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PAT-2 (PLUTONIUM AIR TRANSPORTABLE KMEl 2) 
SAFETY UiALYSIS REPORT 

CWTER 1 

GENERlU INFORMATLOW 

1.1 INTRWUCTION 

This Safety Analysis Report (SAR) fo r  the PAT-2 (Plutoniun A i r  Transpart- 
able Me1 2) package i s  primarily i n  accordance with requirements of t h e  U.S. Nu- 
clear Regulatory Gomission (NRC) and is also i n  accordance with requirements of the 
United Sta t e s  IAEA Cmpetent Authority (the U.S. Department of Transportation) and 
requireraents o f  t h e  IAEA (International Atanic Energy Agency). 

The PAT-2 package is designed for t h e  safe t r anspor t  of p l u t o n i m  and/or 
uranium i n  small quant i t ies ,  especially as tised i n  in te rna t iona l  safeguards ac t iv-  
ities, and espec ia l ly  a s  transported by air. 

The PAT-E package is r e s i s t a n t  t o  severe accidents, including tinat of  a 
high-speed jet a i r c r a f t  crash, and i s  designed t o  withstand such environnents as 
extreme impact, crushing, puncturing and s lash ing  loads, severe hydrocarbon-fueled 
fires, and deep underwater immersion, with no escape of  contents. The accident en- 
v i r m n t s  way be imposed upon t h e  package s ing ly  o r  sequentially. 

The package wets. t h e  r e q u j r e n t s  of 10 CFR 71* for F i s s i l e  Class I pack- 
ages with a cargo of 15 grams of Pu-239, or o the r  i so topic  forms described herein, 
not t o  exceed 2 watts of thermal ac t iv i ty .  

This SAR presents design and operational in fomat ion  including evaluations 
and analyses, test results, operating procedures, maintenance, and q u a l i t y  assurance 

T i t l e  10 of t he  Code of  Federal Regulations, Par t  71, conta ins  the r u l e s  
and regiilations of t h e  NRC f o r  t h e  t r anspor t a t i cn  o f  nuclear material. In  re fer r ing  
t o  these  and other regulations i n  t h e  Code of  Federal Regulations, an abbreviated 
form is  used: 10 CFR 71.35(a) means Paragraph (a )  of Section 71.35 of Par t  71 o f  
Title It) i n  t h e  Code of Federal Regulations. 

i 
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I 

infonaation. Both tests and analyses were applied to  confirm that the PAT-2 package 
meets the  various statutory and regulatory retpirenents. Structural analyses ad- 
dress a l l  of the stated requirarents and, additionally, t rea t  the containnent vessel 
by f i n i t e  element analysis and t h e  overpack by an energy balance analysis. 

Iheml analyses define raxiun now1 operating temperature with ther- 
crdible accident ~ l l y  active radiofsotopic contents; them1 tests define maxi 

teaperatures of t h e  contaiment. 

Leak-rate testing and plutoni c o n t a i m  analyses treat  the problm of 
plutoniia transport through very snall apertures or cracks, f o r  various extreare 
post-accident conditions imposed on the contaimmt vessel and its internal capsule, 
P l u t o n i u  contairnent i s  confinned t o  be orders of magnitude i n  excess of IAEA re- 
quirerents [essentially, there would be no plutoniu release). 

Nuclear criticality analysis confins, through the use of benchmarked (pro- 
ven) d e s ,  that t h e  PAT-2 package qualifies as a Fissile Class I package, meaning 
that infinite arrays of daaged packages with the most fissionable contents petmit- 
td and with rater shielding remain highly subcritical, Hoywer. since t h e  PAT4 i s  
only intended +or 151grari maxi of fissile contents, it 3s Fissile Class exempt, 

Wuclear shielfing analyses confirr the required protection for biota from 
the  effects o f  ionizing-radiation in  both t h e  mrual and post-accident conditions, 
comervatively satisfying dl rqulatory conditions. 

1.2 P M M E  DESCRIPTION 

1-2.1 General 

The PAT-2 package weighs beteen 70 and 74 pounds (33 kg naninally), due 
both t o  natural variations i n  t h e  raterials of construction and t o  fabrication vari- 
ables, when loaded with 15 grms of plutoniu. The package has an outside diameter 
of 15 inches (381 m) and is 14 inches 4% IUI) high. Its external appearance ap- 
proxiaates that o f  a sMoth  stainless steel, right-circular cylinder with tm, pro- 
truding handles, as  shown i n  Figure 1.2.1-1. 

Engineering drawings and specifjcations for the package are included i n  
Chapter 9, Appelleix 9A. Hatenial' lists, dimensions, and material, process, and 
acceptance specifications are inchfed on the drawings o r  i n  the specification docu- 
Rents , 
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Figure 1.2.1-1. PAT-2 Package 

1.2.2 Packaging 

(1) an iron-base super- 

alloy contaimnt vessel (designated TB-2 contaimnt vessel), (2) a protective 
overpack assembly o f  redwed and maplewood with an ernbedded titaniun inner assembly 
and a double-walled outer stainless-steel d m  ( a l l  designated as the 80-2 over- 
pack), and (3) a Cainless steel capsule (designated the C-1 capsule) within the 
TB-2 contaimrent vessel. The TB-2 serves as the primary contaimnt vessel, * i le  
the C-1 capsule provides the secondary conta5nnent required by 10 CFR 71, Part 42, 
for ~lutonitsn i n  excess of  20 Ci .  

The FAT-2 packaging canprises three basic parts: 

Figure 1.2.2-1 shows a cutaway view o f  the PAT-2 package and i t s  essential 
elemrrts. 

The AQ-2 overpack consists of  a double-walled outer drun of 0.056 inch (1.4 

na) 304 stainless-steel sheet metal with an overlapping and rounded top and &tan 
joint design, r i v e t e d  a t  the bottm and bolted at  the top. Imnediately inter ior  t o  
th is  stainless steel container i s  an outer region of 3.6-inch (91-nm) thick grain- 
oriented redmod, a 0.25-inch (6.35-m) thick t i t an im load spreader (7.5 inches 
(190 m) i n  dianeter) m t h  ceramic f e l t  backface insulation, and an inner region of 
grain-oriented maplewood. 1.6 inches (40 m) thick. Redwuod i s  used for high spe- 
cif ic energy absorption on a volunetric ar.1 mass basis and for good char perfonname 
(f ire protection). Maplewood i s  used for high ultimate crush strength within the 
nailer region of the load spreader. Titanim i s  used for i t s  high strength-efght 
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Figure 1.2.2-1. Cutaway V i e w  of the PAT-2 Package 

ra t io  and for i t s  high liqridus tmperature. coqonents of the Ap-2 tkat do mt 
need t o  be removed for access. to  load and unload contents, are bonded i n  place with 
a highstrength flexible epow adhesive. The top and botttra c o r n s  of the AO-2 are 
protected by a tough mlded-in-place pol*utadiene-based urethane (i.e.. synthetic 
rwr) boot t o  protect the intentionally hollo*ed corners fraa denting during ordi- 
mry handling. Vent plugs at  the top and bottom of the AQ-2 function i n  the h igh 
speed i q a c t  and them1 accident emirorrsnts. 

The TB-2 spherical contaimnmt vessel. shorn i n  Figures 1.2.2-2 and 
1.2.2-3, i s  88 m (3.5 inches) outside d i e t e r .  i s  made of A-286 iron-base super- 
al loy and i s  bolted shut with 20 A-286 bolts. The bolts are installed t o  a speci- 
fied torque and the vessel i s  sealed by a copper gasket formed i n  place between 
knife-edge sealing beads i n  each hemisphere. An integral shear shoulder i s  included 
fn the joint. This i s  a tough, sealed, hightemperature and highpressure contain- 
lent. which does not beccllle vented i n  the accident enviroment. 

The C-1 capsule, shmn i n  Figures 1.2.2-4 and 1.2.2-5, i s  fabricated f r o m  
Nitronic 60 stainless steel and uti l izes a torqued screwhread joint with a sealant. 
The C-1 capsule provides double contairnent for plutonim contents greater than 20 
C i .  





Figure 1.2.2-5. C-1  Capsule Cmss Section 



1.2.3 Operational Features 

The PAT-2 package i s  intended t o  be One-man transportable i f  necessary and 
can be assembled or disass led with Band tools, A pair o f  leather-padded handles 
are provided f o r  hand-carry and tiedon, and fastening points are present t o  enabTe 
the a t t a c k &  o f  security seals. The urethane bots, top and bottom, provide a 

ruggeds skid-resistant surface fo r  transport handling. An international r a d i a t i o n  
s@ol ( t refoi l )  i s  laser-beam ssed on the outer top cover. 

fhR AQ-2 covers are fastened i n  place. with twenty-four ll4-inch a i rcraf t  
bolts; finger grips are provided t o  aid i n  reaoving the outer cover, and finger 
holes are provided i n  the inner cover; the outer remvable redwood plug has finger 
holes. The t i tan i  load spreader has a removable cover held i n  place with internal 
lugs and four screws.. Upon removal o f  these screws, the cover may be rotated 1/4 
turn using the handle provided, and t h e n  the cover lay be removed. The inner rewv- 
able maplewood plug has finger holes t o  fac i l i ta te  removal, 

The TB-2 contaimnt vessel, which i s  spherical i n  shape, may be rolled aut 
o f  i t s  location into the operator's hand by t i l t i n g  the AQ-2 overpack. A l u i n u r  
fairings or rings, which cover the TB-2 closwe bolts, are held i n  place with three 
nylon-tipped setscrews, nhich are loosened with a small screudriver. The twnty 
114-inch superalloy bolts may be assembled or disasseabled with a hex-drive wrench 
and a socket wrench; tightening requires the use of a torque wrench. The 33-2 i s  
sealed by leans of a copper gasket, which can be replaced as necessary. 

The C - i  capsule i s  opened or closed by using a special three-pin spanner 
urench (provided); tightening requfres the use of a toque wrench; sealing i s  aceam- 
plished by the use o f  Teflon' tape on the threaded joint. 

Brass or alrminu~~ canisters may be used internal t o  the C-1 capsule t o  ac- 
The canisters, which ray also be equipped 

with quartz l iners for nuclear sample processing, provide a means for the i n i t i a l  
packaging of a radioactive titaterial and provide separation for groups o f  simples o r  
payloads. 

ate various radioactive contents, 

These features o f  the PAT-2, hen-operationally used according to  the pro- 
cedures described i n  ChEpter 7 and when naintained and tested as described i n  Chap- 
te r  8, assure that th is  package will nteet acceptance criteria, as described i n  Chap- 
ters 4, 5, and 6, with regard t o  plutonim contaimnt ukier nom1 and accident 
condttions of tramport. 

The relatively small size and weight o f  the PAT-2 i s  intended t o  rake it 
capatible with a wide variety of  a i r  transport services. 
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1.2.4 ConBcr+s of Package 

The m i e n t s  of the PAT-2 package are l i m i t e d  by the following require- 

1. Haterial type: Plutoniu and/or uraniu i n  various isotopic corposi- 

2. Uaterial form: The plutoniu and/or uranitm nust be i n  solid fom; the 
solid fotm may be an oxide mer, a sintered pellet of oxides, a nt- 
al ,  or hydrated salts of  plutaniur or uranilr (derived from dried liq- 
uids). 

.ems: 

tiom, subject t o  the follouing 1imtit iam. 

3. lhterisl quantity: 
The aax i ru  mass of fissile isotopes U-235, Pu-239, and Pu-241 i s  
1 irrited t o  15 grars  total, 

ss of plutoniu oxide or uraniu oxide raterial i n  pow 
der form i s  l i m i t e d  t o  40 grams (the 15-grm fSssile limitation is 

The total lass of oxide raterial i n  sintered form i s  limited to  120 
grims; the total aass of aetal material i s  l i m i t e d  t o  120 graas; i n  
each case the 1S-grar fissile limitation i s  not to  be exceeded, 
fhe total mass of pl&oniu sulfate tetrahydrate, Pu(SO~)~*~H~O, i s  
liaited t o  3 gras.  
fhe total mass of plutoniu nitrate dihydrate, PU(n0,)4*ZH20, i s  
l i m i t e d  t o  3 gras .  
The total mass o f  Pu-238 is liaited t o  3.57 grars ( t h i s  will be a 
2-watt heat source--see ita 5 below); Pu-238 nay be i n  canbination 
with t h e  isotopes listed i n  (a) above, with the total  fissile mass 
liaited t o  15 gr-. 

nct t o  be exceeded). 

4. Hoisture content: For contents of p e r s  or salts, a maxinun of  0.5 
grim of  mois ture  content (water) i n  iddition t o  the waters of hydration 
i n  the salts, i s  pemissible. 

5. Lntemal decay heat: The isotopic corpsition o f  a l l  contents must be 
such that a thermal activity o f  2 watts i s  never exceeded while con- 
tents am i n  the  PAT-2 package; t h i s  may be calculated as follows: 
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hn x g 241Aal watts 242pu 242pu + uatts 241 
9 

+- 
9 

i- watts (fission products o r  other transuranic isotopes) 
9 

x g (fission products o r  other transuranic isotopes) 

Note: Due t o  t h e  increase o f  decay power with time, t h e  a w i u  decay paw- 
er is calculated for t h e  isotopic cmposition which wi l l  e x i s  at  
t h e  longest storage tire, o r  t h e  peak power period. 

2 watts. 

6. 

7. 

8. 

Volatile packaging material permitted wi th in  the C-1 capsule i s  limited 
raaxiwuar polyvinylchloride (PVC) plastic i n  t h e  forn of seals 

and bags and 0.3 gram maxi of polytetrafluoroethylene (PEE), e.g.. . 
Teflon", tzpe f o r  sealing the C-1 capsule threads.  

Wonvolatile packaging material permitted wi th in  the C-1 capsule is l i e  
it& t o  18 grms m a x i  of quartz (SiO,) or  glass and 50 grams maxima 
of brass or 26 gram of alminm. 

The only materials or items pemitted wi th in  t h e  TB-2 containnent ves- 
sel are 
a) A C-1 capsule loaded i n  accordance with t h e  above limitations 1 

through 7, 
b) A maxi- of 2 grms of alminun foil t o  shim t h e  fit. between t h e  

spherical ends of t h e  C-1 capsule and t h e  interior spherical por- 
tion of the TB-2 containment vessel, and 

c) The copper seal (part nimkr T67001) for  t h e  TB-2 containwnt ves- 
sel. 



W T E R  2 

2.1 SUMWRY 

Structural evaluation of the PAT-2 package uas accmplished by bo th  test 
and analysis. The principle structural and test cri teria were developed fm: 

fUJRE6-0360, Balification Criteria t o  Certify a Package for A i r  Trans 
port o f  Plirtonila1 - Code of Federal Regulations, Ti t le  10, Part 71, 'Packaging of Radioac- 
tive Haterials for Transport  and Transportation of Rwioactive Mate-. 
r ia l s  Under Certain conditionsm2 - IAEA Safety Series No. 6, Regulations for the Safe Transport of Radio- 
active Haterials, 1973 ed., aenkd 1979.3 

O f  these criteria,  the design-detemining emrirwmnt is the synergistic 
effect of high-speed impact onto an unyielding tatget, i n  sequence with puncture, 
double-slash, and a high-temperature, l-hw, jet fael fire (all from IyuRE6-0360), 
with package acceptance criteria of csrttaiment, shielding, and subcriticality. 

Six final-design PAT-2 packages were subjected t o  the required sequential 
tests of WURE6-0360, with  varying 2-t attitudes and varying radioisotopic con- 
tents. 

One contaimtit  vessel was subjected t o  t h e  individual hydrostatic test 
required by Nw1EG--Q360. An aerodynamic free-fall velocity analysis i s  presented, as 
required. Another final-design PAT-2 package was subjected to the noma1 condi- 
tions of transport requirerrents of 10 CFR 71 Appendix A, examined, and reassembled, 
and then  subjected t o  the 10 CFR 71 Appendix B hypothetical accident conditions of 
transport. A l s o ,  two PAT-2 packages were subjected to  a special test sequence re- 
lating t o  large longitudinal crush loads fm forward locations i n  crashed cargo 
aircraft. 

The results of  these tests and of various structural analyses follow; it 
w i l l  be shorun that t h e  PAT-2 package successfully survives at1 tests and that all  
analyses indicate adequate performance and/or factors of safety. 
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2.2 I3AsS PROPERTIES AND E W I c I I l  PROPERTIES 

2.2.1 Weights and Center of Gravity 

Typical weights of major elements of  the PAT-2 package are as s ! :  

- k g  l b  
T5-2 Contaiment Vessel 

C-1 capstile and a payload) 4.3 1.95 

AQ-2 Overpack 

PAT-2 Package 

30.7 - 67.7 

72.0 32.66 
- 

The weight of the AQ-2 overpack varies by about *2 pounds, largely due to  
the natural variation in t h e  weight of available kila-dried redwood and aaplewood, 

The centroid of t h e  PAT-2 package is located approximately a t  its geoaetric 
center -- on the package longitudinal center line and approximately 7-1/8 inches 

) above the bottom surface. 

2.2.2 Kechanical Properties O f  Materials 

The references cited for each material are the primary sources for the 
mechanical properties given. 

2.2.2.1 Stainless Steel 3044 5 

The mchanical properties of stainless steel 304 are 

= 75 k s i  (517 HPa) miniaun, 

= 30 ks i  (207 MPa), 
f t u  

f t Y  
E = 29,000 k s i  (200 GPa) (dynamic and low temperature). 

u = 0.26, 

p = 0.29 lb/in3 (8.03 x lo3 kg/m3), 

4oX elongation i n  2 -nches (5 an), and 

50% minimum reductim i n  area. 

2.2.2.2 Redwoods 7 

The mechanical properties o f  clear redwood, k i l n  dried, per SS-T67026, with 
density of 0.014 lb/ir3 (0.38 S/Cm3), are 



p = 0.012 t o  0.014 lb/ in 3 (0.33 t o  0.38 g/cm3), 

Specific Energy Msopbed = 22,380 ft-lbf/lbn (66.9 W/kg), and 

fc = 5,380 psi (37.1 ma) a t  roan temperature!. 

See Appendix 2A for  additional information on reckrood materials. 

2.2.2.3 uaplewoode 

The raplemod i s  hard northern, select or better, k i l n  dried, rough, per 

Patiom1 Hardwood Lmbeman's Association Rules. Tk leehanical properties of maple 
are 

0 = 0.02 lb/ in 3 (0.55 g / a  3 ) naxiaun and 

Specific Energy Absorbed = 19,ooO ftt.lbf/lbn (56.8 kJ/kg). 

See Appendix 28 fo r  additional information on maplewood naterials. 

2.2.2.4 A-286 Iron-Base SuperalloyS 

The mechanical properties o f  A-286 iron-base superalloy are 

ftu = 150 ksi (1.03 @a), 

= 100 ksi (0.69 Wa), 
f tY 

29,ooO ksi  (200 6Pa) at  75°F (24°C) 
23,500 ksi (162 6Pa) a t  1000°F (5382) 
22,900 ksi (158 Wa), st 1100°F 4593%) 

0.306 a t  75°F (24OC) 

0.331 a t  1,100"5 (593"C), 

E = 1 
u = (  0.328 at l.O(IO"F (538°C) 

p = 0,286 Ib/irr (7.89 g/cm ), and 3 3 

,~(80-1,200"F) = 9.9 x in./in./"F (1.8 x an/cm/"C). 

2.2.2.5 Aluminum 6061-TW 

The mechanical properties o f  aluainm 6061-T6 are 

= 42 ksi (290 Wa), 

= 35 ksi (241 MPa), 

ft" 

f tY  
E = 9,900 ksi (68 GPa), 

,, = 0.33. and 

p E 0.098 Ib/in3 (2.73 g/cm3), 
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2.2.2.6 110 Electrolyt ic Twgh Pitch C o p p c r ' ~  

T)ce mechanical property o f  110 electrolyt ic to@ pi tch cop- 
per i s  

a = 9.3 x in./in./V (1.8 x cl/ap~). 

2.2.2.7 Mitmnic 50 Stainless S tee l ' l  

The molcrenperature properties o f  Elitvnic stainless steel are 

6 5 E = 28 x 10 psi (1.93 x 10 Wa). 

Q = 56,oOO psi (336 Wa). 
Y 

= 101,OOO psi (6% ma), and ul t 
Elcmgation = 602. 

u 

2.3 NT VESSEL STRESS AWAtYSES 

The TB-2 contairaaent vessel and the C-1 capsule were evaluated extensively 
by test, as described i n  the rcrainder of t h i s  chapter. Due t o  the importance o f  
the TB-2 and the C-1 t o  the PAT-2 package, it i s  desirable t o  analyze the .most 
severe cases of stress and t o  calculate the factors o f  safety. 

2.3.1 

highest collbined stress cmpo- 
nent) can be determined fm the 3,230 psi calculation performed i n  Appendix X by 
utilizing l inear superposition. For the wilun n o m 1  operating pressure o f  31 
psia, the factor of  safety i s  471, whereas f o r  1.5 t ines M P ,  the facto- o f  safety 
i s  292. 

2.3.2 

The 

Details o f  the analysis are presented i n  Appendix X. 

o f  the TB-2 i s  calculated i n  Chapter 4 t o  be 3,280 psi (22.6 ma) 
based upon an accident temperature bounding assessment o f  1,[)809 (582%); see Chap- 
t e r  3- The f inite-elerent 
static-elastic canputer program SASL was ut i l ized f o r  t h i s  load case with suitable 
closed-form calculations far general veri f icatfon o f  the SASL progra  for the part i-  

ry o f  the W-2. Material properties ut i l ized were those corresponding 
"r @t32oC) test temperature. 

Profiles o f  the stress f ie lds i n  the TB-2 vessel are shown i n  Appendix X, 
Extreme stresses were found t o  be as follows: 



Haxima Value M a i m  V a l e  
stress ctmoms k s i  (ma) lrsi (ma) Factor of Safe& 

Radial 16.1 (111) -19.7 (-136) 
Axial 

~ 26.1-(180) -16.4 (-IU) 
Circufcmtial  17-1 (118) - 6.0 (- 41) 

4.46 m i n e d  (wm rcises) 22.4 (154) _-- 

Canparisan of any of these individual Val-. particularly the von llis 
stress, t o  the material yield stress of 100 ksi (689 ma) indicates that the vessel 
i s  stressed only t o  a fraetion of the y ie ld  stress under tfi is Snternal pressure of 
3,280 psi (22.6 *a). 

The bolted jo in t .  also analped i n  W i x  X ,  i s  calculated t o  sustain a 
stress of 99.368 ksi (625 per bolt at the #CAP d i t i o n ;  145 ksi (loo0 WQ) i s  
the allowablz stress at this cmdition. giving a factor of safety of approximately 
1.46. The s k a r  load in  each nut at i s  3,617 lbf (16.09 kM). and the capacity 
i s  10,OOO lbf (44.48 kl). 

2.3.3 C-1 Capsule Stress Analysis 

The most severe requiterents on the C-1 capsule are that it provide double 
(secondary) contaiment under the conditions of 10 CFR 71 Appendices A and B, and 
that it be tested at 1502 B#W. Both of these conditions. as developed i n  Sections 
3.3.5. 3.4.4, 4.3.1. ami 4.4.1. are satisfied by a 50-psia (345-kPa) in ternal  
pressure condition. A t  t h i s  condition. the m a x i u  n o m 1  stress i n  the C-1 body i s  
4.000 psi (27.6 Pa) ,  the raximm nom1 stress i n  the C-1 cap i s  4,134 psi (28.5 
ma). and the wiw stress  i n  the threaded joint 3s 187 psf (1.29 MPa); the lomst 
factor o f  safety associated with those stresses i s  13.5. Appendix 2C presents a 
cap le te  stress analysis of the C-1 capsule. 

2.4 6ENERAL STAMIARDS TOR MI. PACKAGES (10 CFR 71.311 

2.4.1 Chemical and 6alvanic Reactions 

There are no significant chemical or galvanic reactions anang the PAT-2 
package components or bet- t he  package and package contents. 

The majority of surface contacts within the PAT-2 package involve ep@xy- 
bonded d s  and ceranic f e l t  insulation. ceta l l ic  contacts include the 304 stain- 
less steel drur o f  the AQ-2 overpack contacting cadsiu-plated steel bolts and high- 
l y  corrosion-resistant A-286 rivets, the t i t a n i u  load spreader contacting an alu- 
a inm handle and cadmiur-plated steel screws. the A-286 alloy ccntainrent vessel 
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,&acting 6061 a l u i r r m  fairings (affside) and Uitronic 60 stainless steel and a 
copper gasket (inside), and the G-1 capsde (Witroaic 60 stainless steel) contacting 
the variow radioisotopic contents, usually i n  brass canisters. Kese interfaces 
p m .  no significant or knon corrosicm problems. 

2.4.2 Positive Closure 

Positive closure o f  the double PAT-2 mer i s  provided by twenty-four l& 
inch steel aircraft-quality bolts, passing through the double wall o f  the AQ-2 d r u  
and through both the outer and inner covers, i n to  internal nut plates. The b o t t a  
end o f  the AQ-2 i s  secured by one hundred eighty 1/8-inch A-286 rivets, with a j o i n t  
designed t o  equal the parent strength o f  the d n r  body or covers. I n  severe crash 
and vibration testing, these d m  jo in ts  have never opened. 

The t i t a n i m  load spreader i s  closed by a pattern o f  four large lugs i n  the 
body h i c h  correspsnd t o  lugs on the t i t a n i u  cover. Four 3/8-inch screws prevent 
rotation o f  the lugs t o  an open position. Ln severe crash and vibration testing, 
t h i s  jo in t  has never opened. 

Positive closure o f  the TB-2 contaimmt vessel i s  provided by trenty 14- 
inch A-286 bolts and nuts, and positive closure o f  the C-1 capsule i s  provided by a 
L.6aT-irtch threaded joint, These closures are further discussed i n  Chapter 4, Con- 
t a i R e n t .  

2.4.3 l i f t i n g  and Tiedawn Devices 

Para. II.D.2 o f  MIREf;-0360 requires tftat plutonium packages on board air-  
craf t  u s t  be securely cradled and t ied  down with a t i e d m  system capable o f  pro- 
viding package restraint against the following forces acting separately relat ive t o  
the deck of  the p i r c ra f t :  

- Sideward -- 1.59 . rd -- 4.59 

Cases 1. 2. and 3, following, w i l l  s m  that the permanent (riveted and welded) 
PM-2 handles an? qualified fo r  a 9g load up, down, or a t  45" up fnm the dorrn di- 

rection. and 9g laterally, with the handles i n  l i n e  with the direction o f  travel or 
sideward t o  the direction of travel, Thus, the HIREG-0360 tidm requimmwt can 
be satisfied by proper a i r  carr ier attachments t o  these handles. 
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Mditiomlly. 10 CFR 71.3l(d)(l) requires UHt tk tiedom &ice (Iwblt) 

* Vertical -- 2g(upwckn) - 
- Horizontal -- 5g (transverse) 

be capable, without yielding. of reacting a c a r b i d  loading of  

Hopizontal -- 10s (in direct im o f  fl ig4t)  

Cases 5 a d  6, follaring. will  address t h i s  reqrriraert. 

In most cases. FM-approved cam-er-prwidul ciirgo umaiacrs or reelrring 
nets wwld logically be used with the PAT-2- The FAT-2 handles are mly about 9 
inches (230 lli) ilbore the container bise. and nost r i a l  directly applied air- 
craft ti- devices wuld be too large t o  acccmodate tbis seal1 package; the iun- 
dles are ac twl ly  provided for kand-urry by penoarel- Hovever, si= in-fligkt 
use o f  the handles is not blocked or otherwise prohibited, the following analyses 
are required by the regulations cited above. 

A l s o .  10 CFR 71.31(d)(3) elicits tbe follOn'ng response. If  the PAT-2 han- 
dles are forcibly ripped o f f  tk package by severe overload, failure of the highly 
ductile 304 stainless steel &u body is not expected, and shear failure i n  the 
heat-affected zone of the veld a t  the  handle attackmt point is predicted. The 
resu l tan t  four holes, b u t  1 square inch each. would have a negligible affect on 
package suwivability when viewed i n  t h e  reality of the IWREG-0360 puncture and dou- 
ble-slash tests, which open large bles i n  the Ap-2 overpack (as reported i n  detail, 
with supprting photographs, later i n  t h i s  chapter). Alsos all appropriate WEG- 
U360 Mgh-speed impact tests onto an unyielding target yere done directly on these 
handles, wherever possible, with no affect on package survivability- 

Details of the l i f t ing handles are show, i n  Figure 2.4-3-1, The handles 
are fabricated from 3P-inch. type 384 stainless steel tubing, 0.065 i n c h  11.65 mn) 
thick,  and are fastened to the outer s k i n  of the PAT2 package, as shown i n  Figure 
2.4.3-2. by a coatbination of riveting and welding. As a conservative measure i n  
t h i s  analysis, t h e  strength of the rivets is ignored. The ueld region, as indicated 
in Figure 2.4.3-1, extends a l l  amund each end of the handles. 

The weld design, a t  m i n i  diawnsions, is i l l u s t r a t ed  i n  Figure 
2.4.3-3(a). For further conservatism, the ueld thickness is taken a t  the smallest 
throat thickness, based on the  diiaension o f  the handle s tock  being welded, as shown 
i n  Figure 2.4.3-3(b). 



Figure 2.4.3-1- Details o f  Li f t ing Handle 

Figure 2.4.3-2. f4ounting o f  Handle on Outer Skin 



a) Meld Design, f i n i  
Qirensi w 

b] Handle Dinensions and Mini 
t Thickness 

Id Besign on PAT2 Handles 

throat thickness i s  calculated as follaws: 

Shear failure theory i s  now appli 

For annealed 304 stainless steel. the - - tensile yield strength isLi 

For the 
ble working stress for a butt or fi l let  meld in shear is* 

ican Institute of Stee l  Construction [ !EX) welding code, the pernissi- 

(I = 0.40s a1 low Y 

t 
Joseph E. Shigley, M York: WCGraw 

Hill ,  1972). 



Fw the max11u shear stress faitwe theory, the factor of safety (F.S.) 
i sf 

F.S. = 2$- , 
TRa% 

where z'Iux i s  tAe m a x i m  shearing stress. The m i n i m  #Id shear area i s  

2 A = (4)[1)(0.016) = 0,184 i n  . 
The a#ents of inertia, I, or I are illustrated and derived i n  Figure 2.4.3-4. 

YY' 

Y 
I 

X- .- X 
'I 2[-. + (U.046) (1) (U.5) 

I 
Y 

Figure 2.4.3-4. nts  o f  Inertia 

In the following five cases, the handle i s  ass& t o  be very rigid (3/4- 
inch 0.d- stainless steel tubing, 0.065-incbthick wall) caapared to the PAT-2 skin 
(15-inch 0.d. stainless steel wall, double O.MC1.inch-thick sheet ,  U.Wi inch total 
t!ticbress). *ar I M  n t  loads carry through the rig-id handle and are reacted 
by the welds. 

Case 1 assumes a 99 tiedown, with the load straight domn. For the package 
to be i n  sta t ic  equiblibrim, both handles mst be tied down and both 
load- The load on one handle i s  i l lustrated and derived i n  Figure 2-4-34. 

* 
, Advanced HeChaniCS of Haterlsls (Mew York: PicGraw H i l l ,  1946). 

ar t ic le  36; and t c i c c  nica ngineerinq Review Manual, 5th ed. 
[Sari Carlos, CA: Professional Engineering Registration Program, 1 W ) ,  p 124.  
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I 
t 
2F 

2F = 9(72/2) 

= 324 pocnds per handle 

Figure 2.4.3-5, Forces Acting on Package i n  Case 1 

Tot the rigid syretrical handle, uelded at both ends, the factor of safety 
is derived as follars: 

F = 324/2 = 162 pounds per attack.ent point 

The principal stress i s  

= 880 psi + 4,110 psi 
5 X Y 

a 

a = 2,070 + 2,250 = 4,320 psi 
I M X  

F.S. = L= l4 Oo0 6.2 (AISC code) 
2.250 

or 

35*4)0(1 = 7.8 (raxisrm shear stress failure theory) (2)o F.S. = 

te that the identical situation exists for a 99 upward reaction on the handle. 
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- Case 2 assures a 99 tiedom load i n  it lateral direction, In this case. the 
be i n  static equilibria i f  only me handle reacts the load i n  the 

lateral direction, due to tlle mrent caused by th Ginch offset betreen the package 
centw of  gravity and the handie location, This imbalance can be restored by a 
86.4-poud dourrand force acting vertically t t, the two handle attaclment points 
(FigtAe 2.4.3-6) , 3.2 p o d s  additional skew load per rreld. kry practical tie- 

will) inciude the abi l i ty  to react vertical loads- 

F = 9w = (9 ) (72)  = 648 pounds 

d = 15 inches 

“?Ics = 0 

(648)(2) = Rd = 1% 

R = 86.4 pounds 

Figure 2.4.3-6. 9g Tied- Load i n  Lateral Direction 

Applied to the two locations, each weld has the stress: 

S L  43 324 235 psi O+ + 1,761 psi 0’ 
S X 

0,184 * 0.181 = 
Y 

fk factor of safety i s  derived as fbllows: 

The RIinirr principal stress i s  

a 

2 
X 0 = - +  

r a x z  

= 1,791 psi , 

= 911 psi T =  
lax 

t 
rphy, 1%; article 36. 
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F,S, = A l4 O0O :: 15.4 (MSC code) 
911 

or 

F.S. = ,mx 35 Ooo = i9-2 ( r a x i u  shear stress failure theory) 

- Case 3 assues a 9g tiedomi load at  a 45" angle. In  Case 3, both handles 
react t h e  9g vertical reaction, as i n  Case 1, and am? handle rill additionally react 
t h e  99 lateval load without restoring aaent load (the v e r t i c a l  downward c 
of loading at  each handle aaintaim static equilibrim). The forces acting on the 
package are illustrated i n  Figure 2.4.3-7, and the previously calculated stresses 
are cadi114 using linear superposition. 

Q = 880 g + 4,14U; ~ s e  
S X Y 

= 1,761; (lateral cooi- 
x ponent only) case 2 

* 
lateral 1 W  ray be applied i n  either direction but 

does not Occur i n  both directions s i  

Figure 2.4.3-7, Forces with a 9g Tiedorn Load, 45" Angle 

The factor of s f e t y  for this case i s  derived as follows: 

= 880 + 4,140 3 * 1,761 ; 
S X X 

case 3 Q 

Y 

=880t + 5,901; 
S X 
Y 

Q 
Q =x+ >f * = 2,950 + 3,079 = 6,W9 psi max 2 
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14 OOO F.S. = w g  = 4.5 (AI# code) 

or 

35 OOO F.S. = = 5.7 (maximam shear stress failure theory) 

Case 4 addresses a cargo loading configuration i n  which the package handles 
are fore and af t  on board an aircraft and e r e  the handles are subject t o  10s i n  
the direction of travel. 5g laterally, and 29 up or dom. Figure 2.4.3-8 illu- 
strates Case 4. 

Figure 2.4.3-8. Load for Handles Fore and A f t  on Board Aircraft 

In spite of the fact t h a t  the up or &mi loads, Fy ( 9 9 ) .  and the side 
loads, F, (Sg), t 5e reacted by both handles for s t a t i c  equilibrim t o  exist. the 

above laads uill be conservatively assured t o  act simultaneously on one handle. The 
shear and noma1 stresses for each c nent of load are determined separately, and 
then the stresses are c ined by lirtear superposition, as sbwn i n  the fdlowing- 

) = $1,761) = 1,957 psi  ; 
X 

case 2 lateral x 

2-14 

-. - 



= 391 psi $ + 1,840 psi + 
f uX Y 

Conservatively m i n g  that tk rigid handle i s  split across 
i t s  center a d  that each vclded cnd must independently react 
balf t h i s  nomeet. tkA 

Also, both wlds vi11 react t k  skear carponent o f  Fz, and the 
shear load i s  

270 O S  =&+%did 
= 978 psi 5 + 4,397 psi  g 

X sz 

These stresses are rw)w s u w d  by linear superposition (Figure 2-4-3-Y). 
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U, = 391 psi 
3 

= 978 psi 

F i g u E  2.4.3-9. o f  Stresses 

The resul tant  shear stress i s  

U = m ( 7 8 ) 2 =  1,&3 psi 
sresul t 

Thus siarplified, the s+resses are as shorn i n  Figure 2.4.3-10- 

Figure 2.4.3-11). PrincZpal Stresses 

principal stress i s  then 

0 2 

x 2  = 2 +&) i 



or 

Case 5 

T =  
max 

F.S. = 

F.S. = 

14*ooo 
4,230 = 3.3 ( A S S  code) 

35 ooo 1- = 4.1 ( n a x i u  shear stress failure theory) 

asswes that the handles are athrsrtships on board an aircraft 
are subject t o  10s in the directiorr of travel, 5g laterally, plus 2g up w 
Fig- 2.4.3-611 illustrates this case. 

I 

Figure 2.4.3-11. Case 5: Handles lithwartships on Board Aircraft 

For conservatism, i s  it again assued that  all o f  the loads can act simrl- 
ta-.?ously cn one handle. 
nent o f  the load, and the stresses are again codined by linear superposition. 

The shear and noma1 stresses are derived for each c 

0 

0 = a  Case = 391 psi 6 + 1, 

= (1/2)(ahse 4) = (1/2)(1,957) = 979 psi ; 
Fx x 

S X 5 Y 



= (P)(Case 4)  = (2) (978)  + (2)(4,39?) 

= 1,956.;; 4- 8,794 -+ 

sZ 

4Fz 

u X  

ing tkse  stresses by l inear superposition, 

U = 979 + 1,840 + 8,384 = 11,613 psi 
'total 

a = 391 psi 

a = :,956 psi 

Y 
S 

sz 

The resultant shear stress is 

= 1,995 psi 

ified, the stresses are as shorn in Figure 2.4.3-12. 

Figure 2.4.3-12. Stresses in Case 5 

principal stress is then 

2 
4- (1,995)Z ='+ I1 613 

2 

i 



TRe f a t o r  of safety i n  Case 5 is tkus 

Cases 1 t4rough 5 are C - z e d  i n  Table 2.4.3-1, 

Tiz3le 2.4-3-f. 

Minimu Factors of Safety for Fire Loading ConfigvatZOm 

lt iniru Factor 
Loading Tiedanns o f  Safety 

99upw- V e r t i c a l  6.2 
9g lateral  

39 a. -. 
ar lateral  

id-1 

45.50 
10 g i n  dir. o f  

travel, plus 
!ig lateral  and 
294POrdwr Fore a d  a f i  

lOg i n  dir, o f  
travel, plus 
!ig lateral  and 
29irpOr- Athartships 

15.4 

4.5 

3.3 

2.3 

2.5 STAWMRBS F(IR TYPE B AWD uRsE-@lMlITY PhCKAGI116 (10 CFR 71.35) 

2.5.1 Load Resistance per 10 CFR 71 

A detailed analysis o f  the PAT-2 package under conditions o f  simple beam 
bending i s  presented i n  Appendix 2D. It i s  shown that bending stresses induced i n  
the package are negligible when the package i s  subjected t o  a unifomly distributed 
load q u a i  t o  5 times its om weight and supported on i t s  ends. 

2.5.2 External Pressure 

The TB-2 containment vessel las tested t o  a 5ooo p i g  
external pressure hydrostatic test, with 110 per~anent defomt ion 
age (see Section 2.6.3). The TB-2 was also helium leaktight ('9 < 
t h i s  test. This test uas performed t o  satisfy the 1(uREG-O36u 

(34.5 HPa) &but- 
and no water leak- 
10-l' ca3/sj a f t e r  
600-psi (4.14Pa) 
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pressure requirement. Iln analysis o f  the TB-2 a t  the -psi (4.14Pa) condition 
reveals a positive factor o f  safecy o f  over 5. Therefore, the TB-2 nreets the 25- 
psig external pressure requirecaent o f  1U iFR 71.32(b). 



2.6 

2.6.1 General 

The PAT-2 package was tested t o  d nstrate that i t  caaplies with the stan- 
d a d  mal conditions o f  transport. A final-design phase-4 PAT-2 pac se- 
ri a1 r X15, was sequentially subjected t o  a l l  envim nts stated i n  1 71 

Appendix A. To generate aaxi internal pressure [see Test Protocol. Appendix a). 
a severe surrogate o f  plutonium sulfate tetrahydrate was the payload i n  t 
su1e within the TB-2 contaimnt  vessel. In addition t o  the  required 0.5-a 
pressure test, a 150% overpressure test was conducted by heating the cont 

Fol1owing the fu l l  Appendix A test sequence, t he  TB-2 exhibited a heliu 
leakage rate  of C 10-l' m3/s. Also, t h e  C-1 capsule exhibited an unchanging heli 
leak rate of 1.5 x 10'' m3/s (5 x lo-" 
ptete Appendix A test series. (A leakage rate of 
a i r  a t  ??OF C25TC) and f o r  a pressure  differential o f  1 atns against a vac 

Is a i r )  both before and a f t e r  the  c 

o r  less, is  considered t o  represent leak t ig l r t~ss . '~ )  

The g e m t r i c  form o f  the PAT-2 package and i t s  TB-2 contai 
essentially unchanged af te r  the test series, 

package cccurred. (2) t h e  total effective vol 
ed was not reduced by mpe than 5% a 
package 'Earge enough t o  permit entry of a 4-inch {1P.Z-crw) cubbe was evident. 

re satisfied: (1) m s 

14) 1~19 aperture i n  the  outer surface of the 

Therefore, t h e  PAT-2 package s the  10 CFR 71 vi s for 
conditions o f  transport. 

PAT-2 package X15 was subjected t o  a 2159 {lOZeC) envim 
1 analysis i n  Chapter 3, a 215 

occur if t h e  package was exposed t o  prolonged severe solar 

degradation o f  

t h e  heat test. t h e  same PhT-2 package was cold- 
ur. no degradation o f  the  PAT-2 package 

as a result of 0 rations i n  a -409 (-40°C) envi  
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2.6.4 Prtssurr? 

The P A W  package, specifically the TB-2 contaiment vessel, must k &le 
t o  withstand an atwspkcric pmsure ha l f  that of standard atmspkr ic  pressure, per 
10 CFR 71, ud otx+quarter of atmspherie pressure, per IAU Safety Series 6 (SOSO 
6). 10 CFR 71.53(b) also requires that the T6-2 a w a i m m t  vessel w i l l  be leaktight 
-t M internal presswt 501 higher than the mol, prior to f i rst  use. 

To daonstrate collplianee with both these requinrmts, the TB-2 contain- 
ment vessel, follan'ng the kat and cold tests, ms raavced fra the AQ-2 overpack 
and was heated t o  2505 (121%) f o r  8 hours. As calculated i n  Chapter 4, t h i s  pro- 
duced an intemal pressure of 49.5 p i a  (341.3 Wa), Jl ich i s  sbaut 1621 of the n#op 
of  30.55 psia (210.6 kPa). - 

Leak-rate testing of the TB-2 eacltaimeet vessel and the C-1 capsule, as 
separate entities, cos done thrrnrghout the test progra in  the vacuu clrarber o f  a 
mass spectroleter at a pressure of 0.0 p i a  (Wa); capl i rnce with the 10 CFR 71 
Appendix B 0.Eat.m and tk S.S6 0.25-atr ezpwes cos thus repeatedly d m a  
strated, with leaktight results o r  no detectable leak. 

2.6.5 Vibrat im 

Tke TB-2 J l i ch  cos reroved fnr the AQ-2 overpack f o r  the pressure? test ms 
m!assedhd with the &Q-2, reconstituting the orginal pAT-2 X15 package. This PAT-2 
package, which sas subjected t o  the heat and cold tests per 10 CFR 71 Apfwndix A, 
cos subjected t o  a very severe transportation vibration environment J l ich encmpass- 
es road transportation (Standard Freight Trai ler (SFT)).  r a i l  transportation (vibra- 
t ion on rai lcars and humping shock on cushioned underframe cars), and a i r  trampor- 
tation (vibration i n  aircraft). The test setup for the longitudinal axis vibration 
i s  shown in  Figure 2.6.5-1. 

The PAT-2 package transportation shock and vibration test was conducted 
under the following conditions: 

2 
0 0-2 9 /Hz -- 30-150 HZ 

6 dB/octave r o l l o f f  -- 150-2OOo Hz 

- &hour duration -- longitudinal axis 

%hour duration -- transverse axis. 

?he r a i l  shock, if tested as a separate entity, wwld br a longitudinal 9g, 
53-rs half-sine pulse. This i s  negligible i n  view o f  the 4-foot (1.2-1netre) drops 
specified i n  10 CFR 71 and the 288-qh (129-s/s) ( r i n i u )  crash perpendicular Ea an 
uny iek l iq  target f o r  the rmREG-03GI cri teria, and was therefore not tested. 



This test produced a rig& coating o f  a grey-colored dust within the pack- 
age, which was traced t o  the ceraaic f e l t  insulation within the t i t a n i u  load 
S er. This dust could not be discerned as a package degradation; a l l  of the 
following Appendix A and Appendix B tests, including fire, were perforred i n  se- 
quence 0ct th is  s a a ~  package, X15, with m adverse result. During the developief& 
progra, PAT-2 packages were frequently air-shipped, and no dusting appeared within 

the pacirases. 

2.6.6 Water Spriq 

PAT-2 package X15 was subjected t o  a water spray test i n  accordance uith 10 
cr?l 71 Apjmdix A S .  The actual test, shorn, i n  F igup 2.6.6-1, ut i l ized a 3-inch 
(7.6--1 diameter fire hose equipped with a fog nozzle, delivering more than 124 
galhin (0.47 rr3hin). The upper P A T 4  surface was continuously sprayed for lore 
than 30 rrinutes, and then the side was also sprayed. 10 CFR 71 requires that the 
effect of t h i s  test  not be individtidlly assessed, but assessed i n  conjunction ui th  
free drops done 1-112 t o  2-l/2 hours later. 

2.6.7 F r e e  Drog/Corner Drop 

Approximately 2 hours af ter  the water spray test, the PAT-2 package was 
subjected t o  a 4-fmt (1.2 metre) free drop onto ar; unyfelding surface i n  a top- 

c t  orfentation, which was assessed as being the most vulnerable orienta- 
tion. Tu assure that the PAT-2 has a wide design lrargin t o  withstand such drops, a 
similar package, X 1 3 a  was dropped 4 feet (1.2 metres) onto i t s  top, top COrt#r, bot- 
tar, and botZ0lt corner. Visual evidence revealed inconsequential daage fnr these 
&foot (1.2-a&re) drop tests. Figure 2.7.2-2, p 2-16, shows the results o f  a siri- 
l a r  %foot (9.1-metre) drop. 

2.6.8 Penetration 

In the penetration test, a 13-pound (5.9-k9), 1-1/4-inch (3.2-arr) diameter 
steel cylinder with a hemispherical end was dropped 40 inches (1 netre) onto the 
PAT-2. As shown i n  
Figure 2.7.3-2, p 2-17, the package sustained a sl ight dimple fm the test. 

Figure 2.6.8-1 shows the test setup for the penetration test. 

2.6.15 Capression 

Package X15 was subjected t o  the compression test o f  10 CFR 71 Appendix 
11.9. This test requires a compressive load f i ve  times the package weight [S x 72 I b  
= 36(J l b  (163 kg)] or 2 psi x cross-section area 12 x 71 (15f/4 = 356 l b  (160 kg)], 
whichever i s  greater. 
(detemined by ueighing; label i n  Figure 2.6.9-1 was for original pre-dimaged e i g h t  

A load o f  690 pounds (313 kg), a conveniently available 
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Figure 2.6.5-1. Langitudina1 Axis Y i -  
bratim Test Setup 

Figure 2.6.6-1. Uater Spray Test 

Figure 2.6.8-1. Penetration Test Setup Figure 2.6.9-1. Canpression Test 
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o f  block) ums placed om top o f  tbe PBT-2 forover24imurs. TkzIlcluge 
rested m a u u i v c s t e e l  plate. which i s  turn rested 00 a massive concrete black 

2.6.9-1). There ms a0 appamx€ ur abscncd effect. 

2.6.10 --Test s\lurj( af PitLag~ Drur 

a l l  of the abme 10 CFR 71 m i x  A tests perforred i n  tcquc~cc 
on PAT-2 pllctage US. the PAT-2 amtilineat rcrsel was mal fra t ke  kQ-2 we+ 
pack atad was t o  have no -able leak of l r e l i u  (4 6 10-l' cm3/s). For vcri- 
ficatiuu. wme of tk bolts were loosemd, a d  the presence of heliu was d i l y  

The C-1 capsule then was rermd a d  le!ak-rate-tested 011 the  keliuctype 
us3 spectraretw. a /s kliu (-5 x IO-'* air) 
leak n te  as a t  miginal assdsly prier to t he  tests. The C-1 capsule was not fur- 
tier opmed si- both leaktigatzess and the  presence o f  heliu yerc prcrven. 

-9 3 ~t WiMted  tk s i re  1.5 x 10 

Uith m repairs or  maintenance, ather than wiping a& t he  grey parkr ab- 
served fnr the vibration test. PAT-2 package X I S  was reasSerbled for the  10 CFR 71 

i x  B tests, 

2.7 HIwMETIUl AcCIDEllz COIOITIORS E!ZS PER 10 CFR 71 APPEWDIX B 

2.7.1 6emeral 

The PAT-2 package's abi l i ty  to  neet the reprimmmts o f  10 CFR 71 kppcnaix 
cmditiorr, of transport could be i n f e d  fma t h e  package's ability 

y dthstatxl the f a r  lore severe W E 6 4 3 6 0  cr i ter ia  detailed in Section 
10 CFR 71,42(b) reguims that radioactive material i n  excess of 20 
be packaged i n  a separate imer container rrhich shall mt release 

plutoniu Jlcn the entire package is subjected t o  t he  nonu1 and accident test con- 
ditioos specified i n  10 CFR 7 l  Appendices A and B. Primarily to  daortrtrate that 
the C-1 capsule cmplies t h i s  inner container miirerent. PAT4 prcLage X15, 

)24tl$ surrogate contents imide  the c-1 capsule, was sequentially 
test conditions of 10 CFR 71 Appenaix B (after it had undergone the  

F d l a r i n g  the 10 CFR 71 Appendix t? tests, including the  30-fost (9.l-retre) 
drcp, t he  I0-imh (I-wtre) puncture djz ; . ,  fire, and suhaersim. t h e  Ts-2 contain- 

vessel was leaktight {?l.D.L.,; 4 < lo-" m3/s hel iu) .  and t h e  C-1 capsule l e a k  
rate was amcham fm original assembly (4 = 1.5 x 10" cm3/s h e l i u ,  - 5 x 10-l' 
a /s air), The irtterior of the TB-2 and exterior of the C-1 capsule were monitored 
for vnnicr cantaination; none was detected. Catpliance of the  C-1 with the con- 
tai- rpgui of 10 CFR 71.42. and of the TB-2 with the requirorents of 10 
CFR 71.36 m rated, 

3 
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Since the gea=etry of tbe PAT-2 package mas nat signific;mtly * *  
rcrkntion of shieldillg multing fnrr UC 10 CFR 71 w i x  I) tezt WCI i s  irrrig- 
nifieurt, and tbt radirtium 'Icrcl at 3 feet (9.9 -re) fim the attnut u a f ~ c  of 
the package umld k limited to less than 0.40 mrem/b (see Chapter 5). This clearly 
aeets the shielding rrguirmmts of i0 CFR L36(a) ,  and the 6ugcd pllcluot meets 
the criticality rrqrriraents of 50 CfX 71,36(b); details are Sn Cluptm 5 and 6, 

2.7.2 Free D ~ Q  

Padcage XI5 was d m  30 feet (9.1 metm) omto an unyielding surface $A 

a topcorner-- orientation (assesred to be tbe 05t vulnerable; see! Figure 
2.7.2-1). FigUte 2.7.2-2 sbola the minot &Wing of the outer stainless steel d+cn 
o f  the kp-2. To asswe that the PAT4 package has a d k  design msrgin to witkrtnd 
w h  drops and that all  primry irpirCt orientittioas =re tested, a similar MT-2 
package was subjected to  similar drops onto i t s  tap end, t@p cornet=. botta end, and 
botto corner. with no adverse results. 

2.7.3 Puncture 

PAT-2 package X I 5  was a f-droppcd 40 i d e s  (1 -re) onto a 6-inch (15 
a) diaeter, Ilkinch (25.4-a) loag steel bar w e d  on an unHelding h w i . f a l  
surface. as defined by 10 CFR 71 m i x  6.2 and as shan i n  Ffgure 2.7.3-1. The 
point of contact bet- the bar and the PAT4 padcage uas thc cower of the package, 
Follm-ng t h i s  test, the PAT-2 received a rim irprint i n  the outer d M  (Figurc 
2.7.3-2). and s a e  black paint tramsfemd f ra the blunt probe; thc integri ty o f  
the d M  m s  not affected. Figure 2.7.3-2 also shw the slight dimple fm the 
rrpPenaix A penetration test. 

During the dewelopmk progra, a PKf-2 package was subjected t o  th is  punc- 
ture test on i t s  side (Figure 2.7.3-3) with no apparent effect on the package 
(Figure 2-7-34), 

2-7.4 Them11 (Firer 

The dropped and puncture-tested package X15 was subjected t o  a f i r e  test 
uhich exposed the package t o  the themat-radiation Cmiroment defined i n  10 CFR 71 
Appendix 8.3, The apparatus used f ,= t h i s  test included the 10-foot (3-lletre) dia- 
meter fuel pool and surrounding 16-foot (4.9-rett-e) dimeter by 25-foot (2.6 #tre) 
t a l l  c h i m y  used t o  a t ta in  the higher tesperatures requited by the llURE6-0360 f i r e  
test (see Chapter 3). As indicated by the .easuremmts shown i n  Figure 2.7.4-1, the 
ttrperatures within the f i r e  and on the package surface act the 1475"F (S020c) re- 
quireaent fo r  more than 30 rinutes, as specified i n  tk regu la t iw ,  Afterburn was 
pemitted t o  persist until the package was cool t o  tk touch of a bare hand, 



Figwe 2.7.2-1. Free Drop Setup for 
Topcorner Impact 

Figure 2.7.2-2. Resu’ft o f  Topcorner 
Impact, Free Drop 





Moo t 
0 

0 

a. F i r e  rature 

Figure 2.7.4-1. 10 CFR 71 Appendix B T h e m 1  Test o f  PAT-2 Package 



Figure 2.7.4-2 shors the package with themxwple  instrunentation fn- 
$tailed. ready for the knn test; Figure 2.7.1.3 shaws the package on the bum test 
stand after the 3 k i n u t e  fire. 

Figure 2.7.4-2. InstNented PAT-2 Figure 2.7-4-3. Package af ter  3O-minute 
pr io r  t o  Appendix 6 Fire 
Burn Test 

Sections 3.4.2 and 3.4.3 of t h i s  report present more discussion o f  th is  
test. 

2.7.5 Water I l e r s i o n  

l l f te r  the f i r e  test, PAL2 package X15 was wfmerged i n  m r e  than 3 feet 
(0.9 &re) of water fo r  approximately 24 hours. 

2.7.6 Post-Test S l r a r y  of  Package Damage 

Subjecting the s a e  PAT-2 package t o  both the 10 CFR 71 Appendix A and B 
tests resulted i n  only minor damage t o  the outer steel d w .  The outer layer of 
redwood charred t o  about 1.5 inch (38 II) depth (Figure 2.7.6-I), urbile the wple- 
wad within the load spreader was essentially unaffected. The TB-2, except for 
d i r t y  water pfcked up in  the imersion test, shared m vis ib le effects fmn th is  
series of tests. The TB-2 contaiBlent vessel *as leaktight (6 C lo-'' m3/s h e l i u )  
following th i s  series of 10 CFR 71 tests, and the PAT-2 package met the requircamts 
of 10 CFR 71.36(a) and 10 CFR 71.36(b). Post-test d i s a s s d l y  of the 16-2 indicated 
a heliun-rich internal amsphere, therefore validating the leak-test measurement. 
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T k  C-1 capsllle exhibited an unchanged leak rate of 1.5 x 10 -9 ca 3 /s helitm, m 5 x 
lo-lo 3 cm 1 s  air. meting the double a n t a i m r a t  requ<racnt of 10 CFR 71,42(h) of 17 
June 1978 f o r  p l u t o n i u  i n  excess of M Ci, nie C-1 -le included a maxi- 
presswe-producing surrogate payload, a u k l i n g  P U ( S O , ) ~ ~ ~ ,  as described i n  detai l  
i n  Chapter 4, 

2.8 MRE6-0360 QUALIFICATIOM CRITERIA FOR AIR TMwspo#T 

2.8.1 S-ry a d  Results 

The PAT-2 package meets the qualif ication c r i te r ia  of MIREG-0360 t o  certify 
a package for the a i r  transport of plutoniu. The aircraf t  accident conditions uere 
satisfied by the demmstration o f  s ix  final-design PAT-2 packages subjected t o  the 
seqcsential tests. an aeradynaic analysis f o r  terrinal free-fal l  velocity, the de- 
mnstration o f  one TB-2 containent vessel i n  the deep utbersion test, testing of 
packages with severe surrogate Poadings t o  .ode1 a l l  intended actual contents, and 
testing a t  -50°F (-46%) and 220°F (lO4Oe). 

The sequential tests ut i l ized PAT-E packages XO3 through X12, with each 
package i n i t i a l l y  i.paeted a t  a dif ferent principal attitude, ~ o l l o w d  by a similar 
test sequence o f  crush. puncture, slash (ripping/tearing), fire!, innersion, and in- 
spection. The results  were as follows: 

Contaiment -- WO detectable leak 011 f ive TB-2 contaiment vessels; 
7 x m3/s a i r  leak rate on one T8-2; no rupture and 

no loss o f  contents; detai ls i n  Chapter 4. 

3 feet (0.9 metre); detai ls i n  Chapter 5. 

be very subcritical; detai ls i s  Chapter 6. 

Shielding 

Cr i t i ca l i t y  -- An i n f i n i t e  array of closely nested damaged packages would 

-- Shielding o f  da?raged package adequate for  < 1 rm/h a t  

Aerodynamic analysis confirmed that f reefa l l  terminal velocity, under a va- 
r ie ty  o f  a i rcraf t  accident conditions, would always be less than the 422-ft/s 
(129-m/s) impact velocity required i n  the sequential tests. Thus, an individudal 
terminal velocity impact test was not required. 

An individual containnent vessel passed the 600 psi (4.1 #Pa) hydrostatic 

test requirement (5,000 psi (34.5 Wa} was used} with no leakage o f  water. 

Severe surrogate contents (”payloads”) fo r  plutonium oxide powder, pluto- 
nicer sulfate, and plutonium ni t rate solids, sintered fuel pellets, and sol id metal- 

l i c  pel lets were included i n  the sequential tests t o  assure that the presence of a w  
actual contents would have IW) further adverse affect. 
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One package i n  t h e  sequential test series was impact-tested ai: -50°F 

(-46%), and one was i acted a t  220°F (IM*C), with no further adverse affect. 

These results are s rized i n  Table 2.8.1-1. 

2.8.2 farpact 

€6-0360 test reqgirewint is: 

a t  a velocity of nct less than 422 f t l s  a t  a right angle 
onto a f la t ,  essentially unyielding surface, in the orientation 
(e.g., side, end, comer) expected t o  result i n  maximum d m g e  a t  
the conclusion of  t h e  test sequence, 

This test i s  accomplished on a rocket-powered p u l l d m  facil i ty,  described 
i n  Appendix 2F, 

The only intended variable i n  t h e  six i c t  tests was the package att i tude 
(or-ientationf upon -impact w i t h  t h e  unyielding surface, The trajectory path was per- 
pendicular t;, t h e  surface o f  the unyielding target, package attitude 
jectory was controlled by individual towing rigs, and t h e  desired i 
always occurryd well w i t h i n  the permissible 110" o f  error. Since t 

ge a t  t h e  concl~~sion o f  t h e  test se- 
quence could not be conclusively proven by analysis prior t o  tests, top-end, top- 
comer, side, bottm-comer, and bottoon-end i ar t s  were conducted, 
ble, tk package handle was impacted and "absorbed" into t h e  f l a t t e  

ich would produce maxi 

Table 2.8.2-1 i l lust rates  t h e  conditions and results of t h e  s ix  i 
tests. The table indicates t h e  AQ-2 overpack orientation, t h e  contents, (pay1 

act conditions, and t h e  individual averaged i 
EG-0260 requires a wini  velocity of 422 ftls (129 
-45"Cf,  was a t  97.93 of the required velocity, o r  413 ftPs (126 a d s ) .  

the side orientation was repeated on peckage Xl2, a t  220°F (1W"C) and a velocity of 
I s ) .  The average o f  t h e  six i 
requi red velocity , one test series resulting i n  a detectable 

act  velocities i s  436 C t P s  (133 

cted a t  440 f t l s  (134 mls), which is 1 eak on the TB-2, ? A T 2  X N ,  i 

In a l l  cases, the cQ-2 overpacks did not come apart or release or  
any other par t  o f  the packaging. In s cases, limited tearing of t h e  outer stain- 

revealed t h e  interior redwood and, i n  t h e  case o f  t h e  top c o r e r  
load spreader could be seen. 



Table 2a8a1-1 

PAT-2 Phase 4 Llcenslnp Demonstrst Ion TIStS 

NUREG-03GO Sequential Tests 

( J 9 done) 

t&g TR-2' 

4 N a D a L e  

-7 x 10' cm /s 

N a D a L e  /I 

NUREG-0360 Individual Test 

I 1 N a D a L o  
I 5000 psig,  8-hour hydrostatic test i n  dyed water; no leakage. - X16 1 

10 CFR 71 Appendix A and Appendix B Tests 

I 1 N o D e L e  
X15 1 One package passed all tests, I n  sequence. 

'Canisters axplalned In "Test Protocol 
bSurrogates for contents ar@ described In Chapter 48 
CN.D,lo = No detectable leak ({ 5 

Chapter ii8 

cm3/s helium; hr l lun  pratrnt i n  TB-2 upon opening), 



Table 2.8.2-1 

PAT-2 Phase 4 Impact Test Details 
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Results of the i.pact tests ray be obsmed i n  tbe Figures 2.8.2-1 t 
2.8.8-l2. Top-iqMcted package X07 i s  sbom i n  F i g w r s  2.8.2-1 and 2.8.2-2. Top 
cumer impact package XOB i s  shan, after inpact, crush and puncture, i n  Figure 
2.8.4-4 and, with the crushed-up diremion and ready for the f i r e  test, t o  the right 

i n  Figure 2.8.6-1. Side impact (lau-tmperatwe) package IC09 i s  sham i n  tk ten- 
peratwe conditioning chaber i n  Figure 2.8.2-3, rigged wd ready fo r  roc& pull-  
down i n  Figure! 2.8.2-4, and post-impact i n  Figure 2.8.2-5. The rocket pulldawn tow- 
ing r i g  ui th  explosive cutters, for bc5t- i-t package X10, i s  shows i n  
Figure! 2.8.2-6. 

Package XlO. post-impact, i s  ShKmr i n  Figure 2.8.2-7. Bot taend impact 
package X11 i s  sham ready f o r  the test i n  Figure 2.8.2-8 and post-inpact i n  Figures 
2.8.2-9 and 2.8.2-10. High-temperature conditioning equipent for  hot side-irrpact 
package X12 i s  shown i n  Figure 2.8.2-11; Xl2 i s  seen post-iqmct i n  Figure 2.8.2-12. 

The dimensions that have been awed t o  same of  the post-iatpact photographs 
yere the typical or  average -or package diaensions neasured with nom1 reference 
t o  the impacted surface. Post-puncture Figures 2.8.61 through 2.8.4-8 show addi- 
t ional  detai ls o f  the ilpacted surfaces, such as the handles absorbed in to  the in- 
pacted surface. Post-i radiographs of a l l  six packages following the crush, 
puncture, and slash tests are given as Figures 2.8-8-14 through 2.8.8-20, pp 2-58 
through 2-64. 

During phase 3 de of packages were 

impact tested and then crus 
hot (not permitted t o  cwl nitturai leak-rate tested. A17 
of  the TB-2 contai n t  vessels exhibited no dectable leak (4'5 loe1' m3/s helium). 

An analysis o f  t h i s  high-s act ~f the PPT-2 package perpendicular t o  
an unyielding surface is presented 



Figure 2.8.2-1. Package XD7 After Top Impact 

Figure 2.8.2-2. 
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Package XD7 Side Y i R t  



Figure 2.8. Package XO9 after S i d e  Impact 

-~ - 
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Figure 2.8.2-6. Rocket Pulldown Towing Ris 

/ 
I 

Figure 2.8.2-7. Package X I Q ,  Post-Impact 
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Figure 2.8.2-8. ?ackage XIK. P r e - I m c t  

-I 11.5- 

Figure 2.8.2-9. X-11, Post-Irwact, Battoo: V i e w  
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Figure 2.8.2-10. XlP Poclst-Iqact. 
Yiw 

Figure 2.8.2-11. Tap. Conditioning 
Equiprent 

Figure 2.8.2-12. X12 after Side B 
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2.8.3 Crush - 
Tke -6-0360 test +cquirereAt is: 

A s ta t ic  compressive load of 70,000 pands applied i n  tk orienta- 
tion expectcrd t o  msult i n  Uxim drpgc at  the conclusion o f  thc 
test sequence. The force 011 the package t o  be deneloped bet- a 
f l a t  steel surface and a two-iach wide, straight, solid, steel 
bar. The length of the bar t o  be a t  least i s  long as the d i r c t e r  
of tk package and the longitndinal axis of the bar t o  be paral lel 
t o  the plane of the f l a t  surface. Tke lold t o  be applied t o  the 
bar i n  a u~er that  prewents amy msbers or devices used t o  sup- 
port the bar fran contacting the package. 

In the crush test, 70,000 lbf (0.311 m) was applied UlrougJt a r i g i d  2 - i d  
(kl) wide steel beam t o  the llost vulnerable p o i H  on the impacted PAT-2 padugus, 
as revealed ly radiographs. This test podaced negligible effects 011 the PET-2 
package, as sbom i n  Figures 2.8.3-1 (crush test of a top-comer-illpacted package), 
2.8.3-2 (crush tesr of a side-ilpacted package), and Figure 2.8.3-3 (crush test of 
an end-inpacted package). Al though these photographs are of phase 3 &velop#lt 
tests, phase 4 packages X07 through X12 were a l l  subjected t o  the required msh 
test. 

2.8.4 Puncture 

The wURE(;-O360 test r e q u i m  is: 

Packages neighing less than 500 pounds t o  be placed up00 a f lat ,  
essentially unyielding, horizontal surface and subjected t o  a 
weight of 500 p n d s  fa l l ing fnu a height o f  ten deet and str ik-  
ing i n  the position expected t o  result i n  maxiru danage a t  the 
canelusion of the test sequence. The end o f  the eight contacting 
the package t o  be a de o f  mild steel. The probe t o  
be the shape o f  t h  right circular cone, 12 iriches 
long, eight inches the base, and one inch i n  dia- 
meter a t  the end. inal axis o f  the probe shall be 
perpendicular t o  the horizontal surface. For packages weighing 
500 pounds or more, the base o f  the probe t o  be placed on a f lat, 
essentially unyielding surface and the package dropped from a 
height of ten feet onto probe. str ik ing i n  the position ex- 
pected t o  result i n  maxi damage at the conclusion of  the test  
sequence. 

The 10-feet (3-metre) drop o f  the 5oepound (227-kg) steel spike m t o  the 
contact point used f o r  the crush test  generally opened a &inch (5-cm) dianeter 

hole in to  the AQ-2 drum, penetrating in to  the redwood. Figure 2.8.4-1 shows the 
typical puncture test  setup (X07 i s  being punctured); the pactages are positioned on 
an unyielding surface, and the probe's f a l l  i s  guided. Figure 2.8.4-2 shows the 
probe impaled i n  package X07; the resultant hole i s  shom i n  Figure 2.8.4-3. Figure 
2.8.4-4 shows the puncture hole i n  comr- iqmcted package XOB, Figure 2.8.4-5 showr 
package XO9 post-puncture, Figure 2.8.4-6 shorr package XlO, Figure! 2.8.4-7 ShaM 
package X11, and Figure 2.8.4-8 shows package X12, post-puncture. 



Figure 2.8.3-1. Crush Test of Top- 
Corner-Impacted Package 

Figure 2.8.3-2. Crush lest of  Side- 
lapacted Package 

Figure 2.8.3-3. Crush Test cf End- 
I w x t e d  ?ackage 

2-42 

Figure 2.8.4-1. Puncture-Test Setup 



Figure 2.8.4-2 Probe Iffpaled i n  X07 



Figure 2.8.4-3. X07, Post-Puncthre 

Figure 2.8.4-5. XW, Post-Puncture 

Figure 2.8.4-4. XO8, Post-Puncture 

Figure 2.8.4-6. X10. Post-Puncture 



Figure 2.8.4-7. X11, Post-Puncture Figure 2.8.48. X12. Post Puncture 

2.8.5 

age, pr 

Slash (Rippingnearing) 

Tke NlJRE6-0360 test requirement is: 

The package t o  be firmly restrained and supported such that i t s  
longitudinal axis i s  inclined approximately 45" t o  t!te horizontal. 
The area of the package uhich lade first contact with the inpact 
surface i n  test (l), above. to  be i n  the lowemst position. The 
package t o  be struck a t  approximately the center o f  i t s  vertical 
projection by the end o f  a structural steel angk section fa l l i ng  
frm a height of at  least 150 feet. The angle sec:ion t o  be i t  
lezst s i x  feet i n  length with ~ ~ 2 1  legs at least f i v e  inches long 
and I/Z-inch thick. The angle section t o  be guided in such a way 
t o  f a l l  end-on, without tumbling- The package t o  be rotated ap- 
proximately 90' a b &  i t s  :orgitUdinal axis and struck by the 
steel angle section fal l ing as before. 

The arbitrary slash test prcduces a major effect on the small PAT-2 pack- 
t ra t ing  the Outer stairless-steel drun. genera1:y t o  a depth of 

approximately 4 inches (10 ca) along the trajector?. path, o r  about 3 inches (7  m) 
of penetration 110-1 t o  a d r u  srrrfsce. The slash projecti le did not reach the 
t i taniun load-spreader structure eabedded n'thin the outer r e d d  caaponents. The 
effects o f  this double test dre shown in  Figures 2.8.5-1 (X07), 2.8.5-2 (X IX) .  
2.8.5-3 (XO8), 2.8.5-4 (Xo9). 2.8.5-5 (XlO), 2.8.5-6 ( X U ) ,  2.8.5-1 (X12). and 
2.8.5-8 (typical effects of irpact. crush, prncture, double-slash tests on three 
packages). 
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Figure 2.8.5-1. X07, Fost-Double-Slash 

Figure 2.3.5-3. XO8, Post-Double-Slash 
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Figure 2.8.5-2. X03, Post-Double-Slash 

Figure 2.3.5-4. XO9, Post-Double-Slash 



-- 

Figure 2.8.5-5. X10, Post-buble-Slash Figwre 2.2.5-6. X11, Post-Double-Slash 

Figure 2.5.5-7. X12, Post-Double-Slash Figure 2.8.5-5. Typical Effects of 
Impact, Crush, Punc- 
ture, and Double-Slash 
Tests on Three 
Packages 
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2.8.6 
The l@R€6-1)360 test  requirement is: 

The package t o  be exposed t o  ldmwrs f l m s  fm a pool f i r e  o f  
JP-4 or JP-5 aviation fuel for  a period of at least 60 minutes. 
The lu inous flames t o  extend an average o f  a t  least three feet 
and no mre than ten feet biepd the package i n  a l l  horizontal 
directions, The position a d  orientation of the package i n  rela- 
t i on  t o  the fuel t o  be that which i s  expected t o  result i n  r t a x i u  

at  the conctusion o f  the test  sequence. An alternate &h- 
od o f  thermal testing may tre substituted for the above fire test  
provided that the alternate test  i s  aot o f  shorter duration and 
would not result i n  a lower heating rate t o  the package, A t  the 
cwiclusion o f  the thermal test, the package shall be allowed t o  
cool naturaliy or shall be cooled by water sprinkling. whichever 
i s  expected t o  result i n  maximum damage at  the conclusion o f  the 
test  sequence. 

The six PAT-2 packages were themally tested i n  the burn test  facility de- 
scribed i n  Chapter 3, T h e m 1  Evaluation. Typical package orientations on the test 
stand are  shown i n  Figures 2.8.6-1 and 2.8.6-2. The bum test  facility during the 
test o f  package XO9 i s  shown i n  Figure 2.8.5-3, A typical post-burn, naturally 
cooled package i s  s h i n  i n  Figure 2.8.6-4, Chapter 3 presents pertinent test  data 
regarding flare temperatures and package temperatures of the f i v e  f i r e s  uti l ized t o  
test  the six packages, 

2.8.7 Immersion 

€6-0360 test  requimnent is: 

I l e r s i o n  under a t  least three feet of water fcr a t  least e i# t  hows. 

This t e s t  was conducted on packages X07 through X12 i n  a deep water tank 
installed adjacent t o  the burn test  facility. The c-ement o f  a typical suber- 
sion test, showing the cage which keeps packages at  or below the required depth and 
which permits package recovery frol the water. i s  shown i n  Figure 2.8.7-1. 

2.8.8 Post-Test Sunary of Package Daage 

The six sequentially tested P A T 4  packages were disasserbled with cutt ing 
torches. a targe, water-cooled, machine-fed band saw, and hand tools. D i s a s d l y  
of top-impacted PAT-2 package XO7 i s  shown i n  Figure 2.8.8-1; t op -co rne r - imed  
PhT-2 package XO8 i s  shown i n  2.8.8-2. 

Side-impacted PAT-2 package XOS i s  shown i n  Figure 2.8.8-3; the effect of 
the puncture test on i t s  t i t a n i u  load spreader i s  shorrn i n  Figure 2.8,$-4. Recov- 
ery of the TB-2 containnent vessel, typical of a l l  package tests. i s  shown i n  Figure 
2.8.8-5. 



I 
XO8 

. 
Figure 2.8.5-1. Packages Prior t o  Rurn Test 
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Figure 2 - 8 - 6 4  Typical Pactage. past- 
Bum 

F i g M e  2.8-7-1. Typical S u k r s i o n  
Tests. Sharing !dater 
Tank and Cage 

Figure 2.8.8-1. X07 Post-Test Disassdly 
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Figure 2.8.tL3. XO9 Past-Test Diassably 

I 
Figure 2.8.8-1. Effects of Puncture Test 

on XO9 Losd Spreader 

Figure 2.8.R5. Typical TB-2 af ter  Test Sequence 



Bottom-corner-iqacted package XI0 is Shawn disassembled i n  Figure 2.8.8-6; 
the recovered X10 TB-2 contairrent vessel, with a l u i r m  fairing rings removed, i s  
shown i n  Figure 2.8.8-7. 

Bottoll-end-impacted PAT-2 package X I 1  i s  being disassedled i n  front of an 
internatio.wl group i n  Figure 2.8.8-8- The t i t a n i u  load spreader was cut open with 
a high-teqmature torch (Figure 2.8&9), and the TB-2 contaiment vessel was re- 
covered (Figure 2.8.8-10). 

The disassembly o f  side-i cted (hot) package X12 i s  sham i n  Figures 
2.8.8-11 and 2.8.8-12. 

Swipe tests were taken o f  a l l  TB-2 contaiment vessels a s  they mer@ fron 
the  charcoal during the postnrorterrs, and uranium fluorimetry measurements sensi t ive 
t o  1 0 ~  gram uranium revealed no uranium on any surface or in any crevice of any 
TE-2 * 

In  a l l  cases, t imra fairing rings on t he  T3-2 were solid and intact, 
iquidus temperature, - 1080°F (WOC), had not been 

This finding is discussed mre thoroughly i n  Chapter 3, Therm1 Evalua- 
indicating t h a t  the at 
reached. 
tion. 

As seen i n  t h e  preceding figures, t h e  TB-2 was charred and partially black- 
ened by the pyrolysis o f  t he  surrounding maplewood. This  char and contrination of 
t h e  surface of the TB-2 vessels inhibited t h e  use of highly sens i t ive  wss-spectro- 
meter helimbleak-detection e q u i p n t .  Therefore, t h e  vessel exterior was rigorws- 
l y  cleaned wi th  solvents, hot vapor-degrease processes, and glass-bead shot peening, 
After t h i s  cleaning, the TB-2s looked essentially like new and were cap le t e ly  in- 
tact, tight-appearing, and structurally sound. 73-2 XO8 is shown a t  this stage i n  
F igure  2.8.8-13, 

For a l l  fB-2 vessels, t h e r e  was sufficiently low pressure of deleterious 
gases t o  pernit heli detection, and, i n  one case, package X08. heliu w s  detected 
i n  a sufficiently small quantity t o  stay below the saturation level of t h e  instm- 
rent. Five o f  t h e  six TB-2s had no detectable leak (4 5 do m3/s helm); upon 

ly (the loosening of  from 3 t o  9 bolts) and reinsertion o f  t h e  TB-2 into 
the lilss spectmmeter vacuum vessel, a very strong positive indicaticsn of helim w s  
obtained, canfinning that t h e  leaktight TB-2 still contained heli . The readable 
helilsl leak of  1.5 x CAI /s a i r )  fror XO8 stayed 
a t  t h i s  mading over a period o f  several months following the test sequence. A 
ay)re detailed discussion of  these leak rate results appears i n  Chapter 4. 

-6 3 a 3 / s  (equivalent t o  - 7 x 10 

' I  
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Figure 2.8.%6. XI0 Post-Test DisasSenbiy Figure 2.8.8-7. X10 TB-2 after Test 
Sequence 

Figure 2.8.8-8. Xll Post-Test Qisassenbly 

Figure 2.8.8-9. X 1 1  Load Spreader, 
Post-Test Disassdly  

1 

I *--- -" 

Figure 2.8.8-10. Recovery of X11 18-2 

2-5: 



Figure 2.8-11. X12 Past-Test Disasseebly Figure 2.8-12. XI2 Post-Test Msasseubly - 

I Figure 2.8.8-13. X O 8  TB-2 after  Gleaning 
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Radiographs af the packages X07 thtwgh X12 follouing the impact, cmc)), 
puncture, and double-slash (including two vieus o f  a typical mkage, X12) are shamr 
as F i g w s  2.8.8-11 through 2.8.8-20. Radiographs yerc also t a b  after impact only 
t o  direct the point of application of following tests t o  the worst point, as re- 
wired by MIRE6-0360. 

2.8.9 Individual Hydrostatic l e s t  

The NURES-0360 tes t  requi+slent is: 

The package to  be submerged and subjected t o  an external water 
pressure of a t  least 600 psi f o r  not less thiin eight hours. 

A TB-2 containent vessel was assembled with an internal atnosphere o f  he- 
l im and determined t o  have m detectable leak. The vessel was then subjected t o  an 
external hydrostatic pressure o f  more than 5,000 psig (343 @Pa) f o r  amre than 8 
h r s  i n  color-dyed water. The h e l i u  leak rate of the vessel was < lo-'' m3/s 
both before and a f te r  hydrostatic testing. Hen the TB-2 was opened, there ws no 
indication o f  dye o r  water inside of the topper seal region. 

Due t o  the importance of the TB-2 containent vessel i n  the PAT-2 package 
design, a stress analysis o f  the pressured vessel i s  presented as Appendix m. By 
analysis, the TB-2 factor of safety a t  600 psi (4.1 P a )  external pressure i s  con- 
servatively over 5, re la t ive t o  field strength. The 5OOO-psig test, 3n overload 
factor o f  8.333, produced no adverse affect, as stated above. 

2.8.10 Free-Fall Emact 

The NURE6-0360 requirerent is: 

Physical test o f  an unOaizged package t@ the fo l lodng conditions. 
This test  i s  not required i f  the calculated terminal free-fal l  
velocity o f  the package i s  less than 422 ft/sec or i f  a velocity 
not less than either 422 ft/sec or the cahi la ted terminal free- 
f a l l  velocity o f  the package i s  used i n  Test 1 o f  the sequential 
tests, above. 

(Note: Test 1 is the inpact test of Section 2-82, t h i s  docuent.) 

Reference 14, "Calculated Trajectories f o r  the Lightweight A i r  Transport- 

able Accident Resistant Container," i s  an aerodynaaic study of  the possible teminal 
velocities and impact velocities of  a PAT-2 package under a variety o f  a i rcraf t  ac- 
cident conditions. To simulate loss o f  the PAT-2 package from a i rcraf t  i n  f l ight, 

trajectory velocities were calculated a t  flight levels of l,OOO, 5,000, 20,000, and 
40,000 feet and a t  Pach rs varying frum 0 t o  0,87. Drag coefficients o f  0.7% 

2-57 



I 

*
 

o? 
CD. e N

 

J
 
"
 

UL 
c
 

2-58 





2-6F 



E! 
x
 
c
 
s
 

2-61 



z? m
 

4
 

N
 

2-62 



c; 
N
 

i
 

2-63 



2-64 

N
 

.- x e 0 



to l.i?SC,, wre applied to aver all possible si-, ad-aa, rnrl tildlir eonfigtt- 
rations, 7k results, sharr in  Figure 2-8-10-1, i d i a  that the requid frpwt 
test velocity af 250 knots a 422 ft/s (129 d s )  is slug i n  excess of any possible 
aerodyn&c trajectory velocity, i n  t he  atmsp!me w upon iqrrt, and 10 additiorul 
impact test is required, 

2.8.11 Other Requirewnts of wIRE6-0360 

MHEG-0360 requCre~ that the following irdditarpal amtitiom be ret by a 

1, Demonstration or analytical asses- sharing that t h e  re- 
wlts of the physical testing for package qwlification wwld 
nat be adversely affected to P sipificant extent by: 
a. T k  presence, during the test, of the actual contents that 

will be t rampr ted  i n  the package, and 
b. kbient uater t-ntures ranging f r a  +359 t o  +lo09 

for those qualification tests imolving water, and abient 
atrospheric temperature5 ranging frir -4QT t o  +1305 for 
the other qualification tests, 

transportation package: 

2. DelMtstration or analytical assessment sharing that t h e  abil- 
i t y  af t h e  package la e the acceptance stanfads p r c r i b e d  
for the accident condition sequential tests muld not be ad- 
versely affected if one s- wre tests i n  thc q n c e  were 
deleted, 

Requirement l a  uas satisfied by the presence, i n  packages X07 through X12, 
of  a wrst-case sutrogate for every form of contents described i n  Chapter 1. These 
surrogates, described i n  detail i n  Chapter 4, presemt baading maximum o f  pressure, 

ss, and l i ke l i -  of release and represent worse threats  to contain- 
l en t  than t h e  actual contents t o  be tramparted i n  t h e  PAT-2 package. 

t u r e  requirerents of l b  533°F to  Z a O S )  were approached 
n tank used for the underwater test; package tests at 
tures produced m adverse results- The results of high- 

arid 220°F {-46OC and 104”C), along with other inform- 
3, qualify the PAT-2 for t h e  -40°F t o  130°F (-40°C t o  

rature range, 

Requirement 2, that the deletion of a WEG-0360 test (or tests) would not 

addversely affect package perfonance, is satisfied. The severe sequence of (1) 
high-velocity (rocket pulldown) impact perpendicular to an unyielding target (redu- 

cing the package v o l e  by about 502 i n  the omst severe attitude), (2) 70,000-pound 

slash (deliberately tearing the double outer drum), (5) a large JP-4 fuel fire a t  
(311-?#) Crush, (3) 5,0aa-1bf*ft (6.8-W) PUC~UIV, (4) 15,000-lbf o f t  (20.4-W) 



I I I I I I I I I 
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Figure 2.8.10-1. Effect of Initial Velocity Variation Trajectory 
Velocities as a function of Altitude for BAT-2 
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approximately 18505 (lOlOOC) on the package surface for at least 1 bur, and (6) 
undmPter imersion, produces far greater deteri-icration of the FAT-2 package than 
the effect produced by any of those tests singly, and the seqence produces grwter 
deterioration than #uld result by eliainating one or lore of the tests. 

2.8.12 Alternate Operational Control -- A i r c r a f t  Staswe Location 

2.8.12.1 Discussion 

A t  the present time, WLIRE6-0360 (sections II.D.1, pp 9, 10; anf-II,D.Z, pp 
29-31)x requires that plutoniu packages u s t  be sto*ed on tk nain deck o f  cargo 
aircraft in the aft-- locat im possible for cargo of *is size and weight, with 
no other type of c a m  stowed aft of such packages. In the developent of -6- 
0360, as discussed on p 29 of that ((OCment.1 tbe possible accid&-ca& crush 
loadings on a p lu tcn iu  package i n  a main deck storage location, with additional 
cargo located aft o f  the p lu ton iu  package, were eonsidered but were not defined 
because 'm satisfactory means ras found t o  sinulate or bound this enviroment by a 
specific test.' Therefore, aft-- stawge ras specified t o  provide protection 
against longitudinal crush. 

In most cases, th is  restr ict ion makes it inpractical t o  a i r  transport the 
PAT-1 or PAT-2 packages. The problem ~ t h  aft- stowage on the rain deck i s  that 
practically a l l  coremia1 cargo aircraft load frar the front; tFerefore, aft-aost 
cargo must be f i rst  on. las t  off, and a f t  cargo handling at an i n t e d i a t e  stop i s  
not possible without capletely unloading and then reloading the entire a i rcraf t ,  
involving large tonnages of cargo. In l i eu  o f  this, same camercial carriers (e.g., 
Flying Tigers a t  JFK airport, ller Yo&) Rave proposed c a y i n g  the PAT-1 as the sole 
cargo board a four-engine jet; th is  results i n  prohibitive cost. 

Hoyever, IQUREG-0360 does address 'belly' or lawer carpartnent crush loads 
and states that "a package located i n  a cargo cmpartaent below the main deck muld 
be capressed betlreen the hul l  and the f loor structure.' This e d i t i o n  was evalu- 
ated,I5 and a severe and conservative test i s  included as the second of the 

E6-0360 required sequential tests. We tr-st consists of a 70,000-pound (0.31-HW) 
crush load, applied t o  the package through a 2-inch wide steel bea. with the pack- 
age supported on a r ig id  steel surface, and applied i n  such a manner as t o  cause 
maxima package daarage, 

The WREG-03M discussion also states that "a package whxh can uithstand 
the other physical tests included i n  the qualification cr i ter ia has an inherently 
high resistance to  damage fm th is  cause" [crush], Test results on many PAT-2 
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packages nave dssons5rated that the rocket pulldown impact test results i n  substan- 
t i a l l y  more package deformtion and d In the 
developlvnt o f  the PAT-2 package. repeated application o f  the 70,ooQ-pound (0-314) 
crush test produced no discernible effect, as reported earl ier i n  th is  chapter. I n  
addition, f o r  purposes o f  engineering developent imrestigation o f  higbcrush mi- 
rorrents, final-model developental PAT-2 packages were subjected t o  extended crush 
tests, one t o  210,000 pounds (0.93 W] and the other t o  500,ooO pounds (2.2 raC), i n  
l ieu  of  the 422-ftls (129-r/s) rocket pulldown impact test. These packages ere  
then punctured, slashed, burned, and innersed (in accordance with the MJRE6-0360 
sequefttial tests), and both packages were s t i l l  leaktight and ret a l l  o f  the accept- 
ance cr i ter ia of contaiRent, shielding. and subcritieality, This extended cnrsh 
testing i s  based on work presently being carpleted i n  an attempt t o  define accepta- 
ble longitudinal crush loads f o r  severe aircraft accidents.16 

than i s  iBposed by crush laads. 

In the development of  0360, the probability o f  OCcurreMe o f  stat ic 
crush environnents resulting fra aircraft accidents was estimated t o  be i n  the 
range of  0.01 t o  0. For a package arch smaller than the one envisioned during 
the fomla t ion  of  64360 (PAT-2 vs. PAT-11, the probability o f  the smaller 
package being crushed either statically or iner t ia l ly  would be u c h  lower. Another 
principle difference between the PAT-1 a x  PAT-2 packages, regarding any r isk  fra a 
potential crush envimment, i s  the much smaller qantity of  f i ss i le  la te r ia l  that 
can be transported i n  the PAT-2, With dl other conditions being equal, the 15-gnu 

allorred i n  the PAT-2 wi l l  result i n  a tuo-order-of-aagnitude decrease i n  
risk frra the already low risk valw fo r  the PAT-1, which i s  licensed to  tramport 
2 kg of  plutonium. 

Oprational constraints and rjsk cmcerns associated with cam'age of ra- 
dioactive material packages i n  ra in  deck cargo carpa-s are diminished if tram- 
port i n  the lower cargo canpartlent i s  considered. The present MIRE6-0360 cr i ter ia  
includes the above-described 70,oOepound (0.31-M) crush emirorrent f o r  the louer 

m s .  Enroute access and loading o r  unloading at intemediate stops are 
greatly facilitated, and the 9g tiedown requitenenf: can sti l l  be aaintained. 

= 
Fror Reference 1, p 31, and SLA 74-0001, Severities o f  Transportation 

--* Accidws Santlia Labratories, July 1976. 



lhe vgency o f  licensing (certificating) #e! PAT2 package to make it 
available t o  tk IAU fw international a i r  sbipents i n  the most practical maalwll?r 

possible leads to a request for the PAT-2 Certificate of calpliance to inc’lude an 
additional operational control; nmely. lower c u g ~  cmpartaent stowge for a i r  
shipent. 

2-8.12.2 o f  Siqnificant Points 

1. 

2. 

3. 

4. 

5, 

6. 

7. 

NUREG-0360, Qualification Criteria to C e r t i t j r  a Package for Air T r a m  
port of P l u t o n i u ,  presently includes a vert ical  crush test for pluto- 
n i l r  packages stored i n  a cargo capartmeat below the rain deck of an 
aircraft, tk lower cargo capi-. 

A l l  PAT-2 packages that pwide tbe test data base i n  the P A T 4  Safety 
h l y s i s  Report have been Uajgetesl t o  tk WtE6-0360 crush test w i t h  
no adverse effect. 

PAT-2 packages have also been subjected to even more sewn extended 
crush tests, with no adverse effect. 

The smaller size of the PAT-2 package, cavpared to the licensed PAT-1, 
uill r e s u l t  in a corresgandi~ decrease i n  the probabilities for both 
inertial and static crush. 

The PAT-2 package contents are limited to only 15 gram w i r u r  o f  fis- 
sile material. tw ciders of magmitude less than t h a t  for the presently 
licensed PAT-1 package. 

There is a current, urgent, practical need to air-transport plutoniuu 
simples worldwide, by t h e  IEA, i n  wpprt o f  the Mn-Proliferation 
Treaty. 

Permission to  carry the PAT4 package d e r  the main dec& ( in the louer 
cargo caIpartrent) would alleviate r w y  o f  tk operational problers 
without an increase i n  risk. 

2.8.12.3 Request 

For t h e  Lregoing mawns, j t  i s  requested that an alternate operational 
control be pemitted, by statmest i n  the package Certifjcate o f  Capliance and/or 
by addendun to MIRE6-0360, permitting lawer cargo ampartme& storrage or location o f  
thc P A T 4  package, on board transport aircraft. 



IIPpErnIX u 
Redwood Impact Limiter/Heat Shield Material 

The specific energy absorption is evaluated under t h e  following conditions 
and constraints: 

1. Ration of the f l a t  crushing surface is i n  the direction of the grain; 
the surface is perpendicular t o  the grain. 

2. Values are an average of five tests perfamed a t  l w ~ l  temperature. 
3. Specimens are statically loaded. 
4. The value i s  the average energy absorhi per pound of redwood taken t o  

lockup, a strain corresponding to crushing t o  approxilately 37% o f  

The average specific energy data over a wide range i n  test t-ratures i s  presented 
i n  Figure 2A-1. 

figwe 2A-1. Specific Energv t o  Lockup for  Redwood Canpressed 
i n  the Direction o f  the Grain 
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The crush strength value, 5,380 psi (37.1 Wa) a t  ma~ temperature, i s  the 
average unit force t o  lockup for roam-temperature test  conditions. A typical load- 

ten face was util ized) a t  rooll temperature i s  presented i n  Figure 2A-2. The varia- 
t i o n  i n  average crush strength with test temperature i s  indicated i n  Figure 2A-3. 

displaceaent curve (or stress-displacement cuwe since a 1 in2 (6.45 x 10 -4 III 2 1 pla- 

Details of the test procedure, -le size, etc,, are presented i n  Refer- 
ence 6, 

Figure 2A-2. A Typical Load-Displacement Curve for Redwood 
(a t  t-rature) 

Figure 2A-3. Average Crush Stress for  R m  as a Function o f  Temperature 
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NPPEWDKX 28 

Maplewood Impact timiterofeat Shield llaterial 

Crush and energy-absorption data are not presently available for  maplewcod. 
However, data for a variety of other yoods are presented i n  Reference 8 and are 
shown i n  Fjgure 28-1. The specific energy absorption capabilities of a variety of 
organic and inorganic crushable materials are included. Mte that with t h e  excep- 
tion of plywood,* a l l  woods tested lie i n  a reasonably narrow specific energy ab- 
sorption band. While maplewood results are mt specifically reported i n  t h e  cited 
reference, the specific energy absorption of maplewood can be reasonably approxi- 
mated by using t h e  average value of the specific energy range s h m  i n  Figure 28-1 
f o r  w)od capressed in  t h e  direction o f  the grain. This value i s  E = 1.9 x lo4 
f t= lb , /rb  (56.8 W/kg). 

Note that energy absorption capabilities f o r  the various w)ods carrpressed 
perpendicular t o  the  grain (denoted by l i n  Figure 28-11 are roughly a factor o f  5 
beion t h e  parallel c Such strength and energy absorption cap  
abili ty i n  nonparallel directions is conservatively neglected i n  the impact analysis 
o f  t he  PAT-2. 

ression values, 

.+ 
Due t o  the fact  that plyrcood is layered with alternating grafn orientation 

and includes glue lines, the differences that are indicated when plywood is capared 
t o  otkr u)ods are not considered an anomaly. Such gross differences would in fact 
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Figure 28-1. Specific Energy Absoption Capabilities for  a 
Variety o f  Raterials 
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APPEWOIX x 
TB-2 Contaiment Vessel and C-1 Capsule Stress Analyses 

2C.1 I l e T R ~ T I O N  

A mmber o f  d i f f e ren t  s t a t i c  stress analyses of t h e  TB-2 con ta imen t  vessel 
and C-1 capsule a re  required by 10 CFR 71 and NUREG-0360 for both in te rna l  and ex- 
ternal pressure loading. The r e s u l t s  are presented i n  Sections 2.3.1, "Haxi 
mal Operating Stress;" 2.3.2, "TB-2 H a x i  Credible kcident Stress;' 2.3.2, 'C-1 
Capsule Stress .Analysis;" 2.5.2, "External Pressure;" Appendix 2H, "TB-2 Containment 
Vessel Hydrostatic Stress Analysis;' and Section 4.5.2, "Pressurization of TB-2 Con- 
t a i   lent Vessel . * 

The TB-2 stress analyses are presented i n  Section 2C.2, followed by those 
of the C-I i n  Section 2G.3. 

2c.2 TB-2 STRESS bHALYSES 

uter d e l  used t o  perfom t h e  TB-2 stress analyses i s  detailed i n  
Sections X.2.1 and X.2.2, a closed-fom ver i f ica t ion  of  t h e  computer program i s  
presented as Section 2C.2.3, and a b r i e f  ana lys i s  o f  f r a c t u r e  mechanics is given i n  
Scction X.2.4. 

2C.2.1 t t e ta i i s  of CaRputer Rodel 

A slngir finite-elanent s t ruc tura l  d e l  was generated and then subjected 
t o  the appropriate mgni tude  o f  external or  in te rna l  pressure specified for t h e  
various load cases, using the appropriate material p roper t ies  corresponding t o  t h e  

r a t u r r  a t  h ick  the specific load case  i s  applied. 

The stress/displacanent f i e l d  analyses were performed using t h e  SASL c m -  
which i s  a version of t h e  SAAS t I  finite-elenrent program slightly 

For convenience, t h e  SASL runs were per- 

17 
* 

ijunctian with t h e  WESH automated rrnesh generation scheme.]" 
ifiet! by Sandia national Laboratories. 

The d e t a i l s  of  t he  mesh generated by WSH a r e  shown i n  Figure 2C.2.1-1. 
Bote that the problem wss modeled as one o f  ax i sy imt ry ,  so only one-half t h e  cross 
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Figure 2C.Z.1-1. Details of the TB-2 k s h  and Boundary 
Conditiusls 



section of  one side of the T5-2 vessel i s  show\, Surface 1 was given '-try 

plane" boundary conditions; i.e., displacements were not perritted i n  the radial 
direction on th is plane, although vertica? dfsplactwnts rere perritted. Siailarly, 

s v t r y  plane conditions were applied along a portion o f  the flange surface 2 of  
Figure X.2.1-1, permitting radial motions with displacenents constrained in  the z 
direction as dictated by the s v t r y  o f  the probler. 

For load cases involving internal pressure, such pressure i s  applied noma1 
t o  boundary 3 of Figure X.2.1-1, a t  a l l  points inbard o f  the knife-edge seal. 

Twenty highly torqued bolts close the two halves of the TB-2 vessel. Since 
these bo l ts  l i e  close together around the b o l t  circle, t h e i r  influence i s  
incorporated by assuing an equivalent ring loading of radial width equal t o  the 
bolt washer diameter. This rather high intemity distributed load i s  shown applied 
over region 4 i n  Figure X.2.1-1, 

For problems involving external loading, the pressure i s  applied Over m 
gim 5 i n  Figure X.2.1-1. 

For improved accuracy, the aspect ra t io  o f  all  f i n i t e  elements are better 
than 2 t o  1, and i n  regions which are nore important t o  the results, a f iner  mesh 
has been established. 

The TB-2 corstaiment vessel is fabricated o f  A--286 irokbase superalloy. 
The material praperties are considered t o  be linear elastic. The properties. e+. 
elastic DduIus, used i n  the analysis correspond t o  the actual properties a t  the 
temperature for the particular load case. For -le, at  the 1.080"F (582OC) en- 
vimnent  assuciated with the wiua credibte accident pressure (W) of 3,280 psi 
(22.6 e a ) ,  the elastic modulos reduces t o  a value 222 lower than the roa-teqera- 
ture value. 

The stress f ie ld  i s  o f  importance k a u s e  failure, either through excessive 
plastic yielding and resultant ductile fracture or through b r i t t l e  fracture, which 
has been found t o  occur i n  ductile materials subjected t o  a t r iax ia l  state of 
stress, ust be avoided, 

Displacenents are inportant since any significant relative displacement of  
the knife-edge and the copper seal my result i n  leakage. 
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X.2.2 lwAp Analysis by SASL 

The M, which occurs a t  1.080"F (582%). results i n  a calculated wont- 
case internal pressure of 3,280 psi (22.6 ma) acting on the TB-2 vessel. The de- 
foned shape of the  vessel is shcwn i n  Figure X.2.2-1 a t  a displaeenent aagnifica- 
tion of 100. Note t h e  slight bulging of t h e  vessel and l if t ing up i n  the knife-edge 
region. However, it is absolutely essential that it be understood that the defoma- 
tions, which are visible t o  the unaided eye i n  F S g w e  X.2.2-1, have been grossly 
magnified. The actual deformation field for the sat? problem is shomr i n  Figure 
2C.2.2-2 (overlaid with t h e  init ial  configuration of 7 0 7  (21OC) unpressurized). 
Included i n  t h i s  figure are t h e  effects of the uniform dilation caused by them1 
expansion.* Ibgnification i n  t h i s  case is 1.0. A l t t m g h  t h e  thermal growth can be 
detected i n  t h i s  overlay, t h e  bulging and knife-edge l i f t -up  are both imperceptible. 

The stress fields generated by t h e  llcAp condition are shown as isostress 
contours for radial, axial, and circumferential stress components i n  Figures 
2C.2.2-3, 2C.2.2-4, and 2C.2.2-5, respectively, while t h e  equivalent von M i s e $  
stress field is shown i n  Figure X.2.2-6. The wiu von Rises stress i s  only 22.4 
ks i  (154.4 Wa) and that t h i s  value occurs a t  a sharp inside comer where a local 
stress concentration is present. Compared to  a miaxial yield stress of 100 k s i  
(690 ma) for A-286 material, t h e  stresses are w11 below the yield stress, even for 
t h i s  extreme case of CIUIP. 

An expanded view of t h e  SASL-modeled region of the seal is  s h o w  i n  Figure 
2C.2.2-7. b t i o n  of t h e  t i p  of the seal (naie 1032, Figure 2C.2.2-7) i s  caused by 
both the applied internal pressure as we11 as the thermal expansion of the TB-2 ves- 
sel as it is heated fm roaa temperature t o  1,080°F (WOC). The vertical dis- 
placeAent conponents due t o  internal pressure and due t o  them1 expansion are very 
nearly equal and are additive, t h e  total value being 0.540 x loe3 i n c h  (13.72 x 

). The t i p  of the seal init ially is i n  contact w i t h  (and i n  fact i s  driven into) 
a copper ring t o  effect t h e  sealing process. The coefficient of expansion o f  the 
capper material is 9.8 x lom6 in./in./OF (1.8 x loe5 an/cw/"C), a value just s l igh t -  
l y  lower than  t h a t  of t h e  TB-2 vessel material, 9.9 x lov6 in./in./OF (1.8 x loe5 
ca/cn/oc) . 

* 
For th is  problem, rn thermal stresses are generated by the increase i n  tem- 

perature fran room temperature t o  1,080°F (582OC). 

2-78 



-1 
Figure 2t.2.2-1. Deformed Displacenent Field (Hagnification = 100) 

for TB-2 Vessel Subjected to 3,280-psi (22.6-Mfa) 
Internal Pressure at 1.080"F (582°C) 
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X.2.2-3. lsostms cotrtowr at  3,280 psi (22.6 ma) IMmnal 
P r e s s m e  (Radial S t m s e s )  
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X.2.2-4. Isostnss Contours at 3,280 psi (22.6 ma) Internal 
Pressure (Vertical wAxia1 Stresses) 
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X.2.2-5. Iurstress Contours at 3.280 psi (Z .6  Wa) Intefilal 
Pressure ( C i  rcufercntial Stresses) 
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Figure X.2-2-6. IwKtrcss cocltarrr at 3.m psi (22.6 ?Pa) lntertul 
P m u g c  (van Uises E f f a t i v e  Wid Stresses) 
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F i m  2t.Z.Z-7. Detailed Vim of USL coaprtcr Mudel in  Vicinity 
o f  Sealig Region 



rained vertical fhetul displacement of the copper seal a t  the! 
t i p  location is 0.287 x 1' x I) a t  1.~800~ (WOC), 
i s  a net apparent relative displ (a gap) of th A-286 knife-edge 

t i p  a d  the  copper seat of 0.253 x i x I). M the vessel is 
and the knife-edge seal t i p  begins to  mve off the seal, the copper seal 
d a s t i c  rpcovety, reducing this relative displacement. I t  i s  difficult  

t o  preclict the extent of t h i s  elastic n#overy accurately, Any possible leakage can 
bert k verified by test results and i s  discussed i n  Appendix 4H, Wdit iona l  prac- 
t ical  Corrsiderations Regarding Possible Plutonivll Release,' which relates the possi- 
ble gap t o  a measured leak rate. fhe containment-vessel-to-gasket displacem?mt a t  
tke outsicbe et of the sealing gasket (e.g.. mesh zones 863 and 956 i n  Figure 
X.2.2-7) i s  table, hence a seal is maintained. 

X.2.3 Theoretical Verification of the !jA!l-PAT-2 Analysis 

res the SASL-calculated stress fields with "exact" fomu- 
las,  e r e  possible, for verification that SASL is correctly perforring t h e  calcula- 
tions a d  t ha t  MI gross errors have been cm'tted -- f o r  instance, i n  the input 

ied t o  t h e  prog 

Figure X.2.1-I. reveals that the cylindrical portion o f  the TB-2 contain- 
vessel lias a radius-to-thickness rat io  of 4.22, which places t h e  geometry i n  

shell regime, ruling out the use  of conventional t h i n  shell stress arsaly- 
However, the stcwted elements i n  Figure X.2.3-1 are 

located well away froc t h e  influence o f  tk hemispherical head and the  lower flange. 
ion w i l l  still be s t influenced by bending effects 

ical head and the flange, stresses can be rea-bly approxi- 
ed i n  t h i s  --on by a closed, long, thick-walled cylinder subjected to  internal 

rim. 

The long cylinder solution is only an approximation t o  t h e  problem being 
that results should rmt be precisely the sime, p r i  

ing i n  t h e  closed-fora solution, )byever, reasonable correla- 
d be anticipated. 

r i s  under a s t a t e  o f  tr iaxial  stress. Since the 
ric and the cylinder is long, the stress field i s  a functi 

The stresses are given by 



Figure 2C.2.3-1. Location i n  egion of TB-2 Vessel for Closed-Fo 



where 

P =  

2 2  2 
a(b + r l  
r2(b2 - a2) 

os (circuferential stress) = p 

2 
uz (axial stress) = 

nternal ly applied pressure, 
a = inner  radius o f  the cylinder, and 
b = outer radius. 

See Figure X.2.3-2 for the ric configuration and sense of the stresses. 

figure 2C.2.3-2. Thick-Walled Cylinder Showing Sense o f  Stress C 

Figures 2C.2.3-3, 2C.2.3-4, and 26.2.3-5 show the radial. circuferential. 
and axial stresses, respectively, as a function of the radial coordinate. dL_h I(cIIp 

a), a = 0.866 inch (2.19 at). and b = 1,102 inches (2.79 a). 
show the stresses calculated by the SAU- coaputer p m g r a  tkwgh 

the location shown i n  Figure 2C.2.3-1. Consider first Figure 
son o f  ShSL and closed-fora calculations indicates good agmamt 

ess field. Such agreement was anticipated since the inner and 
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outer wall stresses (-p and o, respectively) must agree. ant tke influcmc O(I the 
radial stress field several wall thicknesses i n  fran t h e  hemispherical cap ald t b w  
flange is -11. 

Circumferential stress calculations, Figure X.2.3-4. a n  i n  good agmeamt 
as t o  average magnitude. Differences are caused by the  influmce o f  the end attach- 
ments i n  t h e  actual problea (SASL) which are not modeled i n  the closed-forrr sdu- 
tion. 

Finally, the axial stress-field camparison shown i n  Ffgure 2C.2.3-5 shars 
excellent agreerent i n  average value (as it must frar considerations tf equ i l ib r iu )  
but a nearly linear variation through the  thickness fo r  the W! cslculatfon come- 
spanding t o  the presence of bending i n  t he  actual problem. 

The l c a t i o n  o f  the TB-2 hemishperical region dwKen fo r  earpim'son, tk 
pole, is shorn i n  Figure 2C.2.3-6. The  closed-form caparium &l i s  a thick- 

re wi th  geoletry and sense of stresses as shown in Figure 2C.2.3-7. Tke 
in-plane stress f ie ld  w i l l  be balanced-biaxial. Stresses i n  such a complete yphere 
are reasonable approximations fo r  a semi-spherical cap (again. except for bending 
stresses induced a t  the  edge of t h e  cap if it is physically cannected t o  a 
cylinder), Figure 2C.2.3-6 reveals that  a complete hemisphere is not present i n  t h e  
TB-2, but only a semi-sphere, so t ha t  stresses calculated on the basis of a caplete 
spherical shell wi l l  differ significantly fm the SML model. Caparisons of 
radial stress are shown i n  Figure X.2.3-8, while the (balanced) in-plane stress 

with the  set 
X.2.3-6. CqMrison of t h e  - x i a l  stress 

Again, while t h e  f u n c t i m l  form of t % s p  in-plane 
i n  Figure X.2.3-9 d i f f e r  drastically (again due t o  t h e  presence 

i n  Figure 213.2.3-9; c 
e elements shorn i n  F 

risons i n  both cases are 

f ie ld  is seen t o  &e reasonable. 
stress fields s 
of bending effects), values are i n  reasonable agreeaent. 

In conclusion, results calculated from SASL show reasonable agreerent with 
try, 

e s u l t s  being introduced by bending effects present i n  t h e  more detailed 
t r y  utilized i n  t h e  SASL runs. Therefore, the results fran SML are considered 

problems which represent geometric idealizations of the SML 

t o  be reliable. 

2-92 



..ouLcoo1*urro 

Figure 2C.2.3-6. Location at  which Radial and In-Plane Stresses 
i n  Spherical Cap are Cmgared . 

Figure X.Z.3-7. Spherical Cap Geaaetry and Stresses 
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closure bolts 8 
as s h m  in  Figure X.2.3-10. Dating closure of the TB-2, each bolt i s  t 

Hr) torque, t h i s  induces a tensile pmlosd, Fi, 
pressed approximately as19 

t O  EB-2 Closure Bolt Stress Analysis -- 
lbf-in (20-3 W r ) .  eOrrsewatiwely aswrjrrg t k only 170 (pJ2 

i n  Figure X.2.3-EO 

Ft 

t 
fs-2 VESSEL. 

SEAL R€GJW 

The T5-2 subjected t o  the H U P  of 3, 
nal pressure effectively caus 

surizcd area o f  t 

2- 



S a t e  #e bolt i s  i n i t i a l ly  i n  "Rnsian, it will experience an increase i n  
load the nuIp i s  applied, The result ing) I d  on the bolt i s  given by19 

%'b = - = the bolt stsffness canstant and K& l b  

= - = the stiffness constant of the connected .errbe= 

Since the  bolt aad ed 
sare! e las t ic  rodulus, the stiffness ra t io  is Kflm = 

are  approximately the sd#  length and have t h e  
= 0.592. The single-bolt 

the  TB-2 is pressurized t o  the W is calculated to  be 3,617 lbf (16,089 
\ti- bolt stress, 99.4 k s i  (685 Wa) is well belw t h e  145-ksi ( l e a )  

ultimate temsile stress of t h e  A-286 bolt material. The thread shear load capacity 
is rately 10,OOO lbf (44.43 kly), we11 above the 3,617-lbf (16.09-kH) minr 
load on the  bolt, Thus, bolt-thread o r  nut-thad shearing fai lure  will not occur, 

"F (580°C) them1 emimrrent associated with the 3,280-psi 
produces no thermal stresse he bolt closure region since 

Slight differential  expak 
sim of t k  15-5 stainless-steel washen has been neglected, and the lax iu  c a -  
ppussive stress experienced by t h e  washer, 58.81 k s i  (405.6 ma), is well below the 
y M d  stress of t h i s  hardened stainless steel, 

t e r i a l  are both 

X.2.4 Frac tu re  Mechanics Considerations 

crials which appear ducti le when tested under a uniaxial state of stress 
re, and a t  quasi-static rztes of laading do not necessarily 

of duct i l i ty  when loaded under a t r iaxial  s t a t e  of stmss 
ratures. Brittle fai lure  lay result a t  stresses which are klar 

at, say, mm t 
exhibi t  tine saae 
and a t  1 
the yield strcss i n  these cases. 

a ~ ~ h  to  the evaluation and prevention of fracture is the "Trami- 
h t o  fracture control.2o In  t h i s  approach, a given materi- 

by, for instance. the Charpy V-btch test. The 
, which manifests itself as a sudden increase i n  
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mrpy energy, and the material selected f o r  the given application is c k c k e d  to en- 
sure that it w i l l  operate i n  service a t  t a n 5  a t  least a certain nuber o f  

degrees above its brittle-ductile t rami t ion  terpwature. 

Ckrpy V-notch datag are plotted i n  Figure X.2.4-1 i n  the fom of Charpy 
t o  cause fracture as a functicn o f  sauple temperature for  A-286 alloy. 

rature range f a r  beyend the extrenes t o  which the TB-2 
There i s  no brittle-ductile transit ion tem- 

ure far t h i s  material. and magnitudes of Chaw energies indicate reasonably . fracture resistant b_havior, Therefore, brittle fracture wi l l  not be of con- 
cern for the statical5y pressurized mi? vessel. and plastic yielding will fom the 
design-1 irritation basis. 

=mY 
The data cover a broad t 

nt vessel wi l l  be subjected. 

Pressure Vessel Code for  b l e a r  Reactors {Part 3) specifies 
f o r  pmssure vessels; it also requires {with several 

-tested for toughness deterri- 
nation, However. rial wi th  a nm‘nal section 
th i ckness  of 16 such fracture mechanics testing. The 
thickest section of the 33-2 i s  considerably less thari 16 

2,c,3 

The C-1 capsule fits closely w i t h i n  the TB-2 contaiment vessel. * I t  i s  
Witronic 60 stainless steel and is closed by a s c m t h r e a d  joint  

hre& Joint js t ightened t o  a torque of 450 
requirement. t h e  C-l capsule r u s t  withstand 

lrith a Teflon” tape sealant; the sc 
lbf-in, CW.8 Rim). 
an internal pressure o-f 50 psi (345 kPa) a t  a t 
loss of containent. 

For the 150% 

Stress arsalysis of the C-I capsale has been partitioned into three separate 

along its periphery,  and 
The three analyses follow. 

analyses: 
ends. fZ) rrresses i n  a pressurized spkrical cap cl 
(3) thread shear e ~ a l ~ a ~ ~ ~ ~  a t  the :losure end. 

( 1 )  stresses in a t h i n ,  fin”te-length, closed cylinder cl 



Figme 2C.3-1. C-1 Capsule 

2C.3.1 Stresses i n  the Cylindrical Shell Rmim 

The stress f ie ld  i n  t h e  pIlesrurized cylindrical portion of tk C-t 

1- Internal pressure, P, actimg i n  a clascd cylindrical pressure vessel. 
2, Transverse edge shear fme, Y,, per u n i t  circuferential lcfigth, act- 

ing un the end of tk cylinder. 
3, Unifarn edge rcrmt, no, per unit cireurfere&ial length, acting rn tk 

end af a seri-imfinite cylinder. 

le 
is detemimd by superposing stresses 

The shear force and rorent are induced i n  the enl of the cylindrical shell becwrre 
tk: region’s thickness  and rigidity, shorn i n  Figure X.3-1, effectively pctrrnt ftr 
radial displacerent and rotation dueng pressurization, 

The above load cases are solved individually and then superirrposed. 

1. As sh<rwn i n  Figure 2C.3-1-1, hoop and axial d r a w  stresses induced 
by internal pressure are, i-espectively,21 

Pa 
= m = t  

Pa 
“22 = sz 

where 

P = internal pressure 

a = average cylinder radius, and 

t = cylinder t h i c k w s  
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Figure 2C.3.1-1. ram Stresses due to Internal Pressure 

radial shear loading s i n  Figure 2C,3,1-2,, the 
stress i s  

-2vo 
= t (La e-u cos u )  , 

and the axial bending stress i s  

Vu = shear force per unit c irc maial  length, 

v = Poisson’s ratio of the cylinder 

z = ax ia l  coordinate, 

1 
t 

re 
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a t  on a iong Cy1 irder 

I 

ndt on a Long Cyli 

The "cl a ~ ~ e ~ "  

rig i d  rei nforci IF 
ernal pressure, 2. 



Figure 2C.3.1-4. Equivalent Stress Field--Long CyY inder with 
Rigid Reinforcing Ring  

Superposing cases 1 through 3 for the C-l capsule results i n  the fol? 
hoop stress as a function of the axial coordinate, Z: 

where 

P R = -  
2k* ' 

sition of  the a x i a l  stresses fo r  the C-3- capsule results i n  

applies t o  wter  surface fibers and the ( - 1  applies t o  inner surface 
f ibers. 



For the C-1 capwit, the f o l l m n g  pilrancters apply: 

P = 50 psi (345 ma), 
a = 0.861 inch (21.88 II), 
t - 0-025 inch (0-64 m), 
v * 0-3, 

H0 = 0.32!% lbf-/in./in. (1.448 EM) 

Yo = 5.707 lbf/in. (999.5 H/m). 

The hoop stress i s  plotted i n  Figum 2C.3.1-5 as function of distawc, f, 
from the end of the cyl indrical portion of tk C-1 capsule, and tk carrespondfag 
axial stress/distance plot i s  SkWR i n  Figure X,3.1-5, The maximum value of Imp 
stnss (Figwe X.3.1-5) 4s 1,796 psi (12-4 ma), and the Iraxiw,  value af urial 
stress (Figwe 2C.3.2-6) i s  4,WO psi (27-6 ma). Tkse resultant stresses are aeg- 
l i g i b l e  colpared t o  the 56,Oarpsi ( 3 S W a )  y ie ld  stress o f  the W i t m i c  60 s t a i k  
less steel. 

X.3.2 Stresses i n  sdmr ' a t  

As shown i n  Figure X.3-I, +* thin spherical cap closing the cnd of Ek 
C-1 capsule body i s  effectiwly rigidly clilllped against r x l i a l  d fsp lacants  lrwr 
rotations by ule thick r i ~  section. 

The solution f o r  the bending and v d r a n e  stress f ie lds can be obtained 
using a superposition procedure ocrtlined i n  Reference 22. The geometry and loadfag 
are shwn i n  Figure X.3-2-1. 

Timoshenko l i s t s  the follauing fonulas f o r  the m a x i m  absolute stress 
which occurs a t  extreme f ibers  o f  the cross-section* * 

* 
i f i c a t i o n  has been here on the pressure tern. 
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Figure 2C.3.1-5. Circlnrrferential Stress in Cylindrical 
Port ion of GI. Capsule 

I I I t 

0 2  0.3 0.4 0.6 0-7 oa 
DISTANCE FROM E 
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Figure 2C.3.1-6. Inner and Outer Surface Axial Stress -- 
Cylindrical ,Portion o f  the C-1 Capsule 
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Fiwre 2C-3-2-1- Internally P I W S S U ~ ' Z ~ ,  C1 

IF the spherical cap o f  tihe C-1 capsule, the follon'ng numerical values 

apply: 

P = 50 psi (345 kPa), 
a = 1-38 inches (35,00m), 
h = 0.m inch (0.S8 m), and 

s in  Q = 0-389- 

a). With a material y ie ld  stress 
ma), plast ic yielding will rot occur i n  the cap (even 

ation). Therefore, plast ic defornations i n  the 
nent i s  equal i n  

2C-3.3 Investigation o f  Thread Shear 

nt depth m the C-i capsule l i d  i s  0,197 inch 
stress induced i n  the threads i s  calculated 

balancing the force due t o  the internal pressure with the force which i s  exerted by 

the threads (using hal f  the thread area), ?he result ing shear stress, T ,  i s  given 

bY 

PD 
= =z  



P = internal pnssure, 

0 * pitch diameter, 

length, and 

T = shear stress. 

P i s  50 psi (345 kPa), D is 1,475 inches (37.19 am), and 2 i s  0.397 

inch (5.001 SUR!. the shear stress i s  187 psi (1.29 ma). This value i s  negligible 
in colpariuwr to one-blf the yield stress of tbe N i t m i c  60 stainless steel of 
28,OOO psi (193 Wa). s b a r  failure sill therefwe not occur at the S p s i  
(MS-kPa) pressure level. 



AppEIlxx 21) 

Load Resistance per 10 CFR 71 

For tk load resistance Isulysis, the package i s  treated n a simple beam 
w e d  at both cnls and subjected t o  a mifwmly distrihrted load equal, t o  f i ve  
tiles the package weight (as per 18 Cm 7l.32(a)), 

The .okl i s  sham i n  Figurc 2D-1, For this -mi for r ly  lolckd kn, tk 
r a w i u  lllent occurs a t  midspin and is2" 

Y = package weight ami 
L = overall length of package, 

A cross-sectional view of the PAT-E package i s  shacl*l i n  Figure 20-2, IR 
the bea-bending rode, the only effect ive materials i n  carrying tensile o r  carpm- 
sive stresses along the span are the outer container assably and the outer cyltnder 
of neduood. The load spreader, naplewad cylinder, and tRe wood plugs cannot cam 
signif icant bending loads because these cqmemts do not rim the entire span of u l ~  
"her.' These materials (as re11 as the T&2 containwrnt sphere) do, Iy)ycver, serve 
the important function o f  a shear corer 

It i s  assued that the packaging comists of tw basic load-carrying cart- 

ponents f o r  bear bending: the double-skin outer container {= stainless steel) and 
the outer redwood cylinder with radial-grain orientation, The cross section of the 
simple bearcbending nodel i s  shown i n  Figure 20-3, The rodel consists of two con- 
centric, hollow, bonded circular cylinders. the redtmd cylinder defimd over ra 6 r 
6 rb (region 1) and the outer container Mind over rb 4 r 6 rc (region 2).* The 

sttress occurring i n  each of these kro cylinders s t  be calculated and 
cheeked individually f o r  yielding. - - 

The outer cylinder i s  actually comstructed of two concentric cylindrical 
shells o f  22-gauge 304 stainless steel which are press-fitted together. The two 
cross sections are ass 
ness of 0,056 inch (1. 

t o  be a single cross section b a i n g  the c 



Figure 2D-2. Cross Section of PAT-2 Package 

PAT-2 
PM1KRG€ 



The standard beam-stress formula ca t be directly applied t o  the pac 
because the cms section consists of materials with d i f fe r ing  elast ic moduli ( 
hence, bending stiffness). 
applicable since the CMSS seeti- are c i rcu lar  r a t k r  than rectangular, S i  
(Bernoulli-Euler) beam tko9 i s  therefore q l o p d .  

of equivalent cross sections i s  not d i rect ly  

le bean theory i s  based upon the as 
plane sections perpendicular t o  the neutral axi 
This k inet ic  ass l i e s  that the nature o f  the 
&penlent o f  the stress-strain behavior o f  tfae ra te r ia l ,  

s t ra in  is3 

ion that, d e r  pure bending, 

Thus, knding strain a 
curvatwe are mi ely related and are i 

E = Y  
X P  

re 

y = distance o f f  the neutral axis (Figure 
P = radius o f  curvature sf t h  r a l  axis (Figure 20-41, and 

e = in-plane 



P 

Figure  M-4. S i  Undergoing Pure Bending 

r, i n  a given regi o f  the cross section, Hwke's tau reduces t o  

a =  4 (20-3) 

re E = the appmpriate elast ic  nodulus. 

af the hollau sections, the stress i s  

re 

r t i a  about the neutral axis, 

t h  
Each af the tm cylinders. acting as a unit under bending, carries o f  

nt. In the elastic range, the nonent-curvature relationship 
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so that for stme arbitrary hut fixed cwvatwe, I/@, the umtributien of  @ of tbr 
two cylinders t o  thc total m o m t t  is 

The total rrent a t  tk cross section, E-, CEq. (2fb1)J9 i s  the UII of these two 
IoIDnts, irer, 

1 
%ax = nl + % = P 

The only unicnon i n  this equatim i s  P, the resulting d i e s  of  curvature. 

F- this equation ami tk fact that I 5 w/4 ro 4 - rz whe~e ro i s  the outer radius 
and ri the irmrr radius of  a given cylirder, tk r a x i u  stresses i n  each o f  the two 
concentric cylinder raterials are 

Outer Container 

For a single continuous material. irer, El - E2, the equations reduce t o  the sillple 
benditq stress fonrarla. 

Consider MW the following 

rb = 7.333 inches (18.626 a) 
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U = 6,900 psi (47.6 WPa proportional limit) 
'vi eld - 

U = 30,OOO psi (207 WPa 
'yield 

0 

lsrXl 
= 1.2 psi  (8.3 Wa) 

= 26.2 psi (180.6 kPa 

ring these stresses to corresponding material yield values listed 
above shows that stresses due to the stated d i n g  load are Wlible. 
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m i x  2E 

PAT4 Test -1 

Appenaix 2E describes the pwkage irssclrblies nd test pnxedwes rttilizcd 
i n  t h e  qualification testing of t h e  PAT4 package. Tksc tests have been desi 
t o  deromtrate and assure tht the umtaimr will collfoll to or surpass the galiff- 
cation c r i t e r i a  set forth by the U.S. llucleat Regulatory carissiorr a d  tlte IMA 
Data generated fm these tests will he cvaiwted for package certifiwtim 
licensing pwposes, 

T k  PAT-2 test progrm has been fonulated t o  tk nquire*ents stipulated 
i n  ltefwences 1, 2, and 3, 

2E.l PACICIIGE PREPARATION 

2E.l.l Contents 

Surrogate material for various forw of plu toniu  and/or urantur contents 
have been utilized; uhen a powder forn was used, the surrogate was natural U02 sin- 
terable powler, provided by Eldorado &clear Ltd., Port Hope, Ontario, Canada, Spec- 
if ication E m - I ,  Issue 5. The particle s i ze  distn'butfon and the dry process per- 
formance of t h i s  pawder makes it an excellent surrogate for  evaluating a wtential  
plutoniucoxide porder leak. Uhen the metallic f o n  of a radioactive material was 
used, depleted urani metal (D-38) was the surrogate. lCtren hydrated sulfate and 
n i t ra te  s a l t s  of plutoci were used, surrogates were formulated wi th  the U02 
powder, acids, and water, The formulation and "surrogateness" (appropriateness) of 
these contents have been develop4 i n  detail  i n  tk appendices t o  Chapter 3. The 
need for  these various contents, or payloads, stems fm the various safeguards 

les t o  be packaged i n  t h e  PAT-2; see Section 12.4 for  Contents o f  Package (li- 
censing basis) a - I  Appendix 5A for  IAEA Payload Definition for t h e  PAT-2. As &vel- 
oped i n  Chapter 4, each surrogate c rised a surplus  of pressure-producing rate- 
r i a l s  (water, plastics, acids) t o  qualify as a severe and conservative bounding 
case. As w i l l  be developed i n  Section 2E.2, Test Plan, these various contents yere 

utilized i n  a matrix of  test conditions t o  assure testing of a r o f  variables. 
Table 2-8.2-1, p 2-24, indicates the contents f o r  each test package. 
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EJ.2 cilsistcrs 

handling, which norraSly oc- 
iner, processing dish, or vial. A 

le was developed for use by the 
. Use of  these canisters i s  not re- 

quired bcrt i s  pemjttrrd by UEe c o n d i t i m  set forth i n  Section l2A0 The canisters 
and a WI: plastic seal; they are simply finger-tightened 

tw. 

Tk G - l  capsule i s  able t o  accOlllOckte Ue following canister rorplem?nts: 

igures E-1-2-1 and ?A,2-1 (p 7-8)). or 
res 2Ll-2-2 and 
1-2-3 and 711-2-2 

res 2E.1.2-5 and 

Each of these configurations was included i n  one or mre PAT-2 pack- 
Each cartister used was engraved with a tes t  ident i f icat ion nukr 
1- T w  C-1 capsule as ies intentionally contained no canis- 

a d  PAT-2 X15 for 10 CFR 71 double containrent veri- 
containrPnt seals are not aependent on the canister 
ss bal last t o  account for  the presence o f  canisters, 

canisters (or no canisters) u t i l i zed  i s  given i n  

test assrrblies.. 

Section 2E.2. 

Tk canister sets. Jlen used, uere kat-sealed i n  WC plastic bags, just 
for health physi.cs masons i n  glovebox bagouts o f  actual plutoniu 
ed earljer,  the 10 (2% n ndix A and B a s d l y .  X15, contained 

no canisters; also, tk TB-2 -ai vessel temperature (1,080T (sa2OC); see 
troyed a l l  WC raterial. canister seals and WC bags alike, i n  

This PVC plastic i s  the greatest c ~ n t r i k r t o r  t o  pressuriza- 
nt (Chapter 4); the  mass of WC was always maximized (overload- 

Ive  test resu l t s .  

Zests. 

2E.1.3 C-1 Capurle 

Each C-l  capsule was engraved with a test identification nurber (e-9.. 

1 w~re  sealed with Teflon- tape in accordance with the 
5 of Chapter 7 and were torqued shut  with 450 lbf-in. (50.8 NW) 

k. A l l  capsules were then leak-rate-checked 

X07). A11 C-1 capsules were assercbled i n  a glove bag under positive heli 

I6 
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with a tcrt iwificatian lllllkr (e.g.. Irae). The 
ir tRe TB-2 amtainmst vessel with rlrriur 

)-tWck foil, i m  a roIlgh square dout 1 i d  
tk a l l  clearance gap between tcw! lomgfta- 
uf tbe C-1 and t h e  comspandimg intcriar 

skpe af tbe TB-2, This was mmpl i sked  by a t r i a l  fit, A stack of foil (10 to 20 
thicknesses) was PI& i n  oae biSpkFiu1 *ll of t4e -2, i n  the da#i region; 

ed C-1 was p l m d  on top of the fo i l ,  the  other TB-2 hemispkre was mated 
&et, which warld interfere a t  t h i s  point), the flange was 
e only, and the assembly was shakem by &d, to  detect 10rc- 

lztfft of ult C-l withift tk m-2, by feel a d  sound. Foil was awed until relative 
llotioa rros not sensed; if the f l a w  joint ktrecn the  111-2 hemispheres did lrrt 
coc c a p l t t c l y  her, by v i sua l  check, fare foi l  was reaowd, 

parts to  be assembleduere placed i n  a glove bag m t b  a positive 
gasket was positioned on the (rule) TB-2 sphc+i- 

set A as explained i n  Cltapter 7, Operating Procedwes; uw! tm 
uere correctly rated; and tk 20 bolts with washers and t he  20 nuts with 

alled and properly torqared t o  lL&o lbf-in. (20.3 Nom) m ' n i u  
s-ly procedweo i n  Chapter 7)- A11 TB-2 asseddies rere 

M S ~ *  a heliUr-Pype mass y#ctrumeter, A l l  assabled -2s 
allowing stme time (< 1 k r )  t o  degasify the bolts and nuts 

i n  the t ight ly  torqued kardware tha t  i s  external t o  the 
Uprm disassanbly, a l l  

Z b - 2 ~  nmtained easily detected, large-scale quantities (by mass ypectraaetry) of 
kliu, 

wre of  hclim; the c 

gasket that seals the interior cavity of the TB-2). 

2E,l,5 w)-2 oV@rpac k and PAT-2 Package 

-2 overpack was stenciled with package :dmtification, using epoxy 
nts (see Chapter 9). 

Each TB-2 with C-I was assenbled into the AQ-2 oyerpack, install ing the 
, the titanium load spreader cover with four screws, t h e  rubber 
plug, the inner cover, the outer cover, and t he  hmty-four 

M - i s c h  bolts, aligaing a l l  ra tch marks and following the asseably procedure of  
chapter 7, 

r igs  for the rocket 11- test were installed onto the 
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Zf.2 l E S T w  

Six fiaaldcrigm, &ifid PAT-2 lsscdties (see Chapter 9 )  fnn PLnC 4 
of the UMC (Li!#&twcQkt Air-fmsportable kciden& Resistant Cofttirfntrr) pro5cct, 
ycrc utilizlcd to &momstrate c m p l i u c e  with WRf6-a360. fine siailu PAP2 plidulc, 
strial k- A15, ms utilized to daonstrate caqtlirrc with 10 CFR 7i ,  49 CFR 173, 
and Illu S-S- 6. 

The following rcrury of test plan vari&les is pcKatcd in Tale 2E.2-I 
as a u t r i x  did indicates the plan that was -1anQad. Table 2.8.2-1. p 2-21, 
is a sinplcr,  we gmpbic p*euntatiua o f  tbe six packages for wutE6-0360. 

Tk test plan variables i m l d  the payload type, the nmber md types euf 
Ori&iorr of the AQ-2 overpack rcrd canisters vitbir the C-1 capsule, tk 

the TB-2, a d  the irplct tarperstwe. 

There *rere four types of test payloads: 

Six 26- D-38 depleted ~ n m i l r  pellets, -ling thc maxinu 1 s  
gram weight of m'xed-oxide sintered pctlets or solid plutoniu  or UI% 
niU!W?till, 

10 gram of uramim oxide [UO,) pak+, m k l i n g  the l r a x i r n  4O-grm 
weight o f  Pu02 pader, 

3 gram af u r a n i u  n i t ra te  dihydrate with excess water, nodeling 3 
of plutoniu n i t r a t e  dihydrate [PU(RO~),-~%~C, 

- 3 grms of uraniu sulfate tetrawmte with excess water, ncdeling 3 
grams of solid plu ton iu  sulfate tetrawrate (Pu(W,),- W,O. 

Each of these payloads was enclosed within a gtarticular c 
canisters as shom i n  Table 2E.2-1. T k  four possible coabinations were 

Two BC-1 canisters per asserlbly - Two BC-2 canisters and me BC-3 canister per ass  
Three RC-4 canisters per assembly - Six  BC-5 canisters per assembly. 

The assesbled P A T 4  packages underwent the 
unyieldiq target) i n  five different package att i tudes and a t  th ree  different te& 
peratures -- ient, 1W"f (22092, and -46% (-5OOF). Packages were irapa 
four orientations -- top, top corner, bottom comer, and bott 

because t h e  least 
rature. Side orientation was selected for  the t rature-extr- inpacts 

u n t  of correctly oriented rood (with respect t o  the grain) 
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available for em! absorption. Filutly, tk TB-2 cOnt,irclent vessel joint ms 
tested with both polar and equatorial orientation with respect t o  the unyjelding 
target. 

Table E.2-l 

PAT-2 Test  t b t r ix  

a Package 
S P  - Payload Type 

XO9 Pelietsbetal  6 BE-5 Side, 
-5ooc 

2 m-2 Botta 
1 Bc-3 Corner 

lkne Bottm 

6 E - 5  Side, 
104°C 

None b corner 

TB-2 

fquatorial 

Polar 

Equatorial 

Equatorial 

Polar 

Equatorial 

RIAC 

Test 
Criteria 

MIREc;o360 

lulRE6-a360 

inatiom of the above-cited variables are possible f o r  
iteria alone, only 6 packages were available t o  expemd i n  test 
for 10 CFR n), so the conditions selected far the test plan 

eading considerations: 

r more f u l l  test series; - Every  caniste nation. including no canisters a t  a l l ,  was sub- 

- Tke:Tb2contai vessel was both polar- and equatorial-oriented fo r  
comer and esd packagecrash a t t i t d e s ,  and equatorial-oriented (as- 

l ieved t o  undergo greatest deceleration. always had 
r the hot and cold side impacts; 

ss payload (> 120 g ae ta l l ic  uranim); 



2E.3 

Tke only lB-2 cantailllllmt vessel to develop a detectable teak, 
cantained pmafer, the paylad fonr mst likely t o  be released; 

9 The 10 CFR 71 hppmdixes A and il test mit. X15, contained urt taw&- 
case payload and 110 canisters to prove dm&lc coneairamt. 

TEST CtHUKi -0 10 GFR 71 

Although the 10 CFR 71 Appenaix A tests for -1 canditiorrs of trmspwt 
are not required to  be sequentially cwlatiw. they ytre applied in  scqutnct t o  one 
PAT-2, at- with the tests of 10 CFR 7 l  Appendix B accident d i t i o a s  of tr- 
port; the Appendix B tests must be seqaa~tial. The t e e d  PAT-2 consisted of a 
sealed C-1 capsule containing Hltwgatc Pu(S&JN20 contents, a sealed TB-2 am- 
t a i n e n t  vessel, and an AQ-2 overpack.. 

ZE.3.1 10 CFR 71 Appendix A -- Worn1 Canditios for Transport 

- Heat -- Although them1 equilifw4u votrld hwe oceumd i n  less than 24 
hours, the PAT-2 uas ex- to 2157 (102°C) for 48 hours f o r  conservatism, 

Pressure -- The 7B-2 uas ranwed fmn the hQ-2 overpack, heated t o  2505 
(121%) f o r  8 hwrs. and then kliu lea&-rate checked rhile hot t o  desonstrate 
cmpliance with the 1502 miu n o w 1  operation pressure test of 10 CFR 71-53, 
Analysis i n  Chapter 3 &matrates that 250°F (121%) produces an fnternal TB-2 
pre!5sure o f  1502 

The l5-2 w s  allawed t o  cool t o  ient temperature and again was heliun 
leak-rate test& The he l i c r  leak-rate tests rare cducted i n  a vacuum vessel, 
heme both the 10 CFR 71 0.5-atm and the IAU S S ,  6 0.25-atn pressurntest 
requiremesrts were satisfied repeatedly. 

Vibration -- The TB-2 and AQ-2 yem rcasMlbled i n to  a PAT2 and subdected 
20 16 hours of vibration -- 8 hours on the longitudinal axis, 8 hours on the  ver- 
t i c a l  axis -- at 30 t o  2,000 Hz. The wckage mas exposed t o  0.2 g /Hz between 30 
and 159 Hz and t o  6 dB/actave r o l l o f f  between 150 and 2,000 Hz. 

2 

Mater Spray -- The package teas exposed to a 124-gal/ain spray for r r e  
than 30 minutes. 

Free Droe -- The package was dropped 4 feet (1.2 metres) i n  a top-corner 
i orientation approximately 2 hours a f te r  the crater spray test, A similar 
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package was d 
bo t t a .  

the sane distmce omto its top. top corner. botta corner, and 

Penetration -- II  13- (5.9-kg). 1.25-inch (3.2-ca) diameter steel 
cylinder wi th  a hemispherical enl was dropped onto t h e  top of tk PAT-2 package. 

colpression -- A 69epocmd (3-13-kg) weight uas placed on the PAT-? for 
over 24 hours, 

22.3.2 10 CFR 31 hmemlix B -- Standards fo r  Hypothetical Accidents 

The PAT-2 package used i n  the lbpenaix A tests was properly assembled and 
i d l y  tested i n  accordance with the 10 CFR 71 Appendix 6 hypothetical acci- 

dent conditions of tramport, 

Free Drop -- The package was dropped 30 feet (9.1 metres) onto an unyield- 
ing surface i n  i t s  w o r t  vulnerable a t t i t d e .  top comer. 

Puncture -- The PAT4 was dropped 40 inches (1 metre) upon a l e i n c h  
(25-as) long, &inch (15-cr) diameter. steel s p i k e  suppwted on a large reinforced 
concrete block, A n dropped the package i n  the top-corner irpact attitude, 

Titerma1 -- The package #as exposed t o  a t rature greater than 1,475"F 
f W 0 C )  fo r  mre than 31) minutes i n  a JP-4 aviation f i r e  conbusted i n  the bum test 
f ac i l i t y  described i n  Appendix 2F. Section 2F-4. 

-- The package was submerged for  approximately 24 hours i n  
re t h a n  

2E.3.3 Containent Acceptance Test Pkasurenents 

C m a i R e n t  acceptance tests were conducted on t h e  package a f t e r  both the 
Appendix A test series and t h e  Appendix 6 series. Urani fluorimeter a m i  toring 
sensitive t o  IO-% gr was used t o  test for uranium release, ae3 h e l i u  
leak-rate testing was done wi th  mass spect try sensitive t o  IO-'' m3/s helium. 

2E -4 

. double-slash. fire. and illRlersion tests de- 
scribed in Section ZE.4.1 through 2E.4.6 were conducted sequentially i n  the order 
givetr. The role mnsequentia? test. hydrostatic pressure. i s  described i n  Section 

st-test  measurements are  described i n  Section 2E.4-8. 

2-126 



aE.4.1 Impact or Crash Test 
The irplct tests #n-done a t  tbe SWU Cqete T e s t  Field rocket pill 

cable test site, shwn md described i n  Appendix F. The PAT-2 pa- ycrc -1- 
pl#tartfi-* 

and the velocity vector of package &ion was p c r l r d i c u l a r  t o  UW face of the yk 

yielding target. 

mated to a mrin of 250 kmts (129 4 s )  ;IS .easard hy 

Packages yere impacted i n  f i v e  msk attitudes: 

1. Top end irrpact (0" attitude) 
2. Top corner i.paet (45" attitude) 
3. Side impact (90" attitude) 
4. fktttm comer irpaet (135O attitude) 
5. Bottom end irpaet (181)" attitude), 

.'ttitde was controlled t o  within 510" and (PIS reasured by redundant plratmetrics. 

2L4.2 Static Crush Test 

A Tinius-Olscn s ta t i c  tes t  machine uas util ized t o  impart a 70,000 lb f  
) load upon the point of contact chosen as the most threatening t o  the TB-2 

(the point of m i n i m  dinemion o f  redwad bet- the TB-2 and the Ao-2). The 
principal surface reraining a f te r  the crash tat o f  each PAT4 package rested upon 
the essentialy unyielding steel bed of the test machine. The load was applied per- 
pendicular t o  th i s  bed through a &inch (Sa) wide, 7-inch (18-m) deep, mild steel 
bar that was longer than the widest PAT2 contact surface. 

2E.4.3. Pumture Test 

Puncture tests yere conducted a t  the W Area 111 185-foot tower. A 
blunt steel spike was dropped 10 feet (3 metres) onto the crashed and crushed PAT-2, 
a t  the point of contact again chosen t o  be m s t  threatening t o  the 78-2 (the point 
o f  minium dimension o f  redwood between the 7&2 arb the Aq-2). The fioepoufid 
(227-kg) spike, i n  the shape o f  the frustum of a right c i rcu lar  cone, was 12 inches 
(10.5 aa) long, 8 inches (20 an) i n  diaaeter a t  the base, and 1 inch (2.5 cn) i n  

The PAT-2 package rested on an un- 
yielding surface. 

r at  the t i p  or puncture contact point, 

2E.4.4. Slash Test 

A structural-steel angle-i ron, approxi (2 nretres) long, was 
twice dropped =re than 150 feet f 
each PAT-2 package subjected to  the 

2-127 

'1 



uas guickd by a drop carriage t o  prevent t ub l ing ,  a d  the f a l l s  rere phot-tri- 
caiiy r e c o d .  T k  projectile had f legs, > 5 inches long cynd 0.5 inch thick, 
that  were 90" apart, The square ends of the angle-iron provided a relatively sharp 
three-arris 90" comer f o r  slashing the packages; the drop carriage guided the pro- 
jectile such that t h i s  sharp corner struck the  package first, with the PAT-2 longi- 
tudinal axis approximately evenly bisecting the 90" angle betreen the 1.w. 

ws f i m l y  restrained and supported i n  taraped earth such that 
was inclined 4 5 "  t o  the horizontal. The a q a  of the  package 

first contact uith  the impact surface i n  the crash test was i n  the 1-r- 
M)st position, and the projectile struck the package a t  the approximate center of 
its vertical projection. After one slash test? each package was rotated -90" about 
i t s  lmgitudinal axis and slashed again a s  before, 

2E.45. fhenwl Exposure or  F i r e  Test 

Crashed, crushed, punctured, and slashed PAT-2 packages were exposed to a 
JP-4 aviation fuel fire wi th  a r i n i u  temperature of 1,850"F (1,OlO"C) f o r  more 
than 1 bur. The controlled fire was colabusted i n  a 25-foot high by 16-foot diam- 

re) chimney fabricated fram steel plate and insulated on its inside 
surface. 

A stainless-steel stand i n  the center of the tub held the PAT-E packages 
-3 feet Qi metre) abow the  JP-4 fuel surface, The stand surface is an open grid; 

iented on the stand c i t h  the crashed surface faced da#mard, 
re records were made frua thenacouples affixed above, below, 

txM t o  the surface of the package. The packages #re alloued to 
cool naturally, m i n i n g  i n  place u n t i l  cool t o  the bare hnd. 

2E.4-6 Hater Imersion Test 

the foregoing tests were i e r s e d  i n  3 feet 
h t o  any pint on the PAT) for a t  least 8 b s r .  

2E.4.7 Uonreqwntial Hydrostatic Pressure Test 

clean, dry TB-2 was subjected t o  600-psi (4,l-Wa) mini 
ter pressure Cor a of 8 hours i n  a hydrostatic test vessel filled with 

~ o l ~ - d y e S !  water; the st was actually p e r f o d  a t  5,000 psig, t h e  maxi 
ing pressure of t h e  hydrostatic test facil i ty.  



2E.4.8 Containrrrt Accept a- Test b s w e r m t s  

Af te r  the nonseqtmtial hydrostatic pressure test, the TB-2 interior wn 
exrid for rater. Af ter  the seqwntial test series, the TB-2 exterior was am&- 
toned for uraairr rater ial  release or contamhatior, with a fluorimeter swsitir+ to 
10 gram uf uraniu. A rass-spectroretcr heliu leak-rate test sensitive to lZf@ 
m3/s he l iu r  was also conducted on tk seqwstialty testcd TB-ZS, ami ~mit-rilrtt 
results were converted t o  a I s  a i r  leak rate. 

-a 

3 

RATA 

Data frar the above-deseribed 10 CFR 7l  and HE6-0360 tests m i s t e d  

- 2E.5 

pr iaa r i l y  of the following: . 

.I . 

. 

.I . 

.I 

. . 

. 

Pre-test qual i ty control inspection data or manufacturer's ce r t i f im-  
t i o n  on the PAT-2, &2, TI?-2 a d  C-1 assemblies, including leak-rate 
test data on tk TB-2 vessel and C-1 capsule before environnentat test- 
ing. 
photoetric data of the impact tests (velocity and attitude). 
P0st-iqwc-t radicgraphs o f  PAT-2 sharing location of TB-2 with respect 

Laboratory tes t  reports (observed measurements of the crush, puncture, 
slash, and hydrostatic tests). 
Tkrraeauple data as described ear l ier  for the hrn (fire) tests, 
Health physics Sn'pe test resolts of T&2 and C-l as required fw 
radiological and utaniu (chemistry) ronitming, IO-' gram uraniur sen- 
s i  ti v i t y  . 
Laboratory standard leak-rate testing by heliu-type MSS spectrorettr, 
o f  the TB-2 and C-1, a f te r  eminmenta l  tes t  sequences. 
Post-test observation o f  TB-2 copper and C-1 Teflon" seals. 
Approximate dirensional descriptio% of PAT-2s a f te r  test series, prior 
t o  destructive V i n g  t o  recover TBs. 
Extensive photographic (still and notion picture) coverage O f  WtW 

test events; still phatos o f  PAT-2, m-2, 78-2, and C-1 after tests or 
test series. 

tQ tk e 2 .  
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Test Facilities 

TRe facilities utilized to perform the sequential test series include (1) 
the SI(U Coyote Test Field facility, at *ich controlled-attitude, high-velocity 
impacts onto an unyielding target yere perforred; (2) a Tinius-Olsen static test 
machine to crush the packages as required; (3) two SUU Area I11 taar facilities 
utilized to perform the puncture and slashing tests; (4) a fire-test facility; and 
(5) an inaersion tank. This appendix describes these facilities and the test and 
data acquisition methods utili& to assure that the desired test emirorrents yere 

properly produced. 

2F.1 R0GKE-T IMPACT TEST FACILITY 

The rocket pulldown iqmct test facility used for package irrpact tests con- 
sists of a tensioned aerial cable suspended over a canyon bet- two ridges, a car- 
riage which can be hoisted from a ground-based target up to the aerial cable, an 
unyielding target of armor-plated concrete, a sled track, a rocket-propelled sled, 
and contml and instrumentation capabilities. An vera11 wiew is shorn in Figure 
2F.lLl. Figure 2F.1-2 s k m  the tinyielding target, towing lines, pulleys, and a 
PAT-2 package equa'pped with an explosively deployed towing r i g  far a bottoccorner 

ct. Fi-re 2F.1-3 shoMs the sled track and the berm box which captures the ex- 
pended sled anal rockets; Figure 2F.1-4 i s  another overall wiew of the facility. The 
PAT-2 package is sus &d apprixitnately 185 feet (56 retres) above and perpendicu- 
lar t o  the ranyieldirng target. Rocket sled tow lines (a continuaus wire rope used in 
a loop so them appears t@ be two tow lines, one on each side of the PAT-E package) 

by means cf towing rigs such that high-speed toring will 
will iwact in the desired attitude. ?he towlines route 

the PAT-E package and pass through pulleys that straddle 
e towlines then route horizontally to the m k e t  sled, 
chd. The rocket sled uses a variable r of 5-inch 

kt  motors that have 6,590 lb's (2,950 kg's) i 
are attained o r  exceeded by adjusting the 
ing the nunber o f  rockets installed on the sled. 
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Figure 2F.1-1. Rocket P u l l d m  Test 5--ilCty 
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Figure 2F.1-2. PAT-2 Package Rigged for F 3Ure 2F.1-3. Sled Track and Eem Bottar-Corner I a c t  
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The operation sc<(ucncc imolws staged rocket Ignition ad uin rape cat- 
ters, zktvwrr first- Md s.uomJ-st* rocket igmitian, tlw 
rope i s  aut, a d  Wuilq M r  Tk tar tines are crh to 
prior to iIpKt; this action i s  triggered by sled passage rkrdasfreonth 
m n w a i l  track- The towing rig, Jliidr was attached to the PAT-2 by wire ropes 
quipped with u p l o s i r e  cable cutters. i s  released fmm the package at this UT 

time, 

The unyielding target i s  an txtensiutly reiAforccd 526,oOa-pamd (239315) 
block of concrete, approximately 20 feet (6 metres) i n  d i e m  rd 11.5 fett (3.5 
metres) Qep into prepared (-) earth. It i s  faced VfUn a 1O-fimt (-re) 
square slab of battleship a m  plate, with on average tbidrnss of 4 i d e s  (10 
a). The steel facing i s  welded t o  the Febar i n  the concrete a d  i s  gmuted to the 
concrete plug with i ron-f i l ings-f i l led cement grout, 

Redundant high-speed photometries measure PAT-I! package i.plet welocity amad 
st t i twk,  A visiconder masures down t ime, fm rocket igmitim to hMrr fmc- 
tion. 

The rocket sled with two rockets i s  sharn i n  the arming stage i n  Figure 
2F.P-5. High- or low-temperature envimnental conditioning e q a i m ,  awaillsblc a t  
the target site, i s  Shawn i n  Figure 2F.1-6. A cold-soaked PA74 package, fiml- 
armed and ready for hoisting, is shorn over the ur?yl’elding tarqct i n  Figure 2F.14. 

E02 

The crush tests were accarplished with a Tinius 01sm stat ic test machine 
(Figures 2.8.3-1, 2r8r3-2, 2.8.3-3. p 2-32). Radiographs of the PhT-2 af ter  impact 
were used a0 establish that th is  crush and the subsequent puncture test caused 

ge [i.e,, the distance between tk 7’6-2 containemt vessel and 
the point of applied load were minimized), 

tres) and 30(11 feet (91 metres) were uti- 
and slashing tests, respctively, Both faci l i t ies 
on and orientation control of  the test  probes when 

impacting the PAT-2 package, 

ncture “rest involved dropping a (227-kg) blunt conieai 

entation control of the 
probe 10 feet (3 res) onto a package which 
steel-plate target. A guide tube assured proper 
probe. The general arra nt tor this test i s  shown i n  Figure 2.8.4-1- 
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The slash test was KcarplirAcd rftk a Qridca Crarsaye oa tin! 38o.f.rt mr(l 

touer. Tbe -7-foat (&metre) angle-iron projectile, rSth slulrab-eff crb. ys at- 
tacbed perpeadienlar to  tk mntirrg deck of this ci&d carriw. T k  aagle4rm 
was oriented as detailed i n  Appendix 2E, Section 2€,4.4. Ia the tests, the uacrfqe 
with tk steel beam was hoisted to a correct dmp lviJlLt, atlarfmg for f r ic t ia  oa 
tk guide wirer, and tkn altoutd to slide dam tbe guide uins tawFd tk Ml-2 
package (Figure 2F.fl)- The steel projecti le uas separated fror tLc cwrlag~ 
above the PAT-2 package diem it W e  a glass rod rLic) tmlggnn alc explosive cable 
cutter, allowing w#cstraincd final free-flight iata UC PAT-2, lapact rck i t fes  
are determind throtrgh pMxmtrics. 

2F *I FIRE TEST FKILITY 

The f i re test facility i s  a 25-foot high by l&foat diameter (8- & 
Smetre) chimney fabricated of steel plate a d  imrlated 011 i t s  in?ri& surface- 
Figure 2.8.6-3, p 2-40, i s  a phatcrqtaph of the facility, and F i g m c  2F.4-3 3s 8 

functional x k u t i c ,  

TO F i t  flare height adjustrrent and tapcrclttm eontrot, -1 (-By 
JP-4) i s  floated on water i n  a steel tub, appmxiutely 10 feet (3 rrtrrr) i n  dlm- 
etcr, uith dnirur freeboard above tk greund. A controlled ly of a i r  i s  dttfw- 

a symetric pattern of ninetnn 19-indn (48-u~) 
an undetgruunl p l m u  upnillnl urocrgh the water 

1y i s  cont&lled with inlet-tunnel louwers which nspaftd t o  fedhck 
le a t  the l e d  of the i tem k i n g  tested. 

Test item mxi lately 3 feet (1 metre) 

heat upon an item, 

the fuel  on am 

i d  steel test stand which i s  centered i n  the knn 
stand rurirrizes i A c i  

2F.5 

The rater  isllemion facility i s  a &foot (1.83- metre) diameter tardr, 6.4 

feet (1.95 metres) dccp, set belaw grade and filled with water.. It i s  adj- t o  

thc fire test facility. A drowning cage, Figure 2. -7-1, assures that the P A W  
packag! Feririm below the required >foot (0.9-rtre) depth of rater. 
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PAT-2 Package Ilqfact Analysis 

26.1 AW) GEERAl hPPROACH 

This appendix analyzes the capability o f  the PAT-2 package t o  survive a 
250-kRot (129-in/s) inpact on an uny ie ld iq  target. a requirement specified i n  WlZE6- 
0360. End-on and si&-on configurations are considered. The comer iapact situa- 
tion, dtich i s  not anenable t o  solution, is, instead. validated by inpact testing. 

A v i m  o f  the PAT-2 package showing a l l  
The basic approach used i n  the design o 

nents i s  displayed i n  Figure 

26.1-1. package i s  t o  absorb the ia- 

pact emqy by a c te r ia l  crushing ( i n  the case o f  crushable, dis- 
tended materials) and plastic work ( in  the case o f  aetals), The aim i s  t o  isolate 
the inner contai nt  vessel from excessive shock. 

-3-1. PAT-2 Package Components Showing Grain Orientation o f  Energy- 
ElbsorOiq Redwood and Kaplewood 
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The COAtaiment vessel i s  traated as a r i g id  object, MC rotion sf hiel, 
must be stopped by wod crushing and ( io  a lesser extemt) plastic defonutfor# of 
the outer cylinder, lids, and load qmader, l b te  ult the load sprcldcr assembly 
distributes the inert ia l  loading over a larger area of energy-absorbing redwood tha 
would be distributed by tk pmjccted area of tk TB-2 amtai- msel  ala^!, 
fhe up lwood i lwd ia te l y  surrounding the TB-2 i s  quite stiff iAd serves t o  fa i r l y  

d i rec t l y  -le the sphere uith the load e, a l t  the llapl#ood is, of 
course, capable of crushing itself, Thcnfore, the maplewod a f f o d s  shock imla- 
t i on  for the IB-2. although at amsidenbly hipkcr shack loading levels than Witb 
redrood, 

llcthods utilized f o r  analyzing the various irpwt amfiguratiom arc tbose 
indicated by illnlersen and lWfeyz4 for tk PAT-1 padrage and consist 0.7 cqwting tlw 
i n i t i a l  kinetic energy available with the emgy Jlich can be absorbed by the c r u l b  
able material up t o  the point of "loeitlrp," as sham i n  the following equation. 

 re the inner integral of tk energy absorption expression on the r i g M  i s  the 
s t ra in  energy density taken wet a l l  s t ra in  states at  a given point. This s t ra in  
energy density i s  theti integrated over the vohme of defonred material, llany crush- 
able materials, ant wood i n  particular, when loaded parallel t o  ( i n  l ine with) the 
graifi, exhibit a uniaxiai lcmd-denectios, (OT stress-strain) behavior as skowr 
schenatically i n  Figure 26-1-2, I n  the case o f  d. the lamest energy absorption 
capabil ity i s  i n  crushing i n  l i n e  uith the grain orientation. The stress state I S  

therefore taken as uniaxial f o r  these materials along the grain orientat im 
direction. The strain energy densit2 then keorcs 

which represents the area under the uniaxial 104 deflection curve f o r  the crushable 
ra te r ia l  when rmpressed i n  l i n e  uith the grain (energy absorption i n  other direr- 
t ions i s  conservatively neglected), 

Details of testing and results for the energy-absorbing wood material prop 
erties are described i n  Appendix 2A. In an;/ case, the procedure consists o f  cuttinp 

the wood siuple into the fora of a right-circular cylinder and putting the cylinder 
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Figure 26.1-2. Typical Load-Deflection Behavior of Distended. 
Crushable Materials 

inside a close-fitting metal sleeve which provides confinement. A piston is then 
driven into t h e  speci n, and t h e  force-deflection Wnavior is recorded and inte- 
grated t o  obtain t h e  energy-absorption capability of %k material. After the par- 

le is crushed on the order of Sox t o  70% (for typical woods), "lockup" 
out occurs and loads which cause further deformation of the sample in- 

crease rapidly. Energy absorption is only considered up t o  t h e  point o f  lockup, 
Note that the area under t h e  load-deflection curve of Cfgure X.1-2 corresponds to  
the energy absorbed by the crushing pmcess. Again, i t  i i  t h i s  energy absorption 
capability that is primarily used t o  protect the T3-2 containment vessel. 

nt o f  end- and side-isrpact orientations are ,onsidered i n  t h e  fol- 
lminq tlra sections, respectively. 

x.2 

Consider tCe situation of end-on i 
ing surface. As sttown i n  Figure 26.2-1, t h e  load spreader, which contains t h e  TB-2 
vessel, effectively sewes as  a piston on i 
plug. k e i e r a t i o n  of the load spreader assembly (including contained raaplewood and 

ressjng tb 1-r 
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Figure 26.2-1. PAT-2 Package Showing Colwi of Paterials Used i n  End-On 
Irpact Analysis 

the TB-2) i s  thus provided by the lowlw redwood plug up t o  the point o f  locLup of 
the tedwood. Note that the upper, rsovable. redwood plug serves only t o  add maris 
t o  the column. Particular attention should be paid t o  the grain orientations indi- 
cated i n  Figure 26.2-1. 

The f i r s t  calculation t o  be rade i s  a determination of whether the lower 
redwood plug, i n  i tsel f .  i s  suff icient t o  stop the load spreader assembly without 
redwood lockup. This portion o f  the i c  response i s  termed Phase I .  

T!K? total  effective mass of tk col 
consists o f  the top redwood plug, the access pla 
redwad plug, and the TB-2 contairrrent vessel a 
plewood surrwnding the TB-2, which 
These items and the i r  respective masses are included as Table 26,2-1, 
to ta l  coluwn mass i s  25.1 l$ (11-4 kg). 
m/s), the kinetic energy o f  the c o l u n  of 

(loaded), as w e l l  as the 
r ises the annulus and the two end plugs- 

Note that the 
A t  an 3 act velocity of 422 ws (129 
te r ia l  shown i n  Figure 26.2-1 i s  

K.E. = IRv2 . 



I = 25.1 lbn (11-4 kg) and 

v = 422 f t / s  (129 WS), 

The kinetic energy associated with the colun o f  raterials slraded i n  Figure S.2-1 

i s  

KO€, = 69,408 lbfoft (94.12 kJ) . 
Table 26.2-1 

)hsses of PAT-2 "Outer Calm" Colponents: Phase I 

comnponent 

1. TB-2 containment vessel 

2, Titanium load spreader 

3. bpleuood (total)  
4, Top redwood plug 

(loaded aass. including fairings) 

(carptete assembly, including access plate) 

Pl  ug 
fotal *colunu w s s  

mss 
l b  (kg) 

4.3 (2.0) 

11.4 (5.2) 

6.1 (2.8) 
1.65 (0.7) 
1.65 (0.72 

25.1 (11.4) 

consider tk bottan redwood plug. The tota? energy absorption capacity 
(to lockup) of t h i s  plug i s  

Total Energy Absorption = (Specific Eneqy)(Hass) . 
Using a mass for the bott redwood plug of 1-65 lbs (0.75 kg) and a spe- 

sorption* for redwood of 22,380 Ibf-ft/lbm (66.9 kJ/kg), the total 
sorption capacity i s  

Total Energy Absorption = 36,927 l b p f t  (50.07 U) . 
.+ 
Specific enew absorption i s  /. de, the area under the stress-strain 

curve discussed earlier, 
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caplrimg the kinetic energy and cnwgcy capacity values above imdicates 
end dmp, the rwkood bottm disk (newest impact) carmot abrorb al l  tk 
the colur by itself. As a result, the bot- ndwood will lock wp, t 
large loads to the titanim load spreader. 

The residual velocity of t k  wlun just at tk instant of loclrrcp is ala+ 
'Tk c h a w  in cot- kinetic enr?rgtr i s  equated ritk tk -1 lated as follawst 

energy absorption of t k  +eQood plug, irer, 

1 d? - 2 $ = 36,927 lbf - f t  (50.07 W) , 

where the final velocity, Vf. is calculated to k 

Vf = 288-6 f t /s (88 n/s) - 
WOU Phase I1 of the deformation - Tk materials imrolved wc 

in Figure  26-2-2, and comist of the 1 TB-2 containrent vessel. tk 
maplerood plug, anl the laver maplemod plug. 
indicated i n  Table 26.2-2. 6asically, the load spreader is ass& to be 
this point and the inner alun effectiwely impacts on the stopped lord 
an inpact velocity of 288-6 f i l s  ( e&)- Again, the pracedure is to calclrlllk 
kinetic energy of this (smaller) colun and &temirwr if the mapleUOd plU9 kas 
ficient energy absarption capability to decelerate the colusn to rest wit- 11p 

ing lockup. 

Tbe masses of the 

.... ~ . .  . ~ ... ~. . 



Mass 
l b  (kg) 

1. T3-2 fontaimsent vessel 4.3 (2.0) 
mass. including firin'ngs) 

2. PIUS O.fi00 (0.27) 
3. tanr rpplewcod plug - 0.600 10,272 

Total colun litsf 5.5 (2.5) 

Tkc kimtic of the cotum is, again, 

wherpnnr 

slugs (5.5 1 h  or 2.5 Rg) and 

LE. = 7,113 fbfoft (9.615 k3). 

uplewood energy abrorption capacity (to lockup) is, again, 

Total Energy Absorption = (Specific Energy)(Hass), 

Using a u s s  fw t plewood plug of 0.600 I& (0.27 Rg) a d  a specific en- 
lbf-ftJlbm (69 W/kg), 

Total Energy &sorption = 11.400 lbf-ft  (15,46 kJ) . 
ring the energy absorption capability of the maple before lockup, 

lbfoft (15.46 W), with the kinetic energy necessary to stop the colmm con- 
T8-2, 7.113 Ibfoft (3,615 id), indicates that the TB-2 will k dccelcr- 

at& to  r e s t  well Won? the 
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Owra l l  conclusians regarding tbe end iapact we tlut m f f i c i e  
absorption capacity i s  available i n  tk PAT-2 to cause tk TB-2 vessel to k -1- 
crated, at tar loading, to rest, during illpact. Homnr, the l o d  qweader assa&ly 
may well  experience p last ic  deformation, 

26.3 SIDE-aJ IepAcT AMLYSIS 

The side-orr impact analysis i s  done s imi lar ly  t o  the emf- a m l y i s  of tlw 
previous section, first, the volme of crushable reterial involved i n  dccelctrt i rg 
the load spreader and i t s  contents i s  calarlated, tk energy capable of being 
absorbed i s  detenained up t o  the point o f  loclrupc This i s  taken as Phase I o f  the 
reSpome, 

The port ion of redwaod which deccricrates the load spreader i s  sha*r i n  Fig- 

The indicated region i s  that  which would be imolwid i n  ures 26-3-1 and 26.3-2, 
crushing during side-on impact E e f m  damage t o  the load spreader would occur, 

The wolue of redrmod material involved i n  t h i s  i n i t i a l  crush consists of a 
so l id  with the cmss section of a circle. Application of  elementary fonulrs25re- 

3 sul ts  i n  a calculated volme o f  material involved c f  241.3 i n  (3954 ~ 1 1 ~ ) .  wotc 
that  the length of the affected material does not run the f u l l  length o f  the PAT4 
-- only under the load spreader, as indicated i n  Figure 26.3-1. 

h t e  further that crushup o f  t h i s  reduood occurs primarily parallel t o  the 
grain, The $ra in  orientatioa o f  the redilllood and maplewood pieces was designed 50 

that  t h i s  w i d  be the case, Using methods outlined i n  the previous section, the? 
t o t a l  energy which can be absorbed by the region indicated i n  Figures 26.3-1 and 
26.3-2 i s  calculated t o  be (up t o  the state o f  lockup) 

- 

Total Energy Absorption = 81,264 l b f - f t  (110.2 W) . 
Next, the kinetic energy, which (if possible) i s  t o  be stopped by crus 

o f  t h i s  redwood, i s  determined by first to ta l ing  the materials whose energy ms), be 
dissipated, t o  as large an extent as possible, by redwood crush. The l i s t  of tht 

l a t e r i a l s  and t h e i r  t o ta l  mass are indicated i n  Table X.3-1 (see Figures X.3-1 and 
X.3-2). 

2-146 



RE ANNULUS 

Figure 26-3-1. Portion of  Redwood which Oecelerates Load 
Spreader -- Phase I ,  Side iqirgact 

F j g u r ~  25-3-2. Cross Section o f  PAT-E Sh 
F’a+,eriat :nvs lved i n  Lateral Crvsh 
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nass 1 l b  (kg) 

1. Portion of nbrood cylillscr 12.4 (5.6) 

3. Load spmader asseably 11.4 (5.2) 
4. Three mapleuwd pieces 6.1 (2.8) 

Total N S S  3.2 (15.6) 

2. Laadd TB-2 vessel assf?&ly 4.3 (2.0) 

As i n  the ecAd iqmt analysis, tk k i w t i s  energy of t h i s  "coluw~" of mate- 
r i a l  i s  given by 

v = 422 f t l s  (129 J s )  nd 

m = 34.2 lbm (15.5 kg), 

the kinetic energy i s  

K.E. = 91,572 lbf - f t  (128.2 W) . 
Carparison o f  t h i s  "available" k inet ic  energy uith the to ta l  energy absorp- 

t i o n  capabil i ty value calculated above. 81,264 lbf*ft (110.2 W), reveals tkt the 
rrxhmd, acting alone, i s  insufficient t o  ful ly decelerate the load spreader as- 
bly (and TB-2 vessel) t o  rest n'thaut lockup Ird prevent the transnittat of attcn- 
dant high loads t o  the TB-2. 

When the softer redwood "locks up," the load spreader assembly is effec- 
t i v e l y  stopped and may w e l l  urkrgo plast ic  defamations. Such deformations ell, 
o f  course, add to  the plast ic energy absorption capacity. Conservatively, such ME. 
di t ional  capacity w i l l  be ignored f o r  the pnrcnt and included, if necessary, later, 

s t i l  
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has a residual velocity which i s  dissipated by crushing o f  the 



This i s  Phase I1 o f  tk se. Consider first velocity lost by tk i o a i  
The change i n  kimtfc 

5 itanircd i n  Table 26.3-1 i s  equated to tk! tnwgy &sorbed 
r a d  contents up t o  the point o f  reAnod lm3cup. 

g n$ - 3 = 81,264 lbf*ft (110.2 W) 

The nlocity, Vf. rJf the load r usprbly and all imide cOlpOeYnts 
just a t  tk poist of l~ckup i s  therefore calculated to k 

F o H ~ ~ m g  lockup, tk load spreader stops, the TB-2 contaimr i s  
158.4 f t f s  (48.3 1 / s )  (to tk right of F i g w e  26.3-3)- As seen 

Ius of rpplerood with the grain oriented mostly perpcllldicu- 
the TB-2 serves to decelerate the TB-2. 

of hap1 kelerates TB-2 Container 
11; S i d e  

erial k i n g  considered is now the TB-2 assedbly and 

i n  Figure 26.3-3 M t h  cross-sectional area -1 to t 
a 
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= (4.952 lbr (2.25 tg) ud 

Y = 158.4 ft/s (483 WS), 

the kinetic caerpr i s  

L E .  = 1,932 lbf-ft (2.62 W). 

cs#;ing the tuo above mu&m indicates (1) a surplus of energy 
capcity. (2) the maplerood will  not lock , and (3) the TB-2 ufll k 
srclatkly at lrwels ucll belw values that could induce pcrrrsmrt MonWiorrs. 
&air, hamm, the lod sprrder will prdubly sustain plastic defonutfoms. Tkcu 
analytical predictiotis YCR cunfinrd by the trpact t e s t s  (see radiographs, f f m  
2.8.8-14 throargh 2.5-8-20). 



requires that tk ?%-2 Coataimmt nssel withstand am txfxmul 
a),* 7k techniques esed t o  imalyzc this load case are 
A static elastic f i n i t e  elmeat analysis was perf- 

er prmpaa with a [#-l-Wa) external pnssure applied 
ry of the Ts-2 vrssel, The resulting calculated 

SEWe of 600 psi (4.1 
nd3x X .  i n  

extreme stresses mc 

?@int- Value 
psi (!!Pa) Factor of Safety 

8,m (56.9) - 5,880 (10.5) 

Ci ramfemmtial 2,380 (16.11 - 7,210 (19.9) 
Axi a1 1,570 (I@.%) -23,100 (159.3) 

w)II Rises 19,400 (133.8) -- 5.15 

t h i s  hydrostatic condition does not a p  
PIP- 
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llhe PA?-2 package i s  &signed t o  safely tolrtain p l u t m i m  d e r  a varfety 
of normal and accident umditiccls, as d e l i n e t t d  i m  Chapter 2, inclwling varforrs 
themay conditions. These t-1 coditions JMwe bccn evaluated by tests (Chapter 
2) and by analysis, as w e d  in th is  chapter. Evaluation o f  them!  ccmditfom 
also eontriburtes t o  a definition of the allowable merits o f  the package (Chapter 
1) and t o  contaimmt prwsurization (Wpte rs  3 and 4). The results of the t h e m 1  
evaluatims are suurixed below- - In i tem1 decay heat -- The k a t  generated within the package by the m- 

dioactive cantents i s  t o  be l i m i t e d  t o  2 watts. With th i s  I i n i t a t l m ,  
the PAT-2 package rill experience FIO thema1 degradation during nom1 
coditions of transport-l 

* Worm1 cod i t ions  of transpwt -- €%der severe insolation and with a 
2-watt internal source, the maximum PAT-2 surface tcrrperature i s  2177 
(IWT),  the r a r i u  redwood t i s  Zl3T (lOO.6oC), and the 
l laxiu TB-2 containrent vessel I I ~  i s  2039 (95%). Under the 
conditions specified i n  uu reguIatians.2 the aaxiurr temperatun of 
the PAT4 surface i s  less than 122 (50%). nininul teqwratures sta- 
b i l ized near -40s (-.io%), These m i t i o m  yere exceeded during the 
tests, the package reaained leaktight. and theme1 stresses were neglig- 
ible. 

n o m 1  operating pressure -- For 150% naximrrr noma1 oper- 
rature o f  2505 (121%) uas used. The TB-2 con- ating pressure. a t 

tainsseiit vessel mimined !ea&:igl;", u d e t  %Pee anditions. 

Them1 accident emirorrent -- A ing value o f  250T (121%) was 
determined f o r  the ?B-2 contai rature under the f i r e  
conditions spesified Tn 10 CFR 71 i x  6 (1,475T. 39 minutes). For 
the f ire conditions specified i n  ' (1,8%lV, 1 hour) the? bow 



R 

T a b i ~  3.2-1 

Thermal Properties o f  Haterialsf 

T-1 
Conductivity 

(U1Crr-C) 

0.00072 
0.23 

0,147 

0,237 
k“ = 0,0012 e = 0,0016 
ka = 0,0043 
k’ = 0,0015 

Swci f ic  

0.00023 0.38 WIA. 
0.oool5 4.5 nIA. 

O.MO14 7.9 0.45/0.2 at  100°C 

0,00013 5.1 W.A. 

0.ooo61 0.n N.A. 

O.t’MKi1 0.35 #,A. 

f 
See References 4 t h  9, 

Is o f  the PAT-2 package yere designed using the 
er coder. The geometry of an 85-mde model was de- 

and was then input to  the CINOA finite-difference 
hca transfer code for analysis. 

A crass-sextima1 view of the cylindrical PAT-2 package i s  shown i n  Figure 

3.3.1-1. Fa both ease of lodeling and conservatisrr, only the portion of the con- 
t a i r m  ktween planer A and B was rodeled, and planes A and B were assued to k 

es. 

i t ion  of a hot day with insolation was maximized by asslning an 
urn of 130°F (54°C) and a high solar f lux i inging on the pAT-2 far 

by 8 hours o f  darkness, The worst ca for insolation of tk 
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IU. 

i 1 
Figure 3-3.1-1. Cross-Section of PAT4 

PAT-2 i s  ukn the container i s  restimg on i t s  s i& 50 *Jlut the sw passes directly 
owerclead, rowing i n  a plane perpendicular t o  the PAT4 centerline, This wrst-case 
situation was rodeled; Figure 3.3.2-1 shws tk various modes of heat transfer for 
t h i s  situation. 

The purpose of the analysis was t o  determine the r a x i u  thermal payload 
which could be accomodated i n  the TB-2 cantaiment vessel without exceeding the 
acceptable operational temperatures for  tb fhc t i ona l  PAT-2 c-ts. The func- 
t ional  material w i t h  the lowst acceptable operating temperature i s  the redwood, 
The reduood is conservatively estimated t o  have an acceptable o p e r a t i m i  tempera- 
ture o f  215°F flQZ°C), uhich i s  9OF (5%) less than the value used f o r  redwood for 
the PAT-1 package (Referewe 6, Eq. 21). The c el was FUR until a period- 
i c  steady-state terperature d is t r ibut ion was achieved, The conservative features 
bu i l t  in to  t h i s  d e ?  are 

1. The geometric m-ectat ion maximizes absorption o f  solar flux, 
2. A constant high value o f  solar flrsr, 936 Ulm? {ZSS Btuih-ft‘) i s  ass- 

ed for 16 hlday, 
3. AR ambient temperature t% 130°F (54%) i s  a s s d  for 24 h/tJay, 
I. There i s  no k a t  loss at the f l a t  ends o f  the container, acwl 
5. There i s  no wind to  enhance convective cooling. 
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Figure 3.3.2-1- S c h t f c  o f  Them1 Hodel 

Calculational results indicate that while the physical nodel of the PAT4 
is axi r a t m  distribution t h m -  the PAT-2 is not, Exarina- 
t ion of Figure 3-3.2-1 indicates that, at  sunset. the  right-hand si& o f  the  con- 

t o  the solar flux white the left-hand side i s  totally shadowed. 
temperature of the indicated parts (as a 

function of 1 payload) at any tire during a 24-hour period after periodic 

rature i s  seen t o  be a wry e a k  
The uppermost curve represents the hottest part o f  

stainless steel exterior; i t s  t 
ion o f  the them1 payload. 

conditions described above and an internal heat of  2 uatts germ- 

ive contents, t redmood would reach 213°F (100.5OC). Thus, it 

to I iau j t  the internal decay k” load to 2 watts. Note that  this is not a 
n that  a heat load of 2.5 uatts would cause a reduood t-ra- 

i n  Figure 3-3.2-2. the maxi 

fs-2 contai 

rature i s  217°F (103°C] 
pzyload t h e m 1  ou+put, the rature is 213°F 

vessel temperature is 203°F (sS°C). 
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PAYLOAD THERYAL OurPoT <waits) 

Figure 3.3.2-2, Faxi 

ation consists of am 
ks package i s  sh 

exterior surface o f  the con- 

was usdl t o  a 
3.3.2 apply f o r  

state was achie 
ericr surface and the son- 
Fer a 2-watt payload!, t t. 

stainlass steel ex 
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1 2 

PAYLOAD THERMAL OUTPUT (watts) 

Figure 3.3.3-1, Steady-State T 



3-3.4 H i n i u  Tapent  UrcS 

Using the therm1 properties am! thermal muck1 pruviomly dcsc+fbd -- t 
PAT4 package in an extern1 aabicnt tapcratrare o f  -4OT (-4OoC) with no solar flux 
a d  110 wind, and an internal heat load of 2 WEtts -- the Eclprirtun of the W 2  
m a i l l l e n t  vessel was ulcula td  t o  be 0-5T (-17-52), a d  the 119-2 uutcr skin 
temperature was calculited to  be -33.71F (-36.5%). Yith no internal heat ~ ~ l r r r r  (0 
mtts), all pack- temperatures w l d  stabilize a t  ule ambient taperaturn. 

3.3-5 l l b r i u  N o m 1  Internal Pressure and Tclrocnt Urn 

As sharn i n  Figure 3-3-2-2, the maxiam nom1 TB-2 colPtainrmt vessel tcrt 
perature will be 203s (95oC)- As calculated i n  Chapter 4, t h i s  results 5n a pres- 
S M ~  of 30.55 psia (210.6 kPa). A l s o ,  as Siran i n  Chapter 4, a temperature of 244T 

t o  
conduct the pressurn test on the TB-2, as reguSrrd by 10 CFR 72,53(b). (A teatper&- 
turn of 2505 (121%) ms used as a ror3nded-up terrperature for th i s  test.) 

(118%) is surficient to increase t h i s  prrsunv by m, the pressure level 

3-3-6 l h x i u l h e n u l  Stress 

A t  lar terrperatune, the teqerature difference bet- the AQ-2 outer sk$n 
and the TB-2 contailrent vessel is approxillately 34-29 (19aC), as  stated i n  Section 
3.3-1. The m a l  parts are essentially isatknral. with the temperature dmps 
occurring across the insulating materials (roaunOa, Cerafelt”, and naplewood). Thc 
thermal stmses resulting f r a  t h i s  candition are insignificant, and the cold test 
perforred according t o  10 CFR 71 Appendix A (see Chapter 2) praduced 110 discemable 
effect ~n the PAT-2 pack-. 

A t  high temperature, t he  greatest t q r a t u r e  difference occurs betreen a 
TB-2 with no internal heat lowl and an AQ-2 outside skin under insolation, as shown 
in Section 3.3-2. This condition was tested per the 10 CFR 71 Appendix A hot test 
(see Chapter 2) with M adverse effect on tk PAT-2 package. Ukn the heat load 
within the TB-2 was increased to  2 watts, as shown i n  Figure 3.3.2-2. the  
iw*de-to-outside temperature difference for  the high-te~perature case became -11 

The resulting thermal stresses are negligible. 

The T8-2 contairrent vessel and the C-1 capsule, mer silrilar thermal cot)- 
d i t i o m  as cited above, ..eaained leaktigbt t k  the developnen- progrim. 

PAT2 packages were t rature stabilized a t  -40°F (40%) and 215T 
(102%) and subjected t o  high-s act tests, as reported i n  Chapter 2. tlhese 
packages did not respond differently fnu packages tested a t  ient tanperature, 
again indicating that thermal stress i n  the PAT-2 package i s  negligible. 
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3.3-7 Thcrrrrl Evaluation of Package Perfmumce far -1 
Conditions of T ramport 

The abili ty of the PAT-2 package to  safely contain plutc#ritm #der naul 
camlitlam af transport h s  been dcrmstrated by the test irnd evaluation cited i n  
Chapter  2, uhich is supported by information i n  t h i s  duptcr. Over tbe r a y e  of 
nom1 aperating temperat-, -4OT (-40%) to 217- (1032), the TB-2 desi- has 
dernsttated capability to maintain i t s  contents wrder leakti#& cc#ditioms. bag- 
tern perfomatwe of the Ifrowbase superalloy wssel a d  i t s  copper gasket is 
unaffected by this range of temperatures. 

The C-1 capsule, operating over essentialty the same rmgt as 
the TB-2 contaillRnt vessel, deuonstrated the ability to retain i t s  amteats Mtkaut 
leakage, The TefloC-sealed scm thread closure was LlRlffcctcd by the -1- 
conditian perfomance tests an3 will not be desraQd during i t s  use o r c ~  tk magc 
o f  mmal operating temperatures, 

The metal corponents of the AQ-2 overpack are ullffccted by the t r t u r e  
range of nom1 tramport, e-g-, -40s (-M0C) to 217°F (103OC) for tk oukr s t a i a  
less-steel dru. The mean temperature range for the re8#od, -10°F (40%) to a 5 7  
(10IoC), has 110 Wrillental effects on rwhroad laterial  pmperties, and tk nd#od 
properties experience 1w) long-term degradation subjected to tuperaturus within 
this Fa-, kdditiml information, developed for the s i m i l a r  PAT-I package, my be 
found in Reference 6, 

3.4 

liance of the PAT-2 package to the requirements aof 1Q (33 71 rrpptrndix B 
w s  ac-liskd by test. as cited i n  Chapter 2, 

3-4-1 Thermal Hadels 

1 for  a redwood-protected package with the thermal t h r e a t  
of  a blackWy radiatim source at 1,850°F "C) (rather than the 1,475"F 

i x  B) i s  described i n  Reference 
icted a char depth of 2.1 inches (5.3 an) i n  the outer rrtrksoad of 

with a char front welacity of about 
ure (for fully cmtained mkrodl) o f  

ahead of the char fnmt (in- 
icat im of t ha t  study t o  the  
t vessel at  the package cen- 

ratwe, irer, 22PF (108°C). That 
n the following paragra 
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J i c h  m u l t e d  in  a char ckpth o f  about 1.5 inches (3.8 a) in  the avta rdvpd a d  
m observable thcnvl damage within the titanim load rp.clder or to tLe IB-2 am- 
tal- vessel. Tkerefore. it i s  believed that this i s  a cmsewatiwe tkmal Imd- 
el for the PN-2 package. Further discussion appears i m  Scctia 3.4.3. 

3.4.2 Package Conditions a d  Ewimnmt 

fi  PAL2 package, phise 4 serial nulrer XIS. 10s subjected to a11 of tk 
tests specified as n o m 1  and accident conditions of tmnspnrt in 10 tFA 7l  
dices A and 6. 7 to the thermal test. These tests on tlu pv- irllrJcd k a t  
(215V (lWT,) instead of 130.F (WC)), cold (-IoT (-MT)). pcrrurc. wbntion, 
uater spray, dropping fm a Cfmt (1.2-ptm) height. pmtmtion. tagrrrsion. 
d m h g  fm a 30-foot (9.l-metre) height. and pactlac, a l l  i n  sequmce 011 tk m? 
package. The effects of al l  these tests *re mgligible. as shon i c  Figwc 

3.4.2-1; tk package MS canpletely intact. with only miw dmts i n  tlu -2 wt- 
side skln. The package entered the thema1 test i n  this condition. 
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The them1 test emironent was provided by use o f  a ypecially ccnstnctcd 
burn test facil i ty,  additionally described i n  Section 3.5.2.2 and M i x  ZF- Fig- 
ure 3.4.2-2 s h v s  package XI5 in  the burn test stand. Thc package *as urppwtod on 
an open-grid stainless steel rack 3 feet (1 letre) above tk fuel svface of a 

lO-foet Bhwtre) diameter JP-4 aviation j e t  fuel bum tlrb. within a l&f& (4.9- 
metre) diaeter  insulated chiney. 25 feet (7.6 metres] hligh. T k  package mas cm- 
pletely envelopxi i n  l u i w s  flae for the test duration. A discussim of flar 
eaissiwdty and package absorptivity. as related to  the 10 Cm f l  hppemdir B knn 
test definitjmn. i s  given in Section 3.5.2.2. The flame tewperature at p c k l g e  
he?ght, M a t*m basis, i s  s h a n  i n  Figure 3.4.2-3; a typjcal PAP-2 package skin 
(kQ-2 drum] deRperature i s  sharn i n  Figure 3.4.2-4. ?able 3.4.2-1 srrar izes the 
test e n w i r o m t  and results. Figure 3.4.2-5 shars the bkackemed pdc- after the 
bum test. 

Fiquure 3.4.2-2. PAT-2 X-15 in  B u m  Test Facility 
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Figure 3.4.2-3. Tmperature ws. Tim Plot for Package X15 lkrm fist 

Figure 3.4-24. Skin T rature P l o t  for Package XI5 
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Table 3.4.2-1 
10 CFR 71 hppcdfx 8 Bum Test 

e r a t i n  a t  package level 
sewatfar 0.52 hour 
e range M 4-2 drum 

1,5007 t o  1.61or (8WC to 893%) 

1 W " F  t o  IYST (S65'c to 830%) 
i n  reaDod 1.5 inchcs (38 m) 

0.25 f t /b (0.021 W S )  

?E-2 IIUP. reperatun 25009 (12t-C) 
ur rate 

I 



I furnace tests of sealed TB-2 corrtirinrrnt wuels, m 
ybod plugs (a  cQlpbnent part of the AQ-2). rcre edneuctcd daring tk PAT-2 &sign 

dewel prograr, One such dewelspllent test, amcbted at 3157 (1572), caused 
a discemable datlrening of the wmd plug; another test at  25ooc: (12L"C) clused a 
less noticeable darllrming; the plug fror the 10 (2FR ?l knn test uas cwcn less visi- 
bly affected, lakinp these ubserwatims into acmmt with the 2277: (XOrrrC) -2 
temperature prediction fm Section 3.4.1, a consewatiwc u~pcr !mmJ am 111-2 PQst- 

accident temperatmre of m"F (121%) 4s assured. M o t e  that this i s  tk t-ature 
thilt was ru~lal p s s u r e  test of a 38-2, zas cited i n  scetiam 
3,305. 

b i s  a vented package i n  itcc'ffdmt caditiom, The sealed 
s of plutoniun or other radii 

-2 a t  2507 (121°C) will bwe a maximum inter- 



. _  

Figure 3.4.3-1. PAT-2 115 after B m  Test 



3.4.5 

71 fire tes t ,  could only apply t o  the sealed T3-2 eontai 
overpack i s essent i a1 I y de1 i krately f-iced t o  protect 

the contention that t 
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It was also detem’~~~I during tbe dewel- progrrr that raxiclar drrg 

rather tlun utilizing vlttr cooling (Rcfcnncc 3. IL0br5, page 7). In tkis cne, 
tke n&ood eontimss to cbar. post-bmn. Coupled with tbe extent o f  daugt 4isI 
cussed ahre ,  this resulted i n  cap te te  ’loss of nbood dur i n  those a t w s  betwcm 
Ue t i t a n i u  load SPreJder arrd the relatiwelly large holes i n  the AQ-2 dnrr fror Ikc 
plllctwe md sluh damage.. ’Ihur, the PAT2 design i s  based on providing w f f i c i c n i  
tbemal protection within th~? load s w ;  t k i s  protection i s  pnwided tk Ccr- 
afe l t ”  and the chimed naplewood- This dcsiga keeps the uxiun TB-2 corstainmt; 
vessel tarperatwe a t  OT below tbe liquidus temperature of a l u i m m  (the TB-2 has 
aluimm ring cowers or fairings oycr the claswe bolts). 

ftm tbe tBl@!mal test resulted NlKm tk PrlUQes mn prmi t ted  to cool mtrrnlly 

A t  the fire temperatures and package temperatures presented fn th i s  chap- 
ter, the t e q e r a t w r  di f ferent ia l  CaUKd by the possible 2-watt intetwl tieat same 
vould be inconsequeslrlial. 

Package loadings, specified i n  tke Test Protocol appendix t o  ckbpter 2, 
assured that a l l  intended types af plutonim/urani=aa payloads -re tested, and that 
the UIcnral tests would imt’uduce maxi- corrtainnent pressure for each particular 
type of $.Myload- 

3-5.2 Pack- Conditions and Ewi+onrent 

3-5-2.1 Package Conditims 

Tbe llajor variable i a  p e r f o n i q  the s - 3 s  of sequential tests prior to  
the burn test was package orimtatim with respect t o  the t a r g e t  a t  impact. 
top-corner, side, MttM-cOMer, and bottaa i 
crush. puncture, and slashing tests, These packages yere then subjected t o  t 
specified f i r e  test, Thg pacta 
best described by the various 

itim just prior t o  the f i re  (burn) test a5 

ct, post-cwsh, post- 
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2. T k  pnctute wd slash opmings i n  tk AQ-2 drus  directly apasc t k  plct.pt 
zcd*aod to tk fire. permitting a chiney-ltke effect to cause sewem krning Md 
charring o f  the redmod. u l t i u t e l y  exposing the t i t a n i u  toad sfmadm to the fire. 
A typical pm-bo *tup i s  s h a n  in Figure 3.5.2.1-1. 

Figwe 3.5.2.1-1. PAT-2 Packages XOI and XLW Prior to fhm Test 

3.5.2.2 Package fnwii-cnnent 

The packap enwirmmmt is the fuel f i re  mwimmemt within the burn test 

stand. Tk mquisr_rent i s  as fellas: 

The package bo t!e a p ~ s e d  t o  luinous f lares frma a paat fire of 
JP-4 or JP-5 awabicl, fuel for a period of at least M) minutes. 
The Iminaus flames to extend an average Ox at least three feet 

rn than ten feet beyo& the package i n  a l l  baimntal  
directions. p s i t i a n  and orientation of the package i- re- 

airs B w 1  %a be that which is expected t a  msullt i n  max- 
g~ the c o ~ l u s i o n  of the test reqarenee.3 
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A W tet f d l i t y  (4at F i m  3.5.22-1) 19s b i  ui *lopd to 
perfom th is  test; the fac i l i t y  i s  also described i n  scctim 3.4-2. JT-4 &atlam 
jet ~ u e l  i s  bur& at a c ~ d r c r l ~ a ~  *l /air rat io i n  i 10.- (3-aetm) t~rrtcr 

level i n  a urifmm pattern frm a controlled Ilrdcrgrr#nd plcnw~, h insulatd 
chirrry, 16 feet (4.9 metres) i n  diameter and Zi feet (7.6 et) Me, summmds 
the burn tub. A c b i v  cap retards the cowrterflou of cn(;roCd air (firar &we) 
fm supplying tbe calnKt3on pt#css. This b e i w  of elimey, with uc cap, 
pnwides exccllerrt iselation of the fin fm the affects of syrfilcc winds. A kar 
test stand, wppolzed OA the flaor of the burn tab, rroQortr tbc at am 

t o  assure a fine tqteratutc of at least 1,$507 ( t ,QlOf)  at 
package lcwl. LUimous fllr conpldely f i l l s  the chimey at the package lcrcl, as 
determined t h e  v i m @  window .in the chimey. Fuel ud rptcr am drfttad 
through electr ical ly comtmlled valves, by gravity flow, frol stongc tdts located 
uphill, The bum tJI i s  cu- by a scupper rlkich i s  coMcctcd ta a rrste fit 
by a d u p  line anf airlock. Thus, the fire test may be tmutcd by raising tk 
water level; fuel i s  skim off into the sc-r a d  passed to the waste p3t:t; km- 
ing fuel i s  extizgmished by the a i r  lock t o  merit fin i n  thc! waste pit. 

ktm tub wLfdk f l o l t S  tk fUC1 lU8 WttcF. A i r  supply p i p  (PcnctntCC tb l3cpid 

ratwe data during the tests rcm printidel by WJ a m y  cf t9mm~- 
couples (?fls) located at variaus positions m the package skin ald the hrn test 
stand (including a vertical mast for temperature m s s u n m ~ s  It various hi 
and ?/Cs on the chimney cap, at the fuel level. a d  om tk test stamd]. 

The mini- tempmature of 1,850OF (lstMO%) i s  dcsignrtcd i n  of 
, which cites the Irsrllr. of  8ader” & Sandia, indicating that a blackbody 

“F (1,010T) provides a good s i u l a t i m  af a JR-4 aviation 
fuel fire. 

i a  studies o f  a i r  transport accide!ntsa3 indicate  that  a 3-foat 
4 flame has an effective total emissirity of gmter  than 0.95, 

the condwt Q f  a fire test, the BQ-2 outer stainless steel surface 
becacs y b l a c k d .  Frol 6)eference 14, the ariissivi%y of blrkeAcd 18-8 
stainless steel @he hQ-2 sk in  i s  made of alloy 304, Jlich $5 i l ~  18-8 stainlwr) i s  
estimated t o  be 0.85. 

Furtlkenrcurr, data taken fm T0ul(ni&3an~~ f ~ r  urbom-bliIcllr coated surfaces, 
mce and/or emittance they exhibit grey-body behavior with an Ib 
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3,5,3 Pa&* Trnpcnttrrrt 

T m a m  ww tie llrcords tlwr fin (h) kstr ilrotriq PAT-2 
packages in a m6-0360 thrmrl cmir#rrrt are skau as Figwe 3.S.3-la A l l  pack- 
ages mr at a flar krpcrrtwe * 1,2150.F (1,OIOZ) far * 60 minrtccs, A typical 
AQ-2 skin temperatwe record fm each knn test, dwre mrailablc, i s  sham i n  Figwe 
3,5,3-2, 

Ib packages ere penetrated i n  wdcr to mmmt thmocmples on the TB-2 cdll- 

taillllent vessel; expedience gained during PAT4 studies' indicated that. this #uld 
be irrildrisable, The condition of ea& TB-2 imediately upon disasrarlbly (110 clcm- 
iq] fm the burned, naturally coaled, and rater-iAnrcd PAT4 pi&ages i s  sbvmn i n  
FiFiguFes 3,5.3-3 th bte that the contaimmt joint i s  intact Vrth RO 
visible or apparent opening and that the a l u i n r  fairings or awer rings OWYT tk 
TB-2 bolts are intact and naf; nelted. The maplemod i s  dumri but mot redaced to 
ash. uaod chars a t  a 
with an open flame of 
maplerood char, a.# estimate o f  the TB-2 teuperatute fs  

3.5-3-8. 

50°F ( 2 8 8 O C )  (see Chapter 2) and, for sdlll! species, 
1,1000F (593%). reducing to ash, CoRsidCrcng only 

55o-F (288T.C) 6 Tm2 < 1,1000F (593%)- 

F m  the liquidus tempmature of tke allay 6061-T6 a l d m  faidasp, 43re -2 
we i s  estimated t o  be < 1.0800F (58;22)- flwrs, a ConScrriltCwc (high) k3111)- 

MIP fo r  the TB-2 coaatainrrnrt wrssel i n  tie ~cewcrc 

s 1,080OF (582%). 

3-5-4 W i u  Xmtemal Pressure 

For a W 2  contalrrent vessel a t  1,080"F (5822) with tie mwst-eau payload 
(maxiam l im i ts  on volat i le contents. as specified i n  Section 1.2.4), tk iAtctAll 
pressure wuld be 3,280 p i a  (22-6 ). Details of this analysjs are gim i n  Sec- 
t ion  4S.l. 

3.5.5 kinrr -1 Strrsses 

mtiatian that thc thermal stresses i n  the TB-2 do not d m w l y  affect 
i t s  cmtaincnt integrity uas provided by testing s5x PAT4 packages using the n- 

o The anductivi ty of thc lB-2 irwcbse alloy i s  such that sig- 

stress analysis of the TB-2 a t  elevated temperature i s  pmsmtal i n  C'hptcr 2, A9gen- 
dix X- 

urn differences within a vessel wuld nat be expected, A detai l  
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Figure 3.5.3-4. XOB TB-2 after kmm Test 
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Figure 3.5.3-5. X189 T%-2 after &m Test 

Figure 3.5.3-6. X 1 Q  TB-2 after Bum Test 
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Figure 3.5.3-7. X I 1  Ts-2 after farm K m  
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3.5.5-6 
a t i w .  In  all six cases. the 

X W  a d  X12. -the a i t a n i u  lod spreader was also 

c- to  Sam of the 

ical torrch). As sham in  tk 

imnr char and the E?-2 
were vlth hand tools. i A  
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42.3 Closure 

4,2,5,1 

Positive closure of the fB-2 contoimmt vessel i s  pcowided ;20 li&Tndrc 
d i e t e r  bolts and ts nade frm 4-286 iron-base h alloy, a Ligh-tanp#rrtum, 

alloy rhich i s  describe8 i n  Chapter 2, XiiVK blts fa- the "A" 
with Q protruding shear shoutdcr) to tlkc "8" Msglkcn (ccpippd 

a ductile copper gasket which is fonrd ir place 
The ~rooves in each han"s -iineludc a Ilurife- 

s uitQnin the copper gasket. 
the head of tk bolts and the mrts; the bolts and m t s  a n  silwrr-plated for 

4020301-1 illustrates the features of the 78-2 con%lirncnt msel. 
The Bolts am installed with a torque nrenck to a mini- of 180 lbf-in. (20-3 M-m); 

with a mating gruowe)* acting t h  

elastically el 
sum cited in Seeti 4.5.1. This assedly is 

es the bclt anll preloads the joint, precluding lea 

e d m s  dexri 

4.2.3.3 C-X Capsule C l o ~ m  

Positive closure of %he GI capsul 

f 

-3 





4.3 REQUIRI.JEIITs FOR 11#111l, (MWDITItMS OF fRAclspderr 10 CFR 71 

4.3.1 Prcuurization of Caatalnmt Vessel 

. The sealed amtainrmt vessels of the PAT-2 package rrr(r becone PnrWFfzed 
fra heating; i n  this case. the to ta l  pmsun i s  the sm of UC partial pressms of 
the heated emtirrppcd air (OF heliun i n  the case of test a s ~ l i e s ) .  the vapor pns- 
sure of or wlatiles that 
ray be included i n  the assarbly. 

wrter i n  tbe system, and the decmposition of 

For nom3 conditions of tramsport, the mmirm -2 tagmtlav i s  2D3T 
(95%:). as shrm in  Figure 3.3.2-2, p g e  3-5, whSch i s  based 011 a 2- payload udcr 
@&re# solar flux at a high die tclpratum. A t  this tslpntwr, the foms of 
plutoniu or urilniu pem‘tted as PAT4 paylaads (see scct im 1.2.4) do mt dcearfllDsc 
or volatize ilA8 do nat contribute t o  pressurization; t h i s  i s  also true of tk ?IC 
plastic raterial.  lhe containent p m s u n  rill be wlscd by the vapor pmxswe fnm 
the mciu allowance of 0.5 g r r  rater and the sealed air, F m  satlrr;ltioa rtcr 
taMr--;,C the pressure increase i n  ra ter  vapor f n  WF (21%) t o  mT (95%) wilt 
12.15 psia (83.8 kPa). The pressure increase i n  the entrapped air i s  gfwm by 

The tatal  pressure incraase i s  

Ptot * PMfl + Pair. = 12.15 + 18.1 = 30.55 p i a  . 

Therefore, psia (216.6 kPa) i s  the lrwinr 1 1 0 ~ 1  operating pressure (m). 

10 CFR 71.53(b) requires testing at 1502 o f  moP. For test assrJlblies con- 
taining 0.5 gram of water and sealed air Q+ helium, overheating may be uti l ized t o  
achieve a pressure of 150% , ire., (1.5)(30.55) or  45.8 psia (315.8 kPa). For 
example, at 2 M T  (118“c), the pressure i s  

‘tot ‘stem * ‘air 

= 26.82 4. 14.7 ‘g * + 2 = 46.35 psia (or 151.7% of mop) . 
At 2505 (1214c), the pressure i s  49-5 psia (331.3 kPa), 162% of . This condition 
was used i n  the tests f o r  conservatism and because it r j l tc ! !  the 10 CFR 71 Appendix 
B, “Hbrpathetical Accident Condition,” laxi- lB-2 temperature, reported i n  Section 
304.3, 
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The C-1 capsule ms assembled uitk Q severe surrogate -1 loding bcltdig 
U02; 110 uraaim could be detected, aft- tkc tests, on or i n  the TB-2 or bn tht C-1; 
the linit detection was 10-8 grim of uraniu, 

4.4 REQUIRJXWrS FOR MCLMHl taOITIOWS CF fRAwswRT 10 CFR 71 

4-4.1 Pressurization ad Containent V e s s e l  

f o r  tk 10 CFR 71 hypothetical accidemt conditions of transport, tk tke 
lladel cited i n  Section 3.4.1 predicted a TB-2 temperature o f  about 227T (108%); t 
test results c i ted i n  Section 3.4.3 estimated the bocmding maximum post-accident t a  
perature o f  the TB-2 t o  be 2509 (In%). As calculated 5n Section 4.3-2, the mutiur  

llB-2 pressure a t  th is  temperature, uith worst-case cmtents, i s  49.5 psia (341.3 kPa), 

4.4.2 Release of Sadioactiwe Contents 

The t w o  methods described previously for gas leakage and u r a n i u  detcctiacr 
ver i fy  that the TB-2 and C-1 meet the containent requirements for radioactive con- 
tents under the accident conditions of transport defined by 10 CFR 71 Appendix Bo 
Specifically, the post-test gas leakage m a s u m  established that tk TB-2 contain- 
rent vessel and the C-L capsule rerained leaktight,* and the uranium detection aua- 
surerent confirmed that rw) release o f  surrogate contents (depleted W2) had occurred 
throughout the prescribed test series. 

l y  o f  the PAT-2 packages, both the TB-2 containnent vessel and 
the C-1 capsule were f i l l e d  with kliu at ab ien t  temperature and pressure and ere! 
checked with a mass-spectroneter-type heliu leak i2octor for leaktightness. 

t 
Reference 7 defines 25% dry a i r  leak rate C f s  as leaktight. 
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4.5 REQuIRmarrs FOR wuRE6-0360 CRITERIA 

Six PAT2 (phase 4 final-design] packages refe subjected to the 
acrident-mckling emiron#nts of impact, crush. puncture, QIlblc slash, intmse dP-4 
fire, and subrersion, as detailed i n  Chapter 2, Each pack- was impacted different- 
ly, as described i n  Chapter 2. m i x  & 

7ke system of each package uas assenbled i n  a h e l i u  abospherc 
uith various Uranian surrogate loadings, as presented i n  detail i n  Section 4.5-2 [ad 

Through the use of a mss-spectmmeter-tm h e l i u  leak de- 
tector, the wst-test leak rate of each 7B-2 c a n t a i m  vessel was &temined, Also, 
a rsanim fluorimeter uith a sensitivity of 2 lo-* gram waniu  mas utilized in  can- 
junction with standard health-physics swipes to determine tle escape L+ uxrniu 
surrogilte. results of these tests are surarized in  Table 4.5-1-3, 

ices), 

Table 4.5-1-1 

Sequential Tests 
Post-Test IB-2 Heliua and Air Leakage Rates 

He 4 A i r  4 Uranium 
(cn3/sl (cm3/s) Detection 

PAT-2 
Package 

XQ7 <1o-l0 ulO-lQ M.Q. 
x Top corner - 7 ~ 1 0 ~  M.Q. 
XU9 pd'iets Side; cold ao-1Q <10-10 MOD. 
310 a0-l' a0-I' W-D, 
X I 1  *o-lo a*-10 M.0. 
x12 (10-10 ad0 MOO. 

ate defined in Sectio 
etection capability 3 1 



The maxim pressure at which leak rates could OCCWT i s  defird i n  SacLiar 
4.5.2; a ing assessment of theoretical ux in  possible plutonium loss tLilrarJL 
the 1- i s  developed i n  Section 4.5.3. It i s  slum that tht - a i m  requirrmc: 
o f  MRE6-0360 (that the loss be less than an A2 quantity i n  I rcdr) and UC LIYA B(U) 
requirement (that re~mse k G M x  IO-^ i n  1 arc satisfied. rrcc~ rrsrrlts am 
s i u r i z e d  by the worst case, presented i n  Table 4.5.1-2, 

Table 4.5.1-2 

11112E6-0360 sequential Tests 
PAT-2 Worst-case Theoretical Pu02 Release 

4-5.2 Pressurization of IB-2 Containrent V e s s e l  
The r a x i u  credible accident pressure (!!CAP) rrrurlting fim the RREGU360 

a c c i d e n t ~ l i r r J  cr i ter ia  depends on the fom of the PAT-2 p lu tan iu cmtemts, i t s  
c h i d  associati-, Sts packaging, and the post-accident anaximm taperatun of tbe 
W-2 containent vessel. Four cases, a l l  at 1,080S (58206), hiwe ken comsidcrcd: 
(1) solid plutoniru sulfate tetrahydrate. P”(SO4)2-M$* (2) solid p lu ton iu nitrate 
dihydrate, P U ( % ) ~ - ~ O .  (3) sintered plutoniu mi&, Pu02 or mixed oxide pellets, 
and (4) mixed uraniru oxide am4 plutoniue oxide pomkrs. 

The XWs a i c h  yere calculated for ea& of tk above species are l is ted i n  
ices 4B thmugh Q. Table 4.5.2-1; details of  the calculations are plresenLed i n  

The largest pmsure calculated (3,280 psia) for  the radioisotopic content5 
sham i n  Table 4.5.2-1 i s  for  f~(S0,)~-4Ii~O porder. In this case, the calculated 
? U P  i s  only sYi l y  alnwe that of  the nitrate form. As shan i n  Appendices 48 and 
%, the larger pressures calculated for these systcrs arc & t o  the volati le species 
f o m d  Jrm tae hydrated salts decapose. For a l l  of the systems comidepcd. how- 
ever, thc preda%wnt conirtri’bution t o  the pressure gemmated by the WURE6-0360 
a c c ~ d e n t d l i n g  conditions i s  the decomposition of the packaging rater ia l  t o  
HCl gas and a solid residue. 
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Table 4.5.2-1 

The formation of H$O, aod fnr the dtcaqmsitim czf Fo(!504)~W$l 
together aith the fmmation of E 1  fhm the PVt degradation constitute the --case 
system fm both the cansiderations of pressure Jenratian rd corrosirity- F m t k r -  
awe, tb finely divided porder state of the deem hldr;rtcd u l t s  md of r i d  
parders of Put$ a d  W2 has a gteatw tendency to a m m l i z c  i m  the CWcAt of actaim- 
merit failure., 

The cumtiinrent of sir sintered pellets rcpFcKnts a lesser -9- 
than the cmtainnent of Pu(904:g*H20 a d  Pu(wrO,)~2t$O because (1) a 9- HCM i s  
predicted and (2) the release tyf plutmim f m  a dimaged PAT-2 package eantaieirrg 
sintered pellets i anos t  unlikely since aerosolization <bf the P a 2  i s  mot upcctcd to 
occur- F e w ,  sintered pell&s are nat l i ke l y  t o  mdergo either decollposition 
or degass$@ the maxim credible accident temperature emtnmtered (l,c[#ooT)~ 

4.5.3 Release of Rwilioixtiw Cantents 

4.,5,3.1 -ry 

a i  wessels #re a l l  imtact and appeared %Q be carp9etely 
a l l  tests- Heliu gas leakage meawmmts mwe radc across 

the nB-2 contiri wessel bsundary following tht accidemt-mdeling tests of 
wdlw6-0360 and 10 CIFlR The h e l i u  and a i r  leak rates far a l l  of the packages 
tested an sharn in Table 4.5.3.1-1- 

- 
The pwcssinq of fuel pellets involves temperatures of appaaxiutely 

3,092"F (1,700"C) so that deemposition of the binder and of the P a 2  and dcgaasing 
are I!& likely t o  OCCM at 1, 
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Table 4.5.3.1-I 
Post-Test TB-2 klim ard A i r  

4-13 

Using correlations es tab l i sM by reams of exper3msts on the tlMlrariissColr 
o f  p'ilo2 p~rder through small openings,* tmc maximum theantical ~e 
TB-2 vessel was calculated t o  be considerably less t k n  0,176 IIQIJ1, That is, tLe 
raxiutheoreticall P loss i s  orders M magnitude less t b m  an M x quimtiity 
of Pu-238, with am men greater margin of safety for the containmnt of Pu-239, 

Calcu7ations of the l8-2 vessel defonratians at thc maxima calcalakd 
accident pressure and temperature indicate m fai lure of thc fB-2 wcssel containea; 

w r y .  

4,5,3,2 6as Leak4ate kasurenents 

y o f  the PAT-2 test packages. the 18-2 cantaillllent vessels 
a t  dbient twperature and a sl ight positive p.rurssure- Eaeh 

eak tested using a mass spect- capable Qf detectinq a 
~ i u a  leak rate as low as I x  IO-^* cm3/2. 411 wlcsse~s i d i c a t d  ULL. (no d~tcct- 
able leak), 

the accident-rodeling tests were ear(p1eted a d  the package had reached 
atwe, the TB-Z vessels were rerrwed, cleaned. and again tested for 



h l i u  leakage. The purpose Of the cleaning was to m e  &r wdi volatile am- 
p w n l s  depsited on the surface uhich ltgt interfere uitk the le& detection. T M  
results. cunverted rto a i r  leakage rates, are smrized i n  Table 4.5.3.1-1. M y  one 
o f  the vessels, XOB. indicated a detectable leakage o f  helium: m3/5. 

undamaged and sewiceable. 

- 2 x 
m-2 XOB. sharn i n  Figure 4.5.3.2-1 a f te r  the full MRE6-0360 test seguenrp .. aimam 

Figwe 4.5.3.2-1. 1B-2 X 

4-5-13 Calculated Pluton im Oxide Loss 

Tdw tests peerfmmd tm the PAT-2 package inwolv& m e r  ds a surrogate 

of f'd2 m. but est imtes  of possible P d 2  loss have been ioadg bas& on the w r k  
reported i n  %femme 4 m the transmission of Pd2 m e r  through -11 openings. 

inclUalWsg capillaries andl orifices. Using the relations bet- leak flow rates anU 

di-er developed in  Reference 5 and discussed in Appemdix W ,  the leakage rates 

listed f n  Table 4.53 can be used t o  estimate the dimeter of a captilary or  orifice 

2 having 'the same fiar rate. 

loss rate Car: be d b t a i d  frm the correlations dewlopzd nap Reference 4 and dls- 
cussed nm kppemdix 46. 

Frm t h i s  diaension and the KAP. an estimate ~f the PULI 
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The system which s to the highest leakage rate is package XOB, 
The )IcIIp for t h i s  plclngc is calculated t o  be 3, 

k in Appedix K, t k i s  leakage rate corresponds to a capillary di- 
meter of 6.77 m for laminar f l aw in a capillary o f  length 0,716 CI), Using the 
Battelle correlatiorr" for the Pu02 release rate, rhich correlates the RdJ2 transport 
wi th  the p d w t  o f  the capillary c m s  sectitma1 area, A. and the square foQt o f  the 

p, the calculated r a x i u  tbrsretical Pull2 release i s  0.00514 wg, as shovl 
ix  46. This total release. which i s  independent o f  tile, c ~ ~ ~ ~ i p o n d ~  t o  a 

release orders of nitude lawer than an A2 quantity of  plutoniu. The UU, value 
ntity of Pu-238 i s  175 q; for  a plutoniu mixture. t h e  value for  an A2 

quantity i s  2,550 wg. Furthenrwe, the MI2 release predicted is several ~ n i e r ~  af 
-it* lower than M x far ~ J - 2 3 8 ,  

4.5.3-4 7B-2 Deforrations at Elevated l m r a t u r e  and Pressure 

The calculated p"02 losses given i n  Section 1.5.3.3 yere based on heliup 
leak rates neasured at  abient temperature, M t h e  matima of t-rature and pres- 
sure of  the accident-awdeling tests, the TB-2 vessel i s  subjected t o  greater stresses 

An 
analysis of the stresses and deformation of the TB-2 vessel at elevated terperature  

has been perforred; details of that analysis are given i n  Apgendix 4J 
The analysis slrm that under t h e  bolt prelaading conditiam that 

were applied, M) failure of the W-2 vessel containent borrndarjl i s  expected. lhese 
results are cornistent with the test findings that I#) u02 was detected after t k  
aecid&-llodering tests yere perforued, 

ient conditions, and there i s  degradation o f  strength of the  retal. 

i x  26. 

4.5.3S Uraniua Detection Pleasunrents 

Wiring assembly of sme PAl-2 packages, the fB-2 containaena vessels e r e  
assabled with a finely divided uranitr dioltide powder as a surrogate for R102 porder 
(see e r r d i x  4A). 

After the sequential tests corresponding t o  the W E 6 4 W B  accident-modeling 
c a d i t i e m  had been performed on a PAT-2 package containing a m x i u  practical qan- 
t i t y  (40 was) of the MI2 polrder, the 78-2 vessel was subjected to uraniu fluar- 

er detection areasument t o  deternine if U02 ms released, irD U02 was detected. 
 he g m  l i m i t  of detectability i s  approximately f i v e  oMers of magnitude belaw 
a lius of pluiutonitrr powder associated with an A2 quantity. 



- Depleted sinterable U02 pawdtt ms sed as a surrogate for P a 2  w i n g  
test ing of the PAT-2 packages. Selection of this material was based primarily on i t s  
a b i l i t y  to replicate the aerosal duracterist ics of M2 and the capbi’lity to detezt 
very sad1 quantities (lo4 gran) of t h i s  material. This &&ion capability rils 
ut i l i zed  as one of tke tw .cthods to &mustrate container coatpliancc with tk 
perfonunce specificatiom. Other s imi lm-t ies o f  th is  MI2 surrogate with P a 2  
include (1) U and PU are both actinide tine earths with similar atoric properties ami 
(2) U02 wd Pu02 have similar heat capabilities, surface tensions,*and them1 coa- 
ductivity. ~k bulb density of tlie U O ~  pawd~r (1 - 1.25 g/cm3) i s  also sj lr i lar to 
M2 formed i n  the oxalate praccss (1.2 - 1-5 g / a  ). 3 

T k  depleted U02 pawder used i n  the PAT-2 testing progrim was supplied by 
Eldwado Wuclear. Ltd., Port Hope, M a r i o ,  canda, as specification BL-1-1s- 
S-Depleted Sinterable U02. 

The pmdet was examined by the Wuclear Raterials Division, Savanoah R i v e r  
Laboratcry (SRL), by agitating it i n  an isoton solution by ultrasonic mans and then 
taking ~ s u m a e n t s  with both an electron-bear mcroscape and a Coulter counter. 

Eldorado reported the bulk density to be 1.00 * 0.25 S/CR3 per AsI)[-6%?9 
SfU reported the Particle (the 40,OOo-psi sintered density would be 5 t o  6 s / 0 1 1 ~ ) ~  

size as 

3.01 yi R d i a n  
5.59~91 mean 

5.652 of vol lre < 1 pa. 

52.742 o f  population < 1 plm 

For comparison purposes, SRL reports the following data group as the low  
(-11-particle) group of four direet-strike owlate precipitation 239Pd2 SiWlCS:  

28.06 pm median 
29.14 PI mean 
No particles < 6 VR. 
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lbove data drar tlut tk 9 exmined was nuch finer thaa at least one 
specific P"02 parder e x a n i d  &y SRL; the individual pu02 parrkr grain was typically 

1 mz pawdct grain ZAS rwe 
nearly spherical or "sandlike." 

tte-like OT strim-like," u b e a s  the indivi 

The partlcle size distribution of the u02 used in the P A W  qualification 
tests i s  given i n  Table a. 

Table IA 

Particle Size Oistributicm of Oepletd U02 Pder. PAT2 

pm Range 
0.63 - 0.79 
0.79 - 1.00 
1-00 - 1-26 
1-26 - 1.59 
1.59 - 2-00 
2.00 - 2.52 
2-52 - 3-17 
3-17 - 4.00 
4.00 - 5.04 
5-04 - 6-35 
6.35 - 8.00 
8.00 - 10. 

10.08 - 12.70 
12.70 - 16.00 
16.00 - 20.16 
20-16 - 25-40 
25.40 - 32.00 
32.00 - 40.32 
40*.32 - 50.00 

Volue 2 
2-60 
3.m 
5.77 
7.24 

10.41 
12.50 
11.03 
18-75 
9.4, 
6.22 
4-07 
2-88 
2 -94 
3.23 
2.43 
1-70 
2.55 
0 
1.13 

TmmJ 
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Population 2 
33.23 
19.51 
18.42 
11 -56 
8.31 
5-00 
2.20 
1.07 
0 -47 
0.16 
Q.05 
0.02 
0,009 
0.005 
0.001 
O.ooo6 
o.Oo05 
o.ooo5 

100.31615 



A t  elevated temperatures, T 
poses according to tbe following mactioAs:@ . 

1,1327 (6002), the hydrated sulfate dam- 

ihe packaging of the hydrated salts imolves rwe potentral problems i n  the 
event of as accident than the packaging af Pd$ pomkrs and pel lets because the for- 
mation o f  H904 and Hn13 acids intraduces problea of corrosivity, .]IS well as 
pressure genetation i n  the conta inmt  package. Such problems were examined by 
analysic of the contributions to the t o ta l  pressure and by testing PAT2 packages 
containing a surrogate o f  Pu(S~)~-W~O- 

46.1 PRESSURE UILUtlATION FOR PtUTQNIlll SLILFAE TETRAHyoRArr 

The basis for the Pu(SO~)~-~H$ pre3scw calculatiom are sumarized i n  
Table 48.1-1- 

The decmposition of 3 war, of the hydrated salt produces 1.615 grm of 
Pu02. 1.169 grms of H2S04, and 0,215 griu of %00 Tlrus, at elevated t 
the H$04 and HzO w i l l  cantribute t o  the pressure increase i n  the TB-2 vessel-  

i 

IAEA e(en0 fm SI Deron to A. YO(I Baeclnan dated 5 Hay 1980 and transr5tted 
t o  J. Andersen. 
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MJS af WS412 ‘H;20 
Mass of m 
Ibistun colltent (Imbaml v) 
Brass canister mass 
Quartz vial mass 
Sealant (Teflon””) 
Tcrperature 

3.0 
9.0 g 
0.5 y 

50.0 g 
18.0 g 
0.3 g 
5822 

The decaposition of the PVC leads to t h e  famition of Wl rr#rdiag ta tlct 
reaction’ 

( C p 3 C l )  * tC1 * solid midw . 
F m  the stoichimetry of t h i s  PVC reaction, 9 grams of py(: rill pod#cc 5.2s grnr 
of HCl amdl 3.A grams of a s l i d  residue, which far pwposcs of calculation is assu) 
ed t o  be carban with a dcnsity of 1.5 g h 3 .  Since Hcll is a gas at elevated t-a- 
tures, it will also ocntribute to  ladl increase i n  pwunr r i t h i n  thc lB-2 vessel. 

Additional pressure is developed by the dcerrpasit3m of q y  sealatits pes- 
&. This is acrounted for i n  t he  follOnng calculations. 

Prowidd that 110 leak develops. the a i r  m helim trapped i n  t h e  lB-2 wssel  
durinq assgnibly nil1 also cantribute to t h e  total pressure increase as the plclcigc 
k a t s  dmng the fire test of a test sequmce. 

A calculation of the laxira pressure attained i n  the  Ti?-2 vessel  for thc 
contents listd i n  Table 46.1-1 follows. 

Thc fiee mlune, Vf, a n  be found by use of the fo1lw”ng data: 
3 
3 

KB-2 internal value -5.95.1 Q 

c1 czapsulc solid volume = 16.2 Q 

brass = 5.75 a? 
3 

W F t Z  = 7.2 Q 

Wtresidue = 2.50Q3 
3 sealant residue = 0.25 Q 
3 = 0.20 Q Puo2 



Vf = 95.1 - (16-2 * 5-75 * 7-2 * 2-50 * 0.25 * 0-20) 
3 =63,00a 

TQ use English-unit stem tables, this i s  c0mert.d to 2-22 x 10 -3 ft 3 ., 

Partial Pressure of  the Steam 

The partial pesswe of steam i s  calculated by 

By interpolation f n  the steam tables6 at  a temper3tw-e of 1,OBO"F (5822). 

'stem = 636-3 psi (4.39 ?Pa) . 
Partial Pressure of the Heliur [or A i r )  

Thr? lB-2 vessel was assembled i n  a kliu mirtwmt fw the surrogate 
The partial pressure of kliu, assuirrg no lealrage. i s  tests 

given by 
consideration. 

e r e  the loading 

?7"F (2iQC). 
itions have been taken to  be p = 14-7 psi (0.10 ma) and T = 

Partial Pressure o f  the Sulfuric Acid 

Frrm the stoichiaretry of the reaction discussed above, the molar voltme of 
the H2!iO4 muted i s  calcclated t o  be 
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Tk d a r  wluc of an ideal gas a t  1.0W~ (582OC)  and a partial presswe af p (in 
psi) is given by 

oi3 855 K 14.7 1.0313 x lo6 m3,w, . 
v = - 1 0 0 @ i i i r x 2 m  p P 

Thus. if t t p 4  is ass& to k an ideal gas at 1.0807 (582°C) and at the pressure 
i n  the TB-2 vessel. the partial pressure o f  %SO4 is given by 

=-= " '06 = 195.3 psi (1.S ma) . 
qlZS04 "H2SO4 5.281 

Partial Pressure fm PWC Decarpasition 

If the Hcl famed by decanposition o f  WC i s  assU[ed to be ideal gas, the 
partial pressure of the 5-25 grams of  Hcl (0.144 -1) pmduced fm 9 grams of  PVC 
is 

PHcl - v  - -= lmo313 Io6 = 2,357-3 pi (16.25 Wa) . Vwl 63.0/0.144 

Partial Pressure frun Teflon" Deconposition 

Using Teflon" tape as t h e  sealant, the partial pessure r e su l t i ng  fm the 
therral degradation is due to t h e  foruation o f  the gaaseous UWIM#I", tetrafluoroethy- 
lme.l@ Teflon" thermally degrades to the amm nearly stoichiaretrically a t  ap- 
preciable rates above 797°F (425%). The degradation reaction is 

F n  the stoichimetry of t h e  reaction, 0.3 gram o f  Teflon" yields 0.3 gram o f  ION)- 

mer (0.003 r). Assuing the monomer to k am ideal gas yields 

Tatal Pressure  f o r  Plutonium Sulfate Tetrahydrate a t  W Q C  

total pressure i n  the TB-2 vessel, calculated for the loading 
given i n  Table 48.1-1. is 
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= 636.3 i 42.2 * 195-3 + 2357.3 + 49.1 = 3,280 psi f22-6 Wa)- 

lkte that the major contribution t o  the pressure i s  associated w i t h  tbe dmmposi t ion 
of  PYC and, hence, it i s  desirable for the operator to minimize the aomt of PVC 
used t o  bag the canisters contained i n  the C-1 capsule, ewem though the smmgate 
conservatively involves the use o f  a surplus (10 wars VS- 9 ~ims)  of PVC- 

48-2 TEST RESULTS YITH ME WRRI)GAlE OF PtumHIW SULFATE TErmwyoRArr 

In order to establish that  the hydrated sa l ts  of p l u t o n i u  am be ammind 
as effect ively as MP, an early developlsental test sequence camespanding to the 
accident condition tests described i n  Chapter 2 (with tw exceptiorns in the test se- 
quence as discussed below) was perforaed on a developental PAT-2 package contirinimg 
a Srxrogate o f  ? U ( S O ~ ) ~ - ~ H ~ -  The pressures generated by the ststaglte exseed the 
pressures gemrated by the intended contents surarized in Table 48-1-1- 

Based am the s to ich imet ry  of  the decomposition reaction f o r  the 
sulfate, the surrogate l i s t e d  i n  Table 4-2-4 uas prepared and plleed in the C-1 cap- 
sule. The hydrated sulfate yas selected fo r  t h i s  test  rather than the !hydrated 
n i t ra te  because of the m a t e r  c o m s f v i t y  G f  su l fur ic  acid c q w e a l  uith nitr ic acid 
for rany ferraus and nonferrous materials. Furthemom, only the hydrated sul fate 
was of interest t o  the I M -  Houever, the hydrated n i t ra te  uas also tested later due 
t o  the &SI i rcerest in t h i s  form- 

Tab1 e 4s. 2-11 

F i rs t  Surrogate k e d  for P U ( S O ~ ) ~ - ~  Testing 

Concentrated l$S4 (96.0% by weight) 0.664 ml 
Water 0.666 rl 

uass o f  py(: 10 9 
Mass o f  Brass Slug 509  
Sealant (o i l /c lay type, not Teflon") 0.5 g 

concentrated (96.01 weight) and water. which yere added t o  make 
the surrogate, produced frm the decaposition of 3.0 grass 
of ~ ~ ( ~ ~ ~ * - ~  water resulting from the decmposi t im and introduction o f  
mi sture . 

ivalent t o  



The pressure calculated for this sMI'ogd5e loding, cclrelcr tkc 1,- 
(!i82%) accident condition, ~ ~ c e e d s  a l l  pressutes listed i n  srctiorr 4,!LX far actual 
PAT-2 loadings and has a value of 3,466 psi (=.89&i3 f f r ) ,  TMs cdcu la t i on  is 
sulariaed as frrllows: the stear generated fm the i n i t i a l  moistme (0,666 ml H$ 
added :a the %% amcentrated tl$O, t o  simulate the band vltcr in  3 grms of 
Pu(SL~?!~ h$l and the a r b i t r a r i l y  added 0.5 grm of tip) i s  574.5 psi (3.963 ma), 
the pressure of the gas (a i r  or h e l i u )  included at the time of assably i s  42.2 psi 
(0,291 ?Pa), the N r s c (  vapor produced by thc ckamposition i s  176 psi (1,213 ma); 
the HCl gas produced by decomposition of the FYC is 2,363 psi (16.292 ma), tbc 
,product of aecarpositian of the oil-base sealant i s  31Q psi (2,131 *a),* lad the 
total pressure i s  3,166 psi (23.897 Wa). 

A11 of the contents l i s t e d  i n  Table 4B.2-1 mam placed i n  tlte C-l capsule, 

and the capsule was closed, but not tightly, t o  pdt acid wapors t o  be emitted fm 
tk capsule to allw possible c k a i c a l  attack an the crrppe~ seal of tk T&2 wessel, 

An oWc7ay ("pipe dope") type Sleiilant, 0-5 graa in  mass, was used ta pro- 
duce pressurn in  lieu o f  the f i n a l  desiQn intent of 0.3 grim TCRon" tape. cirlcula- 
tiom indicate tha t  tk substitute sealant prodwed a partial pressure of 310 psia in  
place of the 49.2 psi (0.339 ma)  fhm the Tflacsl". Fuatkrrrwe, the sealimt ms 
deliberately placed inside the cap o f  the C-1 capwlc nd nat om the threds 50 that 
gases w i d  deliberately escape the C-1 and vluld directly threJtcn tk ooppr- 
gasRet-sealed IB-2 containmt vessel. 

A brass slug mas used i n  place of the brass canisters to simulate the voliuc 
occupied by the canisters and to provide infomation m tk possible chemical rex- 
tions bet- the dexqmsi t ion  produns and the knss, dich v w l d  tend to col~ulc 
the acids ge#rated. The brass slug was shaped as a right-circular cyl inkr t o  nini- 
mize the surface area of the brass clrparcd to the area of the actual brass canis- 
ten. This was to assum a greater a W n a  ef l$S4 vapor available to  
threatem the TB-2 colpper seal, rather tiMn camunimg UC a i d  by reaction with the 
brass, if that rere to occur, 

TIME t-P capsule was them placed in  the TB-2 vesFc1 together with t h i n  sdc 

The tin and zimc simples mu included to provide zinc and pure tin. 
tures reached by the RS-2 vessc3 i n  the fin test. The 

* 
It YDS estimated that the hydrocarrwMl l a t m a l  in O S g r a m  mass cf sealant 

W l d  i r a te l y  0.021 gwl of 0 or 0 - 9  grrn of 0. 
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zinc was #dged between the bottom of thc C-1 capsulr? and the TB-2; the t i n  llss 

inserted be- the top of the C-1 capsule md tk TB-2, 

The assdly of the 78-2 was carried out i n  a h e l i u  awiroaant, ilnd after 
the TB-2 was assembled it was tested for leaktightness using a mass s p e c t m  
capable of detecting leakage as low as a 3 / s  of hel iu ,  b leakage uas de- 
tccted- 

Af ter  the leak test on the TB-2 was performed, Ute PAT-2 p a c c a g ~  ww e s m -  
bled and tested. Y i fh  two exceptions, the mtua l  test  sequence for  accicferr: z d i -  
t ions was perforred. The f i rs t  exception was that the racket pI16mm t e a  WBS 

replaced by a crush t e s t  using a force of 500,OOO polinps (22.24 m) OTI %%P g - 3 9 ~ 1 ~  t-s 
simulate the damage prodarced on an unyielding target by the mcket pa:'mra. The 
second exreptim was the deletion of the post-f ire water wkrrs ion  test. T6 sta- 
bla'sh a worst-case t h e m 1  condition, the package was permitted to self-extir.gaish 
over a period of 2 days ( th is  carplete charring does produce the highest lB-2 ta- 
peratwe) . 

After  the PAT4 package reached the adient terperature, the package was cut 
open, and the TB-2 vessel was recovered. Exmination of the PAT-2 contents shord 
that the naple was charred down t o  the TB-2 spherical contaimemt vessel. The 6061 
a l u i n u  fa i r ings attached to the TB-2 were discolored and weakened ills longer i n  T6 
condition) but not melted. The a l u i n u  fa i r ings suffered erl?rrittlerent, evidenced 
by pieces breaking o f f  during t h e i r  removal fram the TB-2 vessel. 

Af ter  cleaning t o  mmve char and va la t i l n  residue fm the TB-2, it was 
leak tested using the sass spectrmeter; a h e l f m  leakage ra te  o f  2.16 x cm3/s, 
equivalemt to 8.0 x IO-' QI 1s for air, was noted. As explained i n  the fo l lor ing 
paragraph, it was l a te r  deteruined, by another technique, t ha t  there was no detect- 
able leak (W-D.L), Wext, a hole was d r i l l e d  p a r t i a i l y  through the TB-2 vessel, and 
then the t h i n  diaphra which remained was punctured uh i l e  operating the leak detec- 
t o r -  A vigwous k l im  leak was detected; the leak w s  audlb:e and had an odor. 

3 

The hole i n  the TB-2 was tapped, and a tes t  valve was inserted. The TB-2 
vessel was then repssurized using helicm t o  40 psig (27.58 kPa) and leak tested 
with the mass spectrometer; the 20-bolt pattern was l e f t  undisturbed. No leasurable 

leakage was detected (4 < lo"*). The urift was then disassembled and examined. The 
copper seal was found t o  be clean and br ight  with no observable chemical attack. The 
pure t i n  sarrple had melted (l iquidus temperature ... 4!i0°F (- 232"C)), and was adhered 

t o  the stainiess steel (Witronic 60) C-1 capsule. The pure zinr: s tr ip  had also 
melted (l iquidus tu re  - 7W°F (- 398°C)). The zinc also p a r t i a l l y  adhered t o  



Follw’ng tke above Qwloplcnt test, qualification tests an the final- 
igl PAT-2 packages uere conducted using urrrogates of plutdniu sulfate (see Table 

ed in  Chapter 2. Two PAT-2 packayes (Serial Ilos. Xl0 and X11) <#R- 

wasitan sulfate swrogaf-e5 yere shjecte,! To the MIR€6-0360 criteria and w m  
to %are r*) detectable leak. [k package (Serial Iwo, Xl5) containing a liraniu 

te was subjected to  the 10 WR ?l Appendix A and B emirmrents and 

es of P M ( S O ~ ] ~ * ~ ~ $ O  are listed in  Table 4.8.34. The surrogate 

4€3.3-€)* as 

tAe llup listed in Table 4.5-2 for P U ( S O ~ ) ~ - ~ H ~ O .  

Table 4B.3-1 

final Surrogate Used for P I J ( S O ~ ) ~ * ~ M ~ O  Testing 

rated t t .p4 (%.a by weight) 0.67 rl 
’uater 0.67 a11 

let& uDz 3.0 s 
lrlars of RC 10.0 g 

! u s  of brass w.0 sf 
Tflon” 0.3 g 

t 
XI0 used 47-35 g r g s  of brass; X15 used 38-76 

of  bass; al l  dkrs ufed 50 grams of brass. 
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Fror the cksical stoichioretry of the decomposition reaction, 3 grim o f  

H(03 i s  a gas at the! temperatwe and pressure of the systm during the fire 
Pu(W3),-i?l$0 pawdw yields 2.5% grass o f  PUO, a d  1.415 grars of 

-1). 
tSL 



Partial Pressure o f  the St- 

The specific volme o f  the steam is given by 

= 431.5 psi (3.0l6.5 ma) . pstea?a 

Partial Pressure of  the A i r  

For ilssenbly of tk TB-2 vessel at atmospheric pressure of 760 an tlg iml 
777 ( W ' C ) ,  the molar volue o f  air  i s  

3 = 24,451 Q fgml . 'air 

As 
p i a ,  the rolar v d u e  i s  given by 

i n  i x  4A. for an ideal gas -t 1,080T ( W O C )  and a pressure, p. in 

I f  no leakage c=c j~s ,  the v o l w  of gas per g o 1  remains tanstant, and the partial 
pfeswre of the a i r  i s  o b t a i d  by equating Vair with the above equation far V md 
salving for p to give 

Partial Pressure o f  the n i t r i c  k i d  

Tk molar valw of W03 i s  

t o  be an ideal gas, the partial pressure cslctslatian follows fmm 
that of the air. Thus. 
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kl =yHcl=63. lo%2g6 = 2347.6 psi (16,186 Wa) . 
Part ia l  Pressure fro Teflma Dtcapw itim 

The thcnul degradation of 0.3 gram of Teflona yields 0.003 -1 of the 
mwmer gas, CF2 = ff2* If tk #~dlc~" i s  as- to k an ideal gas, thc partial 
persuz- 

Total Pressure for P lu tan iu  N i t r a t e  Dihydrate 

Tk m a l  pressure i s  the su of tk iibove partial pcessures. Thus 

P = 437.5 + 42.2 + 374.2 + 2347.6 + 48.9 = 3250 psi (22.41 Wa) . 
r(c.2 CALCUUTIUBS Fk OF pwrmm wimm OIHYWUTE FOR PHASE 4 TESTS 

Far the Phase I tests correqnmding to the lluRE6-0360 accident mdelifig rrf- 
M a ,  a unrtogate of the TB-2 c0nt;limmmt vessel loading of Table 4C.1-1 was pr- 
pared. The surrogate was designed to ecceed thc !!!UP calculated in Section 4C.l a d  
listed in Table 4.5.2-1. This mas aceapl-ishcd by ddiag an additional 1.0 gram c$ 
WC. 

The basis for the calculatiom included UW follow5ng: 

lbss of Pu(nO,),*9O 3.0 g 
Mass of wc 10.0 g 
lbss o f  roisturc (unboud H;?o) 0.5 g 

lbss of brass canister 509 
lbss of  Teflon" tape 1.0 g 

wass o f  quartz 18 9 
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90.W ni t r ic  acid; g. gr. = 1.50 
70.4% nitric wid; sp. gr. = 1.12 . 

Let 

The n i t r i c  acid quirerents #re calculated as follows: 

% = tk mss of 9O.oI acid 
% = the mass o f  70.4% acid 
wgo = the v o l e  of 9o.a acid 
Ym = the volue af a0.42 acid . 

Sol v i  two equations simultaneously yields 

= 1,559 g of 70.4% m03 
= 0.386 g of 9o.w . 

The volucs of nitric acid requid are 

wm = 1.559 9/1-42 = 1-10 ml of 70.42 
rg0 = 0.386 9/1.50 -1 = 0.26 nl o f  9o.ox tlmJ . 
&s of the surrogate of Pu( I4-w a m  n d z e d  i n  Table 

K.2-1. The calculated W fa t h i s  loading i s  3,646 psis, aid\ exceeds the pm- 

urre listed i n  Table 4-5-2 for Pu( ]4*2H2Cl po&!r by 12.6%. I 
a 
ii 
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k s s  of uraiu wide 8#Bcc 

blue of 9o.m Hal3 
kuofm: 10.0 g 
lclrss crf brus slug 50.0 g 

k s s  of Teflon”’ tape 1.0 g 
Mass of quartz 18.0 g 

1.555 g 
1.10 nl 
0.26 nl 

Vol- of 70.42 lalo3 
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I X  

Presswe! Calculations and Surrogate for Sint  pellets of Pa2 

TAi s ix pwents  test rewlts obzaiaed using sintered pellets of 9. 

FOR SIFmRED P E U R S  OF P-UTOWIUI OXIDE 

Six sintered pellets of Pu02 can be inserted Tnto six E-5 canisters (2.70 
Q total rolmetric displacement per canister), In *is case, m quartz liner i s  
necessary fw processing. Allowing for 0.5 gr9 of m?sture and assuing that the 
pellets fill the eatire void space of the 86-5 canisters (very conservative esti- 
rates), tk basis for tke pressure calculation i s  given i n  Table 4D-1-1. 

3 

Table 4D.1-1 

Basis for the Pressure Cakulati 
Pa2 Pellets 

6 sintered pellets of P a 2  120-0 g 

lbisture eontent (unBourd v)  0.5 g 
mss of PVC 9.0 g 

Teflon” tape 0.3 g 
Free volue 65.73 a 
TBperature 582% 

3 

k; in ule cases considered in 4c* the pressure generated 
consists of contributions due to steam frol the mistwe, HCI gas fm the decgyo- 
sitim of WC, gaseous tetraflwroethylene from the decampsition of  the Teflm”, and 
a pressure iricrease dw to the heating o f  trapped air. 

Partial Pnsswe Q f  the Stem 

The specific voluc o f  the stem i s  given by 
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Partial Rwwrc ef the A i r  

As shorn in Appendix IB, tbt partial presswe of the a4r is 

3: - V = 12.2 psi (@.n ma) . 
‘air vair 

Partial  Pressure of tbe Occcollposcd we 
As shorn i n  Appendgx 111, tht partial pressart of tk Hc1 ~s famed by 

dccaposition of the WC i s  

Partial  Pressure fm Teflon" Occarpos itim 
As sharn i n  M i x  111, the partial pressure o f  the mmer w u l t i  

the decarpMition of the Teflm” i s  

Total Pressure far Plutmiu Oxide Pellets at S Z 0 C  

The n a x i u  total  pressure i n  tk T6-2 vessel. corresponding t o  the lordi 
given i n  Table 4.1-1, is 

p = 428.3 + 42.2 + 2259.4 + 47.1 = 2777 psi (19.147 Wa) 

4D-2 CALCULATIr4S FOR suRw)E;ATE OF PtuTowIUl OXIDE PELLETS FOR PHASE 4 TESTS 

For the IwRE6-0360 accident &ling tests, a surrogate of loading listed fn  
Table 4D.r“-1 was prepared. The surrogate uas designed to exceed tk m”AIp l isted fn 
Table 4.5.2-1 for six sintered Pu02 pellets. This was a c c ~ ~ l i s h e d  by Using 
uranium metal as  a surrogate for the  Pu02. The w a n i u  metal was w h i n e d  into s in  
peYlets, each with a mass of 20.6 grams. Tlrcsc pellets were placed i a  s fx  brass 
canisters, uhfch had a total  mass of brass of 31.4 gr-. To closely ratch the cal- 
culated pressure for the Puo2 pellets, 10 grams of f f C  ms used rather than the 9 
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Table 42.24 

tt for S i x  Sintered Pellets o f  Pu02 

k s s  o f  depleted I raaiu metal 123.6 g 

o f  wc 18 9 
)Ibistute tontcnt ( y9 8.5 g 
Teflon" tape 0.2 g 
mass canister mass 31.4 g 

fk nuP calculated for the surrogate i s  3,005 psi (20.718 ma), rrhich i s  
ct the pressure calculated for the loading listed i n  Tables r0nSibwa;b'ly higher 

4 L Z - l  and 4-5.2-2, 2,777 psi (19.142 *a). 



4E-1 PRESSURE ULUJLATXOIIS FOR IyI)IED PoUllERs 

For tbe mixed podcrs of u d  Ill$ dcscribd Cn tk IAfA #16,* tkt TB-2 
vessel ioadinrj i s  listed in  Table 1E.l-1, follaral by the calculation of tk ntlv 
cwnypanling to that loading. 

Mass of mixed pGdcr 
I(;rss of wc 
Moisture eontemt (Uaarna v) 
Teflon" tape 
mss of quartz 
lhss of brass 
Free  volue 
Taplerature 

409 
9 0  
0.5 g 
0.3 g 

18.0 g 
50.0 g 

582°C 
59.91 ar3 

The total  pressure involves the sitme contributiw comidmd 5n -4% 40. 

Partial  Pressure of  the Stem 

The specific value of the stem i s  given by 
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By iaterpolation fmn the steam table at 1080'T, the steau pressure is 

= 470.3 psi (3.243 KPa) . PStear, 

Partial ptesum o f  the MAis 

As i n  Appendix iB, the partial pressure o f  the a i r  is 

- Pail. = V = 42.2 psi (0,291 ma)  
a i r  

Partial Pressure from WC Decomposition 

As shaur in Appendix 4Ay the partial pressurn of the HCI gas is given by 

=-= ' lo4 = 2,478.8 psi (17.09 ma) . 'HCI VHc. 59.91/0.144 

Partial Pressure from Teflon" Decaposition 

The partial pressure of the loll~er resulting frcm the decmsition o f  
Teflon- i s  given by 

Total Pressure for Nixed Powders a t  582°C 

total pressure i n  the TB-2 vessel. corresponding t o  the loading 
given i n  Table M.1-1. is 

p = 470.3 + 42.2 * 2,478.8 * 51.6 = 3,043 psi (20.981 Cpa) . 



The wulp calculated for this sumgate 10s 3,313 psi (22.842 *a), VlriCA is 
s&ewhilt larger than the nrrrP calculated fw tlr loding listed i n  Tables 4.5.2-1 
4E-I-1, 3,043 psi (20.98 !Pa)- Tlwa, tk Kcident-rodelfng tests m+mg 
the SCIITopate immlved corrsiderably llte stringcnt conditions than for tbe ldim 
dvem i n  Table 4E-1-1. 

4-35.36 

. .. 



I X  Q 

6as leakage Rate and EquWtlemt  Capillary Diareter 

4F.1 E T W  a CALWLATIoIls 

h a r s k i  et a15 stdied the now o f  gases through capillaries a d  orifices 
and ptovidtld a c q w t e r  code (WIL) for calculating the flow ra t e  through rough 
capillaries, Their results* are plotted in Figure 4F.l-1. For the very low leakage 
rates wed i n  these tests, it i s  more comenient t o  use t h e  following expres- 
sion for f low i n  Sr)Ofh capillaries, 

where 0 i s  the capillary di  

and pi and pf are tk upstrea and downstream pressures. respectively. 
er, i s  the gas viscosity, L i s  the capillary length, 

For the standard leakage test using heliu at 77*F (25°C) and fo r  a capil- 
lary length of 0.28 inch (0.7l6 ar) (the length of t h e  probable leakage path for t h e  
TB-2 vessel). the f l o w  rate is given by 

7 4  = (9.506 x 10 1 D , 

For air a t  7T0F (25’C), the equivalent expression i s  

0 7 4  
= (8.675 x 10 )D . qai r 

??wse sqaticrrs fr?r he’lia a& a!r flow rates are also plotted OE figwe 
For a given leakage rate, they predict a saewhat larger 

er than the results o f  Onarski  et al ,  and, hence, they provide upper bounds 
IF-1-1 (the broken lines). 

for the calculated cross-sectional areas o f  the capillaries. 
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POlSEUILLE FLOW 
FOR L=0.716 cm 

I 

0 ;  5 10 15 29 25 30 

ORtFllCE OR GAPCUARY DIAMETER, ~1 m 

Figure 4F-1. Ra , 32°F) for Heli  
tta Capillaries ~d Warious Di 



I t  i s  inforrrueive to capam th i s  calculated d i m  ViitL tlr results of 
&tzarski et al.. Frm their results a d i m  of about 3.5 man i s  drtafrwl. 
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ln(w) = 4-78,  fa tm(A,t$) < 6.414 , 

i s  the m a l  UIS aQ P a 2  n- ““hllz A 
leased i n  m. 

tkt mits J, p is fn psio, 

It was erphirsizad by OwzorsM et a1 tlut Ur mass released i s  inspmknt of 
tir; i-e-* the total trampart of M2 aerosol thatugh the OrifIce or capillary oc- 
cuws in a relatively shwt tine. Af ter  tkt init ial  knrt: of atrosol occurs, either 
the opening plugs with particulates or the wrosolization process ceases to produce a 
suspension of particulates in the gas. 

4G-1 ScUlpLE ULCUUTItMS FOR ME SlRRO6ATE OF PLWlMiuI SULfATE ffTRU(V0RATE 

As shorn i n  Appendix K ,  the heliu leak rate measured after tht test se- 
guence for the surrogate of Pu02 corresponts to a capillary d i m e r  of 6.77 m. The 
area of this capillary uas ulcuiated to be 36.0 &, and the pressure is 3,313 p i a  
(22.842 ?Pa).* Thus, 

M A @ )  = ln(36.0 43333) = 7,636 . 

*3,313 psia i s  the pressure u i t h  the Surtogate; the PAT-2 N A P  is 3,280 psia, as 
ShDn in Table 4.5.1-2. 



relatim 
Si- l n ( W  i s  in tbe range bet- 6.414 rtnd 10.5, t ~ t  

0.5840 1n(*) 

release 

i s  ulclrlated t o  be 

quantity 3s 176 m; for a typical plutomiu mixture, Y A2 ity i s  



Mditional Practical Consideratioms Regarding Possible Plutaniu Release 

The application of the Battelle carrelatiom@ t o  the PAT-2 package vf th  the 
TB-2 contlinrnt vessel i m l v e s  uttrapolatiom to much 1- gas 1- rates t h  
thoK associated u i t h  the Battelle Pu02 transmission experiments, The a f r  flw rates 
measured th rwgh the capillaries and orifices usej by Battelle rcre gemmlly uch 
larger than 0.1 m3/s; that is, t h y  were Eevera1 arder~ of magnitude ~LMI the 
leak rates meaullillled after the PAT-2 accident-modeling tests- A t  my low flow rates, 
the P'"02 podet i s  not likely to aerosolize and becar emtrained i n  tlw escaping gas, 
so tk Battelle correlatiom are likely to  overpredict tk P% loss at  low leak 
rates. 

Further evidence that P d 2  emissions through small openilrgs am e x t m l y  
small has been provided by Sch#ndilan et a111 and Yesso et 11-12 Leak rates mea- 
sufed using a simulated crack indicated that, with the exceptiolr of f' experiments 
rhidl imlwed vibration, nc. Pu02 was emitted th- a ma& fwmd by a s p l i t  
tapered disk. The kl im leak rates for the experimmts rhich showed Puro;? traw- 
nissim yere of tk artier escaped i n  e- of the 2 cm3/s, and the tatal 
fctw expwinerrtc was less than 0.001 rg. 

Rased on the heli leakage rate measured for test package XOB listed in 
Table 4.5.3.1-19 a capillary djamter of 6.77 w was estimated abwe, This d i m e r  
correspmds ta a crass-sectional area of the leak of  36.8 . If t h i s  cross- 
sectional arm i s  considenxi to be that of  a crack bet- tu, bolt holes of the TB-2 
contaimmt vessel rather than  a capillary path of  circular CMSS sectim, the width 
of the crack [the distamce between the edges of  tm bolt holes) i s  4.5 II. The 

ing a rectangular cross saxtion with an area of  36-0 US, 

u i t h  such a mall rould have molecular dimensions, and the mass of aerosol 
which could escape, i f  escape were even possible. wuld be extremely small. 

Thus, the only aerosol which could pass thn, 

/so The capillary d i e t e r  corn- 
/s i s  tcalculated to be 0.32 u.. In  

t h i s  case only aemsdl particles wi th  diameters less than  0-32 trll could escap. and 
larger partkles am likely to  pl -4  the escape path- 



Table ruI 

Calculated Plutoniu Release far Various Cmiitiarrs 

P, Pressure Heliu Leak Total Pu Release UU A2 for a ucuA2for 
Iplrc238 (rp) (psia) (la) PUrnxtUrrbl& 

lo-# 0.0101 
10-5 0.00514 

328Q 1 8  0000309 2,550 176 
lo4 0.00309 
10-1O O.OO309 
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A P P m I X  4IJ 

Defwnation of the TB-2 Vessel at Elevated T a p c n t u n  nd Ressln 

A t  the maxim credible accident teaperage of 582°C (1.0807). tbr! 
strength of the A-286 iron-base superalloy used for the TB-2 vessel *s rcd;trctd by 
ZZ%013 To verify that the unntaiment bwndary remaim mdamagd at t k  elevated 
taperatwe and pressure of the fire test, nuevical emputatioms of Ue stresses md 
distertioa af the TB-2 vessel were performed, T k  f in i t e  elaent exllpctictions in- 
corporaaed the actual preload conditions imposed on tht bolts, tk raduction of 
strength associated with the elevated temperature, and the thema1 Cylansim of the! 
IC-= and the - _  Figure 2C-2-34 shows the wdefarred TB-2 cross section 
and the mesh used fo alculations- Figure X-2.2-1 shows the CQPuted def- 
tiom corresponding t o  an internal pressure o f  3,280 psi (23.897 ma). the pressure? 
calculated for the llcAp conditPon, The lost significant featwe i s  the distortion of 
tk irmer c o m r  of  the vessel-  A t  the knife edge, the ycssel was calculated t o  
raise or lift 0.001M5 inch (6.4 urn). It is i r ( laar ta t  fo mote that the surface 
of  contact bet- the copper gasket and the region of the 7B-2 wessel autvlnl f m m  
the gasket m-im unraised or unlifted. 

These calculatiom indicate that the eontainenE bouwhry remains essen- 
tially intact at the elewated temperature and pressure of the test secy#rrce- F x r i -  
nation of the gaskets remved fm the sealing gaowes of thc 7B-2 vessels 
tested i n  the ami"& modeling indicated no discernable distortion of the copper, or 
my evidence of leak-, tonfinring that the a n t a i r r e n t  bwndary m i n e d  essential- 



Ude of Federal Regulations, Title 10, Part 71, *Pilcaagimg of Rdiolctiwc 
Material for Trarvsportation mder Certain Conditions' (Uashitgtom: Qvcnrmrrt 
Printing Office) . 

2U.S. Wuclear Regulatory Omission, Qualification Criteria t o  Certify a Plducw 
for  A i r  Transport o f  Plutoniu, wu3E6-0360 (Uashington: U.S. m, Jammy 1978). 

3Internat io~l  Atmic Energy Agency, Regulations for the Safe Transport of 
Radioactive Materials, IAEA Safety Standards, Safety Series WO. 5, 1973 mrised Cd., 
as amended 1979 (V ienna: IAU, 1979). 

el IC 

3P. C. (kzarski et a1 , Measured and Predicted Gas Flow Rates thmuqh R a u g h  
Capillaries, )IRE6;/CR-00745, PNL-2623 (Richlaand, W: Battelle Pacific Wortlranst 
Laboratories, June 1979). 

65. H. Keenan and F. 6, byes ,  Steam Tables (Ikr Vork: Jolin Yiley L Som, inc., 
1969). 

ican nhtional Stannards Inst iLute  AWSI N14.5 and/or U.S. &clear Regulatory 
C m i s s i a  Regulatory Guide 7.4, "Les";age T e s t s  on Packages for  the S h i m  o f  
Radioactive Material s.' 

Whrlland et a1 , The Chemistry of  the Actinides, Vol. XO of the Pe- Texts in  
Inorganic Cbnistq I k u  Work: P e r g m  Press). 

rg, S. Straus, a d  B. 6. khharer, Jwml of Polylller Science 
35:355, 1959. 

la!#. R4. B i k a l e s .  ed-, Encyclopedia of  Polyrer Science and Technolm. Vola 13 (M 
Y a k :  InteKcienoeP ishers, 1970), pp 623-670. 

et all, Study of P l u t o n i u  Oxide Leak Rates fm Shippi 
(Richland, WA: Battelle Pacific Woflhuest Laboratoris? 

-KW, PML-3278 (Richland, W: Sttelle Pacific Worthvest 
Labratori es) (. 

se, 
askington: DoD, Septerrloer 1476). 

Wetallic Materials and Eleaents for Aerospace Vehicle 

4-47, 



5.1 S M U R Y  

The PAT-2 padcage was evaluated to deternine the radiation d r m m m $  at- 
t-1 to the package JHn loaded cwlth an excess* o f  p1,lrrcOnlitm o r  drcd mu/ 
plutoniu-bearing materials. A var ie ty  of payload iisatolrfc ampasitiow rss cows$- 
dend and a specific mixture selected for use i n  detcm"nimg the arttnul &se ntcs. 
The intensity of the selected roe-case SOUFE~ model will e be by aqy 
real paybad. The calculated dose rates external to the package, incld$ng the 
effect of grwnd scatter, shar that the package l r c t s  a11 sln"eid.fq rrqufrarnts af 
49 CFR 173.393, 10 Cm 71.36, and LAEA Safety Series 6 (S.S. 6)  for B(U) plclugcr, 
The! ~alculated results f o r  mlllil'l operation and for uorst-case post-ireidcnt mi$- 
ation tissue dose rates for the assued source are slum i n  Table 5.1-1, 

The purpose of t h i s  chapter i s  to show that the d i a t i o n  lmels artcrrul to 
the PAT-2, J#n loaded according to the specificittioms given i n  ScCtColr 12.4, a m  
within the mgulatory limits set by the U-S. and in temat iod  iurthoriitics (49 CFR 
173, 10 CfR 71, ami I&€& S.S. 6). T b  regulatory 1-t for -1 qumtian 
specifies a r r a x i u  tissue dose rate af IO ItlJl/h at a distanmce of 3 feet (0.91 
aetro) fm my accessible surface of the package and a maxi- t issue dase rate of 
2Wl nmmlh am the surface of the package, The l i m i t  udtr Iccikmt; mulitianr i s  
Loo0 -&I a: 3 feet (0.a metre) frm the package surfice. 

Ihe radiation i n  the PAT-2 i s  p m d t ~ s d  by the natural radioact ivi ty  (id& 
ing spostanow fissiam) of the uraniu  aid plutonium isatopes that amstitute the 
payload, the dnrghtcr pro&ucts of these isotopcs that amy have icamlatod since tke 
material was cxfr"lctcd frp its pa- fuel. and i n d d  rcactiarrs; with axygcn or 

- 
As will k atplaind, a loading of 17 grams of plutonium. m t b  than 15 

i s  used i n  this chapter. This loading p m i d e s  an additional 47A5, or 3-13, 
of safety, 

-* 
factor 



worst-case radiatim PAT-2 i s  based on the 
se contents or 

Iscrassed in detail i n  cower a wariety of 

canlida?2es identified i n  b! 

x & the plutonium, The 
l ived and produce very 

rJ by the payload o f  the PAT-2 will 



Tkc wmt-case safeguards payhad rdcatified & tlr ics sL#l in 
Table Sa, M i x  5A, I t  consists af 8 gt7.m plwtdpr i n  I mixed plrtO+ru/ 
uranr'u mi& powler, lhe t h e m 1  swme fra a i s  payload w i l l  be lbart 0.34 watt  
at 14.6 years (ud less thilm that fnr zero t o  14.6 years). or wll bel- the 2-t 
PAT-2 l i m i t .  A l t  it i s  unlikely that the radiation soume i n  tbe PAT2 payload 
rwld exceed that tkour i n  Table S-4, th is  study uses a source model af 47 ~ ; r s  

plutoniu (rlkich produces 2 watts tlw?nul) as a b o d i n g  assessment. rfU the 
isatopic mix shorn i n  Table 54-4, This clearly validates the lSigrr pllltonCl~rr 
conLents specified i n  Section 1.2-4, 

The wmt-use gana-ra~ source was obtaind f n  Table 511-1 of Ricfemwc 2 
aad i s  slrornn l a te r  i n  Table 5.4.4-3. Tlme data FEpnscd: a payload wit4 a sklf 
i f e  o f  14-6 years, irer, i n  *ich appmxinately ba l f  tbe -241 i n i t i a l l y  presest 

has decayed t o  h-241, The neutron source rate as- the pmcnce of oayrgcn ml 
includes the resulting (a,n) contribution, No m'xtun of p l u t m i l r  isatopes that 
would be pmducedl i n  quantity frar existing sources has btm iderrtified that wcull 
result i n  a significantly higher radiation soulre than that for  tk case selected. 
The assyation of a 2-mtt them1 source o f  plutoniu f o r  the PAT-2 exceeds by 
almost a factor of  6 the them1 act iv i ty o f  the mass-limitad uorst-case payload 
identif ied in i x  5A. Additional comematin i n  the source does not appear 
uarranted. 

rn source strength fo r  the selected plutcmiu isatopic mix, w ing  
the 4llr-gran source nodel i n  the PAT-2, i s  1.5 x 10 n/s,* Ahout ilM of  these mu- 
trams originate fn mtaneous fission, the renainder arising fm (a,n) reactions, 
the -ray ~ ~ ~ l r c e  for  the maxi- payload i s  2-3 x lo1* x-NeV/s-* 

5 

* 
thoriu fa? cycles and d l l  be a corrstitutent of 

any uranium extracted such fuel cycles. lhe radiation source in  such sarples 
can exceed that fm the samples considered f o r  the PAT-2, HMRver, t h i s  
i s  not an IAU safeguads nd thus has not beera used i n  th is  analysis. 

n/s f o r  8 grams; (47/8)(2,5 x 10") = 1.5 x lo5. 
Y-&v/S f o r  8 g r a ;  (11/8)(3,9 X 10') 2.3 X 
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5.4 !WXDING GALCUATIONS 

A series of radiation transport calculations was perf- 011 tbe PAT-2 in  
normal and post-accident configurations to determine the radiation C I V r e s  an 
t h e  suface and 3 feet (0.91 metre) fm the surface of tbe plduge- A l l  dly-di.Lk 
sional calculations wre perforred wi th  the AWISN discrete o w J i m  cadcO3 TUB- md 
three-dimensional calculations yere perforwed vfth tk MIUSE code-* The sLielQing 
afforded by the WC bagging, brass canisters, quartz vjals, staimless steel C-1 cap- 
sule, and self-attenuation of the payload material uas carserviltiwly elimhated, 
Fissions induced i n  the payload material rere also neglected since they eantribrrtc 
negligibly to  the  source (see Chapter 6) .  fk -tries 0w;idcrcd are desdbol9 in 
the following paragraphs. 

5.4.1 One-Dimsional, Normal Operation (M;IsI() 

The FAT-2 was deled  i n  spherical geometry using layer thidovsscs based on 
shie3dim path through the bottm of ule padrage. For the rm&m trans- 

port calculatium, 3 feet (0.91 cletre) of air ms a s s d  exterm1 to t4e pldugo 
followed by a l.Z-inch (3-cm) t h i c k  water phantoa. This f r  slrovr i n  Figure 
5.4.1-1 and Table 5.4.1-1. The effect o f  the water phanta, i ~ ~ t u d e d  i n  ullc of the 
calcul at imal Is t o  account for perturbation o f  the radiation field by a lwmm 
body, i s  small. plo water phantor was included i n  the --ray calculations. 

f 

Figure 5.4.1-1. One-Dimensional M e 1  of the PAT-2 (Illom1 tion) 



Table 5.3.1-1 

QnC-DilmtsiaMl Model of the PAT-2 
(Noma1 optration) 

1 2-0 2.0 sorrr, 
2 3-8 t"8 Air 
3 4.4 0.6 A - m  w 
4 8.(wb 4.- ylp(rrad 
5 9-41) 0,636 T)-cilu-Iv 

c 17.a 8- 13 pu"uuul 

7 17.m 0.178 msbiklrrrt4rl 

5.4-2 O n e a i m s i m a l  is-2 containment Vessel -1 (MIS) 

-2 portion of the PAT-2 rodel shown i n  F i g u n  SA-1-1 was UKd separ- 
ately i n  a i r  t o  determine the radiation emironrmt fm the mrst-case ux~cla Jwn 
the loaded TB-2 vessel i s  outside the 44-2 ompact, ibis Qcz rrrrt 
correspond t o  a post-acciderat male1 for the PAT4 because thc load spreader i s  not 

1, a water phantar was again placed 3 feet (0.91 -re) fro 
the TB-2 far the neutm calculations, 

5,403 

using the 
A cross sect im of th i s  -try, generated usinq t geawtry. 

5.4-3-2, The mdel included 1.6 imks  (4 an) af 

netres) of air ndially a~~ the package. iY0 water phantan mas used, 
, 16.4 feet (5 metres) of air wertically, a d  8-2 feet (3-5 

sitions used i n  the f#lRsE -1 mr identical to those 
1 with the addition of soil and alUn'nur, The sail carposition 

sed in Reference 2 for the PAT-1. 

and other tests perfanred IM tk PA?-Zs the package was 
-2 and the package surface was dc- 

that resulted in  the TB-2 being 
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aim I 

Figure 5.4.3-2. Tm-Dimmtsional loRsE lwel cf the PAT-2 (Side View) 
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The qwlificrtian test seriies imclukd erpasimg the dmagd package t o  a 
fael fin, follan’ng Jlich a rigjd, carb#ucc#us cllur rauincd 

fm the redwood and naple#ad. This char held the load spmader ilnd the -2 i a  
place inside the stainless steel wtcr Skin, Hornraw, because cRaracter52ltioA of 
th i s  char i s  difficult for shielding application and because m-ssion of the clur 
will #xiria! pst-midcnt mtcnul radiation levels, tk resid#! fnr tk Mw# 

was neglected and. the ybod volcne was ass& t o  t o  be f i l l e d  with air, Thus the 
amsidered the TB-2 imide tk deformed but athem”= empty 

, n’th a shell of stainless  steel amml the back side. This -11 
mal to reflect a portion of the radiatisn that w l d  escape thc 18-2 i n  the d i m -  

fax,  and thus the rodel UxiMrtd t 
post-accident nodcl also included g 

dcscribcd above, 

steel was takers fm Reference 5, Jlile those used 
for 301 stainless  steel and soil =re identical t o  those in  iUefennce 2- The load 
spreader w s  ass t o  k Ti-6A1-4YS i n  the one-dincmi aIcul&ians, I n  the 



F i m  5.4.4-1. Thm-OimsioMl  WORSE hdel fa tk Post-kcidmt PAT-2 



Table 5.4.44 

C q m s i t i a m  of Haterials used fn 
the PAT4 Shielding Analyses 

Ti 6AI 4v 4-43 

301 S h i n b  7.9 sad 

Air 

soil 

Ti 
cr 
h 
NI 
uo 

AI 

H 
C 
0 

AI 
Ti 
Y 

Ti 

H 
C 
0 

CF 

Mn 
Fe 
Ni 

N 

0 

H 
0 

A1 
si 

2-138 v 10-3 

4.80 v lo-* 
2.- v 10-2 

1.375 v 

6.m v 

6-(IpD v 10-2 

2-432 v lo-* 
1-Me v to-* 
1.m v 10-2 

5.906 
5-ot6 v 10-2 
2.086 

5-660 Y 

4-1 10-5 
9.7 v lo4 

3-40 v 10-2 
3-96 v 10-2 

3-71 10-3 
8-8l v 



The llbnte CWIQ calculatiom aswllpd a point wwllcc 1QEilllEd QI tllr ilrtCs of 
the TB-2, 0.3 ie 12 cm) Jbam the midplut. kclwe the nonr&ie i *  mRteets of 
the TB-2 ani the self-shielding . ~ f  the SOUCCC rn mittul frrn the -1. tkmby 
maximizing the lloLnt Qf escaping radiation, a spatially distrfkaod zoy# was rrt 

needed. 8y offsetting the soufce point, tbe line-of-si* betmm the sams Md tLe 
closest point on the PAT-2 surface did mot pass tl#nougft the fllnge af tcr f&2 A 
series af calculatians was perfamed in Ai& tkc loclltian of tine sourc - fat  ad 
the orientittiom of the TB-2 YWI? varied (source point cemtemd in tbc -2 lad offrct 
by 0.8 inch (2 cm); flange horizontal. inclined at 45", and vertical), 1Lc cffecr rrf 
such variations on 2ke external dose rate was lcss Un GD llbmtc Carlo stmbdl  
deviatims in  emy case. Therefore only the offset ~ ~ i z ~ l  fl- results 
=re R==-fJ- 

The p7Kent neutnn and secondirry gar# rq ulculatSars ycrr pwfovmd 
using #e R3 W f U  cross cottaped into the Xs-QCcltmn, 8-gr# ray emqy 
qrouy, structure' shan in Table 5-4.4-2. This set i s  similar to the U-8 set dis- 
cussed in Refemme 2- The caqparison calculations rvlporlteQ in that nfmrrue, wd 
ather calculatilrm prfm with the 15-8 set, indicate that i t  i s  reliable irad 
accurate foc the type of shielding calculations of c o m m  in this study. The pri- 

mry -ray transport calculatEms were made aing the Pa, ll-enerqy-~ray, cress 
section library dRStuSSed in Reference 2. The e(~crs[r strorctu*r? of tbir library i s  
shovn in Table 5.16-3. 4s in  Reference 2, the neutron and secondan-9#la tramport 
w s  calculated sc?lparately fm the primary --ray trasl?rrpant. 

m e  in the neutron transport calcdatiom used the p-gpt-fission 
sham in  Table 5.4.4-2. Calculations reported in  Refereme 2 

t b  actwnal dme rates calculated u s i q  this UWI(W spectrur differed 
those obtained using an (a,n) ulurce spectlru. The source used in  

-ray transport calculations i s  sham in Table 5.4.4-3. 
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Table 5.4.4-2 

1 
2 
3 
4 
5 
6 
7 
8 
9 
lo 
11 
12 
13 
U 
'IS 

14.92 MeV 
w.50 MeV 
7.406 MeV 
2.725 MeV 
1,353 MeV 

497.9 kev 
111.1 luv 
24.79 keV 
5.531 kev 
1.m kev 

275.4 eV 
101.3 eV 
37.27 eV 
10.68 eV 
0.414 eV 

.V 

0.m 
0. ua, 
0.153 
0.127 
0.122 
0.B1 
0.014 

4.3 
3.6 
3.8 
4.1 10-3 
4.3 
4.4 
4.6  IO-^ 
3.7 

0 
0.m 
0.m 
0.325 
0,zq1 

0,117 
0.m 
0 . a  
0 
0 
0 
0 
0 
0 
0 

14. 
8. 
6. 
4. 
2.5 
1.5 
1 .o 
0.45 
0.01 

8.8 x 

7.3 
5-8 
4.4 'I 

3.2 
2.3 
1-56 
0.7 
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Gr#lp 
Mo. 

1 
2 
3 
4 
S 
6 
a 
8 
9 

10 
11 

- 

Table 5.4.4-3 

Cross-section 6roq Structure a d  130s F K t w s  
for  PAT-2 --Ray Shielding Calculations 

3.5 
3.0 
2.6 
2.2 
1.8 
1.35 
0.9 
0.4 
0.2 
0.1 
0.01 
0.001 

Do0 F d m  
(mr/Lr p.c 

8Id*Sl  

4.36 x 

4.00 x lo-3 
3.n x loo3 

2-77 x Mi3  
2.30 x 10-3 
1.51 x lo-3 
o m  x lo-3 
0.36 x lo-3 
0.37 x lo-3 
0.37 X l  lo-3 

3.24 x loo3 

* 

radiation transport ca’lculatiom hawe k a ! ~  perf- 011 tk 
er codes. CMSS sections, a d  r ies  descmoed i n  Sectian 

se rates are shann i n  Table 5A-1, The udulgcd PAT-2 

high and 15 inches (38.1 ccrr) i n  d i n c t c r .  the Qsc 

the package are sl ight ly greater then the side 

-2wet. as sham in  the table. this difference 3s small. Qn the 
t-case si& and top dose rates dif?er sigmifiicantly i n  the side- 

ry since the n i n i u  distance betweem the source and the 
age exterior i s  considerably modified by the irgact, A l l  of thc Qse rates shan 

i n  Table 55 -1  am well within the regulatory rqairemrts and 
for  tk PAT-2, 

both the one-dirensimal discrete ordinates results and 
Carlo results for the dose rate extern1 t o  the PAT-2 i n  

the tm, codes am i n  t. The mzgl 
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Table 5.5-1 

Calculated Dose Rates (in mrem/R) Ext-1 to tlw PAT-2 with 
Marst-Case Source -1 (47 grass P l u t o a i u )  

Nu 
II 

1X 
am 

A 
U 

r e s u l t  for the close ra te  at  the swface of the bare TB-2 i s  10.7 -A for a typical 
payload of 8 gJrvDs pl i u a ,  as identified i n  Appendix !!%* or 63 m h  for t h e  
47-qt-ar ncQel USQd i n  thc present calculations. No me-dirreariolul calmla- 
tions of the Ipast-accident dose rate #ne perforred, although the dose rate calcu- 
lated a t  3 feet (Q-91 -re) fmm the bare TB-2 centa imst  vessel, OS5 ima/h, is 

w i t h  the post-accidemt, t l t e e - d i m i o m l  d l  result of 0.4 
the t i t a n i a  load spreader). A l l  of tk r e s u l t s  in  Table 

he results presented here arise fm mcertaimties i n  
ions, the carputer nodels, and the solution comer- 

nties i n  each of these factors a n  usparable t o  those repmted 
largcst amcertainty i s  again in the same definition. For t h i s  

a t - w  (47/15 or 3131 mersized) source term L s  becn 
ainty i n  t h e  other amas should not exceed %?% The 

i n  Table 5.5-1 indicate one lbnte Carlo standard dewiaticm and Q 
mt include these effects. 



5.6 SPECLIU sHIEU)IcIG M K Y S E S  REQUIRQ) FOR TYPE B(U) MEIAGIms 

T.D qualify as Trpe B(U), a package must meet several ELrJm sbielding 
nquiFawnrts in addition t o  those specified for other types of -. Specifi- 
cally, a Type B(M) pckagimg mst  provide sufficient sbielding i n  the post-tcst cok. 
f iguration t o  produce a dose rate ewcryrhcre less t h m  1 mm/b at 3.3 feet (I e r e )  
fnm the package surface i f  the package contained sufffcicnt: IwEK to prodr# a dtme 
rate o f  10 at 3.3 feet (1 netre) fra, the d a c e  prior to tbe tests. Ymr 
the packaging i s  restricted t o  particular rdionuclidcs, t h e  r d i o m d i d c t  rsy be 
used as the reference source i n  place o f  Ir-192. I f  UC packaging i s  to  be sed for 
neutm eritters, an appmpriate neutron source should also be used. For tlw PAT-2, 
the Ir-192 s a m e  i s  about equally stringent for meeting the B(U) pbotm source 
requiremints as the g-ray source i n  Table 5.4.4-3. 

To verify that the PAT-2 qualif ies as a B(U) padrage, trrmport calculations 
were perfomid with WORSE, using the wry models described i n  Section 5.4 and the 
1-Ci Ir-192 source7 shovl i n  Table 5.6-1. The P3, ll-group -ray cross-section 
l ibrary  (Table 5.4.4-3) was used. The results obtained frol these calculatiolllr are 
shon i n  Table 5-6-2, 

Fnm Table 5.6-2 it i s  apparent that approximately 0.063 C i  of 1r-192 i s  
required t o  produce a dose rate o f  10 m m / h  3.3 feet (1 e r e )  fm the cnds of an 
undamaged PAT-2; approximately 0,068 C i  w i l l  produce the sill? dose rate 3.3 feet (1 
metre) fm the sides o f  the package, I n  the side-irpact post-test COnfigurrstPm. 
the &se rate at 3.3 fee% (1 metre) f n  the damaged face was calculated t o  be 15 
m m / h  assuring a source o f  0.063 C i  of  Ir-192. 

The lllwtmn (and secondiary garna-ray) dose rate 3.3 feet (1 metre) f n  the 
package i n  the nom1 condition w i l l  be 10 limb i f  the neuttan source 

rate i s  6.2 x 10 nls; irer, about 42 times that f n  the wrst-case source d e l  (47 
g r a s  Pu, 2 watts). For th is  source. the post-test dose rate 3.3 feet (1 -re) fn 
the side of the package w i l l  be about 17 rrer/h, 

6 

F n  the above results, it i s  clear that the PAT-2 meets the Illu require- 
m n t s  for a B I n  effect, such a package u?it retain enoargh shielding 
following the 
rate t o  within a factor of 100 independently fo r  neutrorts and ~ a r a  rays. For the 
worst-case gana source identif ied for  the PAT-2. the qualif ication tests increase 
the dose rate external t o  the package by a factor of  1.5 (see Table 5.5-1), &ich i s  
the sa# factor as that calculated for the Ir-192 sourre. For neutrons. th is  ra t io  
i s  1-9. I n  effect, h o f  the radiation shielding contained i n  the PAT-2 i s  pro- 

vided by the -2, which i s  undamaged by the qualification tests. Hence the 
shielding effectiveness o f  the package i s  not seriously degraded by the tests. 

package. 

l i f i ca t i on  tests t o  keep any increase i n  the external radiation dose 
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Table 5.6-1 

I d 9 2  6- Saurce (Ilonralized t o  1 C i  9 Decay) 

6 3.35 3.062 
0,- 

7 0-9 0,61243 
0.60438 
0.56116 
0.m1 
0.4646 
0.4688 
0,4166 

8 0.4 0.3746 
0.3165 
0.- 
0.2958 
0,281 
0.M6TS 
0";EOTzII 

9 0.2 0, t31i31 

* Sawma is in groups 1-5 a d  10-11. 

Table 5.6-2 

Calm1 a 
PAT-2 Ass 

se Rates External t o  the 
a Soume o f  1 C i  of k - l W *  

Dose Rate [uu/hr/Ci)  

159 I: 2 
le 2 3 

* All msutts nnn obtained using MORSE. 

196 I: 2 
23826 
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W n g  the Ileutm fluxes i n  the various materials predicted by the MIS 
one-dinemional calculations discussed in Section 5.4, oRI6aS calculations rrrr per- 
fonrd, using a liquid metal fast-bmeder reactor (WFBR) nrutcrolll c l w r ~ ~  spectrum, to 
estimate the ammt o f  activation that would occur in  t k e  rarious materials af the 
PAT-Z- ~lhe? maxi- nettroll source of 1.5 x lo5 n/s was =-a k ~ s  eac 
t a i n r s ,  the nitrunic 60 C-1 capsule, and the A-286 XB-2 corrtaincnt wcssel rrrr cart- 

sitlend, as sham i n  Tab111 5-7-15 the results of these calculations are SAan i n  
Table 5.7-2. A l t h o u g h  these r e s u l t s  are subject t o  a relatively l a m  uaccrtaiaty, 
they are indicative of the magnitude o f  t he  activity that will be iaduccd in the 
PAT4 c ts by t h e  postulated maxi- neutron source- 

e, a f t m  exposure t o  the as- mrtm flux for 1 year, the 
mass of appmxinately 4.4 pouds (2 kg), will be activated to a 

total of 3 x 10-l' Ci, This activity rill consist of gama rays with cmrgies m the 
of 1 k V  OT less. 

xi.mr dlMnt of brass permitted inside t h e  PC-1 is 50 grams. The 
calculated activity far t h i s  brass after exposure to tk maxim neutron so~oc fur 1 
year i s  1-2 x This carrwp~nds t o  a d o s ~  
rate an the surface af the contairaer of about 0.1 &h, or a factor of- 5 above 
nwral back in  the U.S. T h i s  dose rate uill &cay to  nmghly backgmmd levels 
after about 1 day. Sueh dose rates are attained only i n  the imaliate vicinity of 
the container and are negligible carpared with the  radiation enwironmts nonully 

cis  or about 50 Qirra rays per 

i n  facilities that handle radioactive materials. 
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Table 5.7-1 

Haterial Compositions Usat for tkutm 
Act i vat ion cllllcul a t  iass 

A-206 

si 
Cr 
UI 
h 
Ni 

Ti 
Cr 
h 
Ni 
MQ 

4.0 
17.0 
8-0 

62.5 
8 3  

2.15 
15.0 
X -6 
25-0 
1 .is 

Table 5.7-2 

Ganra-Ray Activity Induced i n  PAT-2 by the 
47-gram Uorst-Case Neutron Soume wodell 



ARPElDlX SA 

IMA Payload Definition for the PAT-2 

The MEA Safeguards Analytical Laboratory (SAL) has idemtiffed f i r e  d i f fer -  
ent paytoad types for the PAT-2:' 

1, Breeder reactor rixed-wide (MIX) pellets, 
2. Thermal reactor M X  pellets, 
3. Pu02 or 1(DX powder containing more than 202 Pus 
4, MOX povder containing less than 20% Pus ami 
5, Dried aliquots of solutions o f  Pu product material. 

These payload types d m  described i n  detai l  i n  Table S-1. fk table indi- 
cates that the llaxiru payload of p lu ton iu  wwld be containad i n  source type 4, 
which consists of a miu of 40 gras  of a mixed wide powder containing up to 
2M, or a r a x i u  o f  8 grms, o f  plutonim. 

Since the UEA did mt specify the isotopic caripsitian of the plutoniu, 
it uas necessary t o  consider the various sources of  plutonim with which tk IAU 
lay be concerned and deternine Jlich source tauid pmduce the most penetrating 
radiation. In a previous survey o f  alternative sources of p l u t m i u  for the PAT-1 
package, (Appendix 5A of Reference 2). it was concluded khat WI recycle p lu ton iu  
constituted the worst-case source. Sare podifications have since been made t o  t h e  
pl utoni em isotopic s i t ion  fnu the various l1 These data are par- 
t i a l l y  slrar ized i n  Table 5A-2, and represent third-gemeration reprocessed UR lwlX 
fuel .) 

Since the isotopes Pu-238 and Pu-241 (actually the Ipu-241 daughter product 
ant radiation sources i n  plutoniu, it i s  apparent that Am-241) are the an 

LWR p l  utonim fm fuel i s  the worst-case source. 

Table 5A-3 shms tlre act iv i t ies  produced by 1 gram of the various plutoniun 
isotopes and their  daughter pmducts. The Pu-236 isotope has been aitted fm t h i s  
table because of i t s  extremely ~ 1 1  mass fraction in the isotope mixtures i n  Table 

5A-2. Oxygen i s  ass io be present, and the (a,n) neutron source i s  included,* 

- * 
The neutson source from oxide fuels i s  typical ly twice to four times larger 

than that f a1 fuels.2 



Table 5A-1 

SK Payload Types for PAT-2 

T0W U 
Pu 
0 

66 
22 
12 

W.8* 
6-6 
3-6 

TOW u 
pu 

0 

115-87 101 .I* 
0.5-3.5 4.2 

12 14.4 

Tabl U 0-67.5 0 
Pu 20-87.5 2.6 
0 9-12 0.3 
H Z 0  0.5-3 0.1 

5-2 



Table 5A-1 

SK Payload Types for P A W  (CmtiAlilcd) 

T a  U 
Pu 
0 

H2O 

6747 28.2* 
0.5-20, 8.0 

9-12 3-6 
0.5-3 0-2 

TYPE 5: A l i i  d Pu Sdutiar# 
P;rykod f 3 urpkr 0.3 g Pu miax. 

TUt8J pu m.7 0-9 
0 9-12 0.1 
H2O 0-5-3 0.00 

4B 
a 
14 

0-9 
0-7 
0.3 



=%ai# 0.2 t .s 1.4 4 0-4 

=??4 (10 c1 s6 3c .II 

rcll)py 18 29 25 31 36 

241- 1.3 S l3 l8 9 

=Pu 0.3 4 3 11 7 

Table W-3 

mA(r/$+ sRmf/dQ !!!!E94 

=#%a 3.5 lo4 1-7 10’ 0.56 17 
=Pea 96 9-0 lo4 2 0.06 
% 1.3 x 1 3  8-9 x lo7 7 x Mi3 0.2 

6.2 x l# 2.6 x I# 0.1 la 
2% 2.0 x 103 1.s x lo6 1 x lo+ 4 x 

ars for Pu-241 (the maxi im i n  Pu-241 
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Tk radiation ckriKtwintics o f  tk SK Illll(hIm 8-q- pktollilr por- 
I& for tk BAT-2 m s b m  i n  Table 5 A 4 ,  asuaiap it cmsists o f  'rke yorst-clfc! 

i.UR )1DX plIstosium [ f r u a  Table Sa). k th i  im ages, tk neutror, soycfc 
(87.4-year half life) i s  

by thc increase fror h-241 gmma-ray sowce, 011 uc 
sc5 t o  a naxm at a slrlf 13% of abut 70 years as the I%-241 

theK effects realistically, tht data i n  Table 5A-4 
mpmsewt tk b-238 a t  a &year s k l f  life and tk Pu-241 at a 14.6-year s k l f  
lifs. ihc data t closely aplpwtiwte tlr worst fovre that could be lckicvcd by 

e having this in i t ia l  ccrposition since further increases 
i n  tk llr-241 -ray source kpd th 14.6-year s k l f  life are par- 
tially fw by the zero shelf-life Prr-238 neutm source. The uxiirr 
h-241 act iv i ty  i s  reached after  70 years. at which tire the PU-238 activity 
kr decay4 to 57% of i t s  i n i t i a l  value. OA the other hand. tk kc241 g i r a  some 
at 14.6 years has ?'eaC)red Tk Pu-238 and b241 
50- reul'lt in  a mlrghly comtant penetrating sounefbetvecn sklf lives 
o f  14.6 years, 

55% of i t s  maxi- value. 

Table a-4 

RBdiatim Characteristic o f  tk I K A I s 1 I L  bgraar 
Payload of LLR RQX P1utmiu 

8 x 1 0 4  0.06 1 x l#P 1 x 10* 4 x 

0.32 1.1 to4 5 MF 0-18 5-11 
2.m 2.7 x lof 3 Y l$ 6 x 0.?7 

Hoc, 2.48 3.2 x I# 2-2 x d 1.7 x 0.50 
241- 241- 

* 
rays above 20 keV. 
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Tbc -ray spectra produced by tk plutonfu isatxps m3 tk ir  
pradects m shun in  Table 5R-1 o f  Refenncc 2. Using these data and thr isatopt 
masses Jhon in  Table S-4, tk soua spectnr rkarr i n  Table 5.4.4-3 was abtaflrd, 
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6.1 SlmnRlr 

A series of rwelear c r i t i c a l i t y  calcctlatioms Ius been perforred 011 the PAT-2 
package assuing a maximn f i s s i l e  paylwd of 15 grims per 1.2-4. Packages @re 
considered bath singly and i n  infhite. clwrt-packed arrays. The results, SUII- 

rid i n  Table 6-14. indicate that tk PAT4 package wwld qualify as a f i ss i l e  

l imitat ion 011 f i s s i l e  cmtemts. i s  Fissi le Class ex-, By thus restricting the 
miu f i s s i l e  pyload and having extcnul dirensions that exceed 3.9 inches (IO 
a). the package, although sthject t o  Intemstional A i r  Tramprt  ksocfation (IATA) 
R e s t r i c t e d  Articles Regulations. i s  UTA f i s s i l e  exempt, 

Class 1 w w  11 With 10 CFR 71, kB, h t o  the 15-gr~ l  

Tk diamsians of the undaugcd paskages used i n  Zhe c r i t i ca l i t y  calcula- 
ti- #rrr based on tk- design values; dinensiains of the impact-damaged packages ere 
obtailred fmn lleasurerents of packages that had mdetgane sequentia? testing t o  the 
WRI: qualif ication criteria, wURE6-036c. The s ib impact  configuration YES selected 
since it resulted i n  a eonfiguration that atlored the TB-2 t o  be closest t o  the sur- 
face o f  the damaqed package, and also provided 6 regular georetry f o r  hypothesizing 
an i n f i n i t e  array, The neutronic interaction betmxfi adjacent undamaged o r  d 
packages was found t o  be m a l l  fo r  cases i n  JI ich t e  wood uas l e f t  i n  place or i n  
which the YDOd was retplaced with water. The interaction increased when the wood was 
replaced with air, Wane of these changes & f e a  the conclusion regarding the c r i t i -  
ca l i t y  safety of the RAT-2 package, 

Although water -leakage Cnto the 18-2 under the postulated accidoh emiron- 
rents i s  precluded by the package and vessel designs, calculations show that should 
the vessel (with worst-case contents) beclre flooded with water and be externally 
water reflected, the systm w l d  -in c r i t i ca l l y  safe, 

6.2 6EIIEIw 

The national and international regulatory ageKier concerned with the han- 

It i s  required, 
dling and transportation o f  f i ss i l e  materials do not specify a raxi 
ra l t ip l icat ion (kdf.) Aich  a shiprent will be pemitted t o  reach. 
o f  course, that f i s s i l e  material not k m e  cr i t i ca l  (kdf = 1) under any nom1 or 
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Results o f  Criticality Calculations for the 
Fissile Class 1 PAT-2 Package 

(Nuninat Payload of 15 g 

Package sizr  

Accident Conditions 

k& of infinite a m y  of packages 
by knpact, WDOd nai cen- 

by fin, no water presmt 

right circular cylinder: 
&iter - -38 .1  am (15 in.) 
h.ight--35.6 crm (14 in-) 

R . r U b  

0.055 2 0.001 

0.33 2 0.01 

Package size Saa Figun 5.4-3 

* Resuttis ir&pm&nt ofwrt.rlod.ntion - w n p d c a g e s .  
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credible aceidea c o ~ i ~ ~ i o n .  On edge&ble i n  criticalPty 
saf'y typically pmit stationary asserblf 
worst-case conditions rhen velriifi 
standlard deviatfolns to emelope the 
based m calculations. Men f iss i  

about 0.95 under rrrrst-case a i d &  conditions, T k  c 
is t o  be handled 

of  extraordinary circuatances rdtich wuld exe 
of criticality safety and control, 

ra ter ia l  are classified (e,g,, F'ssile 

For a packaging t o  qualify 
o f  undamaged packages, i n  

erator, be subcritical, I t  f s  alw 
, each hawing been subjected t o  the pe- 

Class I,  etc.] by 10 71; tk PAT-2 n'll be o neet the high 'ntegrity 
will be Fissile Clzss 

ion 5.4 were us 
s chapter. MOL(. of 

th  the MORSE code, 

the albedo or ref3ectf 

undary condition o moderator cir a i r  as 
desired. 

Sn this chapter used the Hanseni 

oach 16-group cross-sectian set.3 mis set was designed for use w 
as any cross-sectio 
set has but one the 

erefore. a sec 

06 Reference 6. Tbe n?5ultS ac 
the 27-graup cross sections a m  acc 

I 



The ami- fissile isotope clmtent of t h e  PAT-2 is 15 grrs. For pwposcs 
of atulysis. it was a s s 4  that t h i s  15 grms consists of Pu-239- HctRer this 
material i s  a metal or an oxide is i-ial. Although bath Pu-239 a d  the 
other f issi le  isotopes, U-235, Fu-238, a d  R-1-241, be present i n  various m m n t s  
depending on the  payload, the reactivity worth o f  Pu-239 is at least as grwt  as amy 
of tbese combinations. In addition, the isotope content my &ain up t o  105 g r r s  
of Roafissile plutoniu and/or uraniu, As i s  shoun in Section 6.4, t h e  reactivity 
worth of t h i s  nonfissile collponent i s  negative. Therefore, i n  the  calculations 
presented in tnis chapter, the nonfissile colrponent o f  the payload has been arsitted, 
The neutron self-al t ipl icat ion i n  the PAT-2 i s  not sensitive t o  t h e  density of t h e  
fissile material. and an oxide density of 5 g/cm was assumea.6 Compression of the 
payload i n  an impact7 will not affect t h e  PAT-2 cr i t ical i ty ,  

3 

It has been ass fo r  pressurization and contairrent analysis (Chapter 4) 
that tite PAT-2 payload will include up t o  0.5 gram water. This value is comidered 
high, a& achieving a water content i n  excess of 8.5 graa i s  considered possible only 
if %he TB-2 antaimtent vessel and C-1 capsule are not properly sealed. In addition, 
the payload criteria peni t  t h e  inclusion of up to 18 gram of quartz (Si02), 50 
gras  of brass or 16 grams of aluminum, 9 grams of polyvinylchloride (PVC), and 0.3 
grar of Teflon-, For c r i t i ca l i ty  purposes, only the water and, t b  a lesser extent. 
the  PVC are significant. Unless othem'se stated, t h e  c r i t i cz l i ty  r e su l t s  presented 

o f  water is uniformly interspersed with .Ithe fissile rate- 
uration, and that  the m i x t u r e  is surroMded by a spherical 

of PYC having a density of 0.9 g/cm3. The effect o f  the 
quartz, brass, and Teflon'" will be negligible except for  the brass: if all o f  t h e  
fissfle asteria1 i s  inside a single brass container, the effect of the brass wil l  
also be negligible; if amre than one brass canister is used for the payload, the 
system k e f f  will decrease. 

To address the requi nts of 10 GFR 71,33(a), a c r i t i ca l i ty  assessment was 
of a s:ngle T8-2 including the effects of wi:;~ flooding and loderation. The 

PVG was mitt& fraa this calculation, and the water was assued haogeneously mixed 
with the fissile material. The 27-group cross-section set was used. 

A l l  of tk Monte Carlo results quoted i n  t h i s  chapter include a best-csti- 
of the one standard deviation uncertainty. This is a s t a t i s t i c 4  quantity and 
not account fo r  mnstatistical sources of uncertainty such as gecwtry approxi- 
, cms sections, and material canpositiom. Thus, t h e  quoted s ta t i s t ica l  

e the accuracy t o  Aich t h e  system keff values are 
uncertainty introduced by the nomtatistical factors 

benchmark results (Section 6.4 of Reference 6) a& the fact that  the cross sections 

standard deviations overesti 
er, the additio 

tre conctuded t o  b9 11, because of the agreeraent achieved i n  ccrpasisom with 



of the mst irportant uten-ials i n  the problem (-239, 0. H, Fec Cr, md M) rrr 
masamably re11 tnwr. A ylre eocrscwative estinate of the u(IccrtaiAty (e.g., the 
9-03 uncertaiay o f  the 0.33 kef) i n  the reported t&f values v w l d  be tm, 01' tknr 
times the aounts shown. 

kny of the calculated results pnscnaed i n  th is  chapter are rhowr t o  t 
significant d ig i ts  i n  onler t o  fac i l i ta te  nakitq certain carparisom and to  indiutc 
trends. Although the stat ist ical stamdard deviation quoted with each nurrrber geum- 
a l l y  warrants t h i s  level of nuer ica l  precision, the e u a l  level of accurzy t o  
dnich the neutron se l f -u l t ip l i ca t ion  i s  ham does not justify use of  the third 
significant digit. 

6.1 EfFECT fF PAT-2 PAYLOAD (IsoropE CaHTENl) COCQOSITIOn W SYSTEB k ff 

A series o f  c r i t i c a l i t y  calculations has been perfomed with the A N I S  Cock2 
using the Wansen/Rowh 16-graup neutron cross sections3 t o  determine the effect of 
payload c-sit im on the PAT-2 system cr i t ica l i ty .  Althea the simple one-dimen- 
sional calculations with the Hansen/Roach cmss sections are not as accurate as the 
multi-dimmsional lbnte Carlo caiculatims using the 27-group CSRL cross sectim, 
they agree dl with the l a t t e r  and are quite sufficient f o r  the present parmeter 
studies. 

?he d e l  used t o  calculate the tmtm sel f -u l t ip l icat ior !  f o r  a s i  
PAT-2 systm was identical t o  that described i n  Section 5.4 fo r  the one-dintensional 
calculations. with the exception that the source volrrre ccntained 15 grams o f  f i ss i l e  
isotope content along with 0.5 grar o f  uater and various aounts o f  U-238, the pre- 
daaimnt nonfissile isotope of interest i n  ttnese stdies. The source region was 
surrowkd with 9 graas of PVC, as described in  Section 6.3. 

Figure 6.4-1 shows the keff f o r  a single PAT-2 containing 15 grarns o f  U-235 
or  Pu-239, along with varyins' amounts of U-238. The heavy-metal oxide density was 
assued t o  be 5 g / a  i n  each case; i.e., the demity o f  a packed oxide ponder-6 On 
the basis o f  these resdts, the worst czse for tetici?lity safety i s  seen t o  be yce 
Pu-239. A l l  results presented i n  th i s  chapter ass- th is  canposition- 

3 

6.5 RESULTS 

The neutron self-multiplication of a single PAT-2 under nom1 operating 
conditiom, containing 15 grarm of Pu-239, has been calculated t o  be 0.050 r 0 - r n 7 .  

ed PAT9 packages. each with the maxi f iss i le  payload. i n  an 
i n f i n i t e  closest-packed array increased the keff t o  0.053 2 0.0002 (slightly less if 
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Figure 6.4-1. Neutron Self-Multiplication of PAT-2 Payloads as a 
Function o f  t1-238 Content 
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the intemrening spaces are f i l l ed  with em). IkK the AQ-2 overpack i s  an eff i -  
cient neutrcn demupler. and each UdillEQCd package can be treated idqmdent of amy 
nuber of other packages; ire.. the pvscmc ar absence of additioml containers near 
an mdimagd PAT-2 has essentially no effect on the kH of the systa. The km & 
a single PAT-2 package i n  the post-accident configmation i s  identical to that of a 
single u&maged package. If the rood i s  replaced n'th water, the systen kfl in- 
creases to 0.061) f 0.002, 

The k&f of an array of danaged PAT-2 packages depends 011 the details of 
t he i r  configuration and the present# w abswce of interspersed roderator. The 015t 

of reflecting bolrnhry conditions i n  the lode1 of a single daraged package cotrr- 
sponds to an i n f i n i t e  rectangular array of packages stacked such that the 
faees af adjacent pairs are touching and the payloads of the two packages are n 
close together as possible. This represents ar extreaely sewre nodel for c r i t i -  
c a l i t y  safety. The calculated neutron se l f -u l t ip l icat ion fo r  an inf ini te array of 
such closest-packed post-accident PAT-2 packages i s  0 . M  2 0.002 i f  the wood i s  
replaced with water. and 0.33 2 0.01 i f the mod i s  replaced with air,  The la t te r  
value i s  by f a r  the largest keH that was emmtemd i n  th is  study, I t  results fro 
the uninpeded streaming paths possible i n  the absence of solid r a t e r i a l  amrnd the 
TB-2 units and the fact that an i n f i n i t e  a m y  necessarily implies an i n f i n i t e  mass 
of Pu-239 i n  the ca lcu lat im.  I n  such a configuration, the nf!utron n u l t i p l i u t i m  
depends at the ra t i o  o f  neutron abswptiacrs i n  the fuel t o  neutron absorptim Cn the 
structural rirterial. The d i n e d  mass of the W2. the t i t a n i u  load spreader, imd 
the stainless steel skin of the PAT-? i s  =re than sufficient t o  terminate tk neu- 
tron reaction chains i n  the resulting system. 

The kHf o f  a single water-filled and water-reflected TB-2 containing tk 
maxitimu f i s s i l e  payload uas calculated as required by 10 CFR 71.33(a). The resulting 
system keff Has calculated t o  be 0.098 2 O.OoE12. 

Even with a p t i u  neutron mderation and reflection, many kilograms o f  f i s -  

S+?P m;r+eriri t- eqtu?'m! tc  rcbiew 2 r ~ t f c z l  rac?~gg~'ratfm (see, for cxasple, 
References 8 and 9). Limiting the PAT-2 f i s s i l e  loading t o  15 grams i s  expected 
therefore t o  result in a system with a very m a l l  kdf- I t  would require the f i s s i l e  
payloads for more than 350 maximally loaded PAT-2s t o  equal the 5.6-ka mass required 
to lllake a water-reflected spherrc of  Pu-239 becove critical.* This fact, plus the 

calculations i n  th i s  chapter, proride a high degree of confidence i n  the conclusiocr 
that assenbling any mrber o f  danaged or undmaged PAT-2 packages i n  such a way as t o  
make them c r i t i ca l l y  unsafe i s  i ssible, provided the i r  payloads meet the c r i te r ia  
specified i n  Chapter 1. The present analysis indicates that the PAT-2 package lvcts 
a l l  requirements fo r  a f i ss i le  Class 1 package, as defined i n  10 CFR 71, and has ktn 
found t o  be c r i t i ca l l y  safe under any n o m 1  w credible accident conditions. 
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This chapter describes har to load and uload tLe PAT2 package. 

7.1 6ElERAL 

7.L1 6eneral Standards 

Preparing rdiortive naterials for prhiging in Ue PAT4 i s  an operator 
responsibility and would generally be done mler controlled conditions for envimk 
rental (health physics) ~ ~ ~ I S O I I S  (e-g., in a glare barc at negative pressure or mder 
an exbust hood ritb deqwte filtration). 

7.LS Permissible Contents 

The contents permitted in the PAT2 pactaging re limited to UIOse speci- 
Tkilt section defines all pemitted packaging and containing fied in Sectian 1.24. 

materials as well as all permitted radioactive materials. 

L L 3  Optional Use of C-anisters 

The operator u y  use one or mwe of a groy? of five different brass OT 

aluinu canisters that are designed to accQodlte plutoniu safeguards samples or 
other radioactive materials within the C-1 capsule of the PAT2 package. Appendix 
7A prowides the specific pracedwes for packaging with these canisters. The proce- 
dves in Sections 7.2 through 7.4 assme that the radioactive olaterial i s  already 
packaged to the following extent: 

1. The radioactive material is contained within a canister or equivalent 
operator-furnished device, nhich has been sealed in polyvinyl chloride 
(PVC) plastic film prior ui removal of the loaded canister from a glove 
barcorhood,w 

2. The radioactive mterial h s  been directly sealed in PVC plastic fila 
without the use of a canister, or 

3. Radioactive material in form of a solid slngle m s s  (rot powdered 

or finely subdivided), such as a piece of netal or a sintered pellet, 
may be placed directly into the C-l capsule, at the operator’s aiscre- 
t ion. 

. 
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7.1.4 Use of PW: 

IR acr<litlon t o  the explicit 9-gra lass limitation per Section 1.2.4, ita 
(b), the use of  PK plastic f i l m  per 7.1.3 (1) or {2) above should be minimized so 
that  the w(: material will not iuterfen n'u the fcmu threads on the C-1 body or 
1 id. 

7.2 LOADIN6 'TWE 6-1 E 

A sealed C-1 capsule i s  not required for radioactive contents with a 
plutmiu radioactivity lwel below M Ci. However, i t s  use without t h e  leak-rate 
check requirenent is still required since it prwides a mans for loading t h e  TB-2 
c m a i  mm& vessel. 

A detailed procedure f o r  loading the C-1 capsule, provided i n  m i x  
7B.1, includes the following essential points. 

7.2-1 Loading 

Insert the radioactive material into tk body o f  the  C-1 capsule, Uith 
PVC-encased materials, take care t o  keep PVC material away f r o  possible 
i n  the C-1 capsule threads. 

7.2.2 Caprule Sealant 

Seal the capsule screw t b r e d s  with Teflon" tape; apply per AppmaSx 78. 

7 - 2 3  Positive Closure 

Using a pair of the special 3-pin spanner wrenches prmrided (ms using am 
operator-supplied wench that meets the .requiremats of drawhg T67038, pnnizkd i n  
Appendix M), screw the capsule l i d  onto the capsule body with a closing torque of 
4% inch-pounds [51 F4-m (newton-cRtres)J m i n i m  t o  500 inch-pounds (57 I-) Imi- 

. D e t a i l s  appear i n  Appendix 78, Trim o f f  excess Teflon'" tape, 

7-2.4 Capsule Leak-Rate Test 

Prior t o  shipping with plutonium contents in  excess of 20 C i ,  the assembled 
C-1 capsule ust be checked by a leak rate  test per Section 8.2-2.1. 

W e :  for shiperents of < M C i  plutonim, thio leak rate test m l d  be 
waived, 



7.3 LBllBu6 ME R-2 CDliAIllOlcl rwsa 
A detailed pca#&r for lording tkc lB-2 corrtriunt vessel, prar 

Appendix 76.2, includes UC following essential poias- 

7-3.2 Install cirpw le 

Place either ad of the C-I capsule oat0 t&e allrfnrr s h i n  i n  tkcr A wes- 
sel I 

7.3.3 Install Coppccr Gaslrct 

P l r c  a llry coppcr gasket. prt IY). T5701, mer the rlraulder of tbe 
A vessel. Reunre used gasket first, if pnscnt. 

7.3.4 Asscllblc TB-2 C o n t i r i m  V e s s e l  

Place t h e  B vessel (part m, T67tNT3-001, 7B-2 M e a l  Contaimnt Vessel- 
B) over the A vessel. engaghg the shoulder of t h e  A vessel into t h e  groove of the E) 
vessel a Place a masher, part no. T67012-001, udnz the head of a l l  20 bolts (ita 
8, drawing 167001), match up the 20 lrolcs i n  tk flanges of the A and 8 vessels, 
place t h e  twenty bolts with washers through the  koles, place another rasher (part 
110, 167042-001) over the end of edch bolt, tmrkr the  flange o f  the A vessel,  a d  
engage a nut (item 9, drm-ng T67001) cmto each bolt, Only the nuts, bolts, ard 
washers provided with t h e  PAT-2 package or &sigftatcd on the design drawings &?jmb- 

dix 9A) may be used; absalute?y no substitutes are to be used, l ighten the 28 nuts 
and bolts appmimate ly  finger-tight. 

* 

7.3.5 Posi t ive  C?osure 

Following t h e  assably o f  7.3.4, tkcn is a pronounced gap betmn the c1 
and B TB-2 vessels. This is caused by t h e  re la t ive ly  thick copper gasket. which 
will next be formed i n  place within knife-ed+Lquipped grooves i n  the A and B vCS- 
sels- Tighten t h e  20 nuts and bolts to  lppraPrimtely 100 t o  120 inch-pwnds (12 
H-) torque; t h i s  will require scvera? smpmtial passes around the TB-2 vessel as 
the copper is drawn dorn into the groove, Repeat the tightening process t o  assum 

t 
Wott tha t  drawing T67001 specifies a .od$fication t o  the as-purcFdscb bolt Ird 

nut, 
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7 -4 Il#adtr OF THE PAT-2 PACKMZ 

A detailed procedure for assembly o f  the PAT-2 package is provided in  Rp- 
m i x  7B; the win points follar. 

7-4-1 Install -2 Contai- Vesse l  and Pluq  

Install the TB-2 contairrent v e s s l  into the inner cavity of a cmpletely 
d*wseribfed -2 wwpaclt, and install the small maplemod plug over the 7B-2. 

7 - 4 2  &semble Load Spreader 

Instail the t i t a n i u  load spreader cover by engaging the lugs into the four 
recesses in  the load spreader; push inward and rutate I/4 turn i n  either direction; 
install #e four sccrew5 and tighten. 

7-1.3 Install Sasket a d  P l u g  

P l a c e  t r gasket on top of the t i t a n i u  load ywrtldcr, (xnteml 
tk haadle, and install the large redmod plug over the l d  spreader, align- a 

ing the slat i n  the plug ui th  the handle on the load spreader mer. 

7.4-4 S 

Place the thin packet of  docurnts. if mpired. on tap of the redmod 

P I  rrp- 

7.4-5 Is:a<l and S~CMVP ilQ-2 Covers 

ainless steel cmer inside the drrr  body and align the 
er stainless steel cover outside the d~ body and align 

ch mrk. Align the bales o f  the inner and outer covers with the holes 
tk d n r  body. and install the 24 bolts uithaut fully tightening- Once a11 

u t c h  ma&, Imstall t 
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24 Bolts are started. tighten them i n  a criss-nosr lll~lvt ti 
bolt kild pulls tk mer invlrd slightly. 

7.4.6 Secun'ty -1s 

Install security seals, if required, at s;at two positions provided; tke 
seal strap should pass under ard over the security-seat f i t t ing provided an the CO- 

ver, a d  the seal strap should pass uwder wd aramd arc end of the carrying M a  
m the dnn M y .  

7.4.7 Shippins Libels 

7.5 

e document packet [ i f  

mi& into the operator's hand. 

t e  the ~ a ~ ~ Q n  in 7.5. perly f i t t ing tools, 

essasy, by gently fots 
it any nuts t o  c 



f 

blade i M o  the joii&, tapping with a saall 
take care nat to damage tk CORLaincrrt vessel, 

; do t h i s  at several locatlous; 

2.5.4 Orma the C-l  Cap5ule 

We the cawtion i n  1.5.1 e, Using two of thc special spa- umxk 
pnrvided and securing tk Wta wrench im a berrh vise so that tbe capsde l i d  4s 

, gmdtmlly war the capsule by trclockuise torque. A l i o w  time 
for capsule venting. if required, after on f u l l  t u n ,  Finish wrrscreubg the l id,  



Records of tam mdgkt. net wigkc. ~ r o s s  eight,  radioactivity levels, 
radioisotope identification, md other information are operator responsibflities md 

are not ddressed in t h i s  pr#edue. 

7A.2 MPLIGATIQI 

The Bc canisters are designed for use as fitted sets within the C-1 cap- 
sule. she correct cab inat iw  are 

2 each BC-1. 772563-001 (package Ucre with flat covers facing each 
other). See Figure TA.2-1. 
2 each Bc-2, TT260Q-OG1, u i th  one each BC-3, T75601-001 (package with 
8C-3 in  middle; BC-2 f l a t  c~orer~ facing irard).  See Figure 7A.2-2 
3 each B C 4 ,  TZt602-001 (fewer Uun 3 llly k used). See Figure 7A.2-3. - 6 each Bc-5, T72603-001 (fmm than 6 u y  be used). See Figure 7A.2-4. 

The BC canisters may be equipped uith i quurtz liner in Jlicn nuclear ea- 
tctial puKessing ray be conducted (e.9.. the reduction of d liquid containing plu- 
t o n i u  and/or uraniua to am evaporazed solid, or the firing (calcining) of an wa- 
porated solid to an oxide pmakr). For accou\tability o f  minute qwctit ies of ra- 
dioactive materials. these quartz liners may then be directly inserted Into the 

appropriate BC canister; see Figwe 7A-2-5. 
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by use of a srall v l c u l  liAe equipped with a syringe IlapodmK) radle. lk 
opefata' muld be obligated to &serve due precautions if the inside of  the PlK bagr 
adjacent to the canister. i s  considered to be c ~ ~ u S n a t e d  uith ndiolctiwe ULai- 

al. If tkc wigirul Jupe o f  the PVC bag i s  inrentiolully larg 01 at least OT si& 
a t  the time of sealing (by application of kat, u h  as uith m electric rsistamce 
a RF-heating -uelding" tool). the bag thus folred c a  be pUciH by the lrcdlc 
imard of this seal, and the bag can be evyuated by tLc v u -  lilu. TLe PK c m  
then be pulled out flat and free of winkles. a d  a  ne^ fi-1 Seal can be radc 
closer to th€ canister, inside of the needle pmve hole. Erclsr Bvt Utcrill iS 

to be avoided: trim pOssible (see Figure 7A.4-1). W e  the 9-q- ltmitatim 
on PK. lhich includes the WIc seal inside the mister cover. Allw 0.5 Q1 

(each) for the PVC seal in BC-1, BC-2. and BC-3 canisters. All- 0.1 g r r  ( t r k )  
for the PW: seals in E C 4  and BC-5 canisters. 

Figwe ;Le-1. Canisters kat-Sealed [Bagged) uitkin PVC 

7-10 



Table 76.14 

Parts and Materials for C-1 Loading 

1 each 
As e l f d  

I te!m Part Nubet- 
C-1 Capsule T6 1 
C-1 Capsule Lid ii67037-001 
PPFE Tape nil sm.. ~2773m~; 

- 1  auii&?, 01083 
to id thickness 

Table 79-12 

iperrl; for c-P 



Step 1: Apply Sealing Tape 

Yrap Pm (polytetraflmroet.hylene~ 
or Teflon-m) tape t i g h t l y  ammd the 
screw threads ot the C-1 capsule lid. 
The wrap direction Rtst be clockuise 
when viewing the in te r ior  o f  the cap, 
the wrap wt overlap the shoulder of 
t h e  l id ,  and the tape should not s p l i t  
or crack m the screw threads or on t h e  
shoulder edge. zolpplete two f u l l  turns 
or maps; break the tape by pulling un- 
t i l  i t  breaks [do mi cut). and seooth 
the b m k n  end in a clochrise direction 
t o  blend it las with the map. Figure 
78.2-1 imd#mtes the  proper appearance. 

Figwe 75.1-1. Wly Sealing Tape 

Step 2: Sei B&y Up in W r e n c h  and V i s e  

Sxwe a capsule wench i n  an ap- 
pmpriate bench vise by means o f  the  
f iats on tk -h. Place the C-1 cap- 
su le  body M t h i s  -., engaging t h e  
three  pins of the w m c h  into the  three 
spanner wench holes  i n  t h e  capsule  
body. Refer to Figure W.1-2. 

Step 3: Load Contents into Capsule 

Insert t h e  radioactive mater ia l  
payload into +k capsule body. If t h e  
payload is encased in FVC plas t ic  film, 
push the f i l a  out sf contact uith t h e  
capsule %rem threads with  a m i l  b l m t  
lmoden tml. uk as a t q u e  depressor. 
Refer to Fig- W-1-3. 

F i g v e  7?3.1-2. Capsule within Capsule 
Mrensh 

- I - -  - . 

Figve  78.1-3. Load rnntents i n  Capsule 
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Step rl: C l o s e  Capsule 

Screw the capsule l id  onto the cap- 
sule Wdy w i t h  f i w  presswe; assure 
that the wnnection i s  mt cross thread- 
ed. Tighten by hand to a practical ex- 
tent; see Fig- 7B-14. 

Step 5: Seal Capsule 

Hac@ mother capsule wrench over 
tk l id,  engage t ihe three pim, and en- 
gage a torque wrench in  the sacket m 
the  capsule Tighten [clockwise) 
to 430 rmwh-poounds [ahout 31 Ks) mini- 

lam, 500 incbk-gnmds (57 *a;) Eaxillua. 
Take cam .mt %a twist .Ehe capsule out 
of the wenches by applying s- dan- 
ard force m fhe w e m b  [ffigwe 78-1-51. 

Step 6: Trim Excess Sealant 

Trim the excess t a p  frara the j o i m  

with an appropiate sharp tool. Refer 
ZQ FigWe 73-14.  

Fig- 78.14. C l o s e  Capsule 

Figure 78.1-5. Seal Capsule 

& 

Figure 7B.P-6. Tram Excess Sealant 
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78-2 UMDIWG THE TB-2 COTTAI#IEIIT VESSU 

The parts and materials m i r e d  for loading tbe lB-2 cm&aimemt wsset 
are listed in Table 7B.2-1; the tools ilnd equipcnt w i n d  are l i s t d  in Tale 
78-24?. All parts should be visually inspected for tbc correct prt mm&r Id folr 
any obvious defects or d-, and all parts should be clcrr wd frcc of foreign 
laterial or debris. 

Quantity 
leadt 
1 each 
16Xb 
20 each 

AE mq'd 

1 each 

Parts and Haterials for TB-2 hading 

I ter  P w t  lvkr 
lB-2 Spherical Contaimmt Uessel A T6Moiz-001 
lB-2 Spherical eontaimemt Uessel 8 T6Mo3-001 
copper !kal T6'MoI-Ool 
Socket &ad Cap Screw, 1/4-28, 
A-286 alloy, silver plated, 
a8M/O.830 inch long D1Asu6144145 
#ut, 1/4-28, A-286 alloy, 
silver plated 
Masher, stainless steel, 
double chamfered 
lB-2 Spherical m a i m  
Vessel Fairing 
Slotted head set am, 
wlon-tipped 

T 6 7 W  

C-1 capsule assmbly rith 
contents 

Table 7B.2-2 

Tools and Equiplent for TB-2 Larding 

T o w  wpnch E09M Ibs (0-28 N-r)]; 31&Bnch drive 
Scissors 
Bench vise 
teak rate tester 
-11 ummm screwdriver (or jerelw"s seremiriver) 
5/16-inch six-point socket nut driwer 
5/16-incR six-point socket w r m h ;  3/8-incL ratchet dk-iwe 
3/16-inch hex wrench; 3/&inch ratchet drive 
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Step 1: Place C-1 Capsule in *An Vessel 

Place  tk assd led  c-1 capsule in- 
to the m-2 A vesse l  (the 'hEuisphere" 
with the pratruding l i p  in  the region o f  
the flange); S e e  Fig- 75-2-1. 

Step 2: Loose F i t  of Capsule 

Place the 3 ressel over the t-I. C l a p  
the TB-2 vessel flanges together v i t h  

the fingers as in Figure 78-22,  and 

shake the assesblly to note. by sound. 
any indication o f  free play or s l a c k  
bet- the C-l  capwle and the in ter ior  
of the WZ, in bhe direction of the 
d w d  [spherical] ends. 

Step 3: Imrall Shim 

Remme t& B uessell andl r€sawe she 

e-1 capsule fm the A vessel. Prepare 
af&voxiWely 15 'to 20 thicknesses o f  
aluminum f o i l  {O.Oa)l-inch [0.025-ern) 
t.Ricknezs a s s w d )  in apprwlmately I- 
r . rh  (25-m) sqwares; the f o i l  my be 
fclded tc. J W U ~  imdinidual pieces. 
Place f0 i l  an the spherical cavity 
of the A vesse l  [figme PB.2-3). and 

taqr the f o i l  in plam by pushing on it 

with the 2-1 capsule. 

F i g v e  78.2-1. P l a c e  Capsule in lB-2 A 

i 

x;* c, 

F i g v e  W.2-2. Clasp Ranges Together 

F i o v e  76.2-3. Place FQ~I in Vessel A 



Step 4: S h i m  F i t  of C-1 Capsule 

Yith the capsule i n  :lace. replace the B 
vessel. clarp the flanges together with 
hand pressure. and assure that there i s  
IY) gap a t  the flange (Figure JB.24). 
Shake the assembly, a s  i n  Step 1, to  c. 
listen f o r  the rattle o f  free play. I f  
there i s  audible sound of tk C-1 
capsule striking the interior of the 
"8-2. th is  step i s  cmpleted. If mise 
can be kardl, apply mre shim. assure 
thaz the flange closes flat and tight 5y 
hand P ~ S S M ~ ~ .  and lfsten again for  
sound. Repeat as necessary until m 
uoveenr o f  the t-P. inside the T3-2 is 
apparent. Remove the a l m i a u r  shim 
stock and *e+igh it; the shim mst not 

exceed 2 grams. I f  overnight, retain 
the total thickness ob the shjm but re- 
duce i t s  area by tba irq v i t h  scissors. 
Reinstall t k  skim. 

Step 5: Install Copper Seal 

Open the a s s d l y  by lift'tq off 
the % vessel. exposing t!w t -3  capsule. 
Check that the sealitq g n a ~ v ~ s  in both 
the A a n l  B vessels are clean and free 

of d&ds,  srrch as aluninna, foil. P l a t e  
a clean capper gasket mer %he pm%ru- 

djng I$$  of  the A .jessel, as i n  Figure 
'8%.2-5. 

Figure 16-24. Check for Free Play 

1 

1 

Figure JB. 2-5. Instal 1 Qpper Seal 

into the mating gmme of tk 8 vessel. 
The copper seal rill cause a large gap 
&et- the f l a w s  f.Figum 7 8 - 2 4 ] .  If 
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step 7: rstaii Bolts. Hashers.  am,^ i u t s  

In this sequwe. every bolt mst 
have the specified washer d e r  the head 
af the bolt. and anoth@r of these rash- 
ers M t  be under each nut. AI1 blt 
heads should be w the B vessel. all 
nuts should be on the d vessel. knd the 
part marking shGuld be legible, right- 

side-up; see Figire 78.2-7. Using the 
correct wrenches. install the 20 sets of 
bolts. 2 naEhers. wd nuts. and tighten 
al l  20 ~ p ~ i ~ t e l ~  hand tight, using 

the Snail hand tools (hex r e n c h  and nut 
driver). 

‘I 

t 

Figwe 78.2-7. I n s u l l  Bolts. NasAerr. 
and M s  

ark. 
between the A and 8 vessels i s  nom tightiy shut, as in  Figme ;88.2-8- 

p a t  a t  a higher torque. aporoxismately 120 amh-murwas 

Regeat at least twice around a l l  20 bolts. 4Bserw that tb f l a w  joint 

If not. re- 
Ocnng. 
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Step 9: Final Bolt Tightening 

Place the FB-2 asserbly i n  a bench vise 
with padded jaws [a cowering of  a l u i n u  

press the ?E-2 on i t s  flange, M that 
the f law= and bolts are accessible fo r  
further tightening, as i n  Figure 78.2-9. 
Again beginning a t  an identif iable p i n t  
and proceeding i n  e i ther  direct ion, 
tighten every bo l t  t o  180 incCpmds 
(20 Mr-a) minima. Tighten vise as ne- 
cessary 60 resist  torque. Repeat th is  Figvre 78.2-9. place TB-i? in vi% fm 
pmcedure so that every bolt hasbeen Final Tightening 
torqued t r i ce  a t  a level of a t  least 180 
inch-pounds (20 8-m)- 200 inch-pounds 
(23 M-n) maxi-. ReDwe lB-2 frol 
vise. * 

or  brass s b t  metal) and fimly cm- 

Step 10: Check Seal 

Prior t o  s h i e  with radioactive 
contents, tk TB-2 contaiment vessel 
ust be leak-rate-tested per 8.2.2. 

Stw 11: Inst-11 Fairings 

Follw#ng tk Peak-rate test, in- 

s ta l l  the fairisqs by slipping tk. over 
the A aod 8 vessels, aml --iqhten the 
slvlll nylon-tipped set screys u i th  a 
-11 flat-blaaed s tredr iver ;  see Fig- 
ure 7B.2-PO. 

7- - -\ 
Figvre 78.2-10. Instal l  Fairings 
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78.3 wm1116 ME Alp-2 OVERPACK 

Tk parts ud naterials required for loading the W-2 arquck am listsd 
in Table 78-34; thc tools and equipment nquind am listed in Table B.3-2 

Table 76-34 

Parts and IhteFials for Alp-2 Loding 

@amity 

1- 

1 each 

1 each 

I each 

1 each 

1eadh 

1 each 

leach 

24 each 

1& 

As q ' d  

As q m d l  

As m a d  

As q n d  

1- 

M-2 averpack, dirassert 

Rarwable maple plug 

Aerawable disk 
with hamdling strap 

flat-head cou\terrink 

Silicone nhber ring 

bl ed 

screws 

Rarnrable reQood ?lug 

Inner top coyer 

outer top coyer 

114-28 aircraft bolts 

Assabled and loaded lB-2 

Docuent melope 

Shipping l&!fs 

!kmity seals 

Filament-reinforced tape 

Table 76-34 

Tools for AQ-2 Loding 

krry 3) cross-tip scmdriver 

7/16irxh six-point mket rrrench with 3D-ilrh EpeB biwe 

7/1&iAdr six-point socket  wrench w i t h  3/8-ildk raaClkeR driwe 

(m0. 2) n o s - t i p  screwdriver or tapend pin 

M i r e  cutter (small ) 
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S t e p  3: Install Rerawable D i s k  

h i r q  Mue kandle prowided. insta l l  
the raaorabk d i s c  by engaging the lugs 
on ehe underside o f  the disc into the 

slots in the 1- sp-eader. Turn cower 
114 furn mn eitlkr direction; push in- 
ward as necessary t o  permit lugs t o  en- 

gage. Aldgn fhe f o u  bales, and loosely 
inseall the  four cross-recessed-head 

screes. W f w  all1 dour screws have k e n  

etqaged, taghtm each xmw fimly; see 
F1gwre m.3-3. 

step 1: Place TB-2 in  AQ-2 

T i l t  the AQ-2 overpack subassembly 
sideways. and insert the assembled lE-2 
contdirawt vessel into the inner cavi- 

ty. ktwn the W-2 t o  an upright posi- 
tion; s e  Figure 78.3-1. 

Figwe 28.3-1. Place lB-2 in m2 

Step  2: Insert  Inner H a p l d  P l u g  

Using the finger holes provided. 

place the mall inner l a p l e r w d  plug 

over the B-2; see F igwe 75.3-2. 

-- 
F a y s e  W.M. Install a l e  Disk 



Step 4: Install Gasket 

Lay the ruwW gasket in place on 
top o f  the -able disc; see Figwe 
783-4. 

Step 5: Imtall Outer R e b a o d  Plug 

Using the finger hnles provided. 

install the large rrd*ood plug; rotate 
the plug so that the gmove in the bot- 

t m  surface fits mer the handle on the 
disc. The plug n'l! fit approxirstely 

flush uiM the fiberglass-covered red- 

mod in the AQ-2 subasseably; see Figure 
78.3-5. A thin envelope of docunenta- 

of the zc?3u#d plug. 

tion, if wired, ilay br placed On top 

Step 6: Install Inner Cover 

Install the imr stainless-steel 
cover Y t k  cmer with the floating nut 

plates rzwetd to the inner surface] by 
f i tt ing r t  ansa& %he drum wall of the 

AQ-2; a l i g n  We match mark as in Figure 
78-3-6. T k  fimgpr holes in the side- 

wall of t h i s  coyer are primarily inrend- 
ed to a i 6  disassBlably. 
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Step 7: Instail Owter Cover 

F t S  tihe outer stainless steel cwer 

tk mtch narks. and push clan m the 
cover u) approzinately visually align 
the holes; see Figure 78.3-7. 

UYeC 8he WtSld@ of the drWB hDdJ, align 

1-22 

Step 8: Install 24 Bolts 

Using a cmvenimt b1mt steel tool 
such as a m a l l  cross-recessed-tip 
screudriner. a1 ign the hole pattern 
*hicR passes through the O M ~ W  cover. 
the =I 1, and the lamer cover (with 
nut plates). Install the 24 ll4-inch 
bolts. A sped wench aray &e used for 
cowemieme. iIo not fully insert or 
tighten m y  bolt at first; assure that 
all 24 bolts get started. b, using a 

Figlre B.3-7. Instal1 &Iter Cover 

Fig- 78-34. Instal1 24 Bolts ratchet -h. tighten thr! bolts in a 
criss-crass, diaretricallly alternating 
mmwS first at attam 0' and liBo", next at abaut %om and 270". rmt at abart 45* 

and 225". then at  a W  135" and 315". and then all  mining bolts in any seguence, 
tii~frteniw the bolt heads mly  emugh t o  touch the outer cower. A f t e r  a l l  24 bolt 
heads are towhing. reti@ten all 24 bolts LO a gwd. tight. neckanic's feel. 
Asswe M c e  #at all 24 bolts are tight. Refer to Figur~ W3-8. 



Step 9: Security Seals  

If s ecu r i ty  seals are required.  
they are to be installed b e t e n  the 
cover and the body at  the tm positions 
provided. c*ich are approximately 180" 
apart. The secrlrity seal s t rap  should 
pass up and over t h e  f i t t i ng  provided on 
the cover and dorn and around t h e  base 
of zhe carrying handle M the d r l a  body, 
rhtch t s  aligned with the f i t t i n g  on the  
cover. For protection fra incidental 
d a w  in slipent. t h e  seal body aay be 
additionally ser-.red t o  the PRT-2 pack- 

Figve  78-34. Secuizy Seal ktachent 

age with tape, wstr ic t ing  free mmmt of the seal and p r a e c t i n g  i t  frol, beilrg 

pulled off by engag- w i t h  adjacent objects. See Figure z1.29. 

Step 10: Shippjng Labels and Docvaents 

Labels and shipping d o c e n t s  may be taped t o  t h e  PAT-2 package; do nm place 
rw;h item over tile enbossed t re fo i l  s-1 on t h e  pactage a)ww OT over fhe sten- 
ciI3ed 1nfQmathXI on the dram M y .  Tags ray be attached t o  t h e  carrying handles. 
near the attachrawt point and away frm the hand grip. 
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The *Product Specification, P1utonilr A i r  Transportable Package, lbdel 2 
(PAT-?)," PS-T67000-000, as presented i n  Chapter 9, Appendix 9A, i s  the authorita- 
t i v e  statement establishing the requirerents f o r  manufacture and manufacturer's ac- 
ceptance of  those Me1 PAT-2 packages tlwt were produced for Sandia National L a b  
oratories and that were used i n  the tests docwnted throughout t h i s  report. Mdi- 
tional infomation i n  t h i s  chapter is pmvided as instructions fo r  users of  the 
PAT-2 WCkSge. 

8.1 LEAK-RATE AMI PRESSURE TESTS OF T)fE TB-2 -AwD C-1 PRIOR TO FIRST USE 

If t h e  PAT-2 package is assembled, the TB-2 containment vessel and the C-1 
capsule will be inaccessible. See Chapter 7 for package disasseably imtructions. 
Also, as Aoted i n  Section 9.2.13, package users ust provide appropriate markings, 
tags, labels, muting cards, check lists, or other records assuring satisfactory 
canpletion of the inspections, tests, and/or r e p l a c e s  described i n  t h i s  chapter. 

* 

8.1.1 TB-2 Leak-Rate Test 

Evety T&-2, part M. T67001-001, JIich i s  supplied as part of a PAT-2 pack- 
aging and which is d e  i n  accordance with PS-T6700, i s  leak-rate tested a s  part of 
the quality control plan and final acceptance requirements, prior to  shipment t o  a 
user. This test should satisfy certain State (national) or international regula- 
tions that require a leak-rate test prior t o  first use. 

8.1.2 Ts-2 teak-Rate Test a t  1% moP per 10 CFR 71.53(bt 

10 GFR 71.53(b) states: 

Prior t o  the first use of any packaging for  the s h i p e n t  of li- 
censed materials, where t h e  wiu nom1 operating pressure will 
exceed 5 pounds per square inch  gauge, tk? licensee shall test t h e  
containrent, vessel t o  assure that it will not leak a t  an internal 
pressure 50 percent higher than the  maxi noma1 operating p+es- 
sum. 

t 
h structural alterations t o  t h e  packaging are permitted; do not add 

Markings should be made on 
&tal tags,  i f  used. may only be wired to  the handles o f  

hcles, bolts, rivets, screus, or embosonents. 
paper products. 
the packaging. 
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Since t h i s  test i s  inclrbent on a U.S. llRC licensee, a mmffacturer's test 
does not satisfy the regulation. The mkrr noma1 operating pressure (M) i s  
30.55 psia (210.6 kPa); see seetion 4.3.1, A e d i t i o n  that i s  151.7% o f  moP, o r  

mater i n  an eJlpty IB-2. sealing the 78-2 i n  a h e l i u  atmosphere using the procedures 
of seetion 7.3, and heating the assably t o  2445 (118°C) m i n i u  (250°F (12106) i s  
recclllended as a rwiu). W i l e  at t h i s  temperature, conduct a leak-rate test us- 
ing a heliu-type u s s  spcietmter. 

46-35 p i a  (319.6 kPa), can be attained by placing 0.5P grar (0.5 a 3 or 0.5 nl) 

8.1.3 C-1 Leak-Rate Test 

Each C-1 capsule, before i t s  f i rst use by any operator, nust be dcnon- 
strated t o  be leaktight when assatled as for s h i m  (see Chapter 7 for  a s s w l y  
procedures). This leaimge test shall have a semt i t i v i t y  o f  a t  least m3/s ami 
shall indicate a leak rate less tlun lo-' d / s .  (An acceptable test would be one 
i n  d i c h  the C-1 i s  placed i n  a closely f i t t i n g  chamber, a vacuun i s  rapidly dram, 
and any subsequent rise i n  chabet pressure. over a period of time, i s  correlated 
with leak rate.) 

8.2 IIWYECTI(mS All) TESTS To BE P E R F 0  PRIOR 
TO EMti  WE OF THE PAT-2 PKKNE 

8.2.1 Visual Inspection 
M e :  The folloving steps are not necessarily i n  sequential order. To 

accaplish a cmplete visual inspection. the 4 - 2  and TB-2 must be disassembled i n  
accordance with Section 7.2. 

8.2.1.1 AQ-2 Overpack 

1. 

2. 
3. 

4. 

5. 

6. 

7. 

a-2 

Check that there are no indentations deeper than t/2 inch (13 n) i n  
the outer steel druc and covers, including the rubber-like boots on the 
top and bottom corners. 
Open the AQ-2 overpack i n  accordance tdth instructions i n  Section 7.2. 
Check that there are no l a m ,  obvious breaks i n  the fiberglass cover- 
ing of the imr redvwd e r .  

Check that the insulation hnd rubkr pal on the underside of the titan- 
iu load spreader m e r  are i n  place. 
Check that there are no obvious m'ssing segments or deep indentations 
(> 1/2 inch or 13 r) i n  the u p l d  im ide  the titanium loa2 spread- 
er. 
Check that the inner maplemad plug, the outer rubber ring, and the 
outer redwwod plug are available and intact (not bmken). 
Check that the eight plastic vent plugs are in  place on the d r u  bottom 
and the one vent cap on the center o f  the outer coyer. 



8. Check that tk fout- C ~ S - V X C ~ S S ~  Zcreys for +h load SprClEdet COVCT 
are present or available. 

9. Check that tk twenty-four Itl-inck bolts for the cover are present OT 

avai lable. 
10. Check that tk two W l e s  OA the d+u body and the tw secwity seal 

straps on the outer aver are preSea and d-. 

8.2.1.2 TB-2 ContailllRnt Vessel  

1, Check for the presence o f  the 24 socket-head &Its and the 24 nuts, 
with washers under each (48 washers, tota l ) ,  

2. Y i t h w t  tk copper gasket, uate the two TB-2 herispkres (the ^A" a 
-'le shell and the =Ba or female shell] together and observe that they 
rake a f l a t ,  no-gap jo int  at the flange. 

5. Check f o r  vis ib le  damage to  the sdll circular knife-edge i n  the TB-2 
h ispheres  (one knife-edge aay be hidden by a used copper gasket, 
which would need to be reaved). 

4. Check that a new copper gasket i s  available amd that it i s  free of any 
-or gouge or irregularity. 

3, Check for any deep Cents (> 1/8 inch or 3 I) or deep scratches i n  the 
polished exterior surface. 

2. Ckck for  the presence of three spanner-wrench holes both in  the l i d  
and i n  the base o f  the body. 

3. Check for  any radial?y oriented scratches or gouges ~CMSS the open end 
of  the capsule body (the thin edge adjacent to the screw threads). 

4. Check f o r  any radially orierrted scratches or gouges across ';he shoulder 
cf the l i d  (the n a m  step above the screw threads). 

5. Check for  srooth hana operation of the screw-thread comrectlon betueen 
the l i d  ant the body. 

8.2.1.4 Replacement Parts 

Xissing or d parts lay be replaced if  (1) the replacaent part lcets 
iremmts a s  described i n  the drawings of  Appendix 9A. md (2) no 

to the PAT-2 package i s  evidmt 3s a result of the missing OT dimaged 

Part. 
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8.2.1.5 Rejection 

k h i c a l  clanage as described i n  Sectims 8.1.1.1, 8.1.1.2, or 8.1.1.3 i s  
cause for rejection of the part i n  qucstim, a. if r e  a replaceable part. of the 
PAT2 package. Damage to the knife-edge or copper gasket i s  cause to  perform a 
leakage test as described i n  Section 8.1.2 to demonstrate TB-2 acceptability. 

82.2 Tests To V e r i f y  Proper Assedly P r i o r  70 Each Sh ipent  

8,2.2.1 C-1 Capsule 

I f  requited (due to pl ents i n  excess of 20 C i ) ,  a leakage test 
shall be coducted rn tk C-l capsule (with conttrnts) that has been seated per 7.2, 
prim to  loading it into the TB-2 contai vessel. This leakage test shall have 
a sensi t iv i ty o f  at least lo4 m3/s and must indicate leakage lets than lQ3 0 3 1 s  

ed C-1. (Ih accept test muld  be one i n  which the C-1 i s  placed 
i n  a closely f i t t i n g  c i s  rapidly drawn. and any subsequent r i se  i n  
C r presswe, over , i s  correlated with leak rate.) 

-2.2.2 TB-2 Contai 

eparation for  each actual , the TB-2 containaent yes- 

i n  accordance with the p described i n  Section B.2, 
the W-2 together with i t s  C-1 capsule a 

s leakage test  shall have a sensi t iv i ty o f  a t  !east 10- 
3/s for the assmbled TB-2. (An acceptable 

test would be ore i n  which tb TB-2 i s  placed in a closely f i t t i n g  chtmber, a vatu 

i s  papidly a r m ,  r pressure, over a peri 
, i s  correlated wit  

.3 E 

There i s  no scheduled or required maintenance, other than 8.3.2 below, for 

the acceptance tests of 8.2, required pr ior  t o  each M S ~ ,  assure 
ing parts have been noted a that corrections have been 

aiments i s  not necessary d 
each shlpnent and the C - l  Beak 

( fo r  Pu i n  excess of 20 G i ) .  

ent schedule i s  t 
adiosrtive material. 
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9.1 GEMRAL 

Chapter 9 identi f ies the quali ty assurance mquireaents that yere used for 
Silndia Wational Laboratories' design, purchase, fabrication, and tes t  of the PAT-2 
package, and recanends certain requirematsf applicable to ufers o f  the package, 
The preceding chapters of th is  report provide full infixmation regarding emrinurcn- 
tal tests and aost of tk design in%rration; Appendix 9A provides a cmplete design 
defii'nitian. TMs chapter meets the intent o f  10 CFR 71, Apoendix E. 

9.2 pwvslTY 4.SIRAnCE PRQWU4 

kr effective qua l i t y  assurance progran i s  m i n t a i d  a t  both o f  the Depart- 
ment o f  Energy (DOE) agencies involved i n  design, fabrication, and test ing of the 
PAT-2: & M i a  Ilational Laboratories, Albuquerque (SU; responsible for package 
design and test) amd the M i x  Corporation, Kansas C i t y  Division (BKC; respomible 
for package fabrication). The overall prograa forestalls the p-ocucrent or inelu- 
sion o f  defective material and assures that defects or other unsatisfactory c d i -  
tiw ave discovered a t  the earliest. practical point. The progras assure that ade- 
quate quaii ty corrtrol i s  maintained from the the time o f  material pacuraent, and 
that it continues during the receipt, identification, stacking, and issue o f  mate- 

r i a l ,  and throughout entire PAT-E fabrication process. A11 eaterials pracured Sroa 
suppliers are subjected t o  adequate quali ty controls and/or inspections t o  a s w e  

confonrance t o  specification requireaents. ;he program provides readi ly available 
recorded evidence of qual i ty i n  the form of inspection and test results. 

The specific quality assurance provisions for the PAT-2 ate c i ted i n  Sec- 
tion 4, Quality Assurance Provisions, o f  the "Product Specification, Plutonium A i r  
Trampartable Model 2 (PAT-E) Package," PS-T67ooO-ooO. That section covers inspec- 
t ion pr?r ml-145208, ca l ib ra tkn  per flIL2-45662, serial r#lllbers, test  records, 
tests conditions, rejected units, cer t i f icat ion of carpliance, tolerances, i b p r o -  
cess inspection and testing, f inal acceptance testing, function and fit, leak rate, 
and h w i n g  canpliance. 
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9.2.1 Organization 

A t  both BKC snd , the abinistrat ion, cawdination, and evaluatian & 
the Qua ity assurance prograe i s  able t o  errsure objective decisions by contractor 

ramgaze&. The responsible organizations are staffed by technically competent per- 
sonnel with freeda t o  make appropriate objective judipnts. recaendatiom, aAd 
decisians consistent with delegated author+ty. Copies of organizational charts f o r  

both capanies can be obtained that indicate the level of authority and i e 
delegated t o  the quali ty assurance function, 

9.2.2 Design Control 

Sandia National Laboratories kas overall responsibility f o r  the design of  
P r o j e c t  Engineer i s  respnnsible f o r  validation and applica- the PAT-2 w k e .  

t i o n  o f  a l l  analyses used i n  the design phase of the package. 

However, the package qua;ification c r i te r ia  were suff ic ient ly swere that 
c a p l e t e  reliance on a n a l r i s  mas not possible, and the overall design adeguacy o f  
the PAT-2 was ver i f ied by a c r e k m i v e  demanstration test program. The specifi- 
cations fo r  the PAT-2 have required that al l  the pacvages tested conforn t o  designs 
and design reviews that assured tke proper pwfornance o f  the package with respect 
t o  the quali f icat ion cri teria. 

A design def in i t ion systeta r ~ s  fomalized and controlled by EPIU)LML, "OQ- 
f i n i t i o n  Control f o r  Bllrtoniara A i r  Transportable Pack- M e 1  2 (PA1-2)," an engi- 
neering p ~ e d ~ r e  issued specif ical ly for t h i s  task. EP401221 defines the follow- 
ing: 

1. 

2, 

3. 

Dran'nq Definitions -- The drawing control znd drawing nubers are de- 
scribed i n  D10521, 'Wonweapon Dtawjng Set." The nine-digit part mrber 
System applies t o  a l l  parts on th is  program and allows precise part 
identi f icat ion referenced t o  design definition. 

L i s t  o f  Data -- A "List o f  Data" decuent, LD-T67000- 
drawings and specifications by issue ahich are required for  procu 
o f  the PAT-2; it i s  maintained by the Sandia Specifications Engineer. 
This docment i s  used t o  authorize specific development build defini- 
tions, 

Engineering Release -- A l l  drm*ngs (including specifications) ere  
i n i t i a l l y  released, a f ter  p re l i r imry  design and review, by an Advance 
Engineering Release (RER), issued by 9 d i a  Division 1725. A t  a l a te r  

date, af ter  development work was ccrpleted, a Complete Engineering Re- 
lease (CER) uas issued. 

9-2 



L 

4. 

5, 

6. 

7. 

8. 

9. 

Cbamge -- After release of tk d i f i c  clmges t o  the 
desigrr are d br change onkr. atkorfzr spcci- 
fic engineering action during the life of the developcnt contract. 

he drawimgs may be either by &awe Change Ordtr ( K O )  or  
Order (FCO), cM)5 are Issued before the drawing cbm!Jes 

are immporated i n  a ncw drm'ng issue, a d  FCOs identify a chingt? 
dac- issued after the drwing chnges are incorporated in  a new 
d m i n g  issue, 

Appmvals - The Division i72S Project Engineer and Divisiom Saperrisor 
(or his ilartkorized delegate) apprwes all releases and change orders. 

Distribution -- n\e distributim of engineering releases am! -nge op- 

ders .skill bc SU No, P (an SUU intenal distribution list),-&& buy- 
er, the Division 1725 P r o j e c t  Engiaeer, tk Mvision 2433 Specifics- 
tits Engineer, and others as Weruined by the Project El?qimer. 

RespoclsibiliEy for Preparation of Peleases and Change Orders  -- Thc 
Specifications Engineer will be responsible for preparation of  release; 
and change orders. After approval by the project engineering division, 
Sandia Section 2431-1 will process the docwnts and rake distribution, 

Deviations -- Deviation fnr developent build Befinition must be 
agreed t c  verbally and c a d i d  i n  m'ting through a Specification 
Exception Release ISXR). These SXRs ray originate at BKC but IMt be 
apprwed by tk 1725 Project  Division. 

Disposition of Original Tracings -- After the developcnt contract hilt 
been cmpleted and the original tracings are no longer needed, tk pro- 
ject CngiReerhg division will authorize archiving the drm-ngs and 
specifications by a- Archive Engineering Release. 

9.23 P r o c u w  Doc- Coctaa1 

Engineering Ptoced~m EP401221. "Definition Control for PAT-2 Package,' 
provided in Appendix 9A, is the authoritative procuracnt doc- control for the 
devel contract snd drawing definitions. 

Pmcluet Specification PS-T67000-000 cites all dacucnts requid  for PAT-2 
quality end f&ricatiOn control. 

9.2-4 Imtruaions, Pmcedwes. and Drarincls 

Irtstructiom, proccdu.ses, and drawings are as cited i n  the previously ref- 
ermced Engineering Procedure EP4012Zl. Product Specffication PS-T67ooeoo, and in  
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tbe "List of Wta, FAT-2 Padcage,' t D - T m  ( v u c d  in  lrpoclldix 9A). 
stnrctiom for usem are in Chapters "7 and 8 of thfs rrpnt. 

Irc 

9.2.5 lioarnt Comtml 

Ik cap le te  set of specifications, dm'ngs, a d  colltrol docuents for tbe 
PAT-2 package are inclucrsd i n  Appendix !M, 

9.2.6 C o n t r o l  of Purckscd I l i r tm'al 

The I#(c purchasing docucnts specify the requirements of the amtract via 
engineering drawings with the noted design requirenests and by c i t ing  specifications 

i n  purchase orders. A l l  material ust conform to the dran'ng requirements; inspec- 
t ion of material upon reeeipt assures %his amfomwe.  Ihy discrepant material i s  
ei ther rejected t o  the supplier or, i f  uuble, approved f o r  we via a nonconforming 
approval systea. Any noneonfoming appnwal request i s  processed t o  the Sandia Pro- 
ject Engineer for h i s  a-al w rejection. 

Cert i f icat io? o f  cmpliance i s  required on criz+cal item (refer t o  para- 
graph 4.1.5 o f  K-T67MNI-W3; Appendix %). 

9.2.7 Ide&ifiication and C o n t r o l  of M e r i a l  Parts and C o l l ~ o n e  ntS  

A l l  material received within BKC i s  properly bagged o r  tagged t o  allow re- 
fer ra l  t o  apprapriate specifications and inspections, Records are generated during 
fabrication o f  these materials i n t o  a PAT-2 t o  a l l w  traceabil i ty t o  any previous 
analysis or inspection. These data ars maintained f o r  use by any appropriate orga- 
nization.. 

Each PAT-2. AQ-2. TB-2. and 6-1 i s  pemanently marked with a serial nunber 

i n  ascending nuer ica l  order corresponding t o  tk sequence o f  manufacture. Once 

assigned, a serial ruber i s  not assigned t o  another item. 

9.2.8 Control o f  Special Processes 

Quali f ied prsormel, acting i n  accord with specifications included i n  e 
pendix 9A. perform and control a l l  special ptocesses. 

Special specifications have been isswd as follows: 

SS-T67OOO General R e q u i m s ,  PAT-2 Package 
SS-T67001 
SS-T67016 Welding, Titani 
SS-T67025 Covering. Fiberglass 

Testing, Leak Rate, Mass Spectroaeter, PAT-;! Package 
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ST67026 
SS-167027 

Matevial Specification, Retiwod for PAT-2 Package 
Uelding, C o m i o r  h i s t a n t  Steel, PAT-2 Package, 

Carpliance vith these specifications i s  requind on thc d&n% and i n  thc 
m w a l l  Product Specification PST67000-000, eOpies o f  these specifications are 
included i n  Appendix 9A, 

9.2.9 1- ion 

A l l  inspections are performed i n  irccardmn with NIL-1-45208 by qual i f ied 
rho u t i l i z e  calibrated inspection devices a d  standard inspection techni- 

qws i n  accordance with FlIL-C-45662, A l l  inspection personnel are assigned t o  the 
inspection organization, 

Specific inspection detai ls (f inal acceptance testing} are c i ted i n  para- 

graph 4*3 o f  PS-T67OOeOOO, prwided i n  m i x  !& 

9.2.10 Test C o n t r o l  

Test control f o r  emrimmental tests i s  per the VAT-2 Test Protocol," Ap- 

pendix E, and per the f a c i l i t y  descriptions presented i n  m n d i x  2F. Tests re- 
quired i n  manufacturing are specified i n  the applicable drawings and specifications, 

9.2.11 Control of Reaswing and Test Equipment 

Tk quali ty assurance progra  described above embodies the control of MIL- 
C-45662 for calibration, NIL-1-45203 f o r  inspection, and 4IL-Q-9858 f o r  qual i ty con- 
trol, as specified in  PS-T67000-000. 

A l l  inspection tools used have been calibrated within a system that i s  per- 
A t  !#LA, the Primary 

A secondary standards 
tory at SKC periodically recert i f ies their standards against those of the Sat+ 

Periodic audits o f  the 8KC system are perforred 

iodical ly recert i f ied by the Rational 8ureau o f  Standards. 
Standards tabamtory maintains these cal ibrat ion standards. 

dia Primary Standards Laboratory. 
by Pr imary Standards personnel as well as personnel fm the DOE, 

9.2.12 Handling and Related Functions 

NO special ateasures t o  control handling, storage and shipping, cleaning, 
and FeSenation o f  materials and equipent are required beyond those prewiwsly ad- 
dressed i n  t h i o  section. 
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sui tab1 

Inspeetian, Test, and ~ ~ a ~ j ~  Status 

rkirags, tags, 1 ing cards, check lists, or atbor 

scribed i n  Chapten be provided by the uwr of tk 
These records sfrould include a s e r ’ s  verification o f  the torque used i n  

ns of assuring satisfact of the jnsptlctions, tests, 

AB-2. 
~ i g ~ @ n i ~  the GI capsule and the W 

9-2.15 Correctiee kasures 

been addressed previotcsly 
ge loading operations have 
required d w i  ng trans 

ficient records o f  design, fabricati 
iously i n  this chapter. 

i c  audits  is included i n  t 

organizations a t  SNLA and BKC, u 
E directives. 

liance le t ter  appears as A 

ceptions are on f i l e  with the Sandia K 

Laboratories P r o j e c t  ~ ~ i ~ e r  ~ ~ i v i s i ~ ~  1725 as of Parch 1981). 



APeErnIX !M 

PAT-2 S p c c i f i c a t i w  and &sign Definitions 

This appendix provides a l l  of the required specifications and design 
definitioas for the PAT-2 package. Tk second docwnt, u)-T67 , i s  a l is t ing,  by 
rwis icn issue, o f  a l l  o f  these specifications and design definitions. 

The engineering procedure EP 401221 i s  only applicable t o  those packages 
fabricated by the Lndix  Corporation for Sandia lht ional Laboratories. Any ather 
agency or  organization undertaking PAT-2 package fabrication should issue their o m  
procedures t o  assure quality control and m 7 d  need t o  c-icate with the 
Transportation cer t i f icat ion Branch, Division o f  Fuel Cycle and Haterial Safety, 
U.S. k l w r  Regulatory Cmission, Washington, D.C., 20555. United States of 
k r i c a .  
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Page 1 of 3 

DEPILDITIOlP C L FOR P I[RI AIR TRRHSPORTABLE PACKAGE, UODEL 2 
PAT-2 1 

Page 1 2 3 
I s s u e  B A A 

1. GENERAL. 

1.1 Purpose. is procedure establishes t h e  d e s i g n  d e f i n i t i o n  
system to be used for development u n i t s  of t h e  Plutonium Air 
Trasportable Package, el 2 [PAT-2], and t h e  release and 

e d u r e s  for that  d e f i n i t i o n .  The r e s p o n s i b l e  p r o j e c t  
group for PAT-2 is the Saf-itards Systems 
Elkvision, 1725, of the Sandia  Nat ional  Labora tor ies .  

1.2 Developrent Contract .  prent c o n t r a c t  with t h e  Bendix 
Core., Kansas C i t y  D i v i  is t h e  c o n t r o l l i n g  d o c w e n t  
for: 

a-  scope of m r k  

b. Q u a n t i t i e s  

c .  Price 

d. D e l i v e r i e s  

e. A d r i n i s t r a t  i v e  c o n d i t i o n s  

f. General  ter s and c o n d i t i o n s  ~f contract 

ent c o n t r a c t  sha l l  call for  this engineer ing 
ses descr ibed . 

2 -  DRAWING DEFINITIONS. 

a. The drawing c o n t r o l  and drd bers are descr 
Dl0521 (see r e f e r e n c e  11. aracter parcl n 

s h a l l  apply for all rts of this program. 
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2. r n l i n u e d  

b. MI LD ( L i s t  of Data) document t h a t  lists the  drawings, by 
issue,  that are required f o r  procurerent of  t he  PAT-2 W i l l  be 
aaintained by the  Sandia specifications engineer- 

def in i t ions .  

This  
n t  ray be used i o  authorize s p e c i f i c  developrent bu i ld  

3. DIUW?R?G RELEASE AloD CHAllGE SysTEa(. 

3.1 Release, A l l  drawings (including spec i f ica t ions)  w i l l  be 
i n i t i a l l y  re leased after preliminary design and review by an 
Advance Engineering Release (AER), issued by Sandia Division 
1725. A t  a later date ,  a f t e r  developnent work has been 
completed, a C o m p l e t e  Engiceering Release (CER) w i l l  be issued. 

After release of the  drawings by AER, s p e c i f i c  changes 
to the  design w i l l  be m a d e  by change order. 
s s y  authorize s p e c i f i c  engineering ac t ion  during t h e  l i fe  of t h e  
developrent contract ,  C l a s s  of change w i l l  no t  be used i n  this 
program. Changes to the  drawings may be e i t h e r  by Mvance 
f%ange Order (ACO) or Final Change Order (PCO). ACO's are 
issued prior to  the  drawing changes being incorporated i n  a new 
illcawing issue,  and E'CO's i den t i fy  a change document fssued a f t e r  
t h e  drawing changes are incorporated i n  a new drawing issue, 

sapemisor (or h i s  authorized delegate)  approves a l l  releases 
and change orders. 

change orders s h a l l  be S U  #1, t h e  Buyer, t h e  Div. 1725 Project 
Engineer, t h e  Div. 2433 Specif icat ions Engineer, and O t h e r s  as 
determined by the  Project Engineer. 

3.2 Change, 
The change order 

3.3 15pprOV?lS. The Division 1729 Pro jec t  Engineer and Division 

3.4 Distr ibut ion,  The d i s t r ibu t ion  of engineering releases am3 

3.5 _Responsibility fo r  Preparation of R e l e a s e s  and Cbange Orders. 
The w c i f i c a t i o n s  Engineer will be responsible for preparat ion 
of  reieases and change orders. 
engineering d iv is ion ,  Sandia Section 2431-1 w i l l  process t h e  
documents and stake d i s t r ibu t ion .  

After approval by t h e  project 

4, DEVIA!lTWG LUTERIAL. Deviation from development bui ld  d e f i n i t i o n  
rast be agreed to  verbal ly  and confirned i n  writing through a 
Specif icat ion Exception Release (SXR). These MY be or ig ina ted  
a t  BKC, b u t  rust be approved by the  1725 Project Division, 

9-10 
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5. DISYOSITIOR OF QRIGIHAL "PRACIRGS. After c plgt ion of t h e  
development contract ,  and there is no longer a need for use of 
the  or ig ina l  tcacings,  the  project engineering d iv i s ion  w i l l  
authorize archiving the drawings and specifications by an Archive 
Engineering Release. 

58-11 
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1, CaBmiAb 

1.1 Scope, This specification establishes the requirerents for 
manufacture and acceptance of the Plutoniu Air Transportable 
Package, W e 1  2 (PAT-2). 

1.2 Iter Oescriptioa, The Plutoniu Air !masportable Package, Nodel 2 
covered by t h i s  specification is a packaging syster suitable for use 
in transporting [including transportation by air) linited quantities 
of plutoaiu a d  sinilar aaterial. It is designed to meet the 
regniremnts of CVR 10, Part 71, and CPR 498 Parts 170 through 178, 
iwRec-0360. "Qualification Criteria to Certify a Package for Air 
Transport of Plutoniu," and IAEA Safety Series No. 6, 

The PllT-2. drawing nmber !F-67000. is qade up of the following major 

a. 

b. 

c- 

ko-2 overpack, draviag umber T-67014. 

-2 Spherical Containment Vessel, drawing nurber T-67001, 

C-l Capsule, drawing numbers T-67008 and T-67037, 

1-3 Dhensisaal System. The PAT-2 drawings are in the SI (rctric) 
Spst-e except i c z  certain caracrcial items such as -tal stock, 
hardware, etc., which are defined in US. (inch-pound) units, 

2. 

The following docments form a part of this specification to the 
extent specified herein, 
sha l l  be used, fn the event of conflict between documents referenced 
herein and the contents of this specification, the contents of this 
specification shall be a superseding requirement. 

Unless othervire specified the latest issues 



2. continued 

Standards: 

M i l  itary: 

~ I G S T D - ~ ~ ~  

Drwings: 

LD-T67000 

Other Pub1 ications:  

Regulations : 

10 CFR 71 

4 9  CFR 170-178 

MUREG-0360 

IAEA 

Procedures: 

*EP401221 

Clarking For Sbiprcat and Storage 

L i s t  of Data# m?-2 (and t h e  drawings and 
specif icatioas listed the re in )  

Packaging of Radioactive Haterial For 
mans-wrt and mansportation of Radiosctipre 
Material ttader Cer ta in  Conditions 

h a l l s p o r t a t i o n  

Qual i f ica t ion  Criteria to C e r t i f y  a package  
for A i r  Transport of P l u t o n i u  

Sa fe ty  series  m. 6,  Regulations for t he  Safe 
Transport of Wioactiwe Materials 1973 
R e w i s e d  Edi t ion  (As mended) 

Defin i t ion  Control for P l u t o n i u  A i r  
Transportable Package? W e 1  2 (PAT-2) 

3. REQtlIRmENTS 

me provisions of SS-T67000, General Requirerentsr PAT-2, s h a l l  apply- 

packaging system s u i t a b l e  for use i n  t ranspor t ing  mall  q u a n t i t i e s  of 
p l u t o n i u  by air. 

3.1 Performance. The PAT-2 sha l2  provide a sealed. acc ident  resistant 

*Applies only for con t rac t s  inwolwing Bendix Corp. and Sandia lhtionrl 
Laboratories. 
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3.2 Construction. d 

3.2.1 Production Drawings. The PAT-2 s h a l l  be fabricated and asscrbled 
i n  accordaace wi th  t h e  drawings and o t h e r  documents listed on LD- 
T6f000, and t h e  a d d i t i o n a l  docuents  specified the re in .  . 

3. 2.2 Stawards of Manufacture. 

3.2.2-1 Quality Control. Unless otherwise specified, t h e  requirements of 
1 0  CFR 7 l r  appendix 33 shal l  apply. 

3.2.2.2 Workmanship. The provisions of SS-T6?000 s h a l l  apply- 

3.2.2.3 Welding Methods. welding and fabrication shall be i n  accordance 

3-2.2.4 Glued Assmblies. 

w i t h  SS-T67016 and SS-T67027, 

a. I n  g l u i n g  wood to mod, i n s u l a t i o n  to metal, or i n s u l a t i o n  to 
i n s u l a t i o n ,  po lyvinyl  acetate r e s i n  emulsion per HHM-A480 
s h a l l  be used. A s  a n  alternate, g l u e  per 3.2.2.4.b may be 
used, un le s s  o therwise  spec i f i ed .  

material s h a l l  be a f l e x i b l e  epoxy adhes ive  consisting of the 
fol lowing,  by weight. 

(1) 100 parts CTBN [carboxy-terminated butad iene  n i t r i l e )  

42) 25 parts &TEN (amine-terminated butad iene  n i t r i l e )  

( 3 )  

b. In g lu ing  wood to retai, or mod to insulation, t h e  bond 

modified epoxy, 

modified epoxy. 

35 parts cu r ing  agent. 
poly-oxypropyleneaaine, with l i g h t  color, l o w  viscosity, 
low vapor pressare, and high primary amine content ,  
having t h e  fol lowing s t r u c t u r e :  

Curing a g e n t  to  be a n  a l i p h a t i c  



3.2.2.4 cclatinlwd 

V i s c o s i t y ,  cs, , 2S0C, 76-5 

- 0 .  20.c- 97 

Specific Grawity 2O/2O0C 0,9812 

B t f t a c t i w e  rndex, 20% 1,4606 

Plash m i n t ,  Coe, O F  380 

@ p  3% - 0  Sora- 11.2 

pBr 5% aq, soln. 11-6 

Vapor Rtessure. I eS/'C- 1/181, 
5/207 

(4 )  3.5 parts anine aeceleratr=lr, Accelerator to  be an epoxy 
curing promoter design& for use w i t h  amine hardeners, 
mica1 properties sba l l  be: 

Appearance 

Apparent Equivalent Weight 
( g  per reactive hydrogen) 

Flash m i n t  (em) OF 
m u r  m i n t ,  OF 
Specific Gcawity, 2O/2O0C 
V i s c o s i t y ,  C f p 8  25.C 

Clear, pale yellow 
s l i g h t l y  viscous l iqu id  

65 
220 

5 
1,0914 

920 

( 5 )  

nix (1) through (5)  thoroughly to insure  uniformity. To 
extend the  pot l ife of the adhesitre, mixing should be done as 
rapidly as  possible, 

5-10 parts f i n e l y  divided silica fillsr. 



3.2-2.4 coatinPad 

c. ‘In gluieq tPbkr to insulatioa a mbber-base --tact adhesive 

us&. 

GLae lines, resalting from the dimensions of fiafshed rrting 

v t i h l e  With Sili- per CIICI-A-121, .b.ll k 

d, 
parts, shall k 0.025 to 3-18 -0 

3.2.2-5 Fart Bumbet Marking. 
SS-Tc7000, 

3.3 PrepcodrPetion sample, Preproduction smelts art required. 

3.3.1 e Items, Ibt preptodoction saaple shall m i s t  of the 

Ptoducturrking shall be pet Scctfon 3.5 of 

following it- which have bccn ranufactured and assarbled by the 
sapplicr using the same continuous production pr6ccsses. 
procedures, am3 equiplcnt which will be used in f u l f i l l i q  the 
production contract. 

one €1) Chrerpack, -2. part n u k r  T67014-Qb0. 

one (’I) Sphctical Containment vessel. -2. pact nmber 

one (1) Capsule, C-1, part nubers T67008-001 and !S7037-001. 

The sample shall be accorpanied by certificates of conpl€aace in 
accordance with 4 ,I , 5 ,  

tests specified in 4.3. 

with any of the applicable tequircrents, the preproduction s-le 
shall be rejected, In the event cf rejection. the supplier shall 
take corrective action and submit new preprodaction sanples until 
snch time as an acceptale sample is submitted, Until the first 
preproduction s-lc is accepted, the supplier is not autborited eo 
begin or resue regular production, unless otherwise directed. 

T57001-001. 

3-3.2 SaupEt? Testing, 

3.3-3 Sample Rejection. 

The preproduction sarple shall be sub%ccted to the 

If any assembly or corponent fai ls  to corplp 

I ,  QUALITY ASs-E PROVfSIOllS 

4.1 GeaeraP, The supplier responsible for the manufacture of the PAP-2 
is relsponsible for the accomplishwnt of all of the tests and 
fnrpcctionr specif ied herein. 



4-3-1 

4.1.2 

4.1.3 

4.1.4 

4.1.5 

4-1.6 

serial labdrr. pa-2, -2. 39-2, and c-2 k 
permanently aarked, as specified oa the applicdrle Qrodoct dr 
w i t h  a serial nmber in  ascedi- ntrcricil order correspcmd 
the .cqocaclc of mamafacture. begismhag with 181, Once rrsfgssd, 8 
serial nwber shall not be & s s & d  to .rotbar itcr, 

Tcst Ecoards. 
performed per 4.3, Copfcs shall be distributed as required by the 
contract or parcharc order. 

Zest Conditions, unless otherwise specified, all mearrtrarcmts and 
tests shall be performed at standard ambient rmditions. 

Rejected U n i t s .  
Rejected units shall not be rmrltCd. unless otherwise directed, 
and shall be marked in red to prcrcbt accid+atal use. 

Certificate e* c"Org1fancs. 
and stapply, as requested, certificates of compliance from 
subcaatractots verifying that Un following materials tllsd i n  
fabrication of the PAW2 are in accordaace with the applicab3e 
drawings and specifications, 

a. T ~ S  stainless  steel for the drerpack, -2, see T67014. 

b. 

c. The titanirr for the load spreader assemblyr see T67015, 

d, The A286 iton-base super alloy :or the 18-2 vessel, see Tb7081, 

e. "Ehe copper for the seal, see ldfOO4, 

f, The nitronic 60 stainless steel for the C-1 capsule, see T67068 

supplier -1 maintain records o f  all tests 

units that fail ray test shall k reject&. 

Ihc supplier o f  the PAT-? -11 obtain 

The reduood for the -2, per SST67026. 

and T67037. 

9. The quartz for tbe canister liners. see T74073 through Tf4077. 

h, The 0,250-28 bolts and nuts for the -23-2, see T67001. Certify 
bolt and nut A-286 material and silver plating. 

i. The stainless steel for the 40 uashers olosd on the -2, see 
T67042. 

lbleranccs, L i m i t i n g  oalues specified in tbe drawings and 
specifications shall be absolute, as defined an SS-167000. 
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4.2 In-Process Inspection and Testing. me sPpplier shal l  perform sach 
in-process inspec t ion  and t e s t i n g  as he deems necessary to  obtain 
product which meets t h e  requirements of t h i s  spec i f i ca t ion ,  

4.3 Final Acceptance Testing, The following tests and fnspec t ions  s h a l l  
be performed on a l l  wits. 
as appropriate. 

tL-sts may be performed i n  any SeQuCuce, 

4.3.1 Function and F i t .  
inspected to assure  t h a t  a l l  of the component parts f i t  i n t o  the  
assembly properly,  as specified i n  the drawings. 

The P A P 2  shall  be v i s u a l l y  and mechanically 

4.3.2 Leak Rate. The TB-2 shall be l e a k  te-ted u t i l i z i n g  mss 
spectroleterr l e a k  rate l e a s u r e r e n t  methods i n  accordance w i t h  SS- 
T67001, 
equiva l  n t  air  eak rates. 

Beliu l e a k  rates, when present,  sha l l  be converted to  
The l e a k  rate s h a l l  not exceed 1 x 1o-s Am an 4 /sec (air). 

1.3.3 D r a w i n g  Compliance. Drawing d i r ens ions  are i n  SI netric units.  
The PAT-2 assembly and component parts sha l l  be Inspected, either 
by open set-up or gaging methods, t o  assure  t h a t  the  dimensional. 
reqr;ireinents specified on the  applicable drawings are m e t ,  as 
follows . 

4.3.3.1 Package, PAT-2, D r a w i n g  No, T67000. 

a. V e r i f y  presence of iter 2, TB-2. 

b, V e r i f y  t h a t  larking is as specsfied, w i t h  same serial nuber 
on AQ-2 and PAT-2. 

1.3.3.2 (herpack, A4-2, D r a w i n g  100. T67014. 

a. Verify 0.250 inch bolts, i t e m  13, i n  place (24 required). 

b. Verify t h a t  there are no missing r i v e t s  i n  t h e  bottor j o i n t  
p s t t e r n ,  except for d. b e l o w ,  where plastic plugs are 
specif id, 

c. Verify t h a t  marking is as specified for both impression 
s tasp ing  and painted index marks. 

a. Verify presence of  e i g h t  plastic plugs, iter 17, i n  place. 

e. Verify presence of end cover cap plug, i t e m  16, i n  place. 

1 
i 

9-20 
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4-3.3.3 -2. Spherical Contairrcntvessel-A. Drming Ik. T67@%2. 

a. Verify tbat all dimensiondl requireseats are m e t ,  

b. Verify rateria2 condition and hardness per lote 3, unless 
already certified per 4.1-5.d. 

c- Verify engraved part and serial ntrbers per m t c  5. 

d-  Verify all finishes including the cnrerall finish pcr mte 4, 
the special finish per Lkte 7. and tbc finish of datm 
surface A. 

4.3.3.4 TB-2. Spherical Containment Vessel-6, Drawing Ik, T67003, 

a- 

b. Verify material condition and hardness per Note 3, unless 

c. 

d, Verify all finishes including the overall finish per Bote 4, 

Verify that a l l  diEeasiona1 requirements are met. 

already certified per 4,1.5,d, 

Verify engrawed part and serial numbers per Uote 5, 

the special finish per m t e  7 ,  and the finish of d a t m  
surface A. 

4-3-3.5 Seal, Copper, Drawing 1R0, T67004, 

a. 

b. 

Verify that all dimensional requirerents are met, 

Verify surface finish per Rate 4, 

4-3.3.6 Body, C-1 Capsule, Draviw Eo. T67008, 

a. verify that zlP dimensional requirements are met. 

b. Verffy material and condition per m t e  3, unless already 

c. Verify presence of sleeve, item 3, three places. 

d.  Verify overall finish per Bote 7 and Note 9. 

certified per 4.1.5.d. 

4.3.3.7 Lid, C-1 Capsule, Drawing 1p0, T67037. 

a. 

b. Verify material and condition per Flote 3, unless already 

c. verify presence of sleeve, item 3, three places, 

d.  Verify overall finish per 1R0te 7 and Note 9. 

Verify that a l l  dhensional requirements are ret, 

certified per 4.1.5.d. 

,-21 
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5 .  PREPARATIOFP FOR DELIVERY 

5.1 Mrking, Harking for shiprent shall be in general accordance with 
the requirements of MIL-STO-129 and shall have the following r i n h u  
information legibly marked or labeled: 

a, "PAT-2" and its Part Mllber, 

b, Contractor's Code. 

c ,  Serial Wlrber, 

d, Date Code, 

E x e l f :  PAT-2 
T67000-000 
BEN-XXX-D80 

6 ,  XOTES 

Procurement docuaents shall specify the following: 

a. T i t l e ,  nmber, and date of this specification. 

b. Applicability of Preproduction Sample Approval (paragraph 3.3). 

t. Any exceptions to this specification. 
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1.1 Scope. pbi- s p e c i f i c a  ion d e f i n e s  t h e  general  requirerents fo r  
product f ab r i ca t ion  and inspeetion of parts and assemblies used on 
t h e  P l u t o n i u  A i r  Transportable nodel 2 (PAT-2) Package, T67000. It 
also provides i n t e r p r e t a t i o n  of c e r t a i n  r equ i r e ren t s  spec i f ied  on 
t h e  product drawings. Specific requirements on t h e  product drawings 
s h a l l  t a k e  precedence over these  genera l  requirements and 
in t e rp re t a t ions .  

The following documents form a part of t h i s  spec i f i ca t ion  to  the  
e x t e n t  specified herein. Unless otherwise spec i f i ed ,  t h e  issues 
shown s h a l l  be used. 

URSI Y14-5-1973 Dirensioning and lo le ranc ing  

ANSI B1.1-1974 Unified Inch Screw Threads (UN and UNR Thread 
Po-) 

3. REQUIREUERTS 

3.1 Drawing In te rpre ta t ion .  The product drawings u t i l i z e  t h e  "True 
Position. drawing system, as defined i n  AN51 Yl4.5. An 
understanding of t h e  provis ions  i n  t h e  -SI docwen t  is essential 
for t h e  proper in t e rp re t a t ion  of t h e  dimensions and to le rances  on 
t h e  PAT-2 drawings. 

3 -2  Dimensions, Tolerances, and Measurements. The product is defined 
using SI ( In t e rna t iona l  system of Units) d i rens ions  except for s c r e w  
th reads  and U.S. gage th icknesses .  

9-23 
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3.2.1 

3.2.2 

3.2.3 

3.2.4 

3.2.5 

3.2.6 

3.207 

Absolute Tolerance Concept. 
abso lu te  tolerance concept, which r e a n s  t h e  t r u e  va lue  of t h e  
c h a r a c t e r i s t i c  shall be within the to l e rance  stated. An 
acceotable degree of conformance of product to  the  i n t e n t  of 
absolu te  to l e rances  is required.  To judge t h e  degree of 
conformance, cons idera t ion  sha l l  be given to  t h e  inhe ren t  
measurement uncer ta in ty  i n  r e l a t i o n  t o  t h e  spec i f i ed  to le rances .  
Infornat ion concerning production process d i s t r i b u t i o n  (both 
center ing  and dispers ion) ,  if available, may also be used i n  
determining conformance. 

Decimal Places. As many (or as few)  decimal places are used a s  
are needed to  express  design requirements. 

I n t e r p r e t a t i o n  of Dimensional L imi t s .  Regardless of t h e  nlnber  Of 
d e c h a l  places, t h e  maximum and miniakin l i m i t s  are considered t o  
be followed by a siagle ( i rpl ied)  zero. Any reasurement rade 
beyond t h i s  implied zero reading s h a l l  be disregarded; rounding is 
no t  applicable. 
implied zero. 

masuresen t  Temperatures, Physical aeasurements o f  a p roduc t  are 
considered to  apply only at a temperature of 20OC. 
reasurements are required,  t h e  measurement sha l l  be made a t  20-C 
or a i j u s t e d  t o  2OoC to  account for d i f f e r e n c e s  i n  thermal 
e q a n s i o n  or cont rac t ion  i n  t h e  material of the  gage and/or parts. 
The to l e rance  on t h e  2OoC tentperature is cont ro l led  by the  degree  
of accuracy required for the measurement being made. 

Counterbores, In curved sur faces  or on f l a t  su r faces  where t h e  
hole a x i s  is no t  perpendicular to  t h e  sur face ,  the depth of a 
caanterbore is the  minimum d i s t ance  from t h e  bottc# of t h e  r h  as 
shown i n  F igu re  1. The i n t e r i o r  corner  a t  t h e  bottom of a 
counterbore produced by a standard tool is acceptable. 

Countersinks. In  curved surfaces or on f l a t  surfaces where the 
hole a x i s  is not  perpendicular t o  the  surface, t h e  dimeter of a 
countersink is the  diameter of t h e  lowest po in t  on the  rim LZ a 
P h n e  perpendicular to t h e  hole  a x i s ,  See Figure 1. Countersink 
for f l a t  head screws to  allow head of screw t o  be f l u s h  t o  -25 n 
b e l o w  t h e  sur face .  

Design requirements are based on the 

There is no need to  measure past t h e  single 

If referee 

S t o c k  Material Tolerances. When t h e  drawing s p e c i f i e s  nominal 
cross-sect ional  dimensions for material used to fabricate the  
part, b u t  does no t  spec i fy  to l e rances  for these  dimensions, the  
w i d e s t  t o l e rances  appl icable  to t h e  mater ia l ,  form, and process 
may be used .  

9-24 



3.3 llanufacturing Practices. 

3.3.1 Renowing Burrs and Sharp Edges. All burrs and sharp edges sbll 
be removed to the extent that material fragments are not visible 
and sharpness cannot be felt. Either a 0.25 g m a x i m a  x 6-25 mm 
maximum chamfer or 0.25 I maxirum radius is satisfactory 
treatment in breaking edges and deburring. Only those edges tbat 
appear to exceed these limits upon visual inspection need be 
measured for conformance to these dimensions. If it is necessary 
to break sbarp edges or to deburr after application of chemical 
surface treatsent, the bared metal shall be touched up as 
required. Flash on molded plastic parts that does not cause the 
part to exceed raximur dimensional limits need not be removed. 
These requirerents do not apply to roqgh and semi-finished metal 
castings and forgings. 

stresses can be expected to cause parts to be out of tolerance, 
appropriate inspection procedures shall be obtained prior to t k  
manufacture of parts, 

3-3-3 Holes Called for on Asseably Drawings. Where holes are called out 
on assembly drauings, they may be provided in the detail parts, 
either full size or less than full size, as required to facilitate 
manufacture. Inspection of such holes is not required, however, 
until final assembly, at which point the holes must meet all 
assembly drawing requirerents. 

(position or ritnout tolerance) is specified, any two or more 
diaeters hawing a common axis (including hole countersinks, 
counterbores) shall be concentric within a full indicator movement 
( F I H )  of one-half the arithmetic SUR of their size tolerance. The 
diameter hawing the smallest eslerances shall be the datum feature 
for all related diameters. If size tolerance values are equal, 
the diameter having the longest axis shall be used as the datum 
feature. 

3.3.5 Threaded Parts. 

3.3-2 Free-State Variations. If raterial flexibility or normal internal 

3.3.4 Hachine or llolded Diaaeters. Where no concentricity requireaent 

3.3.5.1 Form and Class of Pit. PJ1 threa3s shall conform to the 
requirements of ANSI Bl.1. 

3.3.5.2 Appearance, A l l  threads shall be free from burrs, nicks, and 
rough OE chattered surfaces, that are visible without 
ragnif ication. 
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3.3.5.3 Gaging- 

a. masuremen, Over Wires. Thread w i r e  
indicators r a y  be used, 

d neasurement 

b. "GO" G a g e s ,  
a l l w  t h e  "GO" gage to  en te r  or to  be entered t h e  specified 
f u l l  l eng th  or depth of the  thread; however, t h e  thread must 
be functional.  

limits i f ,  when plug r ing  thread gages are used, t h e  'NOT 
GO" plug gage does no t  en te r  or t h e  "NOT GO" ring gage is 
not  entered. 
th reads  can e n t e r  i n  or be entered by t h e  "NOT GO" gage 
provided a d e f i n i t e  drag r e s u l t s  from netal-to-metal con tac t  
on or before t h e  t h i r d  tu rn  of entry.  
t h ree  or fewer turns ,  the  drag s h a l l  occur on or before the 
first one-half t u rn  of ac tua l  thread engagement, 
working nor f i n a l  inspection 'NOT GO" gages should be forced 
after t h e  drag is de f in i t e .  

gage is used on C l a s s  U or 3A threads, t h e  3aqe reading r a y  
no t  exceed t h e  basic p i t ch  diameter by more t?an 118 t u r n  of 
the s c r e w  providing t h e  maximum gage readino does no t  exceed 
t h e  basic p i t ch  diaaeter by more than 50 per-ent  of t h e  
d i f f e rence  between basic pitch diameter and rrinlirur 2A or 3A 
p i t c h  diarreter, as  applicable (See 3.3,5.6.c)- 

mread  s i z e  and class of f i t  c a l l o u t s  nay appear on assembly 
drawings i n  conjunction with i n s t a l l e d  corrercial hardware 
and i n s e r t s ,  tlnless such c a l l o u t s  are nodified by re ference  
t o  specific notes on the  assembly drawing, t h e  s i z e  and 
c l a s s  of fit shown a r e  for information purposes only and the  
commercial p a r t  thread limits s h a l l  be governed by t h e  
linits of t h e  commercial p a r t  specified on t h e  assembly 
drawing, 

3-3-5-4 Ass-bly. When two or -re threaded f a s t e n e r s  are used to  

When "60" gages are used, t h e  product s h a l l  

c ,  "WOT GO" Gages. Threads are acceptable as within material 

Threads MY be accepted i f  a l l  corplete 

For threads having 

Reither 

d. Three-Roll Indicating-Type Gage Readings, When t h i s  type 

e. Threads i n  I n s t a l l e d  Comercial Hardware and Inse r t s .  

a t t ach  a part, a sequential  t igh ten ing  pa t t e rn  s h a l l  be 
es tab l i shed  t h a t  w i l l  equalize f a s t ene r  load throughout t h e  
part. 
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3.3.5.5 Torque Wrenches. 

a. When torque  limits are specified for tbreaded assembiies or 
fasteners, the torque wrench used shall be selected so tbat 
t h e  limits specified for each f e a t u r e  w i l l  f a l l  within 
approximately t h e  riddle 75 percent  of the  wrench scale. 

A procedure for tbe rou t ine  periodic c a l i b r a t i o n  and repair 
of a l l  torque nencbes ssed to assemble itgls to specified 
limits shall be established and maintained. 

Torque wench  readings shall be taken i n  a d i r e c t i o n  t h a t  
w i l l  t i g b t e n  tbe part, 

b, 

c. 

3.3.5.6 External Threads, 

a. firead Length, Dimensions of a x i a l  thread length  shown on 
drawings indicate r r i n i r u  required l eng th  of complete 
threads. m e n  tbe dimensioned thread length terminates a t  a 
shoulder and an undercut is n o t  specified, the  two  threads 
next to  the shoulder may be incomplete, 

b. Chafer. The leading end of e x t e r n a l l y  threaded parts sha l l  
be chamfered, The resu l t i ng  incomplete threads are included 
i n  the  measurement of thread l eng th  b u t  nus t  not exceed two 
pitches i n  length. 

c. Coated C l a s s  2A Threads. C l a s s  2A threads t o  which l e t a l l i c  
plating, chemical-film coatings, r e s i n  bonded dry  f i l m  
l u b r i c a n t s ,  or any combination thereof have been applied =y 
be gaged w i t h  basic "GOa gages i n  determining conformance to 
maxirum size l imi t s .  

3 - 3.5. 7 I n t e r n a l  Threads . 
a. 

b. 

Tap D r i l l s .  
a s su re  approximately 75% of f u l l  thread. 

B l i n d  Sfole Depth, 
through or deform the su r face  opposite the  mouth of t h e  
hole. 

C. Thread Depth. Dimensions of a x i a l  thread depth shown on 
drawings indicate n i n i m u  required depth of complete 
threads, 

d. Perpendicularity,  me perpendicular i ty  or normality of 
threaded holes i n  f l a t  or curved sur faces  shal l  be within 
100' 0 

Select a standard tap d r i l l  s i z e  t h a t  w i l l  

The tag d r i l l  po in t  sha l l  not break 
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3-3.5.7 can t inwd  

e. Chaarfer, The leading ends of i n t e r n a l  th reads  s h a l l  be 
chamfered as  shown i n  Figure 2, 
through-tapped holes  s h a l l  be chamfered. Chamfering s h a l l  
no t  r e s u l t  i n  e l h i n a t i o n  of -re than one p i t c h  of thread 
depth, For t h e  purpose of determining t h e  number of 
complete threads  from t h e  su r face  ad jacent  t o  t h e  hole, t h e  
chaafered thread may be counted. 

I f  accessible, both ends of 

3.3.6 &tal Beat Treatment. 

a. 

b. 

c, 

d, 

When necessary t o  f a c i l i t a t e  f ab r i ca t ion ,  p a r t s  made from heat- 
treatable a l loys ,  for which raterial  is specified i n  terns of 
the f i n a l  teaper or condition required,  may be fabr ica ted  from 
r a w  stock of  a t e m p e r  or condition d i f f e r e n t  from the  f i n a l  
t-per and then  heat-treated t o  the  specified temper or 
condition. 

A f t e r  t h e  completion of in-process heat-treatment, sample 
parts from each heat-treat  lot shal l  be tested to  determine 
t h a t  t h e  material proper t ies  influenced by heat-treatment 
conform to  t h e  applicable raterial  spec i f i ca t ion  r e q u i r e e n t s .  
If tests of actual p a r t s  are impractical ,  su i tab le  saap le s  of 
the same a l l o y  and s t a r t i n g  condition as the  p a r t s  sha l l  be 
heat-treated w i t h  t h e  l o t  and tested for conformance f-o t h e  
applicable requirements.  

Parts specified to  be made from a wrk-hardened temper of a 
non-heat-treatable a l l o y  must be fabr ica ted  from mateiial of 
t h e  required temper or condition, 

Themal t r e a t x e n t s  such a s  hot forming, s t ress - re l iev ing ,  
drying, bonding, and baking, other than those s p e c i f i c a l l y  
permitted by t h e  product drawings, s h a l l  not be used,  

3.1 Requiresents for Cleaning, Protection, and I d e n t i f i c a t i o n  Of Raw 

3-4-1 Protection. A l l  p a r t s  and assemblies s h a l l  be adequately 

mter i a l  , Parts , and Asselabl ies . 
protected from accumulation of foreign matter,  corrosion, phys ica l  
damage or de te r io ra t ion ,  
manufacturing opera t ions  from receipt of raw mater ia l  to 
c m p l e t i o n  of a f i n i s h e d  product, to  product held i n  any storage 
area, and to  product prepared for shipment. 

a. Pro tec t ive  measures used during processing, f ab r i ca t ing ,  and 
packaging mus t  not only guard aga ins t  obvious damage and 
d e t e r i s z a t i o n  but a l s o  aga ins t  t h e  c r ea t ion  of l a t e n t  
conditions t h a t  may l a t e r  cause unsatisfactc*y performance, 
acce lera t ing  de te r io ra t ion ,  or malfunction, 

This requirement s h a l l  apply to  a l l  
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3.4.1 continued 

b. Raw material and parts a t  a l l  levels of  production s h a l l  be 
kept  adequately segregated and i d e n t i f i e d  a t  a l l  tires, P a r t s  
s h a l l  be transported i n  a manner which w i l l  assure adequate 
p ro tec t ion  f r a  damage. 

assemblies, etc., n o t  i n  immediate use,  s h a l l  be adequately 
packaged, € d e n t i f i d  and stored. 

c. A l l  items such as r a w  material, parts, subassemblies, 

3.4.2 Cleanup of Parts and Assemblies. A l l  f in i shed  p a r t s  and 
subassemblies s h a l l  be adequately cleaned before f i n a l  asserb ly ,  
F ina l  assembly and necessary subasserbly s h a l l  be performed in an 
environment appropriate to  t h e  type of product, 
assemblies sha l l  be thoroughly cleaned t o  remove foreign and 
manufacturing w a s t e  reaterial such as: 

Supe r f lmus  hardware, w i r e ,  and insu la t ion  cl ippings.  

Chips, f i l i n g s ,  abras ives ,  machining lubr icants .  

Soldering, brazing,  and welding f f n s e s ,  solder droppings, weld 
spatter, slag, and welding rod ends. 

Drippings of lub r i can t s ,  adhesives, and sea l ing  compounds. 

P a i n t  droppings, splatter,  and overspray. 

Residues from l i q u i d  ba ths  used i n  p l a t i n g  and chemical 
treatments.  

A l l  p a r t s  and 

Temporary t a g s  and packzging. 

3.5 Part Humber Marking. 

a. When required by t h e  product drawing, f in i shed  p a r t s ,  
assemblies, or subassemblies s h a l l  be permanently marked w i t h  
t h e  app l i cab le  p a r t  number, e,g., "67002-001, using ink marking 
with covercoat unless  otherwise specified (e-g. ,  engraving and 
impression stamp). The v e r t i c a l  height  of charac te rs  s h a l l  be 
noc less than 0.12 inch. 

P a r t  numbers s h a l l  be located i n  any r ead i ly  observable locatio= 
which does not  affect funct ion,  un less  otherwise spec i f ied .  

b. 
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1.1 Scope, Fhis  specif-'ation d e f - l e s  t h e  requirements f o r  t h e  
q u a n t i t a t i v e  measurement of  t h e  l e a k  rate of a sealed c a p o n e n t  Of 
t h e  Plutonium A i r  Transportable Package, Hodel 2 (PAT-2). . A  mass 
spectrcweter type helium l e a k  de t ec to r  is used. 

m i f i c a t i o n  is t h e  Spherical  Containrent V e s s e l .  -2, part number 
T67001-001, which is a major corponent of t h e  PAT-2 Package, M7000- 
000. 
are: 

Spherical  Containuent Vesse l -A ,  TB-2. T67002-001. 

Spherical  C a t a i n u e n t  Vesse l -B ,  Ts-2, T67003-001. 

1.2 Product Description. %e item to  be l e a k  tested per t h i s  

The d e t a i l  parts of t h e  Spherical  Containment V e s s e l .  TB-2. 

Seal 1 C o ~ r ,  T67OO4-001. 

Screw, Cap, Socket aead, A286 a l l o y ,  s i l v e r  plat&, ,250-28 UUF, UAS 
1351 R4, 0.830 - 0.820 inch long (20 required) .  

Nut, Flexloc,  Hexagon, A286 a l loy ,  100O0F, 145 k s i ,  f langed, 
featherweight,  s i l ve r  plated, FBI 1014-423 ( 2 0  requi red) .  

-asher, 257042-001 (40 required) .  

1.3 Defini t ions,  

1.3.1 Background. T e s t  system background is included i n  the l e a k  rate 
r e s u l t .  This may be spurious o u t p u t  of  t h e  l e a k  d e t e c t o r  
expressed i n  s u i t a b l e  terms, due t o  t h e  response to all gases 
o the r  than t h e  actual leakage of tracer gas  from t h e  product being 
tested and/or the known l e a k ,  
t h e  de tec tor  or extraneous,  and includes absorbed tracer gas. 

The background may lie inberent in 
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1-3-2 Units. 

1-3.2.1 Pressure  Units. 

a- M i l l i r e t e r  of m r c u r y  (91). A u n i t  of pressure 
corresponding to a colm of mercury e x a c t l y  1 millimeter 
h i  h at20eC under standard g r a v i t y  acce le ra t ion  o f  980.665 
CB /see 0 

Micron of mtcury CuBg), 
of the m i l l i m e t e r  af mercury pressure  uni t .  

atnosphere; differs by only one part i n  7 mil l ion  from a 
mil l imeter  of mercury. Torr is the preferred pressure u n i t  
for low pres su re  (wacuun) measurement. 

J 
b- 

c- Forr. 

A un i t  of pres su re  equal t o  1/1000 

A u n i t  of p res su re  equsi to 1/760 of a standard 

1-3-2.2 teak Rate Units. 

a= c13/sec- STP ( C u b i c  Centimeter Per Second, Standard 
Temperature and Pressure). 
cubic cent imeters  per second i n  uhich the gas volume is 
rquced to  standard temperature and pressure.  
cm /sec. = 1 Torr-liter/sec. 

STP (Standard Terperature and Pressure) ,  
Torr- 

obtained under the  specified test condi t ions  to  an equivalent  a i r  
l e a k  rate at  those specific test condi t ions ,  
spec i f i ca t ion :  

A flw rate of gas i n  term of 

1,315 

1.3-3 

1-3 -4  K Factor, 

Defined as O°C and 760 

A factor us& to  conwert from a tracer gas  leak rate 

For purposes of this 

'Molecular weight of h e l i u  
Molecular veight of a i r  ' = 

K = 0,372 

1.3-5 Sealed Product. 
being sealed by special firtures to  maintain, an i n t e r n a l  pressure  
or vacum. 

product being tested. 

A product which is capable of maintaining, or of 

1-3.6 Tracer Gas .  A gas t h a t  is used to  measure t h e  l e a k  r a t e  of t he  
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1.3.7 Leak Rate. The quantity of gas flawing i n  u n i t  time i n t o  or oat 
of the product under test, reduced to  units of volme a t  standard 
terperature and pressure. 

1.3.7-1 Tracer Gas Leak Rate, The leak rate tes t  result, calculated 
without application of a R factor, fran the leak detestor 
readings. 

obtained by multiplying the tracer gas leak rate by the 
specified IC factor. 

l i m i t  allowable for product acceptance. 

1.3.7-2 Total Gas Leak Rate, An estimate of the product leak rate, 

1.3.7.3 Haxinu Permissible Leak Rate, 

1.3.8 Known Leak. 

%e maximum total gas leak rate 

A calibrated device from which tracer gas is eaitted 
a t  a known rate, 

2.1 Documents. 

The following documents, of the  exact issue shown, fOKB a part Of 
this specification to t h e  extent specified herein- 

SS-T67COO General Requirements, PAT-2 Package 

BB-H-1168b H e l i u m ,  !Pechnical 

2.2 Equiprent. 

a -  

bo Allen [Hex) Wrench and H u t  Driver, (for 1/4 inch cap screu and 

c, Torque Wrench, see paragraph 3.3,S.S of SS-T67000- 

d.  Plastic Glove Bag (or sinilar device to  contain helium). 

-5s Spectrometer Type Helium Leak Detector, 

nut ) .  
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3. neqorR%?sEms 

3.1 Equipment Capability. 

3.1-1 Leak Detector System. 
spectrometer type heliu leak &teetor together w i t h  a s u i t ;  le 
test charbet that w i l l  completely eaclose tbe product, awiliary 
pressurization equiplent,  and instrtrcntation necessary for 
performance of the test under the specified conditions. 

directly to the vacum syster as  closely as possible to that p o h t  
a t  which the  test iter w i l l  be connected, 

test charber or fixture is not greater than  the specified nmxfiroll 
shall be suitably located to read the  pressure of the test c h a r k r  
or fixture.  
pressures indicated below are mailable, it is permissible t o  PLK 
these gages pmwided: 

a- 

b. 

U n d e r  the present state-of-the-art, calibration of vacuam gages 
below =ne micron of uercury is not guaranteed by priuary standards 
and: therefore, is not required, 

operated on the  rost sensztiwe readable scale, 

Ihe system shall eoasist of a mass 

3-1.2 location of Xnoua Leak. Ibe known leak sball be connected 

3.1-3 Vacum Gages. Gages used t o  ascertain that the pressure i n  the 

If leak detectors having gages capable of reading 

~n indicated test pressure of 5 x 10-5 Torr (mwig) or lower 5s 
used for helim. 

An essentially short direct connection is maintained between 
the leak detector and the test chamber or fixture. 

3-1-4 Attenuation Setting On Leak Detector. The leak detector shall be 

3-2 Gases. The tracer gas used shall be helium per BB-H-1166bl Typc 1, 

3.3 Calibration of Known Leak. The known leaks used shall be calibrated 

Calibration shall be perforred prior to ini t ia l  use 

Grade A, 

by the  primary standards labora'ory specified i n  the contract or 
purchase order. 
and a t  interwals thereafter in accordance w i t h  policies established 
by t h e  Prhary Standards Laboratory. 
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3.4 Procedure (Leak Rate Measurerent) , 

3.4-1 General. 

a, Readabi l i ty  of t h e  l e a k  detector output  reter s h a l l  be-checked 
per 3.1.3. 

Pressur  s a t  which a test is to  be perfor red  s h a l l  not exceed 
5 x 1,' Torr ( r r H g )  helium, 

b. 

3.4.2 Product Leak Test .  

3,4,2.1 V e s s e l  Assembly. The TB-2 Spher ica l  Containrent V e s s e l ,  T67001, 
t o  be l e a k  t e s t e d  w i l l  be received disassembled; and it w i l l  be 
necessary t o  assesble t h e  u n i t  as  t h e  l e a k  test progresses, as 
follows : 

a. The TB-2 Spherical Containment Vessel-A,  t h e  TB-2 Spher ica l  
Containment Vessel-B, t h e  copper seal, t h e  20 cap screws, 20 
nuts ,  and 40 washers mus t  be c lean  and free of debris or 
foreign r a t e r i a l .  Cfean using isopropyl a lcohol ,  acetone, 
methyl e t h y l  ketone, or other degreasing solvent .  A i r  f l u s h  
to  dryness  before i n s e r t i n g  p a r t s  i n  helium environrent .  
Minimize f inge rp r in t ing  or o the r  contamination. Place these  
parts and a l l  tools needed (described below, be s u r e  tools 
are c lean)  i n  a helium-rich environment. The use  of a 
disposable consercial plastic (polyethylene) glove bag is 

nded f o r  t h i s  purpose, Flush the  bag w i t h  helium, 
e l h i n a t i n g  as  much a i r  as possible. 
under a s l i g h t  p o s i t i v e  pressure  of helium. 

Keep t h e  glove bag 

b. Place the  'A' vesse l ,  T67002, dome end down (large opening 
fsc ing  up) and drop t h e  copper seal, T67004, over t h e  
flange, being c e r t a i n  t h a t  t h e  seal rests f l a t  ( n o t  cocked) 
in the  sea l ing  groove. 
direct stream cf helium, Grasp t h e  IB' ve s se l ,  T67003; 
f l u s h  it o u t  w i t h  a d i r e c t  s t r e a a  of helium, and place it 
over t h e  'A' vessel .  
rhtS of t he  'A' and 'Br v e s s e l s  so t h a t  t h e  markings are one 
above t h e  other .  

Flush t h e  open vessel o u t  with a 

Align the  engraved markings on t h e  

c, I n s t a l l  t he  20 bolts, 20 nuts ,  and 40 washers, one set a t  a 
time, as  follows, Place a washer under t h e  head of a bolt 
and place t h e  bolt through one pair of a l igned  holes i n  t h e  
vesse l .  The head of t he  bolt, and its washer, should be on 
t h e  f lange  of t he  'B' vesse l  (T67003). Place a washer over 
t h e  protruding threaded end of t h e  b o l t  and thread  a nut  
onto t h e  bolt so t h a t  t h i s  nut  and washer are a g a i n s t  t h e  
f lange of t h e  'A' vesse l  (T67002). Tighten hand t i g h t  using 
a nut  d r i v e r  and an Allen {hex) wrench, b u t  do no t  use heawy 
force a t  t h i s  t i m e .  Proceed by i n s t a l l i n g  t h e  remaining 19  
bolts i n  s imi la r  fashion. 
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3.4.2.1 continued 

d. using the torque wrench. t ighten the bolts to 13.1 Mm (1W 
inch-pounds) torque- 
camplete turns  through the bolt circl6, or a b o u t  40 t o  60 
torque readings, to close the gap betueen flanges and bring 
every bolt to the required torque lewel, 
w e s s e l  may nou be removed from the heliun-rich environent ,  

For conwenience i n  f i n a l  tightening, a bench vise  may be 
used. 
( a l u i r r u  or copper! to protect t h e  vessel. Clamp the 
vessel by its flanges and again torque a l l  bolts, t h i s  the 
to B torque of 14.1 1L (125 incb-pounds), Go around the  
bolt circle a t  least twice to  accamplish t h i s ,  

Flush the  ex ter ior  of t h  TB-2 vessel w i t h  clean, dry, 
pressurized air os nitrogen. 

It w i l l  probably require 2 or 3 

The assembled 

e. 
Cover the steel jaws of the vise  w i t h  soft metal 

f .  

3.4.2.2 Leak Rate Determination, 

a. Place the assembled !lB-2 vessel i n  a l a s s  spectrmeter leak 
tester and p u p  down un t i l  a hard v a c u u  is reached, with a 
stable indication, 

R1 = Background 

R2 = Background t Known t e a k  

R3 = Product Leak + Background 

C a l c u l a t e  t he  t o t a l  gas l e a k  rate, as follows: 

Take readings 2s follows: 

b. 

Where: 

L = Total gas  leak rate 

C = Calibrated value of known l e a k  

K = See 1.3-4 

3.4.2.3 Haxirum Persissibl Leak  l y e ,  %e leak rate for the  TB-2 sha l l  
not exceed 1 x IO-' A m  c1 /sec (a i r ) .  
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3.4.3 Test Records. The following information shall be recorded bY thc 
testing laboratory. 
as specified i n  t h e  contract or purchase order. 

a. 

b. Purchase order or contract number. 

e. Hake and model ntmber of leak detector used. 

do Value of known leaks used. 

e. 'Irest pressures (internal and external). 

f .  Tracer gas used. 

g. 

h. Calculated total gas leak rate. 

i. Date of test. 

Copies of test records shall be distributed 

Product part number and serial nmber. 

Leak detector output readings per 3.1.2,2.a. 

4. QUAI,ITP ASSURANCE PROVISIONS 

Rot applicable. 

5 ,  PREPARhTIOIp FOR DELIVERY 

lOot applicable. 

6.  HOTES 

tWt applicable . 
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1.1 Scope. This specification defines the fabrication and inspection 
requirements €or the electron beam welding of titanium parts used 
on the Plutonium Air Transportable Package, W e 1  2 (PA-2). 

1.2 Definitions. 

1-2.1 Weld Schedule. The weld schedule is the particular procedure. 
including specific nachine settings. that has been approwed by 
the supplier perforring the welding as satisfying the requirements 
of this specification. 

1.2.2 Qualified Welding Operator. A qualified welding operator is a 
person capable of producing acceptable weldrents in accordance 
with this specification using the electron beam welding process. 
The qualifcation of operators shall be the responsibility of 
the supplier performing the welding. 

1.2.3 Production Group. 
operator using the same equipment during a single eight-hour 
work shift. 

This is a group of parts welded by the s- 

Hot Applicable. 

3. REQUIREIIENTS 

3.1 Welding EQuipent. The equipment used shall produce weldrents 
in a vacuum by heating the titanim with accelerated electrons. 

3-1.1 Quipment Calibration. The supplier performing-the welding 
shall be responsible for calibration of the equipment used. 

3.1.1-1 Items to be Calibrated. The following controls, meters. and 
gages on each electron beam welder shall be calibrated; 
€or item a. through c. below a rinirur! accuracy of 22% of the 
full scale reading is required. 
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a. Bear current meter 

b. 

c. Fixture speed controls. 

Voltage controls and voltage meter 

d. High vacuum gage. 

shall occur as follows: 
3.1.1.2 Calibration Interval. Calibration and functional testing 

a. 

b. 

At intervals no greater than six months. 

Prior to production use if the welding equipment has not 
been used for three nonths or core. 

c. Whenever there is a machine malfunction. Only those 
rachine elements related to the malfunction need be 
recalibrated. 

3.1.2 Equiprent Maintenance. 

3.1-2.1 Cleaning. The inside of the gelding chamber, and the welding 
gun, fixtures, etc., shall be cleaned of setal vapor deposits 
and foreign particles as frequently as necessary for satisfact- 
ory operation of the equipsent. 

that recommended by the manufacturer of the welding nachine 
shall be carried out. 

3.1.2.2 Manufacturer's Recomndations. Maintenance activity similar t0 

3-2 Processing. 

3.2.1 Welding Operations. The electron beam welding shall be perforred 
only by qualified welding operators on calibrated equipment to 
weld schedules as specified in this specification. 

grease, scale, deleterious marking material, foreign particles, 
or other contaminants that might be detrirental to reld quality; 
do not use methanol solutions. 

Electron beam tack welding is to be used on the 
titanium load spreader, T67016. Tack each joint to be uelded 
in at least four places, approximately 9Q' apart, prior 
to the full penetrant pass. 

3.2.2 Part Cleanliness. Parts to be welded shall be free of Oil, 

3.2.3 Tack Welding. 

3.2.4 Filler Haterial. No filler material shall be used. 

3 - 2 - 5  Test Specimens. Test specimens are required, as defined in 4.3. 

3.2.6 Repair. Repair of welds is not permitted. 

3.3 Weld Schedules. A weld schedule shall be prepared for each weld 
Changes in weld schedules joint design before parts &re welded. 

shall not be made without the approval of the responsible process 
engineer. 
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3.3.1 Contents. A weld schedule shall include the following: 

a. Identification of the welding equipment, auxiliary equipmeat, 
and fixtures to be used. 

b. Weld schedule identification and part identification for 
the assembly to be welded. 

Part material identification including alloy and condition 
or terger. 

Control settings of applicable welding equipment and accessories. 

Allowable ranges of scbcdale parareters. 

Other wariables effecting the weld schedule. 

c. 

d. 

e. 

f. 

g. Signature of the responsible process engineer, and date. 

4. QUALITY ASSOBAlsCE PRCWISIOl8S 

4.1 General. 

4.1.1 Responsibility for Testing. The Supplier performing the welding 
shall be responsible for the performance of all tests and 
inspections specified herein. 

and inspections, including weld schedules and test specimen data. 
Copies shall be distributed as specified in the contract, 
purchase order, or quality control plan. 

Inspection of velds and test specimens shall verify 

4.1.2 Records. The Supplier shall maintain records of all tests 

4.2 Weld Inspection. 
the following 

a, Depth of veld, reasured along joint interface, shall be 0.250 
inch, minimum. 

b. Weld shall be continuous for full length of joint. 

e. Weld surface shall appear smooth after welding. 

d. Down slope (r-ing/tail off power decay) at the terrination 
of the ueld is required, and this shall blend in smoothly 
to the surface of the veld. 

e. There shall be no cracks or voids in the weld bead. 

f. There shall be no cracks in the parent metal. 

g. There shall be no evidence of use of filler material. 

h. Pull penetration weld shall be accoaplished in one pass. 
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4.3 Test Specinens. 

a. At least one test specimen shall be welded before and after 
the processing of each production group. The test specimen 
shall be used to verify inspection requireaents as defined 
in 4.2. 

b. The test speciren(s) shall be welded in accordancewith the 
weld schedule. 
enance shall not be performed on the welding equiprent, during 
welding of a test specimen. 

Test specimens shall be similar to the production weldments 
they represent, and the weld joint design shall be identical 
to production part design. 

Each test specinen shall be visually examined at 10 to 20 mag- 
nification to werify the inspection requirements of 4.2 b, c ,  
d, e, f, and g. 

Each test specinten shall be sectioned and metallurgically 
examined to verify the inspection requirements of 4.2 a, e, f8 
and h. Tbis shall include metallographic sectioning of the 
weld joint, and an examination for weld defects. Typical 
photomicrographs shall be taken and retained per 4.1.2. 

The schedule shall not be changed, and Mint- 

c. 

d. 

e. 

5. PREPARATION FOR DELIVERY 

Hot applicalie. 

6. NOTES 

Rczt  applicable. 

t 
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1- G-RAL 

1.1 Scope. This specification defines t h e  requirements for a f iberglass  
covering used as reinforcement on the  AQ-2 Subassembly, a pa r t  of t h e  
PAT-2 Package. 

The following document €0- a part of t h i s  specification to  t h e  
extent specified herein. 
issues . Unless  otherwise specified u s e  latest 

T67025 Subassemblyt Outer Cy1 inder 

3, REQUIREHENTS 

!&e following mater-ial processing shall be followed i n  t h e  application 
of the  f iberglass  covering, Iter 5 of drawing T67025. 

3.1 Water ga l .  

3.1.1 Epoxy Resin. This material sha l l  be epoxy resin,  Type A, 
epichlorohydrinbisphenol, l i g h t  colored, low viscosity,  containing 
a react ive di luent ,  su i tab le  for  w e t  lay-up laminating, per ASTn D- 
1763-62, Type 1, Grade 2. Typical molecular s t r u c t u r e  sha l l  be: 
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3.1.1 continued 

Additional properties s h a l l  be as follows: 

~ e n s i t y ,  g./ml. 20OC. 1 .) 133 
Refrac t ive  Index, 25OC. 1.545-1.560 
Flash mint, Tag open cup8 OF. >175 

0.05 

Weight per Gallon. lb., 20.C. 9.5 

Hydroxyl Content, equiv. OH/lOO g. r e s i n  
Avg, Xolecular Weight (approx.) 330 

EPOXIDE COLOR e 2 5 "f. VISCOSITY. 225 OC 
(GARDLSER) WISES EQUIVALEMT3 

5 aax. 5-7 175-195 

( I )  Color of Transparent Liquids, SWS 456 (AS"! Dl544) 

( 2 )  Kinematic Viscosi ty ,  SMS 170 (ASTU D445) 

(3) G r m s  of r e s i n  containing one gram-equivalent of epoxide: 
a-Epoxy Group Content, SHS 766 (AS% D 1652) 

3.1.2 Triethylenetetramine. 

a, The t r i e t h y l e n e t e t r a a i n e  s h a l l  meet t h e  following requirements: 

Property V a l u e  Test Method 

Spec i f ic  grav i ty .  20/20°C 0.978 to 0.984 ASTH D 891 

D i s t i l l a t i o n ,  OC No more than 5 percent  ASTH D 1078 
of t h e  material s h a l l  (&n a l l  glass 
d i s t i l l  b e l o w  260OC. d i s t i l l a t i o n  
The dry poin t  s h a l l  be system r a y  be 
a t  a temperature no used (. 1 
higher t h a n  290OC. 

Color 7 .  r a x i r r n  AS= D 1544 

Water, percent by ut .  0 . 5 ,  maximum ASTX-D-2849-69 
(except t h a t  
10 rl of 
reagent qrade 
glacial acetic 
acid s h a l l  be 
introduced 
along with t h e  
100 rl of 
t i t ra t ion 
solvent .) 



3.1.2 continaed 

WARmIIIG 

'2his material MY produce amtact de-titis and 
s e n s i t f a a t i o n  or allergy, Skin contact is to be 
avoided i n  handling, If accidental s k i n  contac t  
occursI the c o n t a i n a t e d  s k i n  should be washed w i t h  
soap and water, 'Ihe precautions associated with 
handling aliphatic polyiuine campods should be 
maintained ., 

b. Storage and U s e  Limitations. When stored a t  normal room 
temperatures (90°P, r a x i r u )  the shelf l ife of t h i s  material is 
one pear from date of shiprcnt from the Supplier. Any material 
that exceeds t h i s  age shall be reinspected before use for 
conformance to t h e  water content and color requirements, If it 
meets both the requirements, the she l f  l i fe  may be extended an 
addi t iona l  6 months, By retesting. the  s h e l f  life nay bc 
extended for 6 nonth in te rwals  u n t i l  the mater ia l  is e i t h e r  
used or discarded. 

3.1.3 Fiberglass Pabrie. The f i b e r g l a s s  fabric sha l l  be B woven material 
s u i t a b l e  for w e t  layups, of sucb a na ture  t h a t  t h e  fabric w i l l  
conform t o  the  three-dimensional sur face  of t h e  p a r t  being covered, 
without wrinkling or overlapping, 
called '360. fabric". 
requirerents.  

a, 

This fabric s t y l e  is conrronly 
Tbe fabric also s h a l l  meet the  following 

The raterial s h a l l  hawe a thickness of 0.015 20.002 inches when 
tested per ~ s r ~ - ~ - 1 7 7 7  using a pressure of 4.7 t o  5.3 psi on a 
1.0 inch diameter foot, 

The fabric shall be free of conductive fore ign  mater ia l  and 
s h a l l  be treated w i t h  a sui table  coupling agent, containing 
s i l i cone ,  t o  prarote adhesion of epoxy r e s i n s  to g l a s s  fiber, 

c. Haterial sha l l  be stored i n  dry areas, free from wide 
temperature f luc tua t ions ,  Packages sha l l  be resealed a f t e r  
opening to prewent contar ina t ion  by foreign materials. Rolls 
s h a l l  be stored hor izonta l ly  i n  t h e  o r i g i n a l  shipping 
container.  Containers s h a l l  not be stacked more than three 
high. 

b. 

Excessive handling w i t h  t h e  bare bands is to  be avoided to 
minimize contamination by moisture, o i l ,  of sa l t  from the  
hands. 

d. This material has unlimited shelf l i f e  a s  long as it remains 

NOTE: 

c lean  and d r y  and the  i n t e g r i t y  of t h e  container is ra in ta ined ,  

The ratio of epoxy resin per 3*2-1 to curing a g e n t  per 3-1.2 
shal l  be 100:12 parts by w i g h t ,  
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3.2 Processing. 

a. sand t h e  s u r f a c e s  of t h e  redwood i n  t h e  areas to be cottared on 

b, 

c ,  

Items 2 and 3 of 2'67025. 

W i p e  s ~ n d e d  areas w i t h  so lvent .  

Thoroughly mix t h e  abowe ratio of epoxy resin and curing went at 
toom temperature,  
a i n u t e s  for a 100 gram batch, 

Paint a t h i n  l a y e r  of the r e s i n  mixture  o n  t h e  s u r f a c e  t o  be 
coveted. 

Pot-life of t h i s  a i x t u r c  is a p p r o x i r a t t l y  20 

d,  

e. Apply pre-cut fiberglass fabric. 

f .  P a i n t  on a d d i t i o n a l  r e s i n  to completely cover, or %eta tbe  
fiberglass cloth. Mock o u t  a l l  a i r  bubbles and remove excess  
r e s in .  

g .  Repeat Steps e, and f ,  for the  second layer of fabric, 

h, Cure a t  toon temperature  u n t i l  r e s i n  is gelled ( 2  to  4 hours) ,  
then  cure a t  140°P for 2 hours,  

4. QUALITY MSURANCE PROVISIONS 

N o t  appl icablc. 

5, PREPAfUTION ?'OR DELIVERY 

)Pot  ape1 icable, 

6 ,  NOTES 

W o t  applt ieable. 
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HATERIAL SPECIFICAT1O1o~ REDWOOD POLl PAT-2 PACKAGE 

Page 1 2 
I s s u e  D D 

I. GELOERAL 

1.1 Scope. This s p e c i f i c a t i o n  d e f i n e s  t h e  requirements for t h e  redwood 
material used i n  fabrication of ttte Plutonium A i r  Transportable We1 
2 (PAT-2) Package. 

found i n  t h e  docmen t  listed i n  2.1, 
1.2 Defin i t ions .  Def in i t i ons  of tens used i n  t h i s  s p e c i f i c a t i o n  ray be 

2. DOCOHEI9TS AND EQUIPHEMT 

The following documents and equipment form a p a r t  of t h i s  
s p e c i f i c a t i o n  t o  the  ex ten t  specified herein.  
specified t h e  latest i s s u e s  sha l l  be used. In  t h e  event  of c o n f l i c t  
between docurents  referenced here in  and the contents  of t h i s  
spec i f i ca t ion ,  t h e  conten ts  of t h i s  s p e c i f i c a t i o n  s h a l l  be a 
superseding requirement. 

Unless otherwise 

2.1 Docunents. 'Standard Spec i f i ca t ion  for Grades o f  Ca l i fo rn ia  Redwood 
L u b e r . " .  published by Redwood Inspect ion Service,  1 Lorbard, San 
Francisco, Cal i fornia .  

of wood is required. 
2.2 Equiprent. A s u i t a b l e  instrument for measuring t h e  moisture content  

3. REQUIREXE?!mS 

3.1 Haterial mescript ion.  

a. The material t o  be used s h a l l  be clear, k i l n  dried redwood, free 
of defects, as defined i n  para. 103 of t h e  "5tandard 
Specif icat ions"  docrarent. 

nominal thickness.  

mots are not  permissible. 

b. Assemblies sha l l  be fabricated of 25.4 ar (one inch) or grea te r  
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c. tmis ture  content s h a l l  not exceed 12%- The material s h a l l  be 
protected,  as necessary, to assu re  t h i s  condition, 

d. Finger-joined and edge-glued lumber is acceptable. 

(1) Parts s h a l l  be assembled i n  accordance with t h e  applicable 
drawings, using polyvinyl acetate r e s i n  euulsion per 
BWM-A-180, or Resorcinal adhesive per NHM-A-181. 

( 2 )  G l u e  l i n e s  s h a l l  be 0.76 m a  (0.030 inch) maximum. 

3.2 Grain Defects. Burls and birdseyes of less than 9.5 RR (0,375 inch) 
diameter' are acceptable, providing there are not more than  s i x  such 
defects i n  a 152 mm ( s i x  inch) diameter, i n  a r a x i r u  of 5% of the 
lunber i n  a subassembly. 

1. QUALITY ASSURANCE PROVISIONS 

4.1 V i s u a l  Inspection. A l l  mater ia l  s h a l l  be v i s u a l l y  inspected to 
assure  t h a t  it meets the  r equ i r e ren t s  of Section 3 of t h i s  
spec i f ica t ion .  

4.2 Misture  Content. The materfal  s h a l l  be inspec ted ,  after f i n a l  
machining and just before appl ica t ion  of sea lan t ,  to  a s su re  t h a t  t h e  
lroisture content specified i n  3 .1 ,~ is not exceeded. Inspection 
shall be conducted as follows. 

a. Zero t h e  m o i s t u r e  r e g i s t e r  i n  accordance w i t h  t h s  manufacturer's 
ins t ruc t ions .  

Twenty percent of t h e  material i n  each subassembly shal l  be 
checked for moisture content,  using t h e  moisture register per the  
manufacturer's ins t ruc t ions .  The register readings s h a l l  no t  
exceed 24 (1281. 

b. 

5. PREPARATION FOR DELIVERY 

T1.e lumber t o  be used s h a l l  be packaged by t h e  subcontractor so t h a t  
it w i l l  meet t h e  requi resents  of t h i s  spec i f i ca t ion  after processing 
by t t e  f ab r i ca to r  of t h e  PAT-2. 
packaging-to maintain t h e  minimu m o i s t u r e  content requirement- 
specified.  

V a p o r  barriers sha l l  be used i n  
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1.1 Scope. This specification defines the fabrication and inspeceion 
requirements for the welding of corrosion resistant steel parts use6 
on the Plutoniu Air Transportable Package Hodel 2 (PAT-2). 

1.2 Definitions. 

1-2.1 Welding Terms and Definitions, Welding terms and definitions used 
in this specification shall be in accordance with AWS A 2.0 and AWS 
A 3.0, except for the following: 

Porosity. Voids in the ueld metal of approximately spherical 
shape. 

shall be in accordance with AWS A 2.0, 
1.2.2 Welding Syrbols, Welding symbols used on the product drawings 

The following docuaents form a part of this specification to the 
extent stated herein. Unless otherwise specified use latest issues. 

AWS A 2-0-58 Welding Syrbols 

AWS A 3.041 welding Terms and Definitions 

3. R€QUIREHEN!PS 

3.1 Welding Process. Welding shall be done by any of the arc welding 
processes, using manual, semiaotomatic, or automatic techniques. 
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Weld Preparation. 
foreign Batter shal l  be rmved  fraa su r faces  to be welded, 
and weld preparation map be done by ilux-oxygen cu t t i ng ,  provided 
cracking does n o t  occur i n  the metal and provided a t  least 3.2 P 
(0.125 inch) of  netal is reraved from a l l  c u t  edges by mechanical 
mans,  grinding, etc. 

Weld Defects. 
Table 1 s h a l l  be considered defects and are unacceptable, except as 
spec i f ied  below. 

R e p a i r  of defects. Repair of d e f e c t s  is pernissible i f  t h e  required 
weldrtent, the  r epa i r  weld itself, and the  adjacent parent  e t a 1  meet 

be reinspected i n  the  same nanner as the o r i g i n a l  weldrent. 

Loose scale, slag, r u s t ,  grease,  o i l ,  and o the r  
Beveling 

Imperfections t h a t  exceed t h e  linits specified i n  

e n t s  of the o r i g i n a l  weldrent. A repaired uelcficent s h a l l  

QUALITY ASSURANCE PROVISIOEJS 

General . 
Responsibil i ty for Inspection. 
s h a l l  be responsible for the  perfornance of a l l  tests and 
inspections specified herein, 

Isspeclion Records. 
irtspecticsns performed per 1.2. 
spscified i n  the cont raz t  or purchase order. 

Inspection Sequence, 
t h e  weld preparation and cleaning requirements of Section 3 have 
been ret. 

The Sup22ier perforring the welding 

The suppl ie r  sha l l  maintain records of a l l  
Copies s h a l l  be d i s t r i b u t e d  as 

Weldrents nay be inspected a t  any tiue after 

Rejected Units. 
t h i s  spec i f i ca t ion  shal l  be rejected. 
3 . 4 ,  is permissible. 

Parts t h a t  f a i l  to m e e t  any of the  r equ i r e ren t s  of 
Sore rework, as defined i n  

4.2 Product Inspection and Test ing.  Parts s h a l l  be v i sua l ly  inspected 
100% for t h e  imperfections defined i n  Table 1. 
required. 

No r a g n i f i c a t i o n  is 

5.  PREPARATIW FOR DELIVERY 

Mot appl ieabl e. 

6.  aoTEs 

Rot applicable. 



Ss-T67027 
Page 3 

ISSU~ A 

TABLE 1 - LIHIlS OF IHPERFEClIOLIS f10 ACCEPTABLE WELDS 

IKPERFEtlIOS LIMIT 

Incomplete f u s i o n  and 
inadequate j o i n t  
p e n e t r a t i o n  

The aggregate l e n g t h  of t h e  imperfections 
s h a l l  not exceed 1 1/2T i n  a weld l eng th  
of 62, and t h e  l eng th  of any ind iv idua l  
imperfection s h a l l  no t  exceed 1/2T. If 
t h e  ue3d l e n g t h  is less than  6T, t h e  ag- 
g r e g a t e  l e n g t h  of t h e  imperfec t ions  s h a l l  
no t  exceed 1/4 t h e  weld l eng th ,  and t h e  
l e n g t h  of any ind iv idua l  imperfect ion 
s h a l l  not exceed 1/12 t h e  weld length .  
(See mte 1) 

P o r o s i t y  ( I n t e r n a l )  W t  applicable i 

Inc lus ions  ( I n t e r n a l )  I K o t  applicable 

v e l d s  on e i t h e r  s ide 
3.2 mm to 12.7 111 251  o f  weld size 
12-7 mm and larger 

Size o f  f i l l e t  w e l d s  

MOTE : 

1. (T) is t h e  s p e c i f i e d  weld size. 
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APPENOIX 9B 

PAT-2 Certification of Compliance 
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10.1 GEM3F.L 

This chapter addresses those paragraphs In  U E A  Safety Series 6 (S.S. 6)* 
desigrated by the IMA safety staff* in Yienna as being appropriate t o  gain Corpg- 
tent Authority B(U) designation o f  the PAT-2 package, S.S. 6 paragraphs amcerning 
transport index, category labeling, fissile class, and integrity of  contai- end 
shielding hare also been addressed. 

*- - 
The P A T 2  (Plutonium A i r  Transportable M e ;  2) design meets-the IAEA Fis- 

site Class I B(b) requirements for t h e  safe transport of up t o  15 grams of ?u-239 i n  
solid form, as e l 1  as up t o  15 grams o f  other  fissile isotopes of plutoniu andlor 
uran iu  i n  solid fom, not t o  exceed 2 watts of thermal activity. Any n u b e t -  of 
PAT-2 packages, with the defined payload 'Iiaitations, would be nuclearly safe i n  any 
number and i n  any artangersent under a l l  foreseeable circustances of tramport, 
However, since t h e  PAT-2 payload is l i m i t e d  to  15 grams of fissile material. the 
package is exempt from Fissile Class pr2scription.t 

f 

In  t h e  following sections, t h e  IAEA S.S. 6 paragraph nuber and requirerent 
i s  cited first, followed by a statenerrt on those aspects of the PAT-2 package a i c h  
address the requiresent. Cross references t o  sections and appendices elsewhere i n  
tA is  Safety Analysis Report which contain supporting infornation appear last. i n  
bracket s . 

* 
The eddition used i s  IAEA Safety Series No. 6, Regulations for  the Safe 

Transcort of Radioactive Materials, 1973 revised edition (as aended Moverbet 19791, 
Viema, %stria. 

1980; atteded by 3. A. Andersen, R. F. krker, B. C. Bematdo, H. Krivanek. 0. Pal, 
and H. @rite. 

tt 
P&T-2 meetings with t h e  IAEA safety s taff  i n  Vienna on 19 and 20 Wovaber 

'S.S. h. 6, paragraph 601(a). 
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i0.2.1 Paragra&s 201 and 202 

The PAT-2 package weighs approximately 72 pounds (33 kg) and i s  equi 
with a sturdy pair of padded handles, which ray be used f o r  hand-carry or for t j e -  

down. lhe slall size of PAT-2, I4 inches (35.6 cm) high by 15 inches (38.1 
d i m e r ) .  easily adapts t a  cargo containers a d  the use of  cargo nets. 
[l-2.1, 102.31 

10-2.2 Paraqraphs 2or( and 205 

The PAT-2 handles are test and stress analysis to 
Federal Aviation s package weight) tiedoam re- 
quiterents; they also + 2g” simultaneous 1 
rpquiwments. C2.4.33 

10.2.3 Paragraph &6 

as to avoid. as far as 

The PAT-2 package exterior i s  h and watertight, with 

cesses or  emcave surfaces. The package has passed a severe 30-ninvte fi 
water spray test (> 124 g 

10.2.4 Paragraph 207 
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V 2 S s S e l  The IB-2 is fabricated frcm corrosion-rrsistMt A 4 8 6  

irocc-base superalloy, w i t h  a polished finish explicitly t o  aid in  decontrinatim- 
The C-1 capsule i s  fzbricated from very m s i o r t - r c r i s t a n t  Nitronic 60 stainless 
steel, with a highly pol ished finish explicitly t o  aid i n  decontaainatioa. 
[a: design drawings 167002, T6M03, T67008. T67037.J 

the C-1 capsule. 

The PAT2 package has been extensively and s9uem!ly tested for  conditions 
of  ilpact. puncture. and slashing/tearing. The only devices likely to be added for  
transport are security seals and tiedon hardware; the safety o f  the package w i l l  
not be reduced- [2.7.3, 2.82, 2.8.4, 2.8.53 

10.2. 6 Paragraph 210 

Ttie PAT-2 package i s  14 inches (35.6 cn) high by 15 inches (38.1 Q) in  
d ianeter. [l. 2-13 

10.2. 'I Paragraph 211 

The PAT4 package cover has a pair of security seal straps, riveted and 
welded in place, which align with securing points of t h e  handles on t h e  body. a lso 
riveted and welderi in  piace. fA€A-apprcved seals my  be secured to both sides of 
t h e  package by Ream of these features. Seals may also be taped t o  t h e  side of the 
packagi to !5ecurRB from incidental motion. The rigid protruding handles will 
help prevent t h e  seal frola being crushed or torn off. C1.2.31 

10-2.8 Paragraph 212 

Other than t he  necessary handles per para. 202, the package exterior is 

c1-2.1J free of protrusions except for bolt and rivet heads and plastic vent plergs. 
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10.29 Paragnph 233 

The PAT2 package has been tested for mmal conditiom of tr- a 
215°F (1029) and -IOT (4%) a d  Ails been subjected t o  a #wet test a t  -5OT 
(-46°C) ad 220°F (104%). a11 successfully. The ccwrtaiinent vesse l  raterials 
(A-286 and Mitronic 68) exhibit no brittle-ductfle transition teqeratures over a 

temperature spectrm men broader w n  the required terperatures. Li.5;  2.62, 
2.6-3, aaii. 33. 1.4. 3.51 

10.2.10 Paragraph 214 

A l l  PAT-2 fusion joints ate cantrolled by special specifications: SS T67016 
for t i t a n i u  rrelding and SS T67027 for corrosfion-resistant steel welding0 fSI#j 

10.2.11 Paragraph 215 

The PAT-2 package has successfully passed a severe vibration test of two 
&hour periods. i n  lmgitudina! and tr~wverre orientations, The test spectru err 
canpassed shock and vibration frequencies and energy levels representative of  long 
service life i n  truck, rail, and a i r  transport. A l l  PAT-2 fasteners are highly 
torqued upon installation (by a s s d l y  requirements) or  are held i n  place 539 

perramnt defamation (e,g., r i v e t s )  or by copression pads (e.g., load spreader 
cover screws). 12.6.51 
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101 2-12 Paragraphs 216 and 218 

The C-1 capsule is closed uith 4!iO lbf-in. (51 Ma) toque and i s  qualified 
t o  -in sealed urckr an internal presswe o f  50 psia (0.34 HPa). The TB-2 con- 
taiarent wssel i s  closed with M bolts, each torqwd t o  18) lbf.in. (20.3 N r )  aRd 
w i l l  -in sealed uwkr an internal pressure of 3280 psia (22.6 Ma). lkse ves- 
sels have e v e r  ogened under extensive emirorrental testing. [4.2.31, 4.232, 
13. 1 4 ,  15.23 

10.2.13 Paragraph 239 

There are no significant chemical, galvanic. or radioisotopic reactions 
the PllT-2 package compowtts or bet- the package and package contents. 

12.4.1. 1 2 .  5 7 3  

lQ. 2. 14 Paragraph 220 

The generation of  gas by chemical reaction in the ca ta i r r en t  vessels, for 
all  perritted payload fons, has been extensively studied and tested, including con- 
diti- at 10805 (582oC) and > 2777 psia (19.14 ?!Pa); the  package aluays m i n e d  
safe. 14-52; "Is, IC,  4% E ]  

10.2.15 Paragraph 221 

The C-1 capsule and the TB-2 contaiment vessel yere repeatedly detemined 
to be heliu leakti- in  the condition of a hard vacuu (s 1 ~JI external presswe. - 1 ata intemal pressure). 12.6.4] 



101216 Paragraph 222 

The PAT4 package cantlimeat vasels have no v a l v a  or qmings. 

10-217 Par- 223 

* overpack o f  tkc PAT2 pacbge pruvides substantial radiation 
shielding and secweiy retains tbe TB-2 c o s t a i m  vessel in a very severe test 
sequence of high-speed impact at any package attitude onto an ue3ielding target, 
followed by crush, puncture, slashing attack, fire, md submersion. The AQ-2 i s  
closed by a mique d i n a t i o n  of -le mers, &&le sidewalls, multiple faskk- 
ers, and judicious location of irpact-absorbing materials and vents. Mditiarully, 
the l B 4  cartairuent vessel alone provides adequate post-accident shfeldfmg. f2.1, 
2-67, 27.2, 28, 28.2, 5.1, 5 5 ,  5 6 1  

10.2 18 Paragraph 224 

The PAT4 handles are qualified by test and stress analysis t o  lcet U S o  
FAA !lg tiedomt requireaems. C2.4.33 

10.2-19 Paragraph 225 
. .  

The effect of the tests in paras. 709 through 714 011 the PAT2 package ue 
negligible. There i s  m loss or dispersal o f  the radioactive contents (both con- 
t a i m t  vessels m a i n  leaktight), and there i s  m change i n  radiation shieldInpo 
C2.6.1 through 2.6.103 
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The PAT2 package meets th is  condition as B r i z e d  below: 

Quantity of  Ir-192 required t o  produce 
10 W h ,  1 retre fnr the surface, 
nom1 operating conditions 

Side 0.068 C i  
Top 4063Ci  

Post-axident dose rate 1 metre fnr the 
surface if the package contains 
0.063 C i  o f  Ir-192, rorst 'location 

weutmm source (fission spectru) required t o  
produce 10 rea/h neutron dose rate 1 e r e  
f r ~ r  surface, noma1 operating conditions 6.2 x lo6 n/s 

Post-accidem dose rate 1 letre fm the surface 
if the package source i s  6.2 x 10' n/s 

15 m * h  

17 rerJh 

This hypothetical case w i l l  not determine the transport index fo r  the 
PAT-2. (The transport index i s  defined in IA€A S.S. 6 as the dose rate i n  

h measured at a distance of 1 metre fran a package. The UIS- Code of 
Federal Regulations specifies a distance o f  3 feet-) 

The PAT-2 package also meets t b s e  post-accident-adel ing-test shielding 
nequiraenU w i t h  15 graufs of f i s s i l e  plutonim, uraniu, or mixtures thereof; with 
3 grars of M 2  andhr W2 potder [not to exceed the 1Z-gra f i ss i l e  conte?rt liri- 
sation); w i t h  120 grms of sintered fuel pellets (again, not t o  exceed the 15-grar 
-.issile cuftem ?imitation); and w i t h  various lesser radioisotopic contents. LS-1, 
3.2, !L3, 5 4  55, 5 6 ;  5R] 



10.2. i12 

Contents for PAT-2 package are l i  i ted  to 2 w a t t s  thermal activity. 
essentially infinite (steady-state response) reception of 295 Btu/h.ft' (930 
insolation per day, with a constant 
per day, alld with a 2- 
physical integrity, inc ; suffers I)O degradati 
differential thermal expansion; m degradetion of shielding material; and 

rated corrosion. I n  the sh twature of 100°F (38°C) 

peratwe of 130°F (54°C) for 24 burs 
payload heat source, t h e  PAT-2 package mintains full 

ckage exterior *rill be appmxiinately 105°F (40.7"C),  a 
w t  vessel will be a ~ ~ ~ o x i ~ a ~ ~ l y  139°F (59.5"C). C3.1, 3.3. 

3.3.3, 3.3.6, 3.3.7) 



10.2.23 Paragraph 232 

The redwood znd cfraric felt insulation and ataplewood thermal barrier mate- 
rial utilized in  the AQ-2 overpack af the  PAT-2 package rerain effective then the 
them1 test of para. 720 i s  conducted following the seqwntial applicatioa,to a 
single package, of the  nom1 tests o f  paras. 709 througgh 714 as well as t h e  free 
drop (para. n6), penetratim (para. 7l7), iLRd "mechanical" (30-foot (%metre) drop 
and 3-fwt f0.8-aetre) p u n c t u r a  dmp) tests for  the accident conditions o f  
transport. In addition, the therm1 barrier m i i s  effective when severe pmcture 
and slash tests are added t o  the test series and d m  a u h  lore severe theraal 
test i s  corPducted. C2.1, 2.6, 2.7, 2.8, 3.1, 3.4, 3.53 

10.3 SPECIFIC MOITIOWK REQulRElrHTS FOR TYPE B(U) PACKMXS 

10.3.1 Paragraph 233 

U i t h  regard t o  requirerrent (a), two prototypes o f  the PAT-2 package mere 
subjected to the tests of para. 7 0 9  water spray (control1ed by para. 710 and spe- 
cified in para- nl), free drop (para. 7l2), capression [para. 713), and per,etra- 
t ion  (para. 711)- In addition, these packager were! subjected t o  215OF [ l O l O e )  heat, 
-10s (-40%) cold, pressure (150% raximur mn~d operating pressure and -1 a- 

pPssrae), artc: vibration tests. Following these tests, which ycre a l l  per- 
0- in  2eqUexe on each  package, the VB-2 contaiment vessel was leaktight (no 

&&ctable leak, 4 < lod0 u3/s heliu).  The contaiment vessel contained a radio- 
isatoPic surrogate. U ( S O r ) 2 e 2 H + L  designed to  create a worst-case internal pressure - 80 uraniua saterial was released, as deternined by uranim fluori- 

ion sensitivity o f  loq8 gram). Therefore, t h e  PAT-2 package restricts 



the loss of radioactive material to  less than ~2 x IO& per 
conditions of transport; in  fact, there i s  no release. LZ.6, 4.31 

l r r d ~ r  tke~e ~onrlf 

Wth regard t o  requireme!& (b), two prototypes of the PAT4 paelugc YWC 

subjected t o  the sequential tests of para. 718, which are t h e  t w o  drops of pdn. 

719, the tktwal (fire) test o f  para. 720, and tk i rprc ion  test of pitrit. m. 
Both packages passed all the tests of FC- , z ‘ 3  as stated above. Tk W-2 -itin 
memt vessels o f  both packages *re l*zr-tigh- ;na detectable leak, 4 c lo-’’ an3h 
h e l i u ) ,  and no surrogate urn --m cet.;*ai_~ ere released (deta%ion sensitivity of 
10 grar). Therefone, t h e  PAT-2 packaTn restricts the loss of radioactive material 
to  less than  A2 x i n  a period of 1 t e e k  under these accillent conditions of  
transport; i n  fact, there i s  no release. f2.7. 4.41 

-8 

10.3.2 Paragraphs 234, 235, and 236 

The TB-2 cuntainent vessel of the PAT-2 package has no f i l ters ,  no r e c b  
nical cooling system, no vents, and no pressure relief system. I t  is a completely 
sealed containment, able t o  contain any possible internally generated pressure. 

10.3.3 Paragraph 237 

nom1 operating pressure (mop) of the 18-2 contairrent vessel 
This condition 2 

wi th in  t h e  PAT-2 package is 30.55 psia (210-6 kPa; 2-15 kg/a  ). 
occurs at  a tenperatcre o f  203°F (95%); this temperature is caused by the c 
t ion of solar heat load (insolation) and a 2-watt interm1 heat load (f 
contents). As part of t h e  ‘No 
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W e d  t o  2507 (121%). causing a presswe of 49.5 psia (341.3 kPa; 3.43 kg/m2). 
wbick is 162% of . The umtainaent vessel was leaktight at  t h i s  condition (4 
10-l' o3/s kcliw). The laxi- czlculatd c o l r t a i m  vessel stress a t  t h i s  con- 
dition (cd in img radial, axial. and zimrfererrtial stresses at 49.5 psia, by von 
Uises failure theory) i s  appnzxiutely 338 psi (2.33 *a). The yield strength of 
the A-286 is 1OO.OOO psi (689 ma). and tke ultimate strength is L46,oOo psi (1.007 
*a), Therefore, a t  ywp! than one and a half times the r u r i u  m m l  absolute op. 
erd ing  pressure, tk stress i s  approximately 0.34% of t h e  r i n i r r r  yield strength 
(factor of safety - m) and is approximately 0.23% of the  ultimate s t rength  (factor 
ctf safety - 435)- Yith such negligible stresses snd such large factors of safety, 
a d  i n  view of the  l6-2 qrritlification a t  WCAP conditions of 3,280 psia (22.6 ma). 
it follows t?mt the TB-2 contairnent vessel would be eery adequate if there uere no 
atrospken'c pressure at t h i s  condition (e-g.. differential pressure of 49.5 psi + 
14.7 psi. or 64.2 p i a ) .  14.3.1. 4.4.1. 4.5.2. 3.3-2. 3.4.4, 3.5.4. 2.6.4. 2.3.1. 
2-32, and Z&f 

10-3.4 Parqyaph 238 

PAT-2 packages were subjected t o  the them1 test @f para. 720 within a 
large bum test fac i l i ty  utilizing JP-4 aviation jet fuel, with a package-level tem- 
perature of > 14759 (802%) for over 30 m'nutes and wi th  a measured flae eais- 
sivity coefficient of > -90 (approached 1.0). The bounding assessment o f  lwrinr 

TB-2 contairrent vessel termperature m s  2509 (121°C). This would produce a llaxiu 

internal pressure of approximately 49.5 psia (3.48 kg/m'), giving t h e  s a e  ext- 
l y  IOU stresses (0.34f of yield, 0.232 of ultimate) cited i n  Section 10.3-3 above. 
t3.4.2, 3.4.3. 3.4.4, 3113 

10.3.5 Paragraph 239 

noma1 operating pressure of t h e  18-2 containnent vessel i n  the 
PAT-2 package is 30-55 psia (210.6 kPa; 2.15 kg/cm2 absolute). 14.3-11 
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10.3.6 Paragraph 240 

The PAT-2 package, rhen loaded with the m a x i u  permissible Z-watt payload, 
i n  an abient teqetature of 100°F (38OC) and i n  the shade, w i l l  have a BW#%MG skin 
(exterior) temperature o f  105°F (40.7%). D.1, 3-3-31 

The PAT-2 package i s  approved f o r  sol id f o m  contents only, 

10.4 CowTRoLs FOR mAIlswRT UI) ST(1R1165 IW TRAMSIT 

10.4.1 Paragraph 137 

With thc worst-case source rodel (47 grars o f  .wlti-recycled plutoniu, 
much wre radioactive than the 15 graas perritted as actual contents), the radia5on 
i s  0.24 mremlhr at 0.91 setre (3 feet) fnr the package. Therefore, the actual 
transport index for the PAT-2 package i s  0.24 o r  1-r, as given i n  Table 10.4.1-1, 
C5.l (Table 5.1-1)l 

Since PAT-2 i s  Fissi le Class ex-, the requireaents of  137(b) above ape 
not applicable. 
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Table 10.4.1-1 

Calculated Dose Rates External t o  
the PAT-2 Containing Uorst-Case Source* 

Nom1 Operation 
Dose rate on t h e  surface 
h e  rate  3 feet (0.91 retre) 
fran the surface 

Postaccident Case 
Wse rate 3 feet  (0.91 metre) 
from t h e  surface 

7.8 ms/h 

0.24 m f h  

0.40 rren/h 

Worst-case source lnodel is 47 gram plutoniun, which would produce 2 watts 
o f  t h e m 1  activity. 

10.4.2 Paragraph 501 

501. 
itemexcept such pticksand daamentsasarc necesnry for the use of the 
r;ldioactnr material. Suchitemmay be h&ded,provided that &isno 
interaction between them and the packaging or content5 that would reduce the 
safety of the package. 

A padraec containing radiortire matexid shall not confain ~ l y  otha 

A docmnt package up t o  about 1/8-inch (3-ma) t h i c k  may be placed on top 
of t h e  outer r e d d  plug, under t h e  i n n e r  top cover of the AQ-2 overpack of t h e  
PAT-2 package wi th  no reduction i n  safety. 

10.43 Paragraph 504 

504. pockxges Ap;ldugeshallbemCategcxyI-WHZTE~thendhtioll 
kvcloriginatingfrom the package at any timeduringnormaltramprtdocswt 
exceed 0.5 mrem/h at any point on the externat surface of the package, and the 

docs not belong to FissiFe CIasrM orchn XU, and whenit knot behg 
a n s p o r t t d u n d e r ~ p r a n g e m e n t  

The PAT-E package i s  Fissile Class exenpt (see paras. 604 through 610). 
With the worst-case source (conservatively d e l e d  as a 2-watt, 47-grzr source of 
highly radioactive, multi-reprocessed plutonium, uhere only 15 grams is pemitted as 
actual cantents) the  highest dose rate on the surface i s  calculated t o  be 7.8 
nre~ih. k i t h  actual safeguards sample loadings, radioactivity measurements would 
often support use of the Category I-WHITE label on a shipment. 
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10.4.4 Paragraph 506 

The PAT-2 prrr;age i s  F i s s i l e  Class exempt and will not have a radiation 
levo1 mer 7.3 m-edt:. i n  -awl trampwt, a t  my point cn the external surface- 
The t ransport  Y-E' dit-- S Y S  extrmie-mrst case rodel is 0.24 (0.24 
metre (3 feet) fm- "e? surface). Therefore, Category II-YELLOW would be t he  high- 
est level  labei  needed UP B P A T 9  sh i  0 

10-4.5 Paragraph 516 

The PAT-2 package is stenci led i n  a otected location w i t h  the "Type I%( 
legend, using e 
a l l  the  tests of para. 789 (including paras. 72 , 711, 712, 713, and 7i4)  and 
718 (including paras. 719; 720, the fire test; and 721, t h e  sutxnersion t e s t ) .  

paint w i t h  a c l e a r  cover coat. This  marking was l eg ib le  after 

10-4.6 Paragraph 517 

to a Type R W )  OT Type HM) package 
~0ept;lCle wkich is resistant to 

the effect§ of fm a d  Wtcr by embossing stamping m other 
means rrsidvrt tc the effects of fne a d  water vitb the trefoil symbol shown 
in Fyl. 

The trefoil ter, is laser-beam embossed onto the 

s t a in l e s s  steel cover o f  tk PAT-2 package. 



10.5 FISSILE mminu 

10.5.1 Drrfinition o f  Fissile Cmtents for tikc PAT-2 PlCltm 

lk C Q R ~ S  o f  tk PAT-2 w k *  1.irited by tlr f a l l o r f ~ g  mi- 
merits: 

1. Haterial type: Plutonirr, amliar maim i n  various isotopic -si- 
ti-, sahject to  the following lkjtations: 

2. !Werial form: The plutoniu &/or araniu  must be i n  solid fbm; 
tire solid fonr may be an oxide power. a sintered pellet of oxides. a 
=tal. M' hydrated salts o f  plutoniu or v a n i m  (derived fror dried 
1 iquids); 

3. Haterial quantity: 

E) The m a x i m  mass of t h e  f i s s i l e  iwtopes U-235, Pu-239, and Pu-241 
is liaited t o  15 graas total;  

b) T h e  to;d mass o f  pluttmitr oxide QT v a n i u  oxide material in  
pbwdw :wm i s  l inited t o  40 g r a s  (the 15-gra fissile limitation 
i s  mt to be exceeded); 

c )  fhe total mass of oxide material i n  sintered f i ) ~  i s  limited to 
120 grams; the total mass o f  metal naterial i s  l iai ted t o  120 
grams; i n  each case. the  1Egrm fissile limitation i s  not t o  be 
exceeded; 

d) The total nass of plutoniun sulfate tetrahydrate CPU(SO~)~-W~O~ 
is limited t o  3 grm; 

e) The total mass of plutoniu nitrate dihydrate [ P U ( ~ ) ~ ) ~ - ~ I ~ ~ O ]  i s  
limited t o  3 grams; 

f] The total sass of Pu-238 i s  l iai ted to  3.57 gram ( t h i s  will be a 
Z - u a t t  heat souxe -- see para. 5 below); the Pu-238 nay be i n  
carbination with the isotopes listed i n  (a) above. wi th  t h e  total 
fissile mass limited t o  15 grams; 

4. Woistu+e content: For contents o f  powders or salts. a maxi- of 0.5 
gram of moisture content (water) i n  addition to  the waters of hydra- 
tion in  the salts. i s  pemissible; 

5. Xnternal decay heat: The isotopic canposition of al l  contents ust  k 
such that a themal activity of 2 watts is never exceeded while con- 
tents are i n  the PAT-2 package; t h i s  may be calculated as follows: 



6. 

7. 

8. 

Pu x g 241Pu +- wat ts  240 watts 241 
3 

b x g 241h +- uatts 242 matts 241 
9 

+- watts (fission p*ochrts oc at& transuranic isotopes) 
9 

x g (fissim products or 0 t h ~  transuranic isotopes) < 2 watts. 

Rote: Due to tk increase of &my power with time, the nartiarr decay 
m r  i s  calculated for tke isotopic composition which w i l l  ex- 
i s t  a t  tk longcst *age tie, or the peak pown period. 

Volati le packaging naterial permitted within the C-1 capsule i s  l imi- 
ted t o  9 grams ruilrr polyvinylchloci& (PVC) plastic, i n  the forr o f  
seals and bags, and 0.3 grrs laxiam of polytetrafluomethyleat 
(PTFE); e.g., Teflon" tape for sealing the C-1 capsule threads; 

Monvolatile packaging material V i t t e d  within the C-1 capsule i s  
l i r i ted  t o  18 grms n a x i u  o f  quartz {Sit$,) or glass, and 50 grrs o f  
brass or 16 gras o f  a l u i n u .  

The wily materials or i tess permitted within the TB-2 cdainnent ves- 
sel are 

II C-1 capsule loaded i n  accordance ui th  the limitations i n  garas. 
1 through 7 above, 
A laxiru o f  2 grars o f  a l u i n u  kil to  shim the fit between the 
spherical ends o f  the C-1 capsule and the interior spherical por- 
t ion o f  the TB-2 a n t a i m s t  vessel, and 
The copper seal (part rider T578M) for the TB-2 containwnt 
vessel. C1.2.4; SA (Ttble 5A4)J 

10-5.2 Provis.ms Specific to  F iss i le  Class 1 Packages 

Para. 601(a) exaspts f iss i le  quantities d e r  more than 25 o p ~ s . *  How- 
ever, it i s  useful t o  demonstrate t h e  f i ss i l e  class o f  the PAT-E design. %tiom 

10.5.2.1 through 10.5.2.6 give the I M A  S.S. 6 cr i ter ia  for f i ss i l e  Class I packages 
and, also, show how those cr i ter ia  are met by the PAT-2 des$*. 

t 
Hence, the P A T 4  package may be labelled "Type B(U)", not 'Typc B(U)F", 
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Uith regild to requiremrt 605(a), the lB-2 contraimnmt vessel does aot 
leak, IS pnnred by the high-pressure h#rostatic test (see Section 10-6e11). 

Y i t A  regard t o  reqhlire#nt 605(b), the getmetry of the PAT-2 package i s  
Aat altered by the test of paras, 709 tLrough 714 i n  any lilnnet that msults  i n  any 
increase in  reactivity, C6.13 

10.5.2.2 Pawwaph-s 606 and 607 

b l e a r  criticality calculations for the d a a g d  PAT-2 package assuaJrl 
udl more cxtcmivc dimage than these reguirmmts assued. 

Uith regilni to requirement 607(b), althoug? water leakage into the lB-2 
containcnt vessel of the PAT-2 package, under the postulated accident envimments. 
i s  precluded by the package and vessel desiom, calculations s h  that should the 
vessel (uith worst-case contents) becat! flwded with water and be externally water 
rcfiectcd. the system rerains critically safe. Tr6.11 
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10.5.2.3 Paragraph 60$ 

The features of the irernent 607(b) also satisfy 
PAT-2 ins highly subcritical under these 

lated conditions. 

Yith regam to ), there i s  extensive evidence that the 
-2 contaimemt vessel daes not release nuclear material under 

re severe test co ired here. r2, 41 

in any arrangmmt 
a n  the condition in 

Table 10.5.2.4-1 gives results o f  relevant c r i t i c a l i t y  calculations for 
the PAT-2 package. 16.1 (Table 6.1-1)J 

10.5.2.5 Paraqraph 610 



Table 10.5.2.4-1 

Results of Criticali ty Calculations for 4bui- PAT-2 Packages 
(mind pavload rJ f  15 gnms Pu-239) 

Nom1 Eonditiwrs Rem1 tr 

I(uber of undanaged packages 
calculated t o  be subcritical 1 

keff of infinite away o f  undaragea 
packages 0.053 (2 O.Oo02) 

Package sire Right-circular cy1 inder: 
d i a e t e r  -- 15 in. (38.1 a) 
height -- 14 in,  (35.6 a) 

t 
Result is independent of water oderation betneen packages. 

An infinite array (not j u s t  the required 250 packages), with assued dam- 
age ttwh worse than that required here, is highly subcritical under a l l  of the 
abwe-specified ass ions and conditions. The cr i t ica l i ty  calculations are given 
i n  Table 10.5.2.5-1. f6, (Table 6.1-l)] 

Table 10.5.2.5-1 

Results of Crit icali ty Calculations for  Oamged PAT4 ?ackages 

Accident Condi t i ons Results 

k of infinite array o f  packages 0.055 2 0,001 
effdaaged by impact, uood not 

conswd by f i re ,  no water present 

rray of packages 

replaced n ‘ th  a i r  

0.33 2 0.01 

of  a single TB-2 w i t h  water Mdera- 0,098 2 0.0002 
‘&‘tion of contents a d  f u l l  water 

reflection on all  sides 

Package damage AQ-2 overpack crushed 
down t o  titanium load- 
spreader; 33-2 touching 
1 odd- spreader. 
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10.6 TESTS FOR PACKAGICIG 

10.6.1 Paraqraph 708 

The target for these drop tests was a thick layer of steel plate %inate- 
ly connected t o  a massive reinforced concrete foundation. C2F3 

10.6.2 Paragraph 709 

The water-resistant PAT-2 package uas f i r s t  subjected t o  hot, cold, pres- 
sure, and vibrat ion tests, then water-sprayed f o r  30 minutes with a fog-nozzle- 
equipped 3-inch f i r e  hose delivering a mini of 124 gal/min (0.469 m /@in), and 
then the free drop test, the caspression test, and the penetration tests wen done 
i n  sequence, witnout repeating the water test  as stated i n  para. 700. Repetition o f  
the water test  (pr ior  t o  the dmp test  and w a i n  pr ior  t o  the penetration test) 

would have been o f  nn consequence. E2.63 

3 

10.6.3 Paragraph 510 

About 2 hours (10 CFR 71 Appendix A permits fran 1-1/2 t o  2-1/2 hours) 

a f te r  the above-described water spray test, the succeeding tests were c 
C2.6.6) 
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10.6.4 Para§rapiI 711 

The rater spray test, already described i n  10.52 h e ,  was generally i n  
accordance with para. 711 except that it lasted 30 minutes per 10 CFR 71 Appendix A, 
mt 60 rirrrttes. The difference is o f  no consequence t o  the PAT-2 package, due t o  
tk e-walled stainless exterior construction and fiberglass-and-ex--coated 
wad intentals for the overpack. C2.6.6J 

10.6.4, Paragraph 712 

REe PAT-2 package meets t h e  intent of the above requimmt;  i n  develop- 
, packages were dropped 30 feet (9 netres) onto an unyielding target i n  t o p e d ,  

top-cwner, side, bottom-corner, and bottacend attitudes wi th  no consegwntial e 
sults, as well as uch-higher-velocity impacts i n  all these attitudes, with excel- 
lmt survival of the T5-2 containnent vessel. C2.6.7, 2.7.2, 2.8.23 
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10.6.6 Paragraph 713 

This test  was done with a 313-kg concrete -5s (5 x 32 kg, the PAT-2 mass, 
M e  that the requirement o f  723(6), 

1 = 148.2 kg], results i n  a lesser load. There was no apparent 

is 160 kg) far a period of over 24 burs. 
l1300 kg/k)) (0.114 
or observed effgct on the PAT-2 package fro th is  test. C2.6.91 

10.6.7 Paragraph 714 

m-xd from ils lower end to fhe upper 

This test resulted i n  a slight d i  l e ,  about; 1/8 inch (3 m) deep, i n  t 
outer stainless-steel skin o f  the k of the PAT-2 package. C2.6.81 

10.6.8 Paragraph 71% 

Tests for drmolrstniim a W e  to r i t  ~-ridcnr conditions in transport 
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10.6.9 Parrgrapk 719 

Uitk .regard t o  requirement 719(a), the PAT-2, i n  developent. was dropped 
30 feet (9 aetres) five times onto the unyielding tawget of para. 708, i n  the fol- 
1m-m attitudes: top, top corner. side, bottom comer, and batta,  with m results 
of  cmsqimm, t2-7-23 

The PAT-2 was dropped 3 feet (0.9 metre) onto the blunt probe specified i n  
7f9(b). onto both an end and the cylindrical side. with almost imperceptible (and 
incomequential) results.  12-7-33 

10.6.10 Paragraph 720 

Two ?AT-2 packages (Serial Nos. X13 and X15) were subjected t o  a very 

The fire had a ileasured large JP-4 j e t  fuel fire test f o r  o r e  than 30 minutes, 
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emissivity of > 0.9 a t  a dwwe the package level a d  had a mmsvcd 
or above 800% iit the package level. TI, blackened stainless steel package -14 
have n absorptivity of > 0.8, Follawing the km tests, the paduges ywc pep- 
aitted t o  cool naturally (until cool t o  tht kruft had), for about 24 kbws. 

Upon disassably, the TB-2 coatainerrt vessels wwe M s t i l l  #stcd ir 
unburned waxi ( a l l  o f  the napteuood imide the t i t i ln iu load spreader was 
and much of the rcd#od outside tk lold spndcr uits mburmd); tlr umtafncr#s 
cllwe undrrjged and leaktight ('9 l0-l' m3/s helilr). [2.7.4, 3.4.2, 3.4.3, 3.4.4, 
3.4.5, 3.4.63 

Xi.6.11 Paragraph 721 

A separate lB-2 enntaiavnt vessel ms hydrostatically tested er r#c 

than 8 hours a t  a pressure of 5ooo psia (34.47 *a; 351.5 kg!cm2 gauge) with no 
ingress o f  rater. C2.7.5, 2.8.91 

10-6.12 Paragraph 724 

The PAT-2 packages dropped and bwncd per SectSons 30.5.9 and 10.5-10 
a b e  were suhetged for nore thm 24 howr unkr a 3-fimt (0.9-wtre) bad, with AO 

ingress o f  water in to  tk contaimnt, 

10.6.13 Paragraph 725 

For antairrent, kliu leak detection (as determined by a mass spcctro- 

meter with a sensitivity of cm3/s) was u t i l i zed  to prove leaktightness. Also, 

a u ran iu  surrogate was espioqad i n  every test aseeastiiy; a i iraniu flmr%seter 1Etb 
a detection capability of  lo4 grm was ut i l ized t o  detect release. Both methods 

shoved 110 leak of  tk contaimnt and m release o f  the surrogate. 
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For shielding, the calculational d e l  discarded the stainless-steel over- 
pack on its crushed face and also discarded the hydrogenous materials (unburned red- 
d and unburned staplerrood) inside the overpack, both for conservatism. I n  the 
tests required by S.S. 6, the overpack's stainless steel drum remained intact, and 
amst o f  the internal wood renained unburned. C2.7.6, 4.4.2, 5.1, 5.2, 5.41 
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