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Test Plan No. 180

Section 1 Introduction

This document outlines the test plan needed for the SENTRY (Model 860) Projector series and
{Model 867) Source Changer to meet NRC 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, No.
TS-R-1 1996 Edition (Revised).

This document describes the test package specifications, testing equipment, testing scenario, justifies
the package orientations for the different test specimens and provides test worksheets to record key
steps in the testing sequence.

Roles and Responsibilities
The responsibilities of the groups identified in this plan are:
e Engineering executes the tests according to the test plan and summarizes the test results.
Engineering also provides technical input to assist Regulatory Affairs and Quality
Assurance as needed.

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

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

¢ Engineering, Regulatory Affairs and Quality Assurance are jointly responsible for
assessing test and specimen conditions relative to 10 CFR 71 and JAEA 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 Transpost Package

Model 860 Projector Series Dlodel 867 Source Changer

SENTRY 110 Projector SENTRY 330 Projector SENTRY Source Changer

SENTRY 110 Projector SENTRY 330 Projector SENTRY Source Changer
Standard Standard Standard

SENTRY 110 Projector SENTRY 330 Projector SENTRY Source Changer
Basic Basic Busic

Figure 2.1. SENTRY Transport Package Configuration Tree.
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Table 2.1 shows the specific differences between the SENTRY transport package configurations to be

tested or evaluated in this test plan.
Table 2.1. SENTRY Transport Package Configurations.
Max. Source
. Active Refer
Handling | Active Source Package Capacity
Configuration Ribs | Wire Assembly Cs:"’:fe Weight | 1 | (Curies
pe (Lbs.) BUTE | of Co60)
SENTRY 330 424659 & 60011 &
Projector —Stmdard | 1° 42465-10 60012 - 2| =
SENTRY 330 4246598 | 60011 &
Projector — Basic No 42465.10 60012 700 2.3 -
SENTRY 110
S gl |5 42465-8 60011 580 22 110
SENTRY 110
P Rath No 42465-8 60011 500 23 110
424658
SENTRY Source ; 60011 &
Yes 424659 & 780 22 | 330
Changer — Standard oAk 60012
424658,
SENTRY Source No ieshy | & 23 | 330
Changer - Basic 42465-10 60012

i
e i it ;

Figure 2.2. SENTRY Transport Package Projector & Changer — Standard Configuration.
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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 fube. Heavy duty, 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 shield 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 assemblies. The front-plate assembly is used only on the projector configurations. The source
changer configuration uses a 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 attachiment method of the fastening system is achieved by four, high
strength, stainless steel, hex head belts, BLTO1S5, 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 stezl 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.
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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 assembly. The selector ring retainer also provides the housing for the critical spring-
loaded locking 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
reasons.

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.
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| Figure 2.5. SENTRY Projector(s) Rear-plate Assembly with source wire secured

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 difference in source wire lengths. Except for the shield and the rear-plate thickness, all

other components are identical in both projectors.
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| Figure 2.6. SENTRY Source Changer Rear-plate Assembly with source wire secured

Figure 2.6 shows the rear-plate assembly end of the source changer version of the SENTRY transport
package. 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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| Figure 2.7. SENTRY Projector(s) Alternate Rear-plate Assembly with source wire secured

Figure 2.7 shows an alternate configuration for the rear-plate assembly end on both the projector and
source changer versions of the SENTRY transport package. This alternate configuration replaces the
rivet nuts with a nut ring. The rivet nuts or, in this case, the nut ring is an integral part of the rear-plate
fastening system.



SENTINEL Test Plan 180
QSA Global, Inc February 2009
Burlington, Massachusetts Page 13 of41

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.

The sequence of testing shall follow the order given in section 8.1. All test specimens are first
subjected to the required normal conditions of transport tests followed by the hypothetical accident
condition tests of 10 CFR Part 71.73. This represents the worst case testing sequence for the SENTRY

transport package.
3.1 Normal Transport Condition Tests

The water spray preconditioning (10 CFR 71.71 (c) (6)) of the package will not be performed as the
SENTRY projector/transport package is constructed of waterproof materials throughout. Water spray
would not degrade the structural integrity of the SENTRY transport package.

The compression test (10 CFR 71.71 (c) (9)) will either be conducted by stacking the required weight
onto the package or evaluated by using a finite element analysis (FEA) model. If the test is conducted,
then it will follow this test plan. Otherwise, the FEA model evaluation will be documented in a
technical report.

The SENTRY transport package shall be subjected to the penetration test of 10 CFR 71.71 (c) (10)
and then the 1.2 meter free drop test per 10 CFR 71.71 (c) (7).

3.2 Hypothetical Accident Condition Tests

The crush test (10 CFR 71.73 (c) (2)) will not be performed because the capsules containing the
radioactive material and attached to the source wire assemblies are qualified as Special-Form

radioactive material.

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.

The immersion test (10 CFR 71.73 (c) (6)) will not be performed. Only the source capsule
(containment vessel) is sealed and able to pressurize as a result of 50 feet of water depth. The source
capsule is designed and tested to withstand external pressures over 22-1bff/in’.
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33  Free Drop Height Adjustment

Al free.drop test Heighits specified in 10 CFR.Part'71 shall be adjusted higher'to allow for SENTRY
‘transport packages-built heavier than the test spectmen but less"than-the- maximum’ patkage weight to!
‘comply with 10 CFR Part: 71.. The achial test Speciiniens will likely weigh:less thian the maximum
‘welght specified on their’ resp_ nve “top level - assembly drawmgs Table: 3.1 coinpares the-test
specimen against: the maxnnum transport package welght for each ‘SENTRY' trarisport. package
:configuration:

‘The-actual, wexght of the. SENTRY transport package i is: d1rectly affected by the following:
1. Miner thickness variations in componerit materials;
2. Slight polyurethane ‘foam fxll ‘density: changes as the: pre-ﬁlled foam:ages-(self life).
3. Extrashield material layers. accumulating on the shield.casting-as the mold cavity wears:

| Table 3.1.SENTRY Traisport Packige Weight Companson
Estimatéd. | Maximum. Poteniial
SENTRY Package | Test | Tramsport Weight
‘Confij gurafnon Specimen Package Difference
‘Weight ‘Weight Lb

. @by | (uby) )

SENTRY330 Pro_]ector Standard& B on ,

' SENTRY Source Changer- Standard | . 734 T80 46
'SENTRY 330Projector<Basic & | - L
SENTRY Source Changer— Basic 63 | 0 41
“SENTRY110/Piojestor = Staridard 556 | 580 24

SENTRY 110 Projector— Basic, s475=0 i 500 :2"'5

The-impact energy is equa] to the-total ‘poteritial energy just before the package. is dropped. The:
potential energy: (PE) isisimply equal to.the:weight (W).of the package: multiplied by.the height.(H): ‘of

the drop. o
PE=WxH

In the. potennal ‘energy ‘equation, the welght (W) is’ dxrecﬂy proportional to the height-(H). A ligliter
test specimen cari ‘be dropped from-a hxgher drop; hmght in order to produce equlvalent impact.
(potentna]) €nergy’ for a Heavier test. speciinen dropped at a lower height. The following example
calculates. the- ad_lusted 30-foot free’ drop height for the’ SENTRY 330 Projector- — Standard

configuration.

Drop #1: Maxiinum package weight=780:Lbs. and free diop height requirement =30 féet.
PE (1) =780 x 30 =23400 Lbs-Ft
Drop#2: Actud] test specimien weight=.734-Lbs.-and adjustéd free'drop height = Usiknown feet.
PE/(2)=PE (1)=23400 Lbs:Ft="734 L x H feét
| H=31.9 feet =131 feet 11 inches
The actual adjusted drop-heiglits will-be- deterinined ‘once, the ‘test: ‘speciniens are: welghed and. just
before the 30 foot, ~foot and. 1 meter puncture drop-test. The adjusted heiglits. will previde impact

energy eqiial to-or greater than the maxinitin transport package weight if dropped-at the 10.CFR Part
71 $pecified drop hexghts (30 feet free drop, 4.feet free.diop, and 1 metér, puncture)
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‘Section 4 Discussion on System Failure Modes of Interest:

“The-testing in this plan will. -atternpt 1o-cause; failure -or:fralfiinction to critical :SENTRY traisport:
package components and/or systéms neetled to protéct.against élévated dosé levels durmg normal-
‘transport and. after a hypotlietical dcéident’ as described 'in TOCFR part. 71. The most’ critical
compornents are the:shield, the rear plate:assembly, and the relative position between:therh. The failure-
modes of intétest are as follows

Table'd.1. SENTRY Transport Package Failure Modes. L
|4 |Failure Mode Possible Canse | Target
_ . .| Components
, Animpact from thie drop or
1A penétration tests could-fracture: | & DU Shield
the stifeld: matex ial.
A fiactore of the shells: welded .
+Failiire of the: depletéd uranium | cylindrical body: ﬁom the drop
(DU) shiield to provide and/or pefetration tests could a “Welded Bod
. *sufﬁclent shle[dmg , produce an operiing Iarge » DU Shield: 4
1B enough to.allow.the foam fo . Foam Fill
burn-away during; the fire test, U
| The shield could.oxidize in.the
ﬁre test wntlmut sufﬁc:em
foam. ,
Failure of the'shield rétaining | Abropt.changes in motion arid : gg‘g;ﬁlela:dy
~ | structire’to liold theshield-in. damage from-the drop-and —
R o »  Source:
I place relative to the source penetratlon tests could shiftthe: Assembly:
assembly. shield-away from the:sonrce. paets
' Failure.or malﬁinctionﬂloftlie . Abrupt: changes in miotion and : g&lg;?e?; dy
- o | rearplate assembly-tokeep the |-darhage front the drop. afid ,
3 n R_ear Plate
| source: assembly ina ‘penetiation tests. could.shift the. | s Source .
sufﬁcxently -shiélded location.. source away -fr"’c‘sm.‘the‘sliie]d-. ’ ‘Assembly:
) ssembly:
' Abrupt changes in'motion- and
. Failure of the rear platé «damage from the dmp and = Rear Plate
4. | attachinent hardware fo refain | 13 a  Rear Plate Boli
the rear plate tothé package. '_.penetratlon tests could remove, ear Plate.Bolts :
. : 2 -the SOUrce: from -the: shleld
4.1 Pass Criteria

oot show signs. of Ioss or dlspersal of radioaétiveor snnulated radloacuve conten ’ and shiow:
no.substantial reductlon in the effecnveness of the. packagma To pass, the fest gcimen’ must
also not show.an increase: in” extemal sticface. radiation {evels: above 200-mR/hr affer: -any
normal transport test and above, 1-R/hr at 1 meter: (40 inches) from the packages external
surfage after the hypothetical accident condition tests..
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Section & Assessnient of Package Conformarice

!

51

5.2

5.3

‘Containinent of the rad1 , 2
"‘been certified i in accordance-vmth the- performance requiremenits:for special form. as. specified
in'10.CER Part. 71 and TAEA TS-R<1 1996.

Normal Gonﬂitipn_s,.;ofﬂ Transport (71.43 (f));

There should.be no loss-or dlSpersaI of radioactivecontents; no 51gmf cant incredse in external
surface radlatmn Jevels and no'substantial-reduction ini the effectiveness of the’ packagmg

JAEA TS:R-1.1996- paragraph ¢ 646 stipulates the same cntena exceptthat.it also requires:that.

“the loss of slueldmg integrity:should:not result in more; thaf.4:20% increase in the fadiation

Tevel at any: external surface of the pac}\age
Hypothetical Accidenit Conditions (71.51 (a)(2))
There should b o escapeof radloacnve naterials greater than A, i in-one Week and fio

exteriial ‘dose rate. preater than.1 R/hr atIm from the:externdl surface with the maximum:
fadioactive conterits which the. package is. desngned to.carry.

Transport Pdckage Contents

The-SENTRY" transport package IS ‘desigried torcarr :a_,speclal form cobalt-60 source: capsule.
ested atmanufactiire: The source capsule design has

This test:plan thereforesdoes not: dlscuss/speclfy tests.associated with:the. ‘containment- of; sthe,
;radloactwe source.. The purpese.of the tests:is'to- demonsirate that the’source remains shielded
within the Ilmxts:speclﬁed by the’ regu]atxons

‘Sihce source mtegnty has been demonstrated through special form tesnng, a.simulated source.
will be itsed. durmg testing: of the’ package “The radiation levels after ‘testing will be mieasured-
by replaging the!situlated Source with an dctive source, The post-test measurements will be,

compared with: -pre-test dieasuremeits to vetify the souir¢é has not:shifted: within the shield..
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Section 6 Construction and Condition of Test Specimens

The' SENTRY' transport package test: specxmens shallbe: constructed in accordarice with QSA- Global
-engineering drawings and Quality Assurance, Program: The: drawmgs and quality program accurately,
represent the'intérided: desxgn along with methods for manufactufing.and venfymg thé finished.
‘Product.

__Fipure 6:1 Shows the SENTRY transport package — test specimen configuration tree.

SENTRY Transport Paclage

|

FAodel-§60 Profector Shriss:

Mot 367 Soimen Carger

SENTRY.330 Projector SEWTRY 110 Profactor’ | ‘SENTRY Saurca Chzinger.
A}
SENTRY 330 Profoétar | ENTILY 11g Pra]ectnr ' mnm’v’ Source Chiméerj
" Stendard, — L = M —— L Swaled
_TPEN0-330 ) rpacuaoasn - ~ TrEETinE0 Bl
“SENTRY 330 Profectat | [ senreyiiopojenr ‘ e
o Sﬁ's':lal"ju = T ?spa:!arj"' - Legend .
TPR&ID0-330 . __ _TPRADDDSAR oot Parknas
R . Configurition
SENTRY330 Projector N srsnmwin 00 Projctr b TestSoimes ]
Basic v T I asic . Denotes Parknge Configumtion W be tefted.
TP35015-030. 1 TPSWM;B
— LSS —— ' [ issifasloz |
SENTRY330 Brojector SENTRYumjmmr + Configuration. i
- Altarndta - - N “Basis for ASRIRIEAL
TPROLELSI0 | - TPWNW :1 Dem!esPa:hg:Cnungnmﬁnnwbenssessd
ased on another tistspazkmean’

SENTRYB.;O;Pro gctor - . TR
. Standard. - TP86000:330 %0 TRLBOE
S TPES000330X | 199 TP180G
SENTRY 330 Projector— | wmernie. | oo | TPISOA, TP180B; TP180C,
Basic .| TP86015-330 185 | ™ " rpis0D, TPISOE
SENTRY 330 Projector— . o e
Alterate: (Nut Ring) TP86051-330 228 TP180H:
SENTRY .Scurce Changer — SeEIAN A% an | e BT
o) TPSGT00330 | 192 TP1801
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6.1  Test Specimen Justification

‘The'SENTRY*330 Pro;ector ~Standardeonfigiration is'the hiéaviést package of all tiie SENTRY
transport packages, The«array ‘of haridling, nb-assembhes‘fof this: conﬁguratlon makes 1t 11eav1er than
\ bot . -

package conﬁguranons ,mayLb e tested:as' j S _'. sed in th f
determings:the'need to.do 5o

the shleld attaches to’ the strucmre is nearIy ideritical ‘for both: the: SENTRY 330 & 110 packages
Therefore, the:heavier. SENTRY: 330 ‘configuration. would: be:testing ' higlier stréss, worst.cdse,
condmon Drop testmg the SBNTRY ]10 Pro;ector Will not be: performed ‘However; if ‘there is

' plate bly, “anid/or motnting sufface of the: SENTRY 330
o:the SENTRY 110 rear plate will'be assessed
1 date if deemed necessary:

1dea here lS to demons ,_ete cdzﬁp ANCe:
rough handlingand use:,

The SENTRY 330 Projector Alteraate configuration:is- -identical to-the SENTRY 330. Prolector -
Staridard confi guratlon except.the) altemate onﬁgurah ) has -a.out ving in place of the rivet nuts to
attach the:redr plate assembly, - dfi ’ - Y /330. Pro_;ector = Alternate
configutation would b ¢onsidered’ o) f there weré suffi cxent damage to'the' SENTRY-330. Pro_;ector
redr'plate’ assembly;. access portiand mountmg surface,

Thie structure-of the" SENTRY Soiirce: Changer is'idefitical to'the' SENTRY 330 Projector. Thiere are!
sorne dxfferences m the 5"co 'ponents of the rear. plate assembhes Although the rear plate mountmg

.xa.',(f:ées.s;l:ihz_t-anq niéunt,xng:sqpfa_c_e.f .

62 Striictural Materials of Test Specimen

"'The ;structux af’ matenal ol al]ﬂ the SENTRY transport packages;gre made of’ type 300 senes stamless

'copper, pIastlc, and rubber




‘between minus 40°F to; iplus 100°F. The:foam
duririg thie- impact of the: drop: test. The shield 1
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6.3 'Témﬁé(aturé?cmﬁdfﬁdﬁs

The fractire totighiness: (strength and ‘ductility)-of the:SENTRY: transporc package structural-materials:
willinot change sxgmficantly within the teriperature rangé:of 'mirits 40°F 16:plus 100°F, Within this-

temperatufe range, ‘the DU shield will: exhlbxt only slightly less ductility than:the: other structural
materials.

Test plan/report 79 shows compressive: 1mpact~strength of the polyurethane foam. changes very little:
not the only: feature limiting: the shields: movement :

structure to help keep it'secire and’in place. Therefore, all test speclmens will be: dmpped at.ambient

témperature since: the temperature within-the foins 40°F to plus. 100°F, temperatire range-is not

expected to change the fesults of: any of the tests:

6.4 Pressure Conditions

Except for the Source capsule the* transport package is opén-to- the atinosphere and therefore i in
equilibrium’ with the: olitsidé ‘pressure. .of “the package The ‘interial operating ‘pressiire! of “the
containment system, nariely the Source’ ‘capsule; has ‘Beentested:to: withistand the pressure range of 3.5
PSI absolute to 20 PSLabsohite. Thé tests will thieréfore be perforined at’ atmOSphenc ‘pressure..

6.5 Vibration Conditions

Vibration normally: occurring; in transport ‘will ‘be :addréssed under: test ‘plan 178, ISO/ANSI
performance testing; and i$ niot “expected to adversely affect the-structural dspects of the-trangport
nackage. The rear iassembly fastemng'system however could possibly be affécted by transport
vibration. These fas TIET: ‘ strét hed thhm the: matenals proportxonal hmlt by 2
specified torque-applied du ng assembl he _ ed’ «
forces: -and wvibration ‘normal ‘to tranSport “The vibration test of test plan 178 w1ll verxfy the
performance of the- fastemng system: when: subjected to-vibration normally: acéurring in transport:
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Section 7' Material anid Equipment List

‘The e "u1pment Tist worksheets ifi Section: 9"1dent1fy the. equlpment requlred, wnh addmonal ‘space: 1o
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Section'8 Test Procedure

All test speclmens must- fol]ow the planned; sequence presented bélow. Any change 1o thié planned drop

8.1

10

11,

8:2

-orientations:shall requireia documented Justification and: descnpnon for:the riew orientation..

Test Seqience.

1. Testspecimen preparation and inspection.

Compression test.or analysis (10 CFR 71.71 (c)(9))
Penefration test (10'CFR 71.71(¢) (10))

1.2m (Four=foot) free drop-test (10-CER 71.71(c) (7))
Optional test inspection (radiation profile)

9mm (30-foot).fre¢ drop test (10 CFR'71.73(c) (1))
Punctuge test (10'CFR-71,73(c)(3)):

Test inspection.

Thermal assessmient (10 CFR 71.73(¢) (4))-

Final test inspection and/or'assessinent.

Test specimen storage;

Test Specimen Preparation and Inspection.
Manufacture the;SENTRY: test specimen per‘table;6.1.
Tnspect the test specimens to ensure: that:

e Allfabrication and. inspection records are:documented in accordance with'the QSA Global.
Quahty Assurance Program.

= Thetestspecimens comply with the requiremients of the:drawing;

Perform and record the radiation: proﬁle in accordance.withi’ QSA Global Woik Instruction WI-
Q -1806:

Engineering,. Regulatqry Affairs and Quality ‘Assirangce’ will Jomtly venfy that the test

Specimens: comply"wnh the: drawmgs atid the: QSA ‘Global. Quahty -Assurance; Program

Prepare thetest specimens for tranisport.
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8:3 Drop:Tést Orientation Overview

"This section;provides an.overall ook at'thé test'speci 'mé'n orientations foredch ‘.t.es't.,'

“Tible 8.3 Frée Drop Test Orientation Overview

» :,D,lf?l’_ ‘Test:Specimen ; :
Orientation: Senal Number Failurée:Mode(s) |
# )
SENTRY 330 Failure modes#2
Pro;ector - | & #3; attertipt to.
Basié. I(;Iltﬂs]gura;; shift'shield: enough
1 ‘Configuration. ol ate poit. | t6 damage:source-
? {PIEEPO "wire-and/or #4:
. Serial Number: ke “mgems. | bredkirearplate
TP180A: I attachment bolts.
. -
SENTRY 330 | Failuré mode #4. &
Projector— [ Hittlie: #3: dttempt:to bend
Basic edge ofthe - “port eriovigh to
2. G@ﬁ‘ﬁgﬁrht‘iﬁn réar plate ‘biedk fear plate
port: attachmet holts or,
Serjal Number: Other important
TPlSOB _lock parts:
{
ggg";‘ftg]‘: Failifetode #1B;
| shett attenipt to fracture
. onsie sl g1l seam vield.
3 -Configuration: dlrectly on andor 427 Shift
! 'the seam IS AU % anfj/ol' #2' S'hld "
Serial Numiber: | weld el | Shieldaway fiom
TP180C SORree.
SENTRY 330 | Hit onithe.
Pn‘gi::zr B :1%17 ofthe | o ' ‘Failure Mode #1B.
. AR & y IERC T Attempt‘tof racture, |
4 Configuration: ;.dlrectly ‘on L\ ) i
2 thie seam -, 'she]l ongitudinal
Serial Niimbér: | weld.. Yoy ‘and edge welds.
TPIsOD . ! BRCANDGH!
L ‘_u‘;c!'un - ] )




SENTINEL. TestPlan 180
QSA. Global, Inc February 2009
Burlington, Massachusetts Page 236£41
Sf NTRY330 Hit square | Failuré mode #1A:
rajector - attempt to fracture:
C 6n:il a:;;ﬁ on - the:shield and/or
& | the: welded B | | #2&#3:shift
SerialNuinber: . body R B . Shleld away | from
TP180E a——
SENTRY. 330 | ‘
Projector — I :
‘Standard Ev?lu;}tg { Based on 'worst:case
-Confisiration: after drop »
Configuration; | .o o ‘damage: ‘ TBD!
#1 thiuds. orienfations #1 thru #5.
Serial Number.' - )
TPISOF
‘SENTRY:330
Projector — e
SN Eyvaluate:
rcéﬁ?fli)?ﬁiaa“lt:ioﬁ'- after drop -Based on'wotst’ case -
e R ntatnon3 ofientations #1 thru #5 rl
‘Serial Numiver: | 71 DU#S ‘“
- TPi$iG.
SENTIRY
‘ fSource Changer fg;lg?;; Based on Worst ¢ase o
‘orientation | damage from drop TED
Serial. Number #1 thrii #5 orientations; #1'thru-#5.
TP180J il
SENTRY 330
Préjector —
Basic Alternate EvaIuate ‘Based on. worst case .
‘Configoration darriage from: dmp TBD-
oriéntations #1 thiii #5:.
Serial Number::
TP180H
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84 Compression Test or Analysis

The compression: 1est ds-a:normal condition of’ transport test, The package i is subjected for 24
hours ta’ 'a-compressive Toad; apphed uniformly. to the fop and ‘battom of the package ‘in the
position in'which the ackage would normally be transported The. -COMpressive: Joad must be
equivalent to:either5 eight of the: package or 2 [bf/in? times the-vertically:
projected:surface area of the: package, whichever is.greater.

The maximu. package wexght i5:780 Ibs: per table 3.1, Five times the- maxnmum package
welght 18 equal to: 3900 1bs; The:total: vertxcally projected: surface area of the pa >
in®. This drea txmes 2 Ibf/in™is equal'to:510- 1bs.. Therefore, 3900 Ibs'will'be apphed to the
package: Tor thé | compresslon Test.

Compression Test Set-up
To'set up packige for.the compression test:
1. Place the teit specimenin its.nofmal tfarisport orfeiitatior:

2. Gradually.and uniformly.apply.the:39Q0 Ibs load'to the top sirface of the test specimen.

3. Setand:start the timer for'24 Hours.

4. Measure and record the-ambient temperature.

3. Pllotdgl?aph-;flle,sqtgup.,

6. Afer24 hmjrs;rérﬁbiie the appiied 3900 Ibs load,

7. Record the daniiage to the package and take a photographicirecord.

Compression Test Assessiient’

Upon completlon of the test, Engineering, Regulatory Affairs'and: Quality Assurance'team

menmbers will _|omtly tale the following actions:

o Review the test execution:to ensure that the‘test was performed in accordance with 10 CFR.
71,JAEA TS—R—I 1996;:and this test:plan.

‘» Make:a prehmmary ‘evaluation of the: specrmens relative to thie: reqmrements of 10-CFR.71

and IAEA TS-R-1 1996.

'+ Assess the damage to -each speciinen to decide. whether testing of that. specimen is‘to

continue,
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8.5

8.5.1

8.5.2

Penctration Test

The penetrationtest is 2 nonmal conditions of transport.test. Impact of the hemispherical end
of a vertical steel: cylmder of 3, 2-cm (1 25 m) diameter and 6’ kg(13. Ibs):mass; dropped.ffom.a
he:ght of 1 m (40-in) onto the: exposed surface of the package that:is. expected to be most
wiilnerable to-puncture. The long axis of the.cylinder.must be:perpendicular to the package
surface.

The 3/8:inch thick stainless: stegl ' welded body of the SENTRY ‘transport package: ‘will easily
withstand.and probably:just dent: sligltly from the impact of the 13 Ibssteg] cylinder.
(penetratxon ‘bar) dropped from 40 iriches. Themost: vulnerable exposed surface of the

package i§'the plunger Tock:of the reat: plate dust cover. Therefore, the plungerlock will be the
target for this test.

Penétration. Test Set-up:
To:setiup-a package:for the penetration test:

1. Orient the speciinen so the plunger fock of the:ress: plate; diist cover facss up towards thie
dropping direction of the penetration bar.

2. Raisé the penetration bar

3. Medsiite-arid récord the ambient tempetature.

4. Photograph the sef-up.

5. Drop the penetration bar. .
6. Record the damage to,the package and take a photographic record.
Penetration Test Assessment

Upon coimpletion of the'test, Engineering, Regulatory Affairsand. Quahty Assurance team

‘membets will jointly take the: followmg actionsy

¢ Reyiew the test execution to ensure that!the test'was. jperformed in accordance with 10°'CER
71, TAEA TS-R-I 1996, -and this test plan.

* Makea preliminary evaluation of the specimens:rélative:to the requirements of 10 CFR. 71

and TAEA TS-R-I 1996.

& Assess the.damage to €ach spemmen to decide. whether testing: of: that specimen. is'to

coritinue:




failure mode' #4 1'e‘move;ﬂ1e“ “_ar-p!ate attachment bblts BLT015 Tk
exterided fice of the dust cover and 1im of the: :rear-plate access port.
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86 1.2m& 9m.FPeestop Tests

is-a niormal ‘conditions of trarisport test. This test.is meant to
1age’as-a precondmon the.test specimeii for the hypothetical

“The'1:2 meter: free dropitest:
jmduce normal transport dan
-accident sequence.

"'The 9 mefer free dropd testis the hypothetlcal accxdent condmons té5t: Thisitest is-meantto

;adJusted free: drop he1 ghts sha]l be. recorded on the test data sheet

8:6.1 1.2m & 9m'Free Drop Test Set-up

To:setiyp’ af,pack}ageijr{tﬁe jspe‘c_:'iﬁed‘-:‘&_rop, testy

.. Place ¢ach: specxmen onithe: drop surface and position itaccording to the speciimen-
"Spemf G or:entatlon

2. Raisethe: package so:that the impact target isat. the; specxf Ted hei ght.above the drop
;surface. Ensure the center:of grawty is-over the: lmpact pomt

3., “Measure:and fecord the ambient téinperaturs:
4, Photograph the setip.

5. ‘Start the video recorder.

8: fDrQP:-ﬂ:'leifPa‘ékagee

7. Stopthe -viidéo recorder.

8. Record the damage to the'package andtake a photograplic record.

:8.6.2 ‘Specimen TP180A 1.2m'& 9m Free Drop Test Grientaftfon

e;impact surface ison the
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‘-:m PUATE PORT.
DUST COVER FACE

ORQF HEIGHT
[ pROPPAD . 1.

Figure §.6.2¢. Spécimen TP180A Fee Drop Orieritation

8.6.3 Specimen TP180B1.2rn & 9m Free Drop Test Qrientation’

rear~plate access port.

REAR PLATE PORI EOGE-/

BROR HEIGHT

o R y
> S|

Figure 8.6,3: Specimen TP180B Free Drop Orientation

8.6.4 Specimensfl’ﬁi}?a’"c 1.2m & 9m Free:Drop Test.Orientation

Figure 8.6:4 shows the package orientation for Specimen TP180C: The: drop orientation atterfipts to-
induce:failire mode; #1B fracture the: skiells seam weld and/or- #2, shifttheshield-away from:the:
sourge. The.impact pomt is on the'side of the shell. directly oii the seam weld.
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| , .

s
[ B’Fi&mn;_ T . 1.

Figure 8.6:4: :Specimen TR180C Free DropOrientation

8.6.5 Specimen TP180D1.2m & Sin'Free Drop. Test Orientation’

Flgure 8.6.5 sliows the' package orientation for Specimen'TP180D: Thedrop.orientation attempts 1o
induce failure mode #1B, fractiré thie shell longitudinal-and: edge:welds. The.impact'pointis on tlie
edge of the:shell dlrectly otytheseamweld.

TN
L ONGTUDINAL-
WIS EAM -

BROPHEIGHT,

‘L. ororfan _ I

8.6:6 Specimen Tﬁi’BT?JE 1.2m & 9m Free:Drop Test Orientation’

F:g' e8 6.6 shows the: package onentatmn for Specrmen TPI80E: The.dropi orientation attenpts.to
' : ure:mode: #3 shlft the. s]ne away from the source .and/or#1A, frachire’ shield to cauise'd
‘reductl ofini shleldmg The lmpact poitit. is square:on-the: top “sitiface of the package
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fory
P éé&aJ

* DROP HEIGHT

1. ) ﬁno{rﬁp

Figure'8.6.6:' Specimen TP180E Free Drop Ofientation

8.6.7 :12"2m:4&;.9miF§‘.rée Drop Test Assessment

‘Upon ‘completion; of each- test, Engmeemxg, Regulatory: Affairs and Quality. Assurance team
memberswill jointly1 take the following: actions:

# Review the test execittion.to énsure that:¢ach-test 'was peeformed;in:accordance with 10°CFR 71,
JAEA-TS-R-1 1996, and this"teé.’t"plén

- ‘}Malce a prehrmnary ‘evaluation of the specimens-relative to thie requirements of 10 CFR*71 and

». Assess'the damage to each specimen to decide whether festing of that specimen is to confinye.

. ss th ‘dame € : evat, ; '}rear-plate attachment area fo. detenmne whethertestmg_

.-any, ale necessary ini package onentatlon m the 30-f06t drop festto: aclneve maxlmum damage

.. '.Evaluate_jthe condition of each- specimen after the Ony free” drop test to-déterinine What:changes, if
any; are necessary mzpackage orlentatxon in‘the ‘punctiire- fest torachiéve maximiim damage

8.7 Puncture Tests

The packagg'is dropped from a'height ofiat least. 1m (40") onto:the:puricture billet. This test uses the.
12" Iugh puncture bxllet The blllet meets the lmmmum hel ght (8") requxred m 10 CFR 71 73(c) »).a

absmbers allowmg thc blllct to cause the maxnnum damage to the spccuncn The blllet isto be bolted
to the drop surface-used in the:drap tests,.

The Jusnﬁcatxon for each punctuxe on entanon 15 the sameas; the‘onentatlon fox the 30~foot drop test.

, Jusnﬁcanon descrlbmg how 1t would be'a: worst condmon tha.n ‘the y anned o_rxgntat_ngn,
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8.7 Puncture Test Set:up

NOTE:

T

Beécaiise each: lest s+ de.s'zgned 16 aa'd 1 damage: mﬂzcted on d'specific coinponent or asseritbly.

inthe precedmg test;

eciimen maintain-its idesntity throughoutthe.

battery of tests’ and that.the set-up msrz uctzons’.specxf ¢ to'the specimen are stricily followed.

Tosét up & pakags o he piritie 16

1.

2.

Measure and record the weight-of the test specimen.,

Measiire-and record the ainbient température.

Position the test package according to the specimen-specific orientations of
figire 8.6:2:througli 8.6.6 or toan origtitation otherwise justified and‘approved
prlor to the fest..

Raise: the package so that the impact target'is at ledst Inmi (40") between the:
impact pomt on. the package and the fop of the. puncture billet.

Photograph the set-up:
Start.the vided recorder.
Drop the-package.

Stop thie video recorder.,

- Regord the damage:to the package.and take:a photographic reord.

8.7.2 Puncture Test Assessment

‘Upon completion of the test,'Engineering, Regulatory Affairs'and Quality Assurance team

members will jointly take the: fol]owmg ‘actions:

o Review the test-éxecition to-ensure:that the tests: were. peiformed in aceardance with 10.CFR 71,

IAEA TS-R-1 1996, and thlS test plan,

‘e Make a prehmmary evaluallon :of.each. specumen relaiwe to the requirements ‘of T0:CFR:71 and

TAEA TS-R-1 1996;

‘o Justify:and-identify the.orientation to:subjectthe: SENTRY 330 Projector - Standard; SENTRY
330 Prqjector Spemal ‘SENTRY:330 Projector - Alfernate;-and SENTRY Soiifce: Changer
conf igurations.,
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8.8 SENTRY 830 Projector.- Standard Configuration Test Sequénce

‘Repeat the 4-foot;’ 30:fo0t, -and puncture drop test séquence on'the’SENTRY 330 Projector — Standard
conﬁguratxon tast’ speelmen per thé‘orientation selectéd.insection: 8.7.2: Document’ and | justify the:
selected orientation.

8.9 SENTRY 330 Projectar- Spécial Configuration: Test Sequence

Repedt thie 4-Toot; 30-foot, and punchure drop test sequience on the’SENTRY 330-Projector—-Special
configuration test: ‘speciifien per the orientation. selected in section 8. 7. 2. Documerit and Jushfy ‘the.
selected origntation..

8.10 SENTRY Source Changer Configuration Test Sequence

Assess the. damage to'the. SENTRY 330 Projector:— Standaid configuration and déferming whetheér
testing is. reqmred for the SENTRY Source Chariger- conﬁguran oil, If testing is requu'ed theri repeat
the 4-foot, 30-foot, and puncture' rop test sequence on the SENTRY Changer test specimen per the
orientation selected in sectxon 8.7.2 oranother worst case orientation: ‘Document: and justify the
selected ofientation.

Assess the damage to the SENTRY 330 Projector ~Basi¢ conﬁguratlon and determme whether testmg

is tequxred for the’ SENTRY 330 PrOJeetor Altemate conﬁgmatlon I testmg is: reqmred thcn repeat

;Document and Justlfy the selected enentatmn

8.12. ‘Test Inspection:

‘Performthe test inspection after the puncture tests.

1. Measure and record the damage to each of the test:specimens.

2. ‘Measure:and record the'package for signs of aniy: permanent strain.

3. Remove a,ndf.a‘sse&ss{tﬁe condition of the simulated source:

4. 'Reassemble the packages using a represéntative: activesource, -makirig sure that the:source.
‘position andthe package confi gurauon are the:sarme as ey were 1mmed1ately after the.

‘purictine test.

5. Measure:atid record a fadiation profile of eachi test'specinien in'accordance with'QSA:
‘GlobalWork Instruction WI-Q-1806..

6: Assess the significance of any-change in radiation at the surface-and at one meter froin the
packages.

7. Determine whether:it is necessary-to; radxograph the test specimens for: mspectlon of
hidden: component damage.or Tailure.

8 Record any damage or failure f‘ound-m:m"diogxfa_ﬁll‘[ﬁﬁtﬁé:test specimens; if performed;
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.8.13 Theimal Test Assessment
Each téé‘t:s"’;’;échﬁenﬂshal;l be assessed 160:determine whether the'test specimen will }j‘a’é"s‘ the thiermal test:

‘The @ssessment: w111_i be based on the examiriation of the’ damage 10 the test speciriien after the: puncture1

} ( : dt prowde enough thennal msulatlon.
as long a_s~the charred foam remains in place Any damage_-

auc g : 1
determme whether the transport package wuuld pass or fa11 the therrnal test

Engmcermg, Regnlatory Affalrs, and Q llty Assurance team members will ‘make a final
assessment of each test specimen-an Jomtly letermine whether the specimens:meet.the: requlrements,;

of 10 CFR 71 and IAEA-TSR-1 1996

8.14 Test.Specimen Storage.

Place the test specimens’in‘an: appropnate.contamer arid store the ‘container in‘the “low level™ waste
room. Writtén' managément.dppro: ded 16.diSpose.of any-test specitfien’ of this tést plan..If the
speciniens’are: dxsposed of therriniclude a’éopyiof the: sighieddisposaliapproval in'the SENTRY design
history file:
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Section’d Wokksheets

‘Use the: foIldMﬁg “Worksheets foi ‘executing thetests-of section 8. -Each ‘test ‘shall have three

workshests; an’ equtprnent list, a procedure checkllst, and:a data sheét: Record the information ontd:

copies.of these: worksheets for: each test performed.

Attacha copy of the 1 e vant inspection report of calibration certificate” after tlie rangeand: accuracy

.of the-equipment has‘béen verified.
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Test Specimen & Equipment List
Test Specimen & Equipment Documentation
Test Specimen-

, ‘ Atfacti Attach

Configuration. -Drawing Number Serial Nuniber Attach TIR "NCR. Ronte:

' i NCR Cards

Tools & Equipment:

Tool Description

' Enter the Model and Serial Number -

Mark NA when not used.

Attach Inspection Report
or Calibration Certificate

Drop Surface, Drawing No: T10122

Punctire Billet, Drawing No. T10143:

Penetration Bar, Drawirig No. T10129°

Thermometer : ,

Record any additional tools used to facilitate the test and attach the appropriate inspection report ox calibration
certificates. '

Signature PrinfName = ‘Date

‘Engineefiqg_:

Regilatory:

| Quality-Asstrance:
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Compression Tést Chiecklist

} Test:.

Test:Location:

Step ‘ . — C ‘Data

‘| 1. Recordtest’specimen’sérial number;

| 2. Record the test spécimen weight:

3. Recordthe Mbiégt}témpératuijé:( °C): . N  Instrament S/N:

4. Place the tést Specimen in its iotmal transpart orfentation:

5. Record compression 1oad (stack WlghD)

6. Photograph set-up;

N

‘Récord the damage to. the test spiéciimien. Use'a separate’sheet and attith, ifneeded.

Engmegrmg, Regulamry Aﬂ‘a:rs arid:Quality Assurance make a: prehmmary assesstnentiiélative to [0.CER: 7).
Record the assessment.onia. Separate. sheey did gttach.

e

TéSt;\if'i!ne.sﬁs‘ﬂl.by','(Sﬁigna;ﬁ!.re)- | Print Name ~ [Date

Engirieering:

‘Regulatory Affais: |

Quality Assurance:
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Penetration Test Checklist

Test:

Test Liocatitn:

Step Data

1. Record.test specimen. serial number:.

2. Record theitest specimen weight:

3. Record:the an'ibiéni?téfxrigefamré,(v"c;}:' Instrument S/N:

4, Identify target Jocation on test specimen,

5. Photograph set<up With:penétration ba touching target locatior on'test specimen.

6.. Lift penetration bar 4 inches from target location on test specimen to lowest point on penetration bar.,

7.. Releasethepenetrationbar; ~

8. ‘Photégraph tan;g'et:]ojéafﬁbn.aﬁei: impact.

9. 'Record the-damage to the test gpeéixﬁ en. Use asqgé_xiglqshegt and attach, if negded.

10. .Engineering, Regulatory Affairs and: Quality: Assurance’'méke a preliminary dssessment relative to 10.CFR 71.

‘Record the assessment on a separate sheet-and attach.

Test witnessed by (Signature)

[Print Name'

Date.

' Engineering:

Regulatory Affairs:

Quiality Assurance:
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Free Drop.& Puncture Test Checklist

Test:

Test Loeation:

‘Step Data

1. 'Record test specimen serial fiurnbiér:

2. ‘Recordthe test speciiten weight:

Record the ambient femperature (C):

s

Instrument: S!N :

4. Identify-set-up orientation fighire:”

5. Record drop height.

6, Photograph sct-up in &t least two perpendicular pianes.

['7. Begin vidéo recording of the test 50 thiit iinpact is recorded:

] 8. ‘Releasethe test specimen.

9:  Stop the video recorder. Ensure the paint{df impact-and orientation specified in the plan-has been achieved:

| ro, -Récbrd;théda’mag’e 10 the test specimen. Use a separate sheet and attah, if neéded.

-Record the assessmeént-on a séparafe sheet and attéch;

11E Engmeermg, Regulatory Affairs-and Quahty Assurancs make apreliminary assessment relative ta 10 CFR.71+

Test witnessed by (Signature)

PrintName:

Date

Enginesring:

Regulatory-Affaifs:

| Quality Assurance:
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Compression Test Data Shéet

Test Unit Model/Seriai No,: — [ Test:

D T [TesTme

Describe the test orientation:

"Describe on-site inspection "('d'émage_;; broken parts; ete.):,

‘On-site"test asséssment:’

* Was the test performediin accordarice. with. 10-CFR: 71, JABA TS-R1 1996, and this test plan? Yes or No.

+ Dogs the'test specimen hié"et?thB:{féQQiréméntS"bf 10 CFR 71 and TAEA TS:R-] 1996 for this test? Yes or No:

Ifyes, next test:,_.

e Should testing continue with this test specimen? Yes or No:

Engineering: Regulatory: QA:

Completed by: — T Date:.
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Penetration. Test Data-Shieet

Test'Unit Model/Setial No.: o ) Test::

TestDater ' [ Test Time:

Describe:the test orientation:

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

{= ’Should testing continue with thistest specimen? Yes.or Ne. Ifyes, next test:

"On:$ité test asséssmient:

» ‘Wasithe test performed in accordarice with 10 CER 71, IAEA: TSR-1T996; and this test plan? Yes or No,

. Docs thie test specimienimeet the fequiremenis of TO'CFR 71 afd TAEA TS-R~1.1996 for this tést? Yesior No.

Engineering: Regulatory: QAY

Completed by: [ Date:
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Free Drop & Puncture Test Data Sheet

1 Test Unit Model/Sgriél'N?o.: — Test: '

Test Date: R ‘ — | Test Time:

Describe dfop orientation and drop height:

Describe impact (location; rotation, ete;):

'Describe onsite inspection (damage; broken parts; ¢tc.):

On-site test assessment;
‘o 'Was the test performed in accordance With10' CFR-71,TAEA TS-R-1 1996, and this test plan? Yes. or No,
» Dogcs the test j,s_pg:pifrién}me'et'the.i'equire'm,éxft‘s of 10.CFR-71 anid JAEA TS-R-1 1996 for this test? Yes'or Ng..

».  Anychangesio subsequent drop orientations. needed to-achieve mmxmum damage? Especlally for the SENTRY 330
-Standard; SENTRY: 330 Specxal -and SENTRY Source Changer configurations. Yes or No. Ifyes, then xdentlfy and

Justxfy

» Dxd suft‘ clent damage!ocour at.oron the rear-plate-attdchment.aréa 16 warrant further.dr op testing the. SENTRY 110
Projector — Basic configuration because: of its thinner rear«plate? Yes or No.

* 'Should testing contifue-with this test.specimen? Yes or No; If yes; next test:

»  Will thie test specifér pass thethermal tesf baSed on the atéumulated damage assessiiieni? Yes or No!

Engineering: . _ ‘Regulatory:- QA:

Describe any post-test dxsassembly and mspecuon'

Describe any change'in source position (if possible):

Describe results of l‘ndié‘éﬁphy (if hérfonned]i‘ -

.Completed by: T » | Date:
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‘Test Inspéction:Data Sheeét

“Test Specimen Serial Nol: ' . ‘Last Test Performed:

Describe and measure (If Bppropriaie) any damage or broken parts, etc.r

"DEsGHibe and measure (it appropriate) any. sigs Of permancnt Straim oF deformation:

| Describe the condition ofthe'simulated'source wire dssembly.

‘Réussemble:the package using & representative acnve source, makmg Sure that the:sourge posmon -and the package
configuration i§ the'same g5 they were; immediately after the-1ast test:

Measure and-recorda radxatlon proﬂle of each test: ‘speciiien in dccordanice with QSA Global Work Instiuction ' WI-Q-
1 8 )

Compare the' pre-test dose Tevels.with post:test dose Ievels atithe surface ofthe package-and'at | meter from the surfuce
of the,package..

_ darn age or fanlures found :

Completed by: T T Date:
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Test Plan No.. 180 Addendum.

Section 1 Introduction

Ttiis addendum to test’plan 180 outliries thevapproved changes to. the hypothetical accident
-condition (HAC) tests. prompted by the 4-foot free drop test fesults found dufing the normal
conditions of transport tests’ conducted-earlier. See Test Plan 180 — — Report#].

‘Except:for the chianges described herein, test plan. 180 shall be followed as planned.




were- found to be?shghtly tivisted after the 4:foct free drop tests

SENTINEL Test:Plan. 180
QSA Global, Ing ‘ Fi cbrunry 1010

'Burlmgton. Masgsachusetts ; Pag_e 5

Section 2 Normal Conditions of Transport Test Results

Test PIan 80— Report,#l provxdes the fesults. of the norm;l condltlons of transport tests. 'l‘wo

'lock shde of cause’ the lnck shde to. fat‘ Once past the’ locL éhde, tbé soﬁrce wn-e wou, be: free to
‘move withii-theshiéld'and. potennally increase: radiatmn levels if the:source:capsule were'fo moveito:

the less shielded area-at thie front’ plate endiofthe: package

the source connector to the:shield,
(fhe; same; onentatlons causmg

The 4-screws securing theiseléctor ting retainer and ummately,ﬁ

cover, It was.decided’to: Tedesignthe: selector'zi

:énsizfe it: remiams fntact and attached to the rear: plate after the-30-foot free drop and puncturc drop

tests.
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Section 3 D;a'si'gﬁ Changes:to the'SENTRY Package

“Theré:are two design changes fo'the SENTRY transpoft: packagess a result of the naritial conditions
of’ transport ‘festing. :

“The firstinvolvesi mcreasmg the:size and-shape of the pinis of the lock cover assembly The.rall. pms
went ﬁ'om astandard: duty, 0. 062 dxamater pint fog heavy duty;. 0188 diameter pin. Thé cover pins
‘wcrechanged from a 0.28/diameter headless pin toa 38 ¢

ping: from detiiching:: fromihe rear plate:in the eventtheroll pins-were, Yo fail. Figure: 3.1 show the:
'onginallockoover desxgn ‘and Figure:: 3.2:shows-the desngn w;th the cntrent chang&s.

e . Eaey g Teer - . - 1

Security-Related Information
Figure Withheld Under 10 CFR
2.390

Security-Related Information Figure
Withheld Under 10 CFR 2.390

,diameter headed pin: The head preverts the.
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The secorid‘ctiafige liningtes the 4-serows attaching the selector ring refafner to the rearplate
asseibly. If these 4-scréws were to fail, theselector tirig retainer would fall away,ﬁ-qm; the package
leavirig the source’unsécured; '

The.desigh cliange-Sonsists:of lengthening the selector fing retdiner enough.to pass-throughand’
extend beybnd the buckside of the rear.plate. wheidit gets clamped in-place, Thick sections-of the
clamp enpage into-slots‘ini the selector ring rétaingr preventing it froi beingpulled away- ii'b_np‘{h&-tgas
plate. Once the assémbly i:atthclicd'to.the packags; itiis confinied within the:mounti ng bore and,
cannot become detached unless the rearplite asssmbly fouritig liardwate is removed.

. Security-Related Information
. Figure Withheld Under 10 CFR

2.390

Security-Related Information
1 Figure Withheld Under 10 CFR

2.390
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Section-4 fC,h_a;n_gb:_s to thé Punctiite Drop Orientation

-Test Plan: 180 udentxﬁes the puncture- drop. orientdtionsito be performed foreach test specimen ifi the.
same, onentanon as'to:be. conducted inthe: 30—foot free drop test. Based on the sesults'of the normal
conditions, of transport fests, a change o, the puncture drop onentanon for test specimen TP180E.is
needed,

Durmg the 4-foot frée: drop, the ﬂat»face drop onentanon -of test speclmen TP180E produced the most
severe damage to'the lock cover-and rear plate assemblles dn-ecﬂy affecting the overall. safety of the
pacl\age. Any damage-or. failure decuiring 4o the- !ock cover‘or rear plate’ assemblies from thls
orienitation in-the 30-foot free drop shoiild be: firrther’ explo ed:in:thie punctyre: drop test.

Ar{cﬁmu.vms_
OF SURFACE "
c; THE PACRAGE=

DROP HEIGHT 5
“pree busin

el

— oGRS 1
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Appendix
Test'Specimen Manufacturing Records stored in-network:folders:

\\GANYTMBDE\CadQ Relegsed-: Flles (PDF)\Tcst Plans:&: Reports: (TP)\'I‘PI 80'SENTRY"
Transpoit-Testing\Test-Specimen Build\Inspection Records\Rear Plate & Lock Cover Change

WGANYMEDE\Cad\2 Released Files (PDF)\Test Plans. & Reports (TP)\TP180 SENTRY"
Transport Testing\Test Speclmen ‘BuildRoute Cards & TMIs\Rear Plate & Lock Cover:
Charige

Fors
». Lock:Caver Assembly, 86023, witly cofnponént paits:
L3 Rcar Plate assemblm, 86080-] 10& 86080-330 wnth component parts.
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Test Plan 180 - Report #1

Section 1 Introduction

This report documents the partial test results of Test Plan 180 and covers only the normal
transport tests performed on the SENTRY transport package. The results of the hypothetical
accident condition tests of Test Plan 180 will be documented in a report at a later date.

The tests results confirm the SENTRY transport package passes the normal transport test
requirements, but will require a design modification to the lock cover and rear plate Posilock
mechanism to ensure the package will survive the hypothetical accident condition tests.

A weakness in the lock cover, part number 86023, (a sub assembly of the dust cover) and the
rear plate Posilock mechanism, part number 86020-330, was discovered after the 1.2 meter (4-
foot) free drop test. The lock cover attachment pins sheared off allowing the cover to fall
away from the Posilock, leaving the Posilock and the female connector of the source wire
assembly vulnerable to damage in subsequent tests. One of the functions of the cover is to
protect the Posilock mechanism and connector during the puncture test after the 30-foot free
drop test.

The four #10-32 socket head cap screws, part number SCR002, of the rear plate Posilock
assembly were also found to be twisted slightly during the post-test examination. Based on
this finding, it is believed, these screws could fail during the more severe 30-foot drop test.
The function of the four screws is to hold the selector ring retainer to the package securing the
source wire assembly in the shield. ’

All tests were conducted according Test Plan 180, the Code of Federal Regulations, 10 CFR
Part 71.71, revised as of March 31, 1999 and criteria stated in the IAEA Regulations for the
Safe Transport of Radioactive Material, No. TS-R-1 1996 Edition (Revised).
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Section 2 Construction and Condition of Test Specimens

All SENTRY transport package test specimens are 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.

The five test specimens, serial numbers TP180A thru TP180E, were all built to the basic
configuration shown in figure 2.1. The unprotected welded body of the basic configuration
represents the worst case test configuration for all the possible failure modes identified in test
plan 180.

The standard and/or special configurations with optional handling ribs were not tested
because the ribs would provide additional impact absorption and therefore, not considered to
be a worst case test condition. The additional weight of the ribs would be offset by the energy
absorption the ribs supply upon impact in the 1.2 meter drop test.

b et 1

"SENTRY 330 Projector— | mog, ; TP180A, TP180B, TP180C,
Basic ksl | TP180D, TP180E

There were no significant changes to the test specimen build or construction as described in
test plan 180. Any and all deviations and/or changes to the test specimens are recorded on the
temporary manufacturing instructions (TMI) for each test specimen (See Appendix).
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Figure 2.4 shows the rear-plate and Posilock assembly of the projector version of the
SENTRY transport package. The features shown in figure 2.4 were targeted in the
penetration bar and 1.2 meter drop tests.

A ROLL PIN (2)

J=
Ry

EII/II
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Section 3 Regulatory Compliance

The SENTRY projector/transport package complies with the normal transport package test
requirements of 10 CFR 71.71 and IAEA TS-R-1 1996 based on the successful completion of
the tests and analysis described in this report.

The pass criteria for a successful normal transport test or analysis is identified 10 CFR part
71.43 paragraph (f). This paragraph states:

“There should be no loss or dispersal of radioactive contents, no significant increase in
external surface radiation levels and no substantial reduction in the effectiveness of the
packaging.

IAEA TS-R-1 1996 paragraph 646 stipulates the same criteria except that it also
requires that the loss of shielding integrity should not result in more than a 20%
increase in the radiation level at any external surface of the package.”

3.1 Free Drop Height Adjustment

The free drop test heights specified in 10 CFR Part 71 are adjusted higher to allow for
SENTRY transport packages built heavier than the test specimen but less than the maximum
package weight. The actual test specimens weigh less than the maximum weight specified on
the top level assembly drawing.

Table 3.1 shows the adjusted free drop height based on the actual test specimen weight
compared to the maximum transport package weight. The adjusted heights provide impact
energy equal to or greater than the maximum transport package weight if dropped at the 10
CFR Part 71 specified drop height.

Table 3.1. Test Specimen 1.2 Meter Free Drop Height Adjustment
Actual Test Maximum Transport | 1.2 Meter (4-foot)
i Specimen Weight Package Weight Adjusted Height
Specimen pe g g g
(Lbs) (Lbs) (Meters) | (Feet)
TP180A 655 780 1.5 4.9
TP180B 656 780 1.5 4.9
TP180C 652 780 1.5 4.9
TP180D 657 780 15 4.9
TP180E 659 780 1.5 4.9
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Section 4 Test Results

4.1

Compression Test

4.1.1 Compression Test Requirement

4.1.2

4.1.3

The compression test subjects the transport package to a uniformly applied
compressive load to the top and bottom of the package in the position in which the
package would normally be transported for 24 hours. The compressive load must be
equivalent to either 5 times the weight of the package or 2 pounds per square inch
(PSI) times the vertically projected surface area of the package, whichever is greater.

The maximum package weight is 780 pounds per table 3.1. Five times the maximum
package weight is equal to 3900 pounds. The total vertically projected surface area of
the package is 255 square inches. This area times 2 PSI is equal to 510 pounds.
Therefore, 3900 pounds is larger and will be used as the applied load for the test.

Compression Test Analysis

The SENTRY transport package is a vertically oriented, 18 inch diameter by 12 inch
long, cylindrical tube capped at both ends. The tube and both end caps are 0.38 inch
thick type 304 or 304L stainless steel. The minimum yield strength for type 304 or
304L stainless steel material is 30,000 PSI.

During transport, the compressive load would be uniformly applied onto the top end
cap, compressing the tube in the longitudinal direction. The maximum compressive
stress for the test is calculated by dividing the tube’s cross sectional area, 20 square
inches, into the applied load, 3900 pounds. The resulting compressive stress on the
tube’s cross section is 195 PSI.

A safety factor can be calculated by dividing the minimum yield strength of the tube
material (30,000 PSI) by the maximum resulting compressive stress (195 PSI). The
calculated factor of safety is 154. A factor of safety of 154 indicates the package is
sufficiently strong enough to support the 3900 pound load for an indefinite period of
time.

The slenderness ratio of a 12 inch long by 18 inch diameter hollow cylinder
establishes the package as a short column. Therefore, for a short column, the strength
limit of the tube material determines failure and bucking failure is not a concern.

Compression Test Assessment

The compression test was analyzed in accordance with Test plan 180, 10 CFR 71.71,
and IAEA TS-R-1 1996. A preliminary evaluation of the specimen relative to the
requirements of 10 CFR 71 and IAEA TS-R-1 1996 confirms the package meets the
test requirement. The testing shall continue to the penetration test.
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4.2 Penetration Test

4.2.1 Penetration Test Requirement

This test drops a vertically oriented, solid steel, cylindrical bar from a height of 1 m
(40 in) onto the exposed surface of the package that is most vulnerable to puncture.

The bar has a diameter of 3.2 cm (1.25 in) with a hemispherical end and a mass of 6 kg
(13 Ibs). The long axis of the cylinder must be perpendicular to the package surface.
The most vulnerable exposed surface of the package is the plunger lock of the rear
plate dust cover. Therefore, the plunger lock is the target for the test.

4.2.2 Penetration Test Results

Since all SENTRY dust cover assemblies are essentially identical, only 1 penetration
test is performed to determine compliance to this test requirement. Test specimen,
serial number TP180A, was used for the test. Figure 4.4.1 shows the orientation of the
test specimen, figure 4.4.2 shows the penetration bar contacting the brass plunger lock
of the black trefoil dust cover, and figure 4.4.3 shows the damage caused by the
dropped bar.

Figure 4.4.1 shows the orientation of test specimen for penetration test.
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Figure 4.4.2 shows the pnetratio bar contacting the brass plunger lock.

e i

Figure 4.4.3 shows the dame caused by the penetration test.

4.2.3 Penetration Test Assessment
The penetration test was executed in accordance with Test plan 180, 10 CFR 71.71, and IAEA
TS-R-1 1996. A preliminary evaluation of the specimen relative to the requirements of 10
CFR 71 and IAEA TS-R-1 1996 confirms the package meets the test requirement. The damage
was not sufficient enough to prevent further testing. So, testing shall continue on to the 1.2
meter free drop test.
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4.3 1.2 Meter Free Drop Test

4.3.1 1.2 Meter Free Drop Test Requirement

The 1.2 meter free drop test subjects the test specimen to a free drop of at least 1.2 meters (4
feet) onto a rigid, essentially unyielding surface. The orientation of the test specimen during
the drop shall be the most unfavourable relative to the failure modes identified in test plan 180.

4.3.2 1.2 Meter Free Drop Test Orientation Review

| '“REAR PLAIE PORT - i ot ‘
DeGE RECHE 4 DUST COVER FACT REARPLATE PORT EDGE f
' :
i DROP PAD i [ DROP PAD |
Test Specimen: TP180A Test Specimen: TP180B

Hit squarely on the rear plate port. Hit the edge of the rear plate port.

s 'v‘;‘!u@ et 1 w.,.n:.w“ S— A..i,..}
‘ Test Specimen: TP180C Test Specimen: TP180D
Hit on the side of the shell directly on the | Hit on the edge of the shell directly on the
seam weld. seam weld.

NORMALLY IME |

i 0RO PAD. 1 1
Test Specimen: TP180E

Hit squarely on the top surface of the
welded body.
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4.3.3 1.2 Meter Free Drop Test Results

4.3.3.1 1.2 Meter Free Drop Test— TP180A Results
Test Specimen TP180A Test Setup - 1.2 Meter Free Drop Test

Changes to the planned drop orientation. None
Test Specimen Weight 655 pounds
Actual Drop Height 4 feet and 9 inches (57 inches)

Temperature during test

p—

Figure 4.4.3.1.A. Side View Orientation Figre 4.4.3.1.B. End View Orientation

Test Specimen TP180A Damage Report - 1.2 Meter Free Drop Test

The black plastic dust cover compressed slightly into port tube and the welded port tube was
slightly bent in towards the dust cover. One of the dust cover attachment pins sheared. No
damage was found on the rear plate attachment bolts. Could not unlock source wire for
examination. The source location within the package did not change. Therefore, there is no
expected change in the external radiation dose levels of the package.

Pre-test source location dimension 6-5/8 inches

Post-test source location dimension 6-5/8 inches

{0 3
Figure 4.4.3.1.C. Dust cover and Figure 4.4.3.1.D. Close-up of the bent port tube.
port tube damage.
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4.3.3.2 1.2 Meter Free Drop Test— TP180B Results

Test Specimen TP180B Test Setup - 1.2 Meter Free Drop Test

Changes to the planned drop orientation. None
Test Specimen Weight 656 pounds
Actual Drop Height 4 feet and 9 inches (57 inches)

Temperature during test 51F

Figure 4.4.3.2.A. ’Side View Orientatibh Figure 4.4.3.2.B. End View Orientation

Test Specimen TP180B Damage Report - 1.2 Meter Free Drop Test

The welded port tube bent in towards the dust cover by about 1 inch. No damage was found
on the simulated source wire and/or rear plate attachment bolts. The source location within the
package appears to have changed slightly. A post-test radiation profile inspection shows no
change in the external radiation dose levels of the package.

Pre-test source location dimension 6-5/8 inches

Post-test source loation diension 6-1/2 inches

J ; I
Figure 4.4.3.2.C. Port tube damage. Figure 4.4.3.2.D. Close-up of the bent port tube.




SENTINEL Test Plan 180
QSA Global, Inc March 2009
Burlington, Massachusetts Page 11

4.3.3.3 1.2 Meter Free Drop Test— TP180C Results
Test Specimen TP180C Test Setup - 1.2 Meter Free Drop Test

Changes to the planned drop orientation. None
Test Specimen Weight 652 pounds
Actual Drop Height 4 feet and 9 inches (57 inches)

Temperature during test S2 ¥

o

Figure 4.4.3.3.B. End View Orientation

Figure 4.4.3.3.A. Side View Orientation

Test Specimen TP180C Damage Report - 1.2 Meter Free Drop Test

The longitudinal seam of the welded body shows minor deformation. No break in weld seam.
No damage was found on the simulated source wire and/or rear plate attachment bolts. The
source location within the package did not change. Therefore, there is no expected change in
the external radiation dose levels of the package.

Pre-test source location dimension 6-5/8 inches

Post-test source location dimension 6-5/8 inches

Figure 4.4.3.3.C. Dent to weld seam. Figure 4.4.3.3.D. Close-up of the weld seam.
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4.3.3.4 1.2 Meter Free Drop Test— TP180D Results
Test Specimen TP180D Test Setup - 1.2 Meter Free Drop Test

Changes to the planned drop orientation. None
Test Specimen Weight 657 pounds
Actual Drop Height 4 feet and 9 inches (57 inches)

Temperature during test

k2

Figure 4.4.3.4.A. Side View Orientation Figure 4.4.3.4.B. End View Orientation

Test Specimen TP180D Damage Report - 1.2 Meter Free Drop Test

The end seam of the welded body shows slight deformation. No break in the weld seam. No
damage was found on the simulated source wire and/or rear plate attachment bolts. The source
location within the package did not change. Therefore, there is no expected change in the
external radiation dose levels of the package.

Pre-test source location dimension 6-5/8 inches
Post-test source location dimension 6-5/8 inches

s

Figure 4.4.3.4.C. Dent to weld seam. Figure 4.4.3.4.D. Close-up of the weld seam.
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4.3.3.5 1.2 Meter Free Drop Test— TP180E Results
Test Specimen TP180E Test Setup - 1.2 Meter Free Drop Test

Changes to the planned drop orientation. None
Test Specimen Weight 659 pounds
Actual Drop Height 4 feet and 9 inches (57 inches)

Temperature during

test 51F

1 W

Figure4.4.3.5.A. Side View Orientation Figure 4.4.3.5.B. End View Orientation

Test Specimen TP180E Damage Report - 1.2 Meter Free Drop Test

The pins holding the lock cover sheared and allowed the black plastic dust cover to fall away
from the rear plate assembly when the unit was moved. Examination of the rear plate Posilock
after the test reveals a slight twisting of the #10-32 screws holding the selector ring retainer to
the assembly. No other damage was found on the welded body, simulated source wire and/or
rear plate attachment bolts. The source location within the package appears to have changed
slightly. A post-test radiation profile inspection shows no change in the external radiation
dose levels of the package.

Pre-test source location dimension 6-5/8 inches
Post-test source location dimensi 6-1/2 inches
- " F gy

fp-» 842 @

Figur 4.4.3.5.C. Post drop view of i

Figure 4.4.3.5.D. The black plastic dust cover

mpact
surface (bottom). Note — the black plastic fell away from the rear plate assembly when
dust cover is intact at this point in the test. unit was moved after the test. The roll pins

holding the lock pins failed in shear.
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4.3.4 1.2 Meter Free Drop Test Assessment

The 1.2 meter free drop test was performed in accordance with test plan 180, 10 CFR 71,
IAEA TS-R-1 1996.

After the 1.2 meter free drop test, all test specimens continued to successfully meet the normal
transport requirements of 10 CFR 71 and IAEA TS-R-1 1996. There was no loss or dispersal
of radioactive contents, no significant increase in external surface radiation levels and no
substantial reduction in the effectiveness of the packaging. There was no loss of shielding
integrity resulting in more than a 20% increase in the radiation level at any external surface of
the package.

Since the orientation of test specimen TP180E caused the roll pins of the lock cover to shear
allowing the dust cover to fall away from the package and the #10-32 screws holding the
selector ring retainer appeared to have a slight twist, these features will require a modification
to increase the robustness of these items in order to successfully meet the hypothetical
accident condition test requirements of 10 CFR 71, IAEA TS-R-1 1996. Once redesigned,
only 1.2 meter free drop test in the orientation of test specimen TP180E needs to be repeated.

4.3.5 Testing the other SENTRY Configurations

Based on the assessments given for each SENTRY configuration below, the compression,
penetration, and 1.2 meter free drop tests do not need to be performed for these other
SENTRY configurations.

4.3.5.1 SENTRY 330 or 110 Projector - Standard Configuration

The compression, penetration, and 1.2 meter free drop tests do not need to be performed on
this configuration because failure of the handling ribs would not affect the radiation safety of
the package. Dose levels would not increase, the contents would not be released, and the
overall effectiveness of the package would not be compromised.

4.3.5.2 SENTRY 330 or 110 Projector - Special Configuration

The compression, penetration, and 1.2 meter free drop tests do not need to be performed on
this configuration because failure of the handling ribs without the plastic inserts would not
affect the radiation safety of the package. Dose levels would not increase, the contents would
not be released, and the overall effectiveness of the package would not be compromised.

4.3.5.3 SENTRY 330 or 110 Projector - Alternate Configuration

The compression, penetration, and 1.2 meter free drop tests do not need to be performed on
this configuration because no test orientation affected the rear plate assembly enough to
reduce the radiation safety of the package. Dose levels would not increase, the contents would
not be released, and the overall effectiveness of the package would not be compromised.

4.3.5.4 SENTRY Source Changer - Standard Configuration

The compression, penetration, and 1.2 meter free drop tests do not need to be performed on
this configuration because no test orientation affected the rear plate assembly enough to
reduce the radiation safety of the package. Dose levels would not increase, the contents would
not be released, and the overall effectiveness of the package would not be compromised.



