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1.0 Purpose:
mmdomMmmmmmsmmmnmm
requirements of 10 CFR Part 71.45 (b).

2.0 SENTRY Transport Package Tie-Down Provisions:
The SENTRY transport package is equipped with four identical, multi-purpose Lifting/Tie-Down
mmmqmmmmmmmamwe)hw
approximately at the geometric center of the 780 pound maximum weight package.

The SENTRY tie-down provisions are 2 structural part of the package. However, they are designed
wummwmm:ﬂmmmummwmmmmd
10 CFR Part 71.

Mdmmmbwummmmdwmmm
wwmmwmmmmwummmmmwmmd
mm.mmnaaummumnmmhumm.wmm
mmmmmmmmnwwumm.mwmmza.m
used in construction of the tie-down provisions are shown in Table 2.1.

mmmmmmxnmwwammmmwmm half by
amm.mmmmmmmmwbmmmnm itis
not recommended to tie-down the package using the link piate, but this method still needs fo meet
the tie-down requirement of 10 CFR Part 71.45 (b).

The recommended tie-down method is to secure the package by looping high capacity straps or
cheins with or without a shackie through the large holes in the upper provisions and then staking the
mmwmnmmwmnm«mmm
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There are two specific tis-down arangements which will be analyzed separately. The first
amangement has the package orlented as shown in Flgure 2.1. In this arrengement, the applisd
load, established by the reguirements of 10 CFR Part 71, is taken by only one provision in the
direction of vehicle travel, Another provision, 80 degrees from the vehicie direction, takes the foad In
the lateral direction. All four provisions share the load in the vertical direction.

The second amangement has the package oriented as shown in Figure 2.2, In this arrengement, fwo
provisions share the applied I6ad In the direction of the vehicle. Twa ather provisions reect to the
load in the lateral direction, but one of these two provisions reacts to both the lsteral and vehicle
direction loads. All four provisions share the load in the vertical direction.

Security-Related Information Figure
Withheld Under 10 CFR 2.390

" Figure 2.1. Single Provision Amangement ' [
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Security-Related Information Figure
Withheld Under 10 CFR 2.390
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Boits 1 thru 8 174 PHE S

Load Pin 1&2 174 PHSTNSTL
Rivruts 1 thru 8 mﬁ%m

The rib assembly consists of two vertical parafie! piates welded o a flat horizontal plate with fwo
mounting holes and one perpendicular piate with one mounting hole. The vertical plates are
separated by a gap to aliow three hex bolts to be assembied between them attaching the rib
assembly 1o the package. See Figures 2.4 & 2.5. The bolts pass through the mounting holes and
mate into Rivnuts riveted into the cylindrical welded body of the transport package.
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3.0 Transport Tie-Down Reguirement:
10 CFR Part 71.45 (b) Tie-down devices:

(1) If there is a system of tie-down devices that is a structural part of the package, the system must’
be capable of withstanding, without generating stress in any material of the package in excess
of its yield strength. a static force appiied to the center of gravity of the packace having a vertical
component of 2 times the welght of the package with its contents, a horizonta! component
along the direction in which the vehicle travels of 10 times the weight of the package with its
contents, and a horizontal component in the transverse direction of § times the weight of the
package with = contents.

(2) Any other structural part of the package that could be used to tie down the package must be
capable of being rendered inoperable for tying down the package during transport, or must be
designed with strength equivalent to that required for tie-down devices.

(3) Each tie-down device that is a structural part of a package must be designed so that failure of the
device under excessive load wouki not impair the ability of the package to meet other requirements
of this part.

4.0 General Assumptions:

1.0 Temperature range equal fo 40 to +130 F.
2.0 No corrosion exists on the rib assembly and fastener components.
3.0 All 4 provisions are used in the tie-down analysis.
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5.0 Analysis - Single Provision Tie-down by Rib Assembly:

|

| Figure 5.1 Resolves the reaction forces in the upper tie-down provisions for 2 single provision

| arrangement with the load requirements applied per 10 CFR Part 71. Since the !ateral direction

| ioading (3800 Lbs) is less than the direction of vehicle loading (7800 Lbs), the worst case vehicle
| load vaiue of 7800 Ibs shal be used o determine the maxdmum reaction forces in the package.

4COW £ My = 0= 8.5(-7800) + 10.5(780) + 21(-Fy) + 16.76(Fxy) + 10.5(-1880) :Fy = -2303
+UP EFy=0=1560 - Fy - Fy, - 780 Frp= +1523
: r s

The recommended tie-down angle for fixing the package to the bed of the vehicle is 46°. The largest
reaction force found in Figure 5.1 is 7,800 Lbs in the horizontal direction. This force shall be used to
determine the maximum tension force in the cable or chain from the upper provision to the vehicle
bed at 45 degrees. Figure 5.2 shows the maximum tension force to be 11,031 lbs. The 11,031
tension force shal! be used for the structural analysis shown in Figure 5.3
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6.0 Results - Single Provision Tie-down by Rib Assembly:
Table 6.7 is a summary of the resuits of the tie-down analysis when securing the package by the rib
assembly in the singie provision arangement. The table shows the calculstec factor of safety for the
“Bolt B3 Shear” failure is the worst case with a calculated factor of safety equal to 1. This is equal to
the required factor of safety of 1. See Appendix A for the single provision tie-down by rib assembly
calculations per failure mede.

»

A
£

1> gf»m & (- nolooleof

|
|
|
|
|
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7.0 Analysis - Single Provision Tie-Down by Link Plate:
The link plate is not recommended % be used as a tie-down provision. However, if the package is
secured by the link plate, then it shall aiso meet the tie-down requirements of 10 CFR Part 71.45(b).
Figure 7.1 shows the fransport package secured by the link plate.

8.0 Resnits - Single Provision Tie-Down by Link Plate:
Table 8.1 is a summary of the resuits of the tie-down analysis when securing the package by the link
plate in the single provision arrangement. The table shows the caiculated facter of safety for the "Rib
Plates 3 & 4 Bearing” faillure mode is worst case with a calculated factor of safety equalto 3. Thisis

3 times the required factor of safety of 1. See Appendix B for the single provision tie-down by link
piate calculations per failure mode.




N o oo | A R

9.0 Analysis - Shared Provision Tie-Down by Rib Assembly:
Figure 9.1 Resolves the reaction forces in the upper tie-down provisions for the shared provision
arrangement with the ioad requirements applied per 10 CFR Part 71. Since the iateral direction
loading (3900 Lbs) is less than the direction of vehicle loading (7800 Lbs), the worst case vehicle
load value of 7800 Ibs shall be used to determine the maximum reaction forces in the package. The
calculated force for Fx1 is haif the value shown since it is shared with Fx3. Similzrly, the calculated
respectively.

DIRECTION OF VEHICLE TRAVEL

1880 LBS.

Fxa, Fxa= 0
+CCW I M,y = 0 = 8.5(~7800) + 10.5(780) + 21(~Fy) + 16.75(Fxs) + 10.5(-1560) :Fy, = -2303/2

Fyy, Fra=~1152
+UP ZFy=0=1880~-Fy;~Fy-780 Fyz = +15232

Fyz, Fyg=+762

+ LEFT Z Fx =0 = Fyx, - 7800 Fxy = +780012

The recommended tie-down angle for fixing the package to the bed of the vehicle is 45°. The largest
reaction force found in Figure 9.1 is 3,800 Lbs in the horizontal direction. This force shall be used to
determine the maximum tension force in the cable or chain from the upper provision o the vehicle
bed. Figure 9.2 shows the maximum tension force to be 5515 lbs. The 5515 tension force shall be
used for the structural analysie shown in Figure 9.3.
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10.0 Results - Shared Provision Tie-Down by Rib Assembly:
Table 10.1 is 2 summary of the resuits of the tie-down analysis when securing the package by the rib
assembiy in the shared provision ammangement. The table shows the caiculated factor of safety for
the "Boit B3 Sheer” failure is the worst case with a calcuiated factor of safety equal to 2. This is over
2“&“”&“!1 ‘See Appendix C for the shared provision tie-down by rib

“iﬂ* afofn|wlgls B
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11.0 Analysis - Shared Provision Tie-Down by Link Plate:

The link plate is not recommended fo be used as a tie-down provision. However, if the package is
secured by the link piate, then it shall aiso meet the tie-down requirements of 10 CFR Part 71.45(b).
Figure 11.1 shows the transport package secured by the link plate.

12.0 Results - Shared Provision Tie-Down by Link Plate:
Table 12.1 is a summary of the results of the tie-down analysis when securing the package by the
link plate in the shared provision arrangement. The table shows the calculated factor of safety for the
“Rib Plates 3 & 4 Bearing” failure mode is worst case with a calculated factor of safety equal 10 6.
This is 6 times the required factor of safety of 1. See Appendix D for the shared provision tie-down

o .‘8'31316‘3! 5
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13.0 Final Assessment:
The SENTRY transport package tied-down by either the rib assembly or the link piate meets the tie-
down requirements of 10 CFR Part 71.45 (b). No failure mode was found to be less than { against
yielding when securing the package by either one rib assembly or link plate.
if the tie-down provision were to f2il due to excessive loading, the package is designed so that the
feiled provision would not impair the ability of the package to meet the other requirements of 10 CFR
Part 71.
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Appendix A - Single Provision Tie-Down by Rib Assembly Calculations

Rrhe 1698 o8 eTenweSvama B Aews 5026 pe = ColeShesrStresss HIZO
Pz 7800 f  =Appliedloed=10x780 s Be 7800 (2f shAppliedicedni0x7801ks
t= 0250 In  sPigtethiciness t= G250 = =Vel teicheess
Lz 0840 in =DistemesBomholetopiatesdge tz 3310 n =Distancefrom noletoedge
Yore 345000 pF = AlowasieYisid Strengtn Vo= 345000 of =Alicwabie Yield Strength
Sy= 300 98 =AliowsihieShasrStengtnaYerfd Sy= 72500 o sAliowshieSheer Strangth =Yeefd
58 4 = Factor of Safety = Ssr/mfe %= 14 = “geter of Safety = SyrfRsts
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Searing Strass « Ff14°8

Fs 7800 (of =Appiledicad=30x7801bs Rz 7800 ibf =Apoliediosd=20x780Lbs
tz 0250 In =Plmethickness t= 0290 in =Piatethicimass
ds 0422 n =3citminordiameter dz 053¢ In =bHolediameter

ws 225 b aPfiatewidth
Ysra 145000 s =Allowadie Yieid Stremgtn Yse= 145000 psi = Aliowabie Yieis Strength
fBse 2 =Sactor of Safety = Yar/Rbfe = 2 =Fagter of Safely = Yer/Ritfs
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=\ Tarsile Sivess on Bolt 33 = 43443 psi =Max Shear S-osson Bot 83
=28:2/2 + Sartf [825t/2) + Bes) =Sere [{msse/2)’ » Be®)
23st~ 33805 ps' = Cak Tensile Siress = FpfA Bss= 38853 psi ~CaikTensiie Strass =EnfA
Fr 12031 b7  =Avpiies Load = 7500/ {sines®) E=- 13031 Lbf =Applied toad = THOD/ {sint5")

fp= 55066 b  =Praporion of bad on Bokt B3 = ML3/8ix fns 3516 Lbf =loacshoredbyooisBI&B3=Rf2
A® 02815 i =30t SressAres A= 02418 in° =Bk Stress ez

M= 38933 in-of & Momenr e Flm

Ums 3520 in s MomentAmnatpointA

Slx= 37520 It =Bkt Distances Sumed (LATMLANWNEY

32 5320 in =80l B3 Distance o Phut Puint &

[See Pipure Sfor LL 12, Be13) vsbs 105000 psi =Afowable el Strength
Vh= 205000 pe = Atiowabic Vield Strength Ssb= 52500 psi = Almwsble Shear Stangth = Ysb/2
fs= 2 =Factor of Safaty = Yeb/B3ms Ps= 3 =Fazror of Sofory = S B3ss
Bibsa 24255 psi =Throad Bearing Stress Bss 26821 psi = Cak ShoarStress = FAPMdr*(h/2))
=#/{lei/a) et dr Y /ol
F= 21031 1bf =Appied Load = 7800/ [sinas*) F= 12031 ¥ =Asplied Load = 7800/ (sindS®)

p= 0077 In =Threadsitch=1/13
or= 0421 in =00t root Famater dr= 0422 In ~Boit root dlameter

d= 0500 in =30l cuter diameler

Pi= 2242 in  slonstant Pi= 3142 in =Constant
h= 0820 in =Nulengigement h= D520 in  =Nulengegement
Ysb~ 105000 psi ~Aliowabie Yield Strength Ysb = 105000 psi = Aliowabie Yield Strength

Ssb= 52300 psi =Aflowobie Shear Strength =Ysh/2

_— = 2rtnr of Sty = Ssly v o 3 = Factor of Sxfoty = Seb/Bts
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Fs 11031 W saopliedicad=7800/ fints®) F= 11032 isf =Agpiiedionds 7800/ isnds?)

dgrs 08500 in  mNutreotdiometer hse 025 in =WeldSize
wz 15240 in =Tots Weid Length - Herfsontal Direction
Pis 3382 n  =sConstan: - Tws 0177 ip  sWeld ThroatDimension = J0T1%s

Az 3820 ;i shutengugement

Ysaz 0035 = Aliowabie Yieud Strength Yers J45000 o6 =Allowanie Mield Strengh
Senz 45217 of  =2llowsdieShearStengthaYaf2 Ser= 72580 2f sAlcwableSheorShangth=Yerf2
Be 2 = Sector of Sefety o Ssnfits Bz 18 =Eactor of Sefety = SerfRws

F= 11031 L&¥ =Asplied Load= 7600/ (eindS*)

hs= 0250 In =WeldSixe
ws 23500 in =Tots Weidlength - Vertical Direction

Tws 0177 ‘n = Weid Throat Dimension= 7071"hs

Yer= 45000 psi = Allowabie Yield Strangth

Ssr= 72500 psi = Allowsdie SheerStrength=Ysr/2

Fsz 4§ = Factor of Safaty = Ser/Rws
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MB ummwmmm

s 11278 2¢ =CsicTansle Sress=F/A = 14230 o¥ .ucmsuum-q
F= 7800 (bf =Apwliedioad F= 11031 1bf =Apoiied Load=T7800/(sind5")
Fr= 55155 ibf =load Shared oy 2 ends=F/f2
%= 1820 In  =Minlnklengh
t= 0380 in =linkPistethickness ta 0380 In  =LlinkDlste thicimess
A= 0832 in® =)inPiate Stoess Area = X%t L= Q510 in =Distance from hoie to edge
Vel 170000 25t = Alowasie Vield Stengeh Ysia 270000 35! =Allowabie Vieid Strength
Sz 85000 a3 =Alowabie Shear Streagth = Ysif2
Fs= 13 =Factor o Safety = Yalfies i L = Faztor of Safety = Ssiflsts
Ibfs= 25025 o5l =Caic Beasing Stress = Fnfld™) sz 6023 ps = Tensle Stmse s n/lfwed) 8
F= 11031 1bf =Appiied Load = 7800/(sindS®) F= 11031 b* =Appiled Load = 7800/(sindS")
Fa= 55155 ibf =losd Shared by 2ende=Ff2 Pa= 55155 Lbf =lcadSmaredbyZends=F/2
do= 0530 In =2 diameter d= 0530 iIn =Hoiedamemnr
t= 0380 in = UnkPiate thiciness t= 0380 iIn =lrkPlate thickness
w2 3040 In = linkPlatewiith
Ysiz 170000 251 = Allowable Yield Strength Ysi= 170000 psi = Allowable Yieid Strength
fs= 7 = Factor of Safery = Yslfibfs Fse= 28 = Factor of Safety = Yaifiafs
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11031 oF =Apofied Load = 7200/lsind5")

fn= 3900 (of =loadSmaredby2Pins=Ff2 Fa= 55185 Lof =ioadSharedoyZniates=Ff2
do= 0580 i1 =Pindiamster

Az 0266 I’ =7ndreasPildnf) t= 0250 in =RibPiste thicimess

Pi= 3242 in =Constant L= G460 in =Distance from hole toedge
Yspe 170000 »3i = Alowable Yield Strength Ysr= 245000 psi = Allowsbie Yield Strengts

Ssp= 85000 pei = Allowabie Shear Strength = Ysp/2 Ssr= Y2500 psi = Allowable Shear Strangth = Yer/2
fs= 12 = Factor of Safety = Ssp/Pdss s 3 = Factor of Sa‘aty = Ssr/Rets

= Co Baaring s = Pl 25 = Tensie Stess = Fofffuridpsdl)™Y)
F= 11031 _f =Agpiied joad = 7800/{sindS”} F= 11031 [t =Appiied Load = 7800/sinéS")
Fna 551535 2% =load Shared oy 2 phates=FJ2 Fas 53155 15 aioad Shared by 2piates=Ff2
do= 0330 n =Dindiameter do= 0630 n =Pinholediameter
t= 0230 in =R Platethicimess t= 0250 in =RibPate hickness
w= 43530 I =RibPistewidn
di= 18525 In =largehoieciamater
Ysre 145000 o8 = Aliowabie Yisld Strength Ysra 145000 ps! = Aliowable Yield Strength
= 3 = Fastor of Safety = Yar/Ribfs 5= 15 = Ractor of Sefeny = Yer/Rtfs
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Appendix C - Shared Provision Tie-Down by Rib Assembly Calculations

Rtz 2308 o =CeicShearStrass=S2N%)
Px 3500 & =ippiedioad={10x7801bsl2 fx 2000 bf sAgpiedicad= 102780 1s)2
= 03250 i =Fiatetsicines tz 0230 In =WolShisheas
s 0560 fn = Distencefom holeto piste sdge L= 33130 in =Distence from haletoesige
Yerz 345000 ps = Auowabie Yield Strength Yer= 345000 ot = Aliosabis Vield Strength
Ssr= 7IS00 ps = AlowabieShesr Strength sYerf2 Ssr= 72500 o8 =Alicwable Sheer Strength aYerf2
s B = Factar 0*Safety = SsefRths 5= 29 =Bactor of Safety = SerfRsts
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F= 3900 1of a/inpiledloads{10x780Lbs)/2 F= 3900 Usf =Appiledioad={10x780Lbs)2
ts 0280 in =Bigte shickmess t= 03250 in =Pigtethistmess
dz 0422 ir =BRoitminordiameter ds Q530 i sHolediameter
we 2250 ir w=Pigdowidth
Ysre 145000 os = Aliowabie Vieid Streagth Ysrs 145000 oy =Aliowable Yield Strength
B2 4 = Facter of Safety = Yer/Risfs Fs= 18 = Factar of Safety = Ysr/Refe

Rtz 9070 psl  =Tensile Stress=F/llwd)*y
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- Macshox e on 3R B3

Bms= 33420 55
=23s/2 + Sort! f83ne/2) e s’} = Sare ([3352/2)" o 8os)
B3z 18401 psi  »Cale TersieStress=FpfA Bss= 19433 ps' =CalkTarsilz StrassmFnfA
F= 5515 (b  ~aAppYied Load = 3900/ (sind5”) Fe SS15 b = Avpied inac = 3900/ (sines’)
Fpe 27530 & = Pooportion ofload on Boit B3 « MU1S/Slx fa= 2758 |Bf - oadsharet by Do B2EB3~F2
A= 02213 #*  =BoiSymssAna A= 04423 if° rdolkStesane
M= 19468 in!h’ =Moment=Fim
Im= 3530 in - omentarmtpoinA
Sx= 37620 I =Eoit Distances Sumad M2Nef2%18%
3= 5320 in  2Dok 33 Vetanceto ket Roint A
iSe Fgure d far 11,12, & 13) Ysh= 208000 psi = Allowabls visid Srangth
Ysb= 205000 pS = Allowabis Vield Strength Ssb= 52500 psi =allowmbie Shesr Swength = Yeh2
Fs« 3 =Factor of Safety = YsbfB3ms fs= 2 = Factor of Safety = Ssb/B3ss

=F/UPYE i o) (/o)
Fm 5515 ibf =Apglied Load = 3900/ [sindS®) F= SS1S (bf =Appiied Load = 39007 (sin4S*)
p=® 0O in =Thread pAck =1/13
dr= 0422 o =30k roordiameser dr= Q0422 in =Bt root diamater
g2 0500 ‘v =30k outersiameter
Pls 3242 n =Constant Pl= 3342 in =Comtm
h= 0820 in =Nulengagement = 0620 in =sNutengagement
¥sbe 105000 o8 =MAdowadie Yieid Strengti Ysb= 105000 psi = Afiowable Viel! Strength

Ssbx 52500 psi =Aliowahia Shesr Strength = Yeb/2

fs= ¢ = Factor of Safaty = Seb/Bths fs= 4 = Factas of Safety = Ssh/Bts
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No= 12328 pi = CelcShesr Stess= HPRer V)
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Rws= 047 ps = Tensile Stress=Fffle’Tw)

Pr 5515 iaf  =Apoviediced= 3505 (s’ Pz 3515 18 sAppiiedLoads 3300/ jands’)
&= G360 v  =Rutroctoiameter b= 0250 In sWeidSae
lws 15240 in  =Totl Weld Langth - Hosizontal Direction

Pl= 3282 m  sClonstam Tws 0177 i  =Weld Throst Oimensicn= 2071%s
hs 0620 in  =Nutengagemant
Y= 90435 £ A owaoia Vieid Strengts Yers 245000 ps = Aliowasle Vieid Strength
Sas 43237 4 owesia Shear Stange = Ysnf2 Ser= 72505 pul =Alowatie ShearSwength=Yer/2

4 5= 35 =Fagtor of Safaty = SsnfRws

lws

Tw=

Yer=

Ssr=

5515 f

025 in
3500 i

a7 s

145000 psi

7200 psl

5= 8

= Aggliad Load = 3800/ (sinés*)

='Wsid Size
=Total Weld Length - Vertical Diraction

= Waid Throat Dimension = .7071%ns

= Allcwadie Yieid Strength
= Aliowskie Shear Strengsh = Verf2
=Fzcror of Safaty = Ssr/Rws
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Appendix D - Shared Provision Tie-Down by Link Plate Caiculations

aCalc Tensle Sress= /A Y 38 =Caic Snear svess = /2oL
F= 3900 lbf =Agpliedicad Fe 5515 (b =Acplied Load= 3900/ (sindS°)
n= 27575 Lbf =icadShared ty2endssFf2
X= 1820 in =WinUnk length
t= 0380 i =linkPiatethicmess t= 0380 in =LinkPistethickness
A= 0832 '’ =Min Plate Stress Ares = X"t L= 0SI0 In =Distance fromhole to edge
Ysiz 170000 psi = Aliowabie Yield Srength Ysi= 170000 psi = Allowasie Vield Strength
Ssi= 85000 g5 = Allowabdle Snear Strength = Yslf2
= 20 = Facter of Safety s YeljUs = 2 = Factor of Safaty = Ssi/ists

5513

7815

0380 i

= Coc Bearng Strass = /(9%
= Azglied .03 = 3300/ {sind5°)
= cedShared by 2ande=Ff2

= ?in diameter

= Uink Plate thickness

" aTense Svess = Fo/{(w-d)°t)

F= 53515 b sapplied Load'=23900/ (sindS"}

Fa= 27575 Lof =loadSharedaylends=Ff2

d= 0830 In =Holediameter

038C In = LinkPiate thickness
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Rets= 11385 psi oﬁ*h! .g

Passs 3630 psi =CaicTensiie Stress =Faf{A"2)
Fs 3900 ibf =Agpiiedicad F= 5515 Lof =Applied Load = 3300/ (sindS®)
Fas 1550 iuf =Load Shared by2 Pins=F/2 Fa= 27575 Lbf =Lload Shared by 2 pistes= Ff2
do= 03580 In =Pindiameter
A= 0264 in® =PinArea=Pidp/2f t= 0250 b =RioPiatethickness
Pi= 3142 in =Conswnt L= 0460 B =Distance from holeto edge
Yso= 170000 psi =Allowabie Yield Strength Y= 345000 osi =Allowabie Vield Strength
Sip= 85000 osi =Allowsbis Shear Strength = Vep/2 Ssr= 72500 psi =Allowable Shear Strength = Yer/2
Bz 23 = Facto- of Safety = Sep/Pdss = 6 = actar of Safaty = Ser/Rsts
.
F= S815 Lbf =Acolied Load = 3900/ (sindS®) Fa 5515 b =Asplied Load= 3500/ sindS*)
fas 27375 LbF =load Snared byl plates=Ff2 Pre 27575 ' sioad Shared oy 2 plates = 62
do= 0580 I =Pndiemeter dos 0530 n e Pinholediameter
t= 0350 in = RibPistethickness t= 0250 @ s=RibFlatethickness
w2 4530 in =RibPlatewicth
di= 1625 ' =largenoledismeter
Yers 145000 psi = Aliowasie Yieild Swength Yors 145000 osi = Alowabls Yield Strength
B= 8 = Factor of Safety = Ysp/Rbls = 3 = Faczor of Safety = Yar/Rtfs
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Test Plan No. 195

Section 1 Introduction

A review of the results of Test plan 180 report #2 raised the need to perform another drop test sequence on 2
test specimen built to the special configuration of the SENTRY transport package. The special configuration
is identical to the standard configuration but without the plastic inserts assembled into the handling rib
assemblies.

The additional testing involves dropping a test specimen in the orientation with the rear plate access port faces
attached. The drop test height shall be adjusted higher than 10 CFR Part 71 drop height requirements to give
the test specimen the impact energy equivalent to a SENTRY transport package built to the maximum
specified weight of 780 Lbs. This test specimen built to the special configuration in the specified orientation at
the adjusted height is the worst case test condition for the SENTRY transport package built to the standard
configuration.

This plan will test the SENTRY transport package in the special standard configuration to the test
requirements for Type B(U)-96 packages as described in the Code of Federal Regulations, 10 CFR Part 71,
revised as of March 31, 1999. The test plan also covers the criteria stated in the IAEA Regulations for the
Safe Transport of Radioactive Material, Safety Series No.6 1985 Edition (As Amended 1990).
This document describes the test specimen, testing equipment, testing scenario, justifies the package
orientation and provides test worksheets to record key steps in the testing sequence.
Roles 2nd Responsibilities

e Engineering executes the tests according to the test plan and summarizes the test results.

¢ Regulatory Affairs monitors the tests and reviews test reports for compliance with regulatory
requirements.

e Quality Assurance oversees test execution and test report generation to assure compliance with
the QSA Global Quality Assurance Program.

o Engineering, Regulatory Affairs and Quality Assurance are jointly responsible for assessing
test and specimen conditions relative to 10 CFR 71 and IAEA TS-R-1 1996,
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Section 2 Transport Package Description

The SENTRY transport package is a family of packages, consisting of 2 different model numbers. Model 860
refers to the SENTRY projector series and Model 867 refers to the SENTRY source changer.

The Model 860 SENTRY Projector series is further broken down into 2 projectors types defined by their rated
capacity for cobalt-60, the SENTRY 330 and SENTRY 110 projectors. Each projector type is available in
either a standard or basic transport package configuration. The standard configuration will most likely be the
most commonly used version of the transport package. The basic configuration is the same as the standard
configuration but without the array of removable handling rib assemblies.

The Model 867 SENTRY source changer is rated at 330 curies of cobalt-60. Similar to the projectors, the
source changer is available in both a standard and basic configuration.

Figure 2.1.is a schematic overview of the SENTRY transport package configuration tree.

SENTRY Transport Package
[ Modsl 850 Projecior Series | Mods1 867 Source Changer
SENTRY 110 Projector SENTRY 330 Projector SENTRY Source Changer
! SENTRY 110 Projector SENTRY 330 Prajector SENTRY Source Changer
|
SENTRY 110 Projector SENTRY 330 Projector SENTRY Source Changer L
Baste Busic Basic
Figure 2.1. SENTRY Transport Package Configuration Tree.
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All configurations include a depleted uranium shield completely encased and fully supported in a cylindrically
shaped, stainless steel, welded body (See Figure 2.4). The welded body, also called the shell, includes two,
tube shaped, access ports integrally welded on opposite sides of the main body. A twin set of shield mounting
bars, one on each side of the shield, are welded to the back plate of each access port tube. Heavy duty,
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titanium, shield pins pass through the shield and into both shield mounting bars. This creates two positive
shield attachment points to the welded body.

The shield source tube ends are also inserted into holes in each of the access port back plates. In addition to
this, the shield is captured and centrally located between the top and bottom endplates. This combination of
shield securing features provide for a robust shicld support system within the welded body.

The inner cavity of the welded body, around the shield, is filled with polyurethane foam. The foam prevents
contamination to and from the depleted uranium shield. Previous thermal tests have shown charred
polyurethane foam will inhibit the flow of oxygen to the shield and prevent oxidation from occurring during a
fire as long as the foam remains confined. This is shown on QSA Global test plan results number 70.

Previous tests have also shown the charred foam will not support the shield at temperatures at or above 800°C.
Therefore, the SENTRY relies primarily on the shield support system inside the welded body to hold the
shield in place during the thermal test where temperatures reach 800°C.

A titanium source tube, cast into the center of the shield, provides a conduit for the source wire assembly
within the shield. The source tube of the SENTRY projector allows the source assembly to pass through the
shield. However, the source tube of the SENTRY source changer has a stop to prevent the source assembly
from passing through the center of the container. The source capsule is located close to the most shielded
location at the center of the shield in all transport configurations.

The two opposing access ports provide a protected mounting space for both the rear-plate and front-plate
assembilies. The front-plate assembly is used only on the projector configurations. The source changer
configuration uses 2 rear-plate assembly in each access port.

In all configurations, the rear-plate assembly locks, secures, and locates the source wire assembly to an ideally
shielded position within the package. A redundant fastening system attaches the rear-plate to the welded body.
The primary attachment method of the fastening system is achieved by four, high strength, stainless steel, hex
head bolts, BLT013, threaded into stainless steel rivet nuts assembled into the welded body. The rivet nuts
facilitate repair in the event the threads are damaged in the future. An alternate configuration consists of using
a threaded stainless steel ring with multiple tapped holes instead of using the rivet nuts. The ring can be
rotated to use a different set of tapped holes in the event the initial set becomes damaged.

The secondary method of attachment is by a single stainless steel tamperproof button head screw. This screw
reduces and limits unauthorized access to the source. The tertiary method of attachment is provided by two,
stainless steel, retaining pins (projectors) or set screws (changer) assembled to the rear-plate. The pins or set
screws enter the welded body through a horizontal slot in the mounting plate. The rear-plate is rotated 90
degrees to prevent the pins or set screws from passing back out through the mounting plate where no slot
exists. This keeps the rear-plate from separating from the welded body in the event the primary and secondary
attachment methods are compromised. The recessed location of the rear-plate mounting surface within the
access port tube provides additional restraint preventing rotation and translation on the rear-plate. This effect
requires only one screw or bolt to keep the source secured to the shield in the welded body.

There are three rear-plate assembly designs used in the SENTRY transport package. All three designs use the
same basic rear-plate assembly concept but the projector and source changer configurations differ in the way
the source wire assembly is locked to the package.

Except for the SENTRY 110 projector rear-plate being 0.31 inches thinner than the SENTRY 330 rear-plate,
both projector configurations use the same rear-plate assembly. The difference in rear-plate thickness is to
allow for the difference in length of the dedicated source wire assemblies used in each projector.

All SENTRY configurations use a selector ring to change and indicate the safety state of the package. When
the selector ring is rotated to the “LOCK” position, it securely holds the source wire assembly in place for
transport. The selector ring retainer allows the selector ring to rotate and keeps it attached to the rear-plate
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components and is attached to the rear-plate by 4 stainless steel socket head cap screws.

The projector configurations use the round ball feature of the connector to capture the source wire assembly
between two spring-loaded locking components, the sleeve and lock slide, of the rear-plate assembly to secure
the source wire assembly to the package.

The source changer configuration uses two spring-loaded fork shaped locking pins to hold the helical wrap
feature of the Teleflex wire or cable to secure the source wire assembly to the package. The source changer
cannot use the same source wire securing mechanism as the projectors because of two

1. The source changer accommodates two different length source wire assemblies.

2. The source changer requires the source to enter and exit from the same rear-plate assembly.

A sealed, special form, stainless steel, source capsule contains the radioactive contents of the package. The
source capsule and a stainless steel connector are independently swaged to each end of a flexible stainless
steel wire or cable to form the source wire assembly.

A dust cover over the source wire connector prevents access to the source assembly until a keyed plunger lock
is actuated and the cover removed. This dust cover is in place during transport.

The front-plate assembly of the projector does not hold the source assembly but instead blocks access into or
out of the source tube cavity from the end opposite the rear-plate access port.

Figure 2.5 shows the rear-plate assembly end of the projector version of the SENTRY transport package. The
SENTRY 110 rear-plate is thinner than the SENTRY 330 rear-plate by 0.31 inches to account for the
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difference in source wire lengths. Except for the shield and the rear-plate thickness, all other components are
identical in both projectors.

i £

Figure 2.6 shows the rear-piate assembly end of the source changer version of the SENTRY transport

The source changer rear-plate is essentially the same thickness as the SENTRY 330 projector rear-
plate. Many of the source changer rear-plate components differ from the projector version, but the rear-plate
fastening system is identical.
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Section 3 Regulatory Compliance

The main purpose of this test plan is to demonstrate that the SENTRY projector/transport package complies
with the Type B(U)-96 transport package test requirements of 10 CFR 71 and JAEA TS-R-1 1996.

3.1 Normal Transport Condition Tests

The water spray preconditioning (10 CFR 71.71 (c) (6)), the compression test (10 CFR 71.71 (c) (9)), and
the penetration test (10 CFR 71.71 (c) (10)) were all addressed under test pian 180 report £1.

The 1.2 meter free drop test per 10 CFR 71.71 (c) (7) was addressed under test plan 180 report #1 & 2. A
test specimen dropped in the same orientation as planned for this test was dropped from 32.2 feet twice
without a change in the safety performance of the package. All components important to safety remained
intact and functional after the first drop. The radiation dose levels were below 200-mR/hr on the surface of the
package after all tests. Therefore, there is no need to perform the 1.2 meter again before the 9 meter drop test.

3.2 Hypothetical Accident Condition Tests

The crush test (10 CFR 71.73 (c) (2)) and the immersion test (10 CFR 71.73 (c) (6)) were both addressed
under test plan 180 report #1.

The SENTRY transport package shall be subjected to the 9 meter free drop test (10 CFR 71.73 (c) (1), and
then the puncture test (10 CFR 71.73 (c) (3).

The thermal test (10 CFR 71.73 (c) (4)) will most likely be assessed and not performed. The assessment will
be based on the examination of the damage to the test specimen after the puncture test. Experience from
thermal testing the Model 660 & Model 680 transport packages has shown the shield will oxidize and
diminish its ability to protect only when the adjacent foam fill is allowed to combust and then fall away from
the shield. Charred foam seems to provide enough thermal insulation to prevent the shield from oxidizing as
long as the charred foam remains in place. Any damage producing an unintentional opening in the shell or
welded body would need to be assessed to determine whether the transport package would pass or fail the
thermal test.
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3.3 Free Drop Height Adjustment

Assume air friction is negligible for an object dropped from 30 feet. The kinetic energy of the dropped
package just before impact is equal to the total potential energy just before the package began to drop. The
potential energy (PE) is simply equal to the weight (W) of the package multiplied by the height (H) of the
package just before it was dropped.

PE=WxH

In this equation, the weight (W) is directly proportional to the height (H). Therefore, a lighter package can be
dropped from a higher drop height in order to produce equivalent impact energy for a heavier package
dropped at a lower drop height. The following example calculates the adjusted 30-foot free drop height for a
SENTRY 330 Standard test specimen built lighter than the maximum allowable package weight for this

configuration.
Drop #1: The maximum package weight is 780 pounds and the free drop height requirement is 30 feet.
PE (1) = 780 x 30 = 23400 Lbs-Ft
Drop #2: Say, the actual test specimen weight is 734 pounds and adjusted free drop height is unknown, H.
PE (2) = PE (1) = 23400 Lbs-Ft = 743 Lbs x H feet
H=31.5 feet =31 feet 6 inches

The actual adjusted drop heights for the 30-foot free drop and puncture drop tests is to be determined once the
test specimen is weighed and just before the test.

The adjusted heights will provide impact energy equal to or greater than the maximum transport package
weight if dropped at the 10 CFR Part 71 specified drop heights (30 feet free drop and 1 meter puncture).
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Section 4 Discussion on System Failure Modes of interest

The tests of this plan attempt to cause failure or malfunction to critical safety components and/or systems
needed to protect against elevated dose levels during and after a hypothetical accident as described in 10CFR

part 71. The critical safety components and/or systems of the SENTRY transport package are the shield, the
rear plate assembly, the rear plate attachment hardware, and the location of the source assembly within the

shield.

Possible failure modes of interest for this test are as follows:

4.1

Fracture of the depleted uranium (DU) shield causing failure to provide sufficient shielding.

Damage to the welded body enough to shift in the shield location relative to the shielded source
assembly causing unacceptable dose levels around the package.

Damage to the rear plate lock assembly enough to remove the source assembly from its shielded
location

Failure of the rear plate attachment hardware to keep the rear plate lock assembly with source
assembly attached to the package.

Pass Criteria

To confirm the package meets the normal conditions of transport requirements, the test specimen shall
be considered passing the test if it does not show any signs of loss or dispersal of its radioactive or
simuiated contents and also does not show a substantial reduction in the effectiveness of the
packaging.

To confirm the package meets the hypothetical accident condition requirements, the test specimen
shall be considered passing the test if it also does not show an increase in external surface radiation
levels above 1-R/hr at 1 meter (40 inches) from the packages external surface after the hypothetical
accident condition tests.
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Section § Assessment of Package Conformance

5.1

5.2

Hypothetical Accident Conditions (71.51 (a)(2))

There should be no escape of radioactive materials greater than A; in one week and no external dose
rate greater than 1 R/hr at 1m from the external surface with the maximum radioactive contents which

the package is designed to carry.

Transport Package Contents

The SENTRY transport package is designed to camry a special form cobalt-60 source capsule.
Containment of the radioactive source is tested at manufacture. The source capsule design has been
certified in accordance with the performance requirements for special form as specified in 10 CFR
Part 71 and IAEA TS-R-1 1996.

This test plan therefore does not discuss/specify tests associated with the containment of the
radioactive source. The purpose of the tests is to demonstrate that the source remains shielded within
the limits specified by the regulations.

Since source integrity has been demonstrated through special form testing, a simulated source will be
used during testing of the package. The radiation levels after testing will be measured by replacing the
simulated source with an active source. The post-test measurements will be compared with pre-test
measurements to verify the source has not shifted within the shield.
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Section 6 Construction and Condition of Test Specimens

The SENTRY transport package test specimens shall be constructed in accordance with QSA Global
engineering drawings and Quality Assurance Program. The drawings and quality program accurately represent
the intended design along with methods for manufacturing and verifying the finished product.

Figure 6.1 is a picture of the test specimen. Figure 6.2 is a picture of the SENTRY transport package standard
configuration. Notice they are the same package except for the yellow plastic inserts and attaching hardware.
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6.1 Test Specimen Justification

The SENTRY 330 transport package — Standard configuration is the heaviest package of all the SENTRY
transport packages. The maximum weight of the package in this configuration is 780 pounds. The array of
handling rib assemblies attached to the welded body increases the weight by 80 pounds more than the Basic
configuration. The handling ribs, when present, provide protection and substantial impact energy absorption to
the package in all but a few free drop orientations. The few unprotected orientations can be narrowed down to
one worst case orientation with the handling ribs attached. This worst case orientation shall be tested in this
plan. The SENTRY 330 projector — special standard configuration, with handling ribs but without the plastic
inserts, shall be used for assessing compliance to the free drop testing requirements of 10 CFR Part 71 and
IAEA TS-R-1 1996 for all SENTRY transport packages built to the standard configuration.

6.2 Structural Materials of Test Specimen

The structurzal materials of all SENTRY transport packages are Ti-6Al1-4V titanium, 304/304L and 174 PH
stainless steel. The shielding materials are U-0.75% Ti depleted uranium and tungsten. Fasteners needed to
attach the rear plate assembly to the welded body are type 17-4 PH stainless steel. Materials used in the non-
safety related components are 300 series stainless steel, brass, copper, plastic, and rubber.

6.3 Temperature Conditions

The fracture toughness (strength and ductility) of the primary structural material, 304/304 L. stainless steel,
does not change enough within the temperature range of minus 40°F to plus 100°F to affect the results of the
tests in this plan. Depleted uranium is a relatively less ductile material than the stainless steel but also does
not appear to have a ductile to brittie transition temperature within this range.

Test plan/report 79 shows the compressive impact strength of the polyurethane foam changes very little
between minus 40°F to plus 100°F. This change in compressive strength is not expected to affect the results of
the tests in this plan. The foam fill limits the shiclds movement during the impact of the drop test. However,
the shield relies primarily on the welded stainless steel structure and the titanium pins to keep it secure and in
place during impact.

Therefore, all test specimens will be dropped at ambient temperature since a temperature within minus 40°F to
plus 100°F is not expected to change the results of the tests.

6.4 Pressure Conditions

Except for the source capsule, the transport package is open to the atmosphere and therefore in equilibrium
with the outside pressure of the package. The internal operating pressure of the containment system, namely
the source capsule, has been tested to withstand the pressure range of 3.5 PSI absolute to 20 PSI absolute. The
tests will therefore be performed at atmospheric pressure.

6.5 Vibration Conditions

Vibration normally occurring in transport will be addressed under test plan 178, ISO/ANSI performance
testing, and is not expected to adversely affect the structural aspects of the transport package. The rear plate
assembly fastening systern however could possibly be affected by transport vibration. These fasteners are
preloaded or stretched within the materials proportional limit by a specified torque applied during assembly.
The assembly preload is designed to withstand dynamic forces and vibration normal to transport.
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Section 7 Material and Equipment List

The equipment list worksheets in Section 9 identify the equipment required, with additional space to list other
necessary equipment and measuring instruments needed to perform the tests. Additional materials and
equipment used to facilitate the tests will be listed as needed.
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Section 8 Test Procedure

All test specimens must follow the planned sequence presented below. Any change to the planned drop
orientations shall require a documented justification and description for the new orientation.

8.1

L

S B s BN

8.2

Test Sequence

Test specimen preparation and inspection.
9m firee drop test.

Puncture test.

Test inspection.

Thermal assessment.

Final test assessment.

Test Specimen Preparation and Inspection
Manufacture the SENTRY test specimen per table 6.1.

Inspect the test specimens to ensure that:

s All fabrication and inspection records are documented in accordance with the QSA Global
Quality Assurance Program.

= The test specimens comply with the requirements of the drawing.

Perform and record the radiation profile in accordance with QSA Global Work Instruction WI-Q-
1806.

comply with the drawings and the QSA Global Quality Assurance Program.

Measure the location of the simulated source.
Prepare the test specimens for transport.

9m Free Drop Tests per 10 CFR 71.73(c) (1)
The 9 meter free drop test shall demonstrate compliance to the hypothetical accident sequence.

The 9 meter (30 foot) drop heights are minimum heights. The actual or adjusted free drop heights
shall be recorded on the test data sheet.
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8.3.1 9 Meter Free Drop Test Orientation Justification

Curved side surface of mmrummamm
welded body at the 180 showed minor damage to this area
seam weld when dropped twice from 32 feet.

Not the most vulnerable orientation for

the standard configuration.

Rib assemblies provide substantial
Curved edge of the impact absorption. Curved edge of
welded body directly welded body protected by handling ribs.
on the seam weld

Not the most vuinerable orientation for

the standard configuration.

Rﬁmbﬁam%mh:?m

impact absorption. Bottom and top
;‘:““"’"“’&m surface protected by handling ribs.

Not the most valnerable orientation for

the standard configuration.
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8.3.2 9m Free Drop Test Set-up

1. Orient the test specimen on the drop pad.
Photograph the set-up.

Measure ard record the ambient temperature.

Raise the test package to the drop height and in its orientation over the drop pad.
Start the video recorder.

Drop the test specimen.

Stop the video recorder.

Record and photograph the damage to the test specimen.

I T S I

8.3.3 9m Free Drop Test Orientation

Figure 8.3.3 shows the package orientation for the 9 meter drop. This drop orientation attempts to shift the
shield enough to break the source wire and/or remove the rear-plate by damaging the attachment bolts. The
impact surface is on the extended face of the dust cover and rim of the rear-plate access port.
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8.3.4 9m Free Drop Test Assessment

Upon completion of each test, Engineering, Regulatory Affairs and Quality Assurance team members will

jointly take the foliowing actions:

e Review the test execution to ensure that each test was performed in accordance with 10 CFR 71, [AEA TS-
R-1 1996, and this test plan.

e Make a preliminary evaluation of the specimens relative to the requirements of 10 CFR 71 and IAEA TS-
R-1 1996.

» Assess the damage to each specimen to decide whether testing of that specimen is to continue.

o Evaluate the condition of each specimen after the 9m free drop test to determine what changes, if any, are
necessary in package orientation in the puncture test to achieve maximum damage.

8.4 Puncture Test per 10 CFR 71.73(c) (3)

The package is dropped from Im (40") or an adjusted height onto the puncture billet. This test uses the 12"
high puncture billet. The billet meets the minimum height (8") required in 10 CFR 71.73(c) (3). The specimen
has no projections or overhanging members longer than 12" which could act as impact absorbers, allowing the
billet to cause the maximum damage to the specimen. The billet is to be bolted to the drop surface used in the
drop tests.

The puncture drop height shall be adjusted based on the maximum weight of the package and shall be
recorded on the test data sheet.

8.4.1 Puncture Test Orientation

Figure 8.4.1 shows the package orientation for the puncture drop. This drop orientation attempts to damage
the lock assembly on the rear plate and/or remove the rear-plate by damaging the attachment bolts. The impact
surface is the dust cover inside the rear-plate access port.

If the crientation needs to be changed, the new orientation must be documented and approved with a
justification describing how it would be a worst condition than the planned orientation.




PORT:
FACE DOWN
DROP HEIGHT

8.4.2 Puncture Test Set-up

E

1. Orientation the test specimen over the puncture billet.

| Photograph the set-up.

[ Measure and record the ambient temperature.

I Raise the test specimen to the drop height and in its orientation over the puncture billet.
Start the video recorder.

Drop the test specimen.

Stop the video recorder.

Record and photograph the damage to the test specimen.
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8.4.3 Puncture Test Assessment

Upon completion of the test, Engineering, Regulatory Affairs and Quality Assurance team members will
jointly take the following actions:

e Review the test execution to ensure that the tests were performed in accordance with 10 CFR 71, JAEA
TS-R-1 1996, and this test plan.

e Make a preliminary evaluation of each specimen relative to the requirements of 10 CFR 71 and IAEA TS-
R-1 1996.

8.5 Post Test Inspection
Perform the test inspection after the puncture test.
1. Measure and record the damage to the test specimen.
2. Measure the location of the simulated source.
3. Remove and assess the condition of the simulated source.
4. Reassemble the packages using a representative active source, making sure that the source
&c:ﬁmmd&cpuhgswnﬁgurﬁmmﬂxemuﬂmywmhnmedi&elyaﬁaﬂwpmm

5. Measure and record a radiation profile of each test specimen in accordance with QSA Global
Work Instruction WI-Q-1806.

6. Assess the significance of any change in radiation at the surface and at onc meter from the
packages.

7. Determine whether it is necessary to radiograph the test specimens for inspection of hidden
component damage or failure.

. Record any damage or failure found in radiograph of the test specimens, if performed.
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8.6 Thermal Test Assessment per 10 CFR 71.73(c) (4)

The test specimen shall be assessed to determine whether the test specimen will pass the thermal test.

The assessment will be based on the examination of the damage to the test specimen after the puncture test.

from thermal testing the Model 660 & Model 680 transport packages has shown the shield wili
oxidize and diminish its ability to protect only when the adjacent foam fill is allowed to combust and then fall
away from the shield. Charred foam seems to provide enough thermal insulation to prevent the shield from
oxidizing as long as the charred foam remains in place. Any damage producing an unintentional opening in
the shell or welded body would need to be assessed to determine whether the transport package would pass or
fail the thermal test.

Engineering, Regulatory Affairs, and Quality Assurance team members will make a final assessment of
each test specimen and jointly determine whether the specimens meet the requirements of 10 CFR 71 and
IAEA TS-R-1 1996.

8.7 Test Specimen Storage
Place the test specimens in an appropriate container, if necessary and store. Written management approval is

needed to dispose of any test specimen of this test plan. If the specimens are disposed of, then include a copy
of the signed disposal approval in the SENTRY design history file.
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Section 8 Worksheets

Use the following worksheets for executing the tests of section 8. Record the information onto copies of these
worksheets for each test performed.

Attach a copy of the relevant inspection report or calibration certificate after the range and accuracy of the
equipment has been verified.
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Free Drop & Puncture Test Checklist

Test:

Test Location:

Step Data

1. Record test specimen serial number:

2. Record the test specimen weight:

3. Record the ambient temperature (°C): Instrument S/N:

4. Identify set-up orientation figure:

5. Record drop height.

6. Photograph set-up in at least two perpendicular planes.

7. Begin video recording of the test so that impact is recorded.

8. Release the test specimen.

9. Stop the video recorder. Ensure the point of impact and orientation specified in the plan has been achieved.

10. Record the damage to the test specimen. Use a scparate sheet and attach, if needed.

11. Record location of simulated source, if possible.

12. Engineering, Rogulatory Affairs and Quality Assurance make a preliminary assessment relative to 16 CFR 71.
Record the assessment on a separate sheet and attach.

Test witnessed by (Signature) Print Name Date

Engineering:
Regulatory Affairs:

Quality Assurance:
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Free Drop & Puncture Test Data Sheet

Test Specimen Serial No.:

B g
!

Test Date:

Describe drop orientation and drop height:

Describe impact (location, rotation, ctc.):

“Describe on-site inspection (damage, broken parts, etc.):

On-site test assessment:

o Was the test performed in accordance with 10 CFR 71, IAEA TS-R-1 1996, and this test plan? Yes or No.

o Does the test specimen mect the requirements of 10 CFR 71 and IAEA TS-R-1 1996 for this test? Yes or No.

e Any changes to subsequent drop orientations needed to achieve maximum damage? Yes or No. If yes, then identify
and justify.

o Did sufficient damage occur at or on the rear-plate attachment area to warrant further drop testing the SENTRY 110
Projector — Basic configuration because of its thinner rear-plate? Yes or Ne.

o Should testing continue with this test specimen? Yes or No. If yes, next test:

e  Will the test specimen pass the thermal test based on the accumulated damage asscssment? Yes or No

QA:

| Engineering: % Regulatory:
Describe any post-test disassembly and inspection:

Describe any change in source position (if possible):

Describe results of radiography (if performed):

Completed by: | Date:
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Test Inspection Data Sheet

Test Specimen Serial No.: Last Test Performed:

Describe and measure (if appropriate) any damage, signs of permanent strain, deformation and/or broken parts.

Describe the condition of the simulated source wire assembly.

Reassemble the package using a representative active source, making sure that the source position and the package
configuration is the same as they were immediately after the last test.

Measure and record a radiation profile of each test specimen in accordance with QSA Global Work Instruction WI-Q-
1806.

Compare the pre-test dose levels with post-test dose levels at the surface of the package and at 1 meter from the
surface of the package.

Is a radiograph required to inspect for hidden component damage or failure? If radiography is performed, describe any
damage or feilures found.

Completed by: Date:
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