIER > Lo
/_\ o ﬁcuiﬁmﬂgﬁ& '—’b:‘(?{ _ﬁ*{ f—? E&F’B’ ° %""g “‘z:ic‘g f‘ *ﬂﬂé___% @,_,, , E‘IIJ'%/_—;: f,‘r

= 2}
7T -t
_‘;%@%gw@%, FZE A ANEN B RR LR o
<7

%?ﬁ¥@?ﬁ$i%’mvu@%pﬁ§§ﬁﬁg’Mﬁﬁﬂﬁﬁﬁw
OO o R R A EH A FMEL R

3T PR @ﬁﬂﬁ’%%Ffﬁzwﬁma;%%u&ﬂ: x§$@1i41%7
AT R Emn L) M ﬂﬁﬁﬂgﬁﬁWﬁiUﬁ & 37307 UNC 32

T o T

- J

R R L TREE PR L R SRR

242



8 <

Eckerman, K.F., et al., 1988, Limiting Values of Radionuclide Intake and Air
Concentration and Dose Conversion Factors for Inhalation, Submersion, and
Ingestion, EPA-520/1-88-020, Federal Guidance Report No. 11, prepared by
Oak Ridge National Laboratory, Oak Ridge, Tenn., for

U.S. Environmental Protection Agency, Office of Radiation Programs,
Washington, D.C.

Eckerman, K.F,, et al., 1999, Cancer Risk Coefficients for Environmental
Exposure to Radionuclides, EPA-402-R-99-001, Federal Guidance Report
No. 13, prepared by Oak Ridge National Laboratory, Oak Ridge, Tenn., for
U.S. Environmental Protection Agency, Office of Radiation Programs,
Washington, D.C.

EPA (U.S. Environmental Protection Agency), 2001, “Risk Assessment,
Radionuclide Table Slope Factors Download Area,” April 16. Available at
http://www.epa.gov/radiation/heast/ download.htm.

ICRP (International Commission on Radiological Protection), 1983,
Radionuclide Transformations: Energy and Intensity of Emissions, ICRP
Publication 38, Annals of the ICRP, Vols. 11-13, Pergamon Press, New York,
N.Y.

ICRP, 1996, Age-Dependent Doses to Members of the Public from Intake of
Radionuclides: Part 5 —Compilation of Ingestion and Inhalation Dose
Coefficients, ICRP Publication 72, Annals of the ICRP, \ol. 26(1), Pergamon
Press, New York, N.Y.
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YRR E £ ¢ (Yuetal, 1993a)
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R adiological Units

Activity: Dose: B azic Radiation Dose Limit:

IIJ L“ Ci j Iml“ rem j |25—| mrem/yr

Muclide Concentration: p[:i!g Muclide Lizt:

Add Nuclide Ag108m  —
Ag-110m e
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Transport | Au-195
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Ca-41
Cd-109 &
Perform Uncertainty or Probabilistic analysis on Transfer Factor
|V Blant | Mieat | Milk | Eizh | LCrustacea

BHEC EREREHELHE o
BRESPAE R S R B R AR
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443 PARETS

Transport Factors =]

Radionuclide: (Cg-g0 Options:
Distribution Coefficients: W ater Concentration
Contaminated Fone: 1000 Time zince waste

Unzaturated Zone 1: 1000 placement:

Groundwater
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Solubility Limit: E |
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5 aturated Zone: Leach Rate:
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444 5 2k

¥ Calculation Parameters E3

Times for Calculation [years]:

©000000

100 1000 10000 100000

AV 1

Add | Remove | 21 3
3 10
4] 30
H] | 100
E] 300
i 1000

Save | Cancel |
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445 7FAEwRB LK

5 Contaminated Fone Parameters Ed

Area of contaminated zone: 10000 square meters
Thickness of contaminated zone: 2 meters
Length parallel to aquifer flow: 100 meters

Save Cancel
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446 wE2BEFEFA 2K &R

% Cover and Contaminated Zone Hydrological Data

Cover depth: I meters
Denszity of cover matenal: 15 gramsfcm™=3
Cover erosion rate: ool metersfyear
Denszity of contaminated zone: 15—| gramsfcm™=3
Contaminated zone erosion rate: oo meters/year
Contaminated zone total porosity: A
Contaminated zone held capacity: 2
Contaminated zone hydraulic conductivity: 10 metersfyear
Contaminated zone b parameter: h3
Humidity in air: a8 grams/m=*3
Evapotranzpiration coefficient: 5
Wwind Speed 2 meters/s
Precipitation: 1 metersfyear
Limigation: 2 meters/year
Irrigation mode: (*i0verhead Ditch
Runoff coefficient: 2
Watershed area for nearby stream or pond: 1000000 square meters
Accuracy for water/zoil computations: oo

Save | Cancel |
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447 ARk T

& 5aturated Zone Hydrological D ata

Density of saturated zone: [ 1.5 gramsfocm==3

Saturated zone total porosity: 4

Saturated zone effective porosity: 2

Saturated zone field capacity: 2

Saturated zone hydraulic conduchivity: | 100 meters/year

Saturated zone hydraulic gradient: o2

Saturated zone b parameter: R 2

W ater table drop rate: ool meters/year

Well pump intake depth: 10 meters below water table

Model for Water Transport Parameters: &) Nondispersion

_)Masz-Balance
Well pumping rate: 250 cubic metersfpear

Save | Cancel |
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448 RiEFHAEIE 2k

A Uncontaminated Unsaturated Zone Paametors [ X
Unzaturated Zones I I hickness Densay Total Ellective Fiedd Hydrauhic b Parameter
_l _l Potozily Porozay Capacty  Conductivily
meters grama/cm**3 meters/yea
Unsaturated Zone 1 ! s | 4 |2 I2 |10 |53
Save l Cancel l
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449 B~ 3 A BRI

N Occupancy. Inhalation, and External Gamma Data E3

Inhalation rate: 2400 m==3/year
Masz loading for inhalation: _oooi grams/m=*3
Exposure duration: PEars
Inhalation Shielding factor: 4
External Gamma Shielding Factor: i
Indoor Time Fraction: 5
Outdoor Time fraction: 25

; &) Circular
Shape of the Contaminated Zone: =

{CIHon -Circular Shape I
Save | Cancel |
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4410 ¢ A 455G A FS

External Radiation Area Factors

Area: m*=2
Radiusz: Fraction:
“1 |50 1
2 | 70.71068 2732395
2 (o 0
4 (o 0
3 |0 0
B (p 0
o 0
g8 (o 0
9 (o 0
10 |0 0
11 |0 0
12 |0 0
_Lalculate | Clear |
Instructions
Current X: A7 Receptor Location: | 47 fiea the foff moure bulffon fo
Current¥: | 44 43 change the receplor lacation
Starting X: | & Line Length:| 74 586 | meters Frare the Ealoulate batfan fa
Starting ¥: | 91 Scale: 100 meters complele the calcuwlaiions.
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4411 HJBHRE A STH

X Ingestion Pathway, Dietary D ata

Fruit, vegetable. and grain consumption: | 160 kilograms/year
Leafy vegetable consumption: 14 kilograms/year
Milk consumption; q2 liters/year
Meat and poultry conzumption: 63 kilograms/fyear
Fizh conzumption: R4 kilograms/year
Other seafood consumption: q kilograms/year
Soil ingestion: 265 qrams/year
Drinking water intake: R10 liters/year
Eunt_aminated Drinking water: 1
fractions Houszehold water: 1

Livestock water: 1

Irrigation water: 1

Agquatic food: 5

Plant food: |

Meat: 1

Milk: 1

Save Cancel

RE LR i H TR R 2T R R R
LERLE TR

ffﬁ’ﬁ‘ 7J(\i/-é,’¥' 7}{\*i’£%?|‘ 7J(\I§I%’H' 7J(:11.L7_}/—§:/4‘7}{_;7&7J(‘:1 E'vijL ,I}l‘IOﬂ'L‘?;{
Bk BT E T

{4 B AT el TFR A -1 ARSI eE D D212 H it 5 f
F+ Sdc e

268



4412 PR - Ak S TR

3. Ingestion Pathway. Mondietary Data

Livestock fodder intake for meat: 68 kilograms/day
Livestock Fodder intake for milk: RE kilograms/day
Livestock water intake for meat: a0 liters/day
Livestock water intake For milk: 160 Iiterz/day
Livestock intake of soil: 5 kilograms/day
Maszs loading for foliar deposition: _ooo grams/m**3
Depth of zoil mixing layer: 15 meters

Depth of roots: q meters

Groundwater Fractional Uzage [balance from surface water]

Drinking water: 1

Plant Factors

Houszehold water:

1
Livestock water: 1
1

L Save | Cancel |
Irrigation water:
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4413 H$ 75

Plant Transfer Factors E

Wwet weight crop yield

Length of growing season
Transzlocation factor
Wweathering removal constant
W et foliar interception fraction

Dry Foliar interception fraction

Hon-Lealy Lealy Fodder
[ 7 15 1.1
A7 .2h .08
| 1 1
20
.25 .25 .25
.25 .2h .25

Save |

Cancel |

kg/m==2
years

1/pear
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4414 §FH

% RBadon Data
Cover total porosity: [ 4]
Cover volumetric water content: 05
Cover radon diffusion coefficient: 000002 m==2{z
Bldg foundation thickness: 15 meters
Bldg foundation density: 24 glcm™=3
Bldg foundation total porosity: 1
Bldg foundation volumetric water content: 02
Bldg foundation radon diffusion coefficient: 0000002 m==2{z
Contaminated radon diffusion coefficient: 000002 m==2/s
Radon vertical dimension of mixing: 2 meters
Building air exchange rate: 5 1/hr
Building room height: 25 meters
Building indoor area factor: ]
Foundation depth below ground surface: -1 meters
An-222 emanation coefficient: 25
Rn-220 emanation coefficient: 15

Save Cancel

FRiE P B7 L4 Co & 28y * 3 1 [Rn-222 (U-238 ~ U-234 ~
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PR AP ENE L R e FHE A D R 4

271



4415 #F H2LEHER

3\ Storage Times Before Use Data

Fruits, non-leafy vegetables, and grain: | 14
Leafy veqgetables: 1
Milk: 1
Meat: 20
Fizh: ¥
Crustacea and mollusks: 7
Wwell water: 1
Surface water: 1

Livestock fodder:

Save |
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days
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4416 & 14 FTH

& Carbon-14 Data

C-12 concentration in local water:

C-12 concentration in contaminated soil-

Fraction of vegetation carbon abzorbed from soil:
Fraction of vegetation carbon abszorbed from air:

Thick of evasion layer of C-14 in soil:
C-14 evasion Flux rate from soil:

C-12 evasion flux rate from =oil:

Beef cattle:
Save | Cancel | Milk cow:

Grain fraction in livestock feed [balance iz hay/ffodder]

.Doononz2 gfcm™3
03 9/g
.02

.98

3 meters
.Doonooz?  [1/sec
1E-10 1/sec
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4418 HE 7+

HFGER 11 baced doxze conversion lactorz and FGR 13 Modedily bazed dope laclion:

. Dose Factors Help |
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Sample specdications

~PRE RESRAD run specéications

Check the outputs on whach you want to pesform probabilistic
statitical anadyzis

B Pesk tolsl doss (summed aver nuclides and pathways)
[ Peak dose fiom cach pathway (summed over ol nuchdes)

Mhohumwhhmu(:_dm
= all pathways)
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B3 Total doze & graphic lme points
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~ Uulput-Input cosrelation and regression oplions
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agoinst @och of the peak component
doses, 2. Cumulatve frequency plot 3
Table of percentile valugs, 4 Stalishcs
(mean standard devistion, minsmum
maamum). 5 Confidence intervals on
mean and Stasstical Tolerancs hmit on
percentle doses, 6 Corelation statistics
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=% Unsaturated Zone 1 Data

Thickness of the unzaturated zone:

Soil Density:

Total Porosity:
Effective Porosity:
Field Capacity:
Hydraulic Conductivity
b Parameter:

Save

[ 4] meters

grams/cm™=3

10

metersfpear

53

Cancel
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Cover Depth

The COVER DEFTH is the distance, in meters (m), fram the
ground suface to the location of the uppermost soil sample with
radionuclide concentrations that are clearly abowve
background. The background concentration of & radionuclide
iz defined as twice the standard dewviation of measurements of
the concentration in soil samples from nearby uncontaminated
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ofthe counting statistics.
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RESRAD RESRAD Home Page
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