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AEA Technolo QSA, Inc. Test Plan 72.S2 Report

1.0 PURPOSE

This report describes the results of Model 660.OP tests which were paetned in accordance
with Tat PlMan 72, S 2. . tet were conducted from 261AN99 dto 30JAN99.
Tim Test Plan specified tein necsmy to satisfy tbe oquireama in 10 CFR Put 71 and
LABA Safty Serme No.6 for -Hypothectical Accidenit Conditiwwu", specifically 1lOCFR.
71.7"3(otX4) - ln Tut P w Ev of the mWliance ofthe Model 680-OP
with these requiremens is provided in he Safety Analysis ReporL

2.0 SCOPE OF TESTINO

The scope oftesting in Tet Plan 72-2 includs tihe f6llowinjr.

1. Hypothetical Aoccidnt Tsts per 10 CFR 71.73.

a) 7T na teat in accordance with 10 CFR71.73(cX4) for te projecto alone in worst cue
orientation (tiltd 60 up horm hQo ha

b) Tim.! teat in acomdance with 10 CWI.73()cX4) wih the projector within an open
vipalk with the covem reoved. ( itst alw for an amessmn of the hapac on

projecto temperaftes, of the combuston of the overpack monents.)

For all teats, suffcient margin was included in te pauntews to account for measumemnt
uncertainty. Thes test parmtmsmacluded weight and tesqioratle.

'ANSI Standard MC96.l specifies an allowable deviation of IhenucICuqJPWe n xa nwr
from the t efm tabl For type W umwOoqz the toleranc is required
to be the greacow of ±t2.?C or * 2% for -200 to MC or ±t2.MC or ±t0.75"C for 0to I ISM.
Give these toleranices and musming a tolerance of ± 0.1% forn yp1icaVCtD
systems uncafin is shown below. Installtio erroy we not included. Mw total system
uncertai is the square root ofthe sm of the squarms of each component

Temmmk ' ahm•: Tocrnc Aap• Lictoa

-Ia0pr :t:2 ±22C ±2T0.10C ±t3.1
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AEA Technology QSA, Inc. Tqat Plan ",S2 Report

3.0 FAILURE MODES

For the Model 680-OP. the key function ipxta to safty is tde pive retenton of te
radioactive source in its stored. position within the undamaged depleted uranium shield.
Excess ýive displacement of either the source or the shield from the design position or destruction
of the shield could cau radiation from the paicage to increa above regu•tory limits.
Mechanisms which could cause this mode of ailure incluide:

a) xcessive movement of the se due to pyrolizatiou of the Vuaonm, weakening of te
le-elingjig and slell, and defomation of the source tb while, the source is held in
position by the iocking miechanism.

b) Combustion of the shield due to damage to the projector aell peritting an excessive
uigress of ox'ygn.

Consequently, the package orientations selected for the hypothetical accident thermal test were
intended to chaleMg the components that prevnt thes failure.

4.0 TEST UNIT DESCIMPTION

The units tested are shown in te following WAe. The Model 680-OP units were constructed in
a rdnceq with drawing 9701 3Rcv C. The route cards for the units document
the complian of thew units with the AEA Technolog QSA QA program (se TP72Appendix
B). As noted in the table, the tes units had previously been sbected to hypothedc ac cident
drop tts as part of Test Plan 72 and Supplement 1.

MOEL I Pm crOi• SEUAL NO. I DRA~ w NoS OVERPACK

680-OP B19 (NIO2 1.) Rj 9 Rev. C NA

6SDP B 199 (NOTE 2.) R68 Re.C 9M:f
Notes. 1. Cmet S/N B198 was uWd in Suplement I to Hpteia Accident Test

Plan 72. The caunma was dropped in ovepeck test specimen TP72-SI(B).
2. Cam S/N B199 was used in Hypothetical Accident Tet Plan 72. The
mra wa dropped in ovapack test specaime P7().

The 680 projector units were radkgphed aftm the drop tests to document the position of the
intna componts prior to he thfimal te•. Also, the position of the -dummy" source used in
the projector was measured prior to tmal testing. Specim B98 was chosen =for terml
testin in the 60 orientation, considered worst case, as it had sustained the most damage in the
drop te.
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AEA TechnlogQSA. lni. Ts ln7-2RpTea Plan 72-S2 Rapon

.0 SUMMARY AND CONCLS S

Result oftbe temts are sumai ed tAb below in the sequene in which the sts weA
.r cq!,iee Detailed vesults awe provided in the folWowing sections of this repoit

As shown in Appendix E. the highest projector weP R seen NOn* righ Of side Of COunc
B19. Teaqirawts on t exposed canme we greaw an IOWC t mi
an perioLd. hes seraturn bound thoee seen on the bo#* suiwkc an the camera •ontainad
in die ovoup diwing *0 30 minute %st of 991 .

Model Specimen Tbts Don Test RPAsu

680-OP UnlhBl9 Set nst6komborlzwwal - FamnWrolizd
Prncw cjig Toetal time i oven a 49 - Most ead mehed.

.s Side shells and an plem bugd

- Pasilok in place and mduw d
- Shield moved - I" donWid.
- ti levels, a

680-OP TP72-Sl(C) Setinoveronfewihlonugside - Protector
i 199 tolo vs Co m ved Total Moet foam prolild

& thmtin ovmw 64 •i-hyos. M
ovrpc - mct =naffctedevaA; limurnally

- oPalock inplh",md

SShield did not move.

- Rt levels ac-pb.

- Most wood bWrAed to wshe
. Mad fow combustv&
- SLi& kc In box bonom.

The oven door was held open by insating sips I" thick on both sides creag anoen
of arm inch at the top arnd bottoma of the oven door (itotl 72 square inches). Thisoeng
cre at Id a -chimney ~fbt widmthendi oven, thawing air in through the bottom and exhausting
it out the top, as was evidenced by the flames emanating from the oven thought the tests
This ntutral convection of air into the fimuce was sufficient to conabust the pyrolizaitior
gases fian the prqjectos and the bracing materials of the ovurpaLk
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AEA Techeido QSA, Inc. Test Plan 72,S2 Report

6.0 THERMAL TEST - PROJECTOR AT 600 FROM HORIZONTAL

6.1 Orientation

The projeow was placed amtheove orintated as shown in Fium 1. Th ut was
supported by ajig consructedof ¾" diameterste dl r d, hic hld m~th mtinpositi.but
afforded minmal hwlation fim. direct tdion. Tnis ore was seeced based on an
assesmeat of whih orientation h the potni to reu in the largest relative m
betwen dthesh anditesoiuwe. (Notethat shown Figre 1, the top 1 ich ofthe
rt side plt was c offprio to the test Thi was done to alow the camera to fit in the
est oven md ha no apt o the st resULs.)

I I c el 1) 11 14 W- -ý 4 YA I ý j 1 ý4 *1 & -civ A-ýJ TO ;l)TKj k'f"" " j ý,.` ".
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AEA Technobog QSA. Inc. Ts ln7-2RirToo Plan 72-M Report

6.2 m = Tenperatur

Tb-rmo*la ,were phid on ft unk = shoaw i Figure 2. An addWiti thmouple
wee pieced within th oven dombaer sprxiw S 8 mcu away trom the left sId of the

us mprte read ho heoencmite vs reore at vwm us * bw ol
as arn mdication of when the oven coils were powered and not as the ouea

Temperaws wat =corded fivm insertion, t•hug bno, mt i the unit wss moved t
tmnpomy storage (Tot-l of 26 minutde). GmrMadimcntai of the data can be fud
inAppendixEL

00

04C

0) 11 *A%' V -I 34ý Iliki (OXVII) 4 Vq ore.
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AEA Technology QSA, inc. Test Plan 72-S2 Report

mle unit was in the oven for 18 minutes before the test time began. It was removed after 49
minutes (total). Initial and final temperatures during the 30 minute teg period were as
follows. (All tempersu are in 0)

Themomeenuk hniifi Fbal
3-Left to0 881
4-Right 1004 1005
5- Bottom 804 912
6- Rear 991 951
7 - Top 912 945
8-Front 862 924
9- Source tube 617 924
Oven Ambiet 951 80o

The emperatme of the left side (theaocouple 3) was SOt when the test time was started,
10* below the sood temperature in the test plam. This side took at one (1)
minuke to reach 810C. However, the time weighted average of the thermal input to this side
far exceeded ihat required by the regulations, as evidenced by the final Urmpersture.
Consist with the Test Plan, the test time was sat when all the shell temperatures
(temocouples # 3,4,5,7) were at S00C.

Upon removal ifkum the oven, h gas escaping from the unit contined to bum for about 2
hours. Immediately on removal, two (2) white jets of flme were mnating fiom the small
seam between th side plate and se on the left side ofthe projector. Thee jets died down
and extinguMid in three (3) to four (4) mnutes. Th uni was left to self-vaeinguish This
took an additioal time of approximately 125 minutes.

6.3D1amage Ass-ssment
The intial on aim cama AM hwed:

a) Momt paint vaporhod. Radiation labels legible.
b) Lead dripping out of bottom of unit.
c) Outward bow of upper side plaW and the right and lift sides of the shell. This resulted in

small 34" long by 1/16" wide gaps to form on both sides at the inersection of the upper
side plate and shel.

d) Sbhipn cover and Posilock in place and undmnased. Plunger lock melted.

Aft ad•a ofthe unit w. Lxmn it In deamie dat-
a) ma s" had shifted downward a small amm. T-e wm oft t hield wme jammed

against. the lower side frame and klevlig jigs
b) Lead dispersed in h carbon char matrix obscured views of the source tube on the front

end.
c) Measurement of the source through the fonm source tube connection was not feasible on

site due to lead within the source ube and potential bcln ofthe tube.
d) Some of the lead sheet placed around the shield (to increase weh) remamed.

8



AEA Techmnology QSA, hbw.Ts Pa 252RpTog Plen 72-M Repott

It was not *masble to profile die unit oni sits within occqpable safety margins it was
efre deciled to remove the top aide plate in ordr to 1) to acaty deteaine On

position ofe shield. 2) masss all intrnal doaom end 3) oue the sid in position for

Upon remova of the top side Phu it was noed that th caonua char maix filled
%Vu r oe 95% of th space the foam had occupied. Partially malted lead &hw was
haun nea the top and sides of the shicld. Some molten lead had percolted down to the
lmerm corner and was disesed vougbeut the num The lower source ube asd lower
leveling jig could not be observed, even after removal of most of the cubtio char. Mw. lower
rod of the upper jig had dieggdfrom the cleat due to bowing of the shell However,
both upper tods showed essentaly no deformation, The cubon cha was removed in
sections end replaced with Vultafan to ensmu th uhield would not mow during r'ipmen

Upon receipt at Burlingtond thoe li plate securing the shpping plug was removed. The
sorc tube was found to be buckled end jammned against the boss inside the soumc tube

Thse rear plate Posilock assembly was also removed. The dummy sourc was withhaown
from the source tube without much effost. The toWp.ee of the sourc tube was 1.063"
below the pun. of the outsid of the shel and 0.212 off center. This umiskis to a shiel
movement of aprxmtl1".

6.4 Profle Reslft
Thbe wi was profiled wft a 83 Ci CoO source dimensio..ly ientical to th dummy
source used in the thminl te (se Appendix B). The soure wu insersed into ft pmject
and locied into position w (i t Poellock. Ths simulated the position of fth dummy source
intl. tast. The. unit was then profile&. The highest readings, hind only in one very sawll
onea, were 250 imR/r at one (1) maew at approxinatey a 6V angle away and 4?1 down
from the Posilock. When scatled to the nwxmuui capacity of the unit (110 Ci Co6O) this
tumolates; to a reading of aprauty330 mR~r at one (1) mar. Thi is 33% ofthe,
regulatry requirment of 1000 mR/br at one (1) molar for a foote of safety of 3.

9



AEA Technology QSA, Inc. Ted Plan 72-M Report

7.0 THERMAL TEST - PROJECTOR IN OVERPACK

7.1 Orientation

The projector ws plcd in the ov oricned a shown in Figure 3. The ovaeck was
placed ngth-wise with the short skdes mwad the back amd fiont ofth oven. Ination
fium this orientation is being used to quantify the ef~fets of the combustiont of the overpack
on the pmjecr temperatures. Thee results will be used in =co on with the test of the
worst case camera orientato discused in Section 6.0 to assess the potential combinto
of a projector in an ovapepk plac in the worst cas orieftao

,-MODEL 680 Rq,JECT7R

4(r"l lki,
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AEA Technolog QSA, Im. Ts ln7-2RprTee Plan 72-= Report

7.2 Themnovopla and Tempeatures

7%umcouleswei placed on the unit as shown in Figure 4. An addhitimul tm mu
wa placed wi the oven hasnr appxmimuly 9 inches away from ft left side of the
uni. R*md form • his dmrnocouple were used as the wata oven teeragura Thi

Sread from the oven cntroller was recotded at various inteals, but used only
as an idctim of wh-m U oven coils war powered and not as the dooifted

Tanpersus wenr recorded fomr inmsio. rc burn ou, unil the uit was moved to
tempomy sorap (Total of 375 mittes) Grahical of th datf cm be foind
in Appedix E.

1 _-4 4.l ý -v --.-: -ý "I z) 0t o ,$, N
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A TecAthlwog QSA, Inc. Ted Plan 72-S2 Report

The unit was in the oven fir 34 minutes bbe do Uest time bega t was removed afte 64
minutes (ml). tial and final tmpemrau during the 30 minute test period were as
follows.: (All tnmpereates are in OC)

TbImIOme h" gioal
I - Box Rar 1022 974
2- BoxRight 951 920
3- Box Front 827 840
4- Box Left 955 926
5- Source Tube 1004 979
6- Prjector Top 975 959
7- hoet Rear 991 972
8- ftor Front 981 964
9- BOXBottom 800 816
10- Projector Bottom 99 967
11- Proecr Left 977 960
12 - Oven Ambient 953 919

The Utemp of the Box Bottom (thermocouple 9) was 800 when the test time was
started, 100 below the stated temperatur in he st plm Te time weigted avea of the
thermal input to this side did exceeded that required by th regulations, as evidenced by th
final tmperatue and the ara under the graph. Consistent with the Test Plan, the test time
was started when all the exterol surfice temperar (thermoc s # 1,2,3,4,6,9) were at
8006C.

As suown in Appendix E, the tempenrtu on the bottom and front of the overpack took
about 30 minutes to reach 800'WC. The slow response of these temperuhs is believed to be
a result of the air flow pattems wihin the fumrae. In particular, with the furnace door open
at t•e top and bottom, a natural draft was setup which resuled in ambient air cntring th
bottom of the furnace. This air flow served to keep the bottom and fron smrfaces of the
overpack cooler than the rest of the package.

Upon removal from the oven, the packing materials within the overpack continued to bum.
After a short time, the flame was limited to the top of the projector, buring only e
gases from the foam and smolering wood within die oveqk The unk was left to slf-
exting This took approximatel 245 additional minutes. Dring most of this time the
flame conisted of a very cool, small dfusW fire on the top of the projector and
snoldering char within the overpack.

12



AEA Technology QSA. Inc. etPa-25 qxTest Plan 72-S2 Report

7.3 Danage Amsmcut

a) Some of the point rennined, onthe labels, especially on the sides of the projector.
Radiaton lael lqpgbk

b) No lead noticeable at bottom of ovupemck or any where mexeal to the projecto.
q) Projectior dimensionall unchanged. No notdesbl bulgng or sgq,
d) Shippin coer and Pouilock in place and undamaged. Plunge lock slightly melted.

b) Mleamavinent of the $OWNc position throug toe fiant source tube connection was not
fiemible onl sit and would be perfone at Burlingumn

c) Some of the lead shedt pace around fth shield, (to %creas weight) remained.
d) ft was not feasible, to profleth dwauit on site within acceptable, safety insgbma
e) it was necesasry to disassemble the unit to accurately deftauine, the extnd of foam

pyroliution and to assess any internal damage. Th im old be pesfonned at Burlington.

Upon receipt of the units at Bwrlingtau the shipping plug was removed sand Onw source
position imeaured at 9 13116", essentially unchanged from the original. The awor plate
Posilock assembly wa removed, The dumumy soure was witdramwn fiwn fth source tUbe
without much effat The position of the source tUbe confirmed that the shield, had not
shifted during trasport. A &fmmetiol tes confirmed doa all mnechanisns operatd properly.

The side plates were rioved. The carbon chair matrx file approximately 9S% of the
space the fomn bad occupied. The density and resistam nce probing of die matrix inicatedl
doa the *oam had not totally pyrolized. Partilliy melte lead sheet was found near the top
and sides of the shiekld.o Sene olean lead had perolated Omw to th bottom of th
projctor and was dispersed, throughout the matrix. All components showed essentially no
defennotioiL

7.4 Profile Results
The unit was profiled with a 83 Ci Co6O sourc dimensionally idenial tDOwtedummy
source uaed in the theraul test (see Appendix B). The ource, was twutsfired to dom
projector using standard loading tehniques. This sinulated the position of the dummy
source in the test. The unit was then profiled. The highest readings were found to be 1.0 to
1.6 nuR/hr at one (1) meterat aprxtoeya45? angle away frow the Posilock acoss the
projetor. When scaled to the nmaximum capacit of the unit (110 Ci Co6O) this trulaites to
a reading of approxl tim, tely14 2.5 uzu/ir at one (1) mete. This is consistent with the pre-tea
profile reading and shcows no significant increase due to the test.

13



AEA TccbuolMg QSA, In.TetPan74 RpiTed Plm 72-M Report

APPENDIX A CALIBRATION
RECORDS
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APPENDIX B
RADIATION PROFILE DATA

SHEETS
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AEA Tachno1moV QSA#, Imc czPa 74 aprTest Pin 72-S2 Report

APPENDIX C TEST CHECKLJSTS
AND DATA SHEETS
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APPENDIX D
TEST PHOTOGRAPHS
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SPECIMEN 3196 ON JIG

SPECHM B198 ENTERING OVEN
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AEA T•bmiogy QSA, inc. T4* Plan 72-M Rq)M

FLAWES FROM SPECUMN B198 IN OVEN

SPZECiMN B196 BEING REMOVED FRO OVEN
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AEA Technology QSA, Inc. Test Plan 72-S2 Report

SPCIMEN B198 EXTINGUISHEID

SPECIMEN Bl" WITH TOP SIDE PLATE OPEN
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AEA TocIUIQIgy QSA, Inc.TetPn722Rpr Test Plan 72-S2 Ropmt

SPZCIMEN MI6 AND OVEURPACK

SPEClN 52 AND OVERPACK N~G AN
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AEA TcchnxogyW QSA, Inc. Ts ln7-2RprTea Plan 72-S2 Report

FLAMES FROM SPECIMN 181 AND OVERPACK

SPECIME Ml AND OVERPACK BRENG REMOVED
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AEA TWclAolog QSA, hIm.Ts lnf-2Rp~Tog Plan 72-S2 Report

SPEZCMEN B501 AND OVPACK OUT OF OVEN

SPECIMEN B201 AND OVERPACK EXTINGUISHED
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AEA Technology QSA, Inc. Ted Plan 72-S2 Report

SPIMEN DWI1 AND OVEPACK EXTINGUISHED

SPECIMEN B201 WITH SIDE PLATE REMOVED
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APPENDIX E
THERMAL GRAPHS
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680 (8/N B19W) Tet - 29 Jan 99
SHELL TEMPERATURES
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680(S/N B9) TOt - 30 Jon 9
SURFACE TEMPE URES
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66800(SM8M10) TOM - 30 Jon99
PROJECTOR TEMPERATURES
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UO (SM B190) Tet - 30 Jan 99
SURFACE TEMPERATURES
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680 (SNI B1W9) Test - 30 Jan99
PROJECTOR TEMPERATURES
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2.12.6 Test Plan Report 80 dated June 1999 (Minus Manufacturing Records)


