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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 JAEA 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 Resaonslbilities

The responsibilities of the groups identified in this plan are:

• 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.

* Regulatory Affairs monitors the tests and reviews test reports for compliance with
regulatory rqirements.

* 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 IAEA TS-R- 11996.
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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 taupe packge configuration. The standard configuration
will most likely be the most commonly used version ofthe ftnport package. The basic configuration
is the same as the standard configuration but without the aray 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.
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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.

Active max. Refer Source
Configuration Randling Active Source Source Package to Capacity

Ribs Wire Assembly Capsule Weight Figure (Curies
(LCu.) of Co6O)

SENTRY 330 42465-9 & 60011& 780 2.2 330
Projector- Standard 42465-10 60012

SENTRY 330 No 42465-9 & 60011 & 700 2.3 330
Projector-Basic 42465-10 60012

SENTRY 110
Projector- Standard Yes 424654 60011 580 2,2 110

SENTRY 110
Projector- Basic No 42465-8 60011 500 2.3 110
SENTRY Source 42465-8, 60011 &

Changer - Standard 42465-9& 60012
________________ 42465-10 _ __ ___

SENTRY Soirce 42465-4, 60011 &
Sourc No 42465-9 & 60012 700 2.3 330

Changer- Basi__ 42465-10 10012
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Figure 2.3. SENTRY Transport Package Projector & Changer - Basic 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 ofthe shield, are welded to the back plate of each
access port tube. 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 800SC. 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 attachment method of the fastening system is achieved by four, high
strength, stainless steel, hex head bolts, BLTI15, 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-pla• The pins or set screws enter the welded body through a horizontal slot in the mounting
plame. 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
proje~ctor.

All SENTRY configurations use a selector ring to change and indicate the safety state of the package.
When the selector ring is rotated to ft "LOCK" position, it securely holds the source wire assembly
in place for trnport Th 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
screw~s.

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 change 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 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 rar-plate thickness, all
other components are identical in both projectors.

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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A,
Fzre 2.7. SENTRY Projector(s) Alternate Rear-plate Assembly with source wire secured

Figure 2.7 shows an alternate configurtion for the rear-plate assembly end on both the projector and
source cbag 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
fstening sysem
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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 IAEA TS-R-I
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 precoaditiolng (10 CFR 71.71 (c) (6)) of the package will not be nerformed as the
SENTRY projectorftasport package is constructed of waterproof materials throughout. Water spray
would not degrade the strucural 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 nerformed 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
tesL 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 nerformed. 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 22-1bffin2 .
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3.3 Fre Dirop Height Adjustment

All free droptest heights-specified'in 10 CER Pat'7.1 shall be adjustedbhigher to allow for SENTRY
transport packaggesbuelt heaivier'thaii. the test specimen but less thai-thb maximum packa6ge Weightto0
.comply with 10 CFR Pait: 71, The actual tesi speciismeswill likely, Weigh.less than the miaximumi
weight specified on their torespetivetop level assembly drawings. Tableý 3.1 compares 1the test

specimen again tstp the mai• um rsport package weigit f6r eachSENTRY tiisport, package
.odgurations

ýThe a=Atalweight of thec ESETR transport package is dirtecfly affected by the following:
1. Minor. ýckness Variations in componentrmaterials...
2. Slight polyurethane •fQamfihl-densj-chapges as thý, pre-fiBled foam- agesq-(sef lif).
,3. Extra!shield materiai layers accurulatigon the shieldcasifing-as the, mold cavity wears.

Table 3d. SENTRY Tratnsport Pakage Weight Comparison I

Estimate, Maximum. "Potential

SENTiRY Package' Test Transport WegiigtConfiguration :Specimen Paickage
.Weig.tWeight Difference

Wbight TWight bs)

S.ENTY"330, Projector- Standard" 734 S0 46
SENTRY" Sourde Changer- Standard

'SENTR-Y 33,0Prpojectori - Basic 653 700 47• SENTYSounre iChanger- Basic _ 53___00_•_ 7

SENTRY I1 010iPr0jeetor - Standard 556' 580 .24
SENTRY 1-10 ProjectorB•ic. 4751 500, 25

ThetiImpact energy is equal tothe- total potential energy, just before the package is dfpp ed, The'
potentia .energy(PE) qisisjrpply eqvual qt~ thp:weight (X",of the package multipied by the height (H)of
-the drop.

PE= Wx H

In .the. poýtntial energy equation, ithe weight (W) is dreiy proporonal to the height!(H).,A lighter
test specimeni can tbla .dropped fitnro- a higher drop height in order to ,produce equivalent impact.
(potential) enetgyftor a heaVier tOtestspecimen droppdd at a lower height. The fo11owing ,ex.mle

calculates' the' adjusted 30-fdot feeb'drop height -for the' SENTRY 330 -Projector- -"Standard

configuration.

Diop #1: Maximum pacbkage weight-= 780Lbs. add'. free dtr6p heightreq uiremcnt-=30 -feet.

RE (1) 780 X,30 = 23400Lbs-Ft
Drop.#2:.Actual test speimen :.weiglt=734 Lbs.-and-adjusted'free-drop height =Uiknown-feet.

E-.(2)-=-PE (1 =;23400 tbs'-Ft d 734 Ls x H feet

BH=-,.9 feet=3l feet 1- inches

The actuml .adjusted drop ,Jheights Will-b'4. deterhained ,one.thetest -•peiitefis ae •Weighed and just
before the 30-foot, 4Af0•6t and 1. meter piutnturie dr6p test. The adjusted heights will provide impact
energy eqdil 4to d? grater than the ma-dmiim tranbslort package6Vdight ifdrOpped atthe 10 CPR Part

7 specified drop height: (-30 feetfree dicp 4••feet..freedfop, ahid 1 met6r puncture).
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Section 4 Discussion on-System Failure Modes oflInterest

-Thetesting in this:plan will, attemzpt tocausefahilure or'malfrinction to critical 'SENTRY traVsport
package compoonents and/or systems.needed to protect.against elevated dose'levels during normal-
'transport and. tafiet a hypothetical accidefit: •s desCribed 'in IOCFR part, 71. The 'miost' citidal
components are the shield, :tle rear plate assembly, and therelativiepbsition between ,therh.'The failure:
modes of interest are as 'follows:

Table 4. L-SENTRY Transpo6t-PaclkageFailure Modes..

Failure Mode PossiblheCause Target
.Componenits)

An impact from tlh•drop or

IA penetration tests, couldfracture': * DU Shield
the shield material.

A fracture of the. shells Welded
Failire of the depleted'uranitumi cylindrical.bodyfoiffmihe driop
(DUJ) shi el d to' proviide 1oi0PeiietratioB tests could ~ Wle o
sufficien t.s.i.ldi.... produe•,an openingrge o DUShield

lB ' ~~~enough to allow the 'foam to * ~ Fl. 0 Foamn Filf
burn'away-'during the fire test
The siield could!oxidize 'in,tie
fire te-st without sufficilent
foam.

Failure iftlie'sliield retaining Abrupotzchang in motion mid Welde-dBodel

strueture-to hold the-'shield in damage frodnthe drtop-and • Sore
place relative to the source penetration tests could shift-the
assembl. shield-awa 'fromthe-source. Asml: = Welded Body.

Failure.or malfhnction-of the Abrupt chaWges inmotion and * Ud shiod
rearvplate assembly-to1keep the darhage'from :the.drop.aiid, Rear Plate
soutrce.:asswenbly in a, penetiatioh testscouldshift thel Source "
sufticiently-shiielde1d lcation.. sbure away from the slhield.- - .Assembly

FAbrupt 6hanges-in'motion andF.aiahme on-t-hare. fear p rate damage.fromthe drorpand .... ", Rear.Plate
the reartpta ten to'thr e t i penetration tests could remoye, - Rear Piate Boltspackage. 'the source from th+e shiel•d.

4.1 Pass Criteria:

Upoin c6nclusion of-any test, the tet 'specimen shill be "cnsidered passing the test if it d6es
not'-shi6Wsigns dfloss or dispersaldf •adioadtivewor simulated ,radioactive ¢oidtents and show
no.substantial i-dtiction in the effectiveness ,f ih- paCkaging. Topass, the test "pe cim ennmust
also not show *ainncrease, in external stIface radiation levels above 200nmR/hr aftr any
normal transport test and- above.l.-Rir at 1 meter (40 inches) from the packages exJteral
surfaue after thie` hypothetical accident. condition-tests..
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section 5 Assessment:of Package Conformance

5.1 Normal Conditions:of Transport (71.43 (j)i

Thecre should be, no loss .:or ~disper~sal of radio~active contents• no signifi .ant increase in e~xternaI

surfaceradiation leyes andrno substartial .eductiOkn in the effectivenenssiofthe• packaging.

IAEA TS-R- .1996 paragraph ,646stipulates the sami•eiteria exceptihtllatit also requires that
"the lss of shielding Integrityshoudllriot, esult.in more thaaa20% increase in the radiation
]evel at any extemalsurfaeedf the package.

5.2 Hypothetical.Accident Condifftios(71,.51 (a)(2))

There'should be no esape of radioacativematetialsgteater than A2 in one Week and iiO
external ýdose rated gieati" tan1 -Rihr at un from the iiexternai l s-r urface with tlhe maximum:
radioattiV6,coiflcnt •Whihtthe package is:designed to carry.

5.3 Transport Package Contents.

The:SENTRYtansport pack;age6isdesiged;t. carry a" speciaif0 .cobatlt'60:source 6apsule.

.Containmnent E Vada 'S o ii ,tsi d a-anufactire. The source.capsule design has
'bee cerfified in accordAinceh-th tlie pqrýfr'mance ,requirements for ýspeciai fri as, specified
in 10 CFR Part 71 aridUIAEATSýR-i -199'6..

Tlis test plan thereforedoes not-Odiscuss/specify tests associated with ~tlhe c.otainment pof. tlhe
Madiqacfive.soure.. T•le•purpgose 6fýtlhteSýtsis'sto detnonrate that, the'source.remains' shielded
,within the Iimitst~sppcjfi~d by the regulations. .

'Sinceý source integrit-yhasibeen demonstrated throughýspecial forrni testihig,.a simulated soi•rcd,
wi beý used during.,t sting, of;tlhe'padkage.-Tui radiation levels after testing will be tiieasured
by repl1a6ing tl10sithulated, ýsore¢ with an,antiVsodirce' The post-test me-asurements Will be,
compared with pyre-test ieaAsubemeiits to verify the source-has not-shifted within.the :shield.,
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Section 6 ConstrUction and ýCondition of Test SpecimenS

The SENTRY transport packagett .ssspecimens shall-be constn~cted in accordace withQSA Globa
Sengineering-drawings and Quality Assurance,.Piogra. The'-draings nd qulity prgram acc rately

repres6nt the intended,.design .ong-with .methds' for manu fturing and verifying th ffinishe&
piroduct.

Table:6. 1 shows the'fest ipecimen build documentation- ainddenfification.

SENTRY 330 Projector- TP86000.-30 190 TPi801
Standard. ._.. ... ......... ...

SENTRY 330 Projectbr -. ...
Special TP.86000330X 199PIG

SENTRY 330.Prqjector- TPi80A, TP180B, TP18OC,,
,ase . TP86015-330 1:89 TPISOD, TP18OE

SENTRY 33G0:Projqetor.-
Smate t~ RTP 86051-33 0 228: TPI88H:

SENTRY SdurceChanger'- T?86700 330 192 TP1 80go
Standard, -_... .. . ..... .....
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6. est Specimen.Justificaton

The SENTRY 330,,Pro bjectoi,.-•-Stantikdtýdo-nfigtat-ri6n is'th'e'lie&!-hi e-stlp'kage of all .tlie SENTRY
transport packagest, Therrayof 0bahfdling tibo'asiemhlsbf this' ofg'-tationmaikes, it'ieavier than

thIaic -cofgrainbya'bout- 80 "p~i'pdnds. H 1-i h~h~llni.i6sil~fvl''st i , •i; _igatinow.ever,• tehandling si l-wpovideprotection•an
ýs l t iitinipact en'erg'y absorption in ,certainfr;ee drop rient4i ios:Jwhe -theyt 'presenft.:A

conservative worst case frep dro condition vQuid be tob dtop. the"'noh-ribbed"J Basic conifiguationt at
a higher drop he¢ightfo 4ccourft for,.the 80 poundweigdigerence.

Based onft•he above rpasoning,,the-STRY330Projector -Basic configration s) betested

CFRfr71 and IAE TS-R-1 19.6tfor~all the, oiht SNR tanpzpages. Som of thew other
.package conlguraions.may be teteas'descibed in thistest plan or if, the ppgti-teseingzassessmentdeterminy, thýnedd-to to, so.

The; structiire'f theSENTMY 110 Pr6jector IiS.'..•denicdallto-tb&SENTRYJ 330 Profctor,:except for

the thi tki-ess:of the rea plate and shlield mid'.sedtidn (center).,Te crssýsecti~nal.areafauhd where
thed: hilfdattacdhe tor, Sdth str re is. nedfly•ideritical"fdr both stheSENTRY 330. & 110 lp"•ekages.
Thteref6re th&. ..heavier SENTRY 330. -,cdfig'ution. Would be :teAting,,a' higheir stress, worst. case,
condition. Drop .testing the SENTRY ,10 Projector will not be performed. 1Howeveri, if thetie is

siiMcie6itk d!amage to thelrear: pl ate assidmblY, accespoft ndI•/orm•tinfg surffa&ce' of the SENTRY 330
after iti as'beeri:droptestedd thenqeq daMageeffect-:tothe SENTRY 10 reant pla willbe assessed

andtesingoftheSENRY110coud e prohned atl a latrdte if deemeddnecesary

The SENTRY 330 P-roj-ector',-Special ,onfiguration i ijdentidca to'thel SENTRY 330 Projector -
Standard chonfiguration qxcept it i.s bult :without tilwplksiic inserts: of ihe handling:rib assemblii C. The
idea, here is;o 'd qenstrae t conpli.ce', in'the :.even'te iinse .e severely' damaged 'or removed by
rough handling and use.,

The SENTiRY330 Projectorý-.AlteroateconfigUration..is. identical :i.to •Ithe p:SENtRY -330Piojeetor -
Staridard configurati'dn 6xcept flaltemrateconfigutioA n hasi a nut -ring in place 'of the: i vet' nut to

attach the ,rear plate assemhiy., The nieed' for dtpbj testingthe ,,S 'Y .330. Projectorý - Alternate
coiffiguriation.bwotild b&e.donsidered.-nlyifythere, wer suffiJcient damaige.to the'SENTRY.330. Projector
rear'pate assembjy,.accdgs port'aid iaunting surface.

Theistriciuti'of~the rEIT fY ree.Changer isief.tialt ttY'the' SENTRY 330-ProjectOr.-'There Are:
sdrne differences in the: componeints of. lie" rear plafe asseiiblieg. Although the. reairplAte mounting
system is the, same for ,both •packages. The'need.to drop test the SENTRY S6urge Changer woulile

cof~deedony if 'thei Wr' ufkntdna othe ''SENTR 330 Proj~ctor` rear plate ýa'sseibly
,acce~spott'nm zt in': sfa~e.-

AIM tStructuralMaterial.(s of TetStpecimn

The •structuatmateria.lsofall theSENTRY transort:.pac kges areinadeoftype300series.staiilnss
•,stol.and ' uitanim. 'The shielding maeial, asr,.e depleted' 1uraniudi and tungsVteit Iasters. needed to.
retn' and-scur¢ importgntsafet.y ýcoponents .aremae: of type-17-4 P-H.affd typeO00series1stai P!ess
-steel: Typeý 300. serip stainlessi'staels a i:e4eflned aust .enitiecgro p-ofstainless.. seal materials.

identfWed under tae Unified Nurbtp Sytern (QNS Sjxxxx,' %ehre 'ýxxx "deptes'tbe sb'lass'of
,the material in theý nubering system'. The nonrsafety,:'related 'omponentsý are made from. brass,'ceopper, :plastics and •rub Wer.
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6,3: Temperature Conditions

Thwfracturetoughness :(strength snd :dutiliyi) f theSENTRY tansport Spackge stiuctural'materials

wil-inot change signficantty within the'temperature range of rmnus 406F to.plus 100T1. Withinthis
ntempeatute range, the DU shield 'will. e•hibit o6y slightly less ducti ity t4h:athe other structural

.materials.

Test plan/r•port 79 shows compressive .mpact strength of the vpoyurethane: foam'. changes very little
betweenr ninus-40aF ttopis 100?. Thedfoam is.nottthe only:feqature limitinig: the shields. mov ement.
during the. impact of the: drop. test. The shield Meies.heavily on te titanium pins and the- welded
structure to help .keep :it sere.and in.place. Therefore, all test sp cirnens.will be droppd at.ambient

temperatture sinae.the temperature Within-the minus, 40F to plus t100°F, temperature range.-is nout
expeeetedto change.the iresults df arnyof the tests.

;6.4§ Pressure Conditions

Except for the ,source.capsule, the.transport package is Opento.the atinosphere and thetefore in
equilibrium with the outsid&'piesUre:•f •the package; The -internal 'operating ,pressumre of the

conthainmeit system, -namely the sour& capsulebhas• bde•-tstedto6 withstad the :pressure rainge of.35
PSI absolýte to 20 PS•Iabsbotkt.Th tests .wiltltherefofrebe petfrimid'at attndsph~eic'pressure.

6&5 Vibra'tion Conditiorns

Vibration' normally occurring in transport will be 'addressed under- test 'plan' 78M, ISO/ANSI
pefforance testing, "nd is rot ,exp cted: to ad1ersely affect the structural aspect &f fthe transport
PackageT rl•9-•eai ipatel-e asembly'fatecningsystem. h6W•ee could.possibly h'affected by. transport

vibration. These fasteners- are-pr•lo•ed or siretched-Within the materiais props#tional lirhit by-'a
specified torque app, iqed durjigase.n The' • sbl, 'prei6ad; is dsgnedl-to withstand dynamic
forcesý and v nbraa.0bn'nonmal -to. transport T e- vbratin tet Of test Aplan 178 wll vertfy 1th0
performance of the-fastening system When-subjected to-vjibratiOn normally occuring in transport.
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.Section.7 Materia. and EquiPment List

The equipment lis'Worksheets i•n• $!tiln69.iddnify, ihe equipmentf equired,, with. additional spaceip
iioil"er: :cessa• .e quipsmnt . ~meaurin~gi instr unets ,iýneede4 to perorm the tests. Addii'ion al
maiterijals arid epiip'l efli~used:to aiiaetetsswlie1sG as needeO
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$S6ctio&8 Test PrOcedure

Alltei spe6imens must follow the planne P sequence presented below. Any.chage to the plned drop

ori entation s ýshal 11 re quire:a docunimented jsi ficto and des'crption fr the' n;-ew orientati on.

8. f Test Sequence
1. Tesspecimen preparation and inspection.

2I Compression test or analysis (10 CFR 7171 ()3(9))

3. Penetration test(1O CFR7,I.1il (6)(10))'

4. 1-2m(Fourfroe.ot) e .edropteskt (10 .CFR 71.•71c) (7.)).
5. Optional'testinSPectioWn(raation profie)

6. 9m (30-foot)*fre6 drop test(10 CFR71.73(c) (1))'

7. Puntur test.I ICFR.71.73(c)(3)) .

8. Testinspection.:.

9. ThermaIlassessment (10 CFR 71.7I3)(4)).,

10. Final test- pectidn andlor-as-essment

11. Testtspecimen storage.

8.2 Test"Specimen prepAration andinspectionr

1. M anufctrethe-SE NTRY test s ecme p e tbe6.1

2. Inspectthe test specimenisto'ensurethat::I

*. All fabrication: and inspection records.arb•ocumented in: accordancqeith. th QSA..Global,
,Quality Assurance Program.

t The-test specimens comply with the requirements oftthe-drawing.

3. Perform and record the radiation profi••ein accordance :with.QSA ba•.lsWork tonW•I-
Q-1'806,:

4. Engineering~~Regulatory. Afairs . a. QualityAssuranewilljointlýy verify that thetest

specimens complyw~ith-thedrawgsandthe: QSAGlobal Quality Assurance ,Program.

5. Prepare the test.specimens:for transport.
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8.3 Drop .:Test• Orientation Overview

"Tlis seetion p:rovides .an.oveirali lbook:atthei test•..sp.ecimen orieritations.foreaech test.

Table 8.3 Free DiropTest orien'tatioii, Ov'e&vieW
Drop TestSpecimen Impact Diagram FaiiUreMo&(s)

Orientation: 'fNimb

SENTRY 3300 0 Failure modes#2
Projector -3:atrpt

easic Hit.qute. & #3: attemspt to.Basic. shift ishield :enougha
I Co . ... .0ný.the rear , ,-,d i k

plate port. wiae oid/6 re #4:

SerialNumber.: .. ,.jjn;- bregakrea. plate
TP180A attachinefit.bolts.

.2ý

SENTRY 330-
Prvojector-

Basic
Cionfig"rafion

Serial Nuimber:

.Hittlie-
edge of the
:rear iplate
porL

2
0
a

0
e

~

r444

Failure mode.#4 &
#3: attempt to be•d
p6rt enorgm o?
bieak'idar plate

oilier imiportant

SENTRY330: Hit.on:the .* - F rm #

Projector;- side of the aht

Configuration .dir•ctly on -sh-il seam.weld
theseam ,. .and/or #2-shift

-Serial .Numbiiier: weld, ishield aw'ayi from.
-P180C source.

SEN TRY 330 Hit on the,
lProj',tor- edge Of theF

1B.sic .shellaiueMd#1Cnfiguration di'ctl .temp toature
tie~aii •,•, shell ln•gitudinal

Sband edge welds.
TSePal1p8eODr: weld.
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.SENTRY 330Faiu mod #A

:5 C0-nfiguration: h-Wie .. #2L&. 3: .shift'
thuae weldedd.#A:

-Serial Numnber: boy .'.... shield away. from
.TP,80E

Projector-

unth ýqp .... pýt fracture-t

Stadr Basedon worst.case
.6 Configuration a d dam1age, fm drop . TB])

orietaio e~atfd #1 thin #5

TP18OF_ __

SEXTRY-330"
Projector - Evaluatew

Spe'ial . f.er.drop. , a~genfrom drop
•ag0fr~mdf~pTBD•7 Configuration orientation naio dro

Serialmb•r i• #5 oientations 1 t

ESovauaa Based.on WorstcaeSource Changerafter roqp dmg rmdo
8,fi atoýO7q TB])

SerialNumber:- orientation orientationsl# tlihr#5."
TP180G

SENTRY330
Purojector - Evalumat Be

BaSic Alterinate after drop dmagefromdror TBDT
9: :Configur'ation . ierdon orientations ag h..r

!Serial Numbea: -#1t1h• ##5

TP18,0H
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:8.4; CompressiOqi Test or:Aalysis

The noopressin:test:is~a~nprma.londition of itansportltest. The package is subjectedfobr2V
oiturs toka compressivceldapp!ie4 cunirmly0y tote top andbattnm of the package i4n the

position.in which the. package would:nkormajly be transported. thecompressive:load must be
equivalnt to: eithr diqn:tm the. wag t o te p~cg 2ý 'lbf/in 2 ti~mes the~verti dally;
pr6jecteOsurface I are of theapackage, whichever 'isgreater.

Te max muWmi packag wigigt is 78Q lbs gpr table 3,.]Fivetiimes hiemaximum.pakage
weight .igsbqual to 39000. lbs. Thetotal-ertically projectedsurface,.rea ofthe~pqqkgq is 255
in •.Ths7area times 2.1bIin-is equalto 510 lbO.iT-herefore, 3900 lbs"wil ):be applied to:the:
package for the.,comprossiox Itest.

8.4.1 Compression Test IS.UpI

To set upa pac'age for the'compresson testt:

1. Place the -tept-specimen in its-normal tiansport orientation.,

2. Graduallvy arid uniformy applyle 3900:lbs loadtpo cd top s'p.face of c te test specimen.

3. Set and start-the t~imer for'24hrs

4. Measure and record the ambient temperature.

,5. Photdogaph the set-up.

6. After24 hours remiove. the appljed 3900 lbs load.

7. Rec6rd Ihe:daiag9et6 the packagb:and take a photographicdrecord.

8.4,2,: Compression Test.As~sessment'
Upon completiorn-ofilte te"St, Egineering, RegulatoryAtairs'aiind .Quality Assurance teaimi

members will jbintly take ihi ý'oilowng act bion:

. Rkeview the test executiont.o ensurethat the'te~t -was performed~in accordance with 10 CFR.
71,:I•AE TS-R- 19.9•6, and this testp•an.

Makeia preliminay 'evaltuati6n of thie .specimens rdiativeot tlheie:quiremente of-l'.0CFR 7.1
and4AEA TS-R-1- 1996.

* Assess the, damage to each specimen -o decide. whether testing of thatispecimen is 'to
continue.
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8.5 Penetation+ 'Test

The penetrationrtest 'isa nognnal conditions oftransportitest..Impact of-the hemispherical end
of a vertical 9tel €cylinder of 3.2-m (1.25 in).diamtr an d 6 kg (13 Ibs) ms+ dropped friom a
height of I m (40 in) onto thqeexposed surface, of the, pacisge thats expectfed o be most
yuilerabletpuneture. The long axis of the.y.lnde+ r,.must •beperpendicular to the package

surface.
The 3/8Winch thick stainless.steel welded'.body of tjie SENTRY trans t pIkage'wi. easily

,withstand and~probably just:dent sligltly-from the impact of-th. 13 Jbs-:stetl cylinder
(penetrationrbar) dropped from 40 inches. The m.sM t vulner~ible exposed, su•i ae ofitie
package i- the plunger lock f thelre plate dustcover. Therefore, the plunger lock wik be the
target fTorthis test.

8.5.1 Penetration Test Set- up,

To set up a package forfthe penetration test:'-

1. Ori ent the `spe6hen s heplunger Iok'ftherea plate dust cover fates.up towards the
dropping direction of the penetration bar.

2. Raisethe penetration bar

3. Meiaurand record the ambienttemperaturie.
4. Photograph the -up.:

5. Drop the penetration bar.

6. RecordA the darmageltojhe pa•ckge-and take a photograp hic record.

8.5.2 Penetration TestAssessment

U•on comipletion ofthe'test, Engineeingn Regublatory Affairs'.andQuality-Assuranee team.
:membets W`ill jointly.take'tl folld ing'itioim'o

* Review the test execution t6oehsureithat',th6 testwa,,Sperformedin azccidance With I0• CE
71, -IAEA TS&R- 1 1 996, ari d' this test plan.

* Make a preliininary evaliation of the specimensr•rlativeito aie requirementS 'of 10,CF' M71
and IAEA TS-R-.I! 1996.

A Assess thie-damage to each specimen to Wdeide whether testing pof.that spepimen is.to
con~tinute.



SENTINqEL, Test Plan 180:
QSAiGlobl-l•, ic February':2009:

Burlington, Massacluselte Page 26,of41

8.6 t2m & omIFree DoMp Tests

The• L-2 'etei-fre• rop:test i~s'a noional :cbnditionso iftraTnporttest. Thisltest ismeantto
~induce: normal tzspo d~adage :aaprecodifion thete.st specifiei for the. hyothetical
acident sequec.

The I 9meter free drop-test is tbe hypothetical &ccidentcOnditions test. Tlis test is.- ieanft!'to
,demonstrate compliance.toate hypothetical accdent :sequence,.

'Urlessdete.diined othýreise'the 9, meter drop orientation will be idenfical tofthe,.LZmet~er
Sonientati~on'flr.,:allfivxe ,differnily orientedtestspcimei . ..s.

'OThe f.reter(4foopand9meter(30 foot) drop heights areminmum heights. The. ac't a o

badjusted free drop heightsshall be recordeon the-test data&sheet.

&8.61 1,2m &.9m Free Drop Test.Set-up

TO:setup a pa:kage for the specified drop test

.1... Place each specimem-o ntthde.drfp surface _and)qsiti•'n't.acordi1ngto`thespecilen-
specific orieitation.

R2- P "thsethpa•.ckage sot ottthe iiipa'ct target isatfthe. specifIed height :abov:the. drop
s.urface..Enisre the .denter of gravity is-over the impact pbint

3.I :Measure and ecrd:the'ambient teinperaturei

4., :Photograph: ihe set-up.

-5. Startthie videoxrecorder.

6. Drop.the package.

7. Stop the video recgrdepr.

•8. Recordthe darqage.to ,thf-;.pakag• and t*a:, phqtographicmrecord.

-8'6. Specimen TPI80A l.-2mA 6m Free D.rop, Test Orientation

Figureg. 8.6.2"shows the p' kage orientafionforSpecirnenl TP18o. This drop orienation, attempjs to
:indluce ilure modes,# #2 (Table-,". .)• shikftt I:eJi enough:tobreak--the source wire and/or

faflurte.mode #4, removtehe I b LTO 15. the, impact surfaceio on-the
ýexteflded face of the dust cover and rim of the regir-plaTe~cc.qess port..
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Figure 8..2 Specimen TP10A Free Drop Orientation

8.6.3: SpecImen TpI8OB 1!.2m &9gm Free Drop Test~orientation:

Figure 8.6.3 sliows.the package'.nientatiobh for SpeciinenrTPISOB.: The dibop orientktion.attenpts to,
indce failure mode #3 & #4I damage the rear-pla~te a6ccssportto -bend the rear-p1ateand removeth e

rear-plate attachment bosiss BLTOI5 or other impprtan locklparts. ,T4e rn*tpoint is the edgeofthe,
rear ; p~lat~e access pourt.

Figure 8.6.3: Specimen TP18OB Free DropG Orientation

8&6.4 Specimen.FTPI80C 1.2m,& 9m FreeD:rop Test Orientation

figure 8.6.4, sho•"tsthe package ,orientation for Sp-cimenTPJi0 Thýdiop orientation attqiinpts to.
inrducelfailure mnideý#-I fractute thes'ýhIls seani weld and/or #2.shiRtthe'shield-away from-the,
source, Thelimpact oi te she directly: 6 the..eem weld.
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Figure 8.6.4: Specimen TP!8OC.Fr~eeDrop .Orientation

8.6.,5 .:Specime TP8OD:i2m & 9m Free Drop: Test Orientationf

Figure 8. 6.5 sh-ows~thte.package o~rientation :for Specimten TPI180D. .The :drop orientation attermpts •tb

induce, filure mode #1, I.fraciure thleShell longitudirial andfeidge welds. The iiipact pointis On the
edge of thetshell directly. onthe .seaui-eVW&l

Figure 8.6.5: Specimen TP18OD:Free Drop, rientation

8.6.•6 Specimen, TPIOE 1.2m &: 9m Free Drop Test: Orientation'

Figure,8.6.6 shows the.package-orientationbhr Specimen TPI 80E; The drop oriehtatioatternptto
indu•e f -alre .•ode:#3,•Shiftheshield awayfrom ttheisoure, aiidf #IAfracture shield to ciusea
re dieitioh in.tiieidiig: The iJhmpadt,ýPoint, ssquaoi-thbtopsuiface ofijh poakge.
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Figurl8.6.6:- Specimen-TP18O'FreeýDrop Orientation

8.67 1.2m: & 9moFree Drop Test Assessment

Uipon compledion of- .achtest, EngineerikngReguatIory Affairs ad Quald y Asurance team
.members wI jointly take thefoli&wing actions;

.,. -Rev'ew'the test.exceUtion -to:-ensure.that'eachý-est was performed!inaccordce with 1OdCFR 7
IAEA-TS-R-1 1996,and.this'.test'plan.

* Maklea preli"ir ealuation of thesPeCiiheisrelative to the requirements of' 10 CER 71 and

I•ABTS-R-1 1996.'
* Assess.'the dmeto each specimen tq-decide-whethertestfing of ltat specimenUis to continue.

* Assess. the-damageoin each specimeni at., theirear-plate ttaohmneit area to, determine whether-testng.
:tlhe thier rear-,pa1teofthe SENTRY I l0rojector- Basic cofigurati'n neds.to perform-ed.,

SEyalua.te .the condition of each-specimen after the'T1.2iAfree .drop t.to :dcfternmiewhat c]5anges, if
:any, ar necpssary inakg inaioninthe.30-foot drop test tQAchie'Ve mnaximum dage

e. .Evaluate the condit6in ofeach specýimen.after the'rr-fre'-edrdfop est to det ft ewhat cha fes, f
.any epecessary inpackage orienriton in tIe puncture teStb'achieve maxim -damage.m,

8.7 Puncture Tests

The package'is dr0opped froiii a height ofiatlegastnm (40")ý ont0 the-puncture billet. ,T,hliis test uststhe.
,2,"i:~gh punlcture biit. The'billei~hnets tlhe minimum height -(8")'iycpiired in 10 CER 71 73.(c):(3),

The specimen has noprojections of!o$erhan gig hembers'ongr than 12" which could act as impact
absoi;bers, allowing theibillet to causeQthe maximum, damage to the specimnen. The bill etis' to be bolted
to the 'drop surfae-used in thedrop. tests..

The justihfication, for each 'pumcture ori emation is thesame as theorientation t6r'tlhe.3'0-foot drop test.
If thep0rientation neecd tobe :changd .'the new or 6ntafijn-mustibepdocurmented and 'approyýd -widta
justification desc'ibing~liow..it would be 'a..rst condition than-the-planed orientation,
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18.7. Puncture ,Test Set-up

NOTEM Because each test 1irdeSi'ged 'ta 'addtodemageýinflieted onh~aspdcftc comnponent oi2ai eiI~by-
inteprecedin~ tesfjiU-iinrtporhdii th"'-hathii ea;pcmennihhtain-ftside'nt~it -fhrug'hI - the:

ater A test ad' thtt-e wit I~ inxtntctioii men.cbh'~~ie are1 7ti'l olowed

To set up a pack age6forthed6ctreie Itest:

1.. Measure and record the weighft-ofitha test specimen.,

2I Measure and record the a"mbienttempe-rature.

3. Position the testý packag, accordingto the specimen-specific ori~entations-of
figure 8.6.2 •throuigh 8-6.6 or to at orientatioft otherw~ise justified ,an~d approvied

prior.to the test..

4. Rais-ethe paclage so that:the impact tar'getiS atleist Im (40")-between the:I
.. pact .6tpoin.t on .nthqepa.cage aidd The fopofthe:.puncture billet.

5.Photograh the-set-rum

6. Sfart the videb recorder.

7. Drop the packagee

8. Stop the videoirec-order.

9. kecordfthe damage tO het package and, take a photographic record..

.8.72' Puncturle Test-Assessment

Uponcompiletion of thetesýt Engineerinlg, Regultt•r ffairsand.Quality Assurhnee team
meimbers 'will jointly take-thiefoil o•win'gý't ioiis:

Revi~ew the teste: uio-oesue~a thed -tets were-performa'd in 4qccdaince with' 10 CFR! 71,

%d Make. a preliminary evaluation of-eah specimen relative to the! reqiremrents o0f0.,CFR .71 and
IA8A TS-R-1. 196.,

M. Justifyanrdidentify fhý.6rientation t6 subject thed.SENTRY 330- Projector-. Standari, SENTRY
330 Projedio.r I pecialil S y-33',ProjectOr Alternate and SENTRY, Source Changerconfigurations. " "
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,8.8 SENTR Y 330 Pr'ojector,- Stahdard Configurt'ion Test SequeOce

Repeat the 4-foot, 30-4foo, a-ndpuncture-drop test:s'equencd onthe SENTRY 330.Projecdt6t- Standard
configuion.test"specimienilper t liorientationsgeletedinsedction:8-7.2 D~cuiiient andjustify.fthe.
selected~orientatiorn.

8.9 SENTRY 330 PrOjector- Special Cohfiguration Te6t Sequence

Repeati te 4-foot; 30-fobt, and pnMttiutrdrop test seq-uenceýon, the SENTRY 330,Projecto& -Special

conffiguration tegistspeciine".per t•e :orientation selected in seetiorn 83.2. Dbc-ument .anid jlusfý.ýtlife.
selected orientation.

8.10 SENTRY-SorOce Changer'Configuration Test.Sequence

Assses the damaeh"to -the. SENTRY :330Pirojector - Standard iacnfigufration ,and deterine-whether
testing is required-for teSENTRY Source €Chaner-cofigiatioh. .If"ts•tg is t equ ired, ithen rdpeat
thie 4-fo, p30-foot• ad punctue"dr•p test.sequence on d. SENTRY Changertest specimehipet, the
ori6ntin selecthd in section 89.72or anoter worstse orientaon; Docmenf-adjustify t€e
selected orientation.

8.11 SENTRY 330 Projecto-Alt eatConfiguition Tes Sequence

ASsess the darnage to tie SENTRY 330 Pqrojecor - Basic- coifiguration..arind detnrinie Awhether testiig
is required for .the'SE"NRY 4330 Projecor - Altemate conigution. If tsting is required, ten repeat
the 4-,foot,30-fot, .and puntcturedroptest sequence.on .the SE TR.Y 330 Progctor -Basic Altenrate

test-specimen per the orientation seecte6d irom rscton'8.7.2 or another, worst case:orientation.
Dobutmentand ju "tif_'thp1 selected orientation.

86.2- ITest Inspection

Perform the test inspection after the puncture.tests,

I., Measureýan.drecord-ithi damage toeach. ofjtje-tet specimens.

'2. Measure and record".thespackag efor sgns of ayrpernent-strain.

3. Reoinove and assess thd condition, of thelsimulated-source.

4. -Reasemble the packmages singla r~reentatv• active- ource,makinig ture. that:the.-source;
position and "thecpa gec Igeon ig uration Are thed" s~ae as they-, Were immediately-aftr thle
-,puncturie test.

5. Measureanid-recordla:•radiation profileofeakh tetspeieii inaCcordafice withQSA
:0Iobed- W6ork IHrc'iin WIQ-1806.&

6. Asses the si'gnificae of ayzchangeinradiatipnattle• s ac¢and at -ne meter f9ifoi the
palckages.

7. Determine whletlher:itis neeessaiy toradiggraph theýtest specimens t r inspectignof'
hidden: compgonent-damage or: fail~ure.

8. Record. ay damage or:faiuIefouind-in.-adiogra- of thiOtest specimensif perfomed
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:8.i3, Thelma! Test Ass.essment

.Each, tdt pechhenwshall be:assessed t6odetedriineWhether the'test specimen will pass the elienial test.

The ýassessment will be.based on te e.amination ofte'dafmageo the test s-peiren aftr thepun)ture:
ýtest. Exp eriece frm thermail testing the -Model 660'& Model680 trinportpackags has shown the:
shi ed "Il oxidize ýAnd -dinish its. abit' y-to -protect anyWbe the, 'a*ja6ntfoa-. li loe~
combst an 1 thsen fall away f'rotn the- shield. 'Charred foamr sde eii to'prbvide enough thermal insulaidon
to plreenyeth-. shielaf•romn oxidizin as long althe charred foam, remains in place. :Any damagek
pirduc'ng an, tininentional, opening-in jthe -shell. p.r welded body would,, neý-to be assessed ,to,
detenimiiewhether the•t•anspot packg-wouldpass or rfailthetherm itest.

Engieering, ]Regul at4ry Aa,. and Quaity Assurance tream members wil 'make a inal
assessment of 'eaclhtest specimen and jointlydetermiene whether,-the specimens meet.the,.r quirements.
ofk10 GFR7I andIAEA TS-R-l 1996:,

8.14 Test :Specimen Storage.

Place the testf spe'iniensin an 4appriP atec onitaiinrarid st6ore the container in 'the "]ow leveF" 'Wst6
roomn.,written 'tiianageent approval isn~ded~to:dis'oseo6f anytest specimeno6f this test~pli.l',f the
specimens-aredisposed of, iehniniclude fdpy oftsi• "edl'disp6saI approvain theSENTRYdesign
history file.
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Section.9 Worksheets

-Use the followng gwo rksheets for executiting theAes-ts odf 'sectibn &S -Each test shaill have thtree
wOrksheets; a .q equipm .eiti list,•a" pr6cxdle chfiedklists an' adata sheetd. Recordlte information onto
:copiies df.thesedworikheetsfor €-each te-itirfo reed.

Attach -a opye of * relevant inspector i ep. or Caration cerift range an curacy
ofite equipme~nt,,hiaibý6 verffed'.
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Test Specimen.&:Equipment, List

Test Specimen & Equipment Documentation

Test Specimen.

Attbeh Attach'
Configuration -Drawing Number" Serial Number Attach .1 NcR Route

Cards

Tools & Equipment.

Enter the Model and Serial Number Attach Inspection Report
Mark NAw.when not used. or Calibration Certificate

Drop Surface, Drawing No' T10122

Puncture Billet, Drawing iNo.. TI0143.

Penetration. BarDr'awing-No. T10129

Thermometer

Record any additional toolS used to facilitate the test and attach the appropriate inspection report or calibration
certificates.

Signature .. rinName Date

Engineering:

Regulatoyry:
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Compression Test Checklist

Tist:,

Test Location:

Step Data

1., Record~test Specim pn seriaI' nurnbetr l

2. Record the t:stspicim en ,vv'ight:,

3. Record the ambienf'ttmperature( 0c): ;instrurmenfS/N:

4. Place the test specimen in its ndinal transport orientation. " "

5. Record comptessi6nlo6ad: (sick-:,ýe.ht).

6. Photographosetupp.

Redoi'd the' a-sisiesie t 6 n'a s zjate. ghleet .hda•tach.. l

-Tits~nsd_.y( ga tgr) ~i Name ibDate

Efigineering:

,Rglaitory Affairs: i

Quality Assurance:
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Penetration Test Checldist

Test:

Test Location:

Step Data

1. Recordltest specimen serial nurihber

2. Record the test specimoen weight

3. Record-thi armbientteiiriperfatre (0 C): InstrumentS/N:

4. idntift targetaocaion on tet speinen.

5.5 Photogaph set-up with•pen:tratjon ba touching.target location on test specimen.

6.. Lift penetration barý40 inches oni t••rget locat!on on.test specimen to lowest point-on penetration bar.

7. Release tei penetration bar.

8. -Ph6tograph target loCatibn afteO imiact.

9. Record thedamage tothe test specimen. Use a separate sheet and attach, if needed.

10. ,Engineering, Rfegalatory.Afikirs an4dQualit Assurancenmike, a preliminary :ssessmenit relative to I OC"R 71.
Record the assessment on a separate sheet, and attach.

Test witnessed by (Signhature) Prin.t hName Date

Engineering:

RegL!atory ,Affairs:

Quality Assurnce:



SENTINEL
QSA Global, Inc
Burlington, Missachusetts

TeftPlan 180

Page 37,of 41

FreeDrop-& Puncture :Test"Checidist

Test:

TestLocation:

Step Pata

I. Recordtest specimeh.'srial .numbeher:.

2. :Record th-c-test' specinj en weigtht:

3. Record the ambient [teperature (!C): instrument S/N:

'4.4 :Identlfy-set-up Orientationigrire::

5. Record drop-Height.

6, Piotograph set-up in at least, two perpend.icular planes.

'7. 'Begin vldeo ecding'ofhetjest bothat impact4ihreco0rdei";

8. 'Release6the~tcst specimen.

9 'Stop the video recorder.- Esure the point of impact and orientation specified.in iheOpan -habeen achieved.

TO, -Recordthe damage to fthe testspecimen. Use a seiarstc sheet and attach,if needed:

l.a Enginering, RegulatoiyAffairs and'Qialit•aiyAsuranc'maýkea~prelimina.ryassessmtniTrlativeto 10 CFR.71T.
Record the asessmnt oh a searate 'sheet. Ind rattkch.

Test witnessed by_(Signnture) Print'Name. Date

Engineering:

Regulatory Affairs:-

Quality, Ass-urance:
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Compiressioni Test.Data Sheet

Test UnritMod~el/S&iial.No.: -Tespt:'

Test Date:. TestTime:

Describoe the testiorientation:

Describe:an-site inspection (dam age, broken parts, etc.) .

:on-site~test-asses-sment:

V Was thie test perftrmediifaccordancewith.10 C. RT7,IAEA-TS-R-'l 1996, a O.this'.test pln.? Yes oTrNo.

* Does the test pecimen imeet the.'requiremnens of 10 CFR 71 and IACA TSRn-I 1996 for this test? Yes or No.

SShould tes ingiontnu= with this tetqspe;imon?. Yesor. No0.I.-fyes,,ncxttest:._

Engineering: :Re•laf0r: QA:

Completed by:. -Dte:.
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Penetration.Test Data She et

Describe tlhe.test orientat i6n:.

D-s c qbeonrsite inspection (damagqebroken pt;.etc.•):

Oiisite' test assessment• ••

UWas.Atheý tsperforme inacrac ih oCR7,IETS -f1996, -and this test plan? Yes or No.

* Does tebtest Sp~edimeneet:, ti-equi em~i~is of I:OCFR 71 -a'.IAEA•TS-R-A 1996.for th!stest'. Yesoi" No.

- 'Shlou!d testingcontinue-with this-test spectmen2?.Yes.or No. If-ye,,.exttest: .._ _ .

Engineering: Rgulatory: QA:-

Comp leted I by: Date-
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Free -Drop & Puncture TestData, Sheet.

Test'Unit Model!ScirialNo.:: Test:

Test Date: "Test Time:

Desribbe d-op oilentation and drop heighlt:

Describe-impact (location, rotation, etc.):

'Describe on-site-inspection (daage, brokenpas, .t:,

On-site test assessment:

* Was thetest-pefformed ifi accodance withi 10CFRIIIAEA TSR-1996, and this test plan? Yes.0r No.

b Does'the test speci'inenmeet the requirements of 0] CFR-71 and IAEA TS-R- J1996 for this test? Yes or No.

Any'cha-geasito subsequent drop orient•ionsp need4d to achiere m aximum damage? Especialy +for theqSENTRY 330
Standard,.SENTRY-'330 Speial;- and SENTRY Source Changer configurations. Yes or No. If yes, then identiI, and
justif.y

.Did sufficient dainage•6ccur at-ordon the rear-plate attaichment-areý t6 wvan antfurthder:drop testing tliheSENTRY 11.0
Projector -'Basic configuration becaus, •ofits thinner rear-plati? Yes or No'.

" 'Should tasting continue,with:th•is test.specimen? Yes or No. If yesjnexpt test:

" Will the test speciment, pas§ the therimal test basded on the: a4cumulated damhage assessn'ehi?'Yes or No'

Engineering: .Regulatory:-. QA:
Describe anyposi-test disassemibly and insp'ectfio-:

Describe any chage.i!nsqorce position (if ppssible):

Describe results bf radiogrphy (if p erformed):'

Completed by: Date*
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Test InSpectionData Shbere

Desctibe and rnýasire (if appriOpriale) any damage or broken parts, etc.:

Desdlb esaidn for, d.efOrff•.ndtion:

D h ondhtii of hIe sitniulated source e asbseibly.

Reamsemnfiethe pabkage using ar rcpfeeftati6Ve adii'souroe'akingsiire th attthe',sour e pos ifion and the package
coIfiguration ,s'thr sae e asm , theyvwer.e immedmicelyafter the Is•t'test.

Measure and recorda adiýtijon profie.ofdeach tst specim•n Ai ccodn.e with QSAVGlobaL Work !hsttctio•oi 'WI-Q-1806.::.

ComareIhepretes dse eve~wi p6t-t~tdoe levels at-the surfaceof the package~n& I mei~er from, the sufce,
of the••iakage.,

damageor failure Is perorme escrie any
damage or failuires, found.

Completed"y: D
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2.12.2 Test Plan 180 Addendum dated 25 February 2010
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Test Plan iNo. 180Addendum

*SeCtion 1 introduction

This addendum to test plan 180 outlintes the-approved changos to: the. hypothetical accident
conHdition HAC) tests$promptq edby the.4-foot,.free drop test results found'during ktheh normal
conditions of transport testsonducted•earlier. See:.qs Plaj- 180- Report #1.

.Except for: the Changes descr-ibedherein, tet plan iSO sal .be .foliowe: as planned.
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SectiOn 2, Normi Condi ns of Transport TestResult
Testlan b 180-epoft• #l provides the rsults 0fte'bnorinal condti0ns of ransprtteSts. Two

orientations, otthe 4foot free :drop tests€ qAus04'0ag*,to•o0mponents f tbeIo6k•606 .assembly.
The.yn!! pins used for :at tadMuglthe¢ .coqverPiwere cleanly thýrd oughallowiig the; dustocover
iwithtihfeloc v, er.attached 1toallway:fro mthe.rqar Plate asembly. .
The lock cover is aýsub component:of the plastjitrfoil shapedlaust cover and is intended toiprovide-

protedti6n tothe source'conneotor.of the source wire•ass •embly.Th lock cqyer acts as a spacert to
reduice :thedlamageofan imPact.to.the end face-of the. sourrce connector. Without. the lock cover in

plce ahi i te xildirecto of 6 thqobetrculdI rie the cgnnectqr thrughhesloqofthe
lIock-sde br causei sthelck•slide to fait.ýOncepast the oci-- slide, the sourcevwirev wuldibe freeto
mOve within--th6 shi6ld! and poten i"lly ihreaseradiation leve olif the souroec.apsu.l werelo-o t vcto.I
the less shielded area at the front'plate end .0ofthe p ackage

The. 4-scre•s securing th'eselictor fing retainer and fltiMateIy,-th , source connector-to the shielAd
,werfound to be sHgltly thisted afterthe•4-;foot free corptests:hntbe'same~ofientations~caus-g
:damageto te ibb co-v-eI twas :decided't 'redesi• e selector ringretainer securing mechanism.to

ensure itremaiins ii tactiani attached tothe rear platerafter.the,3X.fot'free droýpand puncture drop.
tests.
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Section 3 Design Changes to the SENTRY Package

Tnereare two design c|^jg«.to'jhe?SENTRytranspbft pac&geTas arespltofthe.ndrmaj conditions
pftraMport-festing.

pin^^ftpin detHchfiig^roni-Bie.irear platfitf.tbe.even^ejpji' pinswerejto failVFiga.re:3-.;J snow the
bngnaiJoclepdv^

Security-Related Information
Figure Withheld Under 10 CFR
2.390

the.

Z^'STrrr:,
ri£Mre:3ag.Qi3ginaIi;o( kkct ^ii^^^Mt?^^!^^^^!

Security-Related Information Figure
Withheld Under 10 CFR 2.390

lFi?uM.2i^N^^cI^pveipc|i^ '^W^ '^^Icil^ •• ^^'v?~ •S:$^
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Se.cton 4 A ChangO s to the Puncture-Drop Orientation

Test Ptlan 180 identifies the puncture drop orientationsito bepeif'ormed for"each test speciimen iiithe
samer rientation asti••b, cocnducted in ihe:.0-foot free droptest Baseadon theresuiltsýof the normil
condiioms of transport tests, a change to thefpuncture drop orientation for t:est specimen TPI .80Eis

Duringthe 4ootfreedrop,: the flat.face dropToientatibnof test specimen TPI80Eproduced the most
severe. damag'e tothe lock.co0ver 'and ra plat assemblies di W6t y taffecting the:overall•safety of-the
packagt.-Any damage or failureoccuiringto the lock cover or rear Pate assemblies from this
orientation: in the 30-:foot free drop should befurtherexploited in~thic:puncture drop test.
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Appendix

Test fSpcimeln- Manu_ cturi'ng Records sitored in nmetwork folders:

N\\GANYýMEDECad.\2 Released Files (PDF)\Test .Plans & Reports (T-P)\TP. 180 SE9NTRY
Transpott'Testing\Test Specimen. B.ui]Id lnspection RecordsRear Plate .& .Lock Cover 'Change

\\GANYMEDE\Cid\2•2Release~d :Files (PDF)Test Plans...&Rports-(TP)\TP1 80 .SENTRY
Transpot.Tb sting\Test Specimen &Buildoute Cards & TMIs\Rear Pla•e & .Lock Cover.

.Chgane

For-:
o Lock Cover" Assebly,. 86023,,with 'componint pattr,.

* Rear Plateassembliies,86080-iiO &86080-.30wilh.co'm'ponent'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.

.O1 rljJV', tr- TP86015-330 1 189 1Basic , T6 - 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.

Fiue2.4. SENTRYPrjcos)Ra-lt sebywtsoceiescud
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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)
Test Specimen Weight Package Weight Adjusted Height

Specimen (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 1.5 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
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.

4.1.2 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.

4.1.3 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 lbs). 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 I penetration
test is performed to determine compliance to this test requirement. Test specimen,
serial number TPI 80A, 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.

IFigure 4.4.1 snows tnie orientation ot test specimen tor penetration test.
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4.4.2 shows the penetration bar contacting the brass plunger lock.

Figure 4.4.3 shows the damage 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

Tab es 4..2Feeimen: Test0 OrettinRv ew tSeie:T10

% A 00 00

* 0 @00 1 .00*

Test Specimen: TP180A Test Specimen: TP180B
Hit o h squael on the srearplatetl ponrthe Hit o the edge of the srearlplatetl ponrth.

So 0

00* * 0

0

----- ---- --- -- ----- -

Test Specimen: TP180C Test Specimen: TP180D

Test Specimen: TP1SOE

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

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

51 F

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
Post-test source location dimensior

1 6-5/8 inches

ure 4.4.3.1 .D. Close-up of the bent port tube.r igure +.,+. 1 .%-. uust cover anu
port tube damage.
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4.3.3.2 1.2 Meter Free Drop Test- TP180B Results

Changes to the planned drop orientation. None
Test Specimen Weight 656 pounds
Actual Drop Height 4 feet and 9 inches (57 inches)
Tamnaitafiir Aiirn" tfact A 1 P

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.

1 6-5/8 inches

_V

I Figure 4.4.3.2.C. Port tube damage. Figure 4.4.3.2.D. Close-up of the bent port tube.
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4.3.3.3 1.2 Meter Free Drop Test- TP180C Results

Changes to the planned drop orientation. None
Test Specimen Weight 652 pounds
Actual Drop Height 4 feet and 9 inches (57 inches)
Temperature during 52 F

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 16-5/8 inches

1 6-5/8 inches
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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)
Tern erature durin test 51 F

Figure 4.4.3.4.A. Side View Orientation Figure 4.4.3.4.13. End View Orientation

Test Specimen TPISOD 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 1 6-5/8 inches

I 6-5/8 inches

IFigure 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

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

Temerature durin test 51 F

ýFi re 4.4.3.5.A. Side View Orientation Fiue .. 3.5.B. End View Orientation

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 1 6-5/8 inches

6-/8inhe

Figure 4.4.3.5.C. Post drop view of impact Figure 4.4.3.5.D. The black plastic dust cover
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 TP 1 80E 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.


