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Research on Review of Packages and Classification of

Decommissioning Waste
By
Chen-Chzu Peng, Nan-Chang Chang

Abstract

Large amounts of low level radioactive waste will be generated during the
decommissioning of a nuclear power plant. All of the decommissioning waste
should be controlled and safely managed for dry storage, transportation, or final
disposal, as appropriate. This report would preliminary study on the related
regulatory of low level wast packages and the guidances for the review approval
of application for packages. The results of the report could provide experience of

review approval of application for packages used to decommissioning waste.

Keywords: Decommission, Low-level radioactive waste, Review of packing
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Special ' and less
greater than 1.11|and not greater than
Form PBq 111 than 111 PBq
(30,000 Ci) PBq (30,000 ciy | (30000 C)
i;egtrer than 3,000 aBneév;%eg 23,000 A2 Less than 30 A2
Normal ’ and less
greater than 1.11|and not greater than
Form PBq 111 than 111 PBq
(30,000 Ci) pBq (30,000 Ci) | (30.000C)
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OV AH P T E & R - T E BN F P2 TRR
‘FF#F]ﬁ;:Oéf 17‘%’?]@;:’ j—;hg fi{@%_@gg{#ljgyi

iﬁaiﬁa

& (exclusive-use shipment) -

3.15.2 & itz p (Package Description)

3.15.2.1 ¢ #(Packaging)

Fhe Beh 3R R BB R R R
FR-AH 6 Rl 2ol AR RRE A &
TRERRT A E AR oA aRLE i

- TP o EFHMLA R AEE SRR E

o

|l

¢ 31414 (Containment features) -
¥ fey B st ae 0 @ 35 4 BB fe(personel barriers) e
el drdlr e > 2 3P F & F ~ E{o@(moderators) ~
2¢ (spacers) & -

AR bHrh A2 REK S - PREBE S H
FK e s PRI T A~ PR e e A
#u 1@ 3% 4 (Heat transfer features) -
¢ #1324 (Packaging markings) -

f;t#glo CFR2.790:m3 .2 _» — ¢ 2k 5 T
(proprietary information) » )4 @ 1 £23K 3B ¢ A or chdd sk
W s > B A N ABE W N BB
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(withholding) & & Jf 5 %7 % (affidavit)> @ ¥ & Jf
e B E o kA R % 5 g4 (proprietary) &
oA oBHBOE LI W ERNESTRE NP
£ 10 CFR2.790 4. 2_ -
3.15.2.2 ¢ 4+ % (Containment Boundary)
% H P bRy G TR AL ¢ L S if
Ao @ 3% % £ (containment vessel) ~ 4% 3% (welds) ~ i3 £tk
© (drain or fill ports) ~ & F® (valves) ~ % dF(seals) ~ P24 T
(test ports) ~ ;% & % & (pressure relief devices) ~ =4 % (lids) ~
3% (cover) ~ i (plates) » foH i HATEE & o BAcH -
Bafe 2 FERIER > R DIHER TRL P
su i 3 (containment-system seal) » f& 75 ¥ h#E T o ¥ ik ik
& 3t % iz prml(sketch) » 12 2 frtdrd Mgt g it
A2
Yok e P F e 7 &Ri1E0.74 TBq(20 Ci)erds > ] & 55
(packaging) Jf £ 3 p ¥R % ¢k 3R 2+ 7% F(containment
system) > K,ﬁ; L% 871.632_ 24 ©
3.15.2.3 p % 4 (Contents)
F AP DAL HW e FhRRENwE S ERE
P % (Certificate of compliance)4p ¢ o 5 i chlm & 1 5 3%
FAT A LB FR
W GER S R ) ekt el
GRAE Bl wrr U R LS A S
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PR S ERATRAE 2 L E E eSS
(moderating constituents) s77% %A
¢ i+ p % 4 ez ¥ (location) 2 fiz ¥ (configuration) » & 3%

= = % ®(secondary containers) ~ ¢ #4414 (wrapping) -

L #(shoring) ~ frfl s 2§ T& G & - IRA ehff
R L RS e EEei b e
#HE -

CARE ERE AL AN TRE TP T
B F M
¥ PEITRS o
WF B~k LR o
B R H
3.1.5.2.4 %k i # 5 (Operational Features)
FERR B i cdf (F 7 a0 ¢ L pteh o Ak T ang o T

st T e g (TR R AR o

3153 #13 ¢ - & £ (General Requirements for All
Packages)
FEL& 451 & 7 72 L& $.871.43 (General Requirements
for All Packages) :
g Eh] EERR R 1 3 3102 2 (4 ed) o
g Eh N FRERFE > QR L R SE AR
AR @B 2 - [871.43(b)]
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3.15.4 ‘iféx(Appendix)

it - R oo ik

..,\

BRI OFT AL L g o T le
587132 R 2 > it s %*mL%]'¢ LG RERRE

©871.12- HBFF R 2 ¥ o LI ENCRF¥ 2 ¢ 218
ﬁg?lﬂ:;:ﬁ#ﬁ_i?» Boo@& RAEF Hp2 A (Ilcensees)\?} o - HFV R
BendprRUrix * o @ #3573 7 & NRCIE

TN

ZES P SN T S :
el FE S S F s TR

FERLEFRIY £ Rl vRENGE B 250
TR P~ R LR T 0 BT RRI S PR o BRI

PR - BUATRRZ R P fRp o &4 TR

10

(proprietary information) 7 Ji& i ¥ fE5 K Bl 2T S P

g it 2 g G- A e ¥ (general arrangement) o & 3 <

fv= = ¢ s (secondary packaging)s « L3 F € & o

B ERT o R F M TR BT AP

A ARE S A H (T s ER{rRREE AR DR g2



base 4 2 3 F 2 4
R (Dlde i aE)
B ek

NUREG/ CR-5502# ¥ 33 # 2 7 M 1 42 R «13f *F 4p
3l o FEILMHERT & IR * ehg v)lgkzi FH O - BET gRE
Bimg oovisr? B REHAURDT A & E B aRR
M H G AT e
3.1.6:% % % % (Evaluation findings)
XML LY G- ATAREY WA Iy

% (specific findings) -

3.2 %1% & (STRUCTURAL REVIEW)
3.2.1% & p »(Review Objective)

FhP DERKEED FEERERER LB R

TR 0 ¢ BRI RSB ITE oA P

R eng i = e > 0% K10 CFR 7162 & K o

EE

2
> F

x\“1

3.2.2% % # [¥](Areas of Review)
R O ) TR T
3221 HHERPEM
- HFRRP s L EfrE
g ik F g
3222 #H#
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AR Rt
- SRR RN R gl
o e 572 5

3223 #Wesk

3224 & i
3225 &

3226 & Bk
% (Heat)
4 (Cold)
R Y
i“g’ be vk 20JRR 4
& > (Vibration)
*i -k (Water Spray)
p o [ % (Free Drop)
& [ 7% (Corner Drop)
/% 4z(Compression)
i% i% (Penetration)

3227 BEREEPR
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#/8 (Crush)
7 {1 (Puncture)
# (Thermal)
R A
Bk —G e 2
3.22.8 ek
3.2.3;% & F(Regulatory Requirements)
10 CFR 71: * *> 24 % Lz R e T IEA
e JE L fy e 0 uEP H B 510 CFR 714 J’j‘#m,z

™

HE & - [§71.31(a)(1), §71.31(a)(2), §71.33, §71.35(a)]

¢ i amnic & 4310 CFRTLT1i# g fo h i ¥ @ hyix ¢
TR AR KR o [§71.41(3)]

& e & F 3510 CFR7L732 & £ aBR ALY E &
T R AR KRR o [§71.41(a)]

LRI T e BERG T PR R foiR R
[871.31(c)]

FRREd BHEIETHEFDCE T EAE R R R
Facd WiRkiErs HeiEY e EpNF P
Bk e B oArig A ank o ff B G HER
J& o [871.43(d)]
RAR8TLTIerE R & Ko Al FEFERRAEHRT » ¢ B HEX

AR ERES ST AT AR S RS s s i R



3§ %18 e shent s EEE R0 o [871.43(F), 8§71.51(a)(1)]
§ AR 1 £ 871 A4S A h fr B TR B o
R E G RSyt B 105 L871.85(b)i2 A&

2 2.

g )

s SR 4Rl -

=

3.2.4% % 1% & (Acceptance Criteria)

¢ IERIERL 2380 A Do RE Ko
¢ BRI EG iR i 0% 10 CFR 71 42 ihe 4
% (containment) ~ & i ~ =t TRt frif B AE & R

2.5% % #% & (Review Procedures)

BHFAREFE: B Ao R EP ¢ B R G L
RN s KI0CFR71 AR ¥ ik Rfriik L 7h $
FORRT R AR R Bl F A LAY FE Y - TR Al
FAAMOEP A F AR A FHRE A E R B
BFLNEE T ERAT T RS2 T HHF AL L F AT
A BHF ARRE B ERTH R L2 FoMF 21 BRI

PR R anER P R A - Ko
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General
Information

- Package categary
- Material

- Dimensions

* Weights

!

Thermal
Evaluation

* Tamperatures
* Pressures

Structural Review

* Crushing/puncture

containment

- Crushing/puncture

Loading
- Compression - Crush * Impact - Load combination
- Penetration - Pressure * Punature - Vibration
- Water spray * Thermal
Evaluation
- Material properities - Stress analysis - Phusical testing
Results
* Bucking - Fatique - Strain and deformation - Strss
- Fracture - Water inleakage
Thermal Containment Shielding Criticality
Evaluation Evaluation Evaluation Evaluation
* Dimensions - Deformaton of the - Package deformation - Package deformation

- Displacement of

- Extrusion

*Slump

* Displacement of
contents and

- Chemical and galvanic
reactions
* Contents condition

contents and poisons

shielding
v v

Operating Acceptance Tests and

Procedures Maintance Program
- Closure requirements - Codes and standards
- Bolt torque * Pressure and structural
- Loading configuration tests
- Tie-down configuration - Component tests

- Handling restrictions

W32 $HF AR LR EFAHRLTAEY

3251 & PR IREET
4 ?ﬁ"‘ e ﬁiﬁ?#ﬁ,%@«fr%%i XY TES
g ot i * BT 35T

CORP R he kg 5
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AR e LG A R R

R AR L PRRT G A B R
RPN REE LG HENL N RS F AR FE
e 2 AR L e iR e RS

%%ﬁ%ﬁﬁii%@°
zmm R4 E e #4u (R 411) NUREG/ CR-3854#

o

o i%%‘fffﬂ_ﬁ—;l ,th" j\ﬂ}:fl%g l——L,g-F""v' A@i}\g g 7~

it o

i# #.3p 51 (Regulatory guides){-NUREGs: L4 * L5 i *
ﬁ?*&q‘i@fr IHE R EEE ¢ BIER KR 5] o BI4rRG

T8LSFEE S B f AP EE o RGT6& T ¢ A # i (Type B
packages) & #t7% % % tu(containment system):k :+ & % - NUREG/
CR-4554, Vol. 63% % 73 % % ehgmd (buckling);=f - NUREG/
CR-30194% 1 3 ;’g"ﬁ%] ERNE R R e R A S
3252
32521 #HEFHEE K
F RSO R Y R 2R LS
Fatrt et Fe it 2 B 4 RZ e rE Rk R R
BR - Rehedok il ¥ % oo ¥ 5rd B2k R oh
PR el che 2 o dp ik e 2 anitfeflid o
R R Y S R Ly ELe Y

W 325@?];1% AT R R EGRIRT 0 R F B ST
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4 oRG 7.11407.124% & 7 ¥7 4 i 14355 B R o sh MR
#FEE i\- I RER QI ETINE 3 10 o Il i o i\‘ v g L i
R FIRS IR ) BER G ARRT 0 LFhE

(o}

A E R AR D HE NIk R BAL - Reho %
FEPREEER S AP LAy PRI ER
Frf BRI o
32522 WL EFLEZHLE R

Fhe BRI R URBET P E
ANE N e R BB SR OAAEFCEAT VY
FR- 3BT R RKNBEBESTF R TP Al |

FERIRFM T L& HEEET TR nfe R
AL TIREARI 1T ok K o) 2 o g iR T TF* T A AL
L Ah S B~ AR A R A o
3.2.5.2.3 #1#Ll endg 30 i

oo AR OE R E L %HE Y
Tl BLEFT LRI RIHE K CAEH o
EH ey i oo

3253 #WErksk

3.25.3.1 #:#
— A {FaE p
o =]~ KPR
o ERAcH%
* HL

)
i
E-0s

(w
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bk Bl g e %ﬁﬁ%%éﬁﬁw%a(m
: ASME ~ AWS) > fl3%%

=5
% ﬁ

7+ (NUREG/ CR-5502) o *
SLET RS Y SRR RS TR S S N

*ﬂ}i’& e iE s @ ’3—‘3- }@ﬁ;g_ﬂ J’E_“?,a v H AR B R

3.25.32 %
WK T2 2EE eSS TR
X oo gt GRE R o BRI MRS AR e R AR
B i VR ANEE o
30y W RPFARERY e ¥ 5d RS
Bk Efosk |t B > w ¥ 38E TR oA Y

pul
\

Pl o LArAF BRI 538l HATRFE N ¢ £
REP 2 ofaigit o
3254 & iinph 2 FIEE
3.25.4.1 fh B3k # (Lifting Devices)
Fhe PRfpert g MPERALFRER 2 4
EEEEN T T REVEIEREN L RS S B oE LNy
R BT RERE P EETLAN(Q)R T f R
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WRE T ATAE 2 AR o
3.25.4.2 H =z 3 % (Tie-Down Devices)

FLEN e PRt R T 2 RERT 0 ¢
HHEe BARougiE o U e BAREHITEE Y Bl
P o SEE TR AL P ASTLAS(D) T ¢ dE
MR BT TR A hd SRR o

3.255 - 4g;i 3 ¥ 78 (General Considerations)
AR P ¢ 2Rl B £ 5 3.25.68 0
¥ i g i e % 32578 hipak R F s st iR o
BoARsh e daiE it e e % (% ARGT.84 4piE it chiE 4
51) 0
Sl if# x&iﬂmg ;\j‘;,’ég EI S ,;\p@f}fgc’w ’.fr%
RIFHEIL o
Bl AL BN L RN
BL AR e e ST g o - B AL BURE S
o VA AEY - BREREARKM TS R o
RHRE > 5]4rRGT.647 3k - endfe e s o
3.25.5.1 :#Z% =% (Evaluation by Test)

bk ¢ EAUERETR  FARI O ERIT G
*ﬁﬁ’}f%" 'ff"fn ng‘b’é}z\"r{qa{j,i; (fid-{ir’%ﬁ

FL o %fril R T E ) e iy 2 £87L.73(c)(1)AHR =
48 A A e o
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W &% 07 TLRIRG 5 i i (Blde s PR o
g R) ARl AR ARIARTH LG 0 &
$EMPE R Al B AL RAGT > BT

§71.73(C)(3) 2 # %

SRERRG R R LK Ay AR bR 2

FEGLETT MRS S TR 0 R W] R
0

TR & FERGE RN I g g o 7, 7

Ry
Bk R OER R A RRET A AN £ T
.ﬂmﬁﬁﬁ%ﬁﬁé’ﬁwﬁaﬁﬂﬁﬁﬁﬁéﬁmlro
Ik F o e BRI R e R Y

Sh AN H R G KA o R R i R
AP RENE R T T R LR RRRE S E D
fo it ¥ e RS R R R P oS TR 3 R
1R A o
F AT A PR R iR ol BRR B
;ig. °

3.25.5.2 4 #73:= % (Evaluation by Analysis)

i ¥ 2 43%4" "”\’H;I"E s % g %l #’é-“/‘—r i z
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B T 0 A AT B R R (ARG
7.6 452 W R 51 ) ¢

B e EATRE T il F i};@; fol B4 e Ao
HA RS T ARNIRER BN A A R
HFEALVET R AER AR S RHES - oo SRR

dodk O T RAR S BRE P IR EG vk 1R i

=t
4
G
e
4‘3

Pt R SR G fofe B - R X
hod BT R AR R Y > RE B
¥ B* o NUREG/ CR-39664% it- (e B2 554 45 1 4 ji
Fods i A 47 7 2 2 WP o
BE S o £ ) e s o miER R
ﬁ?(ﬂ%iﬁﬁ‘fﬁ)?ﬁﬁ*%~ﬁ°@%%@
M M T RR S s T YRR
A - 1RRE -BRDRE -

FHAI RS PR > BREF IR R R
b ERERE S SRR < SR AT s SR g
AP s R o R 2 - 5%

& B2 4 AzE35 kPa(5 psi)d * It ¥ 3 (TR 4 che
R - iR 2w o F BT kA R 2 45871.85(b) 2
ToEFTHE AT FAETRA 150908 4 2 % 0 FER
49 gE (s JORIE A T -
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3256 o FEHERIRT 2 BHIER
Gl f SRR T 9510 CFRTLTIR Reimgsk frif i it

FRARTR o B RHRL D §ERE Feng s L o

B e BEPNE TR 4L S PRAT e
Ee PRERURECEEEERE AT g TRE &

ER{RPLs BARBERL P EF PR S o
R (s g B R4 2-29°C(-20°F) 3] +38°C (100°F) 2
B ¥ ord RenBE e E B flenid o Akl F BN a4
PR R R S ERA “,f;’**ﬁifﬁé‘hl“ TR A HrE
STRBE R AF <3 flehe
3.25.6.1 #:(Heat)

FEsn e BGR ET 0 B @ ek 3 R A ORTER 0 B R

FERFS-RoGFERETREEEAAPIBLP o

P\o
3.25.6.2 i (Cold)
FE AL BIEIE BT MR o B ARG B A
BE - R o

PG B A Bl h R (L RS R
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RE) N2 Eeaelg R DB RIVRY o HRFETP
T o § ERAB T ORGE ’K@};J’ P o B

A eI B8k ‘“’Ka ME oo BRI LT F g;k;p,st—r &

Al RN -
3.25.6.3 b ¢hrJ 4 (Reduced External Pressure)

FETY Grd e ARG RS 125
KPa(3.5psi) » ¢ H PR P @Y FEc TR 2
BRI g R LS LR LR i e g R
431

3.25.6.4 X4 ¢k IR 4 (Increased External Pressure)
FETY rd ¢ AR e bR 4 3 140 kPa(20

psi) » 1 ¢ R e MY e 4 BB £ ] S g

)

TpA 2 fUEE o SEY jrE e AR e BRI ethRE
TIE RAT RPN Rfeh IR Y s B AT R BRS L o FF
a7 i (L NUREG/ CR-4554 > \Vol. 6) -

3.25.6.5 F&# (Vibration)

FETY jrd e whi®ihe B Al ¥EET 2Y hiRd
o YT pd IRE CERRA LD ERS
BEFR? AARTBEF LI ek HFRREAFR Y 5
ECANSEST T £ 7 ¥ % 447 - NUREG/ CR-6007# &7
i a2 dpil - HmEE R € EREE R I G ok
FIREGGRE > 2 G ERe e Y o hF NN

B+ 14 g - NUREG/ CR-21464-NUREG/ CR-01283% i
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2 aeal s E A F
3.25.6.6 -k & (Water Spray)
Fh ERFORERRR AP o LA RREEH
Ul U T
3.25.6.7 p d [ % (Free Drop)
Fhe BN BEFRDOPT Y 5E Ll
W DTF]F o BAeREE G s B ERA S Fob g R

Iﬂ\t\h

MR ER2558 Y ik v R A BT R
R o
&l

Fhopd BlxEFA - pIURS S ERKS ~OFHRe
Rigd E‘ﬂ%&??? Ao JHRHEFRRNDFERETE o 4]
i 2 % 5t 2 NUREG/ CR-6007 -

FTHHAV S R EEEEE > 4oy T E (port
covers) ~ = v F 1 (port cover plate) ~ -5 jx(shield
enclosures) » ¥t & 2T 4 ~ R IMB A o4 o

o

Y= hs)
FLB

m%ﬂ

3.2.5.6.8 % B jx (Corner Drop)

i
FLABTRREE ERF PN do kT L
3.2.5.6.9 & %7(Compression)

FAREGRRE e BB ok T s e
3.2.5.6.10 ;% % (Penetration)
Bhe PR EKORTEL Y o HEY %‘% e ¥ F

F ﬁ’\}z _%"O

37



3257 BRIALNTEFLRNT ZGHTR
Bk & R R T a0 & AT 8TLTIR AR R

v

BAR » 50 P X2 mE¥te Rk AF R o T EAR

¢ R B E SRR T 4 o P SRR ER
¢ REG RSB REREME VR BEREL M E R RT 0 10
71%f ¢ 47 F(containment) ~ & jrfr=x it 2 A& R ¢

¢ HF BBtk e B R - A2 R/

-

SRR UL ST S U S A e 5K
ESICRIE ) R g e R e ("f TRRRE ) Bk R B §
Bos PR A -29°C(-20°F) 3 +38°C(100°F) 2. B » so¥>h 974 g
A B JIE o AT F RPN A B A B <
WA TRA ",f«ii e R A B E R AR R R E T S
} i
3.25.7.1 p d & % (Free Drop)
Fhopd BE AR REBERFILS R
SHERBKEGE T OEE S s T~ - S - A

G s BT RHIARLS o - B R LB
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9
Sr
r
bL-rl
)
=
far
\ N
b
I
=
=5
T+
‘a\

S oo Bl fUF
AEAS BRAEO- 3N v R R R E R
B el g o JE J AR e o T
Bk E 73 % - NUREG/CR- 4554, Vol. 3¢ 3 4:[ %
M -

FAHEFURE G AFERETR o pd BT
B4 PR S O ARES R T
B4 o ilam® S i 7 5" NUREG/ CR-6007 % & 31 7 &

fi‘zg % & ’I‘rf' ’ ijﬁr:i?nfﬁ\j‘#r :éﬁjabl;: N &'ﬁ;} L ’ jH'—»;’\
FRREHES R IRS foE RS EE TR e @

ittt e RS 24 g o NUREG/ CR-4554 - \ol. 63 3=
& 3% B A g B o
3.25.7.2 #J%(Crush)
ek 0 FH S E R ERRIED R )
v iE S RGP o

3.25.7.3 7 {](Puncture)
FACHRE G i S i 0 AR R R Y
BB enNelmen = 54 o R0 AT R h T 1B Sudy -4 -4

Bt 1k F flendo ] BB o F{I5ER Sk aRp 3
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NUREG/ CR-4554>Vol. 7> % {135 # # 1 & % 38 7 **NRC
97-022 4 ¢ o
SR EA LR ST AR S R NRITOT
S EMEYT R
3.25.7.4 #.#(Thermal)
HEZ BRI B 4 5871.73(c)
(A)7 Rz_od GHEE ~ R~ F 97d 2 iz P 3
T F A &N R A AR TR 1 o ARG AR Y & B
fsend Eeng A R4 5> U E L Ll AR PR A fRiE AR
A2 TR R cBREDERSBRES T LAY gAY
Bres bl ife » F3RR o
3.25.7.5 2zt F & K (Immersion-Fissile Material)
dodk s BN F e 1T A A Bl R P|871.55F
BR A IR kB ABRLIBEAY B AR
>3 509 m(3ft) KEE crpt iR % o
3.2576 & i

>‘1\P

# (Immersion-All Packages)
Hipg 8 AfFHFORBHFEFARPEHERT L5
m(50 ft)-k 8 (503 2 ) :Esk o MATRIED o hICRR Y
150 kPa(21.7 psi)ik 32 & H_iy il L igdt if i+ o
3.25.8 it
FERLIHEN @ 3531 RS 2 R R~ ESUH B el
N BEREE 2 HB LT R

dodko e BAALERREFTR 0 FAAMMEP o 2P
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e 3%

o EHRALSE
® Fé‘%% 1" p’FU

o EEAAnE B R ER

e HWHRERIHA (FHlE9E

e R = s

o BBV REBIES Benf B Y BT L R

Al

« FRBESRY 4

m

Rl

* g%

Rl

N

e EFEpEBIRBRATREY D E
3.2.6:% 1% % % (Evaluation findings)

TRFRELEF AN TR NGON F erzgfge' dE B ot

fo3ze BEG RSB HEREE 1% LI0CFR 7164 & f o

3.3 # @ % 4 (THERMAL REVIEW)
3.3.1% % p 7 (Review Objective)
FBE LD DERE PR ALV EFERRNE BRE

PR EGRIRT (g laka v ORI LA dRT e 0 FAEile B R
£ 10 CFR 71 2sy ez L& R o

3.3.2% 4 ¥ [¥](Areas of Review)
BBFH /LT E

3321 #ibxmmp
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M ERR

<R R A

c B AAB AR R A
3322 HREE ol R
okl R

c e AR
3323 - 4ig ¥R

©FEEA AT
C T GER
c X 2
3324 ¥ @EHERINT L H =R
- Fgt
S 1 i R
C B AL
3325 BERAETERRT 2 HA BT
AR Y R
< BRI R
s BB R ORS
s Bk HRA
3.3.2.6 ‘ithr
© PR K L
R EE
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2

S HTEP Y AR
R G
3.3.3;% & F(Regulatory Requirements)
10 CFR 71 # » #3325 e L& Fodo ™ !
¢ FEWPRFRM TR 0 NFEP H % LI0OCFRT1# B L
- [871.31 (a)(1), §71.31(a)(2), §71.33, §71.35(a)]

° . ;_;_%. A Er’” EE f?t B VQ"‘L miﬁa%’fr*ﬂ -% [§7131(C)]

& i 4 24510 CFR7TLTLR R 4 8 ik i {10
CFR7L73R ik T 7H % sk amid s 3= - [§71.41(a)]

o RS~ ik s 2 R T %310 CFR 71.71
RANE K FH SRR T 0 8 R ki RF R
[§71.43(f) > §71.51(a)(1)]

¢ ¢ PRRIFGERY Wi~ 2 EHEF > R A5 RER A
% L LE o [§71.43(g)]

%2

[ ]
™

‘34“%
-\1\«

L JE B BRI TSRS A R Ak T 5 R E H R
Rz 7 o [871.51(c)]
3.3.4% % 1% & (Acceptance Criteria)

\+i

Bkt B S $ 3335 ¢ SR LR d o

=

& F LG KR eng ot o 2% LI0 CFR71A L F & iy
MIrBEXR L RERIRTH e HFE S Bjp > fRA R A
ERES U0 i N

3.3.5% & 4% /& (Review Procedures)
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APPENDIX Al:
RADIOGRAPHY PACKAGES

Al.1 Package Type

Al.1.1 Purpose of Package

These packages include radiographic exposure devices and radiographic source changers. The purpose
of an exposure device is to transport a Type B quantity of special form radioactive material for use as a
radiographic gamma source. The purpose of the source changer device is to transport a radiographic
gamma source to and from an exposure device and to exchange radiographic sources with that
exposure device.

Al.1.2 Description of a Typical Package

A typical packaging used as an exposure device consists of a lead or depleted uranium shield inside a
welded steel or titanium housing. The shield includes a metallic S-shaped tube that houses the source
during transport and allows movement of the source into position for radiography. The shield may be
fixed in position by retention cups welded to end plates of the housing and by foam between the shield
and the housing.

The source is attached to the end of a short metallic cable, or pigtail. A securing lock mechanism is
installed at one end of the housing to maintain the source in a fixed position during transport. A safety
plug assembly installed at the other end of the S-tube provides a redundant mechanism to prevent
movement of the source toward an outlet.

The content of a package used as an exposure device is one radiographic gamma source (**Co or *Ir)
in Type B special form.

The package is typically hand-carried by one person using a handle attached to the housing, although it
is sometimes mounted on wheels.

A typical packaging used as a radiographic source changer is similar to that used as an exposure
device. A source changer may contain multiple sources, typically housed in U-shaped tubes. In addition
to its function as a transportation package, a source changer is used to move sources either from or to
an exposure device. Although the remainder of this appendix specifically addresses exposure devices,
the review of a source changer is similar.

A sketch of a typical radiographic exposure device is presented in Figure Al-1.
Al.2 Package Safety

Al.2.1 Safety Functions

Al-l NUREG-1609



The principal safety function of these packages is to retain the radiographic source and to provide
gamma shielding. Containment is provided primarily by the special form source itself. These packages
do not contain fissile material.

NUREG-1609 Al-2
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Al.2.2 Safety Features

A lead or depleted uranium shield provides gamma shielding.

A securing lock mechanism positions the source pigtail within the S-tube in the shield during
transport to prevent high radiation fields and radiation streaming.

A safety plug assembly at the opposite end of the tube provides a redundant mechanism to
prevent movement of the source.

The housing, foam, and other structural materials protect the shield and S-tube from damage.

Al.2.3 Typical Areas of Review for Package Drawings

Housing features, including dimensions, material, thickness, and welds

Foam material and density

Shield dimensions and material, including supplemental shielding, its weight, dimensions, and
method of attachment

Material, wall thickness and curvature of S- or U-tube

Lock mechanism specifications

Other structural features, including bolts, pins, and retention cups, as applicable.

Al.2.4 Typical Areas of Safety Review

The general information review verifies that the contents are restricted to special form and that
the source nuclide and maximum allowable activity are specified. Specification of content
activity is typically expressed as “Bq (output)” or “Ci (output)” to denote that the activity is
determined in accordance with ANSI N432-1980.

The structural and thermal reviews evaluate the ability of the shield to perform its intended
function under normal conditions of transport and hypothetical accident conditions. These
reviews address:

»  Damage to the shielding
»  Misalignment of the S-tube

« Damage to the S-tube resulting in exposure of the depleted uranium shield and possible
oxidation of the uranium or eutectic reaction between the uranium and other package
components

» Damage to the securing lock mechanism
»  Movement of the source relative to the shielding.

The shielding review evaluates the ability of the package to satisfy the maximum allowable
external radiation levels under normal conditions of transport and hypothetical accident
conditions. Shielding requirements are often demonstrated by measuring the dose rates from a
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gamma test source and scaling them according to the maximum allowed activity of the contents.
Key issues include:

»  Ensuring that the locations of the maximum radiation levels on the surface of the package,
including near the ends of the S-shaped source tube, and at one meter from the surface
have been identified

* Determining that the size {(active depth and diameter) of the detector is appropriate for
providing dose rate measurements at the regulatory locations (because of the small size of
the package, corrections may be needed to account for the size of the detector probe
volume) (ANSI N43.9-1991)

»  Examining the design of the source assembly and securing lock mechanism, including pigtail
and locking balls. A small movement in source position can result in a significant increase in
external radiation levels

» Verifying that no significant increase in radiation occurs as a result of the tests for normal
conditions of transport

»  Confirming that the radiation levels under normal conditions of transport and hypothetical
accident conditions are satisfied.

» The review of operating procedures confirms that the source is securely locked in position
before shipment. This review also evaluates procedures to verify by physical means that the
source has been removed before shipment of an “empty” package. Because of shielding
effectiveness and radiation from uranium shielding itself, verification by radiation measurements
alone may not be sufficient. The procedure should be capable of detecting remaining sources if
the pigtail is clipped off.

« The review of acceptance tests and maintenance program verifies that appropriate fabrication
and periodic verification tests are performed to demonstrate effectiveness of the shielding. The
review also verifies that appropriate inspections are performed to monitor any wearing of the
S-tube.

Several NRC Information Notices {85-07, 87-47, 88-18, 88-33, 90-24, 90-35, 90-82) provide
additional detail on safety issues relevant to the transport of radiography packages.

References

American National Standards Institute, ANSI N43.9-1991, “American National Standard for Gamma
Radiography—Specifications for Design and Testing of Apparatus,” New York.

National Bureau of Standards, “Radiological Safety for the Design and Construction of Apparatus for
Gamma Radiography,” ANSI N432-1980, Washington, DC.

U.S. Nuclear Regulatory Commission, “Contaminated Radiography Source Shipments,” NMSS
Information Notice 85-07, January 29, 1985.
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APPENDIX A2:
TYPE B WASTE PACKAGES

A2.1 Package Type

A2.1.1 Purpose of Package

The purpose of this type of package is to transport a Type B quantity of dry, radioactive, irradiated,
and contaminated solid materials.

A2.1.2 Description of a Typical Package

A typical packaging consists of a steel-encased, lead-shielded cylinder with impact limiters attached at
both ends. The packaging may be protected by a thermal shield, consisting of a thin metal shell
separated from the lead-filled cylinder by a wire wrap. Closure is provided by a bolted steel lid, which
may also include lead shielding. Two concentric O-rings are installed in grooves typically on the
underside of the lid. The lid includes a leak test port between the O-rings and sometimes a vent port.
The bottom of the packaging contains a sealed drain port.

A typical packaging may be sized to transport ion-exchange resins, process solids, or irradiated
hardware, such as control rod blades. It is approximately 3.3 m (about 11 ft.) in length and 1.3 m
(about 4 ft.) in diameter (without impact limiters) and can weigh as much as 35 tons (without contents).
The packaging generally has two or four trunnions near the top for lifting, and two near the bottom for
rotation.

The contents of the package consist of a Type B quantity of dry, radioactive, irradiated and
contaminated solid materials, generally within a secondary container. The maximum content weight may
approach five tons, including shoring. The radioactive contents typically include waste containing mixed
fission products and activation products. The fissile material content of these packages is limited to that
permitted by the 10 CFR Part 71 general license provisions for fissile material packages, or exempt
quantities.

A sketch of a typical Type B waste package is presented in Figure A2-1.
A2.2 Package Safety
A2.2.1 Safety Functions
The principal safety function of the package is to provide gamma shielding and containment.
A2.2.2 Safety Features
« The lead shield provides gamma shielding. The neutron source is not significant.

*  The inner vessel provides containment of the radioactive material. Although secondary
containers are often used, they do not provide a containment function.

A2-1 NUREG-1609
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A2.2.3 Typical Areas of Review for Package Drawings

Containment vessel body

*  Materials of construction

»  Dimensions and tolerances of structural shell and shielding material

» Fabrication codes or standards

»  Weld specifications, including codes or standards for nondestructive examination
»  Thermal shield, if applicable.

Containment vessel closures

» Lid materials, and their dimensions and tolerances

»  Bolt specifications, including number, size, minimum thread engagement, and torque
» Seal material, size, and compression specifications

» Seal groove dimensions

« Vent, drain, and leak-test ports, including closure methods.

Impact limiters

*  Materials of construction and dimensions

» Foam or wood specifications, including density

*  Method of attachment.

A2.2.4 Typical Areas of Safety Review

The general information review identifies the allowable contents, including water and other
materials that could produce combustible gases.

The structural and thermal reviews evaluate the performance of the containment system during
both normal conditions of transport and hypothetical accident conditions. Primary emphasis is
on the structural and thermal effects at the closure regions (lid and ports), including O-rings,
plugs, and bolts, under hypothetical accident conditions.

The structural and thermal reviews also verify the effects of the hypothetical accident conditions
tests on the lead shielding and thermal shield (if applicable).

The thermal review confirms the maximum temperature and pressure in the containment vessel
under normal conditions of transport and hypothetical accident conditions.

The containment review verifies that the package closures (lid, vent port, drain port) meet
10 CFR Part 71 containment criteria using the methods in ANSI N14.5 for both normal
conditions of transport and hypothetical accident conditions. A typical maximum allowable
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leakage rate is approximately 107 ref cc/s. The review also confirms that combustible-gas
generation meets the criteria discussed in Section 4 of this document.

» The shielding review confirms that the package meets the allowable radiation levels during both
normal conditions of transport and hypothetical accident conditions. The review should also
confirm that the lead shielding does not melt under the hypothetical accident conditions.

« The criticality review verifies that the package contains either no fissile material, an exempt
quantity of fissile material, or a fissile material quantity allowed under the general license
provisions of 10 CFR Part 71. For packages with fissile content limited to quantities authorized
by general license, the review also should confirm that the correct criticality transport index is
specified.

« The review of operating procedures verifies that the bolts are properly torqued and that all
penetrations of the containment vessel are properly leak tested prior to shipment. The review
also addresses procedures that assure the contents are dry.

« The review of acceptance tests and maintenance program confirms that the appropriate leakage
tests are performed for fabrication and periodic verification during the service life of the
package. The review also ensures that appropriate acceptance testing of the lead shield and
thermal performance is described and that the thermal performance of the packaging is
maintained during the service life.

References

American National Standards Institute, ANSI N14.5-1997, “American National Standard for
Radioactive Materials—Leakage Tests on Packages for Shipment,” New York.
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APPENDIX A3:
UNIRRADIATED FUEL PACKAGES

A3.1 Package Type

A3.1.1 Purpose of Package

The purpose of this type of package is to transport unirradiated fuel assemblies and individual fuel rods.
These packages are also referred to as “fresh fuel packages.”

This appendix addresses only those packages in which the contents are limited to a Type A quantity of
fissile material. For entire assemblies, this is typically achieved by restricting the enrichment. For
individual fuel rods, a combination of enrichment and mass limits may be specified.

A3.1.2 Description of a Typical Package

A typical packaging consists of a metal outer shell, closed with bolts and a weather-tight gasket. An
internal steel strongback, shock-mounted to the outer shell, supports one or two fuel assemblies, which
are fixed in position on the strongback by clamps, separator blocks, and end support plates. Depending
on the type of fuel, neutron poisons are sometimes used to reduce reactivity. If the package is used to
transport individual fuel rods, a separate inner container is often employed.

The contents of the package are unirradiated uranium in fuel assemblies or individual fuel rods. Because
the majority of these packages are for commercial reactor fuel, the uranium is typically in the form of
Zircaloy-clad uranium dioxide pellets.

Sketches of the typical package described above are presented in Figures A3-1 and A3-2.
A3.1.3 Alternative Package Design

An alternative design for a fresh fuel package is shown in Figure A3-3. In this design, the fuel
assemblies are fixed in position by two steel channels, mounted by angle irons or a similar bracing
structure to a thin-walled inner metal container. This inner container is in turn surrounded by a
honeycomb material and enclosed in a wooden outer container. Foam cushioning material is also
generally used to cushion the fuel assemblies and may be used between the inner and outer container.

A3.2 Package Safety

A3.2.1 Safety Functions

The principal function of the package is to provide criticality control. The metal outer shell of the
packaging retains the assemblies within a fixed geometry relative to other such packages in an array and
provides impact and thermal protection. Shielding requirements are not significant because of the low
radioactivity of unirradiated fuel.

A3-1 NUREG-1609
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A3.2.2 Safety Features

* A strongback with end support plates, clamps, and separators maintains the fuel assemblies in a
fixed position relative to each other and to any neutron poisons.

» The metal outer shell of the packaging retains and protects the fuel assemblies, and may provide
a minimum spacing between assemblies in an array of packages.

« Neutron poisons, if present, reduce reactivity.
A3.2.3 Typical Areas of Review for Package Drawings

¢ QOuter shell dimensions

«  Structural components (e.g., strongback, support plates, fuel clamps and separators) that fix the
position of fuel assemblies or relative position between fuel assemblies and poisons

*  Dimensions and materials
*  Methods of attachment.

* Neutron poisons

» Dimensions and tolerances
«  Minimum poison content
«  Location and method of attachment.

« Moderating materials, including plastics, wood, and foam

*  Location

* Material properties.

A3.2.4 Typical Areas of Safety Review

* The general information review identifies the fuel assembly designs authorized in the package,
including:
»  Number of and arrangement of fuel assemblies
«  Number, pitch, and position of fuel rods, guide tubes, and channels
»  Overall assembly dimensions, including active fuel length
« Authorization or restrictions on missing fuel rods or partial-length rods
»  Maximum enrichment
« Pellet dimensions and tolerances

»  Minimum cladding thickness
» Fuel-clad gap
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* Type, location, and concentration of burnable poisons
*  Type, location, and quantity of plastics, such as polyethylene, within the fuel assemblies.

The structural review addresses possible damage to the outer shell, strongback, fuel assembly,
neutron poisons (if present), clamps, separators, and end support plates to ensure that the fuel
assemblies and neutron poisons are maintained in a fixed position relative to each other under
hypothetical accident conditions.

The structural review also confirms the minimum spacing between fuel assemblies in different
packages in an array under hypothetical accident conditions. Spacing can be affected by
separation of the strongback from its shock mounts, failure of the shock mounts or fuel
assembly clamps, and deformation of the outer shell of the package.

The thermal review evaluates the effect of the fire on neutron poisons, plastic sheeting, wood,
or other temperature-sensitive materials under hypothetical accident conditions.

The criticality review addresses both normal conditions of transport and hypothetical accident
conditions. Key areas for this review include:

» The number of packages in the array and the array configuration (pitch, orientation of
packages, etc.). Because of movement of the strongback within the package and the
location of poisons, the arrays might not be symmetrical.

» Degree of moderation. Structural features, as well as packaging material such as plastic
sheeting, are evaluated for the possibility of differential flooding within the package. Plastic
sheeting on the fuel assemblies should be open at both ends to preclude differential flooding.
Flooding between the fuel pellets and cladding is also considered. Variations in the
allowable amount of light-weight packaging material and plastic shims inserted in the fuel
assemblies can also affect criticality under normal conditions of transport.

The review of operating procedures ensures that instructions are provided so that proper
clamps, separators, and poisons are selected for the type of fuel assemblies to be shipped and
that these items are properly installed prior to shipment. The procedures should also address
any other restrictions {e.g., limits on number of shims) considered in the package evaluation.

The review of the acceptance tests and maintenance program verifies that the neutron poisons,
if present, are subject to appropriate tests to verify their concentration and uniformity.
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APPENDIX A4:
LOW ENRICHED URANIUM OXIDE PACKAGES

A4.1 Package Type
A4.1.1 Purpose of Package

The purpose of this type of package is to transport pellets and powder of low enriched uranium oxide.
These packages are also referred to as “low enriched pellet and powder packages™ or “oxide
packages.”

This appendix addresses only those packages in which the contents are limited to a Type A quantity of
fissile material. This is achieved by limiting either the maximum enrichment or a combination of
enrichment and mass.

A4.1.2 Description of a Typical Package

A typical packaging consists of an inner steel vessel positioned within an outer steel drum. The outer
drum, is typically a 30- or 55-gal. steel drum with a removable head and weather-tight gasket. The
head is usually secured by a clamp ring with a closure bolt and a tamperproof seal. Vent holes near the
top of the drum, which provide pressure relief under hypothetical accident conditions, are capped or
taped during normal conditions of transport to prevent water inleakage.

The inner vessel is typically flanged, with a gasket and a bolted lid. The inner vessel is the containment
vessel. It is centered in position inside the outer drum by foam, fiberboard, or similar insulation material.
The inner vessel is not a pressure vessel and is not designed to prevent water inleakage under
hypothetical accident conditions.

The contents of this package include low enriched uranium pellets, powder, and sometimes scrap,
which are placed in plastic bags, metal cans, or cardboard boxes prior to loading into the inner
container. Pellets are generally arranged on metal trays. Packages may include plates or liners with
neutron poisons within the inner vessel. Spacers may be used within the inner vessel to maintain the
position of the contents and to displace moderator in the event of water inleakage.

A sketch of a typical package for pellets or powder of low enriched uranium oxide is presented in
Figure A4-1.

A4.2 Package Safety
A4.2.1 Safety Functions

The principal function of the package is to provide criticality control. The inner vessel provides
containment to satisfy the requirements for Type A packages. Shielding requirements are not significant
because of the low radioactivity of unirradiated uranium oxide.

A4-1 NUREG-1609
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A4.2.2 Safety Features

The outer metal drum and insulation protect the inner vessel under hypothetical accident
conditions, and maintain a minimum spacing between the inner containers of different
packagings.

The inner vessel provides containment and maintains a fixed geometry for criticality control.

Neutron poisons, if present, reduce reactivity.

A4.2.3 Typical Areas of Review for Package Drawings

Inner vessel

Materials of construction

Dimensions and tolerances, including thickness
Product containers

Spacers, including materials and dimensions

Fabrication codes or standards.

Neutron poisons

Isotopes and minimum concentration
Dimensions and tolerances

Location.

Insulating material

Type
Dimensions and tolerances

Density.

Outer drum

Material
Closure, including use of heavy-duty clamp ring, bolt torque

Dimensions.

A4.2.4 Typical Areas of Safety Review

The structural review evaluates package integrity under drop, puncture and thermal tests. This
includes verifying that the lid of the outer drum remains in place and that the inner vessel is not
damaged.
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+ The structural and thermal reviews address the minimum spacing between contents of different
packages under hypothetical accident conditions. Damage to outer drum and charring of the
msulation may result in closer spacing and more reactivity than that under normal conditions of
transport.

»  The thermal review also evaluates the effect of fire on neutron poisons and spacers.

«  The criticality review addresses in detail both normal conditions of transport and hypothetical
accident conditions. Key areas for this review include:

» The configuration of the contents under normal conditions of transport and hypothetical
accident conditions. This includes number, spacing, size, and condition of pellets,
distribution of powders, and similar effects. Small changes in dimensions of the inner vessel
can result in a significant increase in reactivity.

» Distribution and degree of moderation. In addition to the moisture content of the pellets or
powder, structural features, spacers, and packaging material such as plastic bags or cans
are evaluated for the possibility of differential flooding within the package. Variations in the
allowable amount of light-weight packaging material are also verified. Loading less than the
maximum allowed contents can provide additional volume for water inleakage under
hypothetical accident conditions, and therefore partial loads are often more reactive than a
fully packed inner vessel.

* The number of packages considered in the array and the array configuration (e.g., pitch and
orientation of packages). Depending on the positioning of contents and the location of
poisons, the arrays might not be symmetrical.

» The degree and location of damage (e.g., drying or charring) to the thermal insulation
caused by the fire test.

« The review of operating procedures ensures that instructions are provided so that proper
neutron poisons or spacers are selected for the type of contents to be shipped and that the
package is properly closed.

« The review of the acceptance tests and maintenance program verifies that the neutron poisons,
if present, are subject to appropriate tests to verify their concentration.
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APPENDIX AS:
TRANSURANIC WASTE PACKAGES

AS.1 Package Type

AS5.1.1 Purpose of Package

The purpose of this type of package is to transport a Type B quantity of contact-handled transuranic
waste.

AS.1.2 Description of a Typical Package

A typical packaging consists of a stainless steel inner containment vessel housed inside a stainless steel
and polyurethane outer containment assembly.

The outer containment vessel is a right circular cylinder with a flat bottom and domed lid. Its body and
dome generally consist of polyurethane foam sandwiched between an inner and outer stainless steel
shell. The dome-shaped lid is secured to the body by a locking ring. An elastomeric O-ring is used as
the containment seal; a second O-ring allows the seal to be leak-tested. The assembly typically contains
a leak-test port and a vent port. Fork pockets are often located at the base of the assembly for lifting
and handling the entire package. Separate lifting devices are used for handling the lid only.

The inner containment vessel is a stainless steel shell with domed ends. The closure system consists of
two O-rings, a leak-test port, and a vent port, similar to the outer containment vessel. Lifting devices on
the inner lid can be used for lifting either the lid itself or an empty inner containment vessel.

The contents of the package consist of contact-handled transuranic waste produced primarily from
plutonium production operations. The waste may be packaged within secondary containers. The
contents may be limited to restrict the generation of hydrogen or other combustible gases.

Several packages may be secured to a special trailer for transport.

A sketch of a typical transuranic waste package is presented in Figure A5-1.
AS.2 Package Safety

AS5.2.1 Safety Functions
The principal safety functions of the package are to provide containment and criticality control.
AS5.2.2 Safety Features

+ The inner and outer containment vessels provide double containment for the plutonium.

As-1 NUREG-1609
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» The steel package and configuration of the secondary containers provide sufficient attenuation
and distance from the waste to satisfy the shielding requirements for normal conditions of
transport (exclusive use) and hypothetical accident conditions.

*  The limit on the allowed mass of fissile material provides criticality control for a single package.

The physical size and separation of contents also ensures subcriticality for arrays.
AS.2.3 Typical Areas of Review of Package Drawings

« Containment vessels
*  Materials of construction
» Dimensions and tolerances
» Fabrication codes or standards
»  Weld specifications, including codes or standards for nondestructive examination
» Foam specification and density, as applicable.

+  Containment vessel closures

» Lid materials, and their dimensions and tolerances

» Closure device design details, such as bolt specifications and torque
» Seal material, size, and compression specifications

» Seal groove dimensions

« Vent and leak-test ports, including closure methods.

AS5.2.4 Typical Areas of Safety Review

« The structural and thermal reviews evaluate the ability of the containment vessels to perform
their intended functions under normal conditions of transport and hypothetical accident
conditions. Primary emphasis is on the structural effects near the O-ring regions (including
closure devices) and on the thermal performance of the O-rings.

*  The thermal and containment reviews verify that the hydrogen concentration in any confined
volume will not exceed 5% (by volume) during a period of one year. Shorter time periods have
been approved based on detailed operating procedures to control and track the shipment of
packages. The reviews also should ensure that the containment evaluation specifies that the
secondary containers are aspirated prior to shipment.

« The containment review verifies that the 10 CFR Part 71 containment criteria are satisfied for

both normal conditions of transport and hypothetical accident conditions. With typical contents,
the package must remain leaktight, as defined in ANSI N14.5. Each containment vessel must
separately meet the 10 CFR Part 71 containment criteria.
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» The shielding review evaluates the ability of the package to satisty the allowed radiation levels
during normal conditions of transport and hypothetical accident conditions.

* The criticality review confirms that a single package and array of packages are subcritical
during both normal conditions of transport and hypothetical accident conditions.

« The review of operating procedures verifies that any free-standing water is removed from both
containment vessels and that they are closed and leak-tested prior to shipment. The review also
typically ensures that the secondary containers are aspirated prior to shipment.

» The review of acceptance tests and maintenance program verifies that appropriate fabrication
and periodic verification leakage tests are performed.

References

American National Standards Institute, ANSI N14.5-1997, “American National Standard for
Radioactive Materials—Leakage Tests on Packages for Shipment,” New York.
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APPENDIX A6:
LOW ENRICHED URANIUM HEXAFLUORIDE PACKAGES

A6.1 Package Type

A6.1.1 Purpose of Package
The purpose of this type of package is to transport low-enriched solid uranium hexatluoride (UF).
A6.1.2 Description of a Typical Package

A typical packaging consists of an inner steel cylinder that acts as a containment vessel, and an outer
protective overpack. Unenriched UF, may be transported in bare cylinders, without the protective
overpack, as authorized in DOT regulations. Protective overpacks are typically required only for the
transport of enriched (fissile) UF,. ANSI N14.1 specifies the design and fabrication of the UF,
cylinder. ANSI N14.1 and USEC-651 contain information regarding overpacks.

The inner cylinder is carbon steel, with rounded ends and a protective skirt. On one end of the cylinder
is a valve for filling and emptying the cylinder; on the other end is a removable plug. The most
commonly used commercial cylinders are approximately 0.76 m (30 in.) in diameter, 2.1 m (81 in.) in
length, with a capacity of about 2300 kg (2.5 tons) of UF . The design and authorized contents are
defined in ANSIN14.1.

The protective overpack is generally a double-shell, stainless steel cylinder with cushioning pads on the
inner cavity. An energy-absorbing, insulating foam fills the space between the inner and outer shell. The
overpack can be separated into two halves to enable easy access to the inner cylinder. Overpacks for
the 30-in. cylinders mentioned above are approximately 0.016 m (4 in.) thick.

For the 30-in. cylinder, the UF,; enrichment must not exceed 5%. The cylinder is filled with liquid UF,.
Because of the volume reduction during cooling and solidification of the UF,, the final interal pressure
is less than one atmosphere in the cylinder.

A sketch of a typical UF package (cylinder and overpack) is presented in Figure A6-1.
A6.2 Package Safety
A6.2.1 Safety Functions

The primary function of the package is to provide containment and moderation control for criticality
purposes. Moderation control is required for all commercially used cylinders for fissile UF; and must be
maintained under normal conditions of transport and hypothetical accident conditions. To assure
subcriticality by moderation control, the mass of the contents must be at least 99.5% UF.

A6-1 NUREG-1609
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The cylinder is defined as the containment boundary for the UF,. Unirradiated uranium enriched to less
than 5% is a Type A quantity. Recycled uranium can be a Type B quantity due the presence of 22U,
24y, B¢, and various radioactive impurities.

Shielding requirements are generally not significant because of the low radioactivity and self-shielding of
UF . Compliance with regulatory limits for radiation levels is verified prior to shipment.

The overpack provides thermal protection to prevent overheating of the UF ¢, which can cause
hydraulic failure of the cylinder. The overpack also provides impact protection for the cylinder and the
valve.

A6.2.2 Safety Features

» The steel cylinder precludes inleakage of water and provides containment under normal
conditions of transport and hypothetical accident conditions.

+  The cylinder skirt provides some protection to the valve during handling operations, normal
conditions of transport, and hypothetical accident conditions.

« The overpack provides structural and thermal protection for the cylinder and its valve under
hypothetical accident conditions.

A6.2.3 Typical Areas of Review for Package (Overpack) Drawings

*  Overpack shell
«  Materials of construction

» Dimensions and tolerances
» Vents for pressure-relief of foam combustion products.
«  Foam specifications
* Type
»  Density
»  Compressive strength
*  Fire retardant characteristics
* Limit on free chlorides.

¢ Closure devices

» Torque

« Valve protection device.

A6.2.4 Typical Areas of Safety Review
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» The structural review concentrates on the ability of the overpack to protect the valve under
hypothetical accident conditions.

* The structural and thermal reviews address the ability of the overpack to provide protection to
the cylinder itself under hypothetical accident conditions. Because of the heat capacity of the
UF, a partially filled cylinder may be more susceptible to hydraulic failure than a full cylinder.

« The containment review verifies that the cylinder meets the containment criteria in ANSI N14.5
for Type B packages.

+ The criticality review confirms that there is no water inleakage under normal conditions of
transport and hypothetical accident conditions. The minimum transport index for criticality
control is specified in 49 CFR 173.417.

« The review of operating procedures ensures that the valve is properly closed and leak tested,
as appropriate, and that the valve protection device, if applicable, is installed. This review also
confirms that the radiation levels are verified to meet the regulatory limits prior to transport.

» The review of the acceptance tests and maintenance program evaluates the inspection
procedures for the overpack, including the physical condition of the inner and outer shells,
corrosion, performance of the foam during the service life of the overpack, and wear of
cushioning pads between the cylinder and overpack. The review also verifies that the cylinder is
tested and maintained in accordance with the requirements in 49 CFR 173.420 and ANSI
N14.1.

References

American National Standards Institute, ANSI N14.5-1997, “American National Standard for
Radioactive Materials—Leakage Tests on Packages for Shipment,” New York.

Institute of Nuclear Materials Management, “American National Standard for Nuclear
Materials—Uranium Hexafluoride—Packaging for Transport,” ANSI N14.1-1995, New York.

U. S. Enrichment Corporation, ‘“Uranium Hexafluoride: A Manual of Good Handling Practices,”
USEC-651 (Revision 7), January 1995.
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APPENDIX A7:
HIGH ENRICHED URANIUM OR PLUTONIUM PACKAGES

A7.1 Package Type

A7.1.1 Purpose of Package

The purpose of this type of package is to transport Type B quantities of high enriched uranium or
plutonium {other than by air).

A7.1.2 Description of a Typical Package

A typical packaging consists of one or two containment vessels and an outer container. Double
containment is required for plutonium in excess of 20 Ci, except as specified in §§71.63(b)(1-3).

The outer container is a steel drum with a removable head and weather-tight gasket. The head is usually
secured by a clamp ring with a tamperproof seal. Vent holes near the top of the drum, which provide
pressure relief under hypothetical accident conditions, are capped or taped during normal conditions of
transport to prevent water inleakage.

The inner containment vessel is a steel container, typically a stainless steel cylinder, with a maximum
outer diameter of 0.127 m (5 in.), closed by a welded bottom cap and a welded top flange with a
bolted lid. The lid, which is sealed by two O-rings, contains a leak-test port and sometimes a separate
fill port for leak testing. Unless double containment is provided, this containment vessel is centered in
position inside the outer container by fiberboard (or similar material) insulating material. If double
containment is required, the inner (primary) containment vessel is positioned inside a secondary
containment vessel.

The contents are uranium or plutonium, typically in metal, oxide, or nitrate form. The uranium or
plutonium is generally placed in plastic bags or metal cans prior to loading into the containment vessel.
Spacers are often used to maintain the position of the contents. Uranium may be in liquid form.
Plutonium in excess of 20 Ci must be shipped as a solid.

A sketch of a typical package for high enriched uranium is presented in Figure A7-1. A package for
plutonium would be similar, except than a second containment system would be required.

A7.2 Package Safety
A7.2.1 Safety Functions

The principal functions of the package are to provide containment and criticality control.

Package design features that accomplish the containment and criticality functions generally also provide
adequate shielding to satisfy the requirements for nonexclusive-use shipment. Additional shielding may
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be required if significant quantities of certain isotopes, e.g., **Pu or **' Am (from the decay of **'Pu) are
present.
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A7.2.2 Safety Features

*  The steel drum and insulating material protect the containment vessel and contents under
hypothetical accident conditions and maintain a minimum spacing between packagings for
criticality control.

*  The steel inner vessel provides containment of the radioactive material. An additional
containment vessel also provides containment for plutonium, if required by §71.63(b).

«  The diameter and volume of the inner containment vessel, together with limits on the fissile mass
of the contents, ensure that a single package is subcritical.

*  The containment vessel, insulating material, and steel drum maintain a minimum distance from
the contents to the package surface and provide some attenuation to satisfy the shielding
requirements.

A7.2.3 Typical Areas of Review for Package Drawings

«  Containment vessel body

*  Materials of construction

»  Dimensions and tolerances, including maximum cavity dimensions

» Fabrication codes or standards

»  Weld specifications, including codes or standards for nondestructive examination.

+ Containment vessel closures

» Lid materials, dimensions, and tolerances

« Bolt specifications, including number, size, and torque
» Seal material, size, and compression specifications

»  Seal groove dimensions

» Leak-test ports.

«  Spacers to position or displace fissile material

*  Material of construction
*  Dimensions and tolerances
*  Locations.

*  Insulating material
 Type
» Dimensions and tolerances

«  Density.
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Outer drum

* Material
*  Closure, including use of heavy-duty clamp ring, bolt torque
*  Dimensions

»  Applicable codes or standards.

A7.2.4 Typical Areas of Safety Review

The structural review confirms that packaging integrity is maintained under the drop, crush, and
puncture tests. The review also verifies that the drum lid remains securely in place.

The structural and thermal reviews evaluate the performance of the containment system under
both normal conditions of transport and hypothetical accident conditions. Primary emphasis is
on the structural integrity of the inner vessel and its closure, and on the thermal performance of
the O-rings. If the package provides double containment, each containment vessel must
separately meet the containment criteria.

The structural and thermal reviews address the condition of the package and the minimum
spacing between different packages under hypothetical accident conditions. Damage to the
outer drum and charring of the insulating material may result in closer spacing than that of
normal conditions of transport.

The thermal and containment reviews verify that the hydrogen concentration in any confined
volume will not exceed 5% (by volume) during a period of one year. Shorter time periods have
been approved based on detailed operating procedures to control and track the shipment of
packages.

The criticality review addresses in detail both normal conditions of transport and hypothetical
accident conditions. Key parameters for this review include the number of packages in the
arrays, array configuration {pitch, orientation of packages, etc.), positioning of the containment
vessels within the drum, moderation due to inleakage of water, the condition and quantity of
spacing material, and interspersed moderation between packages.

The review of operating procedures confirms that the containment vessels have been properly
closed and bolts torqued, and that an appropriate pre-shipment leak test is performed.

The review of the acceptance tests and maintenance program verifies that appropriate
fabrication and periodic verification leakage tests are performed.
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APPENDIX AS8:
TYPE B SPECIAL FORM PACKAGES

A8.1 Package Type
A8.1.1 Purpose of Package

The purpose of this type of package is to transport a Type B quantity of radioactive material in special
form.

A8.1.2 Description of a Typical Package
A typical packaging consists of a cask body with a lid, base, and protective jacket.

The cask body is a lead-filled cylinder with a stainless steel inner and outer shell. A drain tube
penetrates the cavity and is sealed with a plug, which is covered by the protective jacket during
transport. A lead-filled, stainless steel lid is bolted to the tapered top of the main body and sealed with a
weather-tight gasket. Both the body and the lid generally have lifting devices that are covered during
shipment by the protective jacket.

The base is a square steel skid that bolts to the protective jacket. The skid consists of energy-absorbing
steel angles (stiffeners). Several I-beams are welded to the base to enable handling by a forklift.

The protective jacket is a double-walled steel cylinder with an open bottom and a protruding box
section positioned diametrically across the top and vertically down the sides. The jacket may contain
thermal insulation. A steel flange bolts to the base, and the main body of the packaging is centered
within the jacket by steel tubes welded to the jacket inner wall. Steel lifting loops are typically welded
to the top corners, and tie-down devices are welded to the sides.

The contents of the package typically consists of byproduct material in special form.
A sketch of a typical Type B special form package is presented in Figure A8-1.
A8.2 Package Safety

A8.2.1 Safety Functions

The principal safety function of the package is to provide radiation shielding. Containment is provided
primarily by the special form source itself. The packaging must maintain the sources in the fully shielded
configuration under normal conditions of transport and hypothetical accident conditions.

A8.2.2 Safety Features

« The lead shield provides shielding for gamma radiation.

» The protective jacket provides structural and thermal protection to the main body, which
contains the special form radioactive material.

AS8-1 NUREG-1609
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A8.2.3 Typical Areas of Review for Package Drawings

Cask body

* Materials of construction

* Dimensions and tolerances of steel shells and lead shield

» Fabrication codes or standards, including any special processes for lead pour

»  Weld specifications, including codes or standards for nondestructive examination.

Closures

» Lid materials, and their dimensions and tolerances

»  Bolt specifications, including number, size, minimum thread engagement, and torque
»  Seal material, size, and compression specifications

»  Seal groove dimensions

» Vent and leak-test ports, including closure methods.

Protective jacket
*  Method of attachment

* Bolt specifications, including number, size, minimum thread engagement, and torque

» Insulating material.

AS8.2.4 Typical Areas of Safety Review

The review of the general information verifies that the contents are special form.

The structural and thermal reviews evaluate the ability of the shield to perform its intended
function under normal conditions of transport and hypothetical accident conditions. Lead
slumping should be inconsequential and the lead should not melt. These reviews ensure that the
package has been tested under the most damaging conditions (e.g., impact orientation). The
mtegrity of the cask closure and bolts is also reviewed.

The thermal review should verify that no credit has been taken for the presence of helium in
gaps between packaging components. The review should verify that the heat transfer medium is
air, and that the effects of air on the contents and packaging components have been addressed.
The shielding review evaluates the ability of the package to satisfy the allowed radiation levels
during both normal conditions of transport and hypothetical accident conditions.

The review of operating procedures verifies that the cask has been appropriately drained and
that the bolts are properly torqued.

The review of the acceptance tests and maintenance program ensures that appropriate tests are
specified for shielding and thermal performance.
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