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AARSTRACT

Two shielded containers were dropped from
2000 feet onto hard prulrie. Noither of the
contalners would hava released Lheir con-
tenty under this impact envirenment.
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Summary

Two lead-shielded comainers were dropped from 2000 {cet onto hard praine as a visibte
and easily underatood demenstiration of the abillty of such containers to retain integrity under
extrernely adverse environments, The OD-1 cask, which weigho 16,300 ib (74190 kgh was used
1w ship and store apent {uel elements from an Gak Ridge research reactor. The @ al E 43 con-
taingr, which weighs 6, 720 1b {3054 kg}, wanm veed in handling irradiated te£51 capsules,. #oth are

considered obaolete gince they were not designed 10 survive the current (ire requirements.

The casks were dropped from a Skycrane helicopter at the Edpewoed, XNew Mexico, 1est
sittc. The B of E B3, which is a asimple cylinder, penctrated 8 (t (2,44 m) 1nto the hard prairie
after irapacting at 2358 mph (110 m/s). The ON-1 hae a lacge rectangular plare ag a tie-daown
structure which caused the impact velogity and penetration depth 1o be less than for *he D of E BI,

This cask penetrated 5.2 ft (1. 28 m) after impacting at 230 mph (103 mfalk

The B of E 23 incurred no measurable deformation, hut the OD-1 experienced auperficial
delormalion which would not have resulted in releast »f the cont "7Us, The tie-down bage pjate
was teformed and the puperatruciure crushed at -t point of impact. The lead shielding ingide

the outer shell slumped 0.8 in, {20 mm} with respect to the outer shell as a result of deceleration

orees during impact.

Intrad :ction

Shielded containers for radicactive malerials such as apent fuel and other irradiared
materials have becn extensively evaiuated to verl: the capability 1o mainwin their 1ntegry under
extreme accldent environmenis., Since much of tr  analysis and testing utilized in such evaluations
is not rendi{ly underateod by the "man an the strec | the Divislon of Waste Managemen: and
Transportation in ERDA requestied that Sandia con uct the air drop test to demonstrate vividly the
ruggedness and survivahility of shielded container-~. Accordingly. these tesits were conducted to
subject the contpiners to an obviously mere sever: enavironment than might be expected to be vn-

countered 1n "normal™ eerious transportation accicents,

Container I scriptions

The two contalner's teated are gbanlete herause thev o not qualily for transportation wse uteler
the current safety altandards, The lead thickness is adequate for shiclding, bur the contamers were

nol designed to survive the current flre reguiremer s and sl retain adequate shielding, The weliling



ane (ool E B3 ig not adyguate, badged on cureent anfely stauulaprds, and the outer shell may be
aniv o margmnally acceptable.  Even though these casks are not as rupped ag thoge currently lieensed,

‘hes were Leadily ayvailahle at esse. ally no cost

The containers gelectod for thiys Lest were restricter] 1o less than 20, 000 pounds (072 ko)

due ro e pavioad capacily of the military version of the 7131-53 Skyerane helicopier,

The Pratt and Whitney T container (also known ag XT Specification Number 3 of [Z B3)is a
mild-stecl elad and hined pot-type container. It welpghs B720 pounds 13054 k) and was a1l one Ume
suathorized to transport irradiated test capsules.  The interior cavity is a =i, (102 mm) 1D by
1%. a=1n. (343 mm high cylinder and the extorral dimensgions are 24. % in. (522 mm) OD by 30 0,
r85 mmt high.,  The tead thickoess is about 14 in. (2530 moit and the aater clod 15 0.4 i, (10 mmim b

vhici.

The OI-1 ORI (Cak Ridee Research Heactar) Spent Fuel Carrmer (Glso known as DOT Special
I'crmitt Noo 5660) was approved by the DOT te hold and slup ORR-tvpe irradiated fupl elements.
11 was recently removed lrom service, primarily because of Jiffyeulty in meeting the fire reguipe-
renls, It 13 a stainlesa ateel-clag container weiphing 16, 300 10 (7410 X with an Oy of 31. 3 in,
RO mm) and a height of 48 in. 11,2 m). The innepr cavity, 12,25 in, {311 mmlin diameter and
7.3 n. (690 mmb high, eantalned o removable basket capable of accommedating seven fuel
clementa. The cyvlindrical container is welded to a 2-in, {81 mm) thick rectangular Ui -~down base
ave whick is 5 in, (1.35 mYby 48 in, (1.2 mh The auter clad 15 0. F-1n. (7. F mm) ek and tiwe

lead ghiclding varies from & 10 J1.3 in. (220 10 202 mmi thack.

Iiots casks wore patnted to erhanee the photography during the test,  Several holes were
Urilled through the outer cladding into the lead 10 facilitawe observation of lead slurmnp afier 1he
teest, Sectiong of the outer clad were cross-hatched with scribed lines having punch marks at the
intereections (o provide a relerence io e event that the evhndeps were twasted or skewed by Lhe
impact. Three paggive shoeck reconrders wer mounted on the OU-{ to obiain an indicalion of the
v=leevels experrenced during 1mpact. Also attached to bd: cosks were two transmitters to be uged

in delerminng the impae!l volocily,

The Tesl

The drap test was conducted at the swntha Edgewss), New Mexico, test ranpe on Febrnary 26,
1"75. The goil in tlus area 15 classificd as hard prawrie, whieh 1s a hard dry sandy sithh sl with

a ymall amount of clay. A bar or pick s necesgary 1o dip below the 1 - 2 1. of lagae surface dirt.

Two mieerall, a CM-5§ mlitary Skycrane hehicoptep snd a UBA Heaver flixed-wing light plane,
were gged Tor the weat,  The Might nattern for each aircralt is shown an Figure 1 with the helicopler

W 2 O feoe 1610 m) above pround level IAGL) and the Beaver at 3, 000 foet (955 in) AGL.. The



Reaver, Nying at 60 Wnots tyue air apeed (KTAS) (8D mphl, terned radially in fram the cireutar
paltern at a predegipnated time in the countdown gach that it wag directly aver the impact site M
the time of impact. The helicopter, [ying al 20 KTAS (23 mph), was cut of the impact area al the
time of itnpact so the sipnals from the tranamitters on the casks were received cleariy by the
receivers aboard the Beaver. The impact velocity is obtained by unualyzing the freguency of the
petsadic reduction of RE signal streagdi ¢ nulls'), which is caused by the effect of the mulizpaths

of transmisasicon and 8 detected by the telemetry recoiver's automatic gain comrol circuitry.

Hiogvoer
Far'orr,
000 AaGl.

Hellcopter
Patiern
20000 AGT.

Tarper Pole

25400

Figure 1. Helicopier and Beaver Flight FPalterng for the Drop Tesat

'The B of E 83, ahown ready for takeoff in Figure 2, was dropped first, sinee it was con-
sidered 1 have the greatest chanee of survival. The eylindriea. axis was vertical ot the time of

reloase, but the cask rotated gppraxdmately 100 deprecs, resalting {0 a gsifo-on impact with the

closure end slightly lower than the other end.  The cashk wes complieiely buried 1 the crater shown

in Figurc J, and it was decided to uncover it for external examinavon prior o d~onping the OD=1.
Lsing a backhoe, the ¢logure end of the cagk wag exposed, and it was concluded that ne significant

erternal deformatdon kad occurred.

The QD=1 waa dropped under the same conditions as the fipst cask., Slight {approximately
30 depreca) rotation of the caak occupred during descent, but the tie-down b sie was the [irst part
al the zask ta conlact the earth,  An upper corner of the eylindrieal sectior ol the cask was visible

after impact aa ahown in Mipure 4.
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P'rior to teating activitles, six holes were dnlled through the wuter shell wntu the lead. 700
rislative position of five of theae holes in the Jead and the holes in the shell are VYated an Takle .
The sixth hole was {inaccesdlble pecause of auperstructure crushing.  Hole & cor he aeen in the
upper left of FIgure 5. The lifting trunmen, shown in Figure 5, 15 e referance pownt for the
angalar locatvon 9f the holes wath the angle belny measured in a clackwise dircegilan on the WG4
vikw. The minpimum dimension lisied (or the lead holeg is8 a measur: of the resultant ovan 5%l acs

erunpared 1o 1he oriminal nominal 0. 25«tn. (6. 35 mm) digmeter hose,

TABLE iI

lLead Slunap

Hole 10 [Lead

HGie l.ocation an Outer Shell* in. (T AWin. {pmension -

TWentilication 0. imm) {romwop  Anple from Trunmiun below Shell Mole 10, FTELY

A 3,0 ( 76) 28” 2,56 (19, 3) 0, 235 (3. 1)

¥ 2.2 (530} 777 0,82 (20, 4) --

¢ 11. & {806} 121° Q.84 (21, 3) 8. 17% . 4

) 3,81 70) 269° g, %3 (23, 6) . 227 15, 61}

¥ 18, 5 470 267" 0.75 (19, 0) .-

# 33,1 {651} 300° Not Examined

*H-efure the drep, the hole in the dead mateked the hole in the outer he!l,

The croga-hatehing on the gshell revealed ao aigh of ouwter shell twisting.

Meagyrements indieated that the inner cavity expericnced a reduction 10 diamaeter ol about
I mm. The remevable basket could net be vemoved withowt depiron g 3% bt was not wassbly

dimaged by the janer covity deformation.

Three Colegco Model A-12 pagsive shock recordera were attached 1o 1the cask prior 1o
reating to obiailn an indiealdon of the deceleratlon forees. Thege devices are rather crude ano are
onlv aocurate to within <100 percent or =50 perzent of the a~tval envicanment. Two recorMrs
(vl and V2) were positloned to measure accelerationd along the ovlindrical axis ind the other (D
was perpendicular to both thlis axie and the trunnion center line, as shown in Figure 6, Table 110
shows the acceleratlon levels meysured., These levels are determined by the extent of deformation
occLrring in two deformable plastice filaments which are located belween cach end of a spring-

lowled geiamls maas and & viewing window.

The pelvethylene bottle that wng attached 1o the tie-down post of the QD=1 rupture:d at the
bottom, due to hycrodynamic pressures. The other bottle, which wan dropped from the cockpit at
aboul the game ime the OD-1 wias released, la also shown in Figure 7, This bottle landed on 18

qide aml exhlhited a allpht flattening effect but no loss of contents,
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