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ABSTRACT 

Two shielded conta iners ^ e r e dropped from 
2000 feet onto hard priiirje^ Neither Of the 
conta iners would have re leased their con­
tents* under ihis impact environment. 
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Summary 

Two lead-shie lded conta iners w t r c dropped t r a m 2000 feet ontu hard p ra i r i e a s a visible 

and easily understood demonstrat ion of the ability of such containers to retain integrity under 

ext remely adve r se environments . The QD-1 cask , which weighs 16,300 !b '7410 kg), was used 

t^ ship and s to r e spent fuel e lements from an Oak Ridge r e s e a r c h r eac to r . The y of E H3 c <ir--

t a iner , which weighs 6,720 lb (3054 kg}, waa ueed in handling i r rad ia ted Test capsu les . JJoth arc-

considered obsolete s ince they were not designed to survive the cur ren t fire r equ i rements . 

The casks were dropped from a skycrane hel icopter at the Edgewood, New Mexico, test 

s i te . The 0 of E 53 , which i s a s imple cylinder, penetrated $ ft <2.44 ml into the hard p r a i r i e 

after impacting at 246 mp\\ UlQ mfsl* The OD- l ha s a U r g e rectangular plate a s a t ie -dovn 

s t ruc tu re which caused the impact velocity and penetration depth to be l e s s than for "he B of E B3. 

This cask penetrated s .2 ft (1.28 m) after impacting at 230 mph (103 miaL 

The B of E 83 incurred no measurab le deformation, but the OD-l experienced superficial 

deformation which would not have resul ted in release >' the cont n t s . The tie-down base plate 

was deformed and the s u p e r s t r u c t u r e crushed at -he point of impact . The lend shielding inside 

the outer sftell slumped 0. 8 in, (20 mm} with respec t to the outer shell a s a resul t of decelera t ion 

forces during impact . 

Introd iction 

Shielded containers for radioact ive ma te r i a l s such as speni fuel and other i r r ad ia ted 

m a t e r i a l s have been extensively evaluated to ver i : the capability to maintain their integrity under 

ex t reme accident environments . Since much of tr. analysis and testing utilized in such evaluations 

is not readi ly understood bv the "man on the s t rec ." the Division of Waste Manappmen: and 

Transpor ta t ion in ERDA requested that Sandia con net the a i r drop test to demonst ra te vividly the 

ruggedness and survivabil i ty of shielded container."- Accordinply. these tes ts were conducted TO 

subject the containers to an obviously more s e v e n environment than mifihi hv expected to b** en­

countered til "no rma l " se r ious t ranspor ta t ion accic-ems. 

Container Descriptions 

The two containers tested a re obsolete hcrnusc thev do not qualifv for t ransportat ion u^e undi*r 

the current Safety s tandards , The lead thickness is Adequate for shielding, hiv the I'omainerri « i T f 

no! designed to survive 'he current fire r e q u i r e m e n t and still retnin adequate shielding. The weMi'.L 

• 



-•r.r iH of E Jt [i > ia not adequate, baaed on cur rent a rifely s tandards , and the outer shell may In> 

• >:,iv marginally acceptable . t:ven though these casks art- not as rugged as those current ly l icensed, 

'.ht^ A'ITC it-adily a\ ai lablc at e s se , "lallv no co^i . 

The conta iners selected for this lest wen- res t r i c ted 10 l e s s than 20,000 pounds C'072 kii) 

:•-!'• r& ihe paylojtii capacity ol ihe military version of the OJ -54 Sfcvcr.me helicopit-r. 

The Prat t and Whitney I container falso known aa DOT Specification Number U of L: \i.\) i s a 

;:i;l;!-steel clad and lined pot-type container . II weighs B720 pounds 13054 kg) and v.as at one t ime 

.uthorized to t ranspor t i r rad ia ted rest capsules- The in ter ior cavity is J M n . 1102 mm I 111 by 

IT. ".-in. 14*15 mm) high cylinder and the exterr.al dimensions a re 24. 5 in. Ci22 mml OU ti\ 40 in. 

> J |6" mm) hie;h. The lead thickness i s about 10 in. (2SO mm) and tin? outer clad is 0 .4 in. HO mm1 

ihick. 

The OU-I Onjl (Oak Ridge Research Reactor) Spent }-\iei f a r r i e r <also known as UOT Special 

iVrnut No. 5660) was approved by the IJOT to hold and ship ORR-tvpe i r rad ia ted fuel e l t m e n l s . 

It was recently remover] from se rv ice , p r imar i ly because of difficulty in meeting the fire r e q u i r e ­

ments . It ia a s ta in less a lce l -c lad container weighing IS, 300 lb 17410 kg! with an Gl> of 31.5 in. 

'HOD mm) and a height of 4H in. < l , 2 m ) . The inner cavity, 12.2r>in. O i l mm I in diameter and 

27. j in. (6&E< mm) high, cnntalned u removable basket capable of accommodating seven fuel 

e l emen t s . The cylindrical container is welded to a 2- in . *5i mm) thick rec tangular t i t -down base 

plate which is 5.9 in. M.35 m) hy ffi m. tl,2mK The outer clad is &. 3-in. (7* & mm) thick and tin-

lead shielding va r i e s from l< to 11. 5 in. (22!< to 202 mml thick. 

iio'Ci casks were painted ui enhance the photography duruig the tent. Several holes were 

dri l led through ibe outer cladding ir.io the lead to facilitate observation of lead slump after die 

t es t . Sections of the outer clad w t r e c ross -ha tched wiih scrii ied lines having punch marks at the 

in te rsec t ions to provide a reference in die event that the cyliNders were twisted or skewed by the 

impact . Three passive shock r ecu rde r s wer mounted on tfie Ofj-1 to obtain an indication of [he 

U-levels experienced during impact. Alsti attached to boil: casks were IAO t r a n s m i t t e r s to be usi'ti 

in del ermJnjnp the imoac : velocity. 

The Test 

77H' 'irop tea: uas conducted &i the btntiia Rtlgeu-otiti, Sew Mexico, test ran^e on February 'JG, 

I ' '75. The soil in thia area is classified as hard p ra i r i e , which is a hard dry sandy silt soil with 

a ym[ill amount of c lay. A bar o r pick s necessa ry to die; below the 1 - 2 in- of loose surface d i r t . 

Two a i rcraf t , a CJT-&4 mil i tary Sk>crune hel icopter and a L'GA Heaver fixed-wing light plane. 

•A-ere used for the tes t . The flight LatTtrn fnr each a i rcraf t is shown in l-xigure 1 vi th the hel icopter 

v "J, 000 feei IG10 ml above ground level I AG 1.1 and the Ijeaver at 3, 000 feet (WI5 ml AGL. The 



Reaver , flying at 60 knots Uuc a i r ^Swml ^KTASi t&B nr^h\, lurrnztl rudiattv m t ram the c i r c u t a r 

p a t t c m at a pre d e s i g n ted limp in tbe coumdown such that it was directly over ifte impact si te J'J 

the t ime of impact* The hel icopter , flyinfi ai 20 KTy\5 (23 mphj, was out of the impact a r e a at ihe 

t ime pf impact so Ihe signals from the t r a n s m i t t e r s on the casks were received c lear ly by the 

r ece ive r s aboard the Reaver. The impact velocity is obtained by analyzing the frequency of the 

pet .odic reduction of RF signal strength ("nulls"), which i s caused by the effeci of the mult ipaths 

of t r ansmiss ion and iB detected by the t e lemet ry r e c e i v e r ' s automatic jjain control c i rcu i t ry . 

j****^ ^ N . fV< ' P E N 
X >v WW A f i L 

H t l l r o p t r r 
Pa t te rn 
2000' AGL c 

Figure 1* Helicopter and [leaver I-'llght Pa t te rns for the Drop V^at 

The |J of E 83 P shown ready for takeoff in Fjjjtirc 2 P was dropped firstj s ince it was con­

s idered to have tin? greates t chance of survival . The cylindrical axis xvag v e n c - i l lit the t ime of 

re lease* but the cask rotated approximately 100 dcyrccSi result ing in a s i ie -or . impact with the 

c losure end slightly lower than Ihe other end* The cask WJ?S completely buried in the c r a t e r shown 

in Figure 3t and it was decided to uncover it for external examination pr ior to dropping the OU-1* 

Using a backhoc, tin* c losure end of the cask was exposed, and it was concluded that no significant 

external deformation had occurred . 

The OD-1 was dropped under the s a m e conditions as the first cask- Slight {approximately 

30 dec rees ) rotation of the cask occurred during descent , but the tie-doivn b . s e u a s the first part 

of the c^sk to contact ihe earth* An upper c o r n e r of the cylindrical seen or ol the cask was visible 

after impact as ahown in Piuure 4. 

f j Tnrflct I^oli' 
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P r i o r to tes t ing a c t i v i t i e s , six ho les w e r e d r i l l e d th rough tho o^\t*r she l l i f i tu the 1 *.-i:*'i- n ' 

r e l a t i v e pos i t i on of f i ve of these holes In the lead *ad the holej* i n the she l l a r e Uflit-fJ in T n U * JJ-

The s i x t h hole *^as Inaccess ib le necause of s u p e r s t r u c t u r e c r u s h i n e . Hole- -\ car. he aeeri :n ' ^ 

upper le f t of F i g u r e 5- The l i f t i ng t r u n n i o n , shown i n f i g u r e 5, is uie refer encc point f'«* :h ' -

m j - ^ l a t Location Ql t h t tv j les v- i \h the D J ^ I C be ing t r e a s u r e d i n a clocfc^vse d i n - c t i o u <ir> t ^ ' w ; . 

V i i ' u \ The m i n i m u m d imens ion Us;cd fo r the lead holes i s a n i ' - a s u p ; nf the segultant ova. *J'J1* ; j t 

compared l o the o r i g i n a l nom ina l 0 . 2 5 - m . (6. 35 m m ) d i a m e t e r hoit-. 

T A l i L K I I 

Lead 51U<T»P 

l o c a t i o n on O u t e r She l l " 
Hole in l , t ad 

Ucle l o c a t i o n on O u t e r She l l " in . (Tirn) 
i below Sie l l Hole 

Win. U tmensu^ . -
lih-ntill cat ion i n . i m m ) f rom 

3.'i t 76) 

lop Angle IrtufJ T runn ion 
in . (Tirn) 

i below Sie l l Hole ^ n . t j r . i i i> 

A 

i n . i m m ) f rom 

3.'i t 76) 

lop Angle IrtufJ T runn ion 

3,7f. ( l i ) , 3 l o, 23i r>. :<4i 

M 21. t (538> 77° 0.tf2 (20. HI 

C a i . B m e * 121° Q . M 121. i* G . i : \ u . v > 

i> 2 , 8 1 70) 209° 0 ,53 (33 .6 ) 0,227 O . o l i 

i i Hi. 5 H70* 267° 0 . 7 5 Uf'.OP * v 

K 3 3 , 1 <B5l) 300° Not Examined 

Before the d r o p , (he hoi !e In the lend m a t c h e d the ho le in the o u t e r *bo ! l . 

The c roo f l -ha tchmp; on the she l l revea led no a iyn of ou te r she l l t w i s t i n p . 

Measu remen ts ind ica ted That the i nne r cav i t y exper ienced a reduc t ion in d i ame te r oi ahr«it 

I m m . The r e m o v a b l e basket cou ld not be removed w i thout d e s t r o y i n g i t hut v a s not v i s i b l y 

damaged l>v the i nne r c a v i t y d e f o r m a t i o n . 

T h r e e Celcaco Model A - 1 2 pasnive shock r e c o r d e r s w e r e attached to the cask p r i o r TO 

'ea i in t f so obta in an ind i ca t i on of : h t dece le ra t i on f o r c e s . These dev j res a r e r a t h e r crude ami a n -

onlv accu ra te ' 0 w i t h i n *1D0 percent c r *&ft percent o l the a " ' u a l env i r onmen t . T u o r t r o n h - r - ; 

fV 1 and V2) were pos i t ioned to measure acce le ra t i ons alone [ n e i v l i ' i d r i c a l ax is r.nd the o i h r r l ! i h 

was pe rpend icu la r to both th is ax is and the t runn ion cen te r l ine, as shown in f i g u r e A. T a M e J11 

shows the acce le ra t i on l eve l s m e a s u r e d . These l eve l s are de te rm ined hv the extent of dv ' f o rmano r 

o c c u r r i n g In [wo ('c f o r m able p las t i c f i l a m e n t s wh i ch a r e located between each end of a s p r i n g -

loaded s e i a m l r mass and a v iew ing v l n d a w . 

The po lyethy lene bot t le that was at tached to the t i e - d o w n post of the O H - ] r u p t u r e d -if tho 

bo t tom, due to hynYodynamic p r e s s u r e s . The o ther bo t t l e , wh ich was dropped f r o m the cockpi t ar 

ahoul the name : ime the O D - 1 was re leased- Is a l so shown in F i g u r e 7, Th i s bot t le landi-d on I:N 

s ide and exh ib i ted a s l ight f l a t t en ing effect but no loss of con ten ts . 
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