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Abstract

The success of low-level radioactive waste disposal facility requires
comprehensive safety assessment and establishment of solid review techniques.
Accomplishment of safety assessment should be provided for communication with the
general public to reduce uncertainties on the safety concern of repository. Recent
developments of the review techniques on radioactive waste disposal facilities were to
meet the requirement of safety regulation to secure each step of facility design, safety
assessment, construction, and operation. The Review Guidelines on Safety
Assessment of Low-Level Waste Disposal Repository (0 version) was completed by
the Fuel Cycle and Materials Administration in 2012. In order to improve the review
guidelines and review techniques, the purpose of this study focuses on broad issues
related to safety assessment reviews in low-level radioactive water disposal facilities.
We will first review and analyze recent developments of safety models and
verification techniques suggested by the International Atomic Energy Agency. The
approved safety assessment conducted at the Texas Andrews site will be intensively
evaluated as our major references. Other nations having similar site characterizations
to Taiwan will be selected for further references focusing on what models, procedures,
and results they employed for fulfilling the regulation requirements. With these
intensive literature reviews, we will build the clear linkage between what data and
results the applicant should prepare for safety assessment with respect to what key
issues should be concerned in safety assessment on the regulation side. The purpose is
to improve the review techniques and enhance the review guidelines on all aspects
related to safety assessment. Suggestions on revision of broad issues related to safety
assessment in the Review Guidelines on Safety Assessment of Low-Level Waste
Disposal Repository will be provided to improve review capabilities of regulators and
to enhance safety assessment techniques of applicants.
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scenario) > %4 H & - B AL E LA KW HF L A R 'r%ﬁl'f BT oA 4
giffE > ¥ L 0 ot F JF i (normal evolutlon) ~ 3% 3 & (design
scenario) ~ £ # % | (base case) ~ # « (central) & + 3 ;rs g1 2 r’ﬂ,& swE
¥ ek P E_%F 5§ & (alternative scenarios) > iz E_§ K G H i ¥~ HKTR
TS S ien L3 ¢ sc 0 - (alter evolution) ~ & 1 i (deteriorated
evolution) » 1 2 zif&(dlsruptlve)i E
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s 2% % 300 £ B
fsav 100 & >



AP HED *ifsa_:f;“:;zﬁf, it vV LA LR R AR > NG PR
FrR A T AN I ARREEZ Y Ra B AT C Bingd o B A

4 g e £ 5 2 MC g Tk weh 5100 £ 1 300 & 5 3%k ehdf
B3 £ F R CRABIRR e T 0 2R P BN S P R R
T% 3 3EKY > BAnh %\éﬁ’ﬂfr')él v @ﬁ.ﬂ ;300 # i8R ? B
A~ B R #ﬂff’z»w}»@ ¥R ERo P s P A R ok Y (AR5 A
B AR R o e R R AR A 0 T - 26 o Wb
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UIES G R

IAEA-ISAM #7iE 3k e 2 L M- F it & frdy i e FEPS 38 {7 71 & ~FE 32
AR R EE R RRBRERS B AP BEZ B ks B MR T
% o IAEA-ISAM # * 2 3 4&*L = j# (Interaction Matrix, IM)i& 7 4 47 - & ;'51“3#?
& Btk SeengF im0 A & ¥ 4 st~ % (Leading Diagonal E.ements, ODES) -
L2/ NSl SRR LA SRS I Soh I Tab Lt *Jﬁ%’%’ﬁm
FRTF G- BREFOEL T RIUKRIEE R @ﬁ%] FSE N gk 5300
[l o % 4 @ dG Az g S WY 5.5 B F(cover) > A okd R EFRBL (S 0 st
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EE
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MNear Fiefd Infiltration
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#4500
500 & &
£ 7 A2 1B

BRARFHHE e 100 & 245 5 4 > § %é**iﬁffﬁﬁ;iif?%lﬁl_'

ERiL 44 1000 £ > Fpt B EF A 100 22 2B EEHRE

N HE RO o 193 IAEA duk ik 0 K H S TR R i b £
03Fd 2 ; AW AHEE »FEREI0FT 2/ 2 RA -

R

Ja\

2.14VTC ’-"“rﬁé’* % > AP ES

T a- tﬁﬂiﬂ Frao 3o 27 kst 2 4 B (Chang-Lak Kim
and Richard Little)» %&£ {7 » T B2 5B F WV RIVITE%RE > FRFs HiEAIT
E% g R o 2 ¢ > Kim 3 * DUST-MS #% 3% % fdf ek 3K 5 4%3{ A A7 o
R e TORTE R POE SR z@»ﬁsa] » DUST-MS & 115 A & 28 B B HHAT
SRR S L LR R | Waﬁ”waﬁﬁNﬁj%“im&ﬁﬂﬁ
f2RFERE o ¥ o g X f Little E‘de%’* AMBER #2;\ i {73 & 7 fe
B 2R jlg_égib}é] é&f‘?}% 214 e [B o R E ;’o Wz % r‘]gﬁ@@‘l 1§ d Little
EREFH 200 fr AWERﬁ\&mﬂ%ﬁokw%%F
F84 Q5 Lieteva 2 Little » i=3%&% 4 | » H 3 * RESRAD #2;% » {4 FI i
RE_i# * AMBER 423 »

215VTC % A58 %

215IVICR#H&Fh 5%
§3%¢$%ﬁ@@ﬁ\g@@ﬁﬁﬁﬁ@ﬁ;%%g@ﬁgﬁ’ﬂﬁ%

A AT

(1) R BE=E 5%

RGNS LR R R RS Aol ek 3 B 2 B B
Foak o d N B F T ST A
PER Rk K5 I Ak ok chenfl
i Ak qek H L ok g d
Pt ok kR

S RS R

1R
1

e 6 6 0 |

P AERGHBI AR F

Kim 2 Little ez % %40k 21977 - BN FEE ARSI FE LI
B R A e B (P S 1) 2 S SR AR e 3. O3Nj gy 7 129) L B3 g
2y~ Mpy 2 MAmE > HE NS ERS NI T E L L2 A ik
m@mﬁ@,%mcﬁmhmm\muﬂ%Jf’%'%@@@%'moﬁKm
daob o Little A 45 e 5 58 00 J00 @ B gk > )0 L (Y ) RCE P g e OH
Vg 70 S F i 5 - ERAF I E A K o




2211 EEXSIRIAEGTARINFTELES

P fh Kim Little

PR () B FeE | FE(E) B
(B /%) (B /%)

*H 320 1.1E+4 200 2.2E+7
Hc 8600 7.7E+6 7000 7.7E+6
>9Nj 6100 1.7E+6 3000 1.8E+6
&3Ni 700 4.4E+7 500 2.2E+7
290Gy 520 1.7E+5 200 5.1E+7
Tc 520 1.4E+8 600 4.4E+7
1291 1000 5.5E+6 1000 4.7E+6
137¢s 540 2.3E+3 200 1.9E+7
234y 42000 5.4E+5 20000 4 5E+5
2381y 42000 5.4E+5 20000 4.7E+5
238py 1100 1.1E-6 500 1.1E-1
239py 34000 4.4E+3 30000 4.4E+3
241py 520 6.3E-16 200 2.1E-4
241am 2400 1.3E+2 1000 4.TE+2

A p Awfck B ik I
22287 i d Aok B G a% (1.8x107 mly) 2 s vt v %
Fp 4 M D ek S R 7; e O [N INE L UINE L U -
5 i b Ah ot % @47 100 B GL/E 99Tc H8 BB P pER 2500 £ 0 H @
U k7 P fan & 50000 & %+ o & 2376 6 *%*ﬂébw&fr °

%22 Pfp Aok B ok B K E L%
kg Kim Little

PER(E) | B E | pER(E) | B Ss

IR =N
(b 5/#) (B #/#)
M 31000 3.3E+5 30000 3.7E+5
PTC 2500 1.8E+7 2500 1.9E+7
1291 6900 1.3E+6 8000 1.4E+6
234y 65000 5.2E+5 40000 4.1E+5
238 65000 5.2E+5 50000 4.6E+5




Py ToRY SRR

PifEp te ok A FEIS B FRBRILT FORBF W | 997c L 129) | 234
minﬁﬁﬁWMJ’”iﬁﬁm?JVLm@%Qﬁfﬂ)%ﬂ%@@@
ToRER R SR B ek A ek 2.3) 0 BN A TR F AR B
Py - e

423 PifE s TokY hERE S

ik Kim Little
PF R BORERYE PR BTORERY B
(+#) (Rse/z 3 5) (+#) (R se/z258)
c 31000 6.7E+1 30000 4.4E+1
PTc 2400 3.7E+3 2500 2.2E+3
1291 7000 2.7E+2 8000 1.7E+2
234y(1) 73000 1.3E+2 50000 5.5E+1
2381J(2) 59000 1.1E+2 50000 5.5E+1
230Tp* 120000 1.6E-1 100000 2.3E-2
226Ra* 120000 2.8E+0 100000 1.4E-1
210pp* 120000 9.3E+0 100000 2.3E-1
210pg* 120000 4.0E+0 100000 4.6E-1

2R R R A g AR

B RGeS R dod 24 9057 o %3 U | apidae o > MC s PTe 20w
BEMaEnz By 0 01 s o B g s PTe o Flt S S AE
Bod PR o Kim e 5 n g4 2 ki gn o Little =R 03 Rl Y g
“rd RN R BT FITE AR Y H Little codcr £ kip T H S > &
Kim gt 5 if— vt > %% 3 —%’Z“T;]rpg — & o

F 24 A Fopentp R RSB B %

A Kim Little
PERF(#) | A R o | PFR(E) | &Y ks | RAE2EE

o A HEWE B | (5 L/E)

(a2 /&) (7 2/%)
e 31000 3.1E-8 30000 2.1E-8 3.6E-7
PTc 2400 1.9E-6 2500 1.2E-6 2.2E-6
1291 7000 2.3E-5 8000 1.5E-5 2.6E-5
234> 73000 4.2E-6 50000 2.2E-6 2.5E-6
238 59000 4.1E-6 50000 2.4E-6 2.9E-6
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230> 120000 2.7E-8 100000 3.9E-9 2.3E-8(1)
226Ra* 120000 6.4E-7 100000 3.1E-9 6.7E-8
210ppy* 120000 5.2E-6 100000 1.3E-7 1.7E-7
210pg* 120000 3.9E-6 100000 4.4E-7 5.3E-7
Total 7000 2.4E-5 8000 1.5E-5 2.6E-5

@?ﬁ@ﬁﬁﬁ%%

He MCz "Rn A M@ ERE A s AR Sz BARMEPEH 1C
2ochh B AR 1 107 & 2 /E R0 om| B kLB R w R E 4 pk w om0
107 @ 4/& > el gFhEa e, P> BELRELUL ZAPPN DELBA L
210000 # # % “°Rn @ £ # % 3] 1.2x10° & # /& (% 2.5) -

12

%25 F WkE;TREE

Lk 2 PR () BB E E(F L)E)

*H 100 1.2E-8

¢ 100 2.2E-8

222Rnfrom?3*U 210000 1.2E-3
chain decay

22Rn from*38U 1 000 000 1.8E-3
chain decay

222Rn from?3®Pu 210000 1.7E-7
chain decay

Total 1 000 000 2.0E-3

@ﬁﬁ@ﬁﬂﬁ&%
FIHR @B & B4R R 2 2030004 1R K R E A R f 0 Uk SR
o4 R4 HC FRe(%26) -

32,6 EROEEG S S

P P (E) F|E g E(F LE)
34 - -

*c 3000 1.1E-2

59Nj 3000 2.5E-7

63Ni 3000 1.3E-11

QOSr _ _

PTC 3000 4.8E-5
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1 3 000 1.3E-4
137CS ] -
= 200 000 14E-2
*%%y 1 000 000 2 2E-2
**°Pu 200 000 2 0E-6
239p,, 3000 1.0E-3
**1Pu 3 000 6.7E-6

*1Am 3 000 6.5E-6
Total 1,000 000 2 AE-2

2152VTC X R B » F&3®R 8%

pL 2R 4 d Lietavars % Littled =37 % & w2 (7 » 2 % 40T £ %757 o Lietava
B3k 300 & B BB s 0 e K 2 AP & T HF R 1 (erosion) 2 i (leaching)
T ERPAATFIRE R TR HEHAE > Fle AL E DR 2300
& 5 Littlestics* pl 24 3002 £ F i 15 » 3B F LN i B~ T AR
RES s TR RE NIRRT o A X TR R0k s E A R
P Bod & enig SpA R (£ 2.7) -

27 * B ST

ki HEE B (0 /%)
Lietava Little

H 3.1E-11 3.7E-11
e 2.2E-6 4.0E-4
“Ni 8.1E-9 7.3E-9
“Ni 11E-5 1.0E-4
St 2.3E-6 1.8E-5
"Te 2.3E-7 6.6E-7
il 6.0E-7 3.7E-6
V7Cs 4.0E-4 7.0E-4
=y 1.2E-6 14E-5
v 1.3E-6 1.3E-5
°Pu 1.9E-7 2.4E-6
Pu 6.0E-7 4.2E-5
“Pu 7.3E-7 1.4E-5
*Am 9.0E-7 14E-5
Total 4.2E-4 1.3E-3
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22I1SAM 3+ 4 2 6= ¢ & 35 &3 % % &](Radon Test Case)

Radon Test Case (RTC) % B3KIRF @ 5 tfB Ko ARBI0 £ 10 » ¥ ag e
B R B EE AR N BRATORTER S A RE BB T

& m@ ATy g2 185G E LR ED AR > G 90%2 m—;—

A& 4 Cs-137 %2 P ml__/é?iwiﬁu.%ﬁ@.a EREEARILTE ML 2

FRgpx DA o % bI# 3 & 312 ¢ 417 g (Regulatory Framework)

4 g,

e m>

%

ETN fﬂm
7‘- S T 5%

-

)

R
L
*3 48
# 412 = % 2 (Independence of safety from controls) : & 3 4 2 45 g2 12
27 }@l}iﬁ'ﬁ AKRE Rz 7o
(2) & k2 3 »uid(Effective in the future): $F 1 k& N i B 2 B8 7 RAZE R B
2 ARE -
(3) i i (Optimization) : #¥ 8 5@ ¢ 715 T » 42 Rz {5 2
£ 78 3 15 (ALARA)
(4) 15 5 1% 2 & (Radiological protection criteria) : $fiz i@ 2> %2 B 2 & A £

7 ¥ 4z 0.1 mSvly o

221 RTC fuk » 3

AEG|2Z Fh FHE S L2 500m 'rﬁlﬂj’* B B SRR 5 R B
- BEY HA T B B R L S 200m° B E A Y RF M
B~ — BB F A 940 mP 52k A i PR ++ff-;w ) el W T G Blho @] 2.3 4
Foor R AL GlAd 03~05m EauRd i £ F 5 55x16.25m 0 &3
2 35miF F i LEm SR A R D v g 2L 1 30em E) L

-~ KRR F RE P IVIRG RS R o FE Y HE - 3 R NP
#éakﬁﬁiﬁhﬁo

HEA-HEBY D%ﬁﬁ%"zoOmm Caift s 940m®» ¥ %
Az Pt Hded 28977 >+ ZF B2 FtiilHdcd 29977 > &+ 2 C2 Fot

FHdck 21047 > £ F D2 w' e hed 201 % e i 5 @R
1965 «& ]?‘)I)s }%‘Iﬂ /_g_/ ’ “‘,\_‘, ]?‘)I’g}z%ﬁ :‘; 150m ’ ;‘_‘% %f'ﬁ;é_rﬁ Ra'226 'T‘i'—;:"/r'
& % 37000 Bg/Kg -
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% 2.8

BE AR BEER

Radionuclide Inventory (Bg)
H-3 6.92 E+15
C-14 8.65 E+10
Cl-36 3.74 E+10
Co-60 591 E+12
Se-75 249E+10
Sr-90 873 E+11
Cs-137 7.55E+13
Eu-152 3.61 E+10
Tm-170 467 E+12
Ir-192 5.72 E+11
Ra-226 5.52 E+10
Pu-239 2.15E+11

- ,,m gp\-

%29 »E B EREAEER

Radionuclide Activity (Bg)

Cs-137 1.18E+14

Co-60 756 E+11

Sr-90 249 E+11

Th-232 489 E+10

Pu-239 1.28 E+10

Tm-170 222E+9

Ir-192 1.04E+9

# 210 » Z CHora Pl E R
Radionuclide Activity (Bqg)
Cs-137 307E+14
Pu-239 414 E+12
Co-60 206 E+12
Sr-90 7.85E+11
Ra-226 (contaminated soil) 5.83 E+10
Po-210 1.68E10
Tm-170 670 E+9
Ir-192 295E+9
2211 ¥ % D P fAe S R F
Radionuclide Activity (Bq)
Cs-137 406 E+11
C-14 289 E+11
Sr-90 6.49 E+10
Y-90 6.49 E+10
Co-60 1.88 E+9
*:Lﬁ.ﬂ % 30~60 02 (5 TP~ T HH P2

# ¥ (active institutional control) » & #p P 5 A B 5o

3 RS IE R g e TR o a4 R ;ﬁv#mg;\ ;*
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300~400 = fF p| #_i& (744 &> & - #P (passive institutional control ) » & F 2 £
FARSLT Ry S 1‘2“”.-—?.:\ P FEFERE B B R P RS R Pl 0% 5 400
417\,9?&,7» £ BT F_FIE’ETJE*F,"#E% o

222 RTC 3Fpt i
A& bRl K 2t RIS eh Volga River ¥ % 5 F IR G 2 Al K6 iF
HAZiE 30 & 00 b BRI B2 R AR 12km s BARIT2 fH A 2km e u B
- B o FEFR B ERITZ B AR 2~25km > 3 /21K 80~100m o 3% %
Fbefok EE LT T0~T5 2% & FREY I B Aok T R E
HA40~60m 2 4oL g kR P X FR2ZBTREFES PN EE AR &
TR E AT A @ﬂzﬂ ? i oo
ERERECEF RS FE oS FLIEr  BRARKFTEEL A
BPBEEA s His BPIFA RS p0p Ry FILTRaThBRELSNY LT
KRB TR BAR A 8 r R R A RS F AN Bl X R -
2 3 ¢ 1 Ra-226 K F ﬁé?ii%ﬂ‘ﬂ%&fj}‘u#ﬂ%ﬁj‘ziﬁﬂ Do BRI o
A Hp % >3 A 1995 & i (T ikﬁéfk S U %ﬁﬁv&ﬁﬁ&f
#rco 12 Cs-137,Sr-90and Co-60 = 4pthfc B » Bk = 232~ HEI* #
FEDFOKE o d B AL AR MRS B K o T W Ak H
~ T3 510ecmmEL AR AL BREST KA T SicEFIPLEATET0
Mz 7K™ AR RER 3 X7 % o fifs 1997 #x &7 - 3%k 0 A& 4
Bk AR Tk itz BAEPELRAR A Y 5 10%10% 10° B/l > v 4
CEFRGE O RFEE T RTE R E AT 25eme

Van i IS

\\\Xr

223RTC #rix * =% rEE 2 *#_
195 IABACISAM #ri2 ik ik 2385 S - dofe i VTC 5 b4 #-575
FEPS?J%\'&@EMF@)_} ﬁxvlh’“r,ﬁxa‘.rr—zz }_-’I-Ip'\ ’f]g’-’RTC J@]f}.ﬁ:@.f—?:

SRR - AR FHARRAEAFEE B AR ARE- o
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FRRPEE S AL RERE 2 FERFAFELAL 2R S
FRETR  BFL LY AT -

o ANBRT CF FERSIpR S EF S 400 £ >
o100 & SHEETE AP RBREEER SR D
T ARE R TR

H¢ w300 # 5

2,

PRRRFZFE e kA B R T 2

o mE)SA Y R WY B AN A S M A RS SR B
BH(BK300#EF - BFHER) 5 - T RS9 o & 050
BEAArB 24977 0 & 2R P RBRASEEY P8R

24

_‘Eg_‘/ﬁ; ’ l‘g‘_g} =~ 'é'y‘ ~ W‘% ~ f"[:_}f;d ~ _—l %lﬁi’;’{'g&_ﬁ %;#;r_ﬁ _jj‘_ A ZJ;.FI“O

Precipitation — evaporation - runoff-transpiration

|

v

Borehole S:::’Sﬁjt:‘ Trenches
s < Solubility lmit ST _—— | Leaching
i -
/«/"/'"_ J
Geosphere |0 Nearfield
Soil
Aquifer flow (?I‘Ul?:‘:'aler i

P Fish,
@——,' Ducks

\\H\\k‘ | Surface
| Drinking Irrigation E=o
Water Water
Imgation
Ingestion
|
Foliar Interie‘pnﬂu Adsorption
¥
- Ingestion - Root i
Cows € Crops k—tipake —{ Soil Loss
Ingestion
Suspension
Ingestion
Ingestion
(meat, mulk) e
Ingestion
- HUMAN Jab oo
Ingestion External radiation
B 2.4 RTC % 6 % — = 2 fh B8 P2 8 4058 2 4
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P , s 21 24 %

HE - IR TR Y 22

*r
I
\
A
e
Il
31
&

IF)»V/{I?L—ZSﬁJ\)él" ER 5
BTk e kR
ﬁ_ﬁﬂa%ﬁﬁzﬁaé%’%“

13 ¥

3= A
537 }Jé, 4 & (Aquifer contamination scenario) »

(Cap erosion scenarlo) 25
AR M

48] 2.5 #7571 ’#Bi&’“
Flie o g4

v

5 RTC%b|% - =R F 4 H%%ﬁw

K3
4 5+ i$ L_%sx:%
M

# 1
}% 3
B 2.4
S B oo ok

&‘F’ 4 oz

SR FEEA

R

& & (Radon gas scenario) °
TEENE RS ”Lr%»’** 2 PEE HER A A

//—v
L‘L—P

v B2 A R D AR
L3002 R 42 e 7 -k & (perched aquifer) » »~ % 2
P B E RS R TR B R g R

de X3 = i]}ir%p;ﬁ-éj% sy =

1A SgEH

z B % 5 & (Farmer scenario) ¥ B #7 |+ & (Excavatlon scenario) » — B

Loby 4 23 _‘—‘f_ﬁ] A4

SN ok P

S PR AT - 26
W %4 W27 5 RTC%06)% =
_\ﬂfﬁ Bl 28 35 RTC% 6% - &% 2 ]\%]/ A

%’x PSS H O SAARSE A IR ARSI EEY K B 29 5 RTC %06 %

TEG AR~ B2 B XA

&%%miﬂﬁﬁ“ﬁm FEH

IS dun

4
| Source term |

| Perched groundwater J
T

Crunmdwuier Mow

5 %45 0 H2.10 3 RTC %
SRy S ENIS K

S e

lngetion y ngotan, sungwm
| Fish I. _| River I—
T I' I I
brigaice Fuicee mieregation Trgotion
v v ¥
Soil Crops, Domestx
[ Rl uplake > vezatables hpodie ammals
legestion - Izgotin
—— Intalatice
—,I Armosphere |.— M -
. Human
lzgotion »

Bl 25RTC % 6] % = =362 & A & B
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Source term

Erosion
Soil | Ingestion external
imadiation
Suspenson Rostuptake
. !
Atmosphere Crops,
vegetables
[ngeston
Inhalation l 9
‘ S Human

Bl 26 RTC % &% - x® iz 3{@] B A RN % ﬁ‘

=
N
\‘
Py
|
@]
i
I
\
e
)
I}
ﬂi
'T+
47
&
E*’r
(\‘
S
—
o
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Infiltration
+ |

l Source term
T
Leachate
| Unsaturated zone |
T
Advection
| Groundwater |
Groundwater flow
| Ingestion
H WeI] I
| |
Irrigation Foliar interception S
. v v
Soil Crops, Domestic
i Rootuptake | vegetables animals
A A
Tagestion Ingestion
Ingestion
Suspension Inhalation = ———} '
b,
Human

'

| Atmosphere l
Inhalation
Ingestion, external irradiation

B 28 RTC %6 %
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Source term
T

Excavation
Atmosphere Soil
Suspension J Root uptake
Crops.
vegetables
Ingestion.
external
irradiation
Ingestion
Inhalation, external
uradiation
»
Human
|-
L

Bl 2ORTC 6% - = A ag » 22 B 2 &l ﬁ:;\‘#ﬁ"

Ingestion,
external
wrradiation

Source term Atmosphere Human

A
|_ Inhalation

B 210RTC % 6% = =03% 6 A #f » B2 B RS PA NG 4

Suspension

224RTC #1:* £ > £ ;0
BN 4R 2 ¢ g 40 e Richard's = 258 #cld fefg s T -kin "I-Qﬁea]

A TR AN e E KRS AR R O B E T R4+ GENII (Napie et al.,
1998) » % — Z i 4T F SHA IR Kk 2 o 7 500 &£ 2 WORLRRK 4T F s
Zkok o P Ak B A EEE(F2=2520K K Sk 4 @ ¥ thdke oy H =5 m/d)
2N (i 8 F1=3520K);% 4 » 500 & fé BR BB E3 228 > H P R
K& A 150 # B3k » 1E-5m/d- 150 # % 500 & 3k 5 1E-4 m/d > 500 +# {4 i
KEFTFENUAIR - kR & B 4% &2 IAEA(1999) R4 ¢ #rdk* 28 B
_’El_r = —\‘#g}; s
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C =Coexp(—(ALF + )t), ALF =F/V(N+K,) (2.1)

F¥ Co LAk B (kgim®) ~ A % L % (Lyr) ~ F(EF1+F2) % % omid £ (milyr) ~
Vi 8 R (MY N(BK 5 0.4) 5 KA 2 AU R A v () K 5 A e i #i(-) -
F7E i § Q=CxF o

s - AT T R TEEFR A ﬁﬁ%%k’ﬂ“@%ﬁ*
AMBER i %8 (QuantiSci, 1998) & o1 28 1 > o * 4 B3F 5 k BETH SR
ZHEHS AR ¢ ZAMBIRES Aok B B a0 B
o @ﬁ%] N %E\ﬁ—;ﬁ N %ﬁxﬁa*fag‘gér@ N ;}'&B&ﬁ,‘&\ﬁ Nl § /%%Bx;l ;l;fg N jﬂ)—)» ,Jugg N
B e d SRR AT R R B B B e S (Lyn)

225RTC 26478 %

- IR WIS R ORGSR 0.12mlyr » % AR R R fEe T ok
SR RER IR E kY PEE R R S4B 211 #7on 0 1000 E 153 B B8
Pifd i Pu-239 27 U-235 o fo 40 Flép * 2 okor i B 5 »a B £ B % H R 25 48
7> w02 Pu-239 22 U-235 5 4 & R 4E o

Concentration, Bq/l

U-235
Pu-239
Ra 226
Sr 90
107 ' —rT

10 100 IUDO IOODO 100000

Time since disposal, year

B 2.11 RTC % iﬁl]%j\ﬁ-éﬁj:‘ 7}\+‘2‘ﬁ§—(‘rﬁ'

X THEERLPANREIRELIZ A B E oA 212 477 0 B
212 2B 213 28 i 2 AB)EFZCARFaERA TR > d BlY 7%
i BRFE(PA-FTF A Z-RABEAH Z-BH)LHEAREOL
mSv/yr FL4] o b #h e Z A(B)2 ew]ﬂ’frsﬁb ZCHHSE2 BHcE B ot
B2145 RTC(0|% - T+ ZAB)Z kAL FS 2L L E AL HE R
Lo E R H3  BF S - B Ekp Cl-36» af4a > aisdhi &
PR EFTF E Kk p Pu-239, Ac-227 £ Pa-231 -
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% 212RTC %615 - 3R 3 b H&T & P Ea £ (H = 1 sViyr)

Design scenario

Erosion Scenario

Radon Scenario

Radionuclide Vault AB; Vault C Vault AB; Vault C Vault AB; Vault C

H-3 2.00E-14 0.00E+00

C-14 2.00E-11 9.80E-05

C1-36 1.02E-07 8.42E-25

Co-60 3.86E-23; 2.71E-24 | 0.00E+00; 6.80E-40

Sr 90 3.24E-22; 2.58E-23 | 2.81E-30; 4.36E-16

Cs-137 2.13E-22; 1.25E-24 | 2.12E-30; 1.8E-12

Eu-152 1.51E-23 0.00E+00

Ra-226 2.65E-21; 1.26E-23 | 2.15E-03; 3.24E-03

Rn-222

Pb-210 3.73E-21; 7.52E-24 | 8.30E-04; 1.52E-03

Po-210 1.16E-20; 4.67E-24 | 2.74E-04; 5.01E-04

Th-232 1.39E-09 1.4E-03

Ra-228 2.84E-08 7.39E-02 1.52E-03; 4.78E-04

Th-228 1.31E-09 1.42E-02

Pu-239 1.96E-19; 2.39E-18 | 6.73E-03; 2.44E-01

U-235 2.14E-13; 7.80E-12 | 3.82E-08; 1001E-06

Pa-231 9.90E-12; 3.66E-10 | 4.31E-07; 1.56E-05

Ac-227 9.95E-12; 3.62E-10 | 7.17E-08; 2.38E-06

Total 1.02E-07; 7.29E-10 | 9.97E-02; 2.49E-01 | 1.52E-03; 9.57E-04
Aquifer Human Intrusion: Human Intrusion:
Contamination Farming Scenario Excavation Scenario

Radionuclide Vault AB; Vault C Vault AB; Vault C Vault AB; Vault C

H-3 5.32E-05 4.76E-07 6.93E13

C-14 2.6E-07 7.17E-05 5.12E-09

C1-36 6.91E-05 2.52E-03 1.33E-08

Co-60 2.7E-24; 2.70E-24 1.30E-17; 5.08E-17 | 1.69E-19; 3.68E-19

Sr90 6.68E-17; 8.74E-17 | 3.11E-04; 3.92E-04 | 1.03E-08; 4.48E-09

Cs-137 1.21E-24; 1.21E-24 | 7.85E-03; 1.51E-02 | 8.67E-05; 8.5E-05

Eu-152 1.43E-24 4.77E-10 6.26E-12

Ra-226 5.16E-15; 9.46E-15 | 1.78E-02; 2.68E-02 | 1.10E-04; 6.96E-05

Rn-222

Pb-210 1.28E-14; 2.34E-14 | 6.86E-03; 1.26E-02 | 4.18E-06; 2.63E-06

Po0-210 4.06E-14; 7.44E-14 | 2.26E-03; 4.14E-03 | 7.18E-06; 4.53E-06

Th-232 1.96E-06 4.54E-04 1.23E-06
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Ra-228 4.03E-05 2.26E-02 3.03E-05

Th-228 1.85E-06 4.34E-03 5.42E-05

Pu-239 2.31E-07; 8.38E-06 | 2.53E-03; 9.19E-02 | 6.16E-06; 7.69E-05
U-235 2.82E-10; 1.02E-08 | 5.53E-08; 1.47E-06 | 5.45E-10; 6.81E-09
Pa-231 1.31E-08; 4.74E-07 | 3.93E-06; 1.23E-04 | 7.54E-10; 9.42E-09
Ac-227 1.31E-08; 4.74E-07 | 5.66E-07; 1.88E-05 | 2.62E-09; 3.72E-08
Total 6.91E-05; 8.43E-06 | 6.77E-02; 1.51E-01 | 3.00E-04; 2.39E-04

Annual Individual Effective Dose, Swly

1.0E-01

1.0E-02

1.0e-03

1,0E-04

1.0E-05

1.0E-08

1,0E-07

Annual indwdual Efecive Dose, Sv/

1,0E-08

1,0E-00

1.0E+01

S SRR N . T RN P I |

Doses for vaults AB

—+— Design Scenario
—e—Erosion

—a— Gas generation
—_— e

=

,

T (L

-

Time after closure, years

Bk AB)H RS E pw R

Doses for vault C

----------- L e o, T e e B e e e e e e |
: ! : —#— Design Scenario :

1.0E-01 4 = = == === b 4 e Erosion -
: : —&— Gas :

1LOE-02 g---=o-----~ = ——Well -
: — [ arming :

1.08-03 g-===1=-=--= H =—j== Excavation 3
| ' |

L S R B e Y . R T Tt T Tl Ty =
|

1.0E05 g-—--——¢~--—---- s e e e e e o W S s e W S
1

1,0E-06 g====f====== E— -----------
i

1,0E-07 §--—-f------ i I, N . ). G,
|

0 5 P p—— e e L e T . T it T
|

1.0E-09 + a t + + 4

1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+08 1.0E+07

B 213 RTC % & %

Time after closurs, years
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Doses for Aquifer Contamination Scenario. vaults AB
1EMp------- AT b Sl | i T T mmmes b Akt 1
E I l | | | 1
[ 1 | | | 1
C i i 1 1 i
- I N : ) 1
: —e—C_14 —+—CL_3 !
: —+—TH_232 —+—RA_223 :
- Rl S T —TH22 —e—pPa23 [ TTTTTTC I
& 3 | —=—H3 —=—PU2® '
g [ i —u—,AC 277 e=—E Tot
s L
3 10608 f-=-=F--qf =q=====f=mccmmmepeen———
a £
g L
g [
& L
<
10607 ==~ --H---1----44--F----} %----F41--
i f
1,06-08 4 | ! | ¥ . |
1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+08 1.0E+07
Time after closure, years
2,1 AS 2. 27 l L% ﬂ
B 214RTC % 6% - 532k ¥ 2 AB) 5 kA P A &1 & PaamE g

i ob RTC % b7 i §
MEFT R A Fig s
ZE2BHESE Ra T

FARE IR I E F R B RSB N E A
FERERF R TSR LB 4o 215 977 T 4P
2T B AREAITRbY G AP EALR

1ERp-=--=-———m—cmmmcmmmm == e e e e e B

1 1 L}

| | i

—o— Gas release | 1 |

| | 1

10603 { - - - —¥— Gas modified S P L - m e e c e e e e 4

H & '.‘0 H

= ' i '

@ | o | 1

1 2 1 ]

e et T e e ittt

(=] Il D H

4 | 1

g St L [ H

g B S e e el e e R, N H

| 1

; | 1

= 1 1

7 | 1

B 1 T 1 e I S g e 4

: | 1

g i

1

1% 8 A g Sy . N By m e 1

1 1

1 1

] L}

| 1

1,06-08 . P J
1.0E+02 1.0E+03 10804 1.0E+05

Time after closure, years

B 215RTC % 6|4 2 AB)ER A FEA LA 2 § F &AL LR

23ISAM 3+ % % 6(= B % |(Borehole Test Case)
Borehole Test Case (BTC) ik p ** IAEA . AFRA-TC 2+ % (Kozak et al., 1999)

g BB el 2 4 (Borehole Disposal Concept) » 2 & % 4% #2874 3 % B T
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FEHAR B SR AT L R B R TR 0 B IFR ) 40-100m > E 2R E T B R
Jf%x’%;f;: r FOBRAGEREFT P EFEI0E A X 2T 173,\1,:{;1_ 10000
FEZA RSP ALELY R Ir-192 &£ X % Ra-226 -

: ‘ Tl B BT X 2T RARE

FlEt o e PF AT LR el Hra £ F

# % 72 F 4% - (Regulatory

Framework) % &3 4 & :

(5)  #12 b= =% 2 (Independence of safety from controls) : & 3 4~ 2 3+ F & 12
GG iR AR N2 FH o

(6) * %z 5 »xir(Effective in the future): ¥+ X k' N it 2 78 2 BARZER &
2 L% -

(7) & @& it (Optimization) : &4 € @@t ¢ 5]+ 7 > o R fgatpd 74
& 12 3 (< (ALARA) ©

(8) 5 & -3 1% & (Radiological protection criteria) : ¥+ A g2 H - X ZHE 3 ¥
4z 3§ 0.3 mSvly -

2.3.1 BTC fk = ;&

AR G2 AR LT BB 2.16 fro7 0 B 26 4o B) 2.17 FroT o
t+_i B KE L 305mmo pFoE S 300 mm mPVC?‘g‘ v B K INA U
1ﬁ4ﬂ§t254 mm:>p3 2/2203mmPVCEE - RAL G - A BR -
vy Aok o FIR R B R 45m’ PEET S Z K
¥R S et ok o BR B FS 100m . er&;%ez 10
m 5 Aot x%iil*’ i RZ IR W R - Ak NERE TR o

Moblie condiioningtrancportidicpocal
vehlole

: 4 —
/—_—'- — [} -

Fenoed in Disposal Site

and Bullding 4 B e }
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i ¥ + ] # *
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B 2.16 BTC % b 3% %6 &2 54l 7 &, B
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|_ 06 mm _|

:I [ T il
- opsoil
== : /N
N % }
N PVC Casing
A
N
Weathered Zone N " Concrete Backfill
: e Borehole Backfill
Concrete Backfill » ::; [westhered zane)
I N PVC Casing
"\“— Zons

Bedrock Zone

203 mm
264 mm

A A LT E L L E L E L E L E T E LT LT LA E LA LA LA LA LA LA LA A LA LT R LR LR R Y

AL AL L LA LS LA LS R AR R R R R R Y

B 2.17BTC 6| & 2|5 B

BATHIRA A #Y i SR(Ra)c ~ 304 7 454K 45(% 110 mm~ B /= 21.3 mm
B 277 mm) > ffod @R D T Ao 0 304 3 454 %% 1 (% 250 mm
eh3nE 4T 1143 mm-~ B & 3.04) B 750 mm o e » B2 E R E S wiE
FlpbE - Ak HAF A S 1000 mm o 4o 2.18 #ron o A3 E ik~ 10 B AR
o “ﬁu’db’wwzm@ﬁ ERFEAeE 213 40m o @ od %t 304 4t ¥ F pH
B gheni Al T K :iiéé'b‘_)?:i T A S 0.3-1.0 wmlyr

— R
375 mm E s N
—3 o N Cementbackall
N

PVC borenole casing

304 3tainiess steel capsule
filled with Pt or Pi-ir Needies
as well a3 soluble Ra salt

1000 mm 250 mm

TFNTT

304 3tamniess steel container
150 mm in dlameter with
3.05 mm wall thickness

rar

Cementitious waste form

5 &
= as s & .
. 304 3tainiess steel containe:
Alr space (gap
= J N
rzsmm [y _ - _ - a

wsmm N e TN
" Cement backfl
) S}

50 mm
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3 213 BTC % bt i3 % P 852 i & i

No. of Activity
Isot Half-life S"au.rca-s per Total Di . Applicati
sotope ® § Source Activity (Bq) imensions Application
(Bq)
#eTe 6.86E-04 | 1 499E+09 | 4.99E+09 - Nuclear
Medicine
10 . - ) } 3 mmh_e:ght i
Ir 0.202 22 3.70E+12 8.14E+13 3 mm diameter Gammagraphy
Co 0.742 4 1.85E+05 | 7.40E+05 - Medicine
e 127 4 1.11E+08 | 4. 44E+08 - g“‘-" ,
uorescence
50, ) 3.2 mm height .
Co 5.60 2 3.70E+09 7.40E+09 3 . Level Gauges
mm diameter
e 30.60 11 278E+09 | 3.05E+10 6 mm height Gamma
4 mm diameter densitometers
- ) 6 mm height :
3 =
5 555E+10 | 2.78E+11 4 mm diameter | Well Logging
¥am | 412 560 1.85E+05 | 1.04E+08 Sondmcter | o 0 et
5im thickness
9 555E+05 | 5.00E+06
26R, 1600.00 | 6 3.70E+06 | 2.22E+07 10 cm height Calibration
3.5 cm diameter
3 1L11E+05 | 3.33E+05 7 an heaght Teaching
5 cm diameter
2x5cm L ..
N 7 41E+ } .
3y :"_uE 0 1 3.70E+09 3. 70E+09 diameter ;t::;ilfc tricity
im thickness
B B ITER gm0 F L ABE ﬁﬁﬂ’ﬁﬁiﬂﬂﬁ“’ﬁ AR LR
i%»b?:rﬁﬁ"/ CRERZ RSP g BT P MUE R AR B g o~ o R
¥ rk HritP (siteclosure) » 2 f62 £ 5 A BB > B4 F €3 E R8T
Fed ii—éﬁ% t % 4TE 15 (post-closure) P > @ % »:F & F 3 10000 £ o

2.3.2BTC a4
* & bRk IR 5 3 2-en Vaalputs Radioactive Waste Disposal Facility »
R A EE 4% i 2 Koeberg st i 4% vl 18 K jE_1986 & B 4 iR
FOFY PP REE R o MR B G B BDC 2 SV T A R 1 0F o
Vaalputs eg B i =3¢ Namaqualand P % %’* t4 (metamorphic)fi&iéi R

& % (precambrian crystalline) G AT IR -RBEHAME f;fi&
oo ok FINA spﬁ“y—#p Rz kA& iy 27 50-100 m > Flpt gt iR
RG> AERER  REHFHITZ ZLEA01-03 2 £ 9MmuT 3

KB A 0212 o g Tk pH 43 6.5-8.4 5 -kE 4 3 18-26 °C >
wslem » ¥ T ok KA f2 E R R A % 3100 my/l -
By L 20kmp gz Bd #3989 167°Cr 2% % £ 80
mmlyr> £ x Z3#E 5 2412 mmlyr > Flt B EHECE R R oo ok 2 e IS
£

PR RRERS T PR B Ak s B B R B A
27

T H R 54700
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2 4q 4% 7 (preferential flow) 2 P-i¢ i@ BB A R R T e IS 2
BEfFf o KX AR TP e R o

A BRSNS > R L R G A BT # o kenX X uranium L35
kR G S0ug/lom Ra 4% 48T 4 & fHtAE KIR(TIHE04Byl): &
YL A E & H ok 800 2 2 e ik e F] S 2.8x107 SvIBq iz & » 4 * ¥ -kz_ Ra-226
0.09 mSvlyr -

iy
[k
FTNS

2.33BTC #rix* % >37 i % f#

mc&wiiLi&?T@w%”Qﬂﬁmﬁﬁ#ﬁ%@ﬁgL@oﬁx
;V;é ﬁéﬂl /"fl = Noarpsd 2 %% F8 o %- 7@_1 sg_;}s‘;;ﬁ{;ﬁ ERERT A )
BB F RO A LR A 8 (farmer scenario)”s % = fd G 2R B Az A AR
s URA B R 8 (hunter-gatherer scenario)” > 3k v 4k (termite) 5 1 &
I FRR o FEZ Y RIFE G 0 195 IAEA-ISAM #riEik hd » T 2 Jfﬁ )
FESTE 4 2 FEPS 53 g 0™ MBpFE 2 3= 1 1% Level O FEPs (assessment
context) 2=z #F » K I K BEA F_FEPs» fvd »t & 3 PR 2 75
Flp v R AT 1B 4% Level 1 FEPs (external factors) 5 # 12 & 4 3 2 ¢k 3% F)
+ o dedrpt T ORISR B S S Level 2 FEPs (disposal system domain:
environmental factors) & 7 £2 gl 1 e FpcAp B 2. p 38T > BT 2 Hu
B A d i Level 30 FEPs (radionuclide/contaminant factors) = f= % p % %]
+Ek*14#ﬁﬂ‘ﬁﬁq+*?h%%ﬁ*4%°

M P R-BE AT - R A 4TINS o K RS R 3t £ T 35-45 m 2 A AR r
K oRT>FF 10 m m%éﬁ’fr& P B 219 5 Ul H iR R RSB
T R B Y B AR YL B S 4 0.3-1.0 wmlyrs F]t & 2000 &£ 14 (4 >+ 1000
&3 5000 # > sBaerd g 2 'zéi'—r‘ KOP) o B TR B *ﬂqb}%z %
FizE R E N TR HEH o B 220 5 BTC & b2 R-BE-X f A 17

&@,&ﬁ%@+,?%vhl4# LRy o

TR AN AL BRSNS F - ﬁ%%% I& A
RFRE TR BRAB R BEE A A AE R ﬁ_ﬁPE‘@ﬁ_%“;
lOmo‘:ﬁﬁn&;{é%?éi}é@?}f#’gmx944¢g,rﬂu*@ TG ke 4G
ERE A - YA

Disused Stainless steel Stainless steel
Sealed = Gap (air) |—» capsule —— Ceme!\t —— container Concre‘te

backfill . backfill
Source (2.77 mm thick) (3 mm thick)

B 2.19 BTC % b j€ tul B A cbfiRz /& B # & 557 1, B
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Nleaf-_ﬁeld
Source | Atmospheric Pathway Receptor
Geosphere [1‘ M
M;ray
Upward Pathway
Easphere |
- | Groundwater Pathway

B 220 BTC % 5| 2. iR-FLi5-X WA 477 & B

PR BIE Y 2k Bt (total system model) B 2R R L L E 0 T B
¥ T % BEEe S P BT Rt - A IR 8 -
Melrtd EZ2ARLLE 2B iz 2 > o R FF 223 8 > A 2
2 IAET IR RRE R e R KRR FRLFRTE B
MiMTERIEZAZEHZEZBLEREFIF V& ZRBEZIPNR
j'ﬂ;ié ’j‘%"d&pﬂ‘?“‘:%ﬁjf’%%@:hg'l v ded 2,14 Hrom s :(ifﬁ’-ﬁﬁ._ﬂﬁ;‘
=& F 0 AR e % (waste package)gd A Arfok ~Arfok T A F i
#(flora) ~ #= 4t~ E(fauna) ~ A #FEHIHE H BEF -
% 214BTC 6|2 23FFH2 > s 03 el i
1 2 3 4 5 6 7 8 9
Diffusion,
Waste advection Gum tree Excavation
Package (include root uptake | by termites
radon)
Advection, Diffusion, .
Percolation ;JOr:]seaturated Diffusion, Gas S)%Tutrf:ke Exig\r/ritilt%rs]
Dispersion advection P Y
Saturated Water Ingestion
zone supply Immersion
S - Root .
uspension, untake Ingestion,
Infiltration Soil Gas diffusion, Rgin ' Ingestion External
Evaporation irradiation
splash
(Dvsg)to;rl]téon Deposition
dry) Atmosphere (wet and Inhalation Inhalation
Infiltration dry)
Gum tree Gum tree Death and I . .
root - . Transpiration Flora Ingestion Ingestion
. . root intrusion decay
intrusion
Intrusion by | Intrusion by Bioturbation Exhalation, Fertilisatio .
- - , Fauna Ingestion
Termites Termites R Flatulence n
Fertilisation
Water Plgughmg, Cultivation Rearing, Human Exposure
abstraction Irrigation i Hunting activities mechanisms
(drip) Harvesting
Dose to
Exposure
Group(s)
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234 BTC »r3 * % > A48
1) RAHER
WATHIOS F ZRR e B wHIRGEL B AREBURE o APA
N BRK AR F BN Al (s 100-300 £ BB 4G AMrrig A2 B 0 B
% B4 £00.001-0.01 - 3k i 48 7H 8 & ¥ 02 Fickian diffusion = #2554 it ®
71 AR F AP A fER 0 - S AT AT

Qi = ”fcz LfDeCs(rc —15) (2.2)

;v Qi ErIiPATESIGBY) e F FEXEM) s ZRALEM) L S

FEEAEM LB CATEAELS S() > De 5 RES B sxihicihlk

(m2/yr) Cs & 7= 24 % 2R (Ba/m®) » b PR A tasfiRic g > £ b af o 5%
EESOoHN g R R PANERREY R R DR D (2 F 202F)
HRFE Y ARG AR T A B R o A A1 § oA - HEER

o

=

ey TR B Ar Bl 220 r Bk - BY M 3 e B A S
PR RN AT A M) T AR 02m BT EKAK o A A A d
2 FAREH RINE kK AIEE R AN K G - A ok
10m- feé B 220 il Bk P B 222 5 B2 82+ FEMAREI T LR
Pk Tl 3 R aE ek 21597 F o A d RS EIVHRE B Y Ak
ek 2. K @4 * van Genuchten 2535 > ¥ 44 @;% PFRE I iR TR g
ﬁgéﬁf"“”“ijﬁf* oy AR TR e P S 7)@ e I N L)
BTk R E AR E L U o R F 2 - TR AR R KR
Fated TokP 2 R R IR AR K P 2 R R A £ 304 5 * GoldSim
RIS 3 3=t

30



Destroyed lermale nest
Depth = nd il N 'd
od smnd A - =
' Calcrwte it o e -e f
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|~ Tersis how
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Waste pachige and plume

5500 m ——

Bl 221 BTC % 6] % 42 # FEBEE 7 L B

LI s b

Near fax
(Souicn mim)

Saburated 2ome

Setureted rore - Adwecton Eﬂm om borehole
- Dilution _l—b mSie
- Dmcersicn - Dhbm
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% 2.15BTC % |3 ¥ B

)

\ 1 2 3 4 5 6 7 8 9 10 11
Deposition Rain/ Rain/ Rain/ Rain/ .
. Atmosphere (wet & dry) Infiltration infiltration infiltration infiltration Inhaltion
Root
- Root Root o
2 Transpiration Gum tree intrusion intrusion Lr:)ttr:;éon/
Fertilisation
3 Death & Soil Flow Flow Flow Ingestion Flow
decay
Advection, Dissolution Advection
Dispersion Advection Dispersion Advection
4 | Gasmigration Gas migration Unsaturated Flow Flow lefusw_n Dispersion D'ﬁ“S'O.n Dispersion
Fracture Adsorption Diffusion Adsorption Diffusion
Matrix Adsorntion Matrix Adsorption
diffusion p diffusion
. ) Advection
iljssscl%gﬂn Dispersion Advection
Root death & - P Unsaturated Diffusion Dispersion
2 decay Evaporation g::fjsrls(;gn matrix Flow Flow Adsorption Diffusion
Adsorption Matrix Adsorption
diffusion
Dissolution Advection
Alter Alter Alter Access o Advection g:;?jsrz ﬁ” /S?svicrtsli?) ':]
6 | Gasmigration hydraulic hydraulic hydraulic Termite hole Dispersion ; Isper:
- B : subsurface P, Adsorption Diffusion
properties properties properties Diffusion Matrix Adsorotion
Adsorption diffusion p
Death & Tunneling/ Tunneling/ Tunneling/ . . . . .
7 decay Bioturbation bioturbation bioturbation Size, depth Termites Ingestion Ingestion Ingestion
Dissolution Dissolution Dissolution Access to . :
Advection Advection Advection water via Near é:isvzcrtslg:] /S?Svicrtslg:]
8 Root uptake Dispersion Dispersion Dispersion borehole field/olume Diﬁpusion Dif?usion
Diffusion Diffusion Diffusion P Adsorotion Adsorotion
Adsorption Adsorption Adsorption Excavation P p
Advection g‘ﬂzfg:]on
Saturated Dispersion P
9 h U Dispersion
Matrix Diffusion iffusi
Adsorption Diffusion
Adsorption
Advection .
Dispersion A_dve_ctlon
Diffusion Saturated Dilution
10 Transfer Diffusion Excavation Water supply Adsorotion Fracture Dispersion
P Diffusion
Matrix Adsorption
diffusion P
11 Extraction Extraction Well
Cl 2 b A2 ] = 2% A ) A2 ] o | 1o D ol
BARBRYTY R PP R R F P ERE L R E 4oF 2238 £ 2,16
S o H o hoE T

2

TFF AL

22

B 223BTC 2 6| B £ 82

226Rg p| 210Pp
201Am » 23Np p»| 223Th
239p Yy p| 235 p| 231pg p 227Ac
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#% 216BTC kbR X g2 PR L RHEER TH
Radionuclide | Half-live (v) Activity (Bqg)
“cs 30 3.09E+11
“TAm 433 1.09E+08
“Np 2 14E+06 0.0
U 1.59E+05 0.0
““Th 734E+03 0.0
“"Ra 1.6E+03 2.25E+07
Tpp 223 0.0
““Pu 2 41E+04 3.70E+09
U 7.04E+08 0.0
“'Pa 329E+04 0.0
TAc 218 0.0

(2) WA BERFHE

howhoerit o BK G BRI 2 A B AR A T 3 Eig s A
BRI Y PR LIS IR A E AR B L A B2 B22040 k>
IR ARSI 2249 Bk B AN - R AMA ALY T E S
dtE R A 1 A E2 B R ERY A5 B E- B A
- ERl 2T 2 RFL A 0 RPN 2 vt E R (specific activity) 5 = * % 2
2 101 - BRiE- PR E- PAAAM N ER SA(BY/KY)E %1 2 o
B35 Qi(Balyt T AIM st

SA; = Qi / pyar? (2.3)

g2t A (kg/md)r i %=
Ljm(m) o KB M2 R EBHEZE L

I:)ext = Z Dil -SA - I:)Fext,i 'Focc (2.4)
i

FPVER BBz GG RE(MYN) s 05 X R
CAE | E

P T LS P Dea 3 9 38 2 E (SV/Y) ~ DFext 3 *F 3% A
£ (Sviyr per Ba/kg) ~ Dil 5 i & 3z 2 2 ff F1F (1) ~ Focc » * - & e 3007
oo () T A E T

Ding = Z Dil - SA - Feont - By - It - DFing,i (2.5)
i

PR

FPTHRIGEF I B A9 R A R FIF () Feont » Rtz MR TH

A5 () > e s #ePrd bRjiE 5 (kglyr) ~ DFing # 2~ 4 2 g 3 5]+ (Sv/Bq) - #-1 i
g@ Hot 2 T H Rk {1 % COMPASS #cd 5 & fift - Bk £ 3 0.01 ¢ho bk ¢ 2
GeL TS
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Borehole

Volume Excavated Volume
of Assumed
Contamination

1 ¢m diam

ccccpccccccpe
CCCCECCCCCCE
ccccpecccceep
cCccCcpccccccl
ccccpccccccp
CCCCECCCCCCe
CCCCECcCcCcccc
CCCcCcgcccccc
CCCCEpCcCcCcccce
ccccpccccocl

B 2.24 BTC % & i A '*’%neﬁa—"zfi ZRBEFLRT LR

-
=S
=1

EREE R AT S SLANRE *’%%i FHBL A X Bh#icr Au 5
1% #c(bounding parameters)£r ¢ % %ﬁ“z(moderate parameters) - 1 & ¥ B A3 (2
B Kd B8kl F BRMER > dok 217 457 o

%Q 2.17 EYTC:?% &dzg‘& E?%% g§j§'ﬁ;ﬁiz.-: f§_§¥§i€£ E;

Parameter Value
Bounding Parameters | Moderate Parameters
Ra solubility 107 mol 1" 10° mol. 1
Pb solubility 10~ mol. "1 10 mol.I”
Po solubility 107 mol 1" 10™ mol I
Ra cement K 0.05m’ kg~ 0.1 m’ kg’
Pb cement K 0.05m’ kg~ 0.5 m’ kg’
Po cement K; 0.05m kg™ 0.5 m’ kg’
Container failure time 1000 yrs 2000 yrs

235BTC 24158 %
1) R xR
% & + % (Monte Carlo)fic#t & & £.7 4+ = (Latin Hypercube) P~ 4% 12 i& {7
100 =x i (3R 4 ¢ AP i 100 =x ey 1 F1A R ) > B 225 5 At 46
ke 1l BRAERFF2Z )RR > B 226 ~ B 227 2§ 2.28 ~» 9 5 A&
B~ ke k2 PEEREMRZEM KU RV HFR Aok ~ 2
k& l;ff,’v"—" KPP fAERR G APRARE 1000 £ PR 1 BB EHE
e ' 5 %) 43t 2000-3000 & B0 NP-237 ~ U-233 22 Th-229 * B 4o"E ¥ {5 5
B2 10000 &40 F 2 od 28750+ RiE > B 229 5 2 PfEL T8
»c % g A £ (Total Effective Dose Equivalent, TEDE) # < #| & % 4 % 10000 & >
R 4 x~;‘k++7fé » NP-237 ¥2 U-233 > B 2.30 % P £ B &R Fz2 TiaE ¢
#5295 A~ iz TEDE P 2 7 it > % % &1 100 =t g 2 A
Tl A 0.1 mSvlyr 20 % F R E L o
34
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Concentration (mgi )

:

10610

10612

1.0E-16

1018

10520

Radionuclide Concentration in the Steel Container Water

— e S
——
|
-~ [—l
| o H—_'_‘""—-—_._
—] —ET
\ - T [ —mmeenmen
| _ — M237] Imgi)
. L ] I N e . U233 o]
— me2s) gy
— |—r=mmon
~ — P23 g
| | [—nesimen
i 1 = — PPa231] o]
1227 g

1000 20:m 300 00 s00C 8000 Tooo E000 5000 10000
‘Year

B 225BTC 6B 2 sl i -k? 11 BHAER

1.0e-02

1.0E-D4

1.0E-06

1.0E-08

1.0E-10

1.0E-12

1.0E-14

1.0E-16

1.0E-18

Conce mm son (mgh)

1.0E-22

1.0E-24

1.0E-28

1.0E-30

Concentration of Radionuclides in the Unsaturated Zone

—
/ L— —— [Np237] [ma@n]
— [u233] (mon
- —[Th22s] [mgM]
i I - S [u22s] (man
I—
L1 ——[Pa231] mpn]
/ ——1Ac227] [mg/
.
| —
ot
1
[} 1000 2000 1000 4000 so00 €000 7000 8000 sgon 10000
Year

B 226 BTC 2GR £ i Aok 2 Pk R
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Radionuclide Concentrations in the Aquifer

1.0E-08

1.0E-10

1.0E-12

1.0E-14

1.0E-16

1.0E-18

£ 10520

]

+ 10622

B 1.0E24
E 1.0E-26

5 10828

— [Na237] [mgA]
[U223] [mg]
— [Th22¢] [mgi]
—[U223] [mg]
— [Fa231] [mg"]
——[Ac227] [mgT)

1.0E-30

1.0E32

1.0E-34

1.0E36

1.0E38

1.0E-<40

1000 200 3000 4000 e ] €000 700D 8000 9000 10000
Year

B 227TBTC 2GR X s 7 k& 2 Pk R

1.0E02

1.0E-04

1.0E06

1.0E08

1.0E-10

1.0E-12

1.0E-14

1.0E-16

Concentration (BgA)

p 1.0E-18
Z jps20
10822
10524
1.0526
10828

1.0E-30

Concentration of Radionuclides in the Well Water

1000 2000 3000 4000 5000 6000 7000 5000 9000 10000
Year

— 23T [Ba]
[uz33] [By/]
— (229 [Bg1]
— [uz3s] [B91]
— [Paz31] 9]
— jAc22m) [Bg)

B 228BTC 20| 2 ¥ k2 kR
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Mean TEDE Per Radionuclide

1.0ED6

1.0E08

1.0E-10

1.0E-12 L

1.0E-14
L

DE-18
: / — 2T [y
e / — [u233] {Sviy]
& 1.05-20 F— [Th22<] [Svryr]
Y / — 23] Sviyr
T —— [Pa231] [Swiyn]
S — [Ac227] [Swiy]

1.0E-22

1.0E-24

1.08-28 / ———
1.08-28

1.0E-30 i

1.0E-32

1.0E-34

o 1000 2000 3000 4000 5000 €000 7000 E000 2000 10000
Yoar

B 229BTC 26 B % 8 & 15482 T 5 TEDE

Farmer Scenario TEDE

1.0E-06

1.0E-08

1.0E-10

1.0E-12 — -
/ -~
1.0E-14
—5%
——NMedan
1.0E-16

/ ==
17

1.0e-22 J

1.0E-24

o 1000 2000 3000 4030 S00C 6000 7000 3000 3000 10000
Years

B 230 BTC % 4| % 3 2 TEDE

(2) BMraEHELER

RI231 L R2324A % 2% 2 U4k ? £ FHTHORZ TP A 5
SERET 2 R o W 2.33 54 X USRI Rk p A BIAE L
Bl 234 5407 % U S BT HORR Lk p AHYEE 2 2 bR R - B 235
SE YR AEOTHIRZ R AWM ISR E R B 236 Ha ¢ % S
gtz kp HHARA L 2 IMAE R o2 B R FEKILTFREETH
T oo KA HEF €30I mSViyr 24 0 P LA R AR KRBT

SHAMGET I I ELHE TPl sl -
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Release Rate from Waste Package

1.E+08

1.E+05

1.E+04

Rate 1.E+03

1.E+02

1.E+01

1.E+00
1.0E+03 1.3E+03 1.9E+03 27E+03 38E+03 54E+03 7.6E+03

Time (yrs)

Bl 231 BTC % vl ¢ 245 & % 8 2 Ul gt 5 g0

Release Rate from Waste Form

210E+03 270E+D3 340E+03 430E+03 6540E+03 6.80E+03 8.50E+03
Time (yr)

B 2.32 BTC % & ji 4 E;};}g;-ﬂﬁﬁ-i—ﬁ:’ EY %%Lfbﬁ(,}ﬁi%fb
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Ingestion Dose from Insects

4 0E+00

3.0E+00

15E+00

1.0E+00

S.0E-01

0.0E+00
1000 1300 1300 2700 3800 5400 7600

Time (yrs)

B 233 BTC % bl 4 2248 B % MR 4 £ U dch A2 HOHE

External Dose from Insect Excavation

1000 1300 1900 2700 3800 5400 7600
Time (yr)

B 234 BTC & bl 4 24 FF HHHF T <"V ch SRR 2 2 H v

ek



Ingestion Dose from Insects

1.8E+00
1.8E+00
1.4E+00
1.2E+00
Effective  10E+00
Dose
(mSviyr)  2.0E-01
8.0E-01
4.0E-01
20E-01

B 235BTC H bl A L4 FH a4 ® @ 3 Sdicp L2 A2

External Dose from Insect Excavation
9.0E-05

8.0E-05
7.0E05
6.0E-05
S.0E-05
4.0E05

4t

3.0E05
2.0E05
1.0E05

0.0E+00

2100 2700 3400 4300 5400 6800 8500
Time (yr)

B 236 BTC & bl A 4 FF HHHF T ¢ % S 8ch SRR 2 2 H oA

i
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=% - A4 Andrews Site #74 * & 2 A TR R A %

3 & feow B OFIZE WAL Y Andrews Site § B % 2T F AARR R
EoRAR I TR -t-’hg’— S EE A K gii}g‘h_m*iﬁ@ﬂ-ﬁl itid WCS
(Waste Control Specialists) 2 7 *+ 2004 & 8 * = 4+ TCEQ (Texas Commission
on Environmental Quality)# % >+ 2009 & 9 ? if i B~ {7 & % 34 & (final license) >
DOE *+ 2010 # 1 * & % s =t w i (federal landfill) 3% 775 8 » TCEQ %73 |
A w & (compact landfill)s#r5 48 > £ d WCSARF & * 1% 5 M Pl l i@
& Aph TR R 5 http'//1069712 sites.myregisteredsite.com/wcs/ » % & 14 &
@k EErHEr87 £ 3 34 & P (B X9k Rev. 12c, May 1, 2007) 0% =+ 467 T
TR S RE AR AR 2TRAAM I TR

3.1 Andrew Site # & P

Andrew Site =3t % ®4g ' 7 & ¥82. Andrew County #8iT 7% & 8 V> o 72
=% 4o® 3.1 At 0 L F R 1981 & Mot B R ek F 4172 2 (10CFR 61)
B EFEDY - BT L (ABIC 7 304 A2 C4F) M st i g ) 4+ e
Rl R o AN AT Al BRI ED R AP R REHFEL G S
FRA D E - WA S ALY Y Fo PR 0 BB el B0k (compact waste disposal
facility, ™ fj # CWF) » £ 3 2,310,000 ft* 27 3,890,000 £ 2 (curies)= ik %
55— 304 5 BNk gl 3-hk (federal waste disposal faCIIIty, YT i A FWF) o
£ % 26,000,000 ft* 22 5,600,000 & 2 (curies)enit Ak % £ > @A L 15 &
v £ £ 10 & (Beach, 2011) -

B 3.1 Andrew Site » 2 = %
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Hast 2011 £ 12 BeiE 71 42% 1 > CWF 384302011 # 9 7 = 1 -2011
#1200 B4aEdE S FWF 204322012 # 19 =1 > 2012 & 3 7 B4 o
%38 5 AZE 560 B4 UFE IR R AU B g kK b oo AZiE 460 B £ R
Gt REEHR o A A TR E QB 10 BERY FEFRERE
KA AT o B EHINL o BRI EREET A G AT RAY KB T KR 0 B2
gk 4 B a#cL 1x10° emfsecs B & T 225 ft ek 4 B adc L 1x10 cm/sec
TRk TR L 0.004 ftlyro e T ok T E Bom B T oRE N K S 16000 - (Beach,
2011) -

32 k »% % 1§42 (Tier Review Process)

Andrew site % BB A 5F hd TCEQ % i {734 ¥ s(License
Application, LA)ié5 H % & - % - %4 % i75c% 4 (Administrative Review) p ¢
BAGRPRY GreniErE R P AR RE A F TR - HEFwINE LT D
P RER R LI BAEF AL
1. ¢ ﬂ—i 7ok & F 2 (applicant identification and qualification)

2 Fi; m}%@ % %5 22 3-pt (proposed disposal facility and site)
3. E R e okl 4F M (activities and waste characteristics)
4. 3 #2(schedules)
5. M4 % (financial assurance)
6. FWEIFH - %1 i i (facilities design features, construction, and
operation)
H-pt % Hx(site characteristics)
% 23+ 3 (safety programs)
9. ¥ 3 (warrant deed)
10. ¥ 31T % 7 * (application processing fee): WCS #& i 500 § % & 3R & R 5L 1%

ARBFRAE IR T URERARELSOFEANRELAL Y -
11. F%_? #A-3& % ™ (resolution of support) : % Andrew % € Rk 2R &

WCS g (78 Y 31 1 -

P g2 A - ARAY T REILLARE LT S (primary LA
sections) £ 4 B+ 34 R % % & & & (supporting LA sections) sn¥t & B 7% -

o N

% = R4 537 % & (Evaluation Review)+ 5 4 B & % B ha R T 4
Imiﬁ%"‘?' sl S R S
1) $1EkspF3i84034

(@) Frabep REHE TR SR ERTE A R% 1 p ALY

&7 A’f*’%‘r"m’q’ T ABEETORY s F R p ,"W? BT

1 VH CERITHEERRAT AL Z AT AL

S CORE gl S € Sf e ?*“?%'Fi‘i‘%’}i

#

il

—

@
=

%r én\m

'»‘T m

-



@)

(3)

4)

e TR iR EE RS e R 2 Sarediz gl

g

(b) *TeEiRd &l T E 3 L B a2l FELEALT i”l‘wﬁ
(isolate) ~ i3 (shield) £ Fr2(contain) i< Fg % Ax sl 12 13 & B =R4E & »
BX @RS > VREIDEAITEFRHLZLEDZ > o

(€) Mir i @ ¥ g eMir A F R EFER R m"f s ‘ﬁf o~
VR 0 MR R E RS AR R B2 R RE e AR
%iﬁﬁw’iuxdﬁa B E LTS ORGERE & 22
B2 53  MPEEORFEFILT AL G A AMAZ B
T oMPp AT L BN AT ETI M R E R

2k pFALREAEE S

(@) & HrRBL Al TE o Fn2 B A REREAT LY Hagex
AR R .

(b) #-$FMpsfr Al © 8 it E 4 5§ 4 ji(Texas Health and Safety
Code, 401.053) » Hht 2 b+ 4 B K6 HF &4 °

F3RKpFALRAEF R

() HATE R AT BT BT RIT B MR PR -

(b) qﬁﬁ AT R TR B PP RO B A b e T

€ ¥afzt oS BiEEd LT A AV U Ry B
?ﬁﬁf R

I LA S A
Texas Health and Safety Code, 401.243 2. %5 7= 4 ~ thw YRR o

(e) %éﬁli?ﬁ?%ﬁ?ﬁ%iﬁ@ﬁé@?ﬁ°

H ER~FHREFEHFLRE -

ORGSR TEE ST X

(h) "f KB RE F P23 -

() w3

() 1% R2gmemEsd

(k) ?ﬁ%?i g

(h i

tw-ri g b %’w}iﬁ’%T’}i'. '

5 4K mp i@ Jﬁ :.t#ﬁ

(@) Fprdizz 2l L3 L6 U2 ATk H w1 BEEd
-

(b) % Andrew ¥R2_ A+ % ¥ ip Ak € SAOTE 0 @ TR R ALE KW~ H

SEE R PR P BORLE AT o
43



3.3. Andrew Site &k * ;¢

Andrew Site ¥ = 7 5 ¥ & Al 4oBl 3.2 Hak 7 PR Bl Ak Bk B 3.3
S e § 2 B A W AR Y I B AR eI A 3% 6 (CWF) ;
YR Fe F WA RIVRIPF R MO R b enm 2R R 2k % (FWF) - B¢ FWF
z_ CDU (Canister Disposal Unit)22 NCDU(Non-Canister Disposal Unit)4 %] 5
Pk R BH A2 B ¥ ¥ B2 %% 0 RCRA (Resource Conservation and
Recovery Act) s il i 13 82 v ijziE % o ‘:g,;—Lr:}F, il 7 E(canister) 5 v TR
# 2 7 F(reinforced concrete canister) » 7 FI4L727 & > 8- 48 > 4§ 3.4 & 35
Ao o LA Rl B B *V“F“%\ﬁﬂ/}fw FohE o BT R
B MAE B & - FH Akl 78 B 14 B 55 4c b Ak 5 @ &
SRR B R K4 B B-25 2 ARG 4 e

CWF ibg 30 an s BB HFR HB0®R 2Pk #HH R 5 2210k
TodB) BRI ARG ﬁ % 560 & X x150 &R » a‘rwf BRER SR 973 50 &
RO FI 4 K BORL E B oo FWF il = 582 CWF #f i e g = 0% > k3 4 89
B BBERFRHID BR2 P B R S 210k T:4-2) CDU B
RIS 7f;. % 505 ® ¥ x142 m e > a‘r'%r‘ RERSEME > 93 80 R EF T
Rt B 5 @ NCDU B 42 A3%a f#f = 505 & x14225 &+ > a‘r'%r‘ Pk e
WEP > 5 80 B E G RATEAR P o

Andrew Site &k > N2 B F k Samer k sz %Td K 2H4c B 3.6-3.8 #7or o
A u] G B CWF ~ FWFCDU £ FWF-NCDU % #7F » B 2k adns b = #
BErARITE > L B R E A B LR A LR A > kR
FWF-CDU 3 &|() 3.6) » ik B ~ Aner sy 5 /M By 5 B 3 ER2BRGAES
& (compacted clay liner) - 4 + 7 % # (geomembrane) s £ * 4c > 4 (geocomposite
drain) ® 7z & & > - 0 & “Kﬁ FElERZpITEHE }dé] (sand drainage
layer)> iR AR E RELLIER BRI E LB ARERF IR
@ . Appendix3.0-1 ¢ 2 Fig.3.0-1-4 7 B & FWF-CDU \}% RO R H
EREF2ERZ A mEE (protectlve granular soil) » B 3.7 » A&7 R o 48
#r FWF-CDU » CWF(B] 3.6) £ £ &3 1 5 % - £ » X4 FWF-CDU % i®
= %> @ FWF-NCDU(R 3.8)4p >t FWF-CDU £ B e A 1 * JR 84 £ o
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1REEE

%] 3.2 Andrew Site 7 P BI(P #F : 7/19/2011)

@ 3.3 Andrew Site i % HFfic &
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EVAPOTRANSPIRATION

COVER SYSTEM

BIOBARRIER
COVER SYSTEM

PERFORMANCE COVER SYSTEM

Reinforced Concrefe
Barrier {Shotcrete)

Clay Liner

Not to Scale

Geocomposite Drain
Compacted

Lateral Drainage Layer
Performance Cover

Reinforced Concrete Barrier
{Shotcrete)

EEEEE

EEE

Clay Liner
LEGEND
E;:;or:anspimhnn Cover Existing Site Surface Soils Compacled Clay Liner
Biobarrier Cover (Cobble)  [om] Sand Lense Sand Drainege Layer
Leveling Fil Layer 1 O] 0AG Caliche

OAG High Permeability Layer

Natural Undisturbed Red Bed Clay

B 3.6 CWF ik H ~2 % 3

%
:
=
=1

EVAPOTRANSPIRATION

COVER SYSTEM

BIOBARRIER
COVER SYSTEM

PERFORMANCE COVER SYSTEM

Geocomposite —=
Drain

Geomembrane —

Reinforced Concrete
Barrier (Shotcrete)

Sand Drainage
Layer

Compacted

Not to Scale :
Clay Liner

5

Compacted Clay Liner

Evapotranspiration Cover
System

Biobarrier Caver (Cobble)

Leveling Fill Layer

Lateral Drainage Layer
Performance Cover

Reinforced Concrele Barrier
(Shalcrete)

LEGEND

Existing Site Surface Soils

m Compacted Clay Liner
Sand Drainage Layer

Sand Lense

CAG Caliche

QAG Hign Permeability Layer

Natural Undisturbed Red Bed Clay

43 ®] 3.7 FWF-CDU

5 AR R ST 18]

)

ot
&

REE A2
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EVAPOI’RANS PIRATION
COVER SYSTEM

BIOBARRIER
COVER SYSTEM

Geocomposite —
Drain

Geomembrane—

WASTE PLACEMENT AREA

Not to Scale
\— Compactad Clay Liner Compacted Clay Liner

LEGEND

Evapotranspiration Cover ’

- System Existing Site Surface Solls p Compacted Clay Liner
:I Biobarrier Cover (Coble) [ =] Sand Lense Sand Drainage Layer
I

[

Lateral Drainage Layer : OAG High Permeability Layer

Performance Cover N Red Bed CI
| Undist Cl
Reinforced Concrete Barrier : atural Undisturoed Re Bed Clay

(Shoterete)

B 3.8 FWF-NCDU s 8 ~ 2. % Z &2 4F7 %75 B

Andrew Site 2. CWF~FWF-CDU £ FWF-NCDU $ * 4p e 2. B & % Ui 4
4o @] 3.9 #7o1 0 ¢ 7 ¥ A kR E & (performance cover system) ~ 2 f R kR R F
& (biobarrier cover system)£ 7z % §t % % & (evapotranspiration cover system) » %
B 3Rk 3o ) 3.10 #1oF o

B 3.11 % =4 it FESA o7 LBl ALgf b ¥ 1 8 (geotextile fabric) % ff o £ 1
iZb4 (redbedclay) s BT fdpde v RS 4 LRt k& 3%

Wi %% gkt &~ 3 %?M: BT s 2 B ehiple PR R o #oa RAER o

ARP AP LR AR N PR ARER FRE LR - A EFE
Tk B2 PR B ALS M R IRAR B SRS o B IRERR #4008

. 2 A TN Hﬁa#ﬁ Do AR e e 2R 0 T T 5RO B R
W RIEED - BEL T LR GRS TR B

B 3.12 3 4 :f?' REREA TLER > AP E I RF FIE o £ 1232 (red
bed clay) a5 BT 2 ddz w3 41515 - 4 + 3 # R eheP 7 (cobble) i 4 4~ i
FRESR o 2 P BAER it A 0L 3 % & chbedi de R 0 0 P T AT S DR ERE OP
FREZHMAER-REPE > PR &AL FRERGELR DA ki
L SRNRIE N L S AU TR o ol K-

R3B L Z#4thEATIR Ag#2 z%w L 1IERE I Wb
HRE - FREFIHFFT 28R B2 w1 ERRL e - &

ERES TR BT o FH FRE L A8 LEEEF > R 2 ES
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R cha K EH R R (P BTk A A 6o K o BRIk BB A4
MEEH R R IR o =y WCSF § A 47 0 L 50 F % R B 0 Andrew
Balo R A Ak Bs 4 f1 0 BB HE WA s g P9 % WCS
S F 5 1 W F MR X AR TR % ¢ (Natural Resources Conservation
Service, NRCS-Andrew Office)siiz ik > E# i A IHFE T BB L T HFEF 5
fak o BT R AL D FRAGAET TR R R

i e e o o o e '
r"¢["‘r‘-v_‘Lrlr |J-1-"r*'|1rl11:."'rl-rl"'r"'r‘l"lj'r"r":' ki
s e e e - T I
o e e i e e e e e e e
| SN N N N N N SN N SN N N NN N (N NN N N N N
I T T T T L L L LT T T T LLLI | U -

LEGEND

System =
! | Bioberrier Cover (Conbie) Sand Lense
Leveling Fill Layer ' :

Lo Thoinege Lot OAG High Pemeasilly

Perfarmance Caver
Reinfarced Concrele Barrer st Locatimes, il B

{Eholcress)

B 3.9 Andrew Site % F & bk A
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2" Mative Fine Material
6 oz Geotextile Fabric
6 oz. Geotextile Fabric

ointrugion Barrier (cobble)

; 1 1' Sand Filter Material
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BIOINTRUSION/EROSION

BARRIER SYSTEM /‘ BIOBARRIER COVER (COBBLE)

Not to Scale
LEGEND
Evapolranspiration Cover Existing Sile Surface Soils
o
[0 Bobamer Cover (Cobbie) [ ] SandLense
e rrd AG Cali
P Leveling P Layor |:I S
[ Lateral Drainage Layer [T2777] 0AG High Permeability
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(Sholcrete)
B 3.12 Andrew Site # k=R F & 7 £ B
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Not to Scale
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3.4 Andrew Site 34t 31+
Andrew Mt l K E iz E ARV EET BN ERRIT ) FRRER
& 71 % ¢, & *%(Andrews County, Texas) ° i%—h.)% HE TP & RT3 B dh
Wiy 2 AR hE P BTN K B d i 35 EW Rtk & B Y
BN S Fh ST Reak D AR E SR G TRk TEH A £F AT 2K
T A M~ ok E R RE R EOT A F AR (] & 0 2001) -

341 F %15 %

1995 2000 # 1 * % 2005 # 12 » WCS t Andrew Site epsip] 7k » # T
2% & 5 15.8 #+4(01/2000~12/2005) » .~ P *5 & % 4.4 Eri/p » NOAA & &
2100 E R E A P Ea S 61 E/P > ZHFEBEL 1079 F E R
L 37T%F> "o b B 570 82%F kMG 12 % 422°F ¥ T iodn4hiR A B
510 % 80% > MG 4% 30% 3%k R A E? I FLREA LT ApRL
it A3 8-115mphs A8 Sah o222 1020 3R 5% hi#¥E 328
mph £ 43.6 mphe ¢t ¢t 4235 Andrew ¥% 1/1/1993-5/31/2004 s L & 7 » ) B &
T 2=A7HR (1994 5 FO % 22 1997 5 F1 &%)  T305 & X3 3.2 =t ek &

—,'95?6.2—1\51"’2}\5’/}14 Ciliz =y o 58’3F'&5% Eoky 2 FBge g Z‘l"‘g”ﬁ?"}
342 ¥ £k~

BRo TR H B AT T X R F AR n B o B X
‘5z B9 (playa)s? 4 1 % -k (stick pond) - i ¥ BB T

kT OE KR D BE 0 d TR R RS AR
mT;x_ﬂ"% s FPL L ER R B R ] 0 @ Rk 2 B A BRI T 0 R el K
% 9.3t 100 & £ I fe A F 2 H KRR 0 Hat 100 £ £ IRAP R A BE K
REH3fte

0.
A
<
E
A
<
i
Sy
oy
[ e
yal
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343 k< m ’?’_ﬁgy—r 1%

B 3.14 % Andrew Site -k < = F A-A2|5 =% B > B 3.15 36 ke
POERARA > HrakT P ORI & Jf]%.‘nig % Copper Canyon Formation » ;& Z 34+
T3 500 Fou b o> H K & 10° cmfsec s HpT = 225 #w 3 - f» Foot
Sandstone> # K i# % 108 cm/sec: & i & & Tk E v @%J L gE s T 3180 B R
125 & v ~ 80 ® R 4 W] # # % 5k Foot Sandstone » # ¢ % 125 e 22 80 # R
Jae2- Foot Sandstone % 4p 5z ® 3 0 3T+ 4 3 &3 OAG H ~ £454 Ogallala
B ~ Antlers & ~ 12 Gatuna & & 3 B3 g #re S o R IR R R E R
d 3t Ogallala & &4 2405 £ & en 7 kA > g0 G M i Fn 5 23] 15
wRERI315° Fd AP o e ToORERF BT REFT R Aok

n,7,gw:.:m@%”k%ﬁjkﬁg,wng,%» B H-T3 2 OAG ¥ ~ > 515
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OAG ¥ = » % k B 5k chit k7 10 fid Ea by 5 -

FEDERAL WASTE
GISPOSAL FACILITY
PROPOSED |

COMPACT Yo
~ DISFOSAL FaC)

W11, 0 e P
e e,

®] 3.14 Andrew Site ¥ & 3% (A-A) = % R

- BURIED RED BED RIDGE

Ly bRz

DAY LIE A5 DEPICTED. (PROJECTED)
ON OAG GROUNDWATER

PROPOSED

ey W

'PRODUCT- SR '
MATERIAL N o A
1
=
Fr
EVARGTRANSEIRATION Foun

SUAFAGE RUNEE

HEEA WMERE WATER

TAB. E 15 REFRACTED
DOWAWARD

I__%_i__i_i

180 FOOT SANDSTONE

GROUNDWATER AGE
> 15,000 YEARS 87

COOPER CANYON CLAYSTONE K - 10%mis

225 FOOT smns'n:.us i

— ——

® 3.15 Andrew Site A-A'3| & "k < ¥ %’”f“i%ii

344 ¥ 1 g1y
Egéﬁﬂﬁél%@ﬁéﬁé,éiuﬁ%j CE A Bk A
Mg eiE o LB AT 0k OAG B 12 _ﬁ}'ﬁxﬂi%(caprock
caliche)#& ix = 2R e 1 Fﬁi,’%,e:r A A EE S F B 18 Hedn
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Blakeney-Conger Series loam/clay-loam soils » & Ap 352 et & » & = F £ ehid
FHEFEREAFEG LR 2 e r % 0 2001-2004 E ATIE(T20E TR A T
FEARWIERERAIAFAMER(TDS)  OAG ¥ ~2 = T ka1 & Z Ak d
4F (calcium bicarbonate, Ca(HCOs),) £ & fx & 4% (magnesium bicarbonate,
Mg(HCOg3),)#g ] » TDS % 400-1200 mg/L ; @ 225 &% foot zone g 7J< o
£ B+ > AR L Eipadp (sodium sulfate, Na2SO,)#g 4] » TDS =% d13F £ 4
3800-4700 mg/L -

345 § RE R
b BTG T5E SRR Sk FAT R M"Sé%’?}%ﬁﬁé*ﬁzﬂ%
=% - /é“b7?2002ﬁ4gl%_]lﬁ';g:fjé,if‘h_ﬁzié RHEW A AT R

3.5. Andrew Site #73& * # i 3 (performance assessment) 7 4
Andrew Site #f#* 2 # TR EH L FRERAR T E AL R €(US.

Nuclear Regulatory Commission) = i 3 ] = i :

(1) NUREG-1200, “Standard Review Plan for the Review of a License Application
for Low-Level Radioactive Waste Disposal Facility,” January 1991.

(2) NUREG-1573, “A Performance Assessment Methodology for Low-Level
Radioactive Waste Disposal Facilities,” October 2000.

(3) NUREG-1199, “Standard Format and Content of a license application for a
Low-Level Radioactive Waste Disposal Facility,” January 1991.

AR AR R ET A BV E AR

(1) 30 TAC 8336.724 (relating to Protection of the General Population from
Releases of Radioactivity)

(2) 30 TAC 8336.725 (relating to Protection of Individuals from Inadvertent
Intrusion)

(3) 30 TAC 8336.726 (relating to Protection of Individuals during Operations)

(4) 30 TAC 8336.727 (relating to Stability of the Disposal Site after Closure)
AR A R TR RET AT

(1) * P E D TR P PR * P

(2) Fotdeoafk

Q) FEBHE

(4) TARFHEERIE

(5) EFEP@ * 2 ETEF S E AR

(6) HN(ARFV )tk TE AN Lﬁa?] SR

(7) AT RE 3 i rds
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(8) - ht BT =R P D

CWF # L # 8 {35 & 38 & 8 403 Aiip”' R 4 2.49x10° ft*~ 75 & 5 5.76
x10* 22 - B z;ﬁﬁa RO 6 2.44x10° 1t~ 3 & 5 1.03x10° & 2 > C 4 A
kS 3.20><104 ft* s giE R 5 3.64x10° & 2 o @;L & mg ]28><106 s sk
4.7x10° % 2 » 3¢ 2 Appendix8.0-1 ¢ Table8.0-1-6 7|3 & ¥4k B - FWF-CDU
Fopt H 35 & E @ - ABIC SR 9 2.43><1o7 ft'~4E & 5 1.64x107
B2 38 kp BICHfehisrs ﬁ}%}nu  FWF-NCDU ¥ § A% #H + o ##3F
H A 35 EF R A ‘=/~] 3.26x107 ft*~ siE A 5 75x10° B 2 5 4R 4
Appendix8.0-2 » Table8.0-2-5 715 & % 4& 0k & &2 ol iw}ﬁlaﬂffﬁ”’“ o ",4rt
CWF £ FWF ¢ ¥ ¢ 4 ;7% RCRA FH R (FAFWF & % 3 0 5 Bfeip
F ] Ara i O o K AR 5 2.7x107 ft)»ta 11e(2)w]fa’ BRG(ZAEY LER
Tofd 828 T3 4o 1 2 BIA & 2 E 5 HCE 0 SOFHA B 29x10° ) 0 -
23R F BRID AR BESE TR R PR FE e 312 4 32er*F ;
4]* RESRAD it 7 &% €325 » &% & 10000 & {4 RCRA 2 10e(2) = gk 5 2
BAHE T S0

# 3.1 Andrew Site RCRA 4 j3- |

Nuclid Average Concentration Total Inventory
in Facility (pCi/g) (ci®
H-3 18,000 20,000
Cs-137 0.2 1
Ra-226 + decay products 15 17
Th-232 + decay products 28 30
U-238 + decay products g4 a2
Am-241 25 28

(a) Based on facility volume of 900.000 cy and waste density of 1.6 g/cm3.

# 3.2 Andrew Site 11e(2) & & &4~ 41 F ¥

Maximum

- M| T
(pCilg)

Ac-227 7.670 9.020
Pb-210 84,660 100,000
Po-210 84 660 100,000
Pa-231 4,041 4,720
Ra-224 128 152
Ra-2268 84,660 100,000
Ra-228 128 152
Th-228 128 152
Th-230 12.560 14,000
Th-232 128 152
U-234 85.34 101
U-235 3.001 4.62
U-238 85.34 101

(a) Based on waste volume of 968,000 cy and waste density of 1.6 g/cm3.
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ey P AR AR S EAREE N RE R B S i PR R (R A
A~ FFE- ok saFmdn i hge x,sfgfg;;g,g@ > ? C F TG R B
e e R - T EHELEFH FEP LB E>TEH L 100 £ 0
fo i BEEL 2 10,000 £ 5 4 0 L af £ % 100,000 &Y A X R A2 B
Mo d TG EEAT ¥VERZELHF S22 HE W4 - 285 25 mremlyr
(=0.25 mSvlyr) » 2 i 4 B 5 50 mSvlyr > & *HE& - 2 85 1 mSvlyr o e
EHHINZT F & & 5 0.1 mSvlyr (EPA NESHAP rules) o # s 3% 15 2 & & B i &
Fradl & 5 3 F B D ~ 2 HRRIT ~ 3 TORRID ~ A ORERRID ~ B RD fi)%:
ﬁv#ﬂ ¥ f% (burrowing animal pathway) ] 3534 FRER 4L(d|rect external pathway)- 3
ZRERA s e ”Lr‘*’ﬁé_éf-t; FERArd 3.3 Ao o & ¥ AR (T LN ;i‘

FE2& L BRIET ALAS, A6, A8, A9, S1, S3,G1, G2, G3, W2, D1, D3 %
13 % -
erF i P.T_,pci BT & m—&}\#«’f }\ ,Pyb N .}a*&_fr({zr—r :
(1) K REH »
(2) REf It B~ R
(3) 11415 -k sz 4 3 Ak B & A
(4) PRS2 AR H KT T B

(5) PfEie » 7k K
(6) P AaAFf e gd k2 vt R
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# 3.3 Andrew Site *7# * & & /T

Ai.mmmmmmuamm Dust resuspension X | x X X
A2 |Ai dust from and t of bulk waste Dust resuspension X | X X X
A3, |Airborne gases from waste cell during operations (H-3, C-14, Kr-85, 1-120, \Waste p. & rad. d x| x X X
ElE‘.*s g water from disp unit sumps in bulk waste cell duning E . x| x X x
|AS, Suspension of post-closure residual soil contamination Dust resuspension X|x X X X | X
M.lGasemmnimMirﬁshedwver(H—S.O—M.Kr—Sﬁ.l—im.radm) Waste decomp. & rad. decay X | X X X
|A7, Transport of contamination exhumed by burrowing animals and deep- .

3 pi Dust resuspension
|A8, Air rel iated with a dropped. breached cani Dust resuspension X | x X X
A9, Air releases associated with a truck fire Fire X| x| X X
JA10, Air iated with a Dust resuspension X | x X X
1,|Worker inadvertent soil ingestion Residual contamination X
-- ) o " soil inati inated by Dust deposition & resuspension x| x
| depositio
Ethdr'ﬁmfrunmﬂ by dust Dust deposition x x x
|depositic

1, Leaching and groundwater transport through red beds to a well screenad .

I the red bed Leaching from disposal cell X X|x]| x| X
G2, L ing and gr t ugh 125-foot zone to a well .
creened at the red beds Leaching from disposal cell X X|x]| x| X
3.' hing and grounds port of radionuclides to a well screened in .

o 225 % l r-bearing Leaching from disposal cell X X|x]| x| X
.I .. t of radior 1o a well in L eaching disposal oel x ] x| x
5. Leaching and gr T of radior 0 awel in -
he S R P 3 Leaching from disposal cell X X|x| x| X
1. Off-site transport of bulk waste as a result of high precipitation or flood Surf. " x x x
vZ.Surheemurtmspnrtd, P dust to a low- x| x X
lying area Surface runoff

Surface water run-on and (preciuded by design Surface runoff X X X
P1. ite logs gathered from the Site. post-closure. used locally for Waste exhumation by rook
P2, Cattle grazing on deep-rooted grass Waste exhumation by roots
1 Wase cihumaton by urowng anmas (recuied oy deph i) Posiremapensen | | | [ x| | [ x
D1. Exposure to high activity waste packages during operations Direct radiation X | X X
D2, gh the finished cover to an on-site maintenance worker Direct radiation X X

r closure
DG.IE_,. toi intruder well mud pit Direct radiation X X X

3.6 Andrew Site #r$ * & > & 7%
TR ZEGNAEF AR AdAeT

(1) HELP (Hydrologic Evaluation of Landfill Performance, Ver. 3.07,USAE 1997)
PRl T BT R4S 5 23 E 0 HELP CA e kgt

ﬁﬁélﬂ%%&ﬁ%%§°ﬁ%?%$%%\iﬁ\&ﬁjﬁﬁﬁa Ho5%
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FEL RS 2B E kR A R E B Rk o d 2 HELP #2
AR ek @R A T S R BE

(2) SWAT (Soil Water Assessment Tool-2000, Neitsch et al., 2002)

SWAT * -5 % ¥ % svevRkib &g F > ¥ % 3% USLE(Universal Soil Loss
Equation) iz & & % » 12 50000 £ it B FWF 2% % thiE T ¥a5k 4 % % 7.1x10°
ftlyr» USLE % 3.25x107 ft/yr» 7 % 4k 50000 & #-4F % 4.26 3+ (3% * Hobbs
NM g i 3ot BRI f {5 0% )2 24.06 & = (% * Wichita, KS g i%
ALrat 5 50000 # 18 F {6+ *Ligit) > CWF R~ %] 5 4.22 3w} s 23.84 & vﬁ

(3) MicroShield Ver. 5 (Grove, 1996)

MicroShield #3743+ & $ g et 304 S+ & 22 B 8 - BN 2 % 345538 7f_i,,?\
o iz R g s E ”?%J BRI PAER P EE R TEHRT
BRI E 2 MR B ARE S o SR 1’”1
iF A E{ lft?{p?‘bv‘ ii"" g) [N I""’Krlﬂ]f"_ °

(4) RESRAD (Residual Radiation, Ver. 6.3, DOE2001)

RESRAD # 11 ¥ jg 5 BLIS2 M EE R "G > ¢ g kp2E 25 v+ 7
¢\ﬁ#ﬁ@#o@§upﬁﬂfgfﬁﬁ%TL@% e Y 2
Ak R FP R H TR 2 RSN AL RRHE TR

mf*&% Boite zgd AR B s AR A BT R RS R
#4—_5_1&_&,«]—\7,;,7}1;:\:)\)\ ~ ;;, ;F\:)\)\ A} f%*ﬁié_ﬁ%#ﬁié_ o

3.7 Andrew Site # R FR 2%
371 #aiFn %
B S i i1 10,000 £ E % dek 34a7 4 34b o 0 R L ?

P
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4 3.4a Andrew Site #* s

=% 10,000 & # & & %

CWF Maximum/
(mremyyry | FWFGPU | FWF-NCDU Total Criterion
(mrem/yr) (mrem/yr) (mremi/yr) (mremlyr)

‘ Normal Operations, Worker
[Pathway A1, dust 0 0 1.8E+01
[Pathway A3, gases 0 0 1.1E-03
|Pathway S1, soil ing. 0 0 1.3E-01
\ External gammal(a) 2 4E+02 9.5E+01 1.1E+01
\ Total| 2.4E+02 9.5E+01 2.9E+01 3.6E+02 5,000
‘ Normal Operations, Site Boundary Individual
[Pathway A1, dust 0 0 2.4E-02
[Pathway A3, gases 0 0 4 6E-06
|Pathway S3, ext rad 0 0 1.4E-05
|Pathway G1, gqw red bed 0 0 0
|Pathway G2, 125 zone 0 0 0
|Pathway G3, 225 zone 0 0 0
|lPathway W2, surf water 0 0 4.9E-04
\ Total 0 0 2.5E-02 2.5E-02 25
‘ Normal Operations, Nearest Resident
[Pathway A1, dust 0 0 1.1E-04
[Pathway A3_gases 0 0 21E-08
|Pathway S3, ext rad 0 0 6.4E-08
Pathway W2 _surf water 0 0 2.2E-06

Total 0 0 1.1E-04 1.1E-04 25

Institutional Control, Worker

\ Pathway A6, gases 94E-03 3.9E-01 9.8E-05

Total| 9.4E-03 3.9E-01 9.8E-05 4.0E-01 5,000

Institutional Control, Site Boundary Individual

\"F’a(hway AB, gases 1.2E-02 1.6E-04 1.1E+00
lPathway G1, gw red bed 0 0 0
|Pathway G2, 125 zone 0 0 0
|Pathway G3, 225 zone 0 0 0
1 Total| 1.2E-02 1.6E-04 1.1E+00 1.2E+00 25
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% 3.4b Andrew Site #

TR AR S E ()

CWF Maximum/
(m FWF-CDU FWF-NCDU Total Criterion
5 (mrem/yr) (mrem/yr) (mrem/yr) (mrem/yr)
|Institutional Control, Nearest Resident
||Pathway AB, gases 5.3E-05 5.2E-03 7.4E-07
Total] 5.3E-05 5.2E-03 7.4E-07 5.2E-03 25
ost-Institutional Control, Intruder Driller
||Pathway AB, gases 3.6E-03 2.9E-03 4 .SE-07
||Pathway D3, mud pit 6.7E+00 1.8E+00 1.3E-02
Total| 6.7TE+00 1.BE+00 1.3E-02 6.7E+00(b) 100
ost-Institutional Control, Intruder Resident
|Pathway AB, gases 9.8E-01 8.0E-01 1.2E-04
Pathway G3, 225 zone,
0-10,000 yrs 0 0 0
Pathway G3, 225 zone,
0-100,000 years 5.8E-01 1.1E+00 3.4E+00
||Pathway D3, mud pit 3.0E+00 7.9E-01 1.9E-02
Total| 4.6E+00 2.7E+00 3.4E+00 4.6E+00(c) 100
ost-Institutional Control, Adjacent Resident
IPathway AB, gases 9.8E-01 §.0E-01 1.2E-04
Pathway G3, 225 zone,
0-10,000 years 0 0 0
|Pathway G3, 225 zone,
0-100,000 years 5.8E-D1 1.1E+00 3.4E+00
Total| 1.6E+00 1.9E+00 3.4E+00 3.4E+00 25
ccidents, Worker
||Pathway A8, dropped pkg| 2. 4E+01 6.7E+02 n/a (e)
||Pathway A9, fire 1.6E+02 1.8E+02 n/a (e)
||Pathway D1, ext rad 8.9E-01 8.9E-01 n/a (e)
| Total| 1.6E+02(f) 6.7E+02(f) n/a (e) 6.7TE+02(f) 5,000
|[Accidents, site Boundary Individual
||Pathway A8, dropped pkg| 2.2E-02 2.5E+00 n/a (e)
|[Pathway A9, fire 2.2E+00 2.5E+00 n/a (e)
|[Pathway D1, ext rad 7.5E-03 7.5E-03 n/a (e)
| Total| 2.2E+00(f) 2.5E+00(f) n/a (e) 2.5E+00(f) 100
|[Accidents, Nearest Resident
|IPathway A8, dropped pkg| 3.4E-D6 3.8E-04 n/a (e)
||Pathway A9, fire 4 .0E-D3 4 5E-03 n/a (e)
| Total| 4.0E-03(f) 4.5E-03(f) nia (e) 4.5E-03(f) 100
(a) Average over all worker types, from Appendnx 8.0-4, Worker Doses.
(b) Driller may drill at any of the three facilities, but only one inadvertent intruder is assumed.
(c) Inadvertent intruder resident may locate over any of the three facilities, but only one intruder is assumed.
(d) Accident severity to workers could be mitigated by requiring respirator while handling DU-oxide packages.
(e) No waste packages in FWF-NCDU. Impacts are bounded by the FWF-CDU accident.
3711 G3BEmR A %

G3 i
* RESRAD it 7 3%

RIPNE-S

2

A B & o

B & PR

a

fBom N %
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€
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# 3.5 G3 i /= RESRAD i » ¥

Parameter Compact Federal Federal Comment
Canister Bulk
Waste disposal area (mz) 38,300 128,000 41,500
Waste thickness (m) 15.2 244 244 50' Com, 80' Fed
Waste length parallel to aquifer (m) 196 358 204 Sqrt (area)
Cover thickness (m) 123 12.8 12.8
Cover density (g/cm”) 16 16 16
Cover erosion rate (m/year) 1.2E-05 1.2E-05 1.2E-05 |Erosion study
Waste density (g/cm®) 16 16 16
Waste erosion rate (m/year) 0 0 0
Evapotranspiration coefficient 0.9975 09975 09975 |Calc'd from
HELP3 output
Wind speed (m/s) 3.1 31 3.1
Precipitation (m/year) 0.41 0.41 041 16 infyr
Irrigation rate (m/year) 0 0 0 Based on site
characteristics
Runoff coefficient 0.0482 0.0482 0.0482 |Calc'd from
HELP3 output
Saturated zone density (g/cm3) 22 22 22 225-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
(mAyr)
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/cma) 1.6 16 16 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
(mhyr) dating, lab and
in situ
measurements
% 3.6 G3 /= RESRAD = & %
Facility - Peak Dose Year of Peak Dose
(mrem/year)
CWF CI-36 0.58 15,600
FWF-CDU Tc-99 (95%) 11 36,400
1-129 (5%)
FWF-NCDU Te-99 34 36,400

3.7.2 B RE I FETLIEN T

HELP chscil R4 474 & Gdfsd » B XX LA R ER F a2 B
S R dl 2 R Fhed 37 4T 0 A Bd AR R A TS R 40E 3.8 ATE o
RESRADﬁﬂI}@,)iA‘%%‘,ﬁ%“’/@?]HEL B REFIR S e Kd &
k4 BE T T S 2 AR E AR awn@muz%mcﬂ% 3.9

70 MR AT A0 A 30 407 0 & GIRLE(PUEA RS F TR QL 2
FUR 4 225 ft sk # )100,000 i 2. Pafn% /4% RESRAD 17 & %44 » %
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Jo 2o R FAetE R S LRl s BB RS R BERE S FLATE AL
fr‘&z’v’de o ded 311 #77 3E R B % 44 312 47 0 1% 5 G3 B /5 100,000
E2 TR R

# 3.7 HELP st B A 47341 % 7

|| Condition Parameters Varied

Baseline All parameters at baseline values

1. High Precipitation 29" precipitation, Wichita climate

2. Cover Degradation, High Conductivity Conductivity of performance cover increased by factor of 6

(95"' percentile of measured values)

3. Cover Degradation, Reduced Lateral Conductivity of lateral drainage layer decreased by factor of 10
Drainage

4. Cover Performance, Layer Thickness Layer thicknesses above and below performance cover

5. Combined High Precipitation and Cover 29" precipitation and performance cover conductivity increased
Degradation by factor of 6
|[6. Eroded Cover Thinner surface layer to account for 50,000 years erosion

% 3.8HELP s x 23 Fagp B A 178 % v ik
Compact Facility Federal Facility
Condition Infiltration (cm/yr) Infiltration (cmlyr)

Baseline 9.60E-02 9 74E-02

1. High Precipitation 1.29E-01 1.32E-01

2. Cover Degradation, High Conductivity 2.38E-01 2.42E-01

3. Cover Degradation, Reduced Lateral Drainage 1.07E-01 1.18E-01

4. Cover Performance, Layer Thickness 9 60E-02 9.74E-02

5. Combined High Precipitation and Cover Degradation 7 57E-01 7.78E-01

6. Eroded Cover 1.27E-01 1.30E-01

# 3.9 RESRAD szt & & 173241 % 7]

H Condition Parameters varied

Baseline All parameters at baseline values

1. High Infiltration Infiltration 8 times baseline value

2. Enhanced Leaching Waste zone Kys decreased to one tenth of baseline value

3. Enhanced Transport Red bed K s decreased to one tenth of baseline value

4. High erosion
5. Red bed clay hydraulic conductivity |Red bed clay conductivity 6 times baseline value (95" percentile)
to 7.57E-03 m/iyr

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

# 3.10 RESRAD 7 G3 /i H & AT & » 1758 F ' i

CWF FWF-CDU FWF-NCDU
Max. Dose Time Max. Dose Time Max. Dose Time
S (mremiyr) | (yr) | (mremiyr)| (y) | (mremiyr) | (yr)
Baseline 0.58 15,600 1.1 36,400 34 36,400
High infiltration 14 6,700 iz 4 600 35 4 600
Enhanced leaching 0.81 15,600 1.6 36,400 50 36,400
Enhanced transport 0.79 14,000 12 12,800 3.7 12,800
High erosion 0.58 15,600 12 36,400 34 36,400
High red bed cond. 0.59 14,500 11 35,600 34 35,600
[Chelated metals [ o059 [ 15600 | 12 | 36400 | (a) | @ |

(a) No chelating agents present in bulk waste.
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# 3.11 RESRAD 7 sz 2t & 174541 % 7]

Parameter Range Uniform Comment

|[Precipitation (m/yr) 041-0.74 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) 0-22E-05 Trnangular 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 Ky 0.1x baseline to Log-uniform  [Varies leach rate
10x baseline

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

(a) Correlated with precipitation (based on HELP and SWAT results): higher precipitation is
correlated with higher erosion and runoff coefficient, but lower evapotranspiration coefficient.

# 312 RESRAD ¢ G3 B /i | & 7 FE T A 478 % v 1

Doses (mremlyr) 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
50" percentile dose, 100,000-year simulation 6.02E-01 1.16E+00 3.57E+00
90" percentile dose, 100,000-year simulation 1.18E+00 1.18E+00 3.58E+00
95™ 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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Bt 2015 Bhpadad o SR ARB % 2R (R R AJE A IFE & S kPR o

4.1 4c £+ DGR /&l = &

b £ & ¥ MBI M B P Rk 3% %5 (Deep Geologic Repository, DGR) i+ »*
% + % 4 Kinkardine # shBruce 7 B % P 3% R B 30T+ @2 — aqik i (Huron)
PR o B AR R KB F R 07 3N ALE K F R T 680m REA v %K
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WU R R BFET R BASFD BYEI TR 0 AP BRI
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4.1.1 DGR 3yt it
DGR iz * B a Ry il 5 e R F P 2w xR AR T ITH #
b BT Xhio i H EE R o JL84bm gRit B oo KR 1 R ﬂ’:’%ﬁéﬁ
W}E Wi o DAEFHEFRA S N R ISR o d T AT o 37 R D
EAcB] 4.2 971 o
° 0~105 F 2k 2 ko 2 %‘r’i # (dolomitic limestones ) ;
® 105~430 5 v Z #4cF £ (shale);
° 430~830 3 :3 P :?5 ok %‘r % 4 (shaley limestone);
® 830845 i F RAKITTH A
k=3 %> 5 > DGR ¥ % + I & f 3 T -k ek 4 @ % % fic(hydraulic
conductlwty)A\ TRRA G L R TRROS K) R E AL TR
(15~150 3 )~ ¢ & fh45 3 T -k § (150~450 3 )~ ik A4 # 7 K (450 3 12T
4o Bl 4.3 #77 o

Dapt in DER-1/Z mBGEE)

[ 4.2 DGR #-ak 447 # < # 45(logging)
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Assessment
Context

Stage 1: L <
Conceptual Models e

m"

Key uncertainties in

conceptual models
Stage 2: o

Calculation Cases

Prescription of

Stage 3: Data uncertainty and :
Mathematical Models / System variability Mathematical Models
and Data
— NModel Data Required Data Mathematical Models
\\ }’
> ’
g s
~ \\ "
i’
Y ¥
Computer
Model

Feedback of leaming to
conceptual model

Bl 44 DGR % 23%5 % #

4.1.2.1 DGR #73% *f#f’%,{i i %
FEAW N e R BH ST E IR ¥k SLendF e 2 i % i 47 (Features,
Events and Processes, FEPS )45 it 2 7|4 o DGR ¥ M Acbti4 B3 4 ¥ 3% % % >
R AR FEFE 0 0 IAEAISAM 3 iS5 B B Ad e 1 £ eh
F B BEF B ZX0F 14 & (normal evolution scenario) 2 # it 1 & (disruptive
scenario) » p ARFI I RAE FHFLE > FHEBFFaFt T AT T N
FA g AR R B F2E T K @ﬁ%]& F %g@ﬁ%l - DGR #F 4 ep R
(-5 R U L

Fe B RE LR B REHF LA B TR A AT B
Woa W G PRAHY AP EY A4 CHi R COpo RIS i3
F BB 42 2 & § (anaerobic)jk fi o M PERE Y hE A A KA IEY
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Wa COr ka2 £ a7 A 4 FeCOsz- § Wehg 4 2 ik h ff ik % ¥ 4
ARA S F R TORF A ARRAR S P E LRIV R fodR R 1L E BT kD
B R FI R AR T AP R PR R R ¢ S H e e Pse
m|iﬁ%ﬁﬁﬁ&g;gﬁgaﬂ@ﬁ,¢;g$gﬁmgww%ﬁﬁ@l
45) -

Panel 2

Access Tunnels

Gas

Key to arrows:

= Gaseous release

= Aqueous release
Partitioning
_ Note: This figure illustrates the
<4 Free mixing conceptual model for the
— Monolith repository (excluding its damaged
iffusion zone) and does not show the
—p Advection detailed discretisation adopted

B 4.5 DGR i B 3% %5 1% 8.8 iy 4 1

B R

ERERIZEE o R RO R Fla AL B ESF(EDZ) o § KW HF
B w5 BRESF UL PARE R §EBEOL LR T - 1R R
FHREL 0¥ TORAEH & 1000 E g E FlAe o 0 Flt B HELE F ERT
P d k4 B RZ RS R AT ST IR SR AT e TR B

AP BN E LA P BB BT ATREE R AR REE T L P
B B FBBED S Aok R Rl kG o FAER B2 TS f
TRt o BAARGHIAIF - BEPEFF AR DERRELEY Tk &
Far ki@ ahd ad o

FERERLY B4 R B HERE L0 4RI
IRIEA S S A K ek

ARG R TP E T EAKSHF0ELAEEE G A R
PRIBPET R E ARG o FIERY ML R KRR BRPAF
GRRR R NI B A P p 0 ntHA MO TC1 Pse s P e g P el R
ToLFHEE L P A F B GHF AR AR R E T e p RiF S
BHEA S FHRELE T REBEELPE -

T HERE A S AT SRR 4 g g FEPS
fok e BB ity RRAAKTF LS FI P AREEY 2 ¥ F
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EDZ el # Flm %10 L 5 Poid -
f??b*;;l‘ifﬁl éiit“f g KF‘ Riwik ]"u Wm% ]%‘/E"y}'ﬁmFEPS#
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FREHE > EREE R EDFWE R %ﬁ?’ PECiEH KT @ﬂi;'li‘l
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: < Ap ARG f—}-awmf%’*ﬁ ﬁ‘/"’t"‘&k}f@ﬂ&’g* —'—]’*‘

Eb
TR LR *M%——? TRPRFOEFELMERBEERA EHE iaﬁ 0.3
FRFaERElEs A /E L R {’?*ﬁﬁa‘fé@&{%%
LN BT mr,%zr  PI R R bR g T 100 (TS FHld A E -

4122 DGR rE#uA 1% 5
P EFSE L4 DGR A Bt T A B AT % b
® i ARFINE 1 4475 A~ % bi(base case) 3 fi i % & 2 (simplified base
case)
O RS RAY R B HERE AT HMFT I
R ‘r%]i‘i\z;fé*é« s adr 4 B AR %60

4123 DGR % > & f7423¢

DGR % »3FiG #7ié * cifg i\ & .; Z B34 (4r@ 4.6) ¢ i€ * AMBER T3
PAMRTERAN ¥R TR E § O .;i;gi.glﬂz A Bl g R
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- R MI—WF oo Poan e 5 AR 75 KX 2iTRAFEL % AMBER 42
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1

1
I Groundwater flow rate (m*/a)
,FM@@@V@&@P@—»{W oot }:

Well capture fraction (unitless)

B ]

I Contaminant flow
= 1

: Gas masses in repository and I Ne:;geld (Bgia orgla) Biosphere

shafts (kg) |, | Geosphere [ ") Contaminant [ | Model
1 TzGGM Gas fluxes (kg/a) ) aam e

Beros ti il ] Model concentrations
| epository saturation (unitless) , (Ba/m? or gim?)
! 1

- e e e e e e e e e e e e -

FRAC3DVS-OPG &1 3 A~ %/5 VL A2 8iciE = /2 » kfE=z 'y 7 kT

w-%E §7(advection-dispersion) = g 5% > T ¥ & ZF A F 18 @]a E MR R

ﬁ%°%&*?>ﬂ%ﬂ ol s — ARIVH A 0 & R BTV IR R A
g7 E (oW 47) -

Horizontal exaggeration is 10 to 1 Repository, shaft & seals
2200 1 PR TS
B T I vy 10'2‘—
-250 4 AN ARRIEREAA N
A TR RIEEEE Queenston — 13 H
300 4 S AARTEERES g
- o FPIERIRR o~ ceogen Bay palial
% 350 o » Q ]
\E’ v v §10~5 =
& -400 - = Y7 eP W VY @
g ;' L "‘- Blue Mourtain '§10-5.._
W .450 PV VPRI PNy =
| E— — c od = <
¥ V¥ o 10—7
500 4 an
4 — kR —— 108
550 4 -y bw
Coboconk—
mo Ll Ll LJ L] L] Ll “':‘-‘""" L]
20 15 10 5 5 10 15 20 05 Nov 2010
Grid X (m) NEARCMFhMesu!:vnNhu

Note: Figure 5.7 in GEOFIRMA (2011).

® 4.7 FRAC3DVS-OPG #%;5% 3+ & DGR % & crip+ 7 -k i
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T2GGM E_* k3 B A K% 7 A2 FWMAIHE » 2 P PfE b
w(F B E B ToRR)IR @@1 SRt 8 - T2GGM ¢ GGM 2 TOUGH2 # 1 4%
Fad > GGM A k3 E FMA L F o SN UG BAIF o o
BREE BT A B AL R A PR > R BT R A
e e o TR A 2 F M5 COz Np, Oz, Hp, HoS » 1% CHy % 6 48 -
TOUGH2 #z5% p|&_d % & Lawrence Berkeley B 73 2 3 7% B z’v’ﬂ’ﬁ%#p a1
@A 0 P AR LR Y N DR R P el R E 2
EY cT2GOM LA BAEN 218 > T EREH Y BR G OF AL S 2
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Time 100008 (a)

Repository saturation 3.06E-04 - gas flow Gas Saturation
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525
Note: Figure 5.32 in GEOFIRMA and QUINTESSA (2011).
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E PRI E
3. d 2680 & R RA W TG (Fr 12 B h kit S AN B[RS
PO g 0 G o Bl e B RN IE YRR AR Y A A

% 41DGR fi ¥ 3% & fE Al F&HE 2 IR

T R BARBEH | PRAIHEIFLTRERLE
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