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Section 1 - GENERAL INFORMATION

1.1

1.2

Introduction

All versions of the Models Sentry 110, Sentry 330 and 867 are designed as transport packages
and storage containers for Type B quantities of special form *Co radioactive material. They
conform to the Type B(U)-96 criteria for packaging in accordance 10 CFR 71, 49 CFR 173, the
TIAEA Regulations for the Safe Transport of Radioactive Material No. TS-R-1 {ST-1, Revised)
1996 Edition {(Revised) and Canadian Nuclear Safety Commission (CNSC) PTNS Regulations
SOR/2000-208. This submission is formatted in accordance with NUREG-1886 “Joint Canada —
United States Guide for Approval of Type B(U) and Fissile Material Transportation Packages”
dated May 2009.

Package Description

These transport packages are variations ol essentially three package designs that share a common
structure, but incorporate some variations in the individual designs for functionality as
radjography devices. These package designs can be transported in either the “Standard”
configuration, shown in Figure 1.2a, or the “Basic” configuration, shown in Figure [.2b.

The Standard configuration includes the handling rib and link plates not present on the Basic
configuration. Otherwise, both the Standard and Basic configurations are identical. The rib/link
assemblies do not impair the package’s ability to meet the Type B requirements as described in
this Safety Analysis Report (SAR). Transport of the package with the rib/link assemblies is the
“standard transport configuration” (see Figure 1.2a). When transported without the ribs/link
assemblies, this is considered the “basic transport configuration™ for these packages (see Figure
1.2b).

These transport packages are constructed in accordance with descriptive drawing R86000 in
Appendix 1.3. The external dimensions for all three standard configuration packages are the
same. Their general dimensions are 19” (48 cm) wide x 19” (48 cm) tall x 19 (48 cm) deep.
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Figure 1.2a: Isometric View of Models Sentry 110, Sentry 330 and 867 Transport Packages — Standard
Configurations

The external dimensions for all three Model packages in the basic configuration are the same.
Their general dimensions in the basic configuration are 24” (61 cm) wide x 12” (30.5 cm) tall x
18” (46 cm) in diameter.
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Figure 1.2b: Isometric View of Models Sentry 110, Sentry 330 and 867 Transport Packages — Basic
Configurations

Additional details for these Packages are shown in Table 1.2a:

Table 1.2a: Model Sentry 110, Sentry 330 and 867 Package Information

Identification | Nuclide Form' Maximum Maximum Maximum Maximum

Capacity Content DU Weight Weight
Weight”

Sentry 110 ®co Special Form 110 Ci 0.09 Ibs 295 Ibs 580 Ibs
(Standard) Sources (40 grams) {134 kg) (263 kg)
Sentry 110 “Co Special Form 110 Ci 0.09 Ibs 295 Ibs 500 lbs
(Basic) Sources (40 grams) (134 kg) (227 kg)
Sentry 330 %o Special Form 330 Ci 0.09 1bs 485 1bs 780 lbs
(Standard) Sources (40 grams) (220 kg) (354 kg)
Sentry 330 %Ca Special Form 330Ci 0.09 Ibs 485 1bs 700 lbs
(Basic) Sources (40 grams) (220 kg) (318 kg)
867 *Co Special Form 330 Ci 0.18 Ibs 485 Ibs 780 lbs
(Standard) Sources (80 grams) (220 kg) {354 kg)
867 %Co Special Form 330 Ci 0.18 Ibs 485 Ibs 700 Ibs
(Basic) Sources (80 grams) {220 kg) (318 kg)

'Special Form is defined in 10 CFR 71, 49 CFR 173, and IAEA TS-R-1.

*Maximum content weight includes the mass of the radioactive material and the source capsule handling wire assembly for a
shipment containing the maximum number of source wire assemblies that can be transported per package design (e.g., 1 for the
Models Sentry 110 and Sentry 330 and 2 for the Model] 867 source changer).
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1.2.1 Packaging

Figure 1.2¢, with the following paragraphs describe the major components of the transport
package including: the shield assembly, the welded body assembly, the rear plate lock assembly,
the front plate assembly, the handling rib and link plate assemblies and the source assembly.

1.2.1.1 Shield

All transport package configurations include a depleted uranium shield which is completely
encased and supported in a cylindrically shaped, stainless steel, welded body (see Figure
1.2¢). The depleted uranium shield provides the primary radiation protection for the
packages. The Model Sentry 110 and Model Sentry 330 have titanium source tubes which
allow the source assembly to pass through the center of the shield. The Model Sentry 110
and Model Sentry 330 can contain only one source assembly during transport.

The Model 867 shield assembly has a partition or stop crimp installed at the center of the
titanium source tube prior to casting which prevents the sources from exiting the opposite
side of the container during loading into the fully stored position. A maximum of two (2)
source assemblies can be loaded into the Model 867 for shipment, one in each side of the
source tube of the container.

1.2.1.2 Welded Body

In all package constructions, the shield is located inside the welded body (shell) of the
package by multiple means. The welded body includes two, tube shaped access ports which
are integrally welded on opposite sides of the main body weldment. A set of two shield
mounting bars are located at each end of the shield and are welded to the back plate of each
access port tube. Lastly, heavy duty, titanium shield pins are passed through the shield and
into the twin shield mounting bars. This construction provides two positive shield
attachment points to the welded body of the package.
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Figure 1.2¢: Models Sentry 110, Sentry 330 and 867 Transport Packages — Common Components
(Ribs and Link Assemblies are Qptional)

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. Copper separators are
installed between all surfaces of the depleted uranium shield where it would otherwise come
in contact with a stainless steel component to prevent any stainless steel-uranium interaction.

1.2.1.3 Lock Assembly

The Model Sentry 110 and Model Sentry 330 packages contain a single lock assembly.
These packages do not allow the source assembly to exit the package through the lock
assembly, but do secure the source in the shielded position for transport. The lock assembly
for the Model Sentry 110 is identical to the lock agsembly for the Model Sentry 330 except
that the Model Sentry 330 uses a 0.19” (4.8 mm) thick spacer that is not used on the Model
Sentry 110 package (see Figurel.2d).
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Figure 1.2d: Models Sentry 110 & Sentry 330 Lock Assembly Components

The Model 867 package contains two lock assemblies, one attached to each access port back
plate. Source wire assemblies installed in the Model 867 enter and exit at the rear plate lock
assembly, but cannot pass through the shield to the other rear plate access port. The source
tube center partition blocks the path through the shield (see Figure 1.2e).
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Figure 1.2e: Model 867 Lock Assembly Components

Each lock plate assembly is attached to the welded body with four (4) 1/2-13 UNC, 1% inch
long stainless steel hex head boits (ASTM F593, Alloy Group 7, Grade 630 Condition AH)
through either rivnuts or nut rings installed on the mounting plate.

All packages 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 Model Sentry 110 and Model Sentry 330 incorporate a
lock slide in the lock mechanism to secure the socurce assembly in the package. The Model
867 lock assemblies use locking pins to hold the source assembly in the package. All lock
assemblies incorporate a protective dust cover which secures over the end of the source
assembly. Once the dust cover is attached, a plunger lock is engaged which prevents rotation
of the selector ring and further secures the source in the package during transport.
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1.2.1.4 Front Plate Assembly

The Model Sentry 110 and Model Sentry 330 incorporate a front plate assembly. (The
Model 867 does not include a front plate assembly since it uses two lock assemblies). On the
Model Sentry 110 and Sentry 330, the front plate assembly can be opened to allow the source
wire to exit the package when used for industrial radiography or when loading/unloading the
package. The front plate assembly is attached to the welded body with four (4) 1/2-13, 1'%
inch long stainless steel hex head bolts through rivnuts (or nut rings) assembled into the body
mounting plate.

The front plate assembly consists of a shielded port mechanism contained within the front
plate. The mechanism can only be opened with a guide tube connector fitting inserted into
the opening and rotated. A knob covers the port and blocks access to the port disc. The port
shield and knob both block access to the source assembly in the Model Sentry 110 and
Model Sentry 330 version packages (see Figure 1.2f).

;[ i SR
| INNERPLATE  §
| SHIELD MOUNT (2}

SHIELD PIN

KNOB/COVER
L~

b PORT SHIELD
~—~— SHAFT

— ROTOR

SECURITY SCREW

ACCESSFORT

-

A

Figure 1.2f: Models Sentry 110 & Sentry 330 Front Plate Assembly Components



Safety Analysis Report for the Models Sentry 110, Sentry 330 and 867 Transport Packages

QSA Global, Inc. October 2010 - Revision 0
Burlington, Massachusetts Page 1-9

1.2.1.5 Rib/Link Assemblies (Optional)

The optional rib/link assemblies are bolted to the body weldment and also bolted/secured to
each other. This assembly is intended to provide lifting attachments to aid package handling
and securing during transport. The stainless steel rib sections include polyethylene or
polyurethane plastic inserts.

Four rib assemblies are bolted to the top end of the package and another four rib assemblies
are aftached to the bottom. Three hex head bolts attach each rib assembly to the package, two
bolts on the flat top or bottom surface and one bolt on the curved side surface.

Each link plate connects a set of upper and lower rib assemblies for load sharing capability
when needed. Load pins, one at each end of the link plate, with fasteners secure the plates to
the rib assemblies.

A heavy duty nut and bolt fits into the large hole of each link plate and rib assembly at the
bottom of the package. These provide substantial load transfer capability from the upper to
lower ribs.

The polyethylene (or polyurethane) plastic inserts fit into the center of each rib assembly to
cover and protect the attachment bolts. Screws and washers are used to attach the inserts to
the rib assemblies {see Appendix 1.3 drawings).

1.2.1.6 Source Assemblies

The Models Sentry 110, Sentry 330 and 867 Transport Packages are designed to transport
special form capsules containing the isotopes listed in Table 1.2a. The source capsule,
attached to a flexible steel wire, form the source wire assembly.

The Sentry 110 and Sentry 330 package designs can transport one source wire assembly.
The Model 867 package design can transports up to two source wire assemblies.

All source wire assemblies consist of a special form source capsule crimped onto the end of a
flexible steel wire. These source wire assemblies are secured in place in the package by the
locking assemblies described in Section 1.2.1.3.

1.2.2 Contents

The Models Sentry 110, Sentry 330 and 867 Transport Packages are designed to transport special
form capsules containing the isotopes listed in Table 1.2a.

The maximum decay heat for ®Co in Table 1.2a is 5.5 Watts based on 330 Ci. The source
assemblies are [oaded into the trapsport package and secured according to the applicable
procedure for the shield container (see Section 7).

The maximum weight of the contents for the shield containers is also listed in Table 1.2a. The
content weight values are based on the weight of the full source wire assembly(ies) weights that
can be transported in the package.
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1.2.3 Special Requirements for Plutonium

Not applicable. This package is not used for the transportation of plutonium.

1.2.4 Operational Features

This package does not involve complex containment systems for source securement. The sources
for these packages are all special form, welded capsules. The capsules are attached to flexible
handling wires and held in place by lock mechanisms after the source wire assemblies are
inserted into the shield tube(s).

1.3  Appendix

Figure 1.3a shows a sketch representative of the Standard Configuration Model Sentry 110,
Model Sentry 330 and Model 867 package as prepared for transport. Figure 1.3b. shows a sketch
representative of the Basic Configuration Model Sentry 110, Model Sentry 330 and Model 867
package as prepared for transport. Additional drawings of these transport packages are enclosed
in this appendix.
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Figure 1.3a Sketch of Standard Transport Configuration

Model Sentry 330, Model Sentry 110 and Model 867
Transport Packages - Standard Configuration

Figure 1.3b Sketch of Basic Transport Configuration

Model Sentry 330, Model Sentry 110 and Model 867
Transport Package - Basic Configuration




. COVER
1911/2 BRACKET
D181 /2" 2
y BASIC CONFIGURATION
TOP VIEW STANDARD CONFIGURATION
REAR PLATE :
ASSEMBELY
SEE SHEET 5 & 6 NAMEPLATE RIVET
(LOCATION ARBITRARY)
@);L e e __. @
¢ 1 FRONT PLATE ASSEMBLY
ONSENTRY 110 & 330 ONLY
12 /2 > 1 SEE SHEET 7
19°£1/2 REAR PLATE ASSEMBLY #2
ON MODEL 867
SEE SHEET &
K ( ’
Or—eTe 0
REAR ACCESS PORTEND “-REAR PLATE SIDE VIEW FRONT ACCESS PORT END
ATTACHMENT SYSTEM o
SEE SHEET &8 COVER BRACKET | 1
RIVET | 8 |TYPE 302/303/304/304U/316 STN STL
NOTES: NAMEPLATE 2
1. SOURCEsS) LOCATED NEAR THE GEOMETRIC CENTER OF PACKAGE (SEE SHEET 2). _ —
2. SENTRY 110 & SENTRY 330 CONTAIN ONLY ONE SOURCE ASSEMBLY FOR TRANSPORT. PART NAME | aTy [MATERIAL
3 MODEL 867 CAN CONTAIN A MAXIMUM OF TWO SOURCE ASSEMBLIES FOR TRANSPORT. -
UNLESS QTHERWISE SPECIFIED: -
ALL DIMENSIONS ARE INCHES & TOLERANCES +1/16
MAX WEIGHT e
MAXIMUM
NT,%%EELR STANDARD BASIC DU SHIELD CAPACITY Q_&___._B_d!._ GLO, DESCRIPTIVE
CONFIG. CONFIG. Co-60 bt icaeitia DRAWING
40 NORTH AVE. BURLINGTON, Ma 018032
SENTRY 330| 780LBS. | 700LBS. | 485LBS. | 330 CURIES TITLE
SENTRY TRANSPORT PACKAGE
SENTRY 110 580LBS. | 500LBS. | 295LBS. | 110 CURIES ERF # | APPROVALS | DATE |—— vy
2434 Pz Yock o DWG. NO. R846000
MODEL 867 | 780LBS. | 700LBS. | 485LBS. | 330 CURIES | ”{Q/A I B == wone [ SHEET T OF 9 A

OPTIONAL
HANDLING RIBS
SEE SHEET 4

WELBED BODY

ASSEMBLY
SEE SHEET2 &3




SEE NOTES LARGE RIWNUT
Ta o FOAM FILL (8 IN TOP ENDPLATE &
BOTH PORTS 1/4 B2 8 IN BOTTOM ENDPLATE)
3 / WELDED PORT
|_—ASSEMBLY
{7 SHIELD RING P SEE SHEET 3
0.99 MIN, THICK
SEE NOTE 3 §
WELDED POFLET
ASSEMBLY
SEE SHEETS ™~
™ o 7
{ 4 . SHIELD
SHIELD DISC(S) ASSESMBLY
SEE SHEET 9
SEE NOTE 4 : :
SOURCE
LOCATION
gEE NOTES 2 & 3 ON
HEET 1
1116 1/2°£1/8
SEE NOTE 1
SECTION B2-B2 WELD BLEND THIS AREA. ) LARGE RIVNUT
BOTH PORTS. SECTION A2-A2 5 SHELL (8 IN SHELL)
TOP ENDPLATE
0.24 MIN. THICK_\
. = SHIELD ASSEMBLY | REF |8EE SHEET9
WELDED PORT
0 6] ® ‘ﬂ WELDED T REF |SEE SHEET 2
LARGE RIVNUT 32 |NAS 1330NBE-326. TYPE 316/316L STN STL.
, I FOAM FILL AR |POLYURETHANE, 20 LBS PER CUBIC FOOQT
o - T oo o T SHIELD DISC AR |ANY COPPER ALLQY
A2 A2 - TYPE 30473041 STN STL PER ASTM A571 ANNEALED
SHIELD RING 2 |CONDITION, PASSIVATED.
@ @ @ 4 BOTTOM ENDPLATE| 1
TYPE 304/304L ST STL PER ASTM A240Q, A480, AZ76
— . TOP ENDFLATE 1 |OR A666 ANNEALED CONDITION, PASSIVATED OR
ELECTROPOLISHELD.
s o —
24 MIN, K I
0.38 MIN. WALL SEENQTES 1 &2 : :
" BOTH ENDS PART NAME aTy IMm ERIAL
NOTES: UNLESS OTHERWISE SPECIFIED: _ i
ALL DIMENSIONS ARE INCHES & TOLERANCES +1/16
1, ALL WELDS ARE EITHER GTAW OR GMAW AND ARF PERFORMED AND INSPECTED BY PERSONNEL
QUALIFIED IN ACCORDANGE WTH AWS D1.6:1999 STRUCTURAL WELDING CODE - STAINLESS STEEL peren
OR CERTIFIED TO ASME BOILER AND PRESSURE VESSEL CODE SECTION V111 Div1. ; QSA Lﬂﬂd DESCRIPTIVE
2, ALL WELDS ARE VISUALLY INSPECTED BY INSPECTORS QUALIFIED TO ASNT SNT-TC~-1A REQUIREMENTS. (NPT DRAWING
40 NORTH AVE, BURLINGTON, MA 01803
3. SHIELD RING USED FOR SENTRY 110 (NOT SENTRY 330 OR MODEL 867). =T
4. COPPER DISC(S) OR SHEETUSED AT ALL URANIUM/STEEL INTERFACES. SENTRY TRANSPORT PACKAGE |
SIZE REV
WELDED BODY ASSEMBLY | owa. no. R84000
ALL TRANGPOR T PACKAGE CONFIGURATIONS A [scace wore [ SHEET 2 OF 9 A




SHIELD

(.30 MIN. THICK

SHIELD MOUNT
0.73MIN. THICK

NUT RING
(ALTERNATE CONFIG)

MOUNTING PLATE
0.24 MiN. THICK

/] SHIELD

-

COTTER
PIN\
SHIELD PIN
0.73 MIN. DIA.
SHIELD
MOQUNT
ASSEMBLY PIN ™~
SEE SHEET 9
SEE NQTES
1842 \ é&___
2 PLACES 18l
SHIELD
MOUNT

SEE NOTES
18

LARGE
RIVNUT

NOTES:

Oy o

/

7

Cur

PCRT TUBE
/_8.63 QUTER DIA. X 0.25 MIN. WALL

SEE NOTES
142
36 2 PLACES

SECTION A3-A3

1. ALL WELDS ARE EITHER GTAW OR GMAW AND ARE PERFORMED AND INSPECTED BY PERSONNEL
QUALIFIED IN ACCORDANCE WTH AWS D1.6:1999 STRUCTURAL WELDING CODE - STAINLESS STEEL.

2. ALL WELDS ARE VISUALLY INSPECTED BY INSPECTORS QUALIFIED TO ASNT SNT-TC-1A REQUIREMENTS.

WELDED PORT ASSEMBLY
AL TRANSPORT PACKAGE CONFIGURATIONS

SHIELD ASSEMBLY | REF |SEE SHEET 9
SMALL RIVNUT REF
LARGE RIVNUT REF [SEE SHEET 8
NUT RING REF
SEALANT AR |POLYURETHANE ELASTOMER
COTTER PIN 4 |TYPE 302/303/304/304L/316 STN STL
SHIELD BRACKET 2
ANY COPPER ALLOY
SHIELD CUP 2
SHIELD PIN 2 |TYPE 6AL-4V TITANIUM PER ASTM B348 GRADE 5.
SHIELD MOUNT 4
BACK PLATE 2 |TYPE 304/304L STN STL PER ASTM A240, A4BD, A278,

OR AG66 ANNEALED CONDITION. PASSIVATED OR

MOUNTING PLATE 2 |ELECTRCPOLISHED.

PORT TUBE 2

PART NAME QTY |MATERIAL

STHERWISE SPECIF

ALL DIMENSIONS ARF [NCHES & TOLERANCES +1/16

UMLESS

o _ﬂl DESCRIPTIVE
u--—-n T—— DRAWING
"5 SENTRY TRANSPORT PACKAGE
SIZE ‘ DWG. NO. R84000 |REV

A SCALE: NORME

| SHEET 3 OF 9 A




RIB BOLT
SEE NOTES 3& 5 A4

. RIB NUT

/ SEE NOTE &

RIB INSERT
= SEE NOTE 4 BIN
A4 % .
»/
WELDED BODY HEX BOLT
ASSEMBLY 1/2-43 UNC X 1-1/2 LG
SEE NOTES 1 &2
WELDED RIB
ASSEMBLY
WASHER SCREW

SEE NOTE 3

NOTES:

1. THREAD LUBRICANT APPLIED TO HEX BOLTS.

2, ALL HEX BOLTS TIGHTENED TO 70+/-6 FT-LBS.

3. THREAD LOCKER APPLIED TO ALL SCREWS & RIB BOLTS.

4.RIB INSERTS CAN EITHER BE 8§ WHOLE OR 16 SPLIT HALVED COMPONENTS.
5. ORIENTATION OF RIB BCLT AND RIB NUTIS ARBITRARY.

OPTIONAL HANDLING RIB ASSEMBLY
T STANDARD TRANSPORT PACKAGE CONFIGURATIONS

DARD NSPORT PACKAGE CONFIGURATICN

RIB LINK

WELDED BODY
ASSEMBLY REF |SEE SHEET 2
THREAD
LUBRICANT AR [ALUMINUM, COPPER & GRAPHITE BLEND
THREAD LOCKER AR |DIMETHACRYLATE ESTER
RIB INSERT 8 [POLYETHYLENE OR POLYURETHANE
WASHER 48 |TYPE 302/303/304/304L/316/17-4 PH STN STL
SCREW 48 | TYPE316 STN STL
HEX BOLT 24 |TYPE 17-4 PH STN STL
RIB NUT 4
TYPE 302/303/304/304L/316 STN STL
RIB BOLT 4
PIN §
RIB LINK 4 |TYPE 174 PH STN STL
WELDEL RIB 8
ASSEMBLY
PART NAME QTY |MATERIAL

UNLESS OTHERWSE SPECIFIED:

ALL DIMENSICNS ARE INCHES & TCLERANCES #1/16

i QSA GLOBAL
B aiiin

40 NORTH AVE, BURLINGTON, MA CG1803

DESCRIPTIVE
DRAWING

TITLE

SENTRY TRANSPORT PACKAGE

SIZE ' DWG. NO.

R86000

|F<EV

A [sCALE: NONE

| SHEET 4 OF 9

A




SPACER PLATE

DUST COVER COVER 0.18 MIN. TRICK
ASSEMBLY ROLL PIN SEE NOTE 3
1N
i%;ﬁ NUT COLLAR
%f 0.24 MIN THICK
hol
S ?}E/ .
-/ﬁﬂ 1% COLLAR
Af ‘35 / ROLL PIN
TUBE SEAL
lick
B,
? LOCK
N COLLAR
if SPACER
7
\\7) LUG SPRING
ANTI-ROTATE
LUG

LOCK COVER ASSEMBLY

SOURCEMIRE 0.62 MIN THICK {STN STL)
SLEEVE COVER SCREW SECTION B5-B5S
SLEEVE SPRING
SELECR.ESS DR A 77 INDEX RING ASSEMBLY
SEE NOTE 2 e
HE SLIDE SPRING
. L]
; y
\\
VR
N f% 0
LOCK SLIDE I;D REAR PLATE
SEE NOTE 2_/ \ 0.30 MIN THICK
COLLAR SCREWS ] BRIDGE
SEE NOTE 1
SECTION AS-A5 SELECTOR RING RETAINER
NOTES:

1. THREAD LOCKER APPLIED TO COLLAR SCREWS.
2. LUBRICANT APPLIED TO SELECTCR RING & LOCK SLIDE.
3. SPACER PLATE USED ON SENTRY 330 AND NOT ON SENTRY 110.

SENTRY 110 & 330 REAR PLATE ASSEMBLY

NOT USED ON MODEL 867 TRANSPORT PACKAGE

SOURCE WIRE

ASSEMBLY REF [MODEL 424-13, -14 OR EQUIVALENT
LUBRICANT AR |GREASE PER MIL-PRF-23827C

THREAD

LUBRIGANT AR |ALUMINUM, COPPER & GRAPHITE BLEND

THREAD LOCKER

AR

DIMETHACRYLATE ESTER

LUG SPRING 2 |MUSIC WIRE PER ASTM A22B

TUBE SEAL 1 |POLYETHYLENE OR POLYURETHANE

COVER SCREW 3 [TYPE 302/303/304/304L4316 STN STL

LOCK COVER

ASSEMBLY 1 |BRASS & 302/303/304/304L/316 STN STL

CUST COVER

ASSEMBLY 1 [POLYETHLENE & 302/303/304/304L/316 STN STL

SLEEVE SPRING

MUSIC WIRE PER ASTM A223

SLIDE SPRING

TYPE 301/302/304/316 STN STL PER ASTM A313 OR AGES

COLLAR SCREW

ASTM FB37 GROUP1 CONDITION CW1 STN STL

COLLAR ROLL PIN

COVER ROLL FIN

ASME B18.8.2, SAE 30302 OR 30304 STN STL

INDEX RING 1
ASSEMBLY
SPACER 2 [TYPE 304/304L STN STL PER ASTM A276, A476, A240 OR
AB66 CONDITION-A EITHER HOT OR COLD FINISHED.
SPACER PLATE 1 |PASSIVATED OR ELECTROPCLISHED.
BRIDGE 1
SELECTOR RING 1 [TYPE 302/303/304/304L/318 STN STL
LOCK SLICE 1 |TYPE 174 PH STN STL PER ASTM A564
SLEEVE 1 [TUNGSTEN PER ASTM B777 CLASS 1, NICKEL PLATED
LOCK COLLAR 1
NUT COLLAR 1 |TYPE 304/304L STN STL PER ASTM A276, A479, A240 OR
SELECTORRING ABSE CONDITION-A EITHER HOT OR COLD FINISHED.
RETAINER 1 |PASSIVATED OR ELECTRCPOLISHED.
REAR PLATE 1
PART NAME QTY |[MATERIAL
UNLESS OTHERWEE SPECIFIED _
ALL DIMENSIONS ARE INCHES & TOLERANCES *1/16
it = i ee ]
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SPACER PLATE

DUST COVER COVER 0.18 MIN. THICK
ASSEMBLY SCREW
NUT COLLAR
0.24 MIN, THICK
A - SOURCE WiRE
?y‘l__ f & ASSEMBLY REF |MODEL 424-13, -14 OR EQUIVALENT
Ab Ab f : ggll:":PF\ﬁTN LUSRICANT AR |CREASE PER MIL-PRF-23827C
i
| $ o o [HREAD AR |ALUMINUM, COPPER & GRAPHITE BLEND
: 27 THREAD LOCKER | AR |DIMETHACRYLATE ESTER
y TUBE TUBE SEAL 2 [POLYETHYLENE QR POLYURETHANE
SEAL LOGK PIN SPRING | 4 | LLLE 9073028011316 ST STL PER ASTM A313 OR
LOCK COVER LOGK COVER SCREW 6 |TYPE 302/303/304/304L/316 STN STL
ASSEMBLY COLLAR COLLAR SCREW 12 |ASTM F837 GROUP1 CONDITION CW1 STN STL
DUST COVER
575 PLATE ASSEMBLY 2 |POLYETHLENE & LOCK COVER ASSEMBLY
LOCK COVER
ROLL PIN ASSEMBLY 2 |BRASS & TYPE 302/303/304/304L/318 STN STL
FITTING 2 |BRASS
PLATE ROLL PIN 2 |ASME B18,8.2, SAE 51420 STN STL
SOURCE WIRE SECTION Bé6-B6 GCOVER ROLL PIN 4
ASSEMBLY FITTING ASME B16.8.2, SAE 30302 OR 30304 STN STL
/ COVER COLLAR ROLL PIN 4
SELE?:JSE EOLLPIN LOCK PIN . 1I-—|\£\II;ED &gﬁ 8-2 OT_%DF%CSTEEL PER ASTM ABET
SEE NOTE 2 / = {/A\ s LOCK PIN SPACER PLATE 2
ks SEENQTE 2 SELECTOR RING 2
LOCK COLLAR 2 |TYPE 304/304L STN STL PER ASTM A276, A479, A240 OR
ABE6 CONDITION-A EITHER HOT OR COLD FINISHED.
NUT COLLAR 2 |PASSIVATED OR ELECTROPOLISHED.
A SELECTOR RiNG 5
RETAINER
§ REAR PLATE 2
i REAR PLATE
] 0.30 MiN. THICK PART NAME QTY |MATERIAL
COLLﬁ'—\R SCREWS UMLESS GTHERNISE SPECIFED: =
NOTES: € o §ﬂ GLOBAL DESCRIPTIVE
PR B DRAWING
1. THREAD LOCKER APPLIED TO COLLAR SCREWS. 40 NORTH AVE, BURLINGTON, MA G1803
2. LUBRICANT APPLIED TQ SELECTOR RING & LOCK PINS. TITLE SENTRY TRANSPO RT PACKAGE
MODEL 867 REAR PLATE ASSEMBLY SZE | owo. o, R86000 REV
WCT USED ON SENTRY 110 OR 330 TRANSPORT PACKAGE A — A
SCAaLE:  NOME | SHEET 6 OF ¢




BACKER

/ PLATE
;&k\. SLIDER
SPRING
| SLIDER
B3]
‘ ROTOR
KNOB /SHIELD
. SHIELD
/ROU— PIN THREADLOCKER | AR [DIMETHACRYLATE ESTER
SCF?EEVTI H EESE\JTG ROTOR SHIELD 1 |TUNGSTEN
SEE NOTE 1 oot ¢ — SLIDER SPRING 1 |TYPE 301/302/304/316 STN STL
FLAT WASHER 2
A SLIDER 1 BRASS
ROLL PIN L
SHAFT NN SHAFT 1 [SILICON BRONZE
RETAINER SCREW | 2
N RETAINER
FLAT DISC WITH SET SCREW 1
WASHERS SCREWS
FRONT SEE NOTE 1 SHAFT ROLL PIN i
PLATE SHIELD ROLL PIN 1
SHAFT SPRING 1
SECTION A7-A7 TYPE 302/303/304/304L/316/316L STN STL
BACKER PLATE 1
RETAINER DISC 1
KNOB 1
ROTOR 1
FRONT PLATE 1
PART NAME QTY |MATERIAL
UNLESS OTHERWISE SPECIFED:
ALL DIMENSIONS ARE INCHES 8 TOLERANCES +1/16
NOTES:
pe——
1. THREAD LOCKER APPLIED TO SET SCREW & RETAINER DISC SCREWS. ; QSA GLOBAL DESCRIPTIVE
——s DRAWING
40 NORTH AVE, BURLINGTON, MA 01802
TITLE
SENTRY TRANSPORT PACKAGE
FRONT PLATE ASSEMBLY = —
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SECURITY SCREW
SEENOTES 1 & 37

HEX BOLT
1/2-13 UNC X1-1/2 LG
SEENQOTES 1 &2

WELADSESDEﬁch)i[E;’r NORMAL
SEE SHEET 3 JS S VRIS
CONFIGURATION
REAR PLATE DUST COVER NOT SHOWN FOR CLARITY
ASSEMBLY

SEESHEETS5&6
SMALL RIVNUT

MOUNTING PLATE
SEE SHEET 3

SECTION AB-A8

NOTES:

1. THREAD LUBRICANT APPLIED TO HEX BOLTS & SECURITY SCREW.

2. HEX BOLT TIGHTENED TO 70 +/- 6 FT-LBS.

3. SECURITY SCREW TIGHTENED TO 110 +/- 5 {N-LBS.

4. ALTERNATE CONFIGURATION USES NUTRING IN PLACE OF RIVNUTS,
5. FRONT PLATE USES SAME ATTACHMENT SYSTEM AS REAR PLATE.

REAR PLATE ATTACHMENT SYSTEM
N

ALL ACKAG I

1/2-13 UNC X 1-1/2 LG

NUT RING
SEE NOTE 4

WELDED PORT
SEE SHEET 3

SEE SHEET 5 &6

SECURITY SCREW
SEENOTES 1 & 3_,
HEX BOLT
SEENOTES 1 &2

ASSEMBLY ALTERNATE

CONFIGURATION
DUST COVER NOT SHOWN FOR CLARITY

REAR PLATE
ASSEMBELY

MOUNTING PLATE

SEE SHEET 3
SECTION BB8-B8
REAR PLATE
ASSEMBLY REF |SEE SHEETS5&6
WELDEL PORT
D REF |SEE SHEET 3
THREAD
THREAD 1 AR |ALUMINUM, COPPER. & GRAPHITE BLEND
SMALL RIVNUT 1
TYPE 302/303/304/304L/398/318L STN STL
SECURITY SCREW 1
TYPE I04AIVAL STN STLPER ASTM AZ40, .,
NUT RING 1 ABG6 ANNEALED CONDITION. PASSIVATE OR
ELES%E%SNPE)EL%% TYPE 316/316L STN STL PER ASTM
MNA. - .
LARGE RIVNUT 4 2403 OR AD78
TYPE 17-4 PH STN STL PER ASTM F533 OR GRADE 680
HEXBOLT 1 |CLASS D PER ASTM A453
PART NAME QTY |MATERIAL

UNLESS GTHERWISE SPECIFIED:

ALL DIMENSIONS ARE INCHES & TOLERANCES +1/16

s e |
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SCURCE TUBE |
SEE NQTES 2 & 4_\ 101 |

= 3.9 MIN

\
6.50 ?
2X 2.25%.25 DU SHIELD
} SEE NQTE 1
2X 1.0%.5 WK D75

2X 1.00%.25
SECTION A%-A9

 ouss |-

SENTRY 110
MAXIMUM DU WEIGHT: 285 LBS.

NOTES:

SCURGE TUBE 1041 |

SEE NOTES 2 & 5_\
2X R3.25 \ @®

4.50
,.[Z
2X 2.25+.25 j/
2% 1.0+.5 2X @.75

2X1.00+.25

SECTION B9-B9

oo L

SENTRY 330
MAXIMUM DU WEIGHT: 485 LBS.

1. SHIELD MATERIAL: 99% DEPLETED URANIUM (DU} CASTING.

2, SOURCE TUBE MATERIAL: 3AL-2.5V TITANIUM ALLOY.

3. PLUG MATERIAL: 3AL-2.5V TITANIUM ALLOY,

4. SENTRY 110 SOURCE TUBE 3IZE: 0.47 OD X .04 WALL

5, SENTRY 230 & MODEL 887 SOURCE TUBE SIZE: 0.63 OD X .04 WALL

DEPLETED URANIUM (DU) SHIELD ASSEMBLIES

DU SHIELD
SEE NOTE 1

PLUG

SEE NOTE 3—\ 101 I

SOURCE TURE \
SEENOTES 2 & 5_\

2X R3.25 x

6.50

2X 2.25%.25

DU SHIELD
SEE NOTE 1

2% 1.0£.5 2% D75

2X 1.00.25
SECTION C9-C9

" oeas 1

MODEL 867
MAXIMUM DU WEIGHT: 485 LBS.

UMLESS DIHERWISE 39

ALL DIMENSIONS ARE INCHES & TOLERANCES +1/16
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Section 2 - STRUCTURAL EVALUATION

This section identifies and describes the principal structural design of the packaging, components, and
systems important to safety. In addition, this section describes how the package complies with the
performance requirements of 10 CFR Part 71 and TS-R-1.

2.1  Description of Structural Design
2.1.1 Discussion
The Models Sentry 110, Sentry 330 and 867 Transport Packages are described in Section {.2.

2.1.2 Design Criteria

The Models Sentry 110, Sentry 330 and 867 Transport Packages are designed to comply with the
requirements for Type B(U) packaging as prescribed by 10 CFR 71 and JAEA No. TS-R-1 (§T-1,
Revised) 1996 Edition (Revised). All design criteria are evaluated by a straightforward
application of the appropriate section of 10 CFR 71 or JAEA No. TS-R-1 (ST-1, Revised) 1996
Edition (Revised).

In addition to the transport design criteria, the Model Sentry 110 and Sentry 330 transport
packages are designed to meet the performance requirements for industrial radiography devices
in ANSI N432-1980 and ISO 3999:2004(E).

2.1.3 Weight and Centers of Gravity

Table 1.2a includes the weight of each transport package described in this SAR in its specific
configuration. The center of gravity is at the peometric center of the welded body for all the
packages covered under this SAR.

2.1.4 ldentification of Codes and Standards for Package Design

See Section 2.1.2 relating to design criteria of the package. Any applicable, specific codes or
standards related to the finished assemblies for these transport packages are specified on the
drawings contained in Section 1.3. All component fabrication (including assembly) is controlled
under the QSA Global, Inc. Quality Assurance Plan approved by the USNRC and ISO. All
welding under this plan adheres to the standards referenced on the drawings in Section 1.3. All
hardware meets the standards referenced on the drawings in Section 1.3. All external fabrication
deemed critical to safety is either verified to equivalent in-house standards or dedicated as
appropriate for use prior to release as part of this transport package.

In general, the design was based on the Type A and Type B(U) container requirements of 49
CFR, 10 CFR 71 and IAEA regulations as identified in Section 1.1.
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2.2 Materials
2.2.1 Material Properties and Specifications

Table 2.2a lists the relevant mechanical properties (at ambient temperature) of the principal
materials used in the Models Sentry 110, Sentry 330 and 867 Transport Packages.

Table 2.2a: Mechanical Properties of Principal Transport Package Materials

Tensile Yield ¥ )
! = Strength Strength Llongatl_on
Material Form Specification | Condition PR . .o 2 (% in 2 in)
minimum | minimum | 0
(KSI) (KST) (Y% in4 D)
Stainless Steel 17-4 PH Fastener ASTM F593 AH 135 105 *16
Stainless Steel 17-4 PH Plate ASTM A693 HO00 190 170 8
Stainless Steel 17-4 PH Plate ASTM A693 H925 170 155 8
Stainless Steel 17-4 PH Plate ASTM A693 H1025 155 145 8
Stainless Steel 17-4 PH Plate ASTM AS64 HI00 190 170 10
Stainless Steel 316/316L Fastener ASTM F§79 CwW 70 25 30
Stainless Steel 316/316L Bar ASTM A276 Annealed 75 30 30
Stainless Steel 304/304L Plate ASTM A240 Annealed 70 25 40
Stainless Steel 304/304L Tube ASTM AS511 Annealed 70 25 30
Stainless Steel 303 Bar ASTM A582 Annealed 70 20 40
Titanium TI 6AL-4V Bar ASTM B348 Grade 5 130 120 *10
Titanium TI 3AL-2.5V Tube ASTM B861 Grade 9 90 70 15
Tungsten 90%W Bar ASTM B777 Class 1 110 75 5
Beé’l%e/‘i [Tjira“‘”m Casting NA NA 165 123 24
Brass Alloy 485 Bar NA NA 23 10 NA
Copper Alloy 110 Sheet/Bar NA NA 30 4 NA
Silicon Bronze Alloy 655 Bar ASTM B93 NA NA NA NA
Polyethylene (UHMW) Plate NA NA NA NA NA
Polyurethane Plate NA NA NA NA NA
Polyurethane Rigid Foam NA NA NA NA NA

2.2.2 Chemical, Galvanic or Other Reactions

Except for depleted uranium (DU) and titanium, the materials used in the construction of these
packages, shown in Table 2.2a, are relatively close in terms of galvanic potential as shown on
MIL-STD-889 Table I1. Their close proximity on the galvanic table indicates the galvanic
reaction between these materials will be negligible.

DU is located near the active (anodic) end of the table while titanium is located towards the
passive (cathodic) end. Possible galvanic reaction between these two materials is expected but
will not be significant for the following reasons:
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¢ The large area and mass of DU (anodic) material relative to the titanium (cathodic) material
reduces the current potential between the two materials.

* The polyurethane foam surrounding the DU material along with the elastomer seal around
the shield source tube exit port prevents the potential for an electrolyte or other corrosive
medium from contacting the DU and titanium interface.

A copper separator or barrier is used in between all DU and stainless steel interfaces to prevent
the possibility of eutectic alloying during the fire test of the Hypothetical Accident Condition
requirements defined in 10 CFR 71.73 (c) (4).

Lubricants, sealants, and other chemicals ingredients used in the SENTRY transport package are
reviewed to ensure they do not contain halides (typically chloride) which could cause unexpected

corrosion within the package under normal transport and hypothetical accident conditions.

With this construction there will be no significant chemical or galvanic reaction between package
components during normal or hypothetical accident conditions of transport.

2.2.3 Effects of Radiation on Materials

The materials listed in Table 2.2a have been used in transport packaging for decades without
degradation of the package performance over time.

2.3 Fabrication and Examination

2.3.1 Fabrication
Package components are procured, manufactured and inspected for use under QSA Global, Inc.
NRC approved QA Program Number 0040. All transport packages will be evaluated and

documented for compliance to the drawings provided in Section 1.3 prior to initial use of the
containers as a Models Sentry 110, Sentry 330 or 867 Transport Package.

2.3.2 Examination

Section 8 describes the acceptance testing and routine maintenance requirements for shield
containers and package components used on these transport packages.

2.4  General Requirements for All Packages
2.4.1 Minimum Package Size

These transport packages exceeds the minimum size requirements since the smallest versions
measure 12 inches (305 mm) tall, 24 inches (610 mm) wide, and 18 inches (457 mm) in diameter.
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2.42 Tamper-Indicating Feature

These packages incorporates a seal wire attached to the locked protective cover over the front
plate outlet port which, if broken during transport, serves as evidence of possible unauthorized
access to the contents.

2.4.3 Positive Closure

These packages do not involve complex containment systems for source securement. The
sources for these packages are all special form. welded capsules. The source wire assembly is
held securely in the device by components of the lock assembly.

All packages use a security screw, in addition to the 4 hex head bolts, to attach and secure the
lock assemblies to the package. A special, uncommon, drive bit is required to remove the security
screw and gain access 1o the source assembly by removing the lock assembly plates.

A cover over the source wire connector prevents access to the source assembly until a keved lock
is actuated and the cover removed. This cover is m pilace during transport of the package.

Lifting and Tiedown Standards for All Packages
2.5.1 Lifting Devices

2.5.1.1 Basic Configuration (without rib/link assembly)

All packages in the basic configuration can be lifted by the use of properly rated chains or slings
fitted through properly rated lifting eyebolts or hoist rings. The eyebolts or hoist rings must be
threaded into any of the rivnuts located around the outside of the welded body of the package.
Any one of the rivnuts can safely lift the heaviest package in the basic configuration without
yielding as documented in Technical Repert 171 (see Section 2.12).

2.5.1.2 Standard Configuration (with rib/link assembly)

All packages in the standard configuration can be lifted by the use of properly rated chains or
slings fitted through the large hole in any one or all of the upper four rib assemblies. Any one or
more of the rib assemblies can safely lift the heaviest package in the standard configuration
without yielding as documented in Technical Report 171 (see Section 2.12).

2.5.2 Tie-Down Devices

2.5.2.1 Basic Configuration (without rib/link assembly)

The packages in the basic cenfiguration have no tie down attachments. The package in this
configuration can be blocked and braced according to standard transportation practices.
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2.5.2.2 Standard Configuration (with rib/link assembly)

All packages in the standard configuration can be tied down by the use of properly rated chains
or slings fitted through the large hole in any one or all of the upper four rib assemblies. The rib
assemblies can safely tie down the heaviest package in the standard configuration without
yielding as documented in Technical Report 172 (see Section 2.12).

2.6 Normal Conditions of Transport
2.6.1 Heat

The heat source for the Models Sentry 110, Sentry 330 and 867 Transport Packages is a
maximum of 330 Curies of “’Cobalt which generates 5.5 watts. Assuming the entire decay heat,
5.5 watts, is absorbed by the package, the maximum surface temperature caused by the effects of
solar input and content decay is conservatively 127°C (261°F) at the top surface of the package
{Section 3.4.1.1). This temperature is well below the maximum service temperature for the
materials of components important to safety used in these transport packages. Therefore, these
packages will not be adversely affected by a surface temperature of 127°C (261°F).

Table 2.6a: Radionuclide Decay Energy

Radionuclide Package MeV/Decay Watts/Package
Activity (Ci)
Cobalt-60 | 330 2.82 5.5

Resource references:
Table of Isotopes, Volumes I & I, Eighth Edition. John Wiley & Sons, Inc., 1996.

2.6.1.1 Summary of Pressures and Temperatures

Table 2.6b: Summary Temperatures Normal Transport

Temperature Model Sentry 110, Comments
Condition Sentry 330 & 867
Insolation 127°C .
(38°C in full sun) (261°F) Section 3.4.1.1.
Decay Heating 40°C .
(38°C in shade) (104°F) Section 3.4.1.2

As all components are vented to ambient, no pressure will build up in the package under
Normal Transport conditions that would adversely affect package performance or integrity.
Evaluation of pressures for this package are contained in Section 3.4.2 and summarized in

Table 3.1.4.a.
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2.6.1.2 Differential Thermal Expansion

If the top of the package reaches a maximum of 127°C due to solar heating (See Section
3.4.1.1) and its initial temperature was 38°C, then this temperature difference of 89°C would
increase the diameter of the stainless steel top plate to a maximum of 0.029 inches based on
the following:

E =DoAT
Where: D = Diameter of the outer weldment
o=  Coefficient of Thermal expansion

AT = Temperature differential
Substituting we get: E = (18 in)(18E-6 in/in°C)(89°C) = 0.029 in

However, the side surface would also increase in diameter due to solar heating. Based on
calculations in Section 3.4.1.1, the side surface would heat to a maximum of 90°C from its
initial temperature of 38°C. This temperature difference would increase the diameter of the
tube shaped side surface to a maximum of 0.017 inches

E = DaAT = = (18 in)(18E-6 in/in°C)(52°C) = 0.017 in

If the maximum side surface temperature of the package at the access ports conducts without
losses through to the internal titanium pins, then the temperature of the pins at the connection
could be 90°C. In the worst case, the DU shield could still be at the initial temperature of
38°C for a 52°C temperature differential between the pin and shield.

The smallest sized pin mounting hole in the shield when at 38°C is 0.74 inches. The largest
pin diameter at 38°C is 0.73 inches. At the initial temperature, a 0.01 inch minimum design
clearance exists between the pin and hole.

If the diameter of the titanium pin were to expand due to the 52°C temperature change, it
would grow by only 0.0004 inches (52°C x 11E-6 infin °C x 0.73 in). This increase in
diameter of the shield pin is less than the design clearance. The remaining gap between the
pin and mating hole in the shield would not produce stress to the DU shield or pin.

Therefore the thermal expansion encountered during Normal Transport will be insignificant
with respect to the manufacturing tolerances of the package.

2.6.1.3 Stress Calculations

The thermal stress in the package due to solar heat is caused by the relative expansion or
strain between the warm top surface and relatively cool side surface. The strain caused by the
differential thermal expansion is 0.012 inches (0.029 — 0.017) producing an internal stress of
19,333 psi: (29E+6 x (0.012/18 in)). This material stress is insignificant to the yield strength
of the stainless steel body weldment.
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2.6.1.4 Comparison with Allowable Stresses

All stresses calculated in Section 2.6.1 are about % the allowable yield strength of the
materials of construction. Further, the Model Sentry 110, Sentry 330 and 867 packages werc
fully tested and passed under Normal Conditions of transport. It is therefore concluded that
these packages will satisfy the performance requirements specified by the regulations.

2.6.2 Cold

The Models Sentry 110, Sentry 330 and 867 Transport Packages do not incorporate any materials
that are susceptible to brittle fracture at low temperature. All materials used in these packages
and important to safety will not be adversely affected by temperatures down to -40°C (-40°F),
the minimum specified in the regulations. Thus, it is concluded that the Models Sentry 110,
Sentry 330 and 867 Transport Packages will withstand the normal transport cold condition.

2.6.3 Reduced External Pressure

These transport packages are open to the atmosphere and contains no components which could
create a differential pressure relative to atmospheric conditions or components within the
package. Therefore, the reduced external pressure requirements of 3.5 psiin 10 CFR, 3.6 psi in
49 CFR and 8.7 psi (60 kPa) and 0.7 psi (5 kPa) in IAEA are met.

The authorized contents are special form source capsules that meet a minimum ISO 2919-1999
classification of Class 3 for pressure. This classification is more limiting than the reduced
external pressure requirement as it covers 25 kN/m” to 2 MN/m®. Therefore, the reduced external
pressure requirements of 3.5 psi in 10 CFR and 8.7 psi (60 kPa) in 49 CFR and IAEA will not
adversely affect the package containment.

Reference: ISO 2919-1999, Radiation Protection — Sealed radioactive sources - General
requirements and classification.

2.6.4 Increased External Pressure

These transport packages are open to the atmosphere and contain no components which could
create a differential pressure relative to atmospheric conditions. Therefore, the increased
external pressure requirements of 20 psi in 10 CFR 71 will not adversely affect the package
containment.

Again, the authorized contents are special form source capsules that meet a minimum 1SO 2919-
1999 classification of Class 3 for pressure. This classification is more limiting than the increased
external pressure requirement as it covers 25 kN/m” to 2 MN/m* Therefore, the increased
external pressure requirements of 20 psi in 10 CFR 71 will not adversely affect the package
containment.
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2.6.5 Vibration

The shields in these transport packages are attached to the welded body at both access ports by
shield pins. A cotter pin at each of the shield pin retains the shield pin to the shield and access
port. Cotter pins are routinely used in high vibration situations (i.e. wheel bearing nut retention)
and will easily withstand vibration incident to transport. A similar construction has been used in
the Model 880 devices (Reference Certificate of Compliance USA/9296/B(U))). The Model! 880
devices have been used in transport for over 8 years without incident caused by vibration.

The lock assembly plate attachment bolts and screws are tightened to a prescribed torque at
assembly to prevent unintentional release even after repeated use. It is therefore concluded these
transport packages will withstand vibration normally incident to transpost.

2.6.6 Water Spray

The Models Sentry 110, Sentry 330 and 867 transport packages are constructed of water-resistant
materials throughout. Therefore, the water spray test would not reduce the shielding
effectiveness or structural integrity of the package.

2,6.7 Free Drop

Five test specimens, serial numbers TP180A through TP180E were built to the basic transport
configuration shown in Figure 1.2b for the Model Sentry 330 design. The differences between
the Model 867 package and the Models Sentry 110 and Sentry 330 are that the Model 867 source
tube has a stop in the middle of the s-tube and is equipped with two lock assemblies modified
slightly from the design used on the Models Sentry 110 and Sentry 330 packages (see Section
1.2.1.3).

The Standard package configuration (see Figure 1.2a), for all package designs, is the heaviest
configuration. The array of handling rib assemblies of the Standard configuration increases the
weight for each Basic package design by approximately 80 1b. Since, the handling ribs provide
protection and substantial impact energy absorption in certain free drop orientations, the worst
case package construction for normaf condition testing was determined to be test specimens
manufactured to the Model Sentry 330 Basic design, but adjusted for the worst case package
transport weight.

The drop height for each specimen was adjusted higher than the 1.2 meters to produce the
equivalent impact energy as a specimen built to the maximum package weight of 780 pounds.
This adjustment compensated for any weight differential between the test specimens and the
maximum package weight for the tested configuration requested under this submission.

Test Plan 180, Section 3.3 {see Section 2.12) includes a detailed discussion and evaluation of the
drop test height adjustment made to compensate for test unit specimens that weighed less than
the maximum weight requested under this submission.
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The fracture toughness (strength and ductility) of the structural material in these transport
packages will not change significantly within the temperature range of -4G°C to +38°C  (-40°F to
+100°F). Within this temperature range, the depleted uranium shield will exhibit only slightly
less ductility than the other structural materials. Since the depleted uranium shield is retained in
the package by internal support structures and the body weldment, this slight variation in
ductility will have no significant impact on the resuits of the package performance during the
normal transport testing.

Test Plan Report 79 (see Section 2.12) shows the compressive impact strength of the
polyurethane foam changes very little between -40°C to +38°C (-40°F to +100°F). The foam is
aided in limiting the shield movement during the impact of the drop test by the titanium pins and
the welded structure. These items aid in keeping the shield secure and in place during a drop
impact. Testing at ambient temperature was performed to demonstrate compliance with the
normal transport condition drop testing since the -40°C to +38°C (-40°F to +100°F) temperature
range will not have any significant detrimental impact on the results of the drop tests performed.

Based on design similarities, the Models Sentry 110 and 867 packages will be expected to
perform as well if not better than the Model Sentry 330 test units evaluated under this section.
The differences in the Model 867 and Model Sentry 330 lock plate assemblies will not
significantly impact the Model 867’s ability to meet the normal condition drop test conditions
and the Model 867 package performance can be bounded by the Model Sentry 330 test results
and evaluations.

2.6.7.1 Rear Plate Port Drop Orientation — Square Hit

Test specimen TP180A was subjected to the 1.2 meter (4 foot) free drop in accordance with Test
Plan 180 (Section 2.12). The rear plate port crientation of the 1.2 meter (4 foot) free drop was
selected because of its potential to cause a shift in the shield position with possible damage to the
source wire. In addition, it was possible that this drop orientation could cause a failure/break in
the rear plate attachment bolts which could impact the source security in the package. The
orientation for this drop test is shown in Figure 2 .6a.

The test specimen was dropped at an ambient temperature of +11°C (+51°F). Photographs of the
drop orientation are provided in Test Plan 180 Report #1 (Section 2.12).

The black plastic dust cover compressed slightly into the 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. The source assembly remained secured in
the package and the source location within the package remained unchanged after the test.
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Figure 2.6a — 1.2 m (4 ft) Drop Orientation TP180A

Since the source location remained unchanged, it was assumed there was no change in the
radiation dose rates after the 1.2 m (4 ft) drop test. This was later confirmed for this test
specimen {TP180A) after performance of the 30 ft drop test under Test Plaa 180 Report #2
(Section 2.12). The maximum radiation measurements at the surface and at one meter from the
surface of test specimen TP 180A were within the regulatory limits of 200 mR/hr and 10 mR/hr
respectively for this test specimen after performance of the 30 ft drop test.

2.6.7.2 Rear Plate Port Drop Orientation — Edge Hit

Test specimen TP180B was subjected to the 1.2 meter (4 foot) free drop in accordance with Test
Plan 180 (Section 2.12). This rear plate port orientation of the 1.2 meter (4 foot) free drop was
selected in an attempt to bend the rear plate port edge enough to break the rear plate attachment
bolts or other important lock components. The orientation for this drop test is shown in Figure
2.6b.

The test specimen was dropped at an ambient temperature of +11°C (+51°F). Photographs of the
drop orientation are provided in Test Plan 180 Report #1 (Section 2.12).

The welded port tube bent in towards the dust cover by about 1 inch (2.54 ¢m). No damage was
found on the source wire or the rear plate attachment bolts. The source location within the
package changed slightly, however, a post test radiation profile showed that the external
radiation dose rates remained within the regulatory limits of 200 mR/hr and 10 mR/hr
respectively.
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Figure 2.6b — 1.2 m (4 ft) Drop Orientation TP180B

2.6.7.3 Shell Side Drop Orientation — Weld Seam Hit

Test specimen TP180C was subjected to the 1.2 meter (4 foot) free drop in accordance with Test
Plan 180 (Section 2.12). This side shell weld seam drop orientation was selected in an attempt to
fracture the shell seam weld and/or shift the shield away from the source. The orientation for
this drop test is shown in Figure 2.6c¢.

The test specimen was dropped at an ambient temperature of +11°C (+52°F). Photographs of the
drop orientation are provided in Test Plan 180 Report #1 (Section 2.12).

The longitudinal seam of the welded body showed minor deformation. No weld seam break
occurred. No damage was found on the source wire or the rear plate attachment belts. The
source location within the package remained unchanged.

Since the source location remained unchanged, it was assumed there was no change in the
radiation dose rates after the 1.2 m (4 ft) drop test. This was later confirmed for this test
specimen (TP180C) after performance of the 30 ft drop test under Test Plan 180 Report #2
(Section 2.12). The maximum radiation measurements at the surface and at one meter from the
surface of test specimen TP180C were within the regulatory limits of 200 mR/hr and 10 mR/hr
respectively for this test specimen after performance of the 30 ft drop test.
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Figure 2.6c — 1.2 m (4 ft) Drop Orientation TP180C

2.6.7.4 Shell Edge Drop Orientation — Seam Hit

Test specimen TP180D was subjected to the 1.2 meter (4 foot) free drop in accordance with Test
Plan 180 (Section 2.12). This orientation was selected in an attempt to fracture the shell
longitudinally and/or fracture the edge welds. The orientation for this drop test is shown in
Figure 2.6d.

The test specimen was dropped at an ambient temperature of +11°C (+51°F). Photographs of the
drop ortentation are provided in Test Plan 180 Report #1 (Section 2.12).

The end seam of the welded body was slightly deformed. There was no break in the weld seam,
No damage was found on the source wire or the rear plate attachment bolts. There was no
change in the source lecation within the package.

Based on the source location, the minimal damage produced te the test unit and a comparison of
the pre and post radiation profiles of other test units with significantly more damage, it was
determined that a post radiation profile of TP180D was not necessary. The condition of test unit
TP180D after the 1.2 m (4 ft) drop test and the fact that the source location remained unchanged
after the drop test is sufficient to demonstrate that the external radiation dose rates remained
within the regulatory limits of 200 mR/hr and 10 mR/hr respectively.
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Figure 2.6d — 1.2 m (4 ft) Drop Orientation TP180D

2.6.7.5 Welded Body Drop Orientation — Top Surface Hit

Test specimen TP180E was subjected to the 1.2 meter (4 foot) free drop in accordance with Test
Plan 180 (Secticn 2.12). This top body surface drop orientation of the 1.2 meter (4 foot) free
drop was selected in an attempt to fracture the shield and/or shift the shield away from the
source. The orientation for this drop test is shown in Figure 2.6e.

The test specimen was dropped at an ambient temperature of +11°C (+51°F). Photographs of the
drop orientation are provided in Test Plan 180 Report #1 (Section 2.12).

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 lock
assembly after the test revealed a slight twisting of the screws holding the selector ring retainer
to the assembly. No other damage was found on the welded body, source wire or rear plate
attachment screws. The source location within the package changed slightly, however, a post test
radiation profile showed that the extemnal radiation dose rates remained within the regulatory
limits of 200 mR/hr and 10 mR/hr respectively.
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Figure 2.6e — 1.2 m (4 ft) Drop Orientation TP180E

2.6.7.6 Normal Transport Drop Test Results Summary Evaluation

Although all test specimens maintained source integrity and the radiation dose rates after drop
testing remained within regulatory limits, the test results from TP180F raised concerns as to how
the tested design would perform under the more damaging hypothetical accident condition drop
tests.

The test results for TP180E caused the roll pins of the lock cover to shear away, this allowed the
dust cover to fall away from the package. The lock cover is a sub component of the plastic
trefoil shaped dust cover and is intended to provide protection to the source connector of the
source wire assembly. Without the lock cover in place, a hit in the axial direction of the
connector could drive the connector through the slot of the lock slide or cause the lock slide to
fail which could adversely impact the source location in the package.

Since the hypothetical accident condition testing includes a | meter (3.3 ft) puncture drop after a
9 m (30 ft) drop test in this orientation, it was decided to modify the lock cover design to increase
its robustness and assure satisfactory performance during the hypothetical accident condition
transport testing. To address this issue, the test units used in the normal condition transport
testing were modified as follows:
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e The roll pins used to secure the lock cover assembly pins were increased in size and shape
from 0.16 em (0.062 inch) diameter pins to a heavy duty 0.48 cm (0.188 inch) diameter pin.

¢ The lock cover assembly pins were changed from a 0.71 cm (0.28 inch) diameter headless
pin, to a 0.97 em (0.38 inch) diameter headed pin. The head prevents tae pins from
detaching from the rear plate in the event the roll pins were to fail. (See Figure 2.6f ).
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Figure 2.6f — Lock Cover Design Modification
(Pin Changes are Highlighted)

In addition, the 4 screws used to secure the selector ring retainer in the lock assembly were found
to be slightly twisted after the 1.2 m (4 ft) drop test on TPI80E. It was also important to ensure
the selector ring retaining mechanism remained intact and attached to the rear plate after the
hypothetical accident condition transport testing. If the 4 screws attaching the selector ring
retainer were to fail, the selector ring retainer would fall away from the package leaving the
source unsecured. Therefore, it was decided to also redesign the selector ring retainer securing
mechanism to ensure it remains intact and attached to the rear plate after the hypothetical
accident condition drop testing.
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To improve package performance, the test units used in the normal condition transport testing
were also modified to make the following changes:

The selector ring retainer was lengthened so that it was now able to pass through and extend
beyond the back side of the rear plate assembly.

The selector ring retainer was clamped in place on the back side of the rear plate in such a
way that it cannot become detached unless the rear plate assembly mounting hardware is
removed (see Figure 2.6g).
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Figure 2.6g — Lock Assembly Retention Design Modification
Old Design on Left. Modified Design on Right.
(Component Changes arc Highlighted)
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Test units, modified as described in this section, were tested under the Hypothetical Accident
Condition 30 ft (9 m) drop test in the worst case orientations (see Section 2.7.1). Based on the
results of the more damaging 30 ft drop testing, it is concluded that the Model Sentry 110, Sentry
330 and 867 packages with these modifications will meet the normal condition drop test
requirements for transport as specified under 10 CFR 71.71(c)7).

2.6.8 Corner Drop

This test is not applicable, as the transport package does not transport fissile material, nor is the
exterior of the transport package made from either fiberboard or wood.

2.6.9 Compression or Stacking

The Models Sentry 110, Sentry 330 and 867 packages can be considered to be vertically oriented,
cylindrical tubes that are capped at both ends. The basic configuration of the package measures
46 ¢m (18 inches) in diameter by 30.5 cm (12 inches) high. The cylindrical tube and end caps
are 1 cm (3/8 inch) thick type 304 or 3041 stainless steel. The minimum yield strength for this
material is 30,000 psi.

Assuming a maximum package weight of 354 kg (780 Ibs), the calculated compressive load
would be 5 times this value or 1,769 kg (3,900 lbs). The vertically projected area of the package
equals 1,645 cm? (255 in®). This value, multiplied by 13 kPa (2 It/in®) produces a compression
load of 231 kg (510 1bs) which is significantly less than the calculated compressive load equal to
5 times the maximum package weight. Therefore, compliance with the compression test
requirements will be bounded by the load analysis for 5 times the maximum package weight.

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, 120 cm? (20 in), into the applied load.
This results in a compressive stress on the tube’s cross section of 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). This produces a safety
factor of 154 which indicates that the package can support a load of 1,769 kg (3,900 1bs) for the
test time of 24 hours with no structural loss.

The slenderness ratio of a 30.5 ¢m (12 inch) long by 46 cm (18 inch) diameter hollow c¢ylinder
establishes the package as a short column. For a short column, the strength limit of the tube
material is the determining factor for assessing failure. In this case, it is demonstrated that
buckling failure will not be a concern for these packages.

Based on this assessment, it is concluded that the Models Sentry 110, Sentry 330 and 867 will be
able to withstand, without damage to the package integrity, the worst case compressive load as
specified under 10 CFR 71.71(c)}9).
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2.7

2.6.10 Penetration

Since the dust cover assemblies on the Models Sentry 110, Sentry 330 and 867 packages are
identical, only 1 penetration test was performed to demonstrate compliance to this test
requirement. Test specimen TP180A was subjected to a penetration test, in accordance with Test
Plan 180 {see Section 2.12).

The penetration test targeted the dust cover area of the transport package. The dust cover protects
the rear plate lock features from a direct hit from a penetration bar. The only damage option
would be to attempt to penetrate the cover and/or the integral plunger lock.

The TP180A test specimen was tested at an ambient temperature of +18.9°C (+66.1°F) since the
materials used in the dust cover and lock assemblies are not adversely affected by temperatures
between -40°C to +38°C (-40°F to +100°F).

Photographs of the testing are provided in Test Plan 180 Report #1 {Section 2.12). The
penetration bar impacted on the brass plunger lock of the black trefoil dust cover. Inspection
following the test indicated that the bar hit as intended on the specimen, and produced a small
dent on the plastic dust cover. The impact damaged the plunger lock such that the key could not
be inserted into the lock afier the test, however, the source remained secure in the shielded
position and there was no loss of structural integrity or reduction of shielding efficiency as a
result of the impact.

Based on this testing, it is concluded that the Medels Sentry 110, Sentry 330 and 867 will be able
to withstand, without damage to the package integrity, the penetration test specified under 10
CFR 71.71(c)(10).

Hypothetical Accident Conditions

Sections 2.7.1 through 2.7.5 summarize evaluations and testing for the hypothetical accident
conditions of transport tests. Section 2.7.6 summarizes the results of this testing.

Four test specimens, serial numbers TP180A through TP180C and TP180E were built to the
Basic transport configuration shown in Figure 1.2b for the Model Sentry 330 design. Two test
specimens, serial numbers TP180D and TP 180G, were built to the Standard Model Sentry 330
design, except that the plastic inserts were omitted from the test specimens {(see Figure 2.7a).
The lock cover and lock plate assemblies for all test units were modified as described under
Section 2.6.7.6. These redesigns were intended to improve the overall package performance and
were prompted by the test results from the normal transport drop testing.

The TP180D and TP180G test specimen configuration was a special configuration that would not
normally be used in transport, however this standard configuration without the plastic inserts
present represented the worst case impact damage to the body weldment for any of the Standard
package configurations. This test specimen configuration demonstrated the optional nature of
the plastic inserts since the Standard configuration will still maintain transport container
compliance even in the case where the plastic inserts may be damaged or missing from the
package.
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Figure 2.7a — Transport Package Special Configuration — Test Specimen TP180D & TP180G

The statements under Section 2.6.7 (Free Drop test for Normal Transport) regarding package
similarities, drop orientations, weight adjustments and test specimen temperature prior to testing
are also applicable for the Hypothetical accident drop testing performed for these packages.

Based on design similarities, the Models Sentry 110 and 867 packages will be expected to
perform as well if not better than the Model Sentry 330 test units evaluated under this section.
The differences in the Model 867 and Model Sentry 330 lock plate assemblies will not
significantly impact the Model 867’s ability to meet the Hypothetical accident condition drop test
conditions and the Model 867 package performance can be bounded by the Model Sentry 330
test results and evaluations.

The test sequence as specified in 10 CFR 71.73 was determined to be the order which would
result in the maximum damage to the package, considering the subsequent application of the fire
test. The damaged induced by the 9 m (30 ft) drop impact will make the package vulnerable to
containment related damage during the puncture test.

Performing the puncture test before the 9 m (30 ft) drop test will produce minimal damage to the
unit and have less potential to adversely affect source containment than performing the puncture
test after inducing damage in the 9 m (30 ft) drop test.
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The package is only vulnerable to shielding degradation during the thermal test if the body
weldment 1s breached in either the 9 m (30 ft) drop test or 1 m (1.2 ft} puncture tests. Therefore
these tests must be performed first to determine if the package will be potentially vulnerable to
shield degradation during the thermal test conditions. Based on this assessment, the test
sequence listed in 10 CFR 71.73 will produce the worst case potential damage to the containment
system.

2.7.1 Free Drop
2.7.1.1 End Drop
a. Flat Body Top Drop Orientation — TP180E & TP180G

Test specimen TP 180E was subjected to the 9 m (30 foot) free drop in accordance with
Test Plan 180 (Section 2.12). This drop orientation was selected because of its potential
to fracture the shield material, cause a shift in the shield position with possible damage
to and/or movement of the source wire from the shielded position. The orientation for
this drop test is shown in Figure 2.7b.

2
NORMALLY THE
TOP SURFACE .
OF THE PACKAGE |

|
DROP HEIGHT

Y

DROP PAD :|

Figure 2.7b - 9 m (30 ft) Drop Orientation TP 180E & Second Drop Orientation TP 180G

The test specimen was dropped at an ambient temperature of +9°C (+48°F) prior to the
drop test. Photographs of the drop orientation are provided in Test Plan 180 Report #2
{Section 2.12).

The impact in the drop appeared as expected during the test, but a review of the drop test
video showed the test specimen tilted slightly just before impact, hitting the corner of the
package before rotating onto the flat endplate. The impact caused a dent to the corner of
the package which was further confirmation of the initial impact location. After the test,
the source location moved about 0.16 ¢m (1/16 inch) towards the front plate end of the
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package. The impact of test unit TP180E did not achieve the intended impact
orientation, but is more representative of a slap-down, oblique impact than the intended
top surface drop.

Due to the deformation caused by the impact of test unit TP180E, it was determined that
a second drop of this test unit for the 9 m (30 ft) top surface drop was not advisable as
the deformation could interfere with the intended impact.

A decision was made to perform this drop orientation on another test specimen, TP180G.
This test specimen, TP180G, was previously dropped in another orientation from 9 m
(30ft), but appeared to be in excellent condition and acceptable for a second drop in the
top end drop orientation. Before TP180G was dropped the second time, the handling ribs
were removed from the specimen to convert it to the basic configuration. (Note: This
drop test orientation became the second drop test performed on test unit TP180G.) Test
specimen TP180G was dropped as intended, hitting squarely on the flat top surface of
the welded body end plate

Post test inspections for test unit TP180E was performed after performance of the 1 m
(3.3 ft) puncture test (see Section 2.7.2). The 9 m (30 ft) drop test, which was essentially
an oblique, slap down drop orientation, did not create an opening in the package exterior.
Radiation profile measurements taken after the puncture testing showed no appreciable
elevation in dose levels compared to measurements taken before testing. The slight
measurement difference is attributed to a minor shift in the shield relative to the exterior
of the package and variation in the accuracy of the measuring equipment (£10%).

b. Flat Body Bottom Drop Orientation — TPI180G

Test specimen TP180G was subjected twice to the 9 m (30 foot) free drop in accordance
with Test Plan 180 (Section 2.12). The first drop test performed for TP180G was made
with the handling ribs attached and was for the bottom surface drop orientation (see
Figure 2.7¢c). This drop orientation was selected to demonstrate that that plastic inserts
in the handling ribs were optional and to demonstrate that the handling ribs of the
Standard configuration will be less damaging to the package than the Basic
configurations tested.
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Figure 2.7¢ — 9 m (30 ft) |* Drop Orientation TP180G

The test specimen was dropped at an ambient temperature of +9°C (+48°F) prior to the
drop test. Photographs of the drop orientation are provided in Test Plan 180 Report #2
(Section 2.12)

The test unit rotated slightly during the drop causing two of the ribs to hit first on impact
then immediately impacting the rest of the bottom rib surfaces of the package. The
impact broke one load pin and four of the bolts used to assemble the ribs. Some of the
ribs were bent and cracked. The bottom ribs were slightly compressed into the bottom
endplate of the package causing local deformations and shallow cuts. After the test, the
source location moved about 0.15 cm (0.06 inch) towards the rear plate end of the
package.

The second 9 m (30 ft) drop for TP180G was performed after removal of the rib
assemblies. This drop orientation was the top surface flat body hit initially attempted on
test unit TP180E (see Figure 2.7b). The test specimen was dropped at an ambient
temperature of +19°C (+66°F). Photographs of the drop orientation are provided in Test
Plan 130 Report #2 (Section 2.12)

This impact hit squarely on the top endplate surface causing no obvious external damage
to the body weldment. The impact did cause the brass shaft of the front plate outlet port
knob to fracture. The fracture caused the knob to be completely removed from the
package.

Without the front knob in place, the front plate rotor is allowed to turn freely and could
align the port shield into the unshielded position under worst case conditions. This
movement of the port shield will increase radiation dose levels locally on the surface of
the package and slightly at | meter from the surface of the package due to scatter
radiation from the source tube.



Safety Analysis Report for the Models Sentry 110, Sentry 330 and 867 Transport Packages

QS5A Global, Inc. October 2010 - Revision 0
Burlington, Massachusetts Page 2-23

Post test inspections for test unit TP180G was performed after performance of the 9 m
(30 ft) drop tests. The first 9 m (30 ft) drop test was a flat bottom drop on the handling
rib assembly to demonstrate the impact limitation effect of the handling ribs as well as
the optional nature of the plastic inserts used in the handling ribs as these components
are not necessary to ensure package compliance or integrity during transport. The
second 9 m (30 ft) drop test was a flat drop on the top surface of the package after
removal of the handling rib assembly.

Radiation profile measurements taken after the 9 m (30 ft) drop testing showed an
increase in radiation dose at the surface and one meter from the surface of the package
due to the loss of the port shield in the front plate assembly. The increased radiation
dose rates were less than 550 mR/hr at the surface of the package and less than 2.5
mR/hr at one meter from the surface of the package. These radiation levels are well
within the maximum allowable limit of 1 R/hr at 1 meter from the package surface
required under the regulations.

2.7.1.2 Side Drop
a. Rear Plate (Lock Assembly Side) Port Drop Orientation — Square Hit

Test specimen TP180A was subjected twice to the 9 m (30 foot) free drop in accordance
with Test Plan 180 (Section 2.12). The rear plate port orientation of the 9 m (30 foot)
free drop was selected because of its potential to cause a shift in the shield position with
possible damage to the source wire. In addition, it was possible that this drop orientation
could cause a failure/break in the rear plate attachment bolts which could impact the
source security in the package. The orientation for this drop test is shown in Figure 2.7¢c.
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Figure 2.7¢ —9 m (30 ft) Drop Orientation TP180A
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The test specimen was dropped at an ambient temperature of +53°F. Photographs of the
drop orientation are provided in Test Plan 180 Report #2 (Section 2.12). The impact in
the first drop did not appear to hit directly on the face of the dust cover protecting the
rear plate, however, this impact did cause the comer of the package and edge of the rear
plate access port to slightly deform into the package.

The second 9 m (30 ft) drop hit the dust cover as planned. This impact caused additional
deformation to the access port, produced a fracture through the dust cover and
compressed the plunger lock into the rear plate assembly. The source assembly remained
secured in the package and the source location within the package remained unchanged
after the test.

Post test inspections for this unit were performed after performance of the 1 m (3.3 ft)
puncture test (see Section 2.7.2). The 9 m (30 ft) drop tests did not create an opening in
the package exterior. Radiation profile measurements taken after the puncture test
showed no appreciable elevation in dose levels compared to measurements taken before
testing. The slight measurement difference is attributed to a minor shift in the shield
relative to the exterior of the package and variation in the accuracy of the measuring
equipment (£10%).

b. Body Weldment Side Drop Orientation — Package Weld Seam Hit

Test specimen TP180C was subjected twice to the 9 m (30 foot) free drop in accordance
with Test Plan 180 (Section 2.12). The intended drop orientation was a side impact on
the weld seam. This orientation was selected because of its potential to fracture the shell
seam weld and/or shift the shield away from the source. The orientation for this drop
test is shown in Figure 2.7d.
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Figure 2.7d — 9 m (30 ft) Drop Orientation TP180C — Side Weld Seam Hit
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The test specimen was dropped at an ambient temperature of +8°C (+47°F).
Photographs of the drop orientation are provided in Test Plan 180 Report #2 (Section
2.12). The test unit rotated slightly during the drop and impacted on the corner weld at
the weld seam intersection with the longitudinal weld of the package. This impact
location was originally intended as the impact location for test specimen TP 180D which
is an oblique package impact (see Figure 2.7g). Results of this test unit drop will be
concluded in Section 2.7.1.4 since the drop orientation for the first drop of TP180C
meets the impact orientation originally intended for TP180D.

A second 9 m (30 ft) drop test was performed for TP180C. The second drop hit squarely
on the longitudinal weld seam of the package side as planned (see Figure 2.7d). This
impact caused the curved surface of the body to flatten along the full length of the
longitudinal weld seam, but no break or breach of the body weldment occurred. The
source assembly remained secured in the package and the source location within the
package remained unchanged after the test.

Post test inspections for this unit were performed after performance of the 1 m (3.3 ft)
puncture test (see Section 2.7.2). The 9 m (30 ft) drop tests did not create an opening in
the package exterior. Radiation profile measurements taken after the puncture test
showed no appreciable elevation in dose levels compared to measurements taken before
testing. The slight measurement difference is attributed to a minor shift in the shield
relative to the exterior of the package and variation in the accuracy of the measuring
equipment (£10%).

c. Rear Plate (Lock Assembly Side) Port Drop Orientation — Square Hit

Test specimen TP180D was subjected to the 9 m (30 foot) free drop in accordance with
Test Plan 195 (Section 2.12 ). The rear plate port orientation of the 9 m (30 foot) free
drop was selected because of its potential to cause a shift in the shield position with
possible damage to the source wire. In addition, it was possible that this drop orientation
could cause a failure/break in the rear plate attachment bolts which could affect the
source security in the package. The orientation for this drop test is shown in Figure 2.7e.
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Figure 2.7e — 9 m (30 ft) Drop Orientation TP180D — Lock Port Side Hit

The test specimen was dropped at an ambient temperature of +90°F. Photographs of the
drop orientation are provided in Report - Test Plan 195 (Section 2.12). The impact hit
directly on the face of the dust cover protecting the rear plate and protruding handling rib
assemblies.

The 9 m (30 ft) drop hit the dust cover as planned. This impact caused slight
deformation to the access port and deformed the handling rib assemblies at the rear plate
access port side of the package. The source assembly remained secured in the package
and the source location within the package remained unchanged after the test.

Post test inspections on this specimen were performed after the 1 m (3.3 ft) puncture test
(see Section 2.12). The 9 m (30 ft) drop tests and puncture drop did not create an
opening in the welded body. Radiation profile measurements taken after the puncture
test showed no appreciable elevation in dose levels compared to measurements taken
before testing. The slight measurement difference is attributed to a minor shift in the
shield relative to the exterior of the package and variation in the accuracy of the
measuring equipment (£10%).

2.7.1.3 Corner Drop
Corner Package Drop Orientation — Port Tube Hit
Test specimen TP180B was subjected to the 9 m (30 foot) free drop in accordance with
Test Plan 180 (Section 2.12). This drop orientation was selected because of its potential

to deform the port enough to break the rear plate attachment bolts or other important lock
components. The orientation for this drop test is shown in Figure 2.7f.
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Figure 2.7f — 9 m (30 ft) First Drop Orientation TP180B — Comer Package Port Tube Hit

The test specimen was dropped at an ambient temperature of +8°C (+47°F).

Photographs of the drop orientation are provided in Test Plan 180 Report #2 (Section
2.12). The test unit impacted directly on the protruding edge of the rear plate access port
tube as planned.

This impact caused the access port tube to flatten into the access port, compressing the
dust cover against the rear plate assembly. The source assembly remained secured in the
package but the source location moved about 0.06 cm (1/16 inch) towards the rear plate
end of the package.

Post test inspections for this unit were performed after performance of the 1 m (3.3 ft)
puncture test (see Section 2.7.2). The 9 m (30 ft) drop test did not create an opening in
the package exterior. Radiation profile measurements taken after the puncture test
showed no appreciable elevation in dose levels compared to measurements taken before
testing. The slight measurement difference is attributed to a minor shift in the shield
relative to the exterior of the package and variation in the accuracy of the measuring
equipment (£10%).

2.7.1.4 Oblique Drops
Slap Down Drop Orientation — Weld Seam Hit

During the first 9 m (30 ft) drop of test specimen TP180C, the package rotated slightly
and initial impact for this test unit met the impact conditions intended for TP180D. The
corner body drop on the package weld seam orientation was selected because of its
potential to fracture the shell longitudinal and end plate welds upon the initial and
secondary slap down impacts. The orientation for this drop test is shown in Figure 2.7g.
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Figure 2.7g — 9 m (30 ft) First Drop Orientation TP180C — Corner Package Weld Seam Hit

The test specimen was dropped at an ambient temperature of +8°C (+47°F).
Photographs of the drop orientation are provided in Test Plan 180 Report #2 (Section
2.12). The test unit impacted on the corner weld at the weld seam intersection with the
longitudinal weld of the package.

This impact caused localized deformation and flattening to the circular corner of the
package. The source assembly remained secured in the package but the source location
moved about 0.08 cm (1/32 inch) towards the rear plate end of the package.

Post test inspections for this unit were performed after performance of the 1 m (3.3 ft)
puncture test (see Section 2.7.2). The 9 m (30 ft) drop tests did not create an opening in
the package exterior. Radiation profile measurements taken after the puncture test
showed no appreciable elevation in dose levels compared to measurements taken before
testing. The slight measurement difference is attributed to a minor shift in the shield
relative to the exterior of the package and variation in the accuracy of the measuring
equipment (+10%).

2.7.1.5 Summary of Results

As demonstrated in Test Plan 180 Report #2 and described and assessed in sections
2.7.1.1 through 2.7.1.4, the Models Sentry 110, Sentry 330 and 867 in both the Basic and
Standard package constructions (including the standard construction without the optional
plastic rib assembly inserts) satisfies the hypothetical accident condition 9 m (30 ft) drop
test requirements of 10 CFR 71.73(c)(1). Testing of the test specimens continued as
described in Section 2.7.3 of this SAR for the Puncture test requirements of 10 CFR
71.73(c)(3).

2.7.2 Crush

Not applicable. This package is not used for the Type B transport of normal form radioactive
material.
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2.7.3 Puncture

Justification for all test unit puncture orientations are included in Test Plan 180, Test Plan 180
Addendum and Test Plan 180 Report #2 (see Appendix 2.12). The orientations were determined
following the 9 meter drop tests and were selected based on an assessment as to which
orientation would impart the most damage to each specimen and results of the normal condition
of transport drop testing.

2.7.3.1 Puncture test of TP180A and TP180B

This test specimens were dropped 1.1 m (3.6 ft) onto the fractured dust cover of the rear
plate assembly at an angle as shown in Figure 2.7h. This drop orientation was selected
because of its potential to pry off the lock plate or its attachment hex bolts from the
package causing the source to be removed from its shield.
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Figure 2.7h — 1 m Drop Orientation TP180A and TP180B

The test specimen TP180A was dropped at an ambient temperature of +6°C (+42°F)
prior to the 1.1 m (3.6 ft) puncture test. Photographs of the drop orientation and resultant
damage are provided in Test Plan 180 Report #2 (Section 2.12). The test specimen was
dropped onto the puncture bar causing the dust cover to tear off about 1/3 of the cover
and caused additional cracking to the portion of the dust cover that remained on the
package.

All the rear plate hardware remained intact after the drop. The source assembly
remained secured in the package and the source location within the package moved 0.32
cm (1/8 inch) towards the front plate end of the package due to a shift in the shield
location towards the rear plate side of the package.
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The puncture test did not create an opening in the package exterior. Radiation profile
measurements taken after the puncture test showed no appreciable elevation in dose
levels compared to measurements taken before testing. The slight measurement
difference is attributed to a minor shift in the shield relative to the exterior of the
package and variation in the accuracy of the measuring equipment (£10%).

The test specimen TP180B was dropped at an ambient temperature of +7°C (+44°F)
prior to the 1.1 m (3.6 ft) puncture test. Photographs of the drop orientation and resultan:
damage are provided in Test Plan 180 Report #2 (Section 2.12). The test specimen was
dropped onto the puncture bar causing no visible additional damage to the unit.

Post test disassembly and inspection revealed the plastic dust cover to be wedged in
place by the bent over port flange and the lock cover pins were sheared off. Inspection
of the lock plate revealed the plate and securing bolts remained intact, but the lock
assembly could not be unlocked to release the source wire assembly normally.

The puncture test did not create an opening in the package exterior. Radiation profile
measurements taken after the puncture test showed no appreciable elevation in dose
levels compared to measurements taken before testing. The slight measurement
difference is attributed to a minor shift in the shield relative to the exterior of the
package and variation in the accuracy of the measuring equipment (£10%).

2.7.3.2 Puncture test of TP180C
This test specimen was dropped 1.1 m (3.6 ft) onto the corner and longitudinal weld

seams as shown in Figure 2.7i. This drop orientation was selected in an attempt to break
open the welded shell body and expose the foam fill.
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Figure 2.71 — 1 m Drop Orientation TP180C
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The test specimen TP180C was dropped at an ambient temperature of +7°C (+44°F)
prior to the 1.1 m (3.6 ft) puncture test. Photographs of the drop orientation and resultant
damage are provided in Test Plan 180 Report #2 (Section 2.12).

After the drop, the test specimen inspection revealed only superficial contact marks at
the corner. No weld seam breach was created. Post test disassembly and inspection
confirmed all lock plate hardware remained intact, and the lock functioned normally.

During the post test examination, a shift in the shield within the package of
approximately 0.3 inches towards the longitudinal weld seam was noticed. The shift
resulted in fracturing the tip of the source tube at the rear access port end. The source
assembly remained secured in the package with no movement of the source location
within the package.

Radiation profile measurements taken after the puncture test showed no appreciable
elevation in dose levels compared to measurements taken before testing. The slight
measurement difference is attributed to a minor shift in the shield relative to the exterior
of the package and variation in the accuracy of the measuring equipment (+10%).

2.7.3.3 Puncture test of TP180FE

This test specimen was dropped 1.1 m (3.6 ft) onto the lock plate of the package. This
drop orientation was selected because of its potential to push the source connector
through the lock slide causing the source to be removed from its shielded position. The
orientation for this drop test is shown in Figure 2.7j.
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Figure 2.7j — 1 m Drop Orientation TP180E
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The test specimen was dropped at an ambient temperature of +9°C (+48°F) prior to the
1.1 m (3.6 ft) puncture test. Photographs of the drop orientation and resultant damage
are provided in Test Plan 180 Report #2 (Section 2.12).

This puncture test was performed twice from 3.6 feet in the same orientation since the
test unit appeared to miss the target. The second drop test impacted as intended.
Resultant damage caused some deformation to the lock plate port and only a superficial
contact scratch to the dust cover. No failure was found after the puncture tests.

The source assembly remained secured in the package with a movement of
approximately 0.16 cm (1/16 inch). All lock plate hardware remained intact. Radiation
profile measurements taken after the puncture test showed no appreciable elevation in
dose levels compared to measurements taken before testing. The slight measurement
difference is attributed to a minor shift in the shield relative to the exterior of the
package and variation in the accuracy of the measuring equipment (+10%).

2.7.3.5 Puncture test of TP180G

No puncture test was performed on this test unit. The majority of the damage induced
during the 9 m (30 ft) drops was superficial in nature and was less severe than was seen
on other test units that did undergo subsequent puncture testing (e.g., lower potential to
breach the body weldment than was seen on TP180C and less potential to damage or
move the radioactive source than was seen on TP180A, TP180B and TP180E).

The loss of the front plate knob increased the radiation dose rates from the package (see
Section 2.7.1.1b) but the increase was well within acceptable regulatory limits. Any
further damage to the front plate assembly would not change the radiation dose levels on
or around the package since the rotor shield has already been removed from the package
during the 30 ft drop tests. Therefore, performance of the puncture test for TP180G was
unnecessary since unit compliance is bounded by the 9 m (30 ft) drop results and damage
induced on the other test units from Test Plan 180 Report #2.

2.7.3.6 Summary of Results

As demonstrated in Test Plan 180 Report #2 and described and assessed in sections
2.7.3.1 through 2.7.1.5, the Models Sentry 110, Sentry 330 and 867 in both the Basic and
Standard package constructions (including the standard construction without the optional
plastic rib assembly inserts) satisfies the hypothetical accident condition 1 m (3.3 ft)
drop test requirements of 10 CFR 71.73(c)(2).
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2.7.4 Thermal

The thermal test was not performed. Compliance for this requirement is assessed in this Section.
The assessment demonstrates that the thermal test would not be sufficient to weaken the package
and cause its failure under the final profile criteria.

Review of the condition of the test specimens after the drop tests suggests the fire test would
have no affect on the resulting radiation measurements if the thermal test was performed. This is
justified based on the condition of the test specimens after the drop tests and the properties of the
materials used to secure and shield the source within the specimens.

Because no damage occurred during the Hypothetical Accident Conditions of Transport Tests
that could result in oxidation of the depleted uranium shield, thermal testing was not performed
on any of the test specimens. Specifically, the lock assemblies remained secured and there were
no openings in the transport package welded body that could result in oxidation of the depleted
uranium shield.

2.7.4.1 Summary of Pressures and Temperatures

Table 2.7a: Summary Table of Temperatures

Surface Temperature Model Sentry 110, Sentry
Condition 330 and 867 Packages
Fire Test 800°C
During (1,472°F)
Post-Fire 800°C
(Maximum Temperature) (1,472°F)

These containers are vented to atmosphere. As such, no pressure will build up in
the units under Hypothetical Accident conditions.

Table 2.7b: Summary Table of Maximum Pressures

Package . . 3. | Fire Conditions 800°C (1,472°F
Conﬁguration Void Volume (in') Pressure Developed ( )
Sentry 110 0 0 psig
Sentry 330 0 0 psig
867 0 0 psig

2.7.4.2 Differential Thermal Expansion

Differential thermal expansion of the outer stainless steel shell circumference during the
fire test is approximated by considering the extreme temperature differential of -40°C to
+800° C (-40°F to +1,472° F):

E = nDaAT
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Where: D = Diameter of the outer shell (18 in)
o= Coefficient of thermal expansion

AT = Temperature differential (from -40°F to 1,472°F)
Substituting we get:  E =7 (18 in)(9.9uin/in°F)(1,512°F) = 0.85 in

An expansion of 0.85 inches to the circumference changes the diameter of the outer shell
from 18 to 18.27 inches. This change does not create thermal stress in the structure since
it can be considered unrestrained.

2.7.4.3 Stress Calculations

The exterior and support structure of the SENTRY transport package in all
configurations is not restrained, is open to atmospheric pressure, and is constructed on
the same stainless steel material. For these reasons, no thermal stress exists in the
exterior or support structure of the package when subjected to thermal differentials
caused by the hypothetical accident condition fire test.

The design clearance between mating components of different materials is sufficient
enough to prevent a press fit stress condition caused by a temperature change of 800°C
(1,472°F).

2.7.4.4 Comparision of Allowable Stresses

Since there are no thermal stresses in the package structure, there is no need to compare
the calculated thermal stresses with the materials allowable stress.

2.7.4.5 Additional Thermal Analysis

The condition of all test specimens after being subjected to the 9 m (30 foot) free drop
and 1 m (40 inch) puncture tests indicate the transport packages are capable of
withstanding the thermal test without the loss of source security or shielding
effectiveness. The damage inflicted on every test specimen showed no unintentional
opening in the welded body to allow charred foam to fall away from the package and
allow circulating air around the shield to cause depleted uranium oxidation during a
thermal test. Since there are small fastener holes and fit clearance gaps around the
welded body, there will be no build-up of gas pressure caused by the decomposition of
the polyurethane foam at elevated temperatures.

The circulation of air or oxygen through the package has been shown empirically to be
the primary contributing factor in the oxidation of depleted uranium shields during
thermal testing (see Section 2.12). Further analysis against shield degradation due to
oxidation is contained in Section 2.7.4.5(a).
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Without the possibility of gross shield oxidation, and subsequent shield degradation,
failure under the thermal test conditions would be limited to a mechanical degradation of
the packages’ shield support structure. The shield support structure for these transport
packages is comprised of components constructed of welded 304/304L stainless steel.

The internal shield support structure for all test specimens was intact and completely
functional. The shield is completely captured within the welded body at the top and
bottom ends, as well as the welded access ports. All source assemblies remained secure
in the shielded position after all testing.

The lock assemblies remained intact, attached to the package and continued to secure the
source assembly in the shielded position within the package. The source securing
components of the lock assemblies consists of the attachment plate, lock slide and sleeve
(or lock pins for the Model 867), selector ring, selector ring retainer, four %-13 bolts and
one 5/16-18 screw.

(a) Oxidation of Depleted Uranium (DU) Shielding

Significant oxidation of the depleted uranium does not occur if there is insufficient
flow of oxygen available to the shield. Two major contributing factors to limiting
this oxidation are the oxygen inhibitive nature of charred polyurethane foam and the
packages’ ability to contain the foam once charred. This has been demonstrated by
thermal testing conducted by QSA Global Inc. in support of previous Type B
package submissions described in the following paragraphs.

Under Test Plan Report 72-S2 (Section 2.12), in support of Certificate of
Compliance number USA/9035/B(U) for the Model 680-OP Series, camera s/n B198
was subjected to thermal testing. Before testing, the unit was intact and essentially
undamaged with no gaps between mating surfaces. After the 30 foot and puncture
drop tests, % inch long by 1/16 inch wide gaps were present on both sides of the unit
at the side plate/shell interface. Thermocouple readings showed temperatures of up
to 1,000°C on the unit and over 900°C within the depleted uranium shield. The foam
was completely pyrolized but was contained within the unit. No oxidation of the
shield occurred and the unit passed final profile at 0.33 R/hr at one meter.

Under Test Plan 80 Report (Section 2.12), in support of Certificate of Compliance
number USA/9269/B(U) for the Model 650L, test specimen TP80(B) was subjected
to thermal testing. The drop tests (30 foot and puncture) caused the outer shell to
split completely open and the inner shell to crack, creating a 3 inch long by % inch
wide gap. Subsequent thermal testing caused pyrolization of all the foam and
vaporization in the area of the gap. Some minor oxidation of the shield was also
noted. Thermocouples recorded temperatures in the shield of over 900°C and close
to 1,000°C at the shell. Although the shield oxidized slightly in the area of the gap,
the unit passed final profile at 0.028 R/hr at one meter.
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As demonstrated in previous thermal testing, minor air gaps in the containment
surrounding the shield are insufficient to allow significant oxidation of the depleted
uranium shield during the thermal test. The Models Sentry 330 transport package
test specimens had no breach of the shield containment and would therefore prevent
oxygen ingress to the shield and any resulting deterioration of the depleted uranium
shield during the thermal test.

(b) Material Properties at Elevated Temperatures

The melting temperature for all materials of the internal support structure, lock
assembly and source assembly are above the thermal test temperature of 800°C.
The thermal expansion for the internal support structure materials is less than the
design clearance allowed for assembly. Further, the stainless steel and titanium
components of the internal support structure, lock assembly and source assembly
retain about 30% and 60% of their room temperature strength at 800°C.

The worst case load condition for the thermal test is for the internal structure to
support the static weight of the shield in suspension. The dynamic impact nature of
the drop tests can subject the structure to a force over 100 times the static weight of
the shield. This means the strength of the materials used in the structure would need
to decrease by two orders of magnitude or to about 1% of their strength at room
temperature. The 30-minute thermal test is not long enough for significant creep
deformation to occur in the structure.

(1) Tear Out of the Shield Support Pin

If the package is suspended with the shield supported by only one welded access
port shield mount pin, then the strength of the 304 stainless steel shield mounts
at 800 °C would provide sufficient support to maintain the shield secured to the
structure.

Tear out Area = 0.75 in (pin diameter) times 0.74 in (mount
thickness) times 2 (number of mounts) = 1.11 in®

Maximum Shield Weight (SENTRY 330) = 485 Ibs.
Therefore: 485 Ibs. / 1.11 in® = 437 psi

The strength of 304 stainless steel at 800 °C = ~13,000 psi
(Reference: ASM Stainless Steels, J.R. Davis ed.,1994, p. 508)

This gives a factor of safety of approximately 30 against yielding.
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(2) Depleted Uranium(DU) Cracking around the Titanium Pin

Examining the mating parts; the size of the titanium shield pin is 0.73 inches in
diameter and the size of the DU shield hole and 304 stainless steel shield mount
containing the pin are both 0.75 inches in diameter.

The coefficient of linear thermal expansion for the materials of the parts
identified above are as follows:

° 304 Stainless Steel: 10 w in/in °F (18 p in/in °C) (Reference: ASM
Specialty Handbook Stainless Steels, ed. J.R.Davis, 1994 p. 10.)

° Ti-6Al1-4V Titanium: 6 p in/in °F (11 p in/in °C) (Reference: ASM
Material Properties Handbook Titanium Alloys, ed. Rodney Boyer,
Gerhard Welsch, E.W. Collings, 1994, p. 516).

° Depleted Uranium: 8 p in/in °F (14 p in/in °C) (Reference: ASM
Metals Handbook Desk Edition, ed. Howard E. Boyer, Timothy L. Gall,
1985, p. 1.48)

Based on the part tolerances, there is a minimum of 0.008 inches radial design
clearance between the titanium shield pin and the 304 stainless steel shield
mount hole. There is a minimum of 0.005 inches radial design clearance
between the titanium shield pin and the DU shield hole.

At 800°C the maximum thermal expansion of the shield pin, shield mount hole,
and DU shield hole in the radial direction are 0.003, 0.005, and 0.004 inches,
respectively. Since the maximum difference between anyone of these is 0.002
inches, there will be no thermal stress applied to these parts during the fire test.

(3) De-Attachment of the Lock Assembly

Consider any test specimen suspended with the lock plate assembly facing
downward. In this orientation the weight of the lock plate assembly is held in
place by the four 17-4 PH stainless steel hex bolts and the one stainless steel
security screw.

The weight of the rear plate assembly is less than 10 pounds. If only one hex bolt
remains in place after the free drop and puncture tests, then the stress in the one
bolt would be.

S =F/A=101bs/0.1419 in®* = 71 pounds per square inch (psi)

A = Bolt Stress Area: 0.1419 in” (1/2-13 thread)
F = Maximum Weight of Lock Plate with Cover: 10 Ibs.
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The allowable stress for the bolt material at 800°C is approximately 40,000 psi
(Reference: AK Steel Product Data Sheet 17-4 PH Stainless Steel, P. 8, Table 6 -
extrapolated).

Therefore, the calculated factor of safety for one bolt holding the lock plate in
place is about 563. This ensures the lock plate will remain attached at 800°C for
one hour.

(¢) Conclusions

The test specimens were subjected to the 9 m drop and 1 m puncture tests in
accordance with Test Plan 180 & Test Plan 195 (Section 2.12).

The test specimens demonstrated these transport package, in all described
configurations, satisfy the test requirements of 10 CFR 71 for hypothetical
accident drop test conditions. The versions of this transport package with the
handling rib assemblies attached do not adversely affect the results of these tests.
This conclusion is drawn from the drop test results and thermal analysis as
supported by the test data, test inspection data and damage assessments.

Based on the previous empirical data and analyses, we conclude that oxidation of
the shield will not occur, the structural integrity of the package will remain intact
and the containment of the source will not be affected. As such, these transport
packages comply with the requirements of this section.

2.7.5 Immersion - Fissile Material

Not applicable. This package is not used for transport of Type B quantities of fissile material.

2.7.6 Immersion - All Packages

The Models Sentry 110, Sentry 330 and 867 Transport Packages are open to the atmosphere and
contains no other components that would create a differential pressure under immersion. All
materials are impervious to water and would not be affected.

The primary containment system in these packages is a special form source, which minimally
meets the ANSI N43.6 and ISO 2919 requirements for Class 3 pressure testing. Therefore the
Models Sentry 110, Sentry 330 and 867 could withstand the immersion test criteria since the
Class 3 pressure test requirements are in excess of the required 150 kPa (21.7 1b {ft/in2).
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2.7.7 Deep Water Immersion Test (for Type B Packages Containing More than 10°

Ay)

Not applicable. This packaged does not transport normal form radioactive material in quantities
exceeding 10°A,.

2.7.8 Summary of Damage

As demonstrated in Test Plan 180 Reports #1 and #2, and as described and assessed in sections
2.6 through 2.7, the Models Sentry 110, Sentry 330 and 867 in both the Basic and Standard
package constructions (including the standard construction without the optional plastic rib
assembly inserts) satisfies the hypothetical accident condition drop test requirements of 10 CFR
71.73(c)(2).

Table 2.7A summarizes the results of the Normal Conditions of Transport and Hypothetical
Accident testing performed on the worst case constructions for these transport packages.
Compliance for all untested package configurations is based on assessments on the tested

configurations.
Table 2.7¢: Summary of Test Unit Results
Unit, Test Description Results
Configuration
& Test Plan
Assessed Compression test (Analysis) Analysis shows no damage expected

Test Plan 180

TP180A
(Basic)
Test Plan 180

1 m penetration bar onto lock dust cover

Small Dent in plastic cover and brass lock

1.2 m drop onto dust cover

Dented port tube & fractured dust cover pin

Testing After Lock Modifications (See Section 2.6.7.6 of this SAR)

9 m drop #1 onto dust cover (miss)

Increased dent in port tube

9 m drop #2 onto dust cover

Increased dent in port tube & fractured plastic
dust cover

1 m puncture onto dust cover

About 1/3 of plastic cover removed

Post-Drop Inspection

Broken dust cover lock

TP180B
(Basic)
Test Plan 180

1.2 m drop onto welded body lock port

Bent port tube towards dust cover

Testing After Lock Modifications (See Section 2.6.7.6 of this SAR)

9 m drop onto welded body lock port

Port tube crushed onto dust cover

1 m puncture onto dust cover

Superficial dent on plastic dust cover

Post-Drop Inspection

Sheared dust cover pins, slight bend to lock plate

TP180C
(Basic)
Test Plan 180

1.2 m drop onto welded body long weld
seam

Dent on edge and longitudinal body weld seam

Testing After Lock Modifications (See Section 2.6.7.6 of this SAR)

9 m drop #1 onto welded body edge weld
seam (miss)

Dent on edge body weld seam

9 m drop #2 onto welded body long weld
seam

Longitudinal weld seam flattened into body
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Unit, Test Description Results
Configuration
& Test Plan
ier;n?uncture onto welded body edge weld Superficial dent in body edge weld seam
Source tube at lock plate port cracked and easily
Post-Drop Inspection removed by hand, but no impact on source
security
TP180D . .
(Basic) 1.2 m drop onto welded body edge weld Superficial dent in edge weld seam of welded
bod
Test Plan 180 | * " o
1.2 m drop onto welded body top end Dust cover pins sheared off - allowing cover to be
TP180E surface easily removed.
(Basic) Testing After Lock Modifications (See Section 2.6.7.6 of this SAR)

Test Plan 180

9 m drop onto welded body top end surface

Minor bulge in cylinder on impact end of welded
body

1 m puncture #1 onto dust cover (miss)

Dent to rear plate port tube

1 m puncture #2 onto dust cover

Superficial dent on plastic dust cover

Post-Drop Inspection

Source tube appears to be oval shaped

TP180G Testing After Lock Modifications (See Section 2.6.7.6 of this SAR)

Standard
m(inuin la:stic 9 m drop #1 onto bottom handling rib Bent and fractured handling ribs and rib

bi P blp & attachment bolts. Shallow indentations into
Tnt i)risertlsg() assembhies welded body bottom plate.

est Plan
TP180G Testing After Lock Modifications (See Section 2.6.7.6 of this SAR)
(Basic) Sgul:lf:::p #2 onto welded body top end Front plate knob shaft fractured — removing knob.

Test Plan 180

Post-Drop Inspection

No other signs of damage found

TP180D
(Standard
minus plastic

rib inserts)
Test Plan 195

Testing After Lock Modifications (See Section 2.6.7.6 of this SAR) and Drop Heights Increased
to Adjust for Maximum Package Weight of 780 Ibs

9 m drop onto welded body lock port and
handling ribs assemblies

Minor dent to lock plate port tube. Handling ribs
bent with two fractured bolts and one fractured
load pin.

1 m puncture onto dust cover

Dust cover shifted about ¥ inch

Post-Drop Inspection

Source connector and dust cover pins sheared off.
Dust cover easily removed. Source remained
locked and secure.

Based on the condition of the test units after the drop testing, and as assessed in Section 3.5 both
the Basic and Standard package constructions (including the standard construction without the
optional plastic rib assembly inserts) satisfies the hypothetical accident condition thermal test
requirements of 10 CFR 71.73(c)(4).
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2.8  Accident Conditions for Air Transport of Plutonium or Packages with Large
Quantities of Radioactivity

Not applicable. This package is not used for transport of plutonium or normal form radioactive
material. This package is also not used for transport of special form material in quantities >
3,000 A,.

2.9  Accident Conditions for Fissile Material Packages for Air Transport
Not Applicable. This package is not used for transport of Type B quantities of fissile material.

2.10 Special Form
The Model 680-OP transport packages are designed for use with a special form source capsule
Models 60011 or 60012 attached to a flexible source wire assembly (Model A424-14). The
source capsules are approved under a U.S. Department of Transportation special form
certification USA/0377/S-96. A copy of the current USDOT certificate, including the current
approved capsule drawing, is included in Section 2.12.7. Details of encapsulation as well as
chemical and physical form of the radioactive material will comply with specifications approved
under U.S. Department of Transportation special form certifications.

Details of the Model A424-14 source wire assembly can be found under USA SS&D registration
MA-1059-S-105-S and CNSC device registrations R-061-1996-3-2016 or R-061-2032-3-2016.

2.11 Fuel Rods

Not applicable. This package is not used for transport of fuel rods.

2.12  Appendix

2.12.1 Test Plan 180 Revision 2 dated 7 April 2009

2.12.2 Test Plan 180 Addendum Revision 0 dated 25 February 2010
2.12.3 Test Plan 180 Report #1 dated 14 January 2010

2.12.4 Test Plan 180 Report #2 dated 7 April 2010

2.12.5 Test Plan Report 72-S2 (680-OP) dated 15 February 1999 (minus Appendices A
through C)

2.12.6 Test Plan Report 80 dated June 1999 (Minus Manufacturing Records)
2.12.7 USDOT Special Form Certificate USA/0377/S-96 Rev 7
2.12.8 Test Plan 79 Report dated 22 October 1998

2.129 Technical Report 171 Sentry Transport Package Lifting Analysis dated 30 Jun 2010
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2.12.10  Technical Report 172 Sentry Transport Package Tie-Down Analysis dated 21 Jul 2010
2.12.11  Test Plan 195 Revision 0 dated 30 June 2010

2.12.12  Test Plan Report 195 Revision 0 dated 21 July 2010
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2.12.1 Test Plan 180 Revision 2 dated 7 April 2009
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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:

* [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.

e 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-1 1996.
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Section 2 Transport Package Description

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

changer.

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

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

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

SENTRY Transport Package

|

Model 860 Projector Series Model 867 Source Changer

SENTRY 110 Prajector SENTRY 330 Prajector SENTRY Source Changer

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

SENTRY 110 Prajector
Standard

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.

Activ Max. Refer Source
. Handling Active Source N Package Capacity
Configuration . : Source - to .
Ribs Wire Assembly Capsule Weight Ficure (Curies
P (Lbs.) BUT€ | of Co60)
SENTRY 330 424659 & 60011 &
Projector — Standard | 1o 42465-10 60012 780 2.2 330
SENTRY 330 42465-9 & 60011 &
Projector - Basic No 42465-10 60012 700 2.3 330
SENTRY 110
Projector — Standard Yes 42465-8 60011 580 2.2 110
SENTRY 110 No 42465-8 60011 500 23 | 110
Projector — Basic
42465-8,
CINTRY Sowree | Yes 6598 | ONLE T 780 22 | 330
g 42465-10
42465-8,
%Ehljgiy_sg’:;f: No 424659 & 628(1)}2& 700 2.3 330
eer 42465-10 J

[P

SO,

Figure 2.2. SENTRY Transport Package Projector & Changer — Standard Configuration.
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Figure 2.3. SENTRY Transport Package Projector & Changer — Basic Configuration.
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Figure 2.4. SENTRY Transport Package Common Components
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All configurations include a depleted uranium shield completely encased and fully supported in a
cylindrically shaped, stainless steel, welded body (See Figure 2.4). The welded body, also called the
shell, includes two, tube shaped, access ports integrally welded on opposite sides of the main body. A
twin set of shield mounting bars, one on each side of the shield, are welded to the back plate of each
access port tube. Heavy duty, 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 attachment method of the fastening system is achieved by four, high
strength, stainless steel, hex head bolts, BLT015, threaded into stainless steel rivet nuts assembled
into the welded body. The rivet nuts facilitate repair in the event the threads are damaged in the future.
An alternate configuration consists of using a threaded stainless steel ring with multiple tapped holes
instead of using the rivet nuts. The ring can be rotated to use a different set of tapped holes in the
event the initial set becomes damaged.

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



SENTINEL Test Plan 180
QSA Global, Inc : February 2009

Burlington, Massachusetts Page 10 of 41

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.



SENTINEL
QSA Global, Inc

Burlington, Massachusetts

Test Plan 180
February 2009

Page 12 of 41

REAR-PLAT
//’///’

/SELECTOR RING

RETAINER \
L/ DUST COVER \

SOURCE WlRE/‘
ASSEMBLY /
LOCK SLIDE

/

PLUNGER LOCK

NUT RING

ROLL PIN {2}

a4 4 /

NN

[

SELECTOR RING N

A

R
A=

7

DN

e

YT IT LTI

e
LOCK SLEEVE/:‘
~

A

\BLT015 (4)/

A N NN DL N

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.
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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 IJAEA 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-Ibf/in’.
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3.3 Free Drop Height Adjustment

All free drop test heights specified in 10 CFR Part 71 shall be adjusted higher to allow for SENTRY
transport packages built heavier than the test specimen but less than the maximum package weight to
comply with 10 CFR Part 71. The actual test specimens will likely weigh less than the maximum
weight specified on their respective top level assembly drawings. Table 3.1 compares the test
specimen against the maximum transport package weight for each SENTRY transport package
configuration.

The actual weight of the SENTRY transport package is directly affected by the following:
1. Minor thickness variations in component materials.
2. Slight polyurethane foam fill density changes as the pre-filled foam ages (self life).
3. Extra shield material layers accumulating on the shield casting as the mold cavity wears.

Table 3.1. SENTRY Transport Package Weight Comparison.
Estimated Maximum .
Test Transport Potential
SENTRY Package . por Weight
- Specimen Package .
Configuration . . Difference
Weight Weight (Lbs)
(Lbs) ___(Lbs)
SENTRY 330 Projector — Standard &
SENTRY Source Changer — Standard 734 780 46
SENTRY 330 Projector — Basic &
SENTRY Source Changer — Basic 653 700 47
SENTRY 110 Projector — Standard 556 580 24
| SENTRY 110 Projector — Basic 475 500 25

The impact energy is equal to the total potential energy just before the package is dropped. The
potential energy (PE) is simply equal to the weight (W) of the package multiplied by the heiglit (H) of

the drop.
PE=WxH

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

configuration.
Drop #1: Maximum package weiglht = 780 Lbs. and free drop height requirement = 30 feet.
PE (1) =780 x 30 = 23400 Lbs-Ft
Drop #2: Actual test specimen weight = 734 Lbs. and adjusted free drop height = Unknown feet.
PE (2) = PE (1) = 23400 Lbs-Ft = 734 Lbs x H feet

H=31.9 feet =31 feet 11 inches

The actual adjusted drop heights will be determined once the test specimens are weighed and just
before the 30 foot, 4 foot and 1 meter puncture drop test. The adjusted heights will provide impact
energy equal to or greater than the maximum transport package weight if dropped at the 10 CFR Part
71 specified drop heights (30 feet free drop, 4 feet free drop, and 1 meter puncture).
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Section 4 Discussion on System Failure Modes of Interest

The testing in this plan will attempt to cause failure or malfunction to critical SENTRY transport
package components and/or systems needed to protect against elevated dose levels during normal
transport and after a hypothetical accident as described in 10CFR part 71. The most critical
components are the shield, the rear plate assembly, and the relative position between them. The failure
modes of interest are as follows:

Table 4.1. SENTRY Transport Package Failure Modes.

Failure Mode Possible Cause Target
Components

#

An impact from the drop or
1A penetration tests could fracture | ® DU Shield
the shield material.

A fracture of the shells welded
Failure of the depleted uranium | cylindrical body from the drop

DU) _slne]d Fo p.rov1de and/or penetratiqn tests could *  Welded Body
sufficient shielding. produce an opening large -
1B hto allow the foam t " DUShicld
enough to allow the foam to «  Foam Fill

burn away during the fire test.
The shield could oxidize in the
fire test without sufficient
foam.

. . .. . . = Welded Body
Failure of the shield retaining Abrupt changes in motion and = DU Shield

structure to hold the shield in damage from the drop and
2 . . - = Source
place relative to the source penetration tests could shift the
. Assembly
assembly. shield away from the source.
Failure or malfunction of the Abrupt changes in motion and . g&lg]ese}ifdy
rear plate assembly to keep the | damage from the drop and
3 . . - »  Rear Plate
source assembly ina penetration tests could shift the
- . . . «  Source
sufficiently shielded location. source away from the shield.
Assembly

Abrupt changes in motion and
damage from the drop and = Rear Plate

penetration tests could remove | ® Rear Plate Bolts
the source from the shield.

Failure of the rear plate
4 | attachment hardware to retain
the rear plate to the package.

4.1 Pass Criteria

Upon conclusion of any test, the test specimen shall be considered passing the test if it does
not show signs of loss or dispersal of radioactive or simulated radioactive contents and show
no substantial reduction in the effectiveness of the packaging. To pass, the test specimen must
also not show an increase in external surface radiation levels above 200-mR/hr after any
normal transport test and above 1-R/hr at 1 meter (40 inches) from the packages external
surface after the hypothetical accident condition tests.
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Section 5 Assessment of Package Conformance

5.1

5.2

5.3

Normal Conditions of Transport (71.43 (f))

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.

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

There should be no escape of radioactive materials greater than A, in one week and no
external dose rate greater than 1 R/hr at 1m from the external surface with the maximum
radioactive contents which the package is designed to carry.

Transport Package Contents

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

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

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

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

Figure 6.1 Shows the SENTRY transport package — test specimen configuration tree.

SENTRY TransportPackage
Model 860 Projector Series Model 867 Soarce Changer
SENTRY 330 Projector SENTRY 110 Projector SENTRY Source Changer
SENTRY 330 Projecior SENTRY 110 Projector SENTRY Source Changer—|
Standard ' Standard ——— V Standard
TP36000-330 TP86000-330 TP36700-330 :‘
SENTRY 330 Projector SENTRY 110 Projector Lesend
Special L Special e ege
TR TRRs00SX | F—
Configuration —
SENTRY 350 Prajecor SENTRY 110 Projector Test Specimen
Basic ' _ asic _ — Denoties Parkage Configuration to be iested.
TP86015-330 TP36015-330
S — Assessed Package
SENTRY 330 Projector SENTRY 110 Projector Configuration
Allarnate _ Alternate — Basis for Assessnent
TP86051-330 l:- l“qsﬂ- - j Denntes Package Configuration to be assesed
hased on another test specimen.
“Figure;6.1..:SENTRY: Test Specimen:Configuration Tree. |

Tab]e 6.1 shows the test specxmen build documentation and 1dent1ﬂca’non

'»anufacturmg Documentatlon andf

Test Specnmen Conf iguration: .| Drawing Number ' Serial Number(s)
SENTRY 330 Projector TP86000-330 190 TP18OF
Standard
SENTRY 330 Projector - TP86000-330X 199 TP180G
Special
SENTRY 330 Projector — ﬂ TP180A, TP180B, TP180C,
Basic TP86015-330 189 TP180D, TP180E
SENTRY 330 Projector —
Altornate (Nut Ring) TP86051-330 228 TP180H
SENTRY Source Changer — TP86700-330 192 TP180J
Standard
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6.1 Test Specimen Justification

The SENTRY 330 Projector — Standard configuration is the heaviest package of all the SENTRY
transport packages. The array of handling rib assemblies of this configuration makes it heavier than
the Basic configuration by about 80 pounds. However, the handling ribs will provide protection and
substantial impact energy absorption in certain free drop orientations when they are present. A
conservative worst case free drop condition would be to drop the “non-ribbed” Basic configuration at
a higher drop height to account for the 80 pound weight difference.

Based on the above reasoning, the SENTRY 330 Projector — Basic configuration shall be tested
extensively and used as the basis for assessing compliance to the free drop testing requirements of 10
CFR Part 71 and IAEA TS-R-1 1996 for all the other SENTRY transport packages. Some of the other
package configurations may be tested as described in this test plan or if the post testing assessment
determines the need to do so.

The structure of the SENTRY 110 Projector is identical to the SENTRY 330 Projector, except for
the thickness of the rear plate and shield mid section (center). The cross sectional area around where
the shield attaches to the structure is nearly identical for both the SENTRY 330 & 110 packages.
Therefore, the heavier SENTRY 330 configuration would be testing a higher stress, worst case,
condition. Drop testing the SENTRY 110 Projector will not be performed. However, if there is
sufficient damage to the rear plate assembly, access port and/or mounting surface of the SENTRY 330
after it has been drop tested, then the damage effect to the SENTRY 110 rear plate will be assessed
and testing of the SENTRY 110 could be performed at a later date if deemed necessary.

The SENTRY 330 Projector — Special configuration is identical to the SENTRY 330 Projector —
Standard configuration except it is built without the plastic inserts of the handling rib assemblies. The
idea here is to demonstrate compliance in the event the inserts are severely damaged or removed by
rough handling and use.

The SENTRY 330 Projector — Alternate configuration is identical to the SENTRY 330 Projector —
Standard configuration except the alternate configuration has a nut ring in place of the rivet nuts to
attach the rear plate assembly. The need for drop testing the SENTRY 330 Projector — Alternate
configuration would be considered only if there were sufficient damage to the SENTRY 330 Projector
rear plate assembly, access port and mounting surface.

The structure of the SENTRY Source Changer is identical to the SENTRY 330 Projector. There are
some differences in the components of the rear plate assemblies. Although the rear plate mounting
system is the same for both packages. The need to drop test the SENTRY Source Changer would be
considered only if there were sufficient damage to the SENTRY 330 Projector rear plate assembly,
access port and mounting surface.

6.2  Structural Materials of Test Specimen

The structural materials of all the SENTRY transport packages are made of type 300 series stainless
steel and titanium. The shielding materials are depleted uranium and tungsten. Fasteners needed to
retain and secure important safety components are made of type 17-4 PH and type 300 series stainless
steel. Type 300 series stainless steels are defined as the austenitic group of stainless steel materials
identified under the Unified Numbering System (UNS) S3xxxx, where “xxxx “denotes the sub class of
the material in the numbering system. The non-safety related components are made from brass,
copper, plastic, and rubber.
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6.3 Temperature Conditions

The fracture toughness (strength and ductility) of the SENTRY transport package structural materials
will not change significantly within the temperature range of minus 40°F to plus 100°F. Within this
temperature range, the DU shield will exhibit only slightly less ductility than the other structural
materials.

Test plan/report 79 shows compressive impact strength of the polyurethane foam changes very little
between minus 40°F to plus 100°F. The foam is not the only feature limiting the shields movement
during the impact of the drop test. The shield relies heavily on the titanium pins and the welded
structure to help keep it secure and in place. Therefore, all test specimens will be dropped at ambient
temperature since the temperature within the minus 40°F to plus 100°F temperature range is not
expected to change the results of any of the tests.

6.4 Pressure Conditions

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

6.5 Vibration Conditions

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

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

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

8.1 Test Sequence

1. Test specimen preparation and inspection.

2. Compression test or analysis (10 CFR 71.71 (c) (9))
3. Penetration test (10 CFR 71.71 (c) (10))

4. 2m (Four-foot) free drop test (10 CFR 71.71(c) (7))
5. Optional test inspection (radiation profile)

6. 9m (30-foot) free drop test (10 CFR 71.73(c) (1))
7. Puncture test (10 CFR 71.73(c) (3))

8. Test inspection.

9. Thermal assessment (10 CFR 71.73(c) (4)).

10. Final test inspection and/or assessment.

11. Test specimen storage.

8.2 Test Specimen Preparation and Inspection

1. Manufacture the SENTRY test specimen per table 6.1.

2. Inspect the test specimens to ensure that:

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

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

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

4. Engineering, Regulatory Affairs and Quality Assurance will jointly verify that the test
specimens comply with the drawings and the QSA Global Quality Assurance Program.

5. Prepare the test specimens for transport.
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8.3 Drop Test Orientation Overview
This section provides an overall look at the test specimen orientations for each test.
Table 8.3 Free Drop Test Orientation Overview
Drop .
. . Test Specimen | Impact . .
Orlen;atlon Serial Number Point Diagram Failure Mode(s)
SENTRY 330 Failure modes #2
Projector — Hit square & #3: attempt to
Basic on thcel rear shift shield enough
1 Configuration late port E . to damage source
plate port. Y “wire and/or #4:
Serial Number: o \ s break rear plate
TP180A | attachment bolts.
( ! OROF PAD j
SENTRY 330 e Failure mode #4 &
Projector — Hit the b4 #3: attempt to bend
Basic edge of the ® port enough to
2 Configuration | rear plate b4 break rear plate
port. v attachment bolts or
Serial Number: S, other important
TP180B e lock parts.
SENTRY 330 P.Ilt on the Failure mode #1B:
Projector — side of the
Basic shell attempt to fracture
3 Configuration | directly on shell seam weld
g the sea{n and/or #2: shift
Serial Number: | weld. shield away from
TP180C source.
SENTRY 330 | Hit onthe
Projector— | edge of the Failure Mode #1B.
Basic shell
. N Attempt to fracture
4 Configuration | directly on .
shell longitudinal
the seam d edoe welds
Serial Number: | weld. and ecg )
TP180D
{ DROP FAD i
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] ©
SENTRY 330 | it square ' ' Failure mode #1A:
Projector - on the top . : attempt to fracture
5 Con 11‘? a::; tion surface of - — - the shield and/or
g the welded | m( | "2 & #3:shift
Serial Number: body. shield away from
source.
TP180E
B SENTRY 330
Projector — :
Evaluate
Standarq after drop Based on worst case
6 Configuration . . damage from drop . TBD
g orientation
#1 thru #5 orientations #1 thru #5.
Serial Numiber: :
TP186F
SENTRY 330
Projector —
X Evaluate
Special . after drop Based on worst case
7 Configuration orientation damage from drop TBD
#1 thru #5 orientations #1 thru #5.
Serial Number:
TP180G
SENTRY Evaluate
: Source Changer after dro Based on worst case
8 orienta tiolil damage from drop TBD
Serial Number: 41 thru £5 orientations #1 thru #5.
TP180J
SENTRY 330
Projector —
Basic Alternate ;‘:‘rlg?ze Based on worst case
9 Configuration . op damage from drop TBD
g orientation
orientations #1 thru #5.
Serial Number: #1 thru #5
TP180H
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8.4 Compression Test or Analysis

8.4.1

8.4.2

The compression test is a normal condition of transport test. The package is subjected for 24
hours to a compressive load applied uniformly to the top and bottom of the package in the
position in which the package would normally be transported. The compressive load must be
equivalent to either 5 times the weight of the package or 2 1bf/in” times the vertically
projected surface area of the package, whichever is greater.

The maximum package weight is 780 lbs per table 3.1. Five times the maximum package
weight is equal to 3900 Ibs. The total vertically projected surface area of the package is 255
in”. This area times 2 Ibf/in® is equal to 510 Ibs. Therefore, 3900 lbs will be applied to the
package for the compression test.

Compression Test Set-up

To set up a package for the compression test:

1. Place the test specimen in its normal transport orientation.

2. Gradually and uniformly apply the 3900 lbs load to the top surface of the test specimen.
3. Set and start the timer for 24 hours.

4. Measure and record the ambient temperature.

5. Photograph the set-up.

6. After 24 hours, remove the applied 3900 Ibs load.

7. Record the damage to the package and take a photographic record.

Compression Test Assessment

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

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

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

e Assess the damage to each specimen to decide whether testing of that specimen is to
continue.
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8.5  Penetration Test

8.5.1

8.5.2

The penetration test is a normal conditions of transport test. Impact of the hemispherical end
of a vertical steel cylinder of 3.2 cm (1.25 in) diameter and 6 kg (13 Ibs) mass, dropped from a
height of 1 m (40 in) onto the exposed surface of the package that is expected to be most
vulnerable to puncture. The long axis of the cylinder must be perpendicular to the package
surface.

The 3/8 inch thick stainless steel welded body of the SENTRY transport package will easily
withstand and probably just dent slightly from the impact of the 13 lbs steel cylinder
(penetration bar) dropped from 40 inches. The most vulnerable exposed surface of the
package is the plunger lock of the rear plate dust cover. Therefore, the plunger lock will be the
target for this test.

Penetration Test Set-up

To set up a package for the penetration test:

1. Orient the specimen so the plunger lock of the rear plate dust cover faces up towards the
dropping direction of the penetration bar.

2. Raise the penetration bar

3. Measure and record the ambient temperature.
4. Photograph the set-up.

5. Drop the penetration bar.

6. Record the damage to the package and take a photographic record.

Penetration Test Assessment

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

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

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

» Assess the damage to each specimen to decide whether testing of that specimen is to
continue.
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8.6 1.2m & 9m Free Drop Tests

The 1.2 meter free drop test is a normal conditions of transport test. This test is meant to
induce normal transport damage as a precondition the test specimen for the hypothetical
accident sequence.

The 9 meter free drop test is the hypothetical accident conditions test. This test is meant to
demonstrate compliance to the hypothetical accident sequence.

Unless determined otherwise, the 9 meter drop orientation will be identical to the 1.2 meter
orientation for all five differently oriented test specimens.

The 1.2 meter (4 foot) and 9 meter (30 foot) drop heights are minimum heights. The actual or
adjusted free drop heights shall be recorded on the test data sheet.

8.6.1 1.2m & 9m Free Drop Test Set-up

To set up a package for the specified drop test:

1. Place each specimen on the drop surface and position it according to the specimen-
specific orientation.

2. Raise the package so that the impact target is at the specified height above the drop
surface. Ensure the center of gravity is over the impact point

3. Measure and record the ambient temperature.

4. Photograph the set-up.

5. Start the video recorder.

6. Drop the package.

7. Stop the video recorder.

8. Record the damage to the package and take a photographic record.

8.6.2 Specimen TP180A 1.2m & 9m Free Drop Test Orientation

Figure 8.6.2 shows the package orientation for Specimen TP180A. This drop orientation attempts to
induce failure modes #2 & #2 (Table 4.1.), shift the shield enough to break the source wire and/or
failure mode #4, remove the rear-plate attachment bolts, BLT015. The impact surface is on the
extended face of the dust cover and rim of the rear-plate access port.
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Figure 8.6.2: Specimen TP180A Free Drop Orientation

8.6.3 Specimen TP180B 1.2m & 9m Free Drop Test Orientation

Figure 8.6.3 shows the package orientation for Specimen TP180B. The drop orientation attempts to

induce failure mode #3 & #4, damage the rear-plate access port to bend the rear-plate and remove the
rear-plate attachment bolts, BLT015 or other important lock parts. The impact point is the edge of the
rear-plate access port.

REAR PLATE PORT EDGE

DROP HEIGHT

r DROP PAD ]

Figure 8.6.3: Specimen TP180B Free Drop Orientation

8.6.4 Specimen TP180C 1.2m & 9m Free Drop Test Orientation

Figure 8.6.4 shows the package orientation for Specimen TP180C. The drop orientation attempts to
induce failure mode #1B, fracture the shells seam weld and/or #2, shift the shield away from the
source. The impact point is on the side of the shell directly on the seam weld.
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Figure 8.6.4: Specimen TP180C Free Drop Orientation

8.6.5 Specimen TP180D 1.2m & 9m Free Drop Test Orientation

Figure 8.6.5 shows the package orientation for Specimen TP180D. The drop orientation attempts to
induce failure mode #1B, fracture the shell longitudinal and edge welds. The impact point is on the
edge of the shell directly on the seam weld.

34° REF
&«
\
N
@
»
&
& LONGIUDINAL
WILD SEAM
DROP HEIGHT
[ DROF PAD

Figure 8.6.5: Specimen TP180D Free Drop Orientation

8.6.6 Specimen TP180E 1.2m & 9m Free Drop Test Orientation

Figure 8.6.6 shows the package orientation for Specimen TPI180E. The drop orientation attempts to
induce failure mode #3, shift the shield away from the source and/or #1A, fracture shield to cause a
reduction in shielding. The impact point is square on the top surface of the package.
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Figure 8.6.6: Specimen TP180E Free Drop Orientation

8.6.7 1.2m & 9m Free Drop Test Assessment

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

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

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

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

¢ Assess the damage on each specimen at the rear-plate attachment area to determine whether testing
the thinner rear-plate of the SENTRY 110 Projector — Basic configuration needs to performed.

¢ Evaluate the condition of each specimen after the 1.2m free drop test to determine what changes, if
any, are necessary in package orientation in the 30-foot drop test to achieve maximum damage.

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

8.7 Puncture Tests

The package is dropped from a height of at least 1m (40") onto the puncture billet. This test uses the
12" high puncture billet. The billet meets the minimum height (8") required in 10 CFR 71.73(c) (3).

The specimen has no projections or overhanging members longer than 12" which could act as impact
absorbers, allowing the billet to cause the maximum damage to the specimen. The billet is to be bolted
to the drop surface used in the drop tests.

The justification for each puncture orientation is the saine as the orientation for the 30-foot drop test.
If the orientation needs to be changed, the new orientation must be documented and approved with a
justification describing how it would be a worst condition than the planned orientation.
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8.7.1 Puncture Test Set-up

Because each test is designed to add to damage inflicted on a specific component or assembly
in the preceding test, it is important that each specimen maintain its identity throughout the
battery of tests and that the set-up instructions specific to the specimen are strictly followed.

To set up a package for the puncture test:

1.

2.

Measure and record the weight of the test specimen.

Measure and record the ambient temperature.

Position the test package according to the specimen-specific orientations of
figure 8.6.2 through 8.6.6 or to an orientation otherwise justified and approved

prior to the test.

Raise the package so that the impact target is at least Im (40") between the
impact point on the package and the top of the puncture billet.

Photograph the set-up.
Start the video recorder.
Drop the package.

Stop the video recorder.

Record the damage to the package and take a photographic record.

8.7.2 Puncture Test Assessment

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

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

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

» Justify and identify the orientation to subject the SENTRY 330 Projector - Standard, SENTRY
330 Projector - Special, SENTRY 330 Projector - Alternate, and SENTRY Source Changer
configurations.
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8.8 SENTRY 330 Projector - Standard Configuration Test Sequence

Repeat the 4-foot, 30-foot, and puncture drop test sequence on the SENTRY 330 Projector — Standard
configuration test specimen per the orientation selected in section 8.7.2. Document and justify the
selected orientation.

8.9 SENTRY 330 Projector- Special Configuration Test Sequence

Repeat the 4-foot, 30-foot, and puncture drop test sequence on the SENTRY 330 Projector — Special
configuration test specimen per the orientation selected in section 8.7.2. Document and justify the
selected orientation.

8.10 SENTRY Source Changer Configuration Test Sequence

Assess the damage to the SENTRY 330 Projector — Standard configuration and determine whether
testing is required for the SENTRY Source Changer configuration. If testing is required, then repeat
the 4-foot, 30-foot, and puncture drop test sequence on the SENTRY Changer test specimen per the
orientation selected in section 8.7.2 or another worst case orientation. Document and justify the
selected orientation.

8.11 SENTRY 330 Projector — Alternate Configuration Test Sequence

Assess the damage to the SENTRY 330 Projector — Basic configuration and determine whether testing
is required for the SENTRY 330 Projector - Alternate configuration. If testing is required, then repeat
the 4-foot, 30-foot, and puncture drop test sequence on the SENTRY 330 Projector — Basic Alternate
test specimen per the orientation selected from section 8.7.2 or another worst case orientation.
Document and justify the selected orientation.

8.12 Test Inspection

Perform the 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 any permanent strain.
3. Remove and assess the condition of the simulated source.

4. Reassemble the packages using a representative active source, making sure that the source
position and the package configuration are the same as they were immediately after the
puncture test.

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

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

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

8. Record any damage or failure found in radiograph of the test specimens, if performed.
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8.13 Thermal Test Assessment

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

The assessment will be based on the examination of the damage to the test specimen after the puncture
test, 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 leng as the charred foam remains in place. Any damage
producing an unintentional opening in the shell or welded body would need to be assessed to
determine whether the transport package would pass or fail the thermal test.

Engineering, Regulatory Affairs, and Quality Assurance team members will make a final
assessinent of each test specimen and jointly determine whether the specimens meet the requirements

of 10 CFR 71 and IAEA TS-R-1 1996.

8.14 Test Specimen Storage

Place the test specitnens in an appropriate container and store the container in the “Tow level” waste
room, Written management approval is needed to dispose of any test specimen of this test plan. If the
specimens are disposed of, then include a copy of the signed disposal approval in the SENTRY design

history file.
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Section 9 Worksheets

Use the following worksheets for executing the tests of section 8. Each test shall have three
worksheets; an equipment list, a procedure checklist, and a data sheet. Record the information onto

copies of these worksheets for each test performed.

Attach a copy of the relevant inspection report or calibration certificate after the range and accuracy
of the equipment has been verified.
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Test Specimen & Equipment List

Test Specimen & Equipment Documentation

Test Specimen

Attach Attach
Configuration Drawing Number Serial Number Attach ITR Route
NCR Cards

Tools & Equipment

Tool Description

Enter the Model and Serial Nuntber
Mark NA when not used.

Attach Inspection Report
or Calibration Certificate

Drop Surface, Drawing No, T10122

Puncture Billet, Drawing No. T10143

Penetration Bar, Drawing No. T10129

Thermometer

Record any additional tools used to Facilitate the test and attach the appropriate inspection report or calibration

certificates.

Signature

Print Name

Date

Engineering:

Regulatory:

Quality Assurance:
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SENTINEL
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Burlington, Massachusetts

Compression Test Checklist

Test:

Test Location:

Step Data

1. Record test speeitnen serial number:

2. Record the test specimen weight:

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

4, Place the tcst specimen in its normal transport erientation.

5. Record compression load (stack weight).

6. Photograph set-up.

7. Record the damage to the test specimen. Use a separate sheet and attach, if needed.

8. Engineering, Regulatory Affairs and Quality Assurance make 2 preliminary assessment relative to 10 CFR 71.
Record the assessment on a separate sheel and attach.

Test witnessed by (Signature) Print Name Date

Engineering:

Regulatory Affairs:

Quality Assurance:
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Penetration Test Checklist
Test:
Test Location:
Data

Step

1. Record test specimen serial number:

2

Record the test specimen weight:

3. Record the ambient temperature (°C):

Instrument S/N:

4. Identify target location on test specimen.

5. Photograph set-up with penetration bar touching target location on test specimen.

6. Lift penetration bar 40 inches from target location on test specimen to lowest point on penetration bar.

7. Release the penetration bar.

8. Photograph target location after impact.

9. Record the damage to the lest specimen. Use a separale sheet and attach, if needed.

10. Engineering, Regulatory Affairs and Quality Assurance make a preliminary assessment relaiive to 10 CFR 7E.

Record the assessment on a separate sheet and attach.

Test witnessed by (Signature)

Print Name

Date

Engineering:

Regulalory AfTairs:

Quality Assurance:
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Free Drop & Puncture Test Checklist
Test:
Test Location:
Data

Step

1. Record test specimen serial number:

2. Record the test specimen weight:

Record the ambient temperature (°C):

LI

Instrument S/N:

4. Identify set-up orientation figure:

5. Record drop height.

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

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

8. Release the test specimen.

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

10. Record the damage to the test speeimen. Use a sgparate sheet and attach, if needed.

11. Enginecring, Regulatory Affairs and Quality Assurance make a preliminary assessment relalive to 10 CFR 71.

Record the assessment on a separate sheet and attach.

Test witnessed by (Signature)

Print Name

Date

Engineering:

Regulatory Affairs:

Quality Assurance:
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Compression Test Data Sheet

Test Unit Model/Serial No.: Test:

Test Date: Test Time:

Describe the test arientation:

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

On-site test assessment:

o  Was the test performed in accordance with 10 CFR 71, JAEA TS-R-1 1996, and this test plan? Yes or No,
= Does the test specimen meet the requirements of 10 CFR 71 and IAEA T8-R-1 1996 for this test? Yes or No.

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

Engineering: Regulatory: QA:

Completed by: Date:
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Penetration Test Data Sheet

Test Unit Model/Serial No.: Test:

Test Date: Test Time:

Describe the test orientation:

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

On-site test assessment:

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

e Does the test specimen meet the requirements of 10 CFR 7] and IAEA TS-R-1 1996 for this test? Yes or No.

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

Engineering: Regulatory: QA:

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

Test Unit Model/Serial No.: Test:

Test Date: Test Time:

Describe drop arientation and drop height:

Describe impact (location, rotation, etc.):

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

On-site test assessment:
¢  Was the test performed in accordance with 14 CFR 71, [AEA TS-R-1 1996, and this test plan? Yes or No.
» Does the test specimen meet the requirements of 10 CFR 71 and JAEA TS-R-1 1996 for this test? Yes or No.

s  Any changes to subsequent drop orientations needed to achieve maximum damage? Especially for the SENTRY 330
Standard, SENTRY 330 Special, and SENTRY Source Changer configurations. Yes or No. If yes, then identify and
justify.

+ Did sufficient damage occur at or on the rear-plate attachment area to warrant further drop testing the SENTRY 110
Projector — Basic configuration because of its thinner rear-plate? Yes or No.

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

o Will the test specimen pass the thermal test based on the accumulated damage assessment? Yes or No

Engineering: Regujatory: QA:

Describe any post-test disassembly and inspection:

Describe any change in source paosition (if possible):

Describe results of radiography (if performed):

Completed by: Date:
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Test Inspection Data Sheet

Test Specimen Serial No.: Last Test Performed:

Describe and measure (if appropriate) any damage or broken parts, etc.:

Describe and measure (if appropriate} any signs of permanent strain or deformation:

Describe the condition of the simulated source wire assembly.

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

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

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

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

Completed by; Date:
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Test Plan No. 180 Addendum

Section 1 Introduction

This addendum to test plan 180 outlines the approved changes to the hypothetical accident
condition (HAC) tests prompted by the 4-foot free drop test results found during the normal
conditions of transport tests conducted earlier. See Test Plan 180 — Report #1.

Except for the changes described herein, test plan 180 shall be followed as planned.
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Section 2 Normal Conditions of Transport Test Results

Test Plan 180 — Report #1 provides the results of the normal conditions of transport tests. Two
orientations of the 4-foot ftee drop tests caused damage to components of the lock cover assembly.
The roll pins used for attaching the cover pins were cleanly sheared through allowing the dust cover
with the lock cover attached to fall way from the rear plate assembly.

The lock cover is a sub component of the plastic trefoil shaped dust cover and is inter:ded to provide
protection to the source connector of the source wire assembly. The lock cover acts as a spacer to
reduce the damage of an impact to the end face of the source connector. Without the lock cover in
place, a hit in the axial direction of the connector could drive the connector through the slot of the
lock slide or cause the lock slide to fail. Once past the Jock slide, the source wire would be free to
move within the shield and potentially increase radiation levels if the source capsule were to move to
the less shielded arem at the front plate end of the package.

The 4-screws securing the selector ring retainer and ultimately, the source connector to the shield,
were found to be slightly twisted after the 4-foot free drop tests in the same orientations causing
damage to the lock cover. It was decided to redesign the selector ring retainer securing mechanism to
ensure it remains intact and attached to the rear plate after the 30-foot free drop and puncture drop

tests.
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Section 3 Design Changes to the SENTRY Package

There are two design changes to the SENTRY transport package as a result of the normal conditions
of transport testing.

The first involves increasing the size and shape of the pins of the lock cover assembly. The roll pins
went from a standard duty, 0.062 diameter pin to a heavy duty, 0.188 diameter pin. The cover pins
were changed from a 0.28 diameter headless pin to a 0.38 diameter headed pin. The head prevents the
pins from detaching from the rear plate in the event the roll pins were to fail. Figure 3.1 show the
original lock cover design and Figure 3.2 shows the design with the current changes.
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The second change eliminates the 4-screws attaching the selector ring retainer to the rear piate
assembly. If these 4-screws were to fail, the selector ring retainer would fall away from the package
leaving the source unsecured.

The design change consists of [engthening the selector ring retainer enough to pass through and
extend beyond the back side of the rear plate where it gets clamped in place. Thick sections of the
clamp engage into slots in the selector ring retainer preventing it from being pulled away from the rear
plate. Once the assembly is attached to the package, it is confined within the mounting bore and
cannot become detached unless the rear plate assembly mounting hardware is removed.
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Section 4 Changes to the Puncture Drop Orientation

Test Plan 180 identifies the puncture drop orientations to be performed for each test specimen in the
same orientation as to be conducted in the 30-foot free drop test. Based on the results ¢f the normal
conditions of transport tests, a change to the puncture drop orientation for test specimen TP180E is

needed.

During the 4-foot free drop, the flat face drop orientation of test specimen TP180E produced the most
severe damage to the lock cover and rear plate assemblies directly affecting the overall safety of the
package. Any damage or failure occurring to the lock cover or rear plate assemblies from this
orientation in the 30-foot free drop should be further exploited in the puncture drop test,
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Appendix

Test Specimen Manufacturing Records stored in network folders:

WGANYMEDE\Cad\2 Released Files (PDF)\Test Plans & Reports (TPNTP180 SENTRY
Transport Testing\Test Specimen Build\Inspection Records\Rear Plate & Lock Cover Change

WGANYMEDE\Cad\2 Released Files (PDF)\Test Plans & Reports (TPTP180 SENTRY
Transport Testing\ Test Specimen Build\Route Cards & TMIs\Rear Plate & Lock Cover
Change

For:
» Lock Cover Assembly, 86023, with component parts.
» Rear Plate assemblies, 86080-110 & 86080-330 with 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 medification 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 mechantsm, 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 SCR0O02, of the rear plate Posilock
assemhbly 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 3(-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 constiucted 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 TPI80A thru TPI80E, 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.

Figure 2.1. SENTRY Transport Package — Basic Configuration.

Table 2.2. Test Specimen Manufacturing Documentation and ldentification

Test Specimen Drawing :
Configuration Number ™I Serial Nuntherds)
SENTRY 330 Projector — TP180A, TP180B, TP180C,
Basic TP86015-330 189 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.
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Section 3 Regulatory Compliance

The SENTRY projector/transport package complies with the normal transport package test
requirements of 10 CFR 71.7]1 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 sigaificant increase in
external surface radiation levels and no substantial reduction in the effectiveness of the
packaging.

JAEA 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
CEFR 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)
sk Specimen Weight |  Package Weight Adjusted Height
Specimen P & LY E
{Lbs) (Lbs) (Meters) | (Feet)
TP180A 655 780 1.5 49
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 49
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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, ¢ylindrical tube capped at both ends. The tube and both end caps are (.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 PSL

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 (193 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 colunn, 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 ¢m (1.25 in) with a hemispherical end and a mass of 6 kg
(13 1bs). 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.

S

Figure 4.4.1 shows the orientation of test specimen for penetration test.
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Figure 4.4.3 shows the daage 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 [.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
Table 4.4.2 Free Drop Test Orientation Review

& AR PIAI PORL-
DI COV B TACT

DROP HF 1Cali

' ¥ ORI I

DEOP FALIY

Test Specimen: TP180A
Hit squarely on the rear plate port.

Test Specimen: TP180B
Hit the edge of the rear plate port.

T FEL

f
,;’Af’ ,\_.

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.

{::. ._e:l; .
— i L

LA RE-GHsT

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)

Temrature during test S1F

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 inte 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

6-5/8 inches

Figure 4.4.3.1.C. Dustoer and Figure 4.4.3.1.D. Close-up of the bent nort tube.
ort 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
Ll |
i, ".i <K

i -
b e -
Figure 4.4.3.2.A. Side View Orientation Figure 4.4.3.2.B. End View Ortentation
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 [ocation dimension 6-1/2 inches

il

N

o

Figure 4.4.3.2.C. Port tube damage. Figure 4.4.3.2.D. Clgse-up of the bent port tube.
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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 drep orientation. None
Test Specimen Weight 652 pounds
Actual Drop Height 4 feet and 9 inches (57 inches)

 test

52 F

R [
.

Figure 4.4.3.3.A. Side View Orientation

Figure 4.4.3.3.B. End 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

Paost-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 inchzs)

| Temperature during test

Figure 4.4.3.4.A. ide View Orientation

51F

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

6-5/8 inches

Post-test source location dimension

o -

|

Fgure 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 Resuits
Test Specimen TPI80E 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

Figure 4.4.3.5.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 hlack 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 tocation dimension ___ 6-1/2 inches

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,
[AEA 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 TS8-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
net 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 .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.
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Section 5 Post Test Assessment

Only 1 package needed to undergo radiation profile inspection because only it and one other
test specimen showed the same slight variation in the source location dimension after testing.
This test specimen successfully passed the radiation profile inspection. The minor damage to
the welded body structure indicates there is no need for radiographs to be taken for further
examination.

The test results indicate the SENTRY transport package complies with the normal transport
test requirements of 10 CFR part 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.

However, the 1.2 meter free drop revealed a weakness in the lock cover assembly and
potentially the #10-32 screws of the rear plate Posilock mechanism. The lock cover and rear
plate Posilock will need to be modified to enable the SENTRY transport package to pass the
hypothetical accident condition tests.
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Appendix

1. Test Specimen Manufacturing Documentation
e See network file location: K:'2 Released Files (PDF)NTest Plans & Reports
(TPRTP180 SENTRY Transport Testing'\Test Specimen Build\Route Cards &
MIs

2. Measurement and Test Equipment Calibration Records
e See network file location: K:'\2 Released Files (PDFEVNTest Plans & Reports
TP TPIR0 SENTRY Transport TestingiTest Specimen Build\Eguip Cal & Insp

3. Test Worksheets (Equipment list, checklist and data sheets)
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Test Specimen & Equipment List

Test Specimen & Equipment Documentation

Test Specimen
X A&Qe‘h IR |
Basic TPS6015-330 TP180A Se"i ;;Ml NA Yes
Basic TP86015-330 TP180B S“';JSM] NA Yes
Basic TP86015-330 TP180C Seiggm NA Yes
Basic TP86015-330 TP180D Seﬁ ;‘;MI NA Yes
Basic TP86015-330 TP180E S“’l ;rgm NA Yes

Attz_ich{ﬁspizu.:.tigﬁ;'llqport ‘

* or Calibration Certificate

Drop Surface, Drawing No. T10740

Penetration Bar, Drawing No. T18129

Record any addlhonal to
cerhf' cates, . 313

Torpsnes _Gost =6 20 s
WEenT St Flezex
S:guature - e

~|-Print Name

Engmeenng
N @N

S . Rt Ee 1% cet 2o
Regulatory: ’/%Lh ‘L g (/{h] 5/3\ /3(/‘/) R AVA
Quality Assurance: :
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Penetration Test Checklist

Test:
PEETRATIORD TEST

RS |
E oG imEEEinG- TEST ARSHA —@,uzl.;-'-z)-ﬁnp A

Test Location:

o Data i

}.  Record test specimen serial number:

2. Record the test specimen weight:

LSS UES,

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

(%7 A DG - 2O

4, Identify target location on tesl specimen. ]
¥ PlumEamn Locld om ThET Gude

3. Photograph set-up with penetration bar touching target location on test specimen.
o

&. Lift penetration ber 40 inches lrom tarpet localion on test specimen to lowest point on penetration bar.
TpeT

7. Release the penetration bar,

§. Photograph target location after impact. .
5T

9. Record the damage to the test specimen. Use a separate sheet and altach, if needed.
Ll DEST 02 vilas BT DusT LovEl marD Brmls Lo (sele

10. Engineering, Regulatory Affairs and Quality Assurance make a preliminary assessment relative to 10 CFR 71.
Record the assessment on a separate sheet and attach.

[ PrintName [ Date
Enginesring: -~ T 9 et 2009
ool A /:({Q - L BANA] 13 O o 10
Quality Assurance: (7, MW\ C /{6‘1)]3;)/166”1 K 3?@/?\& 7y

\!
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Penetration Test Data Sheet

Test:

Test Unit Model/Seripl No.:
TPiEs A FemdETraTION TEST

Test Date: Test Time: ,
G ecT 2o09 21S P

Describe the lest orientation:

Crostrmoe /Cre bncE O SIDE it 2EAR PCIATE Fhel s P

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

¥ wpactT DERT opP Plumg GR Lock TracE AV Or0 Bl

TEESFpIL @lashz Tus T oudd .

¢ Could woT [eSERT  KEY 1MTO Lotk Abzcn TEST

d PO LSS OF  LopTeTs.

LATRESES &Y MUk tulles CEESQLAZ‘ozys

On-site test assessment:

= Was (he lest performed in accordance with [0 CFR 71, IAEA TS-R-1 1996, and this rest'planor Nao.
= Does the test speeimen meet the requirements of 10 CFR 71 and IAEA T3-R-1 1896 for this teal@ or No.

»  Should testing continue with this test specimen@or No. If yes, next test:

- v -~ v Ags/w /
Engineering: '7‘6"-’\‘305765 Regulatory: 2~ ‘L/{‘__I?Q"‘MQA: C. A W

414

Completed by: S 7eus SREEIIE |Datc: & 0T 2SS
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Test Inspeetion Data Shect

Test Specimen Serial No.: Lass Test Performed:

TPleo A PErETRATIoN TEST

Describe and measure (if appropriate) ony damage or broken parts, efc.:

PlusEe Locls CAcE ArD Plrstic TREFoLL DusT Huok

Slhv, s DEeT AT PolmT oF MRACT.

Describe and méasure {if appropriate) any signs of permanent strain or deformation:

TOET Ol DULST Cousid A Locks

Describe the condition of the simulated source wite assembly.

Coott> ouT locle Plesog TN locke T Tl E
SQUECE LuiRE BT ASSumE RO ARFELT O Sae I RE

Reassemble the package using a representative active source, meking sure tha 1he source position end the package
conflguration is the same as they were immediately after the last test

Mensure and record a radiation profile of each test specimen in accordance with Q8A Global Work Instruction WiI-Q-
1806.

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

TS .l BE eeemcn AN < BT TP

O Apy-tmcH [Pumctoze TCST .

Is a radjopraph required to inspect for hidden component damage or failure? 1f radiography is performed, describe any
damage or failures found.

B PADLsuaph (& REESARy

Completed by: ' Date:
|

S . GRER T D 6T 2o
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Free Drop & Punctnre Test Checklist

Test:

4_TooT eov TEST

Test Location:

(WEms Glozal

%URLU-JSE(‘&M b=

Step Data
1. Record test specimen serial number: 3

TP R0 A
2. Record the test specimen weight: .

eSS LES.

3. Record the ambient temperature (°C):

Si°F

Instrument S/N:

TG -20

4. ldentify sel-up orientation figure:

H

5. Record drop height.

<
Aq.9 FeeT /‘S"?!HC.LC‘.S‘

o

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

v

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

v’

8, Release the tesi speeimen.

e

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

10. Record the demage to the test specimen. Use a separate sheet and attack, if needed.

v’

1I. Engineering, Regulatory Aflairs and Quality Assuranee make a preliminary assessment relative to 10 CFR. 71.

Record the assessment on a separate sheet ond artach.

Test witnessed by (Signature) Print Name Date
Enpineering: - ~ .

5 e, S SIS VS oCT 2o
Regulatory AfTairs: \/_{7/ i

ﬁ“@b‘f/ﬁ\‘ é/a/{z/,/b\ (3(3”;\/1\/6

Quality Assurance:

C- Lo dan

lﬁ%zﬁ

V

C. KWj)wh
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Free Drop & Puancture Test Data Sheet

Test Unit Model/Serial Na.:  — Test: _
‘ TE180 AL A -Tou T DReP TESC
Test Date: Test Time: L.

B oxXr 2005 T100 P

Describe drop ofientation and drop height:

ORIEWMTNTION & (| PER PLANY AT ST (RCHES

Describe impast (location, rottion, ete.):

\MPAET LOCAT IO Ok REAR POET TURE TadE,

LR e EOTATED 10.0% AFTSE (MfPaCT,

Describe on-site ingpection (damage, broken parts, etc.}:
TOTo, ThrRTior OF TUBE RBEST IMDWARD ASeuT /L ock .
Brrss PLUDEEE Locle Lo PESSED (K70 Plechc DT GuSe.
Ore BRolker) P Oro DUST CovaE. —MECRED To WEE[P ol O -

On-sile test assessment:
»  Was the test performed in accordance with 10 CFR 71, TAEA TS-R-1 1996, and this test pian’@ or No.
»  Does the test specimen meel the requirements of 10 CFR 71 and IAEA TS-R-1 1996 for this {est?@or Na.

*  Any changes to subsequent drop orientations needed to achieve maximum damage? Especially for the SENTRY 330
Standard, SENTRY 330 Special, and SENTRY Source Changer configurations. Yes or@¥g) 17 yes, then identify and
Justify.

*  Did sufficient damage oceur at or on the rear-plate attachment oren to warrant further drop testing the SENTRY 110
Projector — Basic configuration because of its thinner rear-plate? Yes or@oy)

N o
*  Should testing continue with Lhis test specimen? Yes or@ If yes, next test:

*  Will the test specimen pass the thermal test hased on the accumulated damage assessment? Yes-eno f~35 .

o e {1
Engineeﬁug@ [3oncﬁ’ Regulztnw:ﬂ@sawbmﬁ ;é%f]/gﬁ-ﬂ ﬂ %’m},&(d
Describe any post-test disassem bly and inspection: ' i T

¥ BCAR PLATE Aam DUST CoUGE ASSEHELICS REAUES> A

Tkt APART, RCAR PLATE FPrrls [RTALT AND FuacTional,

DUST Covae P BRoED INDLTTS Fossibi® Failuee ok Z2o-fooT PF

Describe any change in source position (if possible):

MO CHANEE (a0 Sovrel FoSETionND

Deseribe results of radiography (if performed}:

booT CPEEEmER

Complered by: G oo | Dae: 1B OCT o3
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Test Inspection Data Sheet

Test Specimen Serjal No.: Last Test Performed:
TEIRO A 4 -FooT PR

Describe and measure (if eppropriate) any damage cor broken parts, etc.:
OmE BROKER Flew oM DUST CUEE ASSETSLY]

.
k BoHpra &t oF @eAR PULATE ParT TvBE BEnsT /0 AouT 16 A

Describe and measure (if appropriate) any signs of permanent strain or deformation:

B GEE ABovE,

Describe the condition of the simulated source wire assembly.

0 ATFECT 0w SimuldTED Soutlf ASSEMTB LY CuwDitons O

RS Tal P S

Reassemble the pockage using a representalive active source, making sure thal the spurce position and the package
configuration is the same as they were immediaotely after the last test

Measure and record a radiation profile of 2ach test specimen in accerdance with QSA Global Work [nslruction W1-Q-
18086.

Compare the pre-test dose levels with post-test dese levels a1 the surface of the peckage and at 1 meter from the surface
of the package.

TS Lol BE Dooe AT A LATER DATE o’ AFIeR

Puwctome 76T

Is a radiograph required 1o inspect for hidden component damage or failure? If radiography is performed, describe any
damage or failures found.

MOT [CERLNEED |

Completed by; Date:

S S {5 6¢T ZenssF
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Free Drop & Puncture Test Checklist

Test:

- Foo T DEo? TEST

Test Location:

@64\ “G’L—Z)éfz’( \BUE-'-(——LHC.J—[,‘@M =.A

Step Data
. Record test specimen serial number: e o, e,
o
2. Record the test specimen weight:
L5E =g
3. Record the ambient temperature {(°C): . = Instirument S/N:
ST S -2
4, ldentify set-up orientation figure: ﬁZ,
5. Record drop height. A, / < \
' TEE P
- _ T =7 r=ades

6. Pholograph sel-up in at leest two perpendicular planes. /
7. Bepin video recording of the test so that impact is recorded. L
8. Release the test specimen., -

[

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

10. Record the damage ta the test specimen. Use a separate sheet and attach, if needed.

11. Engineering, Regulatory AfTairs and Quality Assurance make a preliminary assessment relative to 10 CFR 71,
Record the assessment on a separnie sheet and attach.

Test witnessed by (Signature) Print Name Date

Engineering: .
S oot S. GG (% et 2op9

Regulatory Affairs: ; )
QL‘ Lot 621/{1/& /BQFV’\/U

Qua]ityAssumncé./C ) .ﬂj‘ﬁ,{yj@b | {f' &S’Mv\ (Bfk’”fﬁ
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Free Drop & Puncture Test Data Sheet

Test Unit Model/Serial No.: Test; —_
TPI20 S A - T T DR TELT
Test Date: . Test Time:
1S ot Zors= S P

Describe drop orientation and drop height:

DRop sBGTATIOD 2 P& Play AT S7 (cHES .

Describe impact (location, rotation, ete ):
IMPALT Loeatwm> Or TROTRUDINEG EGAL FLaTe el TulBE Epss.

SEECImET TOTATES> Fd° BETER tmPncT.

Describe on-site inspection (damage, broken parts, etc.):
NO GBViwes BEpiker Pty

BEAE (ZATE TOeT TUEE CEUHASD (o Tolmamzis DusT Lovse .

On-site test assessment:
» Was the test performed in accordance with 10 CFR 71, [AEA TS-R-1 1996, and this test plan? @or No.
= Does the test specimen meet the requirements of 10 CFR 71 and JAEA TS-R-1 1996 for this test?@r Ne.

= Any changes to subsequent drop arientations needed to achicve maximum damage? Especially for the SENTRY 330
Standard, SENTRY 330 Special, and SENTRY Souwrce Changer configurations, Yes urfyes, then idemtify and

justify.

s Did sufficient damage occur at or on the rear-plate sttachment area to warrant forther drop testing the SENTRY 110
Projector — Basic configuration because of its thinner rear-plate? Yes or Vo

«  Should testing continue with this test specimen?@ur Ne. If yes, next test: %0 -l DE(JP

= Will the test specimen pass the thetinal test based on the accumulated damage assessment?-Yes-orNo~ M3/

L';ac,’fa‘-’f
~

-~ "’/4 .
Engineering: "E:CJ"L:—W__ Regulatory;;—dt/”({Z/LDO\mng: C Kﬁ/f,{f&})ﬂ’gﬂ !Qﬁ?ﬁmd_da

Describe any post-test disassembly and inspection:”

o DY AsEm by Peasonnco

Describe any change in source pesition {if possible):

Laislby _
%—Q@:FCLMMGE (ro Cou@ee Fog o AGwT \/E, Imehy TheawS Tt G,

Describe results of radiography {if performed):
T D E D

Complered by: L. CCEn & \ Dile: 1% &7 Zovq
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Test Inspection Data Sheet

Test Specimen Seria) No.: — Last Test Performed:
TPIEo® g -troT DRoP TEsST

Describe and measure (if appropriate) any damage or broken parts, etc.:
P oF THE welthad ForT TuEE BeraT [N TowARDS THE
SULST CoNEER BY ARsuT [ INCA. Car pelT BBmovE DT
COVEE WITHUT RBEMOVING DERNT O CuTT G- CHUETE,

Describe and measure {if appropriate) any signs of permanent strain or deformation:

S ARKRS

Describe the condition of the simuiated source wire assembly.

Lo AbLE T BEMIVE DT Couse TO ACTES SoullE (. RE,

EPECT 190 DEAME To SouZE WiRE, SLgbT CAMEE v locarion,

Reassembie the package using a representative active source. making surc that the source position and the package
configuration is the same as they were immediately afler the last test.

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

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

65 will BE o€ AT Alawfa TATE O AFFSA

Cumctourze TEIT,

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

0T EERNEED |

Completed by: Date:

S Gt (3 0T 2wy
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¥ree Drop & Pancture Test Checklist

Test:

<4 - TooT TReP 7esT

Test Loeation: ::
est Loeatio ~ A - é’(——z‘)@/}&( %Q,QLXM(F’Z‘C?M i N

Step Datn
1. Record test specimen serial number: .
(Plee C
2. Record the test specimen weight
S0 LES.
3. Rcecord the ambient temperature (°C): N Instrument S/N:
S52°F Br-20
4. Identify set-up orientation figure: ﬁ._j

5. Record drop height.

4.8 FeeT (S 7 iroccees )

6. Photograph set-up in at teast two perpendicular planes. 1/

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

B. Release the test specimen.
P /

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

10. Recard the demage to the wes1 specimen. Use & separate sheer and attach, if needed.

1. Engineering, Regulatory Affairs and Quality Assurance make & preliminary assessment relstive to 10 CFR 71.
Record the assessment on 2 separate sheet and atiach.

Test witnessed by (Signature) Print Name Date

Engineering: ~ .
é-é‘?ﬂ-*mw R TSI 13@0{‘2053

Regulatory Affairs: - .
%%.— ¢ A 1306 (2

Quality Assurﬂncél(l ‘ R/OMDQ}\&"V\ O Aﬁ’bg{}l@{\ [ 3 ?Caﬂ ZJ
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Free Drop & Puncture Test Data Sheet

Test Unit Model/Serial No.: ~ Test: .
(2o A -FooT DeEer TEST

Test Date: - Test Time:
\'% ot 2o 2726 PA

Describe drop onentation and drop height:

Do O,EKC’:_HT-Q\'T'IOM#S PEE CPlars AT T P ES

Describe impact {location, rotatian, eic.):

IMPecT LoCBAB T OrD TBotie 8L SEAM (LOM5ITUD;=NAL>‘
SPEC| mErs BoTaTED ApP 0D TS ToP SFTER 1mPac T,

Deseribe on-site inspection (damage, broken parts, etc.):
Mo ST OF ReDY AT THE WELD S6aM LodsTidns,

On-site test assessment:
s Was the test perforroed in accordance with 10 CFR 71, TAEA TS-R-1 1856, and this test plan? @Dr No.
«  Does the test specimen meet the requirements of 10 CFR 71 and JAEA TS-R-1 1996 for this test?@or Na.

= Any changes o subsequenl drop orienmtions needed to achicve maximum damage? Especially for the SENTRY 330
Standard, SENTRY 330 Special, and SENTRY Source Changer configurations. Yes or¢yg)If yes, then identify and

Jjustify.

« Did sufficient damage occur at or on the rear-plate attachment areg to warrant further drop testing the SENTRY 113
Projector — Basic configuration because of its thinner rear-plate? Yes ur@

»  Should testing continue with this test specimen‘?@ or No. if yes, next tese: Zo-FooT Dol

» Wil the tes! speeimen pass the thermal test based on the accumulated damage assessment? Yesor Ny A0

- tanf?
Enpgineering: $eiZene. {36769 Rggulutury:y,ngf’/f?‘%ﬁ_f?'qmt}m (\‘n,’fﬁﬂ,;ﬂdfm {q‘@ﬂ;(ﬂ(/

Describe any post-test disassembly and inspection:

RO TDLLASEMELY FENEeCacd .

Describe any change in source position (il possible):

b0 ClAEE (mr GovRee [ositho .

Describe resulis of radiography (if performed):

Wb T  FERTTEA D

Completed by- =" I e ]Date: G Vird Zeps T
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Test Inspection Data Sheet

Test Specimen Serinl No.: Last Test Performed:

TF | & C 4 - ool PR TERT

Describe and measure (if appropriate) any damage or broken parts, elc.:
DE—T AT OrE &3> oF TUhE WEW (G EAA
ns> PlarB . DEm~T S AbaT 2 tmencs g

Describe and measure (if appropriate) eny signs of permanent strain or deformation:

SEE ASsuE ,

Describe Lhe condition of the simulated source wire asserobly.

o0 ARFELT om0 SimvlazsD SoevdcE A‘fff"bz!?’?" & win, Lo o

Locas~Tivaa-

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

Measure and record a radiation profile of 2ach test specimen in eccordance with QSA Global Wors Instruction WI-Q-
1806.

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

Thit vl BT € A7 4 taTdw DaTE ot AFTTY THE

foncture TEIT,

Is a radio graph required Lo inspect for hidden component damage or failure? If radiography is performed, describe nny
damage or failures found.

0T EEUARTD

Cnhpleted by: Date:

S. G _ |3 0i7 Zvy
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Free Drop & Punctore Test Checklist

Test:

4 - oo Dot

Test Location:

Step Data
I. Record test specimen serial number:
’ TFigo D
2 Record the test specimen weight: é: ) 2C
5 ; = n
3. Record the ambient temperature {°C): Instrument S/N:
S19¢ Eracs - ZD
4. 1dentify set-up orientation figure: 4 4
5. TRecord drop height 4 — N
T FEET (T (e |
6, Photograph set-up in at least two perpendicular planes. /

7. Begin video recording of the tesl so that #mpect is recorded. L/,

8. Release the test specimen.

v

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

10. Record the damape to the est specimen. Use a separate sheet and attach, if needed.

1. Engineering, Regulatory Affairs and Quality Assurance make o preliminary assessment relative o 10 CFR 71.
Record the assessment on a sepornte sheet and anach.

Test witnessed by (Signature) Print Name Date

Engineering: - "
= S . SesacE 15067 2o

Repulatory Affairs:
T Bl |t
valtty Assurance: s




SENTINEL . Test Plan LEO
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Free Drop & Puncture Test Data Sheet

Test Unit Model/Serial No.: Test: —
TFRi2oD d-fouT DEsE TEST

Test Date: Test Time:
S o7 2o 2134 P

Describe drap orientation and drop height:

DRop O EwTATIoN T PER PLlies AT 57 (i8S

Describe impact {(location, rotation, eic.):

LAMPoCT Lot sTI0 0 OAs CFL 0GR COEE 0F oD

SPELL ambBro BOTATED ppTo 1TSS SiDE =Y GA/_Vl\) PETEA \Alal T

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

UM DT AT MPreT LacsTiéh.

On-site lest assessment:
s  Was the test performed in accordance with 10 CFR 71, IAEA T5-R-1 1996, and 1his test plan?@r Na.
* Does the tesi specimen meet the requirements of 10 CFR 71 and IAEA TS-R-1 1996 for this test? r No.

= Any changes to subsequent drop orientations needed to achicve maximum damage? Especinlly for the SENTRY 3130
Standard, SENTRY 330 Special, and SENTRY Source Changer canfigurations. Yes or@fy&, Lhen identify and

justify.

= Did sufficient damage cecur at or on the rear-plate attechment area 1o warrant further drop testing the SENTRY 110
Projectar — Bagic configuration because of its thinner rear-plate? Yes or

s Should testing continue with this test specimen?@-nr No. If yes, next test: 2O -570 7 DER

= Wil the test specimen pass the thermal test based on the accumuined damage assessment? Yesor W6 XJ A,

Engineering: .S 62-‘1,-\ IS'Q’.(WJMMDW MML QA C WW /6[%7} ,7)0[4

Describe any post-test disassembly and inspection:

MO TSR LB blY (R 2 (5.

Describe any change in source position (if passible):

MO CHAGEE /v Stvere LocxTiors

Describe resulis of radiography {if performed}:

POOUT  PEEFE~ 0 .

Complercd by:  So_ eyt | pate: (% 6T ZonS
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Test Inspection Data Sheet

Test Specimen Seriel No.: Last Test Ferf'ogn_ed:

TPIEe T % -Fon T D™ e

Describe and measure {if appropriate) any damage or broken parts, ete.:

ESSESe EBEE OF Cytinpcil oDy DETST2 Shabily

Alsoor ‘/4 Jeachn tro AuD 2T T § L EY Ld\ﬁj‘.

Describe and measure (if appropriate) any signs of permanent strain or deformation:

SEC X,

Describe the conditien of the simulated source wire assembly.

PO ATFCET Ok S andaTCD SouRE ALSGubly fvdibag,

b CHAEE e Souree Prsibs oo,

Reassemble the package using a representative active source, making sure that the source position and the package
canfiguration is the same as they were immediately afier the Jast test:

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

Compare the pre-test dose [evels with post-test dose levels at the surface of the packape and at | meter from the surfuce
of the package.

TS W BE Do AT A Lats DatE o ANFréy THE

Rottonre 16T

Is a radio graph required to inspect for hidden component damage or failure? If radiography is performed, describe any
damage or fajlures Tound.

T BEzED

Completed by: Date:
S . Clamne— (T 0¢7 Zo T
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Free Drop & Puncture Test Checklist

Test: —
4~ T DroP < =5
Test Loention:
" Bea- Gprad_ Boalieegtor A
Step Data

i

Record test specimen serial number:

TP(eo =

2. Record the test specimen weight:
s LRS,

3. Record the ambient temperature (°C): o Instrument S/N:
= 19F ErOE - Do

Identify set-up orientation figure:

As

Record drop height

4.7 FEET ( EN, }-3514"65\

Photograph set-up in at least two perpendicutar planes.

v

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

%

B. Releasethe test specimen.
P L
9. Stop the video recorder. Ensure the point of impact and orientation specified ia the plan has been achieved.
L .
10. Record the damage 10 the test specimen. Use a separate sheet and attach, if needed.

il

Engineering, Regulatory AfTairs and Quality Assurance moke a preliminary assessment relative o 10 CFR 71.
Record the assessment on a separate sheet and antach.

Test witnessed by (Signature)

Print Name Date

Engineering:

5. GESrER 1% oct 2o

S Gl

Regulatory Affeirs: jj
’%‘ (‘f IR

. oA | 130w P

Quality Assurancé: C K/D'V’Vﬂ@/h

C mu(mh uy@é /0
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Free Drop & Puneture Test Data Sheet

Test Unit Model/Serial No.: Test:
TP e € 4T DRoP TEET

Test Date: Test Time:

1% et ZouT TIRE Fren

Describe drop orientation and drop height:

ORIEWTATIo BS FEE flavo AT S7 (rpsEs,

Describe impact {(location, rotation, etc.}:
t fh\pfACT olxTeord 202 7wl S"IEF;‘:'CE-- GPEFC‘L‘.%EM [T PN AEBauT

2 I~CHTES UTT eally Aas LATDED BeocC on ol Swefnet,

Describe on-site inspection (damage, broken parts, etc.):
— T Beoicar PhsS O loclc Couce (DusT /,g.f.’_fd?.S

— TIFE LA TS ATenTrno Fosi lacll

On-site test assessment:
= Was the test performed in accordance with 13 CFR 71, IAEA TS-R-1 1996, and this test pIan@r No.
¢ Daoes the test specimen mect the requirements of 10 CFR 71 and 1AEA TS-R-1 1996 for this test@br MNo.

*  Anychanges to subsequent drop orientations needed 1o achieve maximum damage? Especially for the SENTRY 330
Standard, SENTRY 330 Special, and SENTRY Source Changer configurations. Yes o¢’Ng) If yes. then identify and

justify.

¢ Did sufficient damage oecur at or on the rear-plate attachment area to warrant further drop 1esting the SENTRY 110
Projector - Basic configuration because of its thinner rear-plate? Yes or

s  Should testing continue with this test specimen? Yes op N> If ycs, next test:

¢ 'Will the test specimen pass the thermal test based on the accumulaled damage assessment? ¥es-or-No xJo

Enpgineering: S Gl ihee7 oY Reaulatot'y%/u?’qm()}x C f@éﬂ%h Nﬂﬂm}ﬂﬁ

Describe any post-test disassembly and inspection:
RGCAR ParE 2D Duel QUi BREMeuED A TalcEr AT, THT e

LEREnS [l DimE THT SELEGE Porg SEIAWEE APPean TuwilrED
SLUAT LY £A0S w6 THE Podll —Z0Tafiges LudS To Snut .

Describe any change in source position (if possible):
CLIGHT CHAmDEE e SURE LotaTione ~ASouT Y istly TBLAS FrionsT |

Describe results of radiography (if performed):
oot PEezaanc.

Completedby: < _ (. . . " Date: {5 o7 Zvvy
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Test Inspection Data Sheet

Test Specimen Serial No.. . Last Test Performed:
ThPEo e 4 -TooT DR TELT

Describe and measurc {if appropriate) any damage or broken parts, elc.:
Two BEelktns PINS 0w Locle LSS ASSEMBLY, BRuke
Preo s Ao THE TDusT CGUER Curckn ok Gueed To Tl Soay

Neor Zoae Piare,

Describe and measure (if appropriate) any signs of permanent strain or deformation:

SEE  AZUE

Describe the condition of the simulated source wire assembly.
RD Parnal S Tu Sriamelatet- O SouZlE WI\BE
&

5T TELT MEAS UEE T picsTES SUB4T Voot Ealnd ( Ve trt
Thonips  Teaor Crs .

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

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

Compare the pre-test dose levels with post-test dose levels al the surtace of the package and at | meter from the surface
of the packape.

UDBT twll BE CocE AT ALveEn Dprs,

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

0T EEQURED .

Completed by: Date:
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SENTRYTest Plan 180 Source:Location Data Sheet

A Injtial{Pre-Test) Dimension.
Test spedimen. | iinitshreTest) Dimen:

{inch)

| Post 4-foot.Drop Test

Dimension'{inch)

it _-.-_,>::_:;_-"[}_I_mension‘(i"rjérﬁr i

Post 30-foot.Drop Test

Past Puncture:Drop T'?..?.ts

¢| . -Dimension:(inch):

TP180A

T Gﬁ’/f L

=

TP180B

(o 578"

é //2 "

TP180C

655

& sle”

TP1B8OD

(Skgt

6 S

TP180E

6

é ’/Z”

TP180F

—

——

TP180G

————

TP180H

.

6T

TP180)

JU

]306T200?

AU
| 40cT07

U SECE
LR
e s a8



.

——

Qgga FLEEAL

el

it e b e

SHIELDING PROFILE ANB IN’SPECTION"FORH

(SPLF)

F-§-1806-2

__ Shield Data

i

_ Shet

ef'/

T

e R A

Model: P40/0 <3730 | Serial ¥ TefEo A | Radionuclide: Co=&C

Max, Capaclty 30 i

i
]
|

lLoth O3 /# /00302

| -
IShie P/N:  Féo0i-330 | Shickifleats TS EE-AQod

Profile Process Data

Source Model: ¥4Y-¢3 | Souree Ser. #835°¢273 | Radionaclivge: Co-60 | Activity: 32%-/ i

Survey Inst. 5—§gp_ )

| Serial #

fHES

_DuteCat. 2/27/F | puts pue: /2% S0

Inst Probe: SH¥P770 | Sevial# 80 5% & | Capacity Carrection Fastor: /- O 2
Measnred Dose Nate mRfr : Adusted Doss Rate mR/hr
acin | iy |y | o | e | oy | e
i‘Tnp _ Foi B 7 & | niA w5 /7 nNA = i
mew | 55 | ot | 2z | ¢o [ ke |
Fom [ 35 | ok | 48 3% L | . r¥ |
we | o5 | o | ra | %9 [ | [ 2
Rear 30 | set | 43 | 32 4' £3
Bottom | A5 243 Lo | AE v | 1O .
_.Aeeeptanee Criteria: : <200 [ NA < 50 ||
Resulr: {(Check one) | Accept v Reject :

MNotes:

Date: -5 éﬁ =7

o

MCRE

i

i

! ipspectar: Q
Commes

Tacls baldid

T i ——

FrQ} 8062, rov, 3

Page ] ol

I. Refer o B-Q-1806-1, Bhicld Efficiency Tesling Surfzee Correction Faciors for as existing devioe medel, or
F-(3-1806-3, Shicld Profile Workshesl lor One meter acceptance limiv

2. The 30cm readings are anly required shen spocifically roguested.

3. Additional shezis may be used 1w fescribe resulis or indicste reading locations i=ing skeiches. Mumbar all sheets
and indicate winl number af sheels, Muoke sune shizld [dentification s included en each sheer

4. Comsult instrument celibration records for instrumment uncertaimyy.

9 pgarch 20

0%




SHIELDING FROFILE AND INSPECTION FORM
{SPIF)
F-Q-1806-2

Sheet  /  of /

o Shield Data B .

Modal: -.S'M.J'dj 338 -| Serinl # TPig0B | Radionuclide; o -£ O | Max. Capacity 320D CI |
Shietd P/N: 2{00 | <230 |ShieidHeatd C &6{3 ~46& Jm# o205 a/00&
Profilc Process Data

Sourve Model: 2424 - 13 | SowrceSer. # 3 ? 7¢ 7 i Radiovaclide: Co ~ 60 t Activity: J{&. { Ci

SurveyInst, ££D0 |Serisl# / P£ 3 Date Cabt. R 29/&5 | Date Due: 3_@5"/_@__
| Inst, Probe: A P.270 |Serinld 0o S$ R | Capacity Cp’[rjfﬁun Factor: /06
i Meunsurced Dose Rate nliIUhr i Adiusted Dase Rate mR/MAr
toien | o, [P (e XD | LA | Gao | e
| Top j? /a7 : A .""f ! A 2 Ii ] -'Tf !
Rge | SO | fok 9 lgs | U | s0 |
| Kront | a5 lok 2 4:3 . c?
e | 4 | ok || .9 | 45 /D
| | Rear B0 | geb | | SR 5¢ L /3
' | Bottom - l Aa% | e _ 29 » 4
{ Acceptance Criteria: <200 | NA _ - |
Result: {Check e&] Accept | Reject | = &0
— Fyareq
Inspector: {,—\ ,}g-,&/ Date: 5’1’ g/ o 7 NCR 2
e m——

o ase

C}I‘;{iefis ﬂq__q_é":! [N in.s: Bz.r...k/_bk.mg;[ vc -g f"il‘p/dﬁ_

Notes:

I, Referto F-Q-1806-1, Shicld Efficiency Testing Surface Correctian Fzctors for an existing device model, or |
F-(J- i 806-3, Shield Profile Workshea! forOue meter acceplance limit |

2. The 30em readings are only required when specifically requeted.

1, Additional sheets may be used wa describe resubts or indicate reading lotations using slketches, Number all sheets

! and indicate total number of sheets. Make sure shield Identifieation is included on each sheet.

4. Consull instrument calibratienrecords for inspument uncertainiy.

F-Q-1806-2, rev. 3 Page [ of 1 § Marck 2004




-

| SHIELDING PROFILE AND INSPECTION FORM

¥"| OSA GLOBAL

2
i | P-Q 15062
Sheet ¢ of 7
Shield Data |
Model: San Lt-[ 330 | Serml# Tigo B | Radionuclide: Co $0 | Max. Capacity 23¢  Ci :
Shickd PIN: §600/-330 | Shigd Heat#  C513 ~Aog | Lottt ohz0301008 .
__ Profile Pracess Data ;
Source Model: ¥2¥-/3 | Seurve Ser, 8 2776 5 | Rudicnuclide: Co o Activity: f75.6 i I
Survey fast. | £6c0 | Serii# /863 | DawCal  Afy/r0 | Daedue afay/o | |
[ Surveyinst.2 N4 Serial # N4 Bate Cal. ra Date Due: &4 i
| Inst. Probe: 1 H8 272 | Serial# oo 54 2. Inst. Probe: 2 4 . Serial # N
Capacity Correction Factor: S ef
Measgred Dose Rate mR/Ar | Adjusied Dese F'.ate mRfhr
. At Surface Corr. | At30Cm | At One At | At0Cm :;3:: i
Surface . .1.?:_1::?;:' B {I?Iole.z] | Meter . _Sm face | [Note 2f . Nete 1]
' Top ey /0% NA .32 A6 [ NA : v 4T
Right /8 J.06 [ .50 32 85 |
_I-’ront 3‘1’ AT . _____.f-.-'l b J | / j |
| Left 33 fob .63 5% | gol?l” 40 )1 |
Rear /13 /ob .51 A3 | 98
Bottom /9 73] 5 30 | 35 | ¥ . 34
.. AcceptamceCriterin: | <200, | NA £ s.e
Resulf: {Check one) : Accept v Rejeet

. Inspector: /’ (;’__.42;// Date: 3&#2 {:e NCR#

| Comments: 4f Luf 5.%-. {omadon Podimgs ovn bss ‘étm{,‘,&,”‘/ Y
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Test Plan 180 - Report #2

Section 1 Introduction

This report documents the hypothetical accident conditions (HAC) test results of Test Plan
180 performed on the SENTRY transport package. The results confirm the SENTRY trangport
package in any of its configurations identified in section 2.1 passes all the hypothetical
accident conditions transport test requirements specified in Test Plan 180, the Code of Federal
Regulations, 10 CFR Part 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).

Also included in this report is an assessment addressing how the design changes to the rear
plate and lock cover assemblies prompted by the normal conditions of transport (NCT) tests
affect the NCT test results already documented in test plan 180 report#l. See section 5.1 for
this assessment.

In order to determine the cumulative effect on the SENTRY transport package, the HAC test
evaluation is based on the sequential application of the tests specified in the order indicated in
10 CFR Part 71. See section 5.2 for this assessment. Alternatively, if the test sequence had
been performed in reverse order to the sequence identified in 10 CFR Part 71, with the
puncture test performed before the 30-foot free drop, the damage indicates the there would be
no change in the final assessment. See section 5.3 for the reverse order assessment.

The thermal test portion of the HAC test sequence is not performed based on the condition of
the test specimens after the 30-foot free drop and puncture tests. See section 5.4 for this
assessment.

The following is the pass criteria for a Type B(U) transport package after being subjected to
the HAC test sequence:
¢ There shall be no loss or dispersal of radioactive material from the package.
* There shall be no external radiation dose rate exceeding 10-mSv/h (1-rem/h)at 1 m
(40 in) from the external surface of the package.

The following HAC tests were not covered in the test plan and therefore not conducted.

e The crush test was not performed because is not required since the heaviest SENTRY
transport package weighs below 800 Ibs which is less than the 1100 1bs. minimum
weight limit for the test.

e The immersion — fissile material fest is not required since the SENTRY package does
not transport fissile material.

» The immersion — all packages test is not needed since the materials of construction
used in the SENTRY transport package are impervious to water and are not
structurally affected when immersed in water of at least 15 meters (50 feet).
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Section 2 Construction and Condition of Test Specimens

2.1 Test Specimen Construction

All SENTRY ftransport package test specimens are constructed in accordance with QSA
Global engineering drawings and Quality Assurance Program. The drawings and
manufacturing documents accurately depict the intended design along with methods for
building and verifying the finished product. See Appendix D: Test Specimen Manufacturing
Records and Appendix E: Test Specimen Inspection Records.

The SENTRY transport package consists of two subordinate device model numbers. The
Model 860 represents the source projector version of the transport package and the Model 867
identifies the source changer version of the transport package. The Model 860 source
projector is further subdivided into a 110 curie cobalt-60 capacity device and a 330 curie
cobalt-60 device. All versions of the SENTRY transport package identified above can be used
in either the basic (Figure 2.1) or standard configuration (Figure 2.2 but with plastic inserts).

The basic configuration without the optional handling ribs represents the worst case test
configuration for all possible failure modes identified in section 3.1 and test plan 180. The
optional handing ribs add about 80 pounds to the basic package configuration, but also
provide excellent impact absorption when attached. The additional 80 pounds applied to the
basic configured test specimen in the planned orientations increases the impact energy by
about 11%. The 11% increase in impact energy results in an 1% increase in deformation to
the test specimen. In the orientations where the ribs do not provide impact absorption, the
additional 11% deformation is not expected to result in any of the failure modes identified in
section 3.1 and test plan 180.

Five test specimens, serial numbers TP180A thru TPI180E, were all built to the basic
configuration shown in Figure 2.1 and one special test configuration, TP180G, was built with
the optional handling ribs and without the piastic inserts shown in Figure 2.2.

The special test configuration shown in Table 2.1 is the standard configuration without the
plastic rib inserts included. This special configuration would not normally be used as a
SENTRY transport package, but is tested to demonstrate compliance and allow shipment in
the event the plastic rib inserts become removed or damaged.

Table 2.1: Test Specimen Manufacturing Documentation and Identification
Test Specimen Assembly Serial I
Configuration Number T Number(s) Mo

TP130A 655

TP180B 656

i 80C 52

SENTRY 330Baslc | rpggors330 | 189 o °

See Figure 2.1 TP180D 657

TP180E 659

TP180OG 661

SENTRY 330 Special | pggngo-3sox | 199 TP180G 728
See Figure 2.2
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Figure 2.1: SENTRY Transport Package - Basic Configuration.
Test Specimens TP180A thru TP180E

Figure 2.2: SENTRY Transport Package - Special Configuration,
Test Specimen TP180G.
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Figure 2.3: SENTRY Transport Package Common Components

Figure 2.3 shows the major assemblies and common components of the SENTRY transport
package. The nomenclature used in Figure 2.3 is referenced throughout this report.

The SENTRY transport package primary containment system, known as the Model 600
source capsule assembly, is tested separately to the ANSI/ISO class 4 or TMPa pressure test
requirements. Therefore, the initial internal pressure within the primary containment system is
not requirement to be the maximum normal operating pressure, or if more unfavorable, a
lower internal pressure, consistent with the ambient temperature before and after the tests. The
secondary containment system, the transport package rear plate assembly and shield

container, is open to the atmosphere and therefore in constant equilibrium with changing
operating pressures.

The structural materials used in the construction SENTRY transport package retain their key
mechanical and physical properties between -40°C (-40°F) and +38°C (+100°F). Therefore,
the temperature of the test specimen did not need to be adjusted for the tests performed in test
plan 180.

2.2 Test Specimen Modification

The lock cover and rear plate assemblies were redesigned after the normal conditions of
transport tests (see test plan 180 report#1). The redesign was necessary to ensure the lock
cover and rear plate assemblies remained in place for the HAC test sequence. All test
specimens built for test plan [80 were updated and documented with this design change.
This is the only change to the test specimens built for test plan 180. All deviations and/or
changes to the test specimens are recorded on the temporary manufacturing instructions
(TMI) for each test specimen. See Appendix D: Test Specimen Manufacturing Records
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Section 3 Failure Modes and Test Orientations

3.1 Test Failure Modes

Each of the test orientations, shown in Table 3.1, targets a specific area on the package in
an attempt to damage the package enough to cause an elevation in radiation measurements.
The possible failures considered under the required test conditions potentially leading to
elevated radiation measurements on and around the transport package include the following:

1. Fracture of the depleted uranium shield allowing a direct beam of radiation to

transmit to the exterior of the package.

2. Extreme displacement of the shield within the package enough to position the source

in a much less shielded location.

3. Any release or loss of control of the source caused by either; damage to the rear
plate assembly enough to allow the source to exit the package, loss of all rear plate
hex bolts and/or detachment of the source capsule from the source wire assembly.

4. A significant rupture or opening in the exterior of the package leading to loss of
foam protecting the shield during the thermal test.

3.2 Test Orientations

Table 3.1 shows the planned test orientation used for each test specimen in the 30-foot free
drop tesi. These orientations attempt to exploit the failure modes discussed in section 3.1.
The orientation for the puncture tests uses the same orientation as the 30-foot drop test
unless another worst case orientation is selected to produce one of the test failure modes.

- —
b S
[ @ %
VAT Y
i e P

u i
A »

[

Test Specimen: TP180A

Table 3.1: 30-Foot Free Drop Test Orientation Review

Test Specimen: TP180B

Hit dust cover of rear plate assembly.

7@ o
A a &
4 a -] L
3 8
i 3 -« 5
i ¥
% ] =) ¥
B o0 LY

L%

N ¥

Test Specimen: TP180C
Hit side of package directly on weld seamn.

Hit edge of rear plate access port tube.

ae9r -

Hit corner of package directly on weld seam.
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Test Specimen: TP180E Test Specimen: TP130G
Hit top surface of package. Hit bottom of rib surfaces

3.3  Free Drop Height Adjustment

The drop test heights specified in 10 CFR Part 7] are adjusted higher in all the 30-foot drop
and 40-inch puncture tests. The adjusted drop height allows for future SENTRY transport
packages built heavier than the actual test specimens but less than the maximum allowable
weight specified for the transport package configuration to comply with 10 CFR Part 71.

The adjusted drop height uses a common height in both the 30-foot drop and 40-inch
puncture tests. The common adjusted drop height is determined by multiplying the worst
case weight ratio by the required drop test height, 30-feet or 40-inches. The worst case
weight ratio is calculated by dividing the maximum allowable weight by the lightest test
specimen built in a given configuration.

Test specimen TP180C, the lightest specimen built in the basic configuration. weighs 652
lbs. The maximum allowable tfransport package weight in the basic configuration is 700 Ibs.
Therefore, the worst case weight ratio for test specimens built in the basic configuration is
700/652 = 1.074.

TPI8GG weighs 728 lbs and since the special configuration is essentially a slight
modification of the standard configuration, it therefore represents the lightest specimen in
the standard configuration. The maximum allowable weight for a standard configuration
package is 780 lbs. The worst case weight ratio for the special configuration is 1.071.

The common adjusted drop height for all 30-foot drop tests is equal to 32.2-feet (1.074
times 30-feet). All puncture drops use the common adjusted drop height of 3.6 feet (1.074
times 3.33-feet).

See Appendix B: Adjusted Drop Height Worksheet for the calculated adjusted drop heights
for each test specimen. All calculated adjusted drop heights are lower than or equal to the
commoen adjusted drop height used in the testing.

The impact energy produced by the common adjusted height in all drop tests is equal to or
greater than the impact energy produced by the transport package built to its maximum
weight and dropped at the required drop height specified in 10 CFR Part 71.
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Section 4 Test Results

4.1 Test Specimen TP180A Test Results

Test Specimen TP180A was dropped twice from 32.2 feet in the same orientation. The impact
in the first 30-foot drop did not appear to hit directly on the face of the dust cover protecting
the rear piate. However, this impact did cause the corner of the package and edge of the rear
plate access port to slightly deform into the package.

The second 30-foot drop hit the dust cover as planned. This impact caused additional
deformation to the access port, produced a fracture through the dust cover and compressed the
plunger lock into the rear plate assembly.

The puncture drop targeted the fractured dust cover at an angle in an attempt to pry off the
rear plate assembly and its attachment hex bolts. The specimen was dropped 3.6 feet above
the puncture bar onto the dust cover tearing off about 1/3 of the cover. No test failure
identified in section 3.1 appeared immediately after the tests.

After the 30-foot and puncture tests, the simulated (demo) source remained secure in the fully
shielded position. The radiation profile measurements taken on the package surface and at |
meter with the source in the same location after the puncture test show no appreciable
elevation in dose levels compared to measurements taken before testing. The slight
measurement difference can be attributed to a2 minor shift in the shield relative to the exterior
of the package and variation in the accuracy of the measuring equipment {(+/-10% for the
E600 probe and meter). See Appendix A: Radiation Profile Results for the actual inspection
data. This confirms test failure numbers 1 through 3 in section 3.1 did not occur.

Table 4.1.1: TP180A Maximum Radiation Measurements
At Surface of Package At 1 Meter from Surface of Package
Imitial Build Post Test Initial Build Post Test
60 mR/h 64 mR/h 1.3 mR/h 1.0 mR/h

The 30-foot and puncture drop sequence did not create an opening in the package exterior.
With no opening in the package to allow the foam fill to fall away from the DU shield in a
thermal test, the package will survive the thermal test without elevating radiation levels on or
around the transport package. This confirms test fatlure number 4 in section 3.1 did not occur.

The SENTRY transport package in this orientation satisfies the HAC test requirements of
Test Plan 180, the Code of Federal Regulations, 10 CFR Part 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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Table 4.1.2: TP180A Both 30-Foot Free Drop Test Setups

=

o

Figure 4.1.1: TP180A 30-Foot Free Drop
Side View Orientation

Changes to the planned drop orientation. None

Test Specimen Weight 655 pounds

Actual Drop Height 9.8 Meters (32.2 Feet)
Temperature during test 33.B.

Figure 4.1.2: TP180A 30-Foot Free Drop

End View Orientation

| Table 4.1.3: TP180A First 30-Foot Free Drop Test Damage Report

access port tube.

Impact missed the end face of the plastic dust cover and instead hit off to one side of rear

s The rear access port tube bent in towards the center of the port.
e The edge of the shell dented in near the rear access port.
e No damage to the rear plate or the rear plate attachment bolts.

Pre-test source location dimension

6.00 inches

Post-test source location dimension
- e

See second drop

. ol

P e ke
180A from

Figure 4.1.3: amage to TP

First 30-Foot Free Drop Test — Rear Plate.

Figure 4.1.4: Damage to TP180A from First
30-Foot Free Drop Test — Front Plate.




SENTINEL
QSA Global, Inc
Burlington, Massachusetts

Test Plan 180
March 2010
Page 9

Table 4.1.4: TP180A Secord 30-Foot Free Drop Test Damage Report

» The rear plate is in good condition.

The second impact hit the face of the plastic dust cover.
» The rear access port tube bent further in towards the center of the port fracturing the
plastic dust cover and compressing the plunger lock inward.

* No damage to the rear plate attachment bolts.
* No change in the source location within the package.

Pre-test source location dimension

6.00 inches

Post-test source location dimension

Figure 4.1.5: Damage to TP180A from
Second 30-Foot Free Drop Test.

6.00 inches

' F]gure 4.1.6: Damage to TPIBOA from
Second 30-Foot Free Drop Test.

| Table 4.1.5: TP180A Puncture Drop Test Setup

Changes to the planned drop orientation. None

Test Specimen Weight 655 pounds

Actual Drop Height 1.1 Meters (3.6 Feet)
Temperature during test 42 F

Figure 4.1.7: TP180A Puncture Drop Side
View Orientation

Figure 4.1.8: TP180A Puncture Drop End
View Orientation
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Table 4.1.6: TP180A Punctare Drop Test Damage Report

No damage to the rear plate or the rear plate attachment bolts.

Pre-test source location dimension

6.00 inches

Post-test and radiation profile inspection

source location dimension
#

6.12 inches

Figure 4.1.9: Damage to TP180A from
Puncture Drop Test — Rear Plate.

Figue 4.1.10: Close-up of Daage to
TP180A from Puncture Drop Test.

Figure 4.1.11: Removed Dust Cover piece.
i - :

N
L

Table 4.1.7: TP180A Post Test Examination Photos

Figure 4.1.13: Removed Dust Cover piece. | Figure 4.1.14: Removed Rear Plate.
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4.2 Test Specimen TP180B Test Results

Test Specimen TP180B was dropped from 32.2 feet in its planned orientation. The impact hit
directly on the protruding edge of the rear plate access port tube as planned. The impact
caused the access port tube to flatten into the access port compressing the dust cover against
the rear plate assembly.

The puncture drop targeted the dust cover and the rear plate assembly in an attempt to pry off
the rear plate assembly from the package. The specimen was dropped 3.6 feet above the
puncture bar onto the plastic dust cover resulting in no damage to the cover, rear plate or the
hex bolts. No test failure identified in section 3.1 appeared immediately after the tests.

After the 30-foot and puncture tests, the simulated (demo) source remained secure in the fully
shielded position. The radiation profile measurements taken on the package surface and at 1
meter with the source in the same location after the puncture test show no appreciable
elevation in dose levels compared to measurements taken before testing. The shight
measurement difference can be attributed to a minor shift in the shield relative to the exterior
of the package and variation in the accuracy of the measuring equipment (+/-10% for the
E600 probe and meter). See Appendix A: Radiation Profile Results for the actual inspection
data, This confirms test failure numbers 1 through 3 in section 3.1 did not occur.

Fable 4.2.1: TP180B Maximum Radiation Measurements
At Surface of Package At 1 Meter from Surface of Package
Initial Build Post Test Initial Build Post Test
56 mR/h 61 mR/h 1.3 mR/h 1.1 mR/h

The 30-foot and puncture drop sequence did not ¢reate an opening in the package shell. With
no opening in the package to allow the foam fill to fall away from the DU shield in a thermat
test, the package will therefore survive the thermal test without elevating radiation levels in or
around the transport package. This confirms test failure number 4 in section 3.1 did not cceur.

The SENTRY transpert package in this orientation satisfies the HAC test requirements of
Test Plan 180, the Code of Federal Regulations, 10 CFR Part 71, revised as of March 31,
1999 and criteria stated in the lAEA Regulations for the Safe Transport of Radioactive
Material, No. TS-R-1 1996 Edition (Revised).
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Table 4.2.2: TP180B 30-Foot Free Drop Test Setup

Changes to the planned drop orientation. None
Test Specimen Weight 656 pounds
Actual Drop Height 9.8 Meters (32.2 Feet)

> T : STy | e - —
Figure 4.2.1: TP180B 30-Foot Free Drop Figure 4.2.2: TP180B 30-Foot Free Drop
Side View Orientation End View Orientation

Table 4.2.3. TP180B 30-Foot Free Drop Test Damage Report

Impact on protruding edge of rear plate access port tube,

The rear access port tube is completely bent in towards the dust cover.
The dust cover and rear plate are crimped in place inside the access port.
No damage was found on the rear plate attachment bolts.

Slight change in the source location within the package.

Pre-test source location dimension 6.06 inches

Post-test source location dimension 6.00 inches

Figure 4.2.3: Damage to TP180B from Figure 4.2.4: Close-up of Damage to
30-Foot Free Drop Test. TP180B from 30-Foot Free Drop Test.
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Table 4.2.4; TP180B Puncture Drop Test Setup

Changes to the planned drop orientation. None

Test Specimen Weight 656 pounds

Actual Drop Height 1.1 Meters (3.6 Feet)
44 F

Temperature during test

Figure 4.2.5: TP180B Puncture Drop Side
View Orientation

Figure 4.2.6: TP180B Puncture Drop End
View Orientation

Table 4.2.5: TP180B Puncture Drop Test Damage Report

No additional damage found.

Pre-test source location dimension

6.00 inches

Post-test and radiation profile inspection
source location dimension

6.06 inches

Figure 4.2.7: Damage to TP180B from
Puncture Dirop Test.

Figure 4.2.8: Close-up of Damage to
TP1808B from Puncture Drop Test.
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Tabhle 4.2.6: TP180B Post Test Examination Photos

Figure 4.2.9: Broken Lock Cover Pins.
% = X g

w

Figure 4.2.11: Removed Crushed Port.

Figure 4.2.10: Removed Dust Cover.
|'I|r = E 3
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Figure 4.2.12: Rear Plate Access Port.

Figure 4.2.13: Rear Plate Side View.

Figure 4.2.14: Hex Bolt Close-p.
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4.3 Test Specimen TP180C Test Results

Test Specimen TP180C was dropped twice from 32.2 feet in two different orientations. The
test specimen in the first 30-foot drop rotated slightly and impacted on the corner weld at the
weld seam intersection with the longitudinal weld of the package. This caused localized
deformation and flattening to the circular corner of the package. This impact location happens
to be the impact target for Test Specimen TP180D. As a result, this drop can be considered
the 30-foot free drop test for TP180D.

Based on the minimal damage to the test specimen, the test team approved to continue testing
TP180C and drop it again from 32.2 feet onto it planned orientation. The second drop at 32.2
feet hit squarely on the longitudinal weld seam as planned. This impact caused the curved
surface of the body to flatten along the full length of the longitudinal weld seam.

The puncture drop targeted the intersection of both the corner and longitudinal weld seams in
an attempt to break open the welded shell body and expose the foam fill. The specimen was
dropped from 3.6 feet above the puncture bar producing only superficial contact marks at the
corner. No test fatlure identified in section 3.1 appeared immediately after all the tests.

After the 30-foot and puncture tests, the simulated (demo) source remained secure in the fully
shielded position. The radiation profile measurements taken on the package surface and at 1
meter with the source in the same location after the puncture test show no appreciable
elevation in dose levels compared to measurements taken before testing. The slight
measurement difference can be attributed to a minor shift in the shield relative to the exterior
of the package and variation in the accuracy of the measuring equipment (+/-19% for the
E600 probe and meter). See Appendix A: Radiation Profile Results for the actual inspection
data. This confirms test failure numbers 1 through 3 in section 3.1 did not oceur.

Table 4.3.1: TP180C Maximum Radiation Measurements
At Surface of Package At 1 Meter from Surface of Package
Initial Build Post Test Initial Build Post Test
62 mR/h 71 mR/h 1.5 mR/M 1.3 mR/h

During the post test examination, a shift in the shield within the package was noticed. The
shift resulted in fracturing the tip of the source tube at the rear access port end. However, the
shift and broken source tube tip did not adversely affect the ability of the package to meet the
acceptance criteria after the tests.

The 30-foot and puncture drop sequence did not create an opening in the package exterior.
With no opening in the package to allow the foam fill to fall away from the DU shield in a
thermal test, the package will survive the thermal test without elevating radiation levels on or
around the transport package. This confirms test failure number 4 in section 3.1 did not occur.

The SENTRY transport package in this orientation satisfies the HAC test requirements of
Test Plan 180, the Code of Federal Regulations, 10 CFR Part 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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Table 4.3.2: TP180C Both 30-Foot Free Drop Test Setups
Changes to the planned drop orientation. | None

Test Specimen Weight 652 pounds

Actual Drop Height 9.8 Meters (32.2 Feet)
Temperatur test

47F

Figure 4.3.1: TP180C 30-Foot Free
Drop Side View Orientation

Figure 4.3.2: TP180C 30-Foot Free Drop
End View Orientation

Table 4.3.3: TP180C First 30-Foot Free D

rop Test Damage Report

and/or rear plate attachment bolts.

The impact point is on the circular edge weld seam of the shell. This is the impact point
for test specirnen TP180D. This specimen (TP180C) will be dropped again in the same
orientation to try to hit longitudinal weld seam. As a result, TP180D not need to be tested.
Circular edge shows about an 8 inch long den
shell. No break in circular weld seam. No damage was found on the simulated source wire

t with bulging on flat end plate and circular

Pre-test source location dimension

6.03 inches

Post-test source location dimension

See second drop

Figure 4.3.3: Damage to TP180C from
First 30-Foot Free Drop Test.

Figure 4.3.4: Close-up of Damage to
TP180C from First 30-Foot Free Drop
Test.
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Table 4.3.4: TP180C Second 30-Foot Free Drop Test Damage Report

The shells longitudinal seam is flattened into the package. This is no break in the
longitudinal weld seam. The bulge on the circular shell is smaller. No damage was found on
the simulated source wire and/or rear plate attachment bolts. Only a slight change in the
source location within the package. A change in the external radiation dose levels of the
package is not expected.

Pre-test source location dimension 6.03 inches

Post-test source location dimension 6.00 inche
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Figure 4.3.5: Damage to TP180C from Figure 4.3.6: Close-up f Damage t-o
Second 30-Foot Free Drop Test. TP180C from Second 30-Foot Free Drop
Test.

Table 4.3.5: TP180C Puncture Drop Test Setup

Changes to the planned drop orientation. Combines both TP180C & TPI180D
Test Specimen Weight 652 pounds
Actual Drop Height 1.1 Meters (3.6 Feet)

Temperature during test 44 F

Figure 4.3.7: TP180C Puncture Drop Side | Figure 4.3.8: TP180C Puncture Drop End
View Orientation View Orientation




SENTINEI
QSA Global, Inc
Burlington, Massachusetts

Test Plan 180
March 2010
Page 18

Table 4.3.6: TP180C Puncture Drop Test Damage Report

No damage to the rear plate or the rear plate attachment bolts.

Pre-test source location dimension

6.00 inches

Post-test and radiation prefile inspection
source location dimension

6.00 inches

Figure 4.3.9: Damage to TP180C from
Puncture Drop Test.

Figure 4.3.10: Close-up of Damage to
TP180C from Puncture Drop Test.

Photos

(e W

Figure 4..12: Removed Rear Plate.

Figure 4.3.13: Removed Broken Source
Tube.

Figure 4.3.14: Shield shifted to left relative
to rear plate mounting plate.
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4.4 Test Specimen TP180D Test Results

Test specimen TP180D was not tested because TP180C was tested in the planned orientation
for TP180D. See test results for TP180C in section 4.3.
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4.5 Test Specimen TP180E Test Results

Test Specimen TP180E was dropped from 32.2 feet in its planned orientation. The impact
appeared as expected during the test, but a review of the drop test video tape after the test
showed the test specimen tilted slightly just before impact - first hitting the corner of the
package before rotating onto the flat endplate. The dent to the corner of the package confirms
this to be true.

The test team approved to retest the TP180E orientation on another test speciren, TP180G
because the impact surface of TP180E had been deformed. The deformation could interfere
with the intended impact. The handling ribs on TP180G were removed before retesting to
ensure there were no obstructions or unintentional energy absorption. The impact target is the
large flat surface of the top endplate. The results of this test are covered under section 4.6.

The puncture test was performed twice from 3.6 feet in the same orientation because the first
drop appeared to miss the target. For the puncture test, the test team approved to again target
the dust cover and rear plate assembly instead of the planned orientation of attacking the flat
surface of the thick top endplate. The justification being no damage was likely to occur by
attacking the thick endplate and an attack on the dust cover would provide a better chance of
affecting the source security in the package. The damage from the puncture bar caused some
deformation to the rear access port and only a superficial contact scratch to the dust cover. No
test failure identified in section 3.1 appeared immediately after all the tests.

After the 30-foot and puncture tests, the simulated {demo) source remained secure in the fully
shielded position. The radiation profile measurements taken on the package surface and at 1
meter with the source in the same location after the puncture test show no appreciable
elevation in dose levels compared to measurements taken before testing. The slight
measurement difference can be attributed to a minor shift in the shield relative to the exterior
of the package and variation in the accuracy of the measuring equipment {+/~10% for the
E600 probe and meter). See Appendix A: Radiation Profile Results for the actual inspection
data. This confirms test failure numbers 1 through 3 in section 3.1 did not occur.

Table 4.5.1: TPI1S0E Maximum Radiation Measurements
At Surface of Package At 1 Meter from Surface of Package
Initial Build Post Test Initial Build Post Test
51 mR/h 39 mR/h 1.7 mR/h 1.2 mR/h

The 30-foot and puncture drop sequence did not create an opening in the package exterior.
With no opening in the package to allow the foam fill to fall away from the DU shield in a
thermal test, the package will survive the thermal test without elevating radiation levels on or
around the transport package. This confirms test failure number 4 in section 3.1 did not occur.

The SENTRY transport package in this orientation satisfies the HAC test requirements of
Test Plan 180, the Code of Federal Regulations, 10 CFR Part 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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Table 4.5.2: TP180E 30-Foot Free Drop Test Setup

Changes to the planned drop orientation. None
Test Specimen Weight 659 pounds
Actual Drop Height 9.8 Meters (32.3 Feet)

Temperature during test

Side View Orientation

48 F

‘ End View Orientation

Figure 4.5.2: TP180E 30-Foot Free Drop

Table 4.5.3: TP18GE 30-Foot Free Drop Test Damage Report

The circular edge seam of the shell body shows a slight deformation. No break in the weld
seam. No damage was found on the simulated source wire and/or rear plate attachment bolts.
Only a minor source location change within the package. There is no expected change in the

external radiation dose levels of the package.

Pre-test source location dimension

6.00 inches

Post-test source location dimension

6.06 inches

i

Figure 4.5.3: Damage to TP180E from 30-
Foot Free Drop Test.

Figure 4.5.4: Damage to TP180E from 30-
Foot Free Drop Test.
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Table 4.5.4: TP180E Puncture Drop Test Setup for Both Drops

Changes to the planned drop orientation.

Attack rear plate dust cover instead of top
flat surface of welded shell body.

Test Specimen Weight 659 pounds
Actual Drop Height 1.1 Meters (3.6 Feet)
Temperature during test 45 F

Figure 4.5.5: TP180E Puncture Drop Side
View Orientation

Figure 4.5.6: TP180E Puncture Drop End
View Orientation

Table 4.5.5: TP180E Puncture Drop Test Damage Report for Both Drops

¢ Scratch and superficial dent on plastic dust cover.
¢ No damage to the rear plate or the rear plate attachment bolts.

Pre-test source location dimension

6.06 inches

Post-test and radiation profile inspection
source location dimension

6.00 inches

—

T o
Figure 4.5.7: Damage to TP180E from
Puncture Drop Test.

Figure 4.5.8: Close—u of Damage to
TP180E from Puncture Drop Test.
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Table 4.5.6: TP180E Post Test Examination Photos

Figure 4.5.13: Rear Plate Access Port. Figure 4.5.14: Source Tube Close-up.
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4.6 Test Specimen TP180G Test Results

Test Specimen TP180G was dropped twice from 32.2 feet in two different orientations. The
test specimen was first dropped in its normal transport orientation with the handling ribs
attached. This impact fractured a few rib mounting screws and caused some of the handling
ribs to deform and crack. The bottom ribs were slightly compressed into the bottom endplate
of the package causing local deformations and shallow cuts.

The second drop 30-foot free drop test was to retest the orientation planned for TP18GE. This
test was performed with the handing ribs of TP180G removed. The test orientation was with
the package inverted and the top endplate facing down as in TP180E. The large flat face of the
top endplate is the impact target. The second impact hit squarely on the top endplate causing
no obvious damage to the package except for fracturing the brass shaft in the front plate outlet
port knob. The fracture caused the knob to be completely removed from the package. Without
the knob in place, the front plate rotor is allowed to turn freely and align the port shield into
the operate position. This will increase radiation dose levels locally on the surface of the
package and only slightly at a meter away.

The test team approved not to perform the puncture test for this test specimen since all
potential failure modes identified in section 3.1 had already been addressed in the previous
drop tests. Any further damage to the front plate assembly would not change the radiation
dose levels on or around the package because the rotor shield is now considered removed
from the package. No test failure identified in section 3.1 appeared immediately after all the
tests.

After both 30-foot drop tests, the simulated (demo) source remained secure in the fully
shielded position. Except for the front plate assembly outlet port, the radiation measurements
taken on the package surface and at | meter with the source in the same location after the drop
tests show no elevation in dose levels compared to measurements taken before testing. The
radiation measurement taken at the front plate outlet port without the port shield showed an
increase of 478-mR/hr at the surface of the package, but the | meter measurements showed
only 2.2-mR/hr at the front end area. See Appendix A: Radiation Profile Results. This
confirms test failure numbers 1 through 3 in section 3.1 did not occur.

Table 4.6.1: TP180G Maximum Radiation Measurements
At Surface of Package At 1 Meter from Surface of Package
Initial Build ] Post Test Imnitial Build Post Test
53 mR/h '\ 532 mR/h 1.7 mR/h 2.2 mR/h

Both 30-foot drop tests did not create an opening in the package exterior. With no opening in
the package to allow the foam fill to fall away from the DU shield in a thermal test, the
package will survive the thermal test without elevating radiation levels on or around the
transport package. This confirms test failure number 4 in section 3.1 did not occur.

The SENTRY transport package in this orientation satisfies the HAC test requirements of
Test Plan 180, the Code of Federal Regulations, 10 CFR Part 71, revised as of March 31,
1999 and criteria stated in the ITAEA Regulations for the Safe Transport of Radioactive
Material, No. TS-R-1 1996 Edition {Revised).
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Table 4.6.2: TP180G First 30-Foot Free Drop Test Setup

Changes to the pianned drop orientation.

No planned orientation. Dropped in its
typical transport orientation.

Test Specimen Weight 728 pounds (with ribs)
Actual Drop Height 9.8 Meters (32.2 Feet)
Temperature during test 48 F

Figure 4.6.1: TP180G 30-Foot Free Drop
Side View Orientation

Figure 4.6.2: TP180G 30-Foot Free Drop
End View Orientation

Table 4.6.3: TP180G First 30-Foot Free Drop Test Damage Report

» Bottom ribs bent slightly.

All handling ribs remained attached but multiple rib mounting fasteners failed in shear.

1/32-inch deep indents found in the welded bady caused by bottom rib compression.
* No damage to the simulated source wire and/or rear plate attachment bolts.
Negligible change in the source location within the package.

Pre-test source location dimension

6.18 inches

Post-test source location dimension

Figure 4.6.3: Damage to TP180G from 30-
Foot Free Drop Test.

6.12 inches

Figure 4.6.4: Close-up of Damage to
TP180G from 30-Foot Free Drop Test.
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i gt
Figure 4.6.5; Close-up of rib bite mark in
shell after drop.

Figure 4.6.6: Rib mounting hardware
failed in shear.

Table 4.6.4: TP180G Second 30-Foot Free Drop Test Setup

Changes to the planned drop orientation.

Use planned orientation for TP180E

Test Specimen Weight

661 pounds (without ribs)

Actual Drop Height

9.8 Meters (32.2 Feet)

Temperature duri test

\

66 F

Figure 4.6.7: TP180G 30-Foot Free Drop
Side View Orientation

Figure 4.6.8: TP180G 30-Foot Free Drop
End View Orientation
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Table 4.6.5: TP180G Second 30-Foot Free Drop Test Damage Report

¢ Impact imprint on bottom end of welded body.

e Knob of front plate assembly detached from specimen.

¢ Brass shaft of knob failed in shear at rotor surface.

o Position of shielded rotor unknown — profile with rotor open.

Pre-test source location dimension 6.12 inches

Post-test and radiation profile inspection 6.12 inches
source location dimension

Figure 4.6.9: Damage to TP180G fro 30- Figure 4.6.10: Close-up of rear plate
Foot Free Drop Test. assembly on TP180G after 30-Foot Free
Drop Test.

Table 4.6.6. TP180G Post Test Examination

& l} i

Figure 4,6,11: Frm;t Plate Access Port

Figure 4.6.12: Broken Knob Shaft.

Figure 4.6.13: Broken Knob haft Rear Figure 4.6.14:Rer Plate Access Port.
Plate Access Port.
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Section 5 Test Assessments

5.1 Normal Conditions of Transport Test Assessment

The results in this test report shall be used as the basis for demonstrating the SENTRY
transport package with the new rear plate modification also meets the normal conditions of
transport 4-foot free drop test requirement. The new rear plate assembly was replaced on
all test specimens after the normal conditions of transport tests and before the HAC tests
were performed. Radiation profile results of ali tested orientations except for the second
TP180G 30-foot free drop showed no significant change in the dose levels at the surface of
the package after the HAC tests.

The profile results of TP180G did show an area on the front plate assembly at the outlet
port (without the port shield in place) as having a significant change in dose levels after the
second 30-foot free drop test. The radiation profile inspection for this specimen needed to
be performed without the port shield in place because the rotor knob detached allowing the
rotor to turn freely after the second 30-foot drop test.

However, the front plate assembly was not part of the new rear plate assembly and the new
rear plate assembly did not show any change in dose levels at the surface of the package.
The profile results after the normal conditions of transport of test specimen TP180E (same
drop orientation as 2™ 30-foot drop for TP180G) can be used to demonstrate the front plate
assembly can withstand the 4-foot free drop test without any significant increase in dose
levels on the surface of the package.

5.2 30-Foot Free Drop & Puncture Test Assessment

All 30-foot free drop and puncture tests were performed in accordance with test plan 180,
10 CFR 71, JAEA TS-R-1 1996.

After the 30-foot free drop and puncture tests, all test specimens continued to successfully
meet the hypothetical accident conditions transport requirements of 10 CFR 71 and IAEA
TS-R-1 1996. After the test, there was:

* No loss or dispersal of radioactive material or contents.

s No external radiation dose rate exceeding 10-mSv/h (1-rem/h) at 1 m (40 in) from
the external surface of the package.

e No escape of other radioactive material exceeding a total amount A; in | week.
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5.3 Reverse Sequence 30-Foot Free Drop & Puncture Assessment

If we were to reverse the test sequence and perform the puncture test before the 30-foot
free drop, the SENTRY transport package would continue to meet the HAC requirements
of 10 CFR Part 71. The test results indicate there is no evidence the puncture bar is capable
of affecting the source security of the package.

For the sake of argument, let’s say the puncture bar completely sheared off the stainless
steel pins of the lock cover along with the plastic dust cover and additionally sheared off
the exposed cylindrical portion of the source connector in the process. The ball end of the
connector would remain attached to the source wire because it is protected in the selector
ring retainer. This continued attachment would keep the source secure and shielded.

The results show the puncture test does not damage the rear plate assembly and its
attachment system recessed into the access port of the package. The recessed rear plate
assembly prevents an impact of a subsequent 30-foot free drop test in any orientation to
damage the components of the rear plate assembly enough to aliow the source wire
assembly to move out of its fully shielded position within the package.

This allows the SENTRY transport package to successfully meet the hypothetical accident
conditions transport test requirements of JAEA TS-R-1 1996.

5.4 Thermal Test Assessment

Review of the damage to all test specimens after the drop tests suggest the fire test would
have no affect on the radiation measurements taken after the drop tests. The reasons for this
can be justified based on the condition of the test specimen after the drop tests and the
properties of the materials used to secure and shield the source within the specimen.

5.4.1 Condition of Test Specimens before Thermal Test

» The internal structure for supporting the DU shield is intact and fully functional.
The structure consists of the depleted uranium shield, the stainless steel welded
shell bedy, the titanium shield locating pins, the stainless steel access port tubes,
and the stainless steel rear mounting plates with stainless steel rivet nuts. A copper
barrier exists between all stainless steel compenents and the DU shield.

¢ The test results showed no unintentional openings in the welded shell body to
allow the polyurethane foam, filling the void between the DU shield and shell
bedy, to fall away from the package in a thermal test. The polyurethane foam
provides thermal insulation and blocks air flow around the shield protecting it from
oxidizing during the thermal test.

s The scource assembly is intact, undamaged and secure in the shieided position.

o The rear plate assembly continues to secure the source assembly to the package in
its shielded position. The securing components of the rear plate assembly consists
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of the stainless steel rear plate, stainless steel lock slide, tungsten sleeve, stainless
steel selector ring retainer, stainless steel nut & lock collars, four stainless steel %-
13 hex bolts, and one stainless steel 5/16-18 security screw.

5.4.2 Material Properties at Elevated Temperatures

¢ The melting temperature for all materials (depleted uranium, stainless steel,
tungsten, and titanium} of the structure, rear plate assembly and source assembly is
above the thermal test temperature of 800°C.

¢ The thermal expansion for all materials of the structure is less thar: the design
clearance allowed for assembly.

» The stainless steel and titanium components of the structure, rear plate assembly
and source assembly have about 30% and 60% of their room temperature strength
at 800°C, respectively.

The load condition for the thermal test is for the structure to support the static
weight of the shield in suspension. The dynamic impact nature of the drop tests
subjects the structure to a force over 100 times the static weight of the shield. This
suggests the strength of the materials used in the structure would need to decrease
by two orders of magnitude or to about 1% of their strength at room temperature.
The 30-minute thermal test is not long enough for significant creep deformation to
occur in the structure.

5.5 Alternate SENTRY Configuration Assessments

Based on the following assessments given for each SENTRY configuration below, the 30-
foot free drop, puncture, and thermal tests do not need to be performed for any of these
other SENTRY transport package configurations.

5.5.1 SENTRY 330 or 110 Projector - Standard Configurations

The standard configuration, without its plastic rib inserts, is identical to the special test
configuration, test specimen TP180G, when TP180G was dropped with the handling
ribs attached. The plastic rib inserts act as covers for the handling rib mounting belts
and also help identify the package. The additional | 1 pounds of weight added to the
package by the inserts is accounted for in the adjusted drop height calcuiation. The
additional weight would also be offset by the additional shock absorption provided by
the inserts. The additional shock absorption would reduce the overall force transmitted
to the package structure resulting in less or equal damage in the drop tests. The plastic
rib inserts will have no adverse affect on the ability of the SENTRY transport package
to meet the HAC test requirements.

The 30-foot free drop, puncture, and thermal tests do not need to be performed for any
SENTRY transport package in the standard configuration because testing with the
handling ribs did not cause radioactive material to be released and did not cause the
external radiation dose rate to exceed 10-mSv/h (1-rem/h) at 1 m (40 in) from the
external surface of the package.
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5.5.2 SENTRY 330 or 110 Projector - Alternate Configurations

5.5.3

The alternate configuration uses a nut ring feature in place of the rivet nuts of the
tested basic configurations. The test results show the rivet nuts and the mating rear
plate attachment bolts were not affected in any of the NCT and HAC tests. Both the
nut ring and the rivet nuts are captured behind the mounting plate and both are made
from an austenitic stainless steel. However, the nut ring is structurally stronger than
the rivet nuts because it is 0.23 inches thicker than the rivet nut thread engagement
length. The use of the nut ring in place of the rivet nuts will allow the SENTRY
transport package to perform as good or better in the NCT and HAC testing.

Therefore, the 30-foot free drop, puncture, and thermal tests do not need 1o be
performed on the SENTRY transport package in the alternate configuration because
test results showed no damage to the rivet nuts or rear plate attachment bolts. Any of
the HAC tests with the nut ring in place of the rivet nuts will show a transport package
with the nut ring does not cause radioactive material to be released and does not cause
the external radiation dose rate to exceed 10-mSv/h (1-rem/h) at 1 m (40 in) from the
external surface of the package.

SENTRY Source Changer — Basic or Standard Configurations

There are a few subtle differences between the tested projector transport package and
source changer version of the transport package. The differences between the two
versions are addressed below. Also addressed is the ability of the source changer
version to meet the HAC test requirements.

The Tested (Projector) Transport Package

The tested transport package is the projector version and it is designed with only one
rear plate assembly to secure the source wire in its fully shielded position within the
package. The source wire is loaded into the package by pulling it in from the rear port
with the source connector end entering first through the front plate port. The lock
sleeve in the rear plate assembly stops the ball feature of the source connector
preventing it from exiting the rear plate assembly unless the attachment bolts are
removed. Once the source wire is pulled completely into the package, the lock slide
actuates and engages the source connector towards the capsule end preventing it from
exiting out the front port of the package.

The Source Changer Transport package

The source changer version of the transport package is designed with two rear plate
assemblies to secure up to two source wires in their fully shielded positions within the
package. The source wires are loaded into the package by pushing the source wire
with the capsule end entering first through the rear plate port. A partition located at the
center of the source changer shield stops the capsule from exiting out the other rear
plate assembly port. Once the source wire is completely pushed into the package, a
pair of spring-loaded, fork shaped, lock pins engage the helical wrap of the source
wire preventing the source wire from exiting out the rear plate port unless the
attachment bolts are removed. This functionality is available at both ends of the
package.



SENTINEL Test Plan 130
QSA Global, Inc March 2010
Burlington, Massachusetts Page 32

Source Changer Design Differences Assessment

The center shield partition of the source changer version provides substantial
protection in preventing the source from exiting out of the projector in one direction.
The center partition is secureiy crimped in the source tube and proof tested after
assembly with a 50 lbs. force acting in the axial direction of the tube. The flexible
source wire would bunch up if compressed and would not be able to generate enough
force to overcome the strength of the center partition crimp in an accident condition.

The only failure mode left is the potential exit of the source wire assembly back out
through the rear plate port. The test results show minor damage to the rear plate
assembly on only one test specimen, TP180B. The damage to the rear plate of TP180B
caused the lock slide to bind because the lock slide extends out beyond the selector
ring providing an opportunity for it to bend as the rear plate deforms.

The fork shaped lock pins of the source changer transport package are made of
hardened tool steel and do not extend out beyond the selector ring. They are well
protected within the thick austenitic stainless steel selector ring and selector ring
retainer.

The 30-foot free drop, puncture, and thermal tests do not need to be performed for the
source changer configuration because the subtle feature differences of the rear plate
assembly and shield would not cause radioactive material to be released, not cause the
external radiation dose rate to exceed 10-mSv/h (1-rem/h) at 1 m (40 in) from the
external surface of the package, and would not adversely affect the ability of the
transport package to meet the NCT and HAC test requirements.
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Section 6 Final Test Assessment

The SENTRY transport package did not lose or disperse radioactive matertal and did not have
external radiation dose rates exceeding 10-mSv/h (1-remv/h) at 1 m (40 in) from the external
surface of the package after being subjected to the HAC test sequence identified in 10 CFR
Part 71.

The results and assessments in this report confirm the SENTRY transport package in any of
its described configurations meet the hypothetical accident conditions test requirements of test
plan 180, 10 CFR Part 71, and IAEA TS-R-1 1996.
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Appendix A: Radiation Profile Results
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TP180B Radiation Profile Inspection
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Post Test Profile Results
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TP180C Radiation Profile Inspection

Initial Build Profile Results

Post Test Profile Results
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TP180E Radiation Profile Inspection

Post Test Profile Results
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TP180G Radiation Profile Inspection
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Appendix B: Adjusted Drop Height Worksheet

SENTRY Test Plan‘180 Adjusted Drop Height Workshest
T i : : ; ' Adjusted Drop Heights(*1)

s . Actual Test . | A-Foot Free " Drop|30:Foot Free Drop| 40-inch Puncture
-Sp::'ftnen“ - Config. Specimen .. | Helght' - Height, S Drop ‘Height &
. Weight (iLbs) == - ;
b B Feet | Inches | Feet  Inches | Feet I Inches
| TPasoA Basic | 655 a3 | 513 | 321 | 3847 | 36 | a4n7
TPI80B | Basic | 655 | 43 | 512 | 320 | 38a1 | 36 | 427 |
TPIBOC |  Basic 652 | a3 | 515 | 322 | 3865 | 3.6 | 429 |
TPIBOD | Basic 657 43 | s1i | 320 | 3ea6 | 36 | 426
| TPiBOE | Basic 659 a2 | 510 | 318 | 3824 | 35 | 425
" TP180F | Standard 743 42 | 452 | 315 | 3779 | 35 | 420
| TPi80G | Standard 728 | a3 | 462 | 321 | 3857 | 36 | 429

TP180H Basic | 664 42 | 506 | 31.6 | 3795 | 35 | 422

SENTRY Transport Package Maximum Energy.Determination. : :
L ; U Maximum - | Maximum Energy [*3) at.,

Assembly - o * T e 3
Number | O"TE: waﬁ';;)(; 20 | 4 Feet(lbsF) | 30 Feet {(hsFt] |40 inches {Lbs-F1)
| 86015-330 | Basic | 700 2800 21000 | 2333

85000330 | Standard 780 3120 23400 2600

86015-110 | Baslc 500 2060 15000 1667

86000-110 | Standard s80 | 2320 17400 1933

{*1) Adjusted drop heights (Feet] = Maximum Energy {Lbs-Ft] / Actual Test Specimen ‘Weight (Lbs)
{*1} Maximum weight for the Baslc configuratians is without the 20 pound rib structure.
{*3} Maximum Energy = Maxirmum Weight (Lbs) X Drop Helght (Ft}

|5 . APPROVALS
ﬂrIginatﬁn ‘96;3%1‘—-— 2% Gb Zoe
Engineering: .Cfﬁ SEA 25 by 0
Regulatory: A= ﬂ . Rl

Quafity Assurance: Wk ASE6IcTy

7
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Appendix C: Test Data Worksheets

See Attached.

Appendix D: Test Specimen Manufacturing Records

See Attached.

Appendix E: Test Specimen Inspection Records

See Attached.

Appendix F: Test & Measurement Calibration Records

See Attached.
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Free Drop & Puncture Test Checklist

Test: 3(-Foot Free Drop Test

Test Location: QSA Global Burlmgton MA

R RS tep T Al T LR

L. Record test specimen serial number: TP (&0 A

2. Record the test specimen weight: L= 1L5BS,

3. Record the ambient temperature: = gef Irészuérlle_ngsom:

ORI ESTA T M & |,

4. ldentify set-up orientation figure: LT O BeAl AeEES PheT

LIS TIo76l - T2.2
Slmar TR -2

5. Record drop height. T2.2 Teer

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

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

8. Release the test specimen.~

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

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

» BEAas ACCEES DerT BEnT o ThwasbS CE&STER OF Pz
- EDEE  OF Elhis BTy DEwsTo GAR EEAR Adess T

AT EHPT T BE-HT _PorT SQUARELY — bRo® Semg
TET  LPEC B AGPNYI

11. Engineering, Regulatory Affairs and Quality Assurance makes a preliminary assessment relative
to 10 CFR 71. If needed, record the assessment on a separate sheet and attach.

ﬁ Preliminary assessment indicates test specimen meets the 30-foot drop test
requirements of 1) CFR Part 71.

0 Preliminary assessment indicates test specimen does not meet ¢he 30-foot drop test

requirements of 10 CFR Part 71
fTest wmlessed by (Slgn' ture) I

Engmeermg | .
S L. S . ARERERE P AARZIO

Regulatory Affai
egulatory airs: /l:\ ()O_/g\_ L/ ﬁ(r{z/ﬂ\ {Mﬁ/v

Quality Assurance: c ,W}\EN\ r ﬁ\ﬁb‘_ﬁl hao~ | 7 ,qla( 1,
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Free Drop & Puncture Test Data Sheet

Test Unit Model/Serial No.: 1 g2 .4, Test: Zn-FouT TR DRa

TestDate: 2 tmas \D TestTime: (o g4z A

Describe drop orientation and drop height:
OEIERSTATT G+ [ KT Oro [TENST AUESS el

DR LEIGHT 1& 32.2 BESST AS mdicevdEss WiadG Tlo74(-22.2

Describe impact (location, rotation, etc.):
[ MPacT Oy REATE AUESS T,

SUGHET BoTATion) TowALnS SEE OF Cvlwbo/z %07

Describe on-site inspection (damage, broken parts, ete.):
REAE AHLESS TPET BET (e TowaknSs DT Spualz,

ENGE 0F oGLDES Eovy Hat A Smadl G-roct Lo TENT.

On-site test assessment:

e Was the test performed in accordance with 10 CFR 71, JAEA TS-R-1 1996, and this test plan?
@or No. At4ha;7l;-, DZa? SpEt alne AgAka TD T t2e7 s@uazs ey

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

e Any changes to subsequent drop orientations needed to achieve maximum damage? Especially for
the SENTRY 330 Standard, SENTRY 330 Special, and SENTRY Source Changer configurations.
Yes oxNg) If yes, then identify and justify.

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

o Should testing continue with this test spccimen‘@ or No. If yes, next test: >o-twT A,

e Will the test specimen pass the thermal test based on the accumulated damage assessment? ¥es )
ar No

Engineerin&@ ZpwAl O Regulatury:ﬂp 1 Anrto QA: C K,@“qn‘u\,._ 7'%14"/)0
i i

Describe any post-test disassembly and inspection:
SEE ComcTuEE TEST DiTh SHEET

Describe any change in source position (if possible):

bl CHesan@E (o Spures Loda'fior

Describe results of radiography (if performed):
LoT  [FERG R &

Completedby:  $. Gran.. . | Date: 2 mngio
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Free Drop & Puncture Test Checklist

Test: 30-Foot Free Drop Test
Test Location: QSA Global Burlington MA
. R e TR

. Record test specimen serial number: TEIBo A (2 o D &?B
2. Record the test specimen weight: LSS LBS.

. . Instrument S/N:
3. Record the ambient temperature: = el ol - D

OIS TATIONS |

' i i . . :
4, Identify set-up orientation figure LT oro BCar bclEes Faet

. =L T (-2,
5. Record drop height. B2 T USS/M L 'l"f‘“rz’éiéi c;gu;

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

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

B. Release the test specimen.~

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

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

¢ BEAZ ACLESS BT CRUVGUED 1mTo AKEeSS Piet AREA..,
* DL ST CpUEZ FRpCTLEESD
ECEE 0F LELDED RoDy DET SUGHTY LAREER (§-1netel lirs )

11. Engineering, Regulatory Affairs and Quality Assurance makes a preliminary assessment relative
to 10 CFR 71. If needed, record the assessment on a scparate sheet and attach.

W Preliminary assessment indicates test specimen meets the 30-foot drop test
reguirements of 10 CFR Part 71.

0 Preliminary assessment indicates test specimen does ot meet the 30-foot drop test

Engineering: = L L
g g > G < GreraGe 2 Amarelo

Regulatory Affairs:
%QJL\ ¢ VoA ( Ayt~

Quality Assurance: ; ,
¢ /{oujﬂ@\,\ C p\C’Ujﬂ{E\'\ 7&5},[9( 1Y
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Free Drop & Puncfure Test Data Sheet

Test Unit Model/Serial No.: T4 | o0 Test Zo-TooT Feee DR (277)

Test Date: 2 AR O Test Time: {{ 14 At

Describe drop orientation and drop height: -
OREm>Tions &, T o BEAE BICES fBreT

DR [RELGIET 1S 322 FEET ImbidhTd @7 Tio761—32.2

Describe impact (location, rotation, etc.):
LMPACT O [REAIT ALES T A

VERY Mool BgTaTior TowAERSsS C7LUWDER Boy el L Sauare Lyo~ -

Describe on-site inspection {damage, broken parts, etc.): _
[CEnEZ BACCERS [PoeT Puckmzels> Al s € DusT GUTHE TRACKZED,

CEE OF wWELOTS> Booy DET 1S mow) B /mGrES Lo .
On-site test assessment:

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

» Does the test specimen meet the requirements of 10 CFR 71 and JAEA TS-R-1 1996 for this test?

ek or No.

» Any changes to subsequent drop orientations needed to achieve maximum damage? Especially for
the SENTRY 330 Standard, SENTRY 330 Special, and SENTRY Source Changer configurations.
Yes or @If yes, then identify and justify.

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

» Should testing continue with this test specimen? Yes or No. If ves, next test: Torncime Di
g p

» Wili the test specimen pass the thermal test based on the accumulated damage assessment Yes
or No

Engineering: (25) 2o Regulatory: £%= / Aovr1s QA (n A 1010
Describe any post-test disassembly and inspection: ) )
SEE  Purmmuze TesT  Deara SHEET
Describe any change in source position (if possible):
Sovizel Lotrtiome DS T sl
Describe results of radiography (if performed):
wiT BT .
Completed by: 5 .lmpro | Date: 2 mazio
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Free Drop & Puncture Test Checklist

Test: Puncture Test

Test Location: QSA Global Burlmgton MA

1. Record test specimen serlal number: TEHO A

2. Record the test specimen weight: 4SS Lizs.

3. Record the ambient temperature: g °F Iﬂg?ﬁm:

OEIEITTR Tigm £ 2

4. Identi - ientati :
dentify set-up orientation figure Uit 0 Dt ContS. AT P Aol

: LAET> TLWOT76L- B,
5. Record drop height. 2 FEET </ ;L-rpt 5o~,»§_

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

7. Begin video recording of the lest so that impact i recorded.

8. Release the test specimen.

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

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

VR oF Frche DusT cuse ToRmm OFF . Aobidtrus Cpeclsogs
To DuST ChuE BEraanis ira@ Cihs B odE

11. Engineering, Regulatory Affairs and Quality Assurance makes a preliminary assessment relative
to 10 CFR 71. If needed, record the assessment on a scparate sheet and attach.

Preliminary assessment indicates test specimen meets the puncture test requirements
of 10 CFR Part 71.

O Preliminary assessment indicates test specimen does not meet the puncture test
requirements of 10 CFR Part 71

:Test wﬂnesseﬂ by (Swna Date " o

Engineering: | : . |
gieenng 5_&%’; S Gecm En Zorvon [D

Regulatory Affairs: 7@
ZanY AT A\ LAl o (ﬁwao

Quality Assurance:
AN L Kouhew | T pri
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Free Drop & Puncture Test Data Sheet

Test Unit Model/Serial No: 7 220 A Test: Puneture Test

Test Date: 2 mAE o TestTime: 7!/ 4< P

Describe drop orientation and drop height:
ORUGISTAT o0 & 2 — tht 000 AT Gose AT A ALGUD |

DR HEIGHT 1S 2.4 Teer (MNGarcs BY Tio76(- 3.4

Describe impact (location, rotation, ete.):
\MPACT Lotationn Ore DUST GHUER A Locll Qutn -

TRT SPEc v Boledeo OFF Puci s BAL AFTEA [MfBcT

Describe on-site inspection {damage, broken parts, etc.}:
PLcAc DUST Coven oEm Acss Juac TP,

On-site test assessment:

. &Vés the test performed in accordance with 10 CFR 71, JAEA TS-R-1 1996, and this test plan?
or No.

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

» Any changes to subsequent drop orientations needed to achieve maximum damage? Especially for
the SENTRY 330 Standard, SENTRY 330 Special, and SENTRY Source Changer configurations.
Yes or If yes, then identify and justify.

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

» Should testing continue with this test specimen? Yes or@lf yes, next test:

s Will the test specimen pass the thermal test based on the accumulated damage assessment?@
or No

Engineering:(55) Z4(o Regulatory: <2 | Aonro QA Owi £ 1Apr1

Describe any post-test disassembly and inspection: A el Plats Hamsoars NTaeT,
CUT AWAYT DOST Guir. Teo BEMIVE REARAATE . PHIELD SiLFrcse To EGUR, STwHE 6

oD,

Describe any change in source position (if possible): P SeRLE Lo BE UEAMREETES.

DoLE oS locoTion CHA=EED Y8 ofd TomaARDS Feem T PLATE Saot

Describe results of radiography (if performed):
OT PeemeamsD.

Completed by:  S. e —_- | Date: 2+ 94 {0
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Test Inspection Data Sheet

Test Specimen Serial No.: Last Test Performe

TEDo A Punctueze 73T

Describe and measure (if appropriale} any damage or broken parts, etc.:
—EFARL ACCESSE Tl TUuRE BEST AMD Bullets (owarnsS CETraEie,
— Locle Couse tRTALT BuT PLUmGTE (ocld BREelESHD
STULST ColTRE. SPLT A Beolcen) - Pastbinlly (woscerT

Describe and measure (if appropriate) any signs of permanent strain or deformation:
—[ZEASZ ACCEES [T DEfpRmEs (BEMTB ACouT U-S imdctd (oA
~REAR ALESS frrT Bules AZcuT ©05 Tty
A HAPACT DET AROLT B (el OS Lond O B~ GEwSr of fvclzact

Deseribe the condition of the simulated source wire assembly.

WO VISIBLE SIE-S 0F DAarisGeE T SimulaTe> Sovec @ ACSema&lY

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

Measure and record 2 radiation profile of each test specimen in accordance with QSA Global Work Instruction WI-Q-
1806.

Compare the pre-iest dose levels with post-test dose levels at the surface of the package and at 1 meter from the surface
of the package.
Arsl A RECLIGIEE CIFFCEERLE BEUEED PRE AS> (5T Dos€

LEGELSY Ot THE SteFmee AwsD | METEE Fars SurFoce oF TERTEDR

Trelloge.

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

DT P Ess.

Completed by: Datc:
S‘-d"?_-@'z/r/.—-—— 8 MAN }O
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Free Drop & Puncture Test Checklist

Test: 30-Foot Free Drop Test
Test Location: QSA Global Burlmgton MA
I. Record test specimen sena] number: TPl&o B
2. Record the test specimen weight: SE ES .
3. Record the ambient temperature: 477 °F }észu 21_ tintzifN:
. . . (Er T =
4. Identify set-up orientation figure: f::rc EJ;:; DG"; ZZ' s CHEC
. S& TLolé (-T2,
5. Record drop height. 0.2 Fr Y Slrs - TP 1%3-—8%

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

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

8. Release the test specimen./

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

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

FroTRup imag EDGE O BEGAR Access e ompleceisy”
CRUGALESD WTO _ ACETS he. 7 ARER O ls 0Th  PesiNG
DueT VS

11. Enginecring, Regulatory Affairs and Qualjty Assurance makes a preliminary assessment relative
to 10 CFR 71. If needed, record the assessment on a separate sheet and attach.

P Preliminary assessment indicates test specimen meets the 30-foot drop test
requirements of 10 CFR Part 71.

0O Preliminary assessment indicates test specimen does not meet the 30-foot drop test
req ulrements of 10 CFR Part 71

Regulatory Affairs:
fm L EAdtM | 1 Apr o

Quality Assurance: .
i . oo C Raggher | 2oy 10
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Free Drop & Puncture Test Data Sheet

Test Unit Model/Serial No.: TP 120 & Test: To-TooT Fes= DR

Test Date: Z AR IO Test Time: | .\ oA

Describe drop orientation and drop height:
OEVEDTAT oo A 2. LT OoTo SoEE OF Boax OUESS TORT,

PO HEIEHT (S 32.2 FEET ID{ATED By TIeT741-22.2

Describe impact (location, rotation, etc.):
IHPACT SmTo EEE oF EEAR occexs (e
M0 EoTATLON |

Describe on-site inspection (damage, broken parts, etc.):
A BT 2/ 05 BEARZ ALESS T TuBE ELaTTeoE 1RTH THE
DCEETS Thaev ASEA OAulfs  OWTO THE PlasNC g Gve=z,

On-site test assessment:

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

« Does the test specimen meet the requircments of 10 CFR 71 and IAEA TS-R-1 1996 for this test?

@or No.

= Any changes to subsequent drop orientations needed to achieve maximum damage? Especially for
the SENTRY 330 Standard, SENTRY 330 Special, and SENTRY Source Changer configurations.
Yes or Kg? If yes, then identify and justify.

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

o Should testing continue with this test specimen‘?@ or No. If yes, next test: PLoctveE e

o Will the test specimen pass the thermal test based on the accumulated damage assessment? @
or No

Engineering: @ Zmmlo Regulatory: <4 | Axvnio QA: {am L 7\’3‘ 2/ (é

Describe any post-test disassembly and inspection: ¢
Cout > T DIS ASSEr bE Lot hu T CTTinng Arony’ [T TS ZERSE oull CeTo EWREL

Hze” .

Describe any change in source position (if possible):

RS Sl L[/ - — — =
‘%;wm; g;(,_KG M sEe Soupes Loy Tom DATA SHEST

Describe results of radiography (if performed):
No T VesFarmEs.,

Completed by: S (popen | Date: 2 masio
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Free Drop & Puncture Test Checklist == =

Test: Puncture Test
Test Location: QSA Global Burlmgtcn MA
B R ChStep i T e O
1. Record test specimen serial number: TFP 80 B
2. Record the test specimen weight: 654 2y
3. Record the ambient temperature: 44 = In_s.truze_ntz%/N:

O N T Tiaws & 2,

4. Identify set-up orientation figure: i PAg T, oSt 25 vER

5. Record drop height. 2.4 Fr V;;y 7} {;‘0;‘5"{‘4‘? G
6. /Photograph set-up in at least two perpendicular planes.

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

\

8. "Release the test specimen.

9. “Stop the video recorder. Ensure the point of impact and orientation specified in the plan has
been achieved.
10. Record the damage to the test specimen. Use a separate sheet and attach, if needed.

MO DawadEe Bus>

11. Engineering, Regulatory Affairs and Quality Assurance makes a preliminary assessment relative
to 10 CFR 71. If needed, record the assessment on a separate sheet and attach.

E/Preliminary assessment indicates test specimen meets the puncture test requirements
of 10 CFR Part 71.

O Preliminary assessment indicates test specimen does not meet the puncture test

_ requlrements of 10 CFR Part 71

Engincering: S . SeEsiag 2 Mmar 1o
- ]

Regulatory Affairs: ,
Wx/»{ LAl | ¢ Aﬁr L2

Quality Assurance: ‘
C. /’\ﬂﬁmm C_fortig x’igr Z
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Free Drop & Puncture Test Data Sheet

Test Unit Model/Serial No.: —TrPg0 = Test: TLocime vear
Test Date: 2 pyar= 10 Test Time: 272 Prn

Describe drop orientation and drop height:
ORGP TATIom B2 — tht or Plashe DUST Gusl

TRl HEIEHT 1S b FerT Ag ( mDiiassd Y Tio76(-2.6

Describe impact {location, rotation, ete.):
Dileeer GT o= Palbe DulT SGuca

Describe on-site inspection {damage, broken parts, etc.):
R0 ADDLRIa L Do age Toued .

On-site test assessment:

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

» Does the test specimen meet the requirements of 10 CFR 71 and JAEA TS-R-1 1996 for this test?
or No.

» Any changes to subsequent drop orientations needed to achieve maximum damage? Especially for
the SENTRY 330 Standard, SENTRY 330 Special, and SENTRY Source Changer configurations.
Yes or No» If yes, then identify and justify.

» Did sufficient damage occur at or on the rear-piate attachment area to warrant further drop testing
the SENTRY 110 Projecter — Basic configuration because of its thinner rear-platc? Yes or

e Should testing continue with this test specimen? Yes or g0 If yes, next test:

o Will the test specimen pass the thermal test based on the accumulated damage assessment? e
or No

Engineering:@ Zmarid Regulatory: X242 | Am~ o QA: (/M /,L’ “hpd
Describe any post-test disassembly and inspection: Plashe DusT CovGa LoEbEEDd im PuocE
locle caver PSS Sttmarens ofF B€afz PotE + QolTl 1w BT, ChwroT Ladosfd

Describe any change in source position {if possible):
<! ;;/)L-,—f— CSOLRLE L—gw"n'*-w-) CM

Describe results of radiography (if performed):
0T AT 1.

Completed by: < . e o | Date: 2 e 10
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Test Inspection Data Sheet

Test Specimen Serial No.: . Last Test Performed:
TEI&0s CivxtoseE T T

Describe and measure (if appropriste) any damage or broken parts, etc.:

ABsT Y3 00 REAR AESS BT TLAE CRusN<EL> (NTO THE
DLLT UG O TUHE FEAR (xwe ASSCRELY.

Describe and measure {if appropriate) any signs of permanent strain or deformation:

Cearz AcEss T Tuie FlLTTomES> ArD CoTTio& (RT0
DusT GuEE

Describe the condition of the simulated source wire assembly.

Mo VIGLRLE Siges OF DermecE @ L AR TED Stz its b @E

Reassemble the packnge using & representative active spurce, making sure that the source position and the package
configuration is the same as they were immediately afier Lhe Jast test

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

Com pare the pre-test dose levels with post-test dose levels a1 the surface of the packape and at | meter from the surface
of the packape.

- o2 —
A NEGUIGRLE DIFFEEGKE GBETlEam 18 Awb V3T Dose

LEJES O THE SUERLCE At> | mCTEe Fievsm SUeFmed

OF TErTel Cvtitesls

Is a yadjo graph required Lo inspect for hidden component damage or failure? If radiography is performed, describe any
damage or failuras found.

ol e e &0,

Complated by: Date:

5-@’1/‘1.\: r_a)f\‘\M lO




SENTINEL Test Plan 180
QSA Global, Inc Fcbruary 2009

Burlington, Massachusetts Page | of 2

Free Drop & Puncture Test Checklist

Test: 30-Foot Free Drop Test

Test Location: QSA Giobal Burlington MA

1. Record test specimen serial number: TP e O

2. Record the test specimen weight: LS. LES.
. ) , Instrument S/N:

3. Record the ambient temperature: o7 e Eri -2

. A . . OGS TeTIom BT C@u'(' = S EES*JLTJ

4. Identify set-up orientation figure: B BIDE OF SHELL. or LOMEITuD) e | SERm.
. US> Tio7&1-32 2

5. Record drop height. 2ZET 2/ TPG-2

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

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

8. Release the test specimen.

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

been achieved.

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

TUE ETEE SEArA AT THE LorEtlTLDIirAL. SERRMA INTEREECTION 1S
ComPlETELY ClLATTERCY, TN 5 CREGATES A BulEE dn THE BoHom
CROPATE  AnD  CYLWDER. SuEmacEsS . TS WPt BT s s

O vGhoedly Plon S The TCST SPEcimen) TEIBoD> . TS TET
SetimEw (TPIBOC) To RBE DRGNS 6w To HIT LomCitub/ -al $G4A.

11.

Engineering, Regulatory Affairs and Quality Assurance makes a preliminary assessment relative
to 10 CFR 71. If needed, record the assessment on a separate sheet and attach.

@ Preliminary assessment indicates test specimen meets the 30-foot drop test
requirements of 10 CFR Part 71.

O Preliminary assessment indicates test specimen does not meet the 30-foot drop test
requirements of 10 CFR Part 71,

Test witnessed

Engineering:

5. Gl S. GREN (G ZAmalE

Regulatory Affairs: _ ‘

Quality Assurance;

C. f\ﬁ,ﬂziﬁ}\ﬁm A Kat'j’h:ﬂm | 7rﬁaﬂ0



SENTINEL Test Plan 180
QSA Glabal, Inc February 2009

Burlington, Massachusetts Page 2 of 2

Free Drop & Puncture Test Data Sheet

Test Unit Modcl/Serial No.: -y oy Test: Z0- 0T FrEe DR

Test Date: 2 tAs LD Test Time: |24 P

Describe drap orientation and drop height:
ORIESTNTL iR T BUT SBED U HIThmG (M ORtGTATLo D H el EBEC SEAM,

Deue UEIesT (5 32.2 FEET Inbionted BY Tlo76(-32.2

Describe impact (location, rotation, etc.): S >
(nPacT Om E06e scam oF skerc (OR et e

SHECMmER BOBIES FEorn LormGiTusi=a\ SIDE TO EDEE SI1DE ESHE

Describe on-site inspection (damage, broken parts, etc.):
LARGE T&IST onn EDEE SeEpgn NGAE LS TUD - LS Efta .

On-site test assessment:

» Was the test performed in accordance with 10 CFR 71, JAEA TS-R-1 1996, and this test plan?
@or No. T opiestaTow 8< CTP180D>

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

+ Any changes to subsequent drop orientations needed to achieve maximum damage? Especially for
the SENTRY 330 Standard, SENTRY 330 Special, and SENTRY Source Changer configurations.
Yes or Ko If yes, then identify and justify.

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

o Should testing continue with this test specimen? ¥ es or No. If yes, next test: €@zt 3o-FoT dag

e Will the test specimen pass the thermal test based on the accumulated damage assessment? ¥es |
or No

Engineering: €2 2o Regulatory: 2 1 A o QA (WY £ i p)d
Describe any post-test disassembly and inspection: N

S&= Proctirme  tExT DATa SEEET

Describe any change in source position (if possible):
L LotaTiom MarE ABouT T2 imcH To BENZ,

Describe results of radiography (if performed):
WO fEEmemeD .

Completed by: S | Date: Zn1 i




SENTINEL Test Plan 180
(QSA Glabal, Inc February 2009

Burlington, Massachusetts Page [ of 2

¥ree Drop & Puncture Test Checklist

Test: 30-Foot Free Drop Test
Test Location: QSA Global Burlmgton MA
THEE.. . e s e Dam
1. Record test specimer serial number: TP idoc (zm> D(aap>
2. Record the test specimen weight: bso L=

. i Instrument S/N:
3. Record the ambient temperature: goE S o Do

ORIGPTATIONY £

4. Identi - i i :
tify set-up orientation figure it S o oF SHELL. D Loy Seah

5. Record drop height. 22z e g el BT

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

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

8. Release the test specimen.

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

10. Record the damage to the test specimen. Use a separate sheet and attach, if neaded.

LONG ([ Tubiball el s&at FLaTTEoeD Toluals CEwWTEE
OF SKELL

11. Engineering, Regulatory Affairs and Quality Assurance makes a preliminary assessment relative
to 10 CFR 71.If needed, record the assessment on a separate sheet and attach.

,El’ Preliminary assessment indicates test specimen meets the 30-foot drop test
requirements of 10 CFR Part 71.

O Preliminary assessment indicates test specimen does not meet the 30-foot drop test

reqt u1ren1ents of 10 CFR Part 71.

| Print?

VEnginE-:eri,rlxg: .
ENC TP S GEESERE 2 CAARLD

Regulatory Affairs: 7@ \
ARG« LA | | Aprre

Quality Assurance: .
T C / ﬁmfﬁ’@m\ C f\OtinHm 7ﬂ‘m W



SENTINEL Test Plan 180
QSA Global, Ine February 2009

Burlington, Massachusetts Page 2of 2

Free Drop & Puncture Test Data Sheet

Zm2

Test Unit Model/Serial No.: 5 guese Test: 20-FooT Free Deo@ ( ame

Test Date: 2 AR |D Test Time: L1477 Py

Describe drop orientation and drop height:
ORAE+>TATON £ 2 T oro Lom@GITumioel WELD SEATA -~ oI1nE of SHEW. .

DR KEIEHT 19 222 TEET AS (MPimTans By Tlo741-22 72

Describe impact (location, rotation, etc.):
LHMPACT LocaTom 1S TARECTLS OO THE Lo Gmubimal WELD STARL .

MO BoTaTiowm G2 TLUT .

Describe on-site inspection (damage, broken parts, etc.):
THE LomGITuD ovai LELD> SEAM SUEEAE |3 FLATTEED 02T THE

ARl SHELL, TEE BULGE (RopultEs CoRHER 1S to— Srhal(te
On-site test assessment: .

» gs the test performed in accordance with 10 CFR 71, IAEA TS-R-1 1996, and this test plan?
or Na.

» Does the test specimen meet the requirements of 1¢ CFR 71 and JAEA TS-R-1 1996 for this test?
or No.

s Any changes to subsequent drop orientations needed to achieve maximum damage? Especially for
the SENTRY 330 Standard, SENTRY 330 Special, and SENTRY Source Changer configurations.
Yes or(N0). If yes, then identify and justify.

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

o Should testing continue with this test specimen?@‘or No. If yes, next test: Hoctipes D=l

» Will the test specimen pass the thermal test based on the accumulated damage assessment?
or No

Engineering{%) zrmio Regulatory: <42 | A{hﬂ,ﬁ.a QA: | If’ff!fL Ia 74}@1/}

Describe any post-test disassembly and inspection:
S$EE vortmE€ Test Drwa SHteeT

Describe any change in source position (if possible):
SoueE Loowtrom (FovES> Moo T VZZ (RCtt ToLens BEAR

Describe results of radiography (if performed):
Wo U PERf I |

Completed by: 5.Gromen | Date: 2 man 1O




SENTINEL Test Plan 180
QSA Global, Inc February 2009
Burlingtan, Massachusetts Page 1 af 2
Free Drop & Puncture Test Checklist

Test: Puncture Test

Test Location: QSA Global Burlmgton MA
R CoStep E VR SRR Jnl o Data

1. Record test specimen serial number: TR 80 C

2. Record the test specimen weight: 652 IS5

: . R Instrument S/N:

3. Record the ambient temperature: g4 oF & -25

4. Identify set-up orientation figure:

DEIENTATION B <
T o SUELL E66eE T Lot Tuiemd §

5. Record drop height.

LA™

2.6 FEEeT o/

T 76l-73.6
T 28— 16

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

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

8. Release the test specimen.

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

been achieved.

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

SURSECICial. DEMT AT E€ Lol SEar.

11. Engineering, Regulatory Affairs and Quality Assurance makes a preliminary assessment relative

to 10 CFR 71. If needed, record the assessment on a separate sheet and attach.

K[ Preliminary assessment indicates test specimen meets the puncture test requirements

of 10 CFR Part 71.

O Preliminary assessment indicates test specimen does not meet the puncture test

requirements of 10 CFR Part 71.

Test Wipesiedty (Sighatur oo |PrintName: - |Date
E‘I'! inéerin . —
& & gé’(/ﬁ,‘_&\ G HEEPIGA ZapLao
Repulatory Affairs: )7 .
NP AIS [ Ahov 1.
ﬁ ¢ [ .5

Quality Assurance: C KMQM

Km: é%d/v\
y

2Ap1d




SENTINEL Test Plan 180
QSA Global, Inc February 2009

Burlinglon, Massachuselts Page 2 of 2

Free Drop & Puncture Test Data Sheet

Test Unit Model/Serial No.: T 2ol Test: Puncture Test

Test Date: 2 pAR 1D Test Time: 2:95 7

Describe drop orientation and drop height: B
ORIGsTaTon B — (T o0 SHEUL BbiS SEArA AT LomGrTumDAd LoEud (AT,

Deof? UEi&GbT (S 26 PEET toblarel By Tio76l- 3.6

Describe impact (location, rotation, etc.):
DWRECT (AT AT (mPacT locaTionr

ool TELT SPECmE Bacic FLPEED ofF Pl TUEE BIULET onTu GRui.

Describe on-site inspection {(damage, broken parts, etc.):
By DELT AT 1MmPacT bopcatiors CausED BY FomwctueE RHET,

On-site test assessment:

¢ Was the test performed in accordance with [0 CFR 71, JAEA TS-R-1 1996, and this test plan?
or No.

. (%255 the test specimen meet the requirements of 10 CFR 71 and [AEA TS-R-1 1996 for this test?
or No.

s Any changes to subsequent drop orieatations needed to achieve maximum damage? Especially for
the SENTRY 330 Standard, SENTRY 330 Special, and SENTRY Source Changer configurations.
Yes or D If yes, then identify and justify.

« Did sufficient damage occur at or on the rear-plate attachment area to warrant further drop testing
the SENTRY 110 Projector — Basic configuration because of its thinner rear-plate? Yes or 13D

« Should testing continue with this test speeimen? Yes or@lf yes, next test:

» Will the test specimen pass the thermal test based on the accumulated damage assessment?(ges
or No

Engineeringy57) 21t Regulatory: <2~ ; Aor /e QA: (wmiL Lﬁmo

Describe any post-test disassembly and inspection: Al EEAReia7E HATSLAZE (# 7ACT.
(TN FUreTions B0Emudy Shidtit oLtz tors FRONECTING SPuE. Sume TLhE Bl

Describe any change in source position (if possible); >4 €™ SHFTEG To SIDE Abu T Vg miet

NG C{'LA‘NGE' %] SOUJZC,E' i/ﬂﬂ,ﬁ-'—(:l.bw.

Describe results of radiography (if performed):
MNo7T e EP J

Completed by: S G7om |Date: a1 |0




SENTINEL Test Plan 180
QS A Global, Inc February 2009

Burlingtorn, Massachusells Pege 41 of 4]

Test Inspection Data Sheet

Test Specimen Serial No.: Last Test Performed:
Pleoc Formctee wEsT

Describe and measure (if appropriate) any damage or broken parts, etc.:
Aout A L% ok NER BoleE om Tof” G ofF PackidatT
SouEcE TURE BRUKE OFF AT EORR PLATE CnD .

S SHUFTED (8198 Fhcliact HEouy” .5 [ mCHES Tulenrps
1 T Pl et COBLD SCT

[ .

Describe and! measure (if sppropriate) eny signs of permanent strain or deformation:
o 1S (o fH BUlE T o TP Gl PlaTE
— LoprCE SHED BAmnEr AT REAE Tl BE-T TowAD S
(Pt TAnseT B2 ( Lom@G it iaal Luput> béw-\m.) ]

Describe the condition of the simulated source wire asserably.

MO YISIEE Sldws 0F DhmAGE To StmulsTSS SoUECE LulizE

Renssemble the pockage using & representative active source, making sure that the source position and the packnge
configuration is the same as they were immediately after the tast test.

Meagure and record a radiation profile of each test specimen in accordance with QSA Global Work [nstruction WI-Q-
1806,

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

fECL CLaE DIFFERaacE BETWEG— [(RE A [usT Dot

LEUELS 0w SURFRCE  Aad (M CTEE (Niyan SUtFm& OF

AT FaslinceE .

Is a radio graph requtired Lo inspect for hidden component damage or failure? if radiography is performed, describe any
damage or failures found.

NOT SR 50 .

Dale:

Completed by: .
<. ﬁf—'ﬂfuf—\_ (& Man o




SENTINEL Test Plan 180
QSA Global, Inc Februvary 2009

Burlington, Massachuselts Page | of 2

Free Drop & Puncture Test Checklist

Test: 30-Foot Free Drop Test

Test Locatlon QSA Global Burhngton MA
TIRERER T Step Y T =TT T Y e —
1. Record test specimen serial number: TP o &

2. Record the test specimen weight: Lsq9 LES

3. Record the ambient temperature: = I Irg’tgu(r:ne_n;iN :

OB Tior B 5,

4. Identify set-up orientation figure: o o - of el Bomt

LG o 74~ 2.2,

5. Record drop height. B2.2FT S/ TR B0

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

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

8. Release the test specimen. +~

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

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

TP Eoge oF LELnES Rody DHoTED O5nE TuE TEowl
ALESS e T

11. Engineering, Regulatory Affairs and Quality Assurance makes a preliminary assessment relative
to 10 CFR 71, If needed, record the assessment on a separate sheet and attach,

B/ Preliminary assessment indicates test specimen meets the 30-foot drop test
requirements of 10 CFR Part 71.

{1 Preliminary assessment indicates test specimen does not meet the 30-foot drop test

requlrements of 10 CFR Part 71 _
'I‘est w;tnessed by (ngn, Bt - TR T

. |'Print Name = - R Date’ .

;v. T

Engmeermg L .
S e S GRS U2 2 FAR Lo

Regulatory Affairs:
ﬁ?/p—ﬁ L e /—z‘limr/o

Quality Assurance: _ .
Q ﬁwﬂ’i:{ lﬂs\L C Ag i\fjﬂ[@r\ 1 ﬁ}ﬂr 7




SENTINEL Test Plan 180
QS5A Global, Ine February 2009

Burlington, Massachusetts Page 2 of 2

Free Drop & Puncture Test Data Sheet

Test Unit Model/Serial No.: <o = Test: Zo- e Free pEsT

Test Date: 2 EAS IO Test Time: 1O <] A

Describe drop orientation and drop height:
ORISHTATIOW B (mPACT Or ToF SurRFaE of LELDED BT

DRl HEWGUT S 32,2 FEET 1ooieead™ Lot TH TIe74(-22.2

Describe impact (location, rotation, etc.):
\RPACT ovd Tol™ SCERacE 6F WEDED BoOT]

SUEAT RoeTaTios W FEepaT ACCETS FormT LowER offord mPACT

Describe on-site inspection (damage, broken parts, etc.):
ABOUT A B 1l TET O Rim of \OCLRED C7LIRDER puGAT THE

Fev T pAccens  Powr

On-site test assessment:

e Was the test performed in accordance with 10 CFR 71, [AEA TS-R-1 1996, and this test plan?
or No.

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

* Any changes to subsequent drop orientations needed to achieve maximum damage? Especially for
the SENTRY 330 Standard, SENTRY 330 Special, and SENTRY Source Changer configurations.
Yes oxNoYIf yes, then identify and justify.

« Did sufficient damage cccur at or on the rear-plate attachment area to warrant further drop testing
the SENTRY 110 Projector — Basic configuration because of its thinner rear-plate? Yes or®g)

» Should testing continue with this test SpccimeII@ or No. If yes, next test: FlixTims 75T

o Will the test specimen pass the thermal test based on the accumulated damage assessment? Yes
or Na

Engineering: Eyzmanio Regulatory: %‘@ [ Aorm QA: OV.’/'J L Mo
/ i

Describe any post-test disassembly and inspection: b
e Wmneome vesT Dama SHEET

Describe any change in source position (if possible):
SOt E LochTiom ArovE ABuLT Ve jsoted ToeAsnS (2ot PLUTE Gob

Describe results of radiography (if performed):
Pl (SRS EA e .

Completed by: 5 .G | Date: % man O




SENTINEL Test Plan 180
(SA Global, Ine February 2009

Burlington, Massachuselis Page 1 of 2

Free Drop & Puncture Test Checklist

Test: Punctore Test

Test Location: QSA Globnl Burlmgton MA

Rl T T LT Step e DR i Data b g
1. Record test specimen serial number: TVLEG E
2. Record the test specimen weight: 654 LBS
. . Instrument S/N:
3. Record the ambient temperature: 45 0o o 2o

ORIGSTATIONS B}

. i - i i :
4. Identify set-up orientation figure LT or Dt Coue

LA Tl 761-3.6

5. Record drop height, 6 FEET 2/, TRIBO- LI

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

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

8. Release the test specimen.

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

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

TEST Sl mEnsy DBEUTPENS TouicE
LT Acess Borr TugE gre (5T T —DesT o~ Rt
2 HIT O DUWT Gusie 2P Ty — usT GuiEe ShistiTly

Lvnn PECGSED |wWwTo A ErSs “EneT.

11. Engineering, Regulatory Affairs and Quality Assurance makes a preliminary assessment relative
to 16 CFR 71. If needed, record the assessment on a separate sheet and attach.

'ﬁf Preliminary assessment indicates test specimen meets the puncture test requirements
of 10 CFR Part 71.

O Preliminary assessment indicates test specimen does not meet the puncture test

| requirements of 10 CFR Part 71
ifnéssed | by (Slg_ tnre) :

Engineermg:

<. @a—y—mﬂ S GRS B Ze 1O

Regulatory Affairs: -
m/w L’(?ﬁ'(.v/w/éﬁ /741{)7" /D

uali ssurance;
Qualiy A C. ﬂ,ﬁmlg&\/\, { ﬂga:/d?&fr\ 7»’]9_( 7




SENTINEL Test Plan 180
QSA Global, [nc February 2009

Burlington, Massachusetts Page 2 of 2

Free Drop & Puncture Test Data Sheet

Test Unit Model/Serial No.: 9 |p & Test: Puncture Test

Test Date: 2 MAR D Test Time: [ DT P Az: 534

Describe drop orientation and drop height:
ORESTaTions & — HtT omTe TULST QusiZ.

DRoP HELEHUT 1S Bb PEET (DIcstEd &Y Tle76(-3.6

Describe impact (location, rotation, etc.):
2¥D tmpALT Oono GACE OF OulT GuUEE

TEET i mEan Bobatop offE Poctum€ BUET AFmen Slelit BeownaddE |

Describe on-site inspection (damage, broken parts, etc.):
PUshc DusT QuEn Compagssen (nTo AcesS (BrT

MO Bl (TS .

On-site test assessment:

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

s Does the test specimen meet the requirements of 10 CFR 71 and [AEA TS-R-1 1996 for this test?
or No.

s Any changes to subsequent drop orientations needed to achieve maximum damage? Especially for
the SENTRY 330 Standard, SENTRY 330 Special, and SENTRY Source Changer configurations.
Yes or Moo If yes, then identify and justify.

s Did sufficient damage occur at or on the rear-plate attachment area to warrant further drop testing
the SENTRY 110 Projector — Basic configuration because of its thinner rear-plate? Yes or No}

e Should testing continue with this test specimen? Yes or ¥o)If yes, next test:

o Will the test speeimen pass the thermal test based on the accumulated damage assessment? @
or No

Engineering[@z"’m 10 Repulatory: Zé? LAagv e QA: @/} f*— ’]M )

Describe any post-test disassembly and inspection: Au¢f BEne PLaE HameooE [RTACT,
thst Lpedt Lovzles, BuT Sleof STUS , Dumnay 50uEaE LOMBE  [RodELTR A 15 ConRRRTED,

Describe any change in source position (if possible); ¢w2c€ TvoE DERLAE> 1~7e oUal Stbale

SOukeE Ly caTevrs MovE D Afltus, mawety L6 [o.bé> [ €.

Describe results of radiography (if performed):
NeT s pr mes.

Completed by: 5. - j Date: 3 aaq (O




SENTINEL Test Plan 180
QSA Global, Ine February 2000

Burlington, Massachusetts Page 41 of 41

Test Inspection Data Sheet

Test Specimen Serial No.: Last Test Performed:

TPlao = Fumctme TesT 42

Describe and measure (if appropriate) any damage or broken parts, ete.:

CARBCUT A O elth Lowvd DEMT O GEREE EDeT ofF W S-DPLTE

- BEAT AESS PreT TOEE DOTED o Tow el cEmTER vl inh,

Describe and measure (if appropriate) any signs of permanent strain or deformation:

—SEE ALZouE

Describe the condition of the simulated source wire assembly.

DO VISIELE SIEMSE 0F Dimnd€ 70 SinuleatTES SoufmE cules

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

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

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

RESLGRE TUFERERCE  BeEriuee~ FRE A POT Des€ Levels
Ors SUERRLE  AD AT IMETINR. FRya, <itfnc€ OF TEEED (ACLast,

Is o radiograph required to inspect for hidden component damage or failure? If radicgraphy is performed, describe any
damage or failures found.

00T PN T 5

Completed by: Date:

S-S Joant (o

—————




SENTINEL Test Plan 180
QSA Global, Inc February 2009
Burfington, Massachusetts Page | of 2

Free Drop & Punctare Test Checklist

Test: 30-Foot Free Drop Test
Test Location: QSA Global Bu rlmgton MA
= SRR “Data_
I. Record test specimen serial number: Trieo &
2. Record the test specimen weight: 728 LBS
; . Instrument S/N:
3. Record the ambient temperature: TN~ e —

ORIERT MO 55

4. Identify set-up orientation figure:
by P f'g HiT oro Baitem KIR suRRacE .

LEED Tlo 76 1-32.2
Sleat TP Lo —&

5. Record drop height. 22.2 Fecr

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

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

8. Release the test specimen.

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

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

OE Load P AL Bue BIR MovsTinod Boltrl FalbD I SHeAR
Botlonn BIRS ARE BEaT At CRoCIDESS,

Basic ?Ar;f.@«ia Lo NG LAATI O (M TALT At e AT e s> EX(ERT
e e Seee | Séiadioio CuT NTE Ar EDEE WELD ALVD THE el
CaVSED BY TUE BiE  ComPRESSING NTO THE SHell.,

11. Engineering, Regulatory Affairs and Quality Assurance makes a preliminary assessment relative
to 10 CFR 71. If needed, record the assessment on a separate sheet and attach.

Preliminary assessment indicates test specimen meets the 30-foot drop test
requirements of 10 CFR Part 71.

O Preliminary assessment indicates test specimen does not meet the 30-foot drop test

reqmrements of 10 CFR Part 71

_l_e'c'l by (Slguature) - P)ate R
‘Eng-i.r‘l-ieﬂering. " <. 6@:“%;\ < B | ’?;ﬂfuvl (o
zgllt:; " CAb(d | (Agris

uality Assurance: ‘
L /{m/ym@f‘f\ LA,

{ Rovihae
\!




SENTINEL Test Plan 180
QSA Global, Inc February 2009

Burlington, Massachusctts Page 2ol 2

Free Drop & Puncture Test Data Sheet

Test Unit Model/Serial No: “te1g0 Test: 25— T TREE TR
Test Date: 2 MARID Test Time: 2. 04 Pan

Describe drop orientation and drop height: )

ORLETAT (o0 T S ExcEFT TARSCETING Erilcy (MGE'IM\;G@TE?;—B

D HESIT (S 32.2 FEET AS ndlatts BY Tlo76(-352.2

Describe impact (location, rotation, etc.):
1~mPacT LocaTior 00 BoMonm 185,

SIEHT BornTio~ sl s Toe Buas 7o HUT BRes T

Describe on-site inspection (damage, broken parts, etc.):
Brolcar Loar P (1) Am® @UZ Aolts (4, i8S BEor And GoaclcEs,

Bosie Fackoge boules  VeARFGrEes .

On-site test assessment:

. C\W\Jé:)s the test performed in accordance with 10 CFR 71, IAEA TS-R-1 1996, and this test plan?
Yes® or No.

¢ Does the test specimen meet the requirements of 10 CFR 71 and TAEA TS-R-1 1996 for this test?
or No.

Any changes to subsequent drop orientations needed to achieve maximum damage? Especially for
the SENTRY 330 Standard, SENTRY 330 Special, and SENTRY Source Changer configurations.
Yes or (N0 If yes, then identify and justify.

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

Should testing continue with this test specimen? Yes or If yes, next test:

Will the test specimen pass the thermal test based on the accumulated damage assessment?(ges
or No

Engineering($) 241 lo Regulatory: X572 1 Ap- o QA: [y L lor U
Deseribe any post-test disassembly and inspection: ' !
AL Horpie & BLES BV e A SToRES .

. Describe any change in source position (if possible):
CoOZEE Lok Tio— MovEs Abovt 0.06 100chES Toanps @A Pee (.

Describe results of radiography (if performed):

Completed by: S .GR@Suai— | Date: S (O




SENTINEL Test Plan 180
QSA Global, Inc February 2009

Burlingion, Massachuselts Page | of 2

Free Drop & Punctore Test Checklist

Test: 30-Foot Free Drop Test
Test Locahon QSA Global Bur]mgton MA
Bl oY . Step - | JData
1. Record test specimen serfal number: TPLEo C’L ( & [Z%wff:?
2. Record the test specimen weight: b6 s
3. Record the ambient temperature: LA Insftrurzer-lt;}ofN:

ORUE YT TIow £ 8

. Identify set-up orientation re:
4. Identify set-up orientation figu T SerTly o ToF Pt SwaE

Fud

5. Record drop height. $2.2 tHEE T UJC;'Z: ! D;.'?%;;—ag—sz—

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

=)

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

/ .
8. " Release the test specimen.

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

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

B0 e o ICLbE> BopY . Al Golrb Aco SliewuS (~EarT,

A LT CoRT ol rilS5hads,  Cngh Tourid r 2 FEET puiy At
_APPEATS T FAeVE _ Eras$ SHAFT gpeaecd o0,

11. Engineering, Regulatory Affairs and Quality Assurance makes a preliminary assessment relative
to 10 CFR 71. If needed, record the asscssment on a separate sheet and attach.

B/Preliminary assessment indicates test specimen meets the 30-foot drop test
requirements of 10 CFR Part 71.

O Preliminary assessment indicates test specimen does not meet the 30-foot drop test

requlrements of 10 CFR Part 71 _ _ —

Engineering:

S -G.m,,,.\: STEWE &Rt S (S AT 2etd

Regulatory Affairs: i
A L Auia | iaen

Quality Assurance: "
C. l"b?ﬂ@/»\-f ¢ [”\oujhm.«\ Dt
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Free Drop & Puncture Test Data Sheet

7
Test Unit Model/Serial No.. 70 g * Test: 30-Foot Free Drop

Test Date: 9 Atz Zoto | Test Time: [ {072 A

Describe drop orientation and drop height:
ORIErTATI o HS | WPACT OF TolP SuBRACE tE LoBLDED> SOy

Ol ({EV1CUT 1S B2.Z Peel |~Dlexrco Gy T 7h(-32.7

Describe impact (location, rotation, etc.):
L PALT SQULARELY oo TOE TLATY SLgiats of LELOTD Gupy

Crclinse  Bovw ccs STRaICUT UP e TLIPPED AnD LnDED i G T

Describe on-site inspection {damage, broken parts, etc.):
VP T 1aPrisT 0o Tul SuifecE of 00 Y.

CcutleT (et (S:(Z;MT CFeats Lmrg PN L el pornb Fond 25367 A

On-site test assessment:

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

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

¢ Any changes to subsequent drop orientations needed to achieve maximum damage? Especially for
the SENTRY 330 Standard, SENTRY 330 Special, and SENTRY Source Changer configurations.
Yes or @H ves, then identify and justify.

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

e Should testing continue with this test specimen? Yes or@ If yes, next test;

s Will the test specimen pass the thermal test based on the accumulated damage assessment?cges
or No

2

Describe any post-test disassembly and inspection:
Troo T Aed> [Zen0 Plazes BBl A (nSCETes -SEE PGS

Eng‘neering@ Bt i Repulatory: ,;,{Q ’r&‘@‘, w QA;(}?;'!/! ;‘L MVZ./)

Describe any change in source position (if possible):

Mo & CHP~FE o SoVILE locaT7, ) w0

Describe results of radiography (if performed):
st Plecenzaes .

—

Completedby: S/, ~ | Date: (3 vaq /o

¥t Ribs REmgeo .
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Test Inspection Data Sheet

Test Specimen Serial No.: Last Test Performed: _ i
TPIBe G 30T oeae (F D%

Describe and measure (if appropriate) any damage or braoken parts, etc.:
— DAULTIPLE  Beoktrr BUE Mivn TG HalTEmCRS
_- BTl RS SHove CRackiroG Ars ST ro
— SHALOw CoT 1070 B0 CausTn @Y BIRS FressimG- M wARDS.

Describe and measure (if appropriste) any signs of permanent strain or deformation:

— A PomTI E TarES TR UGS St SHadlowe PR T ~ 03
(il

PEES .

Deseribe the condition of the simulated source wire assembly.

6 SRS CF DindE To Smulsr60 SourtE AsSTmELy

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

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

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

FoST TECT (AEATUREGnTS WS APraq SEzats To 2T DUup,

1s a radiograph required to inspect for hidden cornponent damage or failure? If radiography Is performed, describe any
damage or failures found.

w07 CET T s -

Completed by: Date:
S, - b man D
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Test Inspection Data Sheet

Test Specimen Serial No.: Last Test Performed: -
TFrsog S0 -t Do ( OND

Describe and measure {if appropriate) any damage or broken parts, etc.:
— sz (ST To-FooT D@ Daea SAEET.
— F2onT Rote Pozt™ Wros/souwtE Frachress AT Brxss SHET

Describe and measure (if appropriate) any signs of permanent strain or deformation:

SEE  NAGBLUE |

Describe the condition of the simulaied source wire assembly.

MO VISIBE SIS OF DiouaeE 1o Simuuassn  SovdE (WIieE ALY

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

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

Compare the pre-test dose }evels with posi-test dose [evels at the surface of the package and at 1 meter from the surface
of the package.

— B0 rme . DIFFERGECE BETeEEr— P28 A (OLT DusE (ewe(S
pT SUgBheE oF BuwT eaTE FfoeT.
— 0.5 e)n OTFceacE BEtacr— fee AwD 657 ticE Leued

AT | METET Flpgar SvePac€ of PacloacE, (2.2442//01 M,afxs

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

tooT  CEREEe & .

Completed by: Date:

S Crem 2% man (O
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2.12.5 Test Plan Report 72-S2 (680-OP) dated 15 February 1999 (minus Appendices A
through C)
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AEA Technology QSA, Inc. Test Plan 72-S2 Report

1.0 PURPOSE

This report describes the results of Model 680-OP tests which were performed in accordance
with Test Plan 72, Supplement 2. The tests were conducted from 26JAN99 though 30JAN99.
The Test Plan specified testing necessary to satisfy the requirements in 10 CFR Part 71 and
TAEA Safety Series No.6 for “Hypothetical Accident Conditions”, specifically 10CFR
71.73(c)(4) - Thermal Test Requirements. Evaluation of the compliance of the Model 680-OP
with these requirements is provided in the Safety Analysis Report.

2.0 SCOPE OF TESTING

The scope of testing in Test Plan 72-S2 includes the fellowing:
1. Hypothetical Accident Tests per 10 CFR 71.73.

a) Thermal test in accordance with 10 CFR71.73(c)(4) for the projector alone in worst case
orientation (tilted 60° up from horizontal).

b) Thermal test in accordance with 10 CFR71.73(¢c)(4) with the projector within an open
overpack with the cover removed. (This test allows for an assessment of the impact on
projector temperatures of the combustion of the overpack contents.)

For all tests, sufficient margin was included in test parameters to account for measurement
uncertainty. These test parameters included weight and temperature’.

' ANSI Standard MC96.1 specifies an allowable deviation of thermocouples and extension wire
from the standard emf-temperature tables. For type “K” thermocouples, the tolerance is required
to be the greater of +2.2°C or +2% for -200 to 0°C or £2.2°C or £0.75°C for 0 to 1250°C.
Given these tolerances and assuming a tolerance of +0.1% for typical instrumentation, the total
system uncertainty is shown below. Installation errors are not included. The total system
uncertainty is the square root of the sum of the squares of each component.

Temperature | Thermocouple | Extension Wire Instrument Total
Tolerance Tolerance Accuracy Uncertainty
800°C *6°C +6°C +0.8°C +3.5°C
-100°C +2.2°C +2.2°C +0.1°C +3.1°C
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3.0 FAILURE MODES

For the Model 680-OP, the key function important to safety is the positive retention of the
radioactive source in its stored position within the undamaged depleted uranium shield.
Excessive displacement of either the source or the shield from the design position or destruction
of the shield could cause radiation from the package to increase above regulatory limits.
Mechanisms which could cause this mode of failure include:

a) Excessive movement of the shield due to pyrolization of the Vultafoam, weakening of the
leveling jig and shell, and deformation of the source tubes while the source is held in
position by the locking mechanism.

b) Combustion of the shield due to damage to the projector shell permitting an excessive
ingress of oxygen.

Consequently, the package orientations selected for the hypothetical accident thermal tests were
intended to challenge the components that prevent these failures.

4.0 TEST UNIT DESCRIPTION

The units tested are shown in the following table. The Model 680-OP units were constructed in
accordance with drawing 97013Rev C. The manufacturing route cards for the units document
the compliance of these units with the AEA Technology QSA QA program (see TP72,Appendix
B). Asnoted in the table, the test units had previously been subjected to hypothetical accident
drop tests as part of Test Plan 72 and Supplement 1.

MODEL | PROJECTOR SERIAL NO. DRAWINGS OVERPACK
SPECIMEN
Projector Overpack Assembly
680-OP B198 (NOTE 1.} R68090 Rev, C NA NA
680-0OP B199 (NOTE 2.) R68090 Rev. C 97013, Rev C TP72-S1(C)
Notes: [. Camera S/N B198 was used in Supplement | to Hypothetical Accident Test

Plan 72. The camera was dropped in overpack test specimen TP72-S1(B).

2. Camera S/N B199 was used in Hypothetical Accident Test Plan 72. The
camera was dropped in overpack test specimen TP72(D).

The 680 projector units were radiographed after the drop tests to document the position of the
internal components prior to the thermal tests. Also, the position of the “dummy” source used in
the projector was measured prior to thermal testing. Specimen B198 was chosen for thermal
testing in the 60° orientation, considered worst case, as it had sustained the most damage in the
drop tests.



AEA Technology QSA, Inc.

5.0 SUMMARY AND CONCLUSIONS

Test Plan 72-S2 Report

Results of the tests are summarized in the table below in the sequence in which the tests were
completed. Detailed results are provided in the following sections of this report.

As shown in Appendix E, the highest projector temperatures were seen on right of side of camera
B198. Temperatures on this exposed camera were greater than 1000°C throughout the 30 minute
test period. These temperatures bound those seen on the hottest surface on the camera contained

in the overpack during the 30 minute test of 991°C.

Model Specimen Tests Done Test Results
680-OP | Unit B198 | Setin oven at 60° from horizontal Foam pyrolized
Projector oqjig. Total time in oven was 49 Most lead melted.
only minutes. Side shells and end plates bulged
slightly
Posilock in place and undamaged
Shield moved ~ 1”7 downward.
Radiation levels acceptable.
680-OP | TP72-31(C) | Setin over on feet with long side Projector
Unit B199 | to elements. Cover removed. Total - Most foam pyrolized
& time in oven was 64 minutes. - Most lead melted.
overpack - Projector unaffected
dimensionally.
- Posilock in place and
undamaged
- Shield did not move.
- Radiation levels acceptable.
Overpack-

- Most wood burned to ashes
- Most foam combusted.
- Slight bow in box bottom.

The oven door was held open by insulating strips 17 thick on both sides, creating an opening
of one inch at the top and bottom of the oven door (total 72 square inches). This opening

created a “chimney effect” within the oven, drawing air in through the bottom and exhausting

it out the top, as was evidenced by the flames emanating from the oven thought the tests.
This natural convection of air into the furnace was sufficient to combust the pyrolization
gases from the projectors and the bracing materials of the overpack.
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6.0 THERMAL TEST - PROJECTOR AT 60° FROM HORIZONTAL

6.1 Orientation

The projector was placed in the oven orientated as shown in Figure 1. The unit was
supported by a jig constructed of 4" diameter steel rod, which held the unit in position, but
afforded minimal insulation from direct radiation. This orientation was selected based on an
assessment of which orientation had the potential to result in the largest relative motion
between the shield and the source. (Note that as shown in Figure 1, the top 1 inch of the
right side plate was cut off prior to the test. This was done to allow the camera to fit in the
test oven and has no impact on the test results.)

FIGURE 1. SPECIMEN TP72-S1(B) (SN#B198)
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6.2 Thermocouples and Temperatures

Thermocouples were placed on the unit as shown in Figure 2. An additional thermocouple
was placed within the oven chamber approximately 8 inches away from the left side of the
unit. Readings form this thermocouple were used as the actual oven temperature. The
temperature read from the oven controller was recorded at various intervals, but used only
as an indication of when the oven coils were powered and not as the documented
environmental temperature.

Temperatures were recorded from insertion, through burn out, until the unit was moved to
temporary storage (Total of 826 minutes). Graphical representation of the data can be found
in Appendix E.

APPROXIMATE THERMOCOUPLE LOCATIONS

FIGURE 2. THERMOCOUPLE LOCATIONS
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The unit was in the oven for 18 minutes before the test time began. It was removed after 49
minutes (total). Initial and final temperatures during the 30 minute test period were as
follows. {All temperatures are in °C)

Thermocouple  Initial Final
3 —Left 800 881
4 — Right 1004 1005
5 — Bottom 804 912
6 — Rear 991 951
7-Top 912 945
8 — Front 862 924
9 — Source tube 617 924
Oven Ambient 951 800

The temperature of the left side (thermocouple 3) was 800°C when the test time was started,
10° below the stated temperature in the test plan. This side took approximately one (1)
minute to reach 810°C. However, the time weighted average of the thermal input to this side
far exceeded that required by the regulations, as evidenced by the final temperature.
Consistent with the Test Plan, the test time was started when all the shell temperatures
(thermocouples # 3,4,5,7) were at 800°C.

Upon removal from the oven, the gas escaping from the unit continued to burn for about 2
hours. Immediately on removal, two (2) white jets of flame were emanating from the small
seam between the side plate and shell on the left side of the projector. These jets died down
and extinguished in three (3) to four (4) minutes. The unit was left to self-extinguish. This
took an additional time of approximately 125 minutes.

6.3Damage Assessment
The initial on site external assessment showed:
a) Most paint vaporized. Radiation labels legible.
b) Lead dripping out of bottom of unit.
¢) Outward bow of upper side plate, and the right and lift sides of the shell. This resulted in
small 3-4” long by 1/16” wide gaps to form on both sides, at the intersection of the upper
side plate and shell.
d) Shipping cover and Posilock in place and undamaged. Plunger lock melted.

After radiographs of the unit were examined. it was determined that:

a) The shield had shifted downward a small amount. The ears of the shield were jammed
against the lower side frame and leveling jigs.

b) Lead dispersed in the carbon char matrix obscured views of the source tube on the front
end.

c) Measurement of the source through the front source tube connection was not feasible on
site due to lead within the source tube and potential buckling of the tube.

d) Some of the lead sheet placed around the shield (to increase weight) remained .
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It was not feasible to profile the unit on site within acceptable safety margins. It was
therefore decided to remove the top side plate in order to 1) to accurately determine the
position of the shield, 2) assess all internal damage and 3) secure the shield in position for
shipment.

Upon removal of the top side plate it was noted that the carbon char matrix filled
approximately 95% of the space the foam had occupied. Partially melted lead sheet was
found near the top and sides of the shield. Some molten lead had percolated down to the
lower corner and was dispersed throughout the matrix. The [ower source tube and lower
leveling jig could not be observed, even after removal of most of the carbon char. The lower
rod of the upper jig had disengaged from the cleats due to bowing of the shell. However,
both upper rods showed essentially no deformation. The carbon char was removed in
sections and replaced with Vultafoam to ensure the shield would not move during shipment.

Upon receipt at Burlington, the front plate securing the shipping plug was removed. The
source tube was found to be buckled and jammed against the boss inside the source tube
connector.

The rear plate Posilock assembly was also removed. The dummy source was withdrawn
from the source tube without much effort. The tope edge of the source tube was 1.063”
below the plane of the outside of the shell and 0.212” off center. This translates to a shield
movement of approximately 17,

6.4 Profile Results

The unit was profiled with a 83 Ci Co60 source dimensionally identical to the dummy
source used in the thermal test (see Appendix B). The source was inserted into the projector
and locked into position with the Posilock. This simulated the position of the dummy source
in the test. The unit was then profiled. The highest readings, found only in one very small
area, were 250 mR/hr at one (1) meter at approximately a 60° angle away and 45° down
from the Posilock. When scaled to the maximum capacity of the unit (11¢ Ci Co60) this
translates to a reading of approximately 330 mR/hr at one (1) meter. This is 33% of the
regulatory requirement of 1000 mR/hr at one (1) meter for a factor of safety of 3.
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7.0 THERMAL TEST - PROJECTOR IN OVERPACK

7.1 Orientation

The projector was placed in the oven orientated as shown in Figure 3. The overpack was
placed length-wise with the short sides toward the back and front of the oven. Information
from this orientation is being used to quantify the effects of the combustion of the overpack
on the projector temperatures. These results will be used in conjunction with the test of the
worst case camera orientation discussed in Section 6.0 to assess the potential combination
of a projector in an overpack placed in the worst case orientation.

MODEL 680 PRIOJECTOR

MODEL &80-0P
OVER PACK

FIGURE 3. SPECIMEN TP72-S1(C) (SN#B199)

10
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7.2 Thermocouples and Temperatures

Thermocouples were placed on the unit as shown in Figure 4. An additional thermocouple
was placed within the oven chamber approximately 8 inches away from the left side of the
unit. Readings form this thermocouple were used as the actual oven temperature. The
temperature read from the oven controller was recorded at various intervals, but used only
as an indication of when the oven coils were powered and not as the documented
environmental temperature.

Temperatures were recorded from insertion, through burn out, until the urit was moved to
temporary storage (Total of 375 minutes). Graphical representation of the data can be found
in Appendix E.

FIGURE 4. THERMOCOUPLE LOCATIONS

Il
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The unit was in the oven for 34 minutes before the test time began. It was removed after 64
minutes (total). [nitial and final temperatures during the 30 minute test period were as
follows.: (All temperatures are in °C)

Thermocouple Initial Final
| — Box Rear 1022 974
2 — Box Right 951 920
3 — Box Front 827 840
4 — Box Left 955 926
5 — Source Tube 1004 979
6 — Projector Top 975 959
7 — Projector Rear 991 972
8 — Projector Front 981 964
9 — Box Bottom 800 816
10 — Projector Bottom 990 967
11 — Projector Left 977 960
12 — Oven Ambient 953 919

The temperature of the Box Bottom (thermocouple 9} was 800°C when the test time was
started, 10° below the stated temperature in the test plan. The time weighted average of the
thermal input to this side did exceeded that required by the regulations, as evidenced by the
final temperature and the area under the graph. Consistent with the Test Plan, the test time
was started when all the external surface temperatures (thermocouples # 1,2,3.4,6,9) were at
800°C.

As shown in Appendix E, the temperatures on the bottom and front of the overpack took
about 30 minutes to reach 800°C. The slow response of these temperatures is believed to be
a result of the air flow patterns within the furnace. In particular, with the furnace door open
at the top and bottom, a natural draft was setup which resulted in ambient air entering the
bottom of the furnace. This air flow served to keep the bottom and front surfaces of the
overpack cooler than the rest of the package.

Upon removal from the oven, the packing materials within the overpack continued to burn.
After a short time, the flame was limited to the top of the projector, burning only escaping
gases from the foam and smoldering wood within the overpack. The unit was left to self-
extinguish. This took approximately 245 additional minutes. During most of this time the
flame consisted of a very cool, small diffusion fire on the top of the projector and
smoldering char within the overpack.

12
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7.3 Damage Assessment

The initial on site external assessment showed:
a) Some of the paint remained on the labels, especially on the sides of the projector.
Radiation labels legible.
b) No lead noticeable at bottom of overpack or any where external to the projector.
¢) Projector dimensionally unchanged. No noticeable bulging or sagging.
d) Shipping cover and Posilock in place and undamaged. Plunger lock slightly melted.

After radiographs of the unit were examined, it was determined that:

a) The shield had not moved.

b) Measurement of the source position through the front source tube connection was not
feasible on site and would be performed at Burlington.

c} Some of the lead sheet placed around the shield (to increase weight) remained .

d) It was not feasible to profile the unit on site within acceptable safety margins.

e) It was necessary to disassemble the unit to accurately determine, the extend of foam
pyrolization and to assess any internal damage. This would be performed at Burlington.

Upon receipt of the units at Burlington, the shipping plug was removed and the source
position measured at 9 13/16”, essentially unchanged from the original. The rear plate
Posilock assembly was removed. The dummy source was withdrawn from the source tube
without much effort. The position of the source tube confirmed that the shield had not
shifted during transport. A functional test confirmed that all mechanisms operated properly.

The side plates were removed. The carbon char matrix filled approximately 95% of the
space the foam had occupied. The density and resistance to probing of the matrix indicated
that the foam had not totally pyrolized. Partially melted lead sheet was found near the top
and sides of the shield. Some molten lead had percolated down to the bottom of the
projector and was dispersed throughout the matrix. All components showed essentially no
deformation.

7.4 Profile Results

The unit was profiled with a 83 Ci Co60 source dimensionally identical to the dummy
source used in the thermal test (see Appendix B). The source was transferred *o the
projector using standard loading techniques. This simulated the position of the dummy
source in the test. The unit was then profiled. The highest readings were found to be 1.0 to
1.6 mR/hr at one (1)} meter at approximately a 45° angle away from the Posilock across the
projector. When scaled to the maximum capacity of the unit (110 Ci Co60) this translates to
a reading of approximately 2.5 mR/hr at one (1) meter. This is consistent with the pre-test
profile readings and shows no significant increase due to the test.

13



AEA Technology QSA, Inc. Test Plan 72-S2 Report

APPENDIX A CALIBRATION
RECORDS

14



AEA Technology QSA, Inc. Test Plan 72-S2 Report

APPENDIX B
RADIATION PROFILE DATA
SHEETS
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APPENDIX C TEST CHECKLISTS
AND DATA SHEETS
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APPENDIX D
TEST PHOTOGRAPHS
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SPECIMEN B198 ON JIG

SPECIMEN B198 ENTERING OVEN
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FLAMES FROM SPECIMEN B198 IN OVEN

SPECIMEN B198 BEING REMOVED FROM OVEN
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SPECIMEN B198 EXTINGUISHED

SPECIMEN B198 WITH TOP SIDE PLATE OPEN
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SPECIMEN B201 AND OVERPACK ENTERING OVEN
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FLAMES FROM SPECIMEN B201 AND OVERPACK

SPECIMEN B201 AND OVERPACK BEING REMOVED
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SPECIMEN B201 AND OVERPACK OUT OF OVEN

SPECIMEN B201 AND OVERPACK EXTINGUISHED
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SPECIMEN B201 WITH SIDE PLATE REMOVED
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APPENDIX E
THERMAL GRAPHS
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1. PURPOSE

This report describes the Type B test results for the Model 650L, source changer. These tests
were performed in accordance with Test Plan 80 and were conducted March 15 through

20, 1999, The Test Plan specified testing necessary to demonstrate compliance with the
requirements in 10 CFR Part 71 and TAEA Safety Series No. 6 (1985 as amended 1990} for
*Normal Conditions of Transport” and “Hypothetical Accident Conditions.” Evaluation of the
compliance of the Model 650L with these requirements is provided in the Safety Analysis Report
(SAR).
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2. SCOPE OF TESTING

Test Plan 80 identified three orientations that could potentially cause the most significant
damage to the Model 650L source changer in the 9 meter (30 foot) drop tests. Therefore, the test
plan required three test specimens. Each of these test specimens was subjected to the tests
described below.

1. Normal Conditions of Transport Tests per 10 CFR 71.71, including the following for each
test specimen:

a) Compression test, with the test specimen under a load greater than or equal to five times
the Model 6501 maximum weight for at least 24 hours.

b) Penetration test, in which a 13.4 1b (6.08 kg) penetration bar is dropped from at least 1
meter (40 inches) onto the test specimen in the most vulnerable location.

c) 1.2 meter (4 foot) drop test, in which the test specimen is dropped in ar orientation
expected to cause maximum damage.

Water spray preconditioning of the test specimens prior to testing was ntot required in the test
plan and is evaluated separately.

2. Hypothetical Accident Condition Tests per 10 CFR 71.73, including the following for each
of the test specimens:

a) 9 meter (30 foot) drop test, in which the test specimen is dropped in an orientation
expected to cause maximum damage.

b) Puncture test, in which the test specimen is dropped from at least 1 meter (40 inches)
onto a 6 inch (152.4 mm) diameter vertical bar in an orientation expected to compound
damage from the 9 meter (30 foot) drop test.

c) Thermal test, in accordance with 10 CFR71.73(c)(4), in which the test specimen is
exposed for 30 minutes to an environment which provides a time-averaged environmental
temperature of at least 800°C (1472°F}, and an emissivity coefficient cf at least 0.9. For
the Model 650L, the test plan specified that the thermal test would be performed for only
one of the three test specimens, unless other test units suffered significant damage in the
drop and puncture tests. This requirement was based on the evaluation of the
construction of the unit, and on the potential failure modes, which are discussed in the
following section.

The crush test specified in 10 CFR 71.73(c)(2) was not required because the source capsules
are qualified as Special-Form radioactive material.

The water immersion test specified in 10 CFR 71.73(c)(6) and other tests specified in 10
CFR 71 are evaluated separately.

For all tests, sufficient margin was included in test parameters to account for measurement
uncertainty. These test parameters included test specimen weight, temperature, and drop

height.
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3. FAILURE MODES

For the Model 650L source changer, the key function important to safety is the positive retention
of the radioactive source in its stored position within the depleted uranium shield. Displacement
of either the source or the shield from the design position or failure of the shield could cause
radiation from the package to increase above regulatory limits. Mechanisms, which could cause
these modes of failure, include:

e Oxidation of the DU Shield - During the thermal test, oxidation of the DU shield could
lead to reduced shielding effectiveness and higher radiation exposure. This could occur if
failure of the inner and outer shells or failure of the through-bolts during drop testing
results in a large, open path to the DU shield.

e Source Pull-Out from the Shield - During drop testing or during the thermal test, source
pull-out could lead to higher radiation exposure. This could occur if there is significant
relative displacement between the shield and the lock assembly on the top cover plate.
Such displacement could occur if the top plate is deformed outward, and the shield moves
laterally or downward through the polyurethane foam.

The drop orientations for the normal and hypothetical accident tests were selected to challenge
the components that are intended to prevent these failures. For the 1.2 meter (4 foot) and 9 meter
(30 foot) drop tests, these orientations include the following:

e Horizontal with the long side of the unit down - This orientation could cause
movement of the shield or failure of the inner and/or outer shells.

¢ Vertical upside down - This orientation could cause deformation of the top plate,
failure of the through-bolts, or failure of the lock assembly which would all lead to
source pull-out from the shield. Additionally, movement of the shield through the
foam in the upper part of the unit would put a large lateral load on the upper portion of
the inner shell, which is subject to brittle failure.

e Top corner down - This orientation could cause failure of the bolts holding the
protective lid in place, exposing the lock assembly to damage during the puncture test.
This orientation also loads the through-bolts, top plate, and inner shell similar to the
vertical upside down orientation.

Because of the potential for brittle failure of carbon steel components, all test units were packed
in dry ice and cooled to less than -40°C (-40°F) (the minimum temperature required by IAEA
Safety Series 6) for the penetration, 1.2 meter (4 foot) drop, 9 meter (30 foot) drop, and puncture
tests.

In selecting test units for the thermal test, it was concluded that an undamaged unit would not be
significantly affected by exposure to the conditions of the thermal test. In particular, for an
undamaged unit, the depleted uranium shield wouid still be cornpletely enclosed within the inner
and outer shells and be supported by foam and a shim of either copper, steel, or lead. Under the
thermal test conditions, degradation of the foam and melting of the shim, if it is lead, will allow
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the shield to move by a small amount. This could result in limited movement of the source
relative to the shield, but not enough to significantly increase radiation levels.

Therefore, the thermal test is only expected to have a significant effect on those units which
sustained damage relating to the two modes of failure described above, specifically: (1) an
opening in the inner and outer shells to allow oxidation of the shield, or (2) relative displacement
of the lock assembly and shield which could be compounded by shield movement during the
thermal test. Since relative displacement of the lock assembly was expected in the vertical
upside down drop orientation, it was planned to perform the thermal test with the unit dropped in
this orientation. The test plan required thermal tests of the other test specimens only if they
sustained damage that could lead to failure during the thermal test.

4. TEST UNIT DESCRIPTION

The Model 650L. test specimens, identified below, were originally constructed in accordance
with drawing C65009 and were prepared for testing in accordance with drawing R-TP80, Rev. E.
The manufacturing route cards for the units document the compliance of these units with the
AEA Technology QSA Inc. QA program (see Appendix B).

Specimen Serial No. Total Weight Lead Configuration
TP80(A) 2243 80.01b No lead between DU shield and
(36.3 kg) long side of inner shell.
TP8O(B) 182 83.61b Thickest lead vnder DU shield
(37.9kg) (total 3/8" thick).
TP80(C) 195 89.01b Any location.
(40.4 kg)

Important features of the test unit construction include the following:

* The configuration of lead added to each unit for supplemental shielding was specified as
shown above to provide the worst case for the each drop orientation.

» For TP80(B), the original steel shim used in the unit was replaced with a solid 3/8" thick
lead shim.

» The original carbon steel through-bolts were replaced with stainless steel bolts.

o The original carbon steel lid bolts were replaced with high strength, strain hardened
stainless steel bolts.

* The weights of the test specimens are representative of the heaviest 650L units in use.
The range of weights of 650L. units is 75 1b to 90 1b (34.0 kg to 40.8 kg).
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The test specimens were radiographed to document the lead configuration and the position of the
intemnal components. Also, the position of the “dummy” source used in the units was measured
prior to testing.

5.

SUMMARY AND CONCLUSIONS

All test specimens met the requirements for 10 CFR 71 Type B(U) Transport Testing, as shown
in the following table of Radiation Profile results.

Specimen Specimen At Surface, | At One Meter, | At Surface, | At One Meter, | At One Meter,
Surface Before Test Before Test After After 4 ft After Final
4 ft Drop " Drop Test Test
Test (Notes 1,2)
Reg. Limits 200 mR/hr 10 mR/hr 200 mR/br 10 mR/hr 1000 mR/hr
TP8O(A) Top 84 32 94 2.4 2.7
Right 47 0.6 47 0.7 08
S/N 2243 Front 38 0.7 89 0.3 1.0
Left 56 0.6 65 0.7 0.7
Rear 74 0.7 59 0.8 0.9
Bottom 51 0.4 94 0.7 0.6
TPBO(B) Top 60 3.1 71 2.0 28
Right 56 0.4 33 0.6 5.6
S/N 182 Front 84 0.8 83 0.8 5.6
Left 83 0.6 &3 0.6 7.9
Rear 79 0.8 77 0.8 7.9
Bottom 74 0.5 33 0.7 1.1
TP8O(C) Top 72 22 59 2.0 2.2
Right 105 0.7 71 0.7 0.9
S/N 195 Front 50 06 47 0.5 0.6
Left 127 0.7 106 .8 1.0
Rear 50 0.6 53 0.6 0.6
Bottom 61 0.6 59 0.5 0.5
Notes:

1.

The final Hypothetical Accident Condition test for test specimens TP80(A) and TP8)(C) was the Puncture Test.
The final test for specimen TP80(B) was the Thermal Test.
2. Radiation profile at the surface is not required for the Hypothetical Accident Condition test (see 10 CFR

T1.51(2)(2)).
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are in Appendix C, and photographs are included in Appendix D.

Specimen Test Performed Test Results (Note 1)
TP8BO(A) | Compression Test No damage
1 meter (40 inch) penetration bar on | Impact mark; no visible damage
side
1.2 meter (4 foot) drop, horizontal ¢ Impact mark on edge of plates
on long side ¢ Small change in radiation profile
9 meter (30 foot) drop, horizontal on | Bent bottom plate flange inward
long side
1 meter (40 inch) puncture, Shallow dent on outer shell at impact
horizontal on long side (dropped point
twice to ensure specimen
temperature was below-40°C
(-40°F)
Post-Drop Inspection o Lid secured in place
e Locks undamaged; source secured
¢ No significant change in source
position
e Small change in radiation profile
TP80(B) | Compression Test No damage

1 meter (40 inch) penetration bar on
side

Impact mark; no visible damage

1.2 meter (4 foot) drop, vertical
upside down

s Impact mark on top of Lid
» Small change in radiation profile

9 meter (30 foot) drop, vertical
upside down

e QOuter shell split open from top to
bottom

s Inner shell cracked, creating a 3
ineh (76.2 mm) high by 0.5 inch
(12.7 mm) wide opening

» Small upward deflection of top
plate

e Top and bottom plates remained
secured by the through bolts.

1 meter (40 inch) puncture on crack
in shell

Bent shell inward slightly in area of
crack
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Specimen Test Performed Test Results (Note 1)
TPRO(B) | Post-Drop Inspection s Lid secured in place
(con’) s T ocks undamaged; source secured -

o Top plate deflection at center about
0.16 inch (4.1 mm}.

s No damage to through bolts

e No significant change in source
position.

e Quter and inner shells cracked;
opening about 3 inch (76.2 mm) by
0.5 inch {12.7 mm).

Thermal test o  Some oxidation of DU shield near
crack in shell

o Shield moved down (as expected)

e Polyurethane foam bumed off,
exposing the shield

* Some oxidation of shield near
crack in shell

» Shield self-extingnished after
rernoval from oven

* Source pullout less than 0.5 inch
(12.7 mm).

o Max. radiation level at one meter
was 28 mR/hr (which is much less

than 1000mR/hr allowable)
TP8XC) | Compression Test No damage
1 meter (4Q inch) penetration bar on | Impact mark; no visible damage

side

1.2 meter (4 foot) dropontopedge | e Bent corner of lid and cracked top
of lid plate of lid (brittle failure)

o  Small change in radiation profile

5 mmeter (30 foot) drop on top edge e Increased lid top plate crack length
of lid in vicinity of impact point

o Tocks still protected by lid

1 meter (40 inch) puncture vertical | Broke inside of lid top plate (locks still
upside down on lid and on underside | protected)
of top plate

Post-Drop Inspection » Locks undamaged; source secured

» No significant change in source
position

I ® Small change in radiation profile

Note 1: None of the new stainless steel bolts installed in the test specimens failed.
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Specimen TP80(A) was not significantly damaged in the testing. On specimen TP80(C), the top
plate of the protective lid was substantially cracked and portions broke away; however, the
rectangular tube section which surrounds the locks was undamaged and still attached to the lower
portion which in tum was secured to the body of the changer. As such, the locks remained
protected. The post-test radiation profiles showed a slight increase in radiation levels for these
units, but these radiation levels were well below the allowable values.

The only significant damage to any unit was the cracked shell in specimen TP8O(B). Because of
this crack, the depleted uranium shield was exposed to air during the thermal test, and portions of
the shield near the crack opening were oxidized. In addition, after the lead shim melted, the
shield was free to move downward, pulling the dummy source out of its fully inserted position in
the shield. However, even with the oxidized shield and source pull-out, the post-test radiation
profile showed a maximum radiation leve] of 28 mR/hr at one meter. This is well below the
maximum allowable level of 1,000 mR/hr at one meter following the hypothetical accident
conditions.

6. TP80 NORMAL TESTS

Compression Test

All three test specimens were loaded as shown in the figure below. Lead weights were placed on
a stee] plate, which was positioned on top of each test specimen.

The vertical projected area of the unit is 8.25 inch (209 mm} x 10 inch (254 mm) or 82.5 square
inches (531 square centimeters), yielding a total load of 165 1b (74.8 kg) for an applied pressure
of 2 psi. Since the maximum weight of the Model 650L source changer is 90 1b (40.8 kg), a load
of 5 times the weight, or 450 Ib (204 kg), is more conservative, The total compressive load
actually used was 458 1b to 462 1b (208 kg to 210 kg).

/—ﬂﬂm

e T
Ny
TR ]

Compression Test Orientation ~ All Specimens
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After a period of 24 hours, the weights were removed. No visible deformation or buckling
occurred and no other damage was observed for any of the test specimens.

Penetration Test

The three test specimens were subjected to the penetration test. Temperature readings taken just
before the test are summarized below.

Specimen Ambient Surface Internal
TP8O(A) 10°C -36°C -95°C
(50°F) (-141°F) (-139°F)
TP80(B) 9°C -93°C -83°C
(48°F) (-135°F) -117°F)
TP8O(C) 10°C -90°C 9¢°C
(50°F) (-130°F) (-130°F)

The penetration bar target was the side of the unit in an attempt to darnage the shell. For this
test, each specimen was positioned with its horizontal long side down, as shown below.

e
¥
2
B

Penetration Test Orientation — All Specimens

The penetration bar was dropped from a height of at least | meter (40 inches) above the impact

point., The bar hit as intended on each package, leaving a visible impact mark, but no other
damage.
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1.2 Meter (4 Foot) Drop Test

The three test specimens were then subjected to the 1.2 meter (4 foot) drop test. Temperaturc
readings taken just before the test are summarized below.

Specimen Ambient Surface Internal
TPBO(A) 13°C -92°C -90°C
{55°F) (134°E) (-130°F)
TP30(B) 13°C -87°C -89°C
(55°F) {-125°F) (-128°F)
TP8O(C) 13°C -95°C -92°C
(55°F) (-139°F) (-134°F)

The drop orientations for each unit are shown below and on the next page. These orientations
are the same as those used for each specimen in the 9 meter (30 foot) drop tests.

1.2 Metwy &4 Fosd

1.2 Meter {4 Foot) Drop Orientation for Specimen TP80(A)
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1.2 Meter (4 Foot) Drop Orientation for Specimen TP80(B)

1.2 Meter (4 Foot) Drop Orientation for Specimen TP80(C)

Each test specimen impacted as intended. Visnal inspections showed impact marks but no
significant damage to either TP80(A) or TP80(B). For TP80(C), a 2 inch {50.8 mm) long crack
in the top of the protective lid was observed, and the flange corner was bent.
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Results of the first intermediate inspections and assessments are summarized below. The
radiation profile of each specimen was measured, and data sheets are provided in Appendices B

and C.
Specimen Damage Source Movement Radiation Profile
(Note 1)
TP30(A) No visible damage, No significant change Largest change at
locks functional observed bottom surface:
51mR/hr to 94 mR/hr
(Note 2)
TPBO(B) No visible damage, No significant change Largest change at top
locks functional observed surface:
60 mR/hr to 71 mR/hr
TPRO(C) Cracked top lid, No significant change | Largest change at rear
locks functional observed surface:
50 mR/r to 53 mR/hr

Note 1: Radiation levels at one meter were 2.4 mR/hr or less after Normal Condition Tests.,

Note 2: All other surfaces measured remained essentially the same, exhibiting no corresponding
shift in radiation levels. Additionally, no source movement was measured, Therefore,

this change was considered insignificant.
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7. TP80 ACCIDENT DROP TESTS -~ TP80(A)

Specimen TP80(A) was subjected to a 9 meter (30 foot) drop test and a puncture test in
accordance with Test Plan 80. The results are described below.

9 Meter (30 Foot) Drop Test

Tust before the drop test, thermocouple readings for Specimen TP80(A) were as follows:

¢ Internal (source tube):; -93°C (-135°F)
s Surface (shell); -92°C (-134°F)

The orientation for Specimen TP8O(A), shown below, was the same as for the 1.2 meter (4 foot)
drop. The intention was to cause the shield to move relative to the lock assembly and/or to cause
failure of the inner and outer sbells.

© Matarse (30 Fouy

9 Meter (30 Foot) Drop Orientation for Specimen TP80(A)

The package rotated very slightly cansing the edge of the bottom plate to impact first. However,
the impact was sufficiently close to ideal as to impart the desired force into the package. Visual
inspections showed that the edge of the bottom plate had bent inward to the point where it
contacted and dented the outer shell. The edge of the top plate of the lid also bent inward
slightly.
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Puncture Test

For the puncture test, TP80(A) was dropped, as planned, on its side with the center of gravity
over the impact area, as shown below. The intention of this orientation was to inflict further
damage to the shell. The thermocouple reading on the surface of the unit before the puncture test
was -69°C (-92°F) but warmed to -26°C (-15°F) just after the test due to delays in rigging the
unit for the drop. Consequently, the unit was cooled again and dropped a secord time. For the

second test, the surface temperature was -46°C (-51°F) before the test and -42°C (-44°F) after the
test. )

T :
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1 Mater (40 tnchaz

Puncture Drop Orientation for Specimen TP80(A)

For both drops, the unit impacted on its side as intended. Each impact caused the side of the
shell to deformn inward slightly, but no significant damage was observed.

Post-Test Inspection and Asse_ssment

Following the test, the protective lid was removed and the unit was inspected. No damage to the
lock assembly was observed, and no significant source movement was measured. Radiographs
of the unit showed no discernable change in the position of the shield. The post-test radiation
profile showed no significant change in radiation levels from the pre-test profile {see Appendices
B and C). Because no significant damage occurred to the unit, the thermal test was not

considered necessary (see Section 3). In addition, Specimen TP80(B) was considered worst
case.
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8. TP80 ACCIDENT DROP TESTS — TP80(B)

Specimen TP80(B) was subjected to a 9 meter (30 foot) drop test and a puncture test in
accordance with Test Plan 80. The results are described below.

9 Meter (30 Foot) Drop Test

Just before the drop test, thermocouple readings for Specimen TPBO(B) were as follows:

« Internal (source tube): -94°C (-137°F)
« Surface (shell): -93°C (-135°F)

The package orientation for Specimen TP80(B), shown below, was the same as for the 1.2 meter
(4 foot) drop. The intention was to cause deformation of the top plate, failure of the through-
bolts, and failure of the lock assembly, leading to source pull-out from the shield.
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9 Meter (30 Foot) Drop Orientation for Specimen TP80(B)

The package impacted as intended. The impact caused the depleted uranium shield to move into
the foam below the top plate, putting a large lateral load on the inner shell, and causing the shell
to crack. The cracking of the inner shell resulted in a transfer of the lateral load to the outer
shell, breaking the spot welds that hold the outer shell together. The outer stainless steel wrap
also failed and sprung open. One of the rivnuts in the top plate broke, but its associated bolt and
the all the other lid bolts were undamaged and the lid remained secured to the package.
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Puncture Test

For the puncture test, the planned orientation was changed in order to inflict the greatest damage,
based on the on-site assessment of Engineering, Regulatory and QA. As such, TPB0(B) was
dropped so that the cracked shell was aligned with the top edge of the puncture bar. The
intention was to open up the crack or cause additional cracking in the damaged area. The
thermocouple reading on the outside surface of the unit was -57°C (-71°F) before the puncture
test and -44°C (47°F) after the test.

The unit impacted directly on the crack. The outer shell was deformed inward at the impact area,
but additional cracking was not observed.

Post-Test Inspection and Assessment

Following the test the protective lid was temoved and the unit was inspected. The through-bolts
were all intact. One of the locks had broken out, but the dummy source remained securely
retained (i.e., the lock slide was still secure). The top plate (with the lock assembly) deflected
outward by about 0.16 inch (4.1 mm). The resulting source pull-out was measured to be

0.027 inch (0.69 mm) in one side and 0.064 inch (1.6 mm) in the other side. Radiographs
showed the crack in the inner shell extended from the top plate to the bottorm plate.
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9. TP80 ACCIDENT DROP TESTS — TP80(C)

Specimen TP80O(C) was subjected to a 9 meter (30 foot) drop test and a puncture test in
accordance with Test Plan 80 and results are described below.

9 meter (30 Foot) Drop Test

Just before the drop test, thermocouple readings for Specimen TP80(C) were as follows:

¢ Internal (source tube): -97°C (-143°F)
e Surface (shell): -98°C (-144°F)

The package orientation for Specimen TP80(C), shown below, was the same as for the 1.2 meter
(4 foot) drop. The intention was to fail the bolts holding the protective lid to the rest of the unit.
This would expose the lock assembly to further damage during the puncture test,

o -
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9 Meter (30 Foot) Drop Orientation for Specimen TP80(C)

The package impacted as intended. Visual inspections showed that none of the lid bolts failed,
but the lid crack initiated in the 1.2 meter (4 foot) drop increased in both directions. The crack
went around the top plate at its interface with the rectangular tube section that protects the locks.
The crack went about halfway around the ld, and the top plate was deflected downward about
0.5 inch (13 mm). Portions of the top plate flange also broke off.
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Puncture Test

Specimen TPBO(C) was subjected to two puncture tests. An additional puncture drop was added
as two possible orientations were deemed “worst case”. In the first test, the unit was dropped
vertically upside down, with the intention of breaking through the lid and damaging the locks.
The thermocouple reading on the surface of the unit was -53°C (-63°F) before the puncture test
and -50°C (-58°F) after the test.

For the second test, the unit was dropped such that the impact was on the uncerside of the top
plate, as shown below. The objective of this drop was to damage the rivnuts, which hold the lid
to the top plate, and to pry the top plate off of the unit by overloading the through-bolts. The
initial surface temperature was -47°C (-53°F).

Second Puncture Drop Orientation for Specimen TP80(C)
The unit impacted as intended in both drops. In the first drop, the top of the lid was damaged
further, however, the lid remained intact and the puncture bar did not impact the lock assembly.
In the second drop, the top plate deformed slightly, but no significant damage was observed.

Post-Test Inspection and Assessment

Following the test, the protective lid was removed and the unit was inspected. No damage to the
locks was observed and no significant movement of the source was measured. The post-test
radiation profile showed no significant change in radiation levels from the pre-test profile (see
Appendix B). Because no significant damage occurred to the unit, the thermal test was not
considered necessary (see Section 3). In addition, Specimen TP80(B) was considered worst
case.
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10. TP80 THERMAL TEST - TP80(B)

Based on the results of the drop tests, a thermal test was performed with specimen TP80(B). The
damage to this unit was such that the maximum source pull-out, as well as oxidation of the
depleted uranium shield, could occur during the thermal test. The thermal test was not
considered necessary for the other test specimens since the results are bounded by those for
TP80(B).

Orentation and Setup

Based on the damage observed in the drop tests, it was concluded that worst orientation for the
thermal test was to have the unit at an angle such that the center of gravity of the shield was over
the bottom comer edge of the inner shell. The cracked side of the unit was oriented downward,
so that the shield would move toward the crack as the lead shim melted and the shield dropped
down. The worst case angle was determined to be 53° based on the internal geometry of the unit.
This would allow the maximum amount of shield movement relative to the top plate, pulling the
source out of position. To hold the specimen in this orientation, a steel jig was constructed as
shown below.

Front

Tap
Left & Right

Back
Frent Front of

Cppoaita Oven
Crack

Crack Source

Bottorn

TP8G(B) Orientation and Thermocouple Locations

Seven thermocouples were attached to the specimen on the top, bottom, and four side surfaces
(two thermocouples on the front side). An eighth thermocouple was inserted into one of the
source tubes to measure the internal temperature. A ninth thermocouple was used to measure the
armbient oven temperature.

To allow for combustion during the thermal test, the oven door was blocked open with a gap of
1 inch (25.4 mm) at the top and bottom of the door, permitting airflow into the oven while
allowing the oven to maintain its temperature. Since the oven door is 36 inches (914 mm) long,
each opening was approximately 36 square inches (232 square centimeters).
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Test Chronology

Temperatures were recorded from the time the specimen was inserted in the oven until after it
had cooled and was moved to a temporary storage area. The total duration of this period was
about 1,000 minutes (16 hours). Plots of the temperature data are included in Appendix C. The
overall test chronology is as follows:

¢ Zero to 32 minutes — heat up of the specimen from ambient to over 810°C (1490°F).
The 30 minute test started when all surfaces of the specimen exceeded 810°C (1490°F).
The thermocouple on the bottom of the unit was the last to reach the target temperature,
and the test was started when it reached 813°C (1495°F).

¢ 32 to 64 minutes — 30 minute test period, with all temperatures maintained above
810°C (1490°F). The maximum temperature was 996°C (1825°F) on the side of the
unit facing the rear of the oven, while the minimum temperature was 813°C (1495°F)
on the bottom of the unit. The initial and final temperatures of all thermccouples over
the 30 minute period are shown below. Flames due to combustion cof the foam were
observed, however these diminished and stopped before the end of the 30 minute test.

Location Initial Temp. Final Temp. Average Temp.

Bottom 813°C g61°C g72°C
(1495°F) (1582°F) (1602°F)

Top 980°C 879°C 913°C
{1796°F) (1614°F) (1675°F)

{(Lid) Front 934°C 848°C g79°C
Oven (1713°F) (1558°F) (1614°F)

(Lid) Back 995°C 884°C 923°C
Oven (1823°F) (1623°F) (1693°F)

(Lid) Left Side 949°C 865°C 895°C
(1740°F) (1589°F) (1650°F)

(Lid) Right Side 979°C g72°C 909°C
(1794°F) (1602°F) {1668°F)

Side (Opposite 830°C 810°C g23°C
Crack) (1526°F) (1490°F) (1513°F)

Source Tube 906°C 865°C 886°C
{1663°F) {1589°F) {1627°F)

Oven/Ambient 940°C 839°C §77°C
{1724°F) (1542°F) (1611°F)

¢ 64 minutes — removal from oven. The depleted uranium shield was visible, with a
slightly red glow in areas. Some depleted uranium oxide (black power) was observed
coming out of the crack and onto the surface below, indicating the shield was
oxidizing.
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s 64 to 700 minutes ~ cool down to below 100°C (212°F). During this time, the shield
was allowed to self-extinguish,

During the cool down period, the unit was allowed to cool via natural convection with no
additional heat input. The hypothetical accident conditions specified in the JAEA Safety Series 6
regulations include a requirement to account for heat input due to insolation during the cool
down period. This heat input could reduce the cool down rate. However, the reduction was not
considered to have any effect on the damage sustained by the test specimen, particularly
compared with the 30 minute exposure to 810°C (1490°F) in the oven.

Post-Test Inspection and Assessment

The initial on-site assessment of the test specimen included the following observations:
» A cracked piece of the inner shell was dislodged and had dropped out of position.
s Most paint had vaporized. Radiation labels were still legible.
s All the foam had burned off, leaving a small amount of carbon char.
» The lead shielding and shim melted and some lead had dripped out the bottom of the unit.

* Radiography showed the shield moved laterally and downward as expected. The
resulting source pull-out was measured to be 0.436 inch (11.1 mum) on one side and
0.480 inch (12.2 mm) on the other side.

» The lock assemblies were functional; however, the source tubes had completely pulled
out of the top plate and had shifted laterally. This caused an interference between the
source wire and the top plate, and required that the top plate be machined to enlarge the
holes before the unit could be profiled.

After the thermal test, visual observations indicated that the shield had come to rest on the
through bolts and bottom plate. However, to securely fix the shield in position for shipping and
extensive handling, holes were drilled in the shell of the unit so that foam could be poured in,
and the shield was foamed in place. A radiation profile was then done on site with the source
located te replicate the amount of observed source pull-out. The highest radiation measurement
was 28 mR/hr at one meter (when scaled to the 240 Ci licensed capacity of the unit) at the top of
the unit. The small amount of shield oxidation experienced in the test had a minimal effect on
the overall effectiveness of the shielding.
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TEST PHOTOGRAPHS



Test Plan 80 Photographs

Typical Penetration Impact

Typical Penetration Test Setup
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TP8M(A) 4 Foot Drop Results

TP8O{(A) 30 Foot Drop Results

TP8O(A) 30 Foot Drop Setup
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TP80(A) Puncture Test Results

TP80(A) Poncture Test Sefup
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TP80(B) 4 Foot Drop Test Results

TP80(B) 4 Foot Drop Setup
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TP80(B) 30 Foot Drop Setup

TP80(B) 30 Foot Drop Results
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TP8KB) Puncture Test Setup ;
TP80(B) Puncture Test Resnlts
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TP80({C) 30 Foot Drop Results

TP80(C) 30 Foot Drop Results
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TP80(C) Puncture Drop 2 Results
TP80(C) Puncture Drop 2 Setup Showing Closeup of Rivnut

D-8



Test Plan 80 Photographs

TPSKB) Thermal Test Setup TP80(B) Thermal Test Setup

TP80(B) Thermal Test TP80(B) Thermal Test After
After Removal From Cven Removal From Qven
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TP80(B)} Detail of
TPS0(B) Thermal Test After CosuB) Detail o
Removal From Oven

TP80)(B) Detail of
Uranium QOxide Residue

TP80(B) Detail of Uraninm Oxide
Residue
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TPS0(B) Thermal Test After TPS0O(B) Thermal Test After Removal

Removal From Oven--Detail of From Oven—Lid Removed
Crack After Foaming to Stabilize
Shield

TPSO(B) Thermal Test After

TP80B) Thermal Test After Removal From Removal From Oven--

Oven--Detai} of Source Tube Displacement After Dummy Source Wire--White

Removal of Lock Assemblies Mark Shows Top of Source
Tube Position
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Appendix D: Multiple Wire Locking Assembly

Background

Currently the Model 650L source changer is equipped with the standard locking
assembly. It is the intention of AEAT to modify all 650L source changers to the multiple
wire lock assembly during the currently planned modificaticn cycle (i.e., replacemnent of
the through and cover bolts).

The Type B(U) Testing documented in Appendix C was performed with source changers
equipped with the standard locking assemblies. Qualification of the source changer when
equipped with the standard locking assemblies is addressed in the body of this document.

In this appendix, the Model 650L source changer, equipped with multiple wire locking
assemblies, is evaluated with respect to the requirements for Type B(U) Transport
packages contained in 10CFR71. This evaluation is performed by reviewing the
10CFR71 requirements that are potentially affected by the design of the locking
assemblies, and assessing the effect of the differences between the standard and multiple
wire designs.

Design Description

The standard and multiple wire locking assembly designs are described in the following
sections. :

Standard Locking Assembly Design

The main components of the standard locking assembly are the base plate, lock slide, key
lock, and hold down cap, as shown in the drawings in Appendix A. With the exception
of the key lock subassembly, all components are stainless steel. The key lock is a
standard, commercially available part. The standard locking assembly is secured to the
source changer top plate with four 1/4-20 stainless steel screws. These screws are
arranged in a rectangular pattern (1.25 inch x 1.124 inch) around the source hold down
cap.

When the assembly is in the locked position, the source can not be withdrawn from its
shielded position because the source wire is captired by tines on the end of the lock slide.
The lock slide is prevented from disengaging from the source wire by a lock bolt that
projects down from the key lock cylinder and captures the slide. The standard lock
assembly is designed to accommodate sources using teleflex wires.

Multiple Wire Locking Assembly Design

The main components of the multiple wire locking assembly are the base plate, base plate
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adjustment shims, lock slide, key lock, and hold down cap, as shown in the drawings at
the end of this appendix. All components are stainless steel, except for the brass key lock
and guiding insert.

The multiple wire locking assembly can accommeodate source wires with lengths that
differ by as much as 1/2 inch. To allow the capture of the different length source wires,
the lock base plate and lock slide are thicker than in the standard design. Additionally,
there are spacers of varying heights (0 to 0.25 in) between the top plate and bottom of the
lock base plate to provide a tightly controlled distance between the bottom of the source
tube and the locking assembly. These dimensional changes result in a slight weight
increase for the multiple wire locking assembly of approximately 1 1b (0.45 kg) per

. source changer (with 2 locking assemblies). Additionally, the overall height of the

multiple wire locking assembly is 2.8 to 3.0 inches at the hold down cap, versus

2.3 inches for the standard design. The method of attachment of the lock assemblies to
the source changer top plate is the same zs for the standard lock assembly, i.e., 1/4-20
screws threaded into the same holes in the top plate.

When the multiple wire locking assembly is in its locked position, the source wire can not
be removed from the source changer. The stop ball on the source wire is contained within
the 1/2 inch vertical cavity in the lock slide by the slots in the top and bottom of the slide.
The spring-loaded pin within the hold down cap keeps the source wire fully inserted in
the DU shield.

Effect of Multiple Wire Locking Assembly Design on Type B(U) Transport
Requirements

The characteristics of the multiple wire locking assembly that conld have an effect on
Type B(U) Transport requirements, as defined in 10CFR7]1, are compared with those of
the standard locking assembly in the following sections.

Weight and Center of Gravity

The source changer weighs up to 90 1b (41 kg), including the DU shield, which weighs
approximately 42 1b (19 kg). The weight difference between the standzrd and multiple
wire locking assemblies is 1 1b {0.45 kg) for two assemblies. This increase of 1% for
total package weight is considered negligible.

Positive Closure

The multiple wire locking assembly, which secures the source assembiy in the shielded
position and assures positive closure, cannot be exposed without first removing the top
lid of the source changer. After removal of the seal-wired lid, the hold down cap must be
removed, the key lock unlocked, and the lock slide moved to the unlocked position before
the source wire can be removed from the source changer. When the lock slide is in the

D-2
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locked position, the stop ball on the source wire is contained within the 1/2 inch vertical
cavity in the lock slide by the slots in the top and bottom of the slide.

One other change in the design of the multiple wire locking assembly is the use of a brass
key lock. This lock is used by AEA Technology QSA Inc. in all of the Posilock® devices.
It has proven safe and effective without failure through extensive field use and Type B
testing, whether in or outside of an overpack. Additionally, brass does not undergo a
ductile to brittle transition at low temperatures like cast zinc and carbon steel. The brass
lock, therefore, is not susceptible to the lock cylinder damage that occurred at low
teroperatures during the 650L experimental and Type B drop tests. As a result, the key
lock is considered capable of ensuring that the lock slide remains in the locked position
under both the normal and hypothetical accident conditions.

Based on this evaluation, the multiple wire lock assemnibly meets the requirements for
positive closure.

Normal Conditions of Transport Tests

The use of multiple wire locking assemblies would have no impact on the results of the
Normal Conditions of Transport Tests discussed in the body of this report, and in
Appendix C. Specifically, as shown in the Test Report (Appendix C), there was no
damage to the source changer that could have been affected by the lock assembly design.
For Specimens TP80(A) and TP80(B), damage was limited to irnpact witness markings
on the top and bottom plates and the lid. For Specimen TP80(C), the 1.2 meter (4 foot)
drop initiated a crack in the top of the lid. No damage was observed for either the locking
assemblies or source changer top plates.

The multiple wire lock assembly has the same basic dimensions, materials, and
attachment to the source changer top plate, as the standard lock assembly. Therefore, it is
concluded that these lock assemblies would not be damaged by the Normal Conditions of
Transport Tests.

Hypothetical Accident Condition Tests
The Hypothetical Accident Condition Tests reported in Appendix C identified three
potential damage mechanisms that could be affected by the change in the design of the

lock assembly. These potential damage mechanisms include the following:

1. Large Deflection of Source Changer Top Plate (Resulting in Source Tube Pullout and
Failure of Lock Assembly Attachment Screws)

2. Failure of Lid (Resulting in Failure of Lock Assemblies)

3. Shock of Impact (Resulting in Failure of Lock Assemblies)

b-3
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These potential damage mechanisms are discussed below.

Large Deflection of Source Changer Top Plate—In the vertical upside down 9 meter (30
foot) drop test of TPBO(B), the top plate was deflected upward about 0.16 inch (4.1 mm)
in the center of the plate. The top plate, which is 10 gage (~1/8 inch) thick, is less stiff
than the standard locking assembly. Therefore, the area of the top plate bounded by the
rectangles formed by the lock screws stayed in plane (flat). The distances between the
screws (1.124 inch x 1.250 inch) are the same for both designs, and the multiple wire lock
assembly is at least as stiff as the standard design. Therefore, the top plate deformation
(and potential source tube pullout) would be unaffected by use of the multiple wire
Yocking assembly, Note that although the footprint of the multiple wire locking assembly
is shightly different than that of the standard design, the differences are in the key lock end
of the assembly, which cantilevers above the top plate when the plate deflects npward.
The extra weight (1 1b) of the multiple wire locking assembly would have a negligible
effect on the deflection of the top plate, which is driven by the weight of the DU shield
(approximately 42 Ib).

Failure of Lid—In the top corner down 9 meter (30 foot) drop test of TPBO(C), the source
changer lid partially failed due to the brittle condition of the carbon steel. Specifically,
the 1id cracked and its top plate deflected inward about 1/2 inch along one edge. The
subsequent puncture test increased the lid damage slightly. The normal height of the lid
(4 1/2 inches) is sufficient to allow such a deflection and still protect the multiple wire
locking assembly, which is about 3 inches high at the cap. Therefore, it is concluded that
the source changer lid would protect the multiple wire lock assembly during Hypothetical
Accident Condition Testing.

Shock of Impact—The standard locking assembly was dropped three times from 9 meters
(30 feet). The assemblies stayed in the locked position for all three tests. The multiple
wire lock assembly has the same basic dimensions, materials, and attachment to the
source changer top plate, as the standard lock assembly. Therefore, it is concluded that
these lock assemblies would remain in the Tocked position during the Hypothetical
Accident Conditions of Transport Tests.

Conclusion
The Model 6501 source changer, when equipped with the multiple wire locking

assembly, satisfies the requirements for Type B(U) Transport packages by comparison to
the standard locking assembly.
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U.S. Department 400 Soventh Street, S.W,
) Washingten, D.C. 20590

of Transportation IAEA CERTIFICATE OF COMPETENT AUTHORITY

Pipeline and SPECIAL FORM RADIOACTIVE MATERIALS

Hazardous Materials CERTIFICATE USA/0377/5-96, REVISION 7

Safety Administration

This certifies that the sources described have been demonstrated to meet the
regulatory requirements for special form radicactive material as prescribed
in the regulations of the International Atomic Energy Agency?! and the United
States of America? for the transport of radicactive material.

1. Source Identification - QSA Glopal, Inc. Models 60011, 60012, and
60013,

2. Source Description - Cylindrical double encapsulations made of Type
304 or 304L stainless steel and seal welded. Approximate outer
dimensions are 6.35 mm (0.25 in.} in diameter and 24.3 mm (0.96 in.)

in length (Model 60011); 8.8% mm (0.35 in.) in diameter and 32.5 mm
(1.28 in.) in length (Model 60012}; and 12.1 mm (0.48 in.} iIn diameter

and 40.3 mm {1.5% in.) in length (Model &60013). Inner capsules are
made of stainless steel or titanium, secured by stainless steel,
titanium, or aluminum spacer disks and springs. Construction shall be

in accordance with attached Tech/Ops Drawing No. 60060, Rev. B.

3. Radioactive Contentgs - No more than 8§.14 TBg (220.0 Ci) of Cobalt-60
for the Model 60Cll. No more than 25.% TBg (700.0 Ci) of Ccbalt-60
for the Model 60012. No more than 44.4 TBg (1,200.0 Ci) of Cobalt-60
for the Mogdel 60013. The Co-60 is in solid metallic form.

4, Quality Assurance - Records of Quality Assurance activities reguired
by Paragraph 310 of the IAEA regulaticns: shall be maintained and made
available to the authorized officials for at least three years after
the last shipment authorized by this certificate. Consignors and
consignees in the United States exporting or importing shipments under
this certificate shall satisfy the requirements of Subpart H of 10 CFR
71,

5. Expiration Date - This certificate expires on April 30, 2011.

! "Regulations for the Safe Transport of Radicactive Material, 1996
Edition (Revised) , No. TS-R-1 (8T-1, Revised}, " published by the
International Atomic Energy Agency (IAER), Vienna, Austria.

2 Title 49, Code of Federal Regulaticns, Parts 100-199, United States of
America.



(- 2 -)
CERTIFICATE USA/0377/5-96, REVISION 7
This certificate is issued in accordance with paragraph 804 of the IAEA
Regulations and Section 173.476 of Title 49 of the Code of Federal

Regulations, in response to the March 06, 2006 petition by QSA Glokal, Inc.,
Burlington, MA and in consideration of other information on file in this

Office.

Certified By:

Apr 05 2006

Robert A. McGuire {DATE)
Associlate Administrator for Hazardous Materials Safety

Revision 7 - Issued to extend the expiration date and update company name.
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ABA Technology QSA, Inc. October 8, 1958
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PURPOSE

This test plan describes an experiment to determine the typical compression and energy
absorption characteristics of the foam material used in the Sentinel radiography device and
transport packages. The foam is Vultafoam, part number 16-L-708 and 16-L-720, mamufactured
by General Latex and Chemical Corp. The tests involve dropping a steel bar onto foam samples
and measuring the depth of compression. Tests will be done at various temperatures.

MEASURING AND TEST EQUIPMENT
Required measuring and test equipment includes:

Steel bar and guide tube

Scale (calibrated)

Thermocouples and thermocouple reader (calibrated)
Ruler, one meter long, OR tape measure

Graduated cylinder (I m! accuracy)

Caliper (0.001 inch accuracy)

Oven

Freezer or cooler with dry ice

e A

TEST SPECIMEN PREPARATION

A total of 12 test specimens {(identified in Table 1) are to be made using this test plan and work
instruction WI-AS40. All the test specimens are to be contained in a ¥2 pint tin can. Test
specimen foam mixtures are determined in Table 4 to simulate representative volumes of the
model 650 and model 680 in the ¥ pint cans.

Table 1. Foam Specimens

Set No. Number of Specimens Foam Part No. Can Top Open or Closed l
1 3 16-L-708 Open
2 3 16-L-708 Closed
3 3 16-L-720 Open
4 3 16-L-720 Closed
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Can Preparation

1. ldentify each can with its set number and specimen number 1 through 3.
2. For Sets 2 and 4, dnll a small hole (about % inch diameter) in the top of the can lid.

3. Weigh each tin can and record the weight before adding the Vultafoam. Record the weight
in attached foam compression test data sheets.

4. Measure the volume of a can without the top on and a can with the top on. Note: Based on
previous observations the volume of a can without a top on is typically 257 + 2 mL. Measure
the volume by filling the can with water and measuring the water volume with the graduated
cylinder. Record the volume for each can in the attached foam compression test data sheets,

Foam Component Density

Determine the density of Vultafoam components. For each component (16-L-708 and
16-L-1720) perform the following steps:

a) Weigh the graduated cylinder when empty and dry.

b) Fill the graduated cylinder with the component and record the volume m Table 2.

c) Weigh the cylinder to determine the weight of the component and recozd in Table 2.
d) Repeat this procedure for the other component.

e) Calculate the density of the component in Table 2

Foam Mass Required

Determine the mass of mixture used in the Vultafoam work imstruction (WI-AS40-01) for Model
650 and 680 using Table 3.

Foam Mixture Required for Test Can

Determine the mass of mixture to use in the test sets by completing Table 4.



SENTINEL Test Plan 79
AEA Technology QSA, Inc. October 8, 1998
Burlington, Massachusetts Page 3 of 12

Test Set Preparation

1. For Test Set 1, mix Vultafoam components A and B in the volume ratio specified in the W1
for the model 650 or 680 as appropriate. Record the volume of each component in test date
sheet (mix enough foam to prepare the number of cans which can be foamed in about 3
minutes). Mix the Vultafoam parts using a pistol drill with a stirrer for approximately five
seconds.

2. Place the test can on the scale and zero the scaile. Pour the required mixture weight (as
determined in Table 4) into the test can. Record the weight in the aftached data sheets.
Remove the can from the scale,

3. For test sets 2 and 4 place the lid on the can and tap edges with a rubber mallet to ensure the
lid is tight.
4. Repeat steps [ through 3 for the remaining test set cans.

5. After the foam has cured, remove the top of the can for Sets 2 and 4. For Sets 1 and 3, cut
the top of the foam flush with the top of the can. Record the cure time in the attached data
sheets.

6. Weigh each can and record value in the attached data sheets.
7. Calculate the effective density in the attached data sheets.

. Cut approximately ¥%” off the top and bottom of the can to obtain a level surface for the drop
test.

9. Record the foam height of the test specimen.

10. Drill a small hole in the center of the side of the test can shell approximately 1 inch deep for
the thermocouple.

TEST INSTRUCTIONS
Document completion of these test instructions on the attached data sheet.
Test Preparation:

Verity all measuring and test equipment is in calibration.
Fabricate and measure specimens as described above.

Insert the thermocouple into the foam approximately in the center of the can.

A e

Place one of each type of specimen in oven set to a temperature of at least 100°F for at least
one hour.

5. Place one of each type of specimen in a freezer set to —40°F or lower or in a cooler with dry
ice for at least one hour.

6. Allow one of each type of specimen to remain at room temperature for testing.
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7. Mount the guide tube over a clean, flat surface such that the tube is vertical (see Figure 2).
Make sure the guide tube is mounted such that the drop height of the steel bar can be
accurately measured and both ends of the tube will be unobstructed durizg the test (ie., make
sure that air can easily escape the tube as the bar is dropped).

Compression Test:

1. Position the steel bar in the guide tube and measure the drop height.
2. Record the temperature of the test specimen as it 1s removed from the oven/freezer.

3. Place the specimen on the test surface and secure in place. Immediately drop the bar onto the
specimen.

4. Measure the depth of compression.

5. Record any observations regarding damage to the specimen.

Opening Steel bar
Cure foam with

/ top in place (Sets 1

7 2 and 4)

1]

Guide tube

|

P A ]
A YA A VAN

LAY AT AV AV ATAY, E et
A A Measure inside

e voluine of container Height

Fomndnd]
Figure 1. Foam Container [ARATAY
Specimen

Figure 2. Test Set Up
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Table 2. Vultafoam Component Density
Set No. Empty Cylinder Volume of Wt of Cylinder | Calculated
Component (B) w/Comp (C) Density
(C-A)(B/29.575)
(ml) (Tbs) (lbs/oz)
16-L-1708 A
B
16-L-1720 | A
B

Completed by:

Check by:

Volume conversion; 1 0z. = 29.575 ml

Date:

Date:




SENTINEL Test Plan 79
AEBA Technology QSA, Inc. October 8, 1998
Burlington, Massachusetts Page 6 of 12
Table 3. Vaultafoam Mixture Weight Used in Model 650 and 680
Model | Foam Part A Part B Total Mass of
Type . m . m Mixture used
Vola Pa A Vols PB B in device
(From (Vola)(pa) (Valg)pe)
0Z 0z (From (m, + mg)
(02) Table 2) (02) Table 2) "
650 16-L-708 24 30
680 16-L-720 225 281
* Volumes of A and B from WIAS40
Completed by: Date:
Check by: Date:
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Table 4. Vultafoam Mixture Required for Test Cans

| Test Sets Foam Total Mass of Volume Ratio | Mass of Vultafoam Added to
Type Mixture ia Volow/ Vol Test Can (Ibs)
Device " (A*B)
(From Table 3) ®)
(A)
1,2 16-L-708 0.057
34 | 16-L-720 0.010

* Based on scoping estimates (Attachment A and B)

Completed by: Date:

Check by: Date:
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Foam Compression Test Data Sheet
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Description

Model/Serial Number(s)

Calibration Date(s)

Steel bar #1

N/A

Steel bar #2

N/A

Thermocouple/thermometer

Scale #1

Scale #2

Height Gage

Oven

N/A

Additional Equipment:

Graduated Cylinder

N/A

Ruler/tape measure

N/A

Completed by:

Date:

Check by:

Date:
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Set 1 — Free Rise Specimens

Specimen 1-1

Specimen 1-2

Specimen 1-3

Can empty weight (Ibs)

Can volume {mL)

Volume of Component
A /B in mixture {mi)

Weight of Vultafoam added
to can (Tbs)

Cure time {min)

Filled weight (Ibs)

Foam height, Pre-drop (in}

8.

Heating/cooling time {min}

9.

Specimen temperature (°F)

10. Drop Bar Used

11. Bar drop height (in)

12. Foam height, Post-drop (i)

Completed by:

Check by:

Date:

Date:




SENTINEL
AFA Technology QSA, Inc.
Burlington, Massachusetts

Foam Compression Test Data Sheet
16-L-708 (8 pcf demnsity) Foam
Contained Specimens

Test Plan 79
October 8, 1998
Page 10 0f 12

Sct 2 — Contained Specimens

Specimen 2-1

Specimen 2-2

Specimen 2-3

13. Can empty weight (Ibs)

14. Can volume (mL)

15. Volume of Component
A /B in mixture (ml)

16. Weight of Vultafoam added
to can  (1bs)

17. Cure tune (min)

18. Filled weight (Ibs)

19. Foam height, Pre-drop (in)

20. Heating/cooling time (mmin)

21. Specimen temperature (°F)

22. Drop Bar Used

| 23. Bar drop height (i)

24. Foam height, Post-drop (in)

Completed by:

Check by:

Date:

Date:
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Foam Compression Test Data Sheet
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Free Rise
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Set 3 -- Free Rise Specimens

Specimen 3-1

Specimen 3-2

Specimen 3-3

25. Can empty weight (Ibs)

26. Can volume (mlL)

27. Volume of Component
A /B in mixture (ml)

28. Weight of Vultafoam added
to can (lbs)

29. Curetime  (min)

30. Filled weight (Ibs)

31. Foam height, Pre-drop (in)

32. Heating/cooling time {min)

33. Specimen temperature (°F)

34. Drop Bar Used

35. Bar drop beight (in)

36. Foam height, Post-drop (in)

Completed by:

Check by:

Date:

Date:
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Foam Compression Test Data Sheet

- 16-1L-720 (20 pef Density) Foam

- Contained Specimen
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Set 4 — Contained Specimens

Specimen 4-1

Specimen 4-2

Specimen 4-3

37.

Can ernpty weight (1bs)

38

Can volume (mL)

39,

Volume of Cornponent
A/B in mudture (ml)

40.

Weight of Vultafoam added
to can (Ibs)

41.

Cire ime  (rmin)

41.

Filled weight (1bs)

43,

Foam height, Pre-drop (in)

44.

Heating/cooling tine (mit)

45,

Specimen ternperature (°F)

46,

Drop Bar Used

47,

Bar drop height (in)

48.

Foam heiglt, Post-drop (in)

Completed by:

Check by:

Date:

Date:
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VULTAFOAM IMPACT TEST RESULTS
PURPOSE

To document the results of impact testing conducted on Vultafoam 16-L-708 and 16-L-720 test
specimens at AEA Technology.

SUMMARY

Vultafoam 16-L-708 and 16-L-720 specimens were produced in 2 pint (8 fluid ounce) cans to
simulate the typical foam formed in Sentinel Model 650 and 680 radiography devices during
manufacturing. The samples were then tested to determine the effects of temperature and foam
density on the compression characteristics of the foain at various impact energies by dropping a
1-inch diameter steel bar from various heights. Test results are summarized below in Table 1
and detailed results are in Tables 2 through 5. Test data sheets and equipment calibration records
can be found in Attachment A and Attachment B respectively.

Table 1. Test Summary

. Effective | Test Drop Drop Foam Foam
Eft PFoa;? gﬁn&é Spiglgnen Density | Temp | Height Energy Compression Strain |
0. | FartNo. ' (/R ® (in) (f1bs) (in)
1 10.4 -534 4875 17.875 359 134
1 | 16-L-708 | Open 2 10.1 71 40.13 14.713 374 135
3 10.2 105 40.13 14,713 352 132
1 12.7 45 48.75 45.906 864 320
2 | 16-1-708 | Closed 2 13.0 70 40.18 14.733 214 083
3 12.8 120 56.75 20.808 189 071
1 243 -50 99.00 93.225 321 116
3 | 16-L-720 | Open 2 24.1 70 67.63 63.685 255 090
3 24.5 134 99.00 93.225 262 098
L 257 -63 99.13 93.347 410 152
4 | 16-L-720 | Closed 2 26.1 70 84.25 79 335 296 .109
3 287 117 99.00 93.225 265 | 097
1 10.3 71 56,75 20.808 466 176
3 16-L-708 | Open
r | 2 10.3 71 | 4888 | 46.029 1.060 400 |
- 1 12.6 70 48 88 46.024 856 218
6 16-L-708 | Closed
2 127 71 56,75 53.440 810 1299 |
1 23.8 70 98.75 92.990 349 124
7 | 16-L-720 | Open ,
2 248 70 98 88 93.112 383 136 |
1 28.8 70 99.00 93.225 265 097
8 | 16-L-720 | Closed DU NS
2 28,9 70 99.13 93.343 289 107 |
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TEST DESCRIPTION

The impact testing discussed below was conducted in accordance with AEA Test Plan 79.
Vultafoam test specimens were prepared in 2 pint tin cans to simulate reprasentative volumes of
the Sentinel Model 650 and 680 radiography devices. The amount of foam required in the test
containers was determined experimentally. The foam for the specimens was then mixed
following the guidelines in AEA Work Instruction WI-AS40. After the samaples were allowed to
cure, they were either cooled in dry ice, left at room temperature, or heated in an oven for
approximately one hour. The test specimens were then impacted with 1-inch diameter steel bars
(either 4.4 Ib or 11.3 1b) and the depth of foam compression was measured. The method of
determining the foam required in the test containers, the preparation of the test specimens, the
impact test method, and the test equipment are described below.

Determination of Foam Required in Test Containers

The amount of Vultafoam required in the test container to simulate represertative volumes of the
Sentinel Model 650 and 680 was determined experimentally. First, the densities of the
Vultafoam parts (A and B) for each foam type (708 and 720) were determined by weighing a
known volume of each foam part. The foam density was then multiplied by the volume called
for in the foam work instruction and the ratio of the device volume to the test container vohume
to determine the mass of Vultafoam required in each test container. These calculations are
included in the test data sheets (Attachment B). The calculation to determine the volume ratio of
each device to the test container is included in Attachment C.

Preparation of Test Specimens

A total of 20 foam test specimens were prepared in Y% pint tin Opening

cans. Twelve foam specimens were prepared as specified in the Foam cured with
test plan. Four additional test sets, with two spectmens each, .~ top in place (Sets
were also produced and left at room temperature to provide - P 2,4,6, and 8)
additional data points. The tops of test cans for test sets 1, 3, 5, | ERAAAATS

and 7 were left open. The lids for test sets 2, 4, 6, and 8 were WL .,

. . . A AT AT Measure inside
drilled with a small hole (-F1gure'1) and placed on the cans after Sy volume of container
the foam was poured. This was intended to be representative AN,
of the opening used to fill the actual devices. S

The empty volume and weight of the test specimens were Figure 1. Test Container

determined before the foam was poured so that the density of the foam could be determined after
it cured. The volume of a can with the lid off and with the lid in place was verified by filling the
can with water and measuring the volume of the water with a graduated cylinder. Each can was
then weighed and the data was recorded in the test plan data sheets.

The foam was mixed and poured in accordance with AEA Work Instruction WI-AS40. Batches
of the foam mixture were prepared in a sufficient quantity to fill two or three specimens at a
time. After the samples were allowed to cure for at least 2 hours, the overflow foam was
trimmed and the lids on the contained test cans were removed. The test specimens were then
weighed to determine effective density of the foam. The foam density calculations are provided
in Attachment D. The top and bottom of the test specimen can was then trimraed with the lathe
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to provide a flat and leve] rmpact surface and a thermocouple hole was drilled in the side of the
can. Foam height for each test specimen was then recorded.

Finally, the test specimens were either cooled in dry ice, left at Stecl bar

room temperature, or heated in an oven.

Impact Test Method Guide tube

To test the compression characteristics of the foam, a 1-inch - T

diameter steel impact bar was dropped from various heights. A .

guide tube was used to ensure the bar impacted the foam squarely Height

(Figure 2). The foam specimens were placed on a solid steel impact u

surface and clamped horizontally in place to ensure the samples o

would not move sideways during impact. S
Specimen

TEST RESULTS Figure 2. Test Set Up

Detailed test results are shown in Tables 2 through 5. Observations for eack test are described in
the notes of the Table 2. Note, for the majority of 20 PCF specimens the steel bar was observed
rebounding after the initial impact.

Table 2. Test Details 16-L-708 (8 PCF) Free Rise Specimens

Specimen number
1-1 1.2 1-3 3-1 5-2

Container emply weight (lbs) 0.168 0.099 0.098 0.098 0.103
Container volume {mL) 258 258 258 258 258
Mixtore Volome A & B (ml) 133 150 133 156 133 150 133 [50 133 150
Miture Weight A & B (lbs) 0.354 | 0354 | 0354 | 0354 | 0354 | 0354 | 0334 | 0354 | 0354 | 0.354
Vuitafoam added to Can ~ Weighl (Ibs) 0.230 0.242 0.226 0.230 0.170
Cure time (min} 175 175 175 [35 135
Filled W eight (vxcess removed) (bs) 0.203 0.191 0.191 0.192 0.202
Effective density (bs/ft"3) 10.4 10.1 10.2 10.3 10.3
Specimen temperatore (F) -54 ! 105 71 7t
Vultafoam height, pre-drop (in) 2.683 2.763 2.667 2.642 2.647
Bar weight {Ibs) 4.4 4.4 4.4 4.4 113
Bar drop height (in) 48,75 40.13 40.13 56.75 48.88
Bararea (in2) 0.75 0.75 0.75 0.75 0.79
Vujtafoam height, post-drop (in) 2.324 2.389 2315 2.176 1.587
Caloulated compression (in) ‘ 0.359 0374 0.352 0.456 1.060
Strain 0.134 0.135 0.132 0.176 0.400
Kinetio Encrgy at Impnlcl (ft-1bs) 17.875 14.713 14,713 20.808 46.029

| Observations (Sce Notes) 1 1 1 1 1

1 - Steel bar did not bounca at impact 4 - Rodia! Crack in Foam from Impuact 7 - Rebound imprassion in Foam

2 - Seel bar boumcad < 1/8” above foam sucface 5 - Steel bor impacted foam at small angle <5 dag

3 - Sleel bar bounced < 1/2" above foam surface 6 - Steel bar impacted foam at small angle <10 deg
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Table 3. Test Details 16-L-708 (8 PCF) Contained Specimens
Speciruen nember -
21 22 23 §-1 52
Container empty weight (Ibs) 0.109 0.109 £.109 0.099 0.098
Container volame (L) 257 257 257 257 257
?ﬁxtum Volome A & B (mL) 14 l 159 141 159 La1 159 134 150 134 rISO
Miture Weight A & B (lbs) 0.375 ‘ 0375 | 0375 | 0375 | 0.375 | 0375 | 0355 | 0356 O.BSQ 0.356
Vuitafoam added to Can - Weight {Ibs) 0.220 0.224 0220 0.252 | 0.226
Cure Lime (min) 160 160 160 155 " 155
Filled Weight {exsess removed) (bs) n724 0.277 0.225 0.215 0.213
Effective density (Ibs/ft43) 127 13.0 128 126 127
Specimen temperature (F) -45 70 120 70 71
Vullafoam height, pre-drop (in) 2700 2582 2,667 2694 2706
Bar weight (lbs) 1.3 44 44 1.3 113
Herdrop height Gn) 4875 40.18 5675 48,88 56.75
Bor area (%) 079 0.75 0.75 0.79 0.78
Voltafoam height, post-drop (m) 1.836 2.368 2478 1.838 1.896
Calonlated nompression {in) 0.864 0.214 0.189 0.856 0.810
Strain 0320 0.083 0.071 0.318 {.290
Hinetic Energy ot Impact (fi-lhs} 45,906 14733 20.808 45.004 53,440
Observations {See Notes) 14 2 2 1 1
Table 4. Test Deteils 16-L-720 (20 PCF) Free Rise Specimens
Specimen number
3-1 3-2 33 7-1 7-2
Conttainer empty weight (bs) 0.108 0.109 0.098 0.098 0.09%
Container velume (mL) 258 258 258 25% 258
Mixture Valume A & B (mL) 29 | 249 | 219 | 29 | 219 | 249 | 189 | 24 | 189 | 214
Mixtuce Weight A & B (bs) 0.580 ’EBO 0.580 ‘ 0.580 | 0.580 | 0.580 | 0.500 | 0.500 | 0.500 | 0.500
Vultafoam added to Can - Weight ([bs) 0.372 0.372 0.346 0374 0.370
Cure time (min) 140 140 140 135 135
Filled Weight (exvess ramoved) (1bs) 0.329 0320 0.321 0315 0.324
Effective density (Ibs/ft"3) 243 24.1 24.5 238 248
Specimen tempetature (F) -50 70 134 70 70
Valtafoam height, pre-drop (in) 2.76 2831 2678 2812 2813
Bar weight (lbs) [13 11.3 113 113 113
Bar drop height (in) $9.00 6763 99.00 98.75 98.88
Bar arez {in2) 0.79 0.79 0.79 079 079
Vuitatoam height, post-deop (in) 2439 2576 2416 2,463 2.430
Calculated compression {in) 0321 0.255 0.262 0.349 0.383
Strain 0.116 0.090 0.098 0.124 0.136
Kinetic Energy at Iimpact {ft-lbs) 93225 63.685 93.225 92.9%0 93.112
Observations (See Notes) L4 2 26 34 1
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Table 5. Test Details 16-L-720 (20 PCF) Contained Specimens
Specimen number
4-1 4-2 4-3 8-1 8-2
Container empty weight (lbs) 0.098 0.099 0.099 0.098 0.098
Container volume (mlL) 257 257 257 237 257
Mixture Valume A & E (ml) 227 | 258 | 227 | as8 | 227 | 258 | 189 | 215 | 189 | 215 |
Mixture Weight A & B (Ibs) 0.601 | 0501 | 0.601 | 0601 | 0.601 | 0601 | 0501 | 0501 | 0.501 | 0.501 |
Vultafoam added to Can - Weight (Ibs) 0376 0376 0372 0.376 0376
Cure time (mir) 130 130 130 125 125
Filled Weight (excess removed) {Ibs) 0.331 0.336 $.359 0.359 0.360
Effective density (Ib/'S) 257 26.1 28.7 28.8 289
Specimen temperature (F) -63 70 117 70 70
Vultafearn height, pre-drop (in) 2.706 2.708 2725 2.719 2,709
Bar weight (Ibs) 113 113 113 113 113
Bar drop height (in) 99.13 84.25 95.00 99.00 99.13
Bar area (in2) 0.79 079 0.79 079 0.79
Vultafoam height, post-drop (in) 2.296 2412 2.450 2.454 2.420
Calculated compression (in} 0.410 0,286 0.265 0.265 0.289
Strain 0.152 0.109 0.097 0.097 0.107
Kintic Bnergy at Impact (ft-[bs) 93.347 79.335 93.225 93.225 93.343
Observations (See Notes) 1,4 35 2,6 3,57 3,5
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SENTINEL

Test Plan 79

AFEA Technology QSA, Inc. October 8, 1998
Burlington, Massachusetts Page 5 of 12
Table 2. Vultafoam Component Density
T SetNo. | Part | Empty Cylinder Volume of Wet of Cylinder | Calculated
Wet. (A) Component (B) w/Comp (C) Density
(C-A)(B/29.575)
- (Ibs) (mlL) 1bs) .~
o e | e
16-LK08 | A 2769 So 2o Lo e
- @Pe*| B , 27T 3o . B2 L0T7aD
1614720 | A | 2o So 4o o782
B L2756 = L EZIZT LOET O
— o=
Cs &3an Note: Volume conversion: | oz. =29.575 ml

LS ol S (2
Casif

Completed by:

Lottt
by:
?r:auﬁa’

< lreckEB B

@ DEROTES Goxle ASD g Soale £

@ TETes Snle SKED et Soxe #2

é—&(ﬂﬂ_‘\‘

Date: (S T
Date; /5 eer VF
SE Loy PE
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Foam Compression Test Data Sheet
Equipment
Description Model/Serial Number(s) Calibration Date(s)
Steel bar #1 Tlozze /e.b-mi N/A
Steel bar #2 Tiloods / Sie| N/A
: STeulc &R NS
Thermocouple/thennometer@ ErG il | B2 %ot AL & or %9
y SERUVICES> o
Scale #1 U o200 S ememiboot | omaras  3omew-9%
_ e SEE LG >uE
Seale #2 (i Pucsi B2l e [ 2246t | gomagms  bomneas
. = CEN N It BuE
Helght Gage P"@ AN TSy e / 2.7 G dU By S R
Oven TUE R e Bt N/A
Additional Equipment:
Graduated Cylinder GO | Popme 16D M N/A
Ruler/tape measure Y, N/A
Completed by: R — Date: (S oeTR
Check by: Date: [S (5%

el
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Foam Compression Test Data Sheet
- 16-L-708 (8 pcf Density) Foam

- Free Rise
( Set 1 — Free Rise Specimens Specimen 1-1 Specimen 1-2 Specimen 1-3
(F2V | 1. Can empty weight (bs) los 059 L0998
@] 2. Canvolume (mL) 258 258 25®
@ 3. Volume of Component 123 / t%’@ ) N f-»
A /B in mixture (ml) {. 354 /. 339 65 £
dag)| 4 giﬁt t(nlf)gultafoamadded 22 , 247 L2724
S. Curetime  (min) LS L5 175
HZ\) | 6. Filled weight (Ibs) .20 .19 - 1414
(2 | 7. Foam heiglt, Pre-drop (in) 2., L83 2.76% 2.6677
8. Heating/cooling time (min) L0 I A Lo
@ 9. Specimen temperature °F) - < -2 165
10, Drop Bar Used ® ] (44,_555 # | %/
(T | 11. Bar drop height (in) 48 .75 4. 13 Lo, 12
(d4& | 12. Foam height, Post-drop (i) 2,224 2.289 2305

O BSERVAT O > € &

Completed by: o Etdl Date: IS 6cTFEH
Check by: BB, R Date: 1L Cet P
4
[20TES.

(O MBS G & el RUASTITIES 0F CompenBnTs B VOLumE ProvEd To BE Diffcnid A
Vhs A CCUATE  Dufeamis TEinl BuaS . SindE THE warll s TRt im) Adie1ss An o ad
CompEemETS 1o A I @NTID BY WEEHUT| THE ComprET WlemEs WEEE Orlul a7
Vool (.::Dmr,»o.ueu-r DEAGAT SN ATEENTS) A D OEEi T FachRS Tansm haBUE 2.

@ Diop Garz WD ~UT FBpa S, |

(%) Diap GRE CoundSls S THam /0 It L @ <D 56 Seale #
@ Dhop BAR GoustE&D XS gHew V2 I . —
(3520 csco S mg

& Brolal Caacks Fropocsd Gy [mfed Tt
(O \onfascT Sutfine® AT (S Tl T Aol T .
@;”\FM-( S L€ a7 LEEY THrmwo g% AmGlE |
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Foam Compression Test Data Sheet
- 16-1-708 (8 pcf density) Foam
- Contained Specimens

Set 2 — Contained Specimens Specimen 2-1 Specimen 2-2 Specimen 2-3
@ 13. Can empty weight (Ibs) L 104 Lo i Ocﬂ
@ 14. Can volume (mL) Ry 257 2577
@ 15. Volume of Component i<\ / et
A/B in mixture (mi) (. %715 /.37S wEs). L r
752, | 16. giﬁlt gil‘];ultafoam added o 22q ere
17, Core ime  (min) Vo tho iGo
18. Filled weight (Ibs) 2o 2z 22
(& | 19. Foam height, Pre-drop (in) > o 2. S5 2. o
' 20. Heating/cooling time (min) Lo N Co
@ 21. Specimen temperature (°F) - _‘E < -5 2o
22. Drop Bar Used “5 g L@sb 8 (4. LQSB =
T 23. Bar drop height (in) e Ap L& TS
k&) | 24. Foam height, Post-drop (in) TEETA ~ 268 7.478,

OBSCRUATIGS 2 & &P,

Completed by: e Date: £6cT58

Check by: M2l Date: )5~ o2
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SENTINEL
AEA Technology QSA, Inc.
Burlington, Massachusetts

Foam Compression Test Data Sheet
- 16-L-720 (20 pcf Density) Foam

Test Plan 79
October 8, 1998
Page 11 of 12

- Free Rise

Set 3 —- Free Rise Specimens Specimen 3-1 Specimen 3-2 Specimen 3-3
25. Can empty weight (Ibs) o8 o9 Lo
26. Can volume {mL) S 25 % 255
27. Volume of Component 2 /249 —=>

A/B in mixture (ml) (S0 /. S8 o)

28 ::}Izlagnht g);;lﬂtafoamadded 3D 292 4L
29. Curetime  (min) L > (4o (4D
30. Filled weight (1bs) L2243 225 -T2z
31. Foam height, Pre-drop (in) 2760 2,824 2,678
32. Heating/cooling time (min) Lo po A &
33. Specimen temperature (°F) "_15 o 75 124
34. Drop Bar Used #o (g us ) 233 Ao
35. Bar drop height (in) G4 00 7,632 i B
36. Foam height, Post-drop (in) 2.4 35 2 S 2.<tiL

OBSEEUATA o S e E) O & &

Completed by: e Date: _ ISTect9¢s

Check by: /‘ﬁ&;ﬁ N/ Date: _ /§ Padse




SENTINEL
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Foam Compression Test Data Sheet
- 16-L-720 (20 pcf Density) Foam
- Contained Specimen

Test Plan 79
October 8, 1998
Pape 12 of 12

X
0

kG

Q)

g
3

T
{Q

Set 4 — Centained Specimens Specimen 4-1 Specimen 4-2 Specimen 4-3
37. Can empty weight (Ibs) L OF 8, o099 . oc;cT
38, Canvolume (mL) 2577 257 257
39. Volume of Component 227/ 255 — — s

A/B in mixture (mi) (00"/. boz e >

40. ?Z’ef;t ?1{) ;;’ultafoam added 2 L 37¢ i
41, Cure time (Tnin) 1S e (2o (2o
42. Filled weight (lbs} .2\ 22O . ”B‘Sﬁ
43. Foam height, Pre-drop (in) I P 2. T Z. 725
44, Heating/cooling time (rmin) Lo roA Lo,
45. Specimen temperature (°F) —£ = e (07
45. Drop Bar Used T (“_3 L—ﬁS\ £Fo & 2
47, Bar drop height (in) G913 | st 75 e
48. Foam height, Post-drop (i) 2 .29 2 g 2 AL
O LS E RTINS & & & @ @

Completed by: bl Date; IS 9T 28

Check by: M_%?/AQ Date: _ 15508
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SENTINEL Test Plan 7%
AEA Technology QSA, Inc. QOctober 8, 1598
Burlington, Massachusetts Page 9 of 12
Foam Compression Test Data Sheet
- 16-L-708 (8 pcf Density) Foam
- Free Rise
. : . = . S .
Set 1 -- Free Rise Specimens Specimen-3-3- Specimen 1-2 -Specinrerr =3~
1. Can empty weight (Ibs) LS Lo
X
2. Can volume {mL) 2585 258,
3. Volume of Component 13% SIs0 ) =
A/B in mixture {(ml) (.35 /. 354 e L — ¥
4. Weight of Vultafoam added
tocan (lbs) - 230 770
5. Cure time (min) 2 | B3sS
6. Filled weight (Ibs) e . 2o
7. Foam height, Pre-drop (in) 2. L4 Z. 47
8. Heating/cooling time (min) ey ol
9. Specimen temperature {°F) 71 71
10. Drap Bar Used # (4.4 U},SB ,zﬁry_(u,g (_gj\
11. Ba:drophmghi(m) §é .—75 48%6
12. Foam height, Post-drop (in) J Z. 70 T | .S&77 ,
O BSERUA TS & @
Completed by: <. 6‘-’&/——-—: Date: (S 0T D8
Check by:; /5 LI Date: ___/5794 92




SENTINEL
AFA Technology QSA, Inc.
Burlington, Massachusetts

Test Plan 79
October 8, 1998
Page 10 of 12

Foam Compression Test Data Sheet
- 16-1-708 (8 pef density) Foam
- Contained Specimens

2

Do ®

N
© '\

0O 9

Set 2 — Contained Specimens Specimen 2-+ & Specimen 2-2- -2 ~Specimen 2-3
13, Can empty weight (bs) L0997 COES
14. Can volume (mL) 2577 YA
15. Volume of Component 34 / 150 —f——*

A/B in mixture (m) (354 /. 358 &) —— =

16. ::Zia%lllt ?]E :)ﬁlltafoam added 252 | 2L
17. Curetime  (min) (S5 (=5
18. Filled weight (Ibs) L2173 213
19. Foam height, Pre-drop (in) 2, A 2.70b
20. Heating/cooling time (mi} A A -
21. Specimen temperature (CF) 7o 7
22. Drop Bar Used q('\lle[ (.72 ngg\ .ﬂ—"?_
23. Bar drop height (in) LE,. D SET7E _
24, Foam height, Post-drop (in) [ .55 .80 l

RSB S

Completed by:

&) &

<. G Daie: iSocTSE

Check by: mr[ 4 Date: /& /68




SENTINEL
AEA Technology QSA, Inc,
Burlington, Massachnsetts

Foam Compression Test Data Sheet
- 16-L-720 (20 pcf Density) Foam

Test Plan 79
October 8, 1998
Page 11 of 12

HSL

®® @@) ®©

H

S

SRS

- Free Rise

Set 3 — Free Rise Specimens Specimen 31 7 Specimen 3-2 7~21[' Specimen 3-3—
25, Can empty weight (Ibs) LOGEs L0998
26. Can volume (ml} 259, 258
27. Volume of Component \ea /S 2id —

A/B in mixture (ml) (Son /. Sov 1B L——

28. gecﬁlt ag)fultafoam added , 37 4 T
29 Cure time (min} | 25 (25
30. Filled weight (Ibs) B 224
31. Foam height, Pre-drop (in) 7802 221732
32. Heating/cooling time (min) NEY. PRy
33. Specimen temperature (°F) 7 T
34, Drop Bar Used _.4:152_ (‘/(‘3 L@S} _7:5_9_
35. Bar drop height (in) a% 75 20 .99,
36. Foam height, Post-drop (in) 2 AL 2. 435>
OLSERNET oS @ E) (Z)

Completed by: S e Date: (S s THE

Check by: S ED’”? Date:  /SAF58
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Burlington, Massachusetts

Foam Compression Test Data Sheet
- 16-L-720 (20 pef Density) Foam
- Contained Specimen

Test Plan 79
October 8, 1998
Page 12 0f 12

i

o OO

18

@

®

Set 4 -- Contained Specimens Spcéimenavi-g"( Specimen-4-2- &z Specimen-4-3-
37. Can empty weight (1bs) L0985 _0%S
38. Can volume (ml} 257 2 57
39. Volume of Component |43 / 215 &>
A/B in mixture (nl) (Sow [ 502 s> ——5>
40. z}fiﬁn ?1{3 ‘;;ultafoam added 7L 274
41. Curetime  (min) 125 (25
42 Filled weight (Ibs) _ L2 =3 Zhe B
43. Foam height, Pre-drop (in)} 2.77149 2. 79
44 Heating/cooling time (min) Ao Y.
45, Specimen temperature (°F) ~ o 7o
46. Drop Bar Used o C‘“'(}L@‘SS el
47. Bar drop height (in} A9 .55 i A L
k&) | 48. Foam height, Post-drop (in} 2 . A5 2. 420

OB SERWET o0 <,

Completed by:

S Gty Date:

E@® » ©

S 6CT38,

Cheel by

LS L 7L,

Wj}/n Q Date:
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ATTACHMENT B — EQUIPMENT CALIBRATION RECORDS



i27 Riverneck Road
>helmsford, MA 01824
elephone 978 - 459-9480

CALIBRATION REPORT

%)

SERVICE NUMBER:

SN-0226212

X“978 453-6336 —— Leto,,
VE ITE: http:fiwarw-tekserv.com = | ® FLEr V CONTRAGT NUMBER: SENT INEL
1SO9002 |, 4w < 1S09002 | | o=,
REGTERED COMPANT | @, | _ & COMpANY | (TS
Conflcete Na, 10154 BS EN 150 9002 Canfimto No 6229 A59848
1 [.DATE.RECEIVED _ | S “GUSTOMER P.O, ] ASSET NUMBER
\EA TECHNOLOGIES 10/08/98| 2887 ENG - I\
'O NORTH AVEMUE e ~© TTMANUFACTURER TRl
OMEGA ¢ P
R  MODEL” “*SERIAL NUMBER ~
JURLINGTON MA 01803 TYPE l-"\ NCINE
[ “DESCRIPTION " e |
, THERMDCDUPLE
TEMP:. . | HUMIDITY PRIOA.CAL. - - | _CAL.CYGLE |~ DATEOFTEST" ~ - NEXTAFESTPDUE
23. OQC 20. OOo/o 12 MO 10/08/98 106/08/99
WORK REQUESTED T 'SERVICES AENDERED g REMARKS .
CALIBRATE/CERTIFY CALIBRATED/CERTIFIED READINGS AS RECEIVED

PROCEDUREUSED

N.4LS.T.TESTNUMBEH .~

=

41.3:34-8 —A33349— c{b*fuzl-t_RAN‘ |

TECHNIGIAN

TFUOULLN

-LIBRATION CHECKED TO:

MANUFACTURER ‘'S

SPECIFICATIONS

apausten 1o MANUFACTURER S

SPECITICATIONS

RNUFACTURER

.. MODEL

SERIAL

SUILDLINE

S

T

2540

32-310

MFG.

ACGURACY

| DATE GAL{BRATED

2/24/98

KSERV CERTIFIES THAT ALL CALIBRATION EQUIPMENT USED IN THE TEST IS TRACEABLE

‘RFORMED IN ACCQRDANCE WITH MIL-STD-45662A, 1808002,

2-10012-1, ANSUNCSL-Z540-1-1994.,

TO N.LS. T, ANDHHE TEST WAS

CERTIFIED BY

“7

N

[



READINGS AS
RxCEIVED

TEKSERV
CALIBRATION DATA

Manufacturer: o EGE I Model : T y/CK
Serial Number : — - ' DATH AS RECEIVED
Date of Test : T kg E ' :
.Technician: Wi

Asset Number: E4G -1/

CPrior cali . Toosgy
| THERMOCOUPLE 6 POINT CALIBRATION
TR Standard Heasured Value "I-'xlalera.néé_'}
66005 ~—Sé,3 C asts
—do.00 o =376 -
. 0;025“? | 0,6
5“0 0O - H9.7

‘00 00 ﬂj;

200 .00 z0/,

* See attached CALIBRATION REPORT for'traceability information ' <

1& 6pt



127 Riverneck Road
Chelmsford, MA 01824
Telephone: 978 - 459-9480

CALIBRATION REPORT

@ SEAVICE NUMBER: SN-02246210
FAY # 978 - 453-6336 p———— TV 4
W, SITE: hitp://www.tekserv.com RN . R CoNTRAGT NUMaER. SENTINEL
1509002 [, 45 s 1S09002 | | 22w,
HEGISTERED COMMNY Q. 5t - REGISTERED COMPANT won
Canlfizota MNa, 10154 85 EN 150 9002 ‘Corticata Np 8220 A59847
"V [ TOATE REGEIVED? | i i= " *CUSTOMER PO 1 " ASSET-NUMBER
AEA TECHNOLOGIES 10/08/98 2887 ENG -1
40 NORTH AVENUE o TR MANUFACTURER R R T
OMEGA
i i ~TMGDEL £ ‘SERIAL'NUMBER =
BURLINGTON Ma 01803 HH-—EI T-17"?139
Lok e - DESCRIPTION © “7" " 7 0 8 PR
THERMOMETER
T TEMP e ] MDY o] - PRIOR.CAL 5 ea] - i "CALZGYGLE w o] = DATECORFEST: ~ "] NEXTTESTIDUE-"
23. OQC 30. 000/0 9/25/97 12 MO 10/08/98 10/,08/99
. WORK REQUESTED. | SEAVICES RENDERED - - REMARKS ~ -, e
CALIBRATE/CERTIFY | CALIBRATED/CERTIFIED IN TDLERANCE A5 RCV D

~ PROGEDUREUBEDT

LINASTATESTNUMBER .

1330 8=423349-25507 1= LHAN"

: TECHNIGIAN

ﬁ-’UULlN

ALIBRATION CHECKED TO:

MANUFACTURER ‘S

SPECIFICATIONS | ADJUSTED TO: MANUFACTURER ‘5

SPECIFICATIONS

| MANUFACTURER © "t .. MODEL . e _SERIAL | /ACCURAGY. ~ | "DATE CALIBRATED _
ANALOGIC AN&S20 8904010 MFG. 7/03/98
Sk
‘i
KSERV CERTIFIES THAT ALL CALIBRATION EQUIPMENT USED IN THE TEST IS TRACEABL ETEST WAS

FIFOFIMED IN ACCORDANCE WITH MIL-STD-456624, 1509002,

3-10012-1, ANSI/NCSL-Z540-1-1994.

CERTIFIED BY




N TOLERANCE
TERSERV - AS RECEWED

CALIBRATION DATA

OMEGA Model HH-21 ‘

Serial Number: T }79/37 Data as Received +_
Date of test. -9 Data After. Ad]ustment
Prior- Cal' Fg-25-97 ' Data After Repair.
Technlclan-' o f , Asset MNumber: -~ =8§-,2

. Range | Reaaing . specification
' 0 4/=-{0.1%rdg+0.5'C)
g R | B .
- T
"l
" 4+/-{0.1%rdg+1.0'F)
' n
)

99, +/={0.1%RDG+0.5'C)
[ 1]
'600.0 . $99. 5 _ "
1000.0 /000, 2~ . "
Deg.F Type K
- 100.0 - 75.] ‘ +/~-{0.1%rdg+1.0'F}
32.0 : 22.9 - "
-.200.0 . . 2 o ST
600.0 -
1600 0,d

"o
n

Son

‘Deg.C-Type“T‘]' . e BN .
~100.0. . - S . =949,5 ' +/-{0.1%rdg+0.5'C)

- ' n

-

| #/={0.13rag+1.0'F)
g UE RN LS

o

o
=




Oct-09-98 02:13F Dave Burke

This

603 -625-5266

Mettler-Toledo, Inc. PﬂETI'I.ER

Scales B Sysiems

CERTIFICATE OF CALIBRATION No.,:#1492-97

is to certify that the below listed weighing equipment was tested and

found to be within the RIST tolerances according to the reguirements listed
in NIST Handbook 44 for weighing devices amnd in accordance with MIL-STD
45662h. See the Teat Record and Service Report for details on errors found
and correctiona made.

Model # | Serial # | ID | Location | Capacity | Inspector | Next Date Due
18148 242 SHIPPING 196 1B LEO K. 11/98
DWM-IV Fl6383 SHIPPING 58466 LB b 11/98
D318 35614 Qc 118 LB o 11/98
4818 1126131 QcC 125 LB " 11/98
8928 267 QC 289 LB " 11/98
DYNO D3I589 oC 588 LB » 11/98
8582 2642125 STK EM 18 T.B " 11/98
8264 Spgleddsgll STK RH 18 1B = 11798
58¢C 834468 - STK RM 588 GR " 11/98
2K BEAM L482397 ASSEMBLY 2000 LB " 11/58

Date Test Performed: 5/6/98

Purchase Order Ko.:

Hote:

This document may be reproduced and a copy placed at each device

if required. U@g{//¢7
METTLER TOLEDO INC. jmm%

S

JAfervice Manager)

Date: /d/ q/?cf

Garporate Ofices: 350 W. Wiisan Bridge Rd.  Wortiingion, OH 43085 Tl (614) 438-4511  FAX: (614) 438-4800

Thin progosol N apreasly condiiini on tha porchosars pecaploncs of Malt: Toledo's Siondard Tairig: ond Condons of Salo appendng on the roverss hird which shed iake
produdsncs srd DT oI Oy Tars ¢nd Condilom of storndr [0 the zommry,



! /f'ICUSTOMEF.V. qu EShFini;Cﬁ&P
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Hunt MeTrology Service, INc.

17% ladson St. Methuen, Ma 018445042
Phone : (978) 56887278 Fax: (978) 7944532

Company Name: AEA TECHNOLOGY Calibraticn No: HMSCC-09028 __
Addresks: 40 NORTH AVENUE ] Dated: AUG 3-7, 1898
BURLINGTON, MA. 01803 Pages: 62
Department:
Phone No.: (781) 272-2000 Ext: Fax No.: (781) 273-2216

Attention: DAVE ANNIS
P.O. No.: 2603
Technician: DAVID DICRKINSON

The calibration performed on the following measuring and test equipment (M&TE)
of this document are traceable to the National Institute of Standards and Tech-
nology (N.I.S.T.) through N.I.5.T. test number 821/256504-96; Dated February
26, 1997 for dimensional calibration, and/or through N.I.S.7T. test number
822/254480 dated February 26, 1997 for mass calibration.

The M&TE have been cleaned and lubricated, as needed. Our technician{s) have
calibrated, adjusted and/or reset the M&TE, affixed a calibration label to the
M&TE, updated the corresponding record(s), and provided this calibration cert-
ificate.

The standard(s) utilized to perform the calibration have been calibrated,
certified and maintained in our laboratory which sustains a temperature of &8
degrees (+/-~ 2 degrees F.) and less than 50% relative humidity. All records
pertaining to our standards, and the masters utilized teo calibrate them, are
kept on file in our laboratory for a period of no less than 3 years.

The services provided, traceability to the N.I.S$.T., and Hunt Metrology
Service's calibration system comply with the requirements of ANSI/NCSIL Z540-1-1994
and IS0 10012-1:1994 (E).

The reported value 1s both "as found" and "as left" data, unless otherwise
specified. A calibration uncertainty ratio of at least 4:1 is maintained
unless otherwise stated.

This calibration certificate cannot, in any way, be reproduced, except in full,
without prior written consent from a representative of Hunt Metrology Service, Inc.

Keith R. Young
Technical Manager
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Data Sheet HMSCC: 05028 Page 1
Customer: AEA TECHNOLOGY P.O. No.: 2603
Date Cal:
ID.No.: 027 (A) Manufacturer: MITUTOYO Dace Due:
2 ID.No.: Serial No.: 701046 Technician;:
Department: QC Model No.: 543-425-1 Cal. Proc. No:
Deviation u.: Standard No.: 012 Cal.: 04/08/98 Due:
Accuracy: +/-0.000 10r Standard No.: Cal.: Due:
Accuracy: Standard Neo.: Cal.: Due:
. Standard No.: ‘ Cal.: Due:
Gage Type: 0-2.0" DIGITAL INDICATOR (PART 1 OF 2)
Required: :0 0.01¢" 0.025" a.a50" Q.100" 0.250" o.500" 0.750"
Deviatien:. REF 0 . 0 C 0 ] ~.0001
Measured: REF 0.010" 0.025" 0.050" g.1¢0" 0.250" o.500" 0.7499"
Customer:’ AEA TECHNOLOGY P.O. No 2603
. Date Cal:
ID.No.: 027 (B) Manufacturer: MITUTOYO Date Due:
2 ID.No.: Serial No.: 701046 Technician:
Department: QC Model No.: 543-425-1 Cal. Proc. No:
Deviation u.: Standard Ne.: 012 Cal.: 04/08/983 Dueg:
Accuracy: +/-0.000 10" Standard No.: Cal.: Due:
Accuracy: Standard No.: Cal.: Due:
Standard No. : Cal.: Due:
Gage Type: 0-2.0" DIGITAL INDICATOR (PART 2 OF 2)
Required: 1.0 1.25 1.50 1.75 2.00
Deviation: 0 0 +.00010" 0 0

Measured:

08/06/98
08/06/99
DD
30
10/30/98

08/06/98
08/06/9%
DD
390
10/30/98



SENTINEL Test Report No. 79
AEA Technology QSA, Inc. October 16, 1998
Burlington, Massachusetts Page 8 of 10

ATTACHMENT C — CALCULATION OF VOLUME RATIOS
Values are estimates of true device volume based on design drawings and engineering judgement

Model 680 Projector

Shell volume (internal):
LxWxH=1388x13.63x9.94=1880.5in’

Shield volume:
Weight /Density = 292 Ibs./0.683 Ibs./in® = 427.5 in’

Void volume:
Shell volume — Shield volume = 1880.5 — 427.5 = [453 in’

Proportion
1444 in° /1453 in = 0.01 = 1%

Model 650 Projector

Shell volume (internal):
V =m(3.719)* (8.25 — 2(0.5)) = 315 in’

Shield volume:
Weight /Density = 42 |bs./0.683 Ibs./in® = 61.5 in’

Void volume:
Shell volume — Shield volume =315 —61.5 =253.5 in’

Volume Ratio

14.44in° /253.5in° =0.057 =5.7%



SENTINEL Test Report No. 79
AEA Technology QSA, Inc. October 16, 1998
Burlington, Massachusetts Page 9 of 10

ATTACHMENT D — EFFECTIVE DENSITY CALCULATIONS

Table 1. Calculation Table

. Container Empty Container Volume Container Filled Weight Effective
Sel Specimen | Weight (bs) (mL) (Tbs) Density* (/)
' (&) ®) © (C-AYB * 28321
1 108 258 203 10.4
1 2 .099 258 191 10.1
3 098 258 191 10.2
1 109 257 224 12.7
2 2 109 257 227 13.0
3 109 257 225 12.8
1 .108 258 329 243
3 2 109 258 .329 241
3 .098 258 321 245_ T
1 .098 257 331 257
4 2 .099 257 336 26.1
3 099 257 359 28.7
1 {098 258 192 10.3
: 2 108 258 202 10.3
1 099 257 213 12.6
6 2 .098 257 213 - 12.7
. 1 098 258 315 | 238
2 098 258 324 24.8
1 098 257 359 288
8 2 .098 257 360 # 289

¥28321 mL=1f’



Safety Analysis Report for the Models Sentry 110, Sentry 330 and 867 Transport Packages
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QSA GLOBAL, Inc.
Engineering Department

Technical Report

SENTRY Transport Package Lifting Analysis

Prepared by: ST éavk.«._‘. : Date: 2% ¢ v 20l0

Checked by: ;f Hff« 1 /I/f*; Date: 2% Jud Z0/0
Regulatory Approval: Tf“f : 3: )*’ o Date: 3% iom 070
Engineering Approval: Mﬂ-ux .»‘Jﬂ'i;”}[‘ Date: 7~ Jua 2070

1.0 Purpose:

This report documents an analysis performed on the SENTRY transport package to the lifting
requirements of 10 CFR Part 71.45 (a).

2.0 SENTRY Transport Package Lifting Provisions:
The SENTRY fransport package in the Standard configuration is equipped with four identical, multi-
purpose Lifting/Tie-Down provisions symmetrically located around the package. Haif of each lifting
provision is attached to the upper portion of the cylindrically shaped welded body by three high
strength bolts, two on the top flat surface and one on the curved side surface of the body. The other
half of the provision is attached to the body in the same manner, but with two bolts attached to the
bottom and one attached to the side of the body. See Figure 1.

The two halves of the provision are connected together by a link plate attached to each half by a
load pin. The strength of the two load pins is only needed when the package is lifted using the link
plate. Lifting the package with the link plate is not recommended, but this part of the provision still
needs to meet the lifting requirement of 10 CFR part 71.45 (a). The recommended [ifting method is
to lift the package by locping high capacity straps or chains with or without a pivoting shackle
through the large hole in the upper lifting provision.

The bottom end also includes a very large hex nut and bolt for added strength in emergency
situations. The large hex nut and holt will recruit the lower half of the provision if a rapid, high loading
(snatch) condition occurs.

The SENTRY transport package in the Basic configuration has an array of Rivnuts for attaching a
properly rated hoist ring for lifting. See Figure 10 & 11.
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The center of gravity (CG) of the 780 pound (maximum) package is located approximately at its

geometric center.

Technical Report No. 171

LINK PLAT

RIB PLATE 5

RIB PLATE 8/ 4

\

LOAD PIN 1]

BOLT 4
RIB PLATE 7
_LOAD PIN 2

Figure 1 SENTRY Lifting Provision {1 of 4)
Standard Configuration

Table 1 Lifting/Tie-Down Provision Materials List

Component : fr ASTM Minimum Yield
N,arnz Material Condition Spec Strength, psi
Rib Plate 1 thru 8 17-4 PH STN STL H1025 AB93 145,000
Link Plate 17-4 PH STN STL H800 ABY3 170,000
Bolts 1 thru 8 17-4 PH STN §TL AH F593 105,000
Load Pin1&2 17-4 PH STN STL H200 AB93 170,000
Rivnuts 1 thru 8 316 STN STL cw A276 93,694

3.0 Transport Lifting Requirement:
10 CFR Part 71.45 (a): Any [ifting attachment that is a structural part of a package must be designed
with a minimum safety factor of three against yielding when used to lift the package in the
intended manner, and it must be designed so that failure of any lifting device under excessive load
would not impair the ability of the package to meet other requirements of this subpart. Any
other structural part of the package that could be used to lift the package must be capable of being
rendered inoperahle for lifting the package during transport, or must be designed with strength

equivalent to that required for lifting attachments.

4.0 Assumptions:

1. Temperature range equal to -40to +130 F.

2. No corrosion exists on the rib assembly and fastener components.
3. Only one lifting provision carries the load in the lifting analysis.

Page 2 of 19
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5.0 Analysis ~ Rib Assembly Lifting:

Technical Report No. 171

The SENTRY lifting provision or rib assembly is a structural part of the package. However, it is
designed to be intentionally removed without affecting the ability of the package to meet other

requirements of 10 CFR Part 71.

Lifting the transport package by only one lifting provision (rib assembly) can be considered the worst
case for lifting the package. The maximum tensile load applied to the single lifting provision is equal
to the maximum weight of the package or 780 Ibs. See figure 2 through 4.

Figure 2 SENTRY Lifting from a Single Rib
Assembly

Figure 3 SENTRY Lifting from a Single Rib
Assembly — Section View

Rib

. - -

Figure 4 SENTRY Lifting from a Single Rib Assembly ERrb
Plate 4 not shown) — Close-up View
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The rib assembly corisists of two vertical parallel plates welded to a flat horizontal plate with two
mounting holes and one perpendicular plate with one mounting hole. The vertical plates are
separated by a gap to allow three hex bolts to be inserted between them. The bolts pass through the
mounting holes and mate into the Rivnuts. The Rivnuts are riveted into the cylindrical welded body of
the transport package.

L3ATSPINP1
RIB FLATE 2

BOLT B3

BOLT B4

Figure 5 SENTRY Rib Assembly Close-up

~ RIBPLATE3 &4

. FILLET WELD (2}
T 114 X 7.62 LONG
/ R
ll/ I - i ':
b \.)
|I

B )

'\ g 3 | : i e d
A & “ RIB PLATE 2 } I %
~ . // RIB PLATE 1 ‘ :
\{/*2}
FILLET WELD (2}

114 X 1.75 LONG
25

TR . J

Figure 6 SENTRY Rib Assembly showing relevant dimensions
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6.0 Results - Rib Assembly Lifting:
Table 2 is a summary comparing calculated factor of safeties against the required factor of safety, 3,
when lifting the package by oniy one rib assembly as shown in Figure 4. See Appendix A for the
detailed calculations. Table 2 reveals “Bolt B1 Tensile or Shear” is the worst case loading cordition
resulting in a calculated factor of safety equal to 8. This is over 2 times the required factor of safety
of 3.

Table 2 Summary of SENTRY Lifting by Rib Analysis per 10 CFR Part 71.45(a)

. Caiculated Required 3
Failure Mods Factor of Safe Factorqof Safety =
Rib Plates 3 & 4 Shear Tear-out 87 Pass
Rib Plate 1 Shear Tear-out 20 Pass
Rib Plate 1 Bearing Failure 34 Pass
Rib Plate 1 Tensile Failure 139 Pass
Rivnut 1,2 &3 Thread Shear Strip 85 Pass
Rib Plate 2 Shear Tear-out 178 Pass
Rib Plate 2 Bearing Failure 24 Pass
Rib Plate 2 Tensile Failure 98 Pass
Bolt B1 Tensile Failure 8 3 Pass
Bolt B1 Shear Failure 8 Pass
Bolt B1 Thread Bearing Stress 75 Pass
Bolt B1 Thread Shear Strip 34 Pass
Bolt B2 Tensile Failure 79 Pass
Bolt B2 Shear Failure 49 Pass
Belts B2 & B3 Thread Bearing Stress 320 Pass
Bolts B2 & B3 Thread Shear Strip 145 Pass
Rib Plate Weld — 639 Lbs Direction 306 Pass
Rib Plate Weld — 447 Lbs Direction 100 Pass
See Appendix A - Lifting by Rib Assembly Calculations
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7.0 Analysis - Link Plate Lifting:
The link plate is not recommended to be used as a lifting provision. However, if the package is lifted
by the link plate, then it shall also meet the lifting requirements of 10 CFR Part 71.45(a).

Figures 7 through 9 show the transport package lifted by the link plate.

Figure 7 SENTRY L.ifting from a Single Link | Figure 8 SENTRY Lifting from a Single Link
Plate Plate — Section View

780 Lbs

Rib Plate 1A Rlb Plate 18

.' 1ale 2 eld Bo : i 1 Ie. f i

¥

Figure 9 SENTRY Lifting from a Link Plate — Close-up Section View

Page 6 of 19
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8.0 Results - Link Plate Lifting:

Table 3 is a summary comparing calculated factor of safeties against the required factor of safety, 3,
when lifting the package by only one link plate as shown in Figure 9. See Appendix B for the delailed
calculations, Table 3 reveals “Bolt B1 or B4 Tensile Failure” is the worst case loading condition
resulting in a calculated factor of safety equal to 38. This is over 12 times the required factor of
safety of 3. The calculation for this loading condition is conservative since it did not take into
consideration the load sharing provided by bolts B2, B3, BS & B6 in the load direction.

Table 3 Summary of SENTRY Lifting by Link Analysis per 10 CFR Part 71.45(a)

- Caiculated Required .
Galiurs fode Factor of Safety Factorqof Safety Rassia
Link Plate Tensile Failure - Midsection 151 Pass
Link Plate Shear Tear-out 84 Pass
Link Plate Bearing Failure 896 Pass
Link Plate Tensile Failure 359 Pass
Load Pin P1 or P2 Double Shear 230 Pass
Rib Plate 2 Shear Tear-out Failure 289 Pass
Rib Plate 2 Bearing Failure 39 3 Pass
Rib Plate 2 Tensile Failure 160 Pass
Bolt B1 or B4 Tensile Failure 38 Pass
Rib Plate 3 & 4 Shear Tear-out Failure 171 Pass
Rib Plate 3 & 4 Bearing Failure 108 Pass
Rib Plate 3 & 4 Tensile Failure 345 Pass
Rib Plate Weld — Lift Direction 501 Pass
See Appendix B - Lifting by Link Plate Calculations
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9.0 Analysis - Rivnut Lifting:
The Rivnut ¢can be used for lifting the package in the basic configuration. Lifting the package by one
Rivnut is the worst case lifting condition for this configuration. See Figures 10 & 11.

Technical Report No. 171

F
Hoist i
Ring ™. Fill Hole
=TT Rivhut
P w
P4 N
4 %

P =t
e P

Figure 11 SENTRY Lifted by a Single Rivnut

Figure 10 SENTRY Lifted by a Single Rivnut —Side View

10.0 Results - Rivnut Lifting:

Table 4 is @ summary comparing calculated factor of safeties against the required factor of safety, 3,
when lifting the package by cnly one link plate as shown in Figures 10 & 11. See Appendix C for the
detailed calculations. Table 4 reveals “Rivnut 1 Shear Failure” is the worst case loading condition
resulting in a calculated factor of safety equal to 7. This is over 2 times the required factor of safety
of 3.

Table 4 Summary of SENTRY Lifting Rivnut Analysis per 10 CFR Part 71.45(a)

: Calculated Required ]
e Factor of Safety | Factor of Safety ikl
Rivnut 1 Shear Failure 7 3 Pass
Rivnut 1 Thread Shear Strip 33 . Pass

See Appendix C - Lifting by Rivnut Calculations
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11.0 Final Assessment:

The SENTRY transport package in the Standard Configuration lifted by either the rib assembly or the
link plate and the package in Basic configuration lifted by one Rivnut meets the lifting requirements
of 10 CFR Part 71.45 (a). Nec failure mode was found to be less than 3 against yielding when lifting
the package by a rib assembly, link plate or Rivnut.

If the lifting provision were to fail due to excessive loading, the package is designed so that the failed

provision would not impair the ability of the package to meet the other requirements of 10 CFR Part
71.

Page 9 0f 19
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Appendix A - Lifting by Rib Assembly Calculations

Determine Rib Plates 3&4 Shear Tearcut Failure

Determine Rib Plate 1 Shear Tearout Failure

Rtfs =

F=

Fn=

Ysr=

Ssr =

Fs=

830

780

390

0.25

0.94

145000

72500

87

psi  =Tensile Stress = Fn/(2*L*t)

Lbf = Max Package Weight {Std Config)
Lbf = Load shared by plates 3 &4 =F/2
in = Plate thickness

in = Distance from hole to piate edge

psi = Allowable Yield Strength
psi = Allowable Shear Strength = Ysr/f2

= Factor of Safety = Ssr/Rtfs

Rsts= 3576
F= 780
Fd= 447
t= 025
L= 025
Ysr= 145000
Ssr= 72500
Fs= 20

psi = Calc Shear Stress = Fd/{Z*L*t)
Lbf = Max Package Weight (Std Config)
Lbf =Lload Normalto Rib Plate 2

in = Plate thickness

in = Distance from hole to Rib 1 edge

psi = Allowable Yield Strength
psi = Allowable Shear Strength = Ysrf2

= Factor of Safety = Ssr/Rsts

Determine Rib Plate 1 Bearing Failure

Determine Rib Plate 1 Tensile Failure

Rbfs =

F=

Fd=

Ysr=

Fs=

4237

780

447

0.25

0.42

145000

34

psi = Calc Bearing Stress = Fd/{d*t)
Lbf =Max Package Weight {Std Config)
Lbf =Llcad NormaltoRib Plate 2

in = Plate thickness

in =Bolt minor diameter

psi = Allowabie Yield Strength

= Factor of Safety = Ysr/Rbfs

Rtfs= 1040
F= 780
Fd= 447
t= 025
d= (.53
w= 225
Ysr= 145000
Fs= 139

psi = Tensile Stress = Fd/{{w-d)*t)

Lbf = Max Package Weight (Std Config)
Lbf =Lload Normal to Rib Plete 2

in  =Plate thickness

in  =Hole diameter

in = Plate width

psi = Allowable Yield Strength

= Factor of Safety = Ysr/Rtfs

Page 10 of 19
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Determing Rivnut 1,2&3 Thread Shear Strip

Determine Rib Plate 2 Shear Tearout Failure

Nts= 534 psi = Calc ShearStress = Fn/(Pi*dn*{h/2)}
F= 780 Lbf =mMaxPackage Weight (Std Config)

Fn= 260 Lbf =Loadshared by3Rivnuts=F/3

dn= 050 in =Nutrootdiameter

Pi= 314 in =Constant
h= 062 in =~Nutangagement
Ysn= 390435 psi =Allowable Yield Strength
Ssn= 45217 psi = Allowable Shear Strength = Ysn/2

Fs= 85 =Factor of Safety = Ssn/Nts

Rsts= 411 psi = CalcShear Stress = Fd/(2*L*t)
F= 780 Lbf =MaxPackage Weight {Std Config)
Fd= 639 Lbf =Lload NormaltoRibPlate 1

t= 0.25 in =Platethickness

L= 311 in =Distance from hole to Rib 2 edge

Ysr= 145000 psi = Allowable Yield Strength

Ssr= 72500 psi = Allowable Shear Strength = Ysrf2

Fs= 176 = Factor of Safety = Ssr/Rsts

Determine Rib Plate 2 Bearing Failure

Determine Rib Plate 2 Tensile Failure

Rbfs= 6057 psi =Calc Bearing Stress = Fd/{d*t)
F= 780 Lbf =mMaxPackage Weight {Std Config)
Fd= 839 Lbf =Lload Normalto RibPlate 1

t= 0.25 in =Plate thickness

d= 042 in =Boltminordiameter

Ysr= 145000 psi = Allowable Yield Strength

Fs= 24 = Factor of Safety = Ysr/Rbfs

Rtfs= 1486 psi = TensileStress = Fd/[{w-d]*t}
F= 780 Lbf =MaxPackage Weight (Std Config}
Fd= 639 Lbf =Load NormaltoRib Flatel
t= 025 in =Platethickness
d= 053 in =Heclediameter

w= 225 in =Plate width

Ysr= 145000 psi = Allowable Yield Strength

Fs= 98 = Factar of Safety = Ysr/Rtfs

Page 11 of 19
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Determine Bolt 1 Tensile Failure {Combined Stress)

Deterrine Bolt 1 Shear Failure {Combined Stress)

Bimsz 13161 psi =Max Tensile Stress on Bolt 1
= B1st/{Sqrt({B1st/2)" + Bss’))

Blst= 12990 psi =CalcTensile Stress = Fp/A

Fd= 639 Lbf =Lload NormaltoRibPlate 1

Lbf = Moment Load on Bolt 1 = M*Lx

2

A= 014 in® = BoltStress Area

M= 959 in-Lt= Moment = Fd*Lm
Lm= 150 r =MomentArm

lx= 052 in =Boilt Distance to pivot point (A}

Ysb= 105000 psi = Allowabie Yield Strength

= Factor of Safety = Ysh/B1lms

Blss= 6666 psi =Max Shear Stress on Bolt 1
= Sqrt {{Blst/z)" + Bss’)

Bss= 1501 psi = CalcTensile Stress=Fn/A

fd= 639 Lbf =load NormaltoRibPlatel

Fn= 213 Lbf =Lload shared by 2 bolts = F/3

A= 0.14 in® =BoltStress Area

Ysb = 105000 psi = Allowable Yield Strength

Ssb= 52500 psi = Allowable Shear Strength = Ysb/2

Fs= g = Factor of Safety = $sb/Blss

Determine Bolt 1 Thread Bearing Stress

Determine Boits 1 Thread Shear Strip

Btbs= 1405 psi = Thread Bearing Stress

= Fd/ ((PifA}* (d*-dr*)* (h/p))

Fd= 639 Lbf =load eppliedin Rib Plate 2 direction
dr= 0.42 in = Boltrootdiameter

d= 050 in =Boltouterdiameter

Pi= 314 in =Constant

h= 0.62 in =Nutengagement

p= 0.08 in =Thread pitch=1/13

Ysh = 105000 psi = Allowable Yield Strength

Fs = 75 = Factor of Safety = Ysb/Btbs

Bts= 1555 psi = Calc Shear Stress = Fd/{Pi*dr*{h/2])

Fd= 639 Lbf =Lloadappliedin Rib Plate 2 direction

dr= 042 in = Boltroot diameter

Pi= 314 in =Constant

h= 062 in =Nutengagement

Ysr= 105000 psi = Allowabie Yield Strength
Ssr= 52500 psi = Allowable Shear Strength = Ysb/2

= Factor of Safety = Ssb/Bts

Page 12 of 19
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Determine Bolt 2 Tensile Failure (Combined Stress)

Determine Bolt 2 Shear Failure (Combined Stress)

B2ms= 1329 psi =Max Tensile Stress on Bolt 2
= B2st/(Sqrt( (B2st/2)" + Bss’]}
82st=  S00 psi = Calc Tensile Stress = Fp/A
Fd= 447 Lbf =Load Normal to Rib Plate 2
Fp = 71 Lbf = Proportion of load on Bolt2 = M*L2/5Lx
A= 014 in® =BoltStress Area
M= 559 in-Lk= Moment=F*Lm
Lm= 125 in =MomentArm
Slx= 50,19 in® = Bolt Distances Sumed (L2%)+(L3%)
Ysb= 105000 psi = Allowable Yield Strength
Fs= 79 = Factor of Safety = Ysh/B2ms

B2ss= 1079 psi = Max Shear Stress on Bolt 2

= Sqrt ((B2st/2) + Bss?)

Bss= 1050 psi = Calc Tensile Stress = Fn/A
Fd= 447 Lhf =Lload Normalto Rib Plate 2
Fn= 149 Lbf =loadshared by 3 bolts =F/3

A= 014 in’ =BoltStress Area

Ysb= 103000 psi = Allowable Yield Strength

Ssb= 52500 psi = Allowabla Shaar Strength = Ysh/2

Fs= a9 = Factor of Safety = Ssb/B2ss

Determine Bolt 2 & 3 Thread Bearing Stress

Determine Bolts 2 & 3 Thread Shear Strip

Btbs= 328 psi =Thread Bearing Stress
= Fr/ ((Pi/4)*(d"dr")*(h/p))

Fd= 447 |bf =Lload applied in Rib Plate 1 direction
Fn= 149 Lbf =Lloadshared by 3 bolts=Fd/3
dr= 042 in =Boltrootdiameter

d= 0.50 in =Boltouterdiameter

Pi= 314 in =Constant

h= 0.82 in =Nutengagement

p= 0.08 in =Threadpitch=1/13

Ysb = 105000 psi = Allowable Yield Strength

Fs = = Factor of Safety = Ysh/Bths

320

Bts= 363 psi = CalcShear Stress = Fn/{Pi*dr*{h/2}]
fd= 447 Lbf =Load applied in Rib Plate 1 direction
Fn= 149 Lbf =Lloadshared by 3 bofts = Fd/3
dr= 042 in =B8oltrootdiameter
Pi= 314 in =Constant
h= 0.62 in =Nutengagement
Ysb = 105000 psi = Allowable Yield Strength
Ssb= 52500 psi = Allowable Shear Strength = Ysb/2
fs= 145 = Factor of Safety = Ssb/Bts
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Determine Rib Plate Weld Shear Failure - 639 Lbs Direction

Determine Rib Plates Weld Shear Failure - 447 Lbs Direction

Rws= 237 psi = Tensile Stress = Fn/(Lw*Tw}

F= 638 Lbf =AppliedLoad
Fn= 320 Lbf =loadshared by 2 weld lengths =F/2
hs= 025 in =Weld Size
Lw= 7.62 in =Total Weld Length - 63% Lbs Direction

Tw= 018 in =Weld Throat Dimension =.7071%hs

Ysr= 145000 psi = Aliowzble Yield Strength
Ssr= 72500 psi = Allowable Shear Strength = Ysr/2

Fs= 306 = Factor of Safety = Ssr/Rws

Rws= 722 psi =Tensile Stress = Fn/[Lw*Tw)

F= 447 Lbf =Applied Lozd
Fn= 224 Lbf =Lloadshared by 2 weld lengths = F/2
hs= 0.25 in =WoeldSize
lw= 175 in =Total Weld Length - 447 Lbs Direction

Tw= 018 in =WoeldThrost Dimension = .7071*hs

Ysr= 145000 psi = Allowable Yield Strength
Ssr= 72500 psi = Allowable Shear Strength = Ysr/2

Fs= 100 = Factor of Safety = Ssr/Rws
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Appendix B - Lifting by Link Plate Calculations

Detarmine Link Plate Tensile Failure at Midsection

Oetermine Link Plate Shear Tearout Failure

Lts= 1128 psi  =Calc Tensile Stress = F/A

F= 780 Lbf =MaxPackage Weight (Std Config)

X= 1.82 in =MinLlinkLength
t= 0,38 in =LinkPlate thickness

A= 069 in® =MinPlate Stress Area = X*t

Ysl= 170000 psi = Allowable Yield Strength

Fs= 151 = Factor of Safety = Ysl/Lts

Lsts= 1006 psi  =Calc ShearStress = Fn/(2*w*t)
F= 780 Lbf =MaxPackage Weight (Std Config)

Fn= 390 Lbf =loadsharedhby2ends=F/2

t= 038 in =LinkPlate thickness

w= 051 in =Distance from hole to edge

Ysl= 170000 psi = Allowable Yield Strength
Ssl= 85000 wpsi = Allowable Shear Strength = Ysl/2

Fs= 84 = Factor of Safety = Ssl/Lsts

Determine Link Plate Bearing Failure

Determine Link Plate Tensile Failure

Lbfs= 1770 psi = CalcBearing Stress = Fn/[dp¥*t)
F= 780 Lbf =mMaxPackage Weight [Std Config)
Ffn= 390 Lbf =loadsharedby2ends=F/2
dp= 0.58 in =Pindiameter

t= 0.38 in =LinkPlate thickness

Ysl= 170000 psi = Allowable Yield Strength

Fs= 9% = Factor of Safety = Ysi/Lbfs

itls= 426 psi = Tensile Stress = Fn/{{w-d)*t)
F= 780 Lbf =MaxPackage Weight (5td Config)
Fn= 390 Lbf =Lloadsharedby2ends=F/2
d= 0.83 in =Holediamster
t= 038 in =sLinkPlatethickness

w= 304 in =Link Plate width

Ysl= 170000 psi = Allowable Yield Strength

Fs= 399 = Factor of Safety = Ysl/Ltfs
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Determine Load Pin Double Shear Failure

Determine Rib Plate 2 Shear Tearout Failure

Pdss= 738 psi =CalcTensile Stress = Fn/{A*2)
F= 780 Lbf =MaxPackage Weight (Std Config)
Fn= 390 Lbf =loadsharedby2pins=F/2
d= 058 in =Pindiameter
A= 0264 in’ =PinArea=Pi*d*/4

Pi= 3142 in =Constant

Ysp= 170000 psi = Allowable Yield Strength

fs= 230 = Factor of Safety = Ysp/Pdss

Rsts= 251 psi =CalcShear Stress = Fn/(2*L*t)
F= 780 Lbf =MaxPackage Weight (Std Config}

Fn= 390 bl =Lloadshared by 2plates=F/2

t= 025 in =RibhPiate thickness

w= 311 in =Distance from hole tc edge

Ysr= 145000 psi = Allowable Yie!d Strength
Ssr= 72500 psi = Allowable Shear Strength = Ysr/f2

Fs= 289 = Factor of Safety = Ssr/Rsts

Determine Rib Plate 2 Bearing Failure

Determine Rib Plate 2 Tensile Failure

Rbfs= 3697 psi =Calc Bearing Stress = Fn/{dp*t}
F= 780 Lbf =MaxPackage Weight (5td Config)
Fn= 380 Lbf =Lloadshared by2plates=F/2

dp= 042 in =Boltminardiametaer

t= 025 In =Rib Plate thickness

Ysr= 145000 psi = Allowable Yield Strength

Fs= 39 = Factor of Safety = Ysr/Rbfs

Rifs= 507 psi  =Tensile Stress = Fn/{(w-d)*t)
F= 780 Lbf =MaxPackage Weight (Std Config)
Fhn= 380 Lbf =Loadsharedby2plates=F/f2
d= 0.53 in =Holediameter
t=0.25 in =RibPlate thickness

w= 2.25 in =RibPlate width

Ysr= 145000 psl = Allowable Yield Strength

Fs= 160 = Factor of Safety = Ysr/Rtfs
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Determine Bolt 1 Tensile Failure

Determine Rib Plate 3 & 4 Shear Tearcut Failure

Bims= 2748 psi =Max Tensile Stress on Bolt 1= Fn/A Rsts= 424  psi  =CalcShear Stress = Fn/f(2%L*t)

F= 780 tbf =MaxPackage Weight (5td Config) F= 780 Lbf =MaxPackage Weight{5td Config)

fn= 390 Lbf =Lloadsharedby?2Bolts=F/2

A= 014 in® =Bolt5tress Area

Ysb= 185000 psi =Allowable Yield Strength

Fn= 195 Lbf =Lloadshared by4 plates=F/4

t= 025 in =RibPlate thickness

L= 082 in =Distance from holeto edge

Ysr= 145000 psi = Allowable Yield Strength
$sr= 72500 psi = Allowable Shear Strength = Ysr/2

Fs= 471 = Factor of Safety = Ssr/Rsts

Fs= 38 = Factor of Safety = Ysb/B2ms

Determine Rib Plates 3 & 4 Bearing Failure

Determine Rib Plate 3 & 4 Tensile Failurs

Rbfs= 1345 psi = Calc Bearing Stress = Fn/f{dp*t)

Rtfs= 420 psi = Tensile Stress = Fn/{(w-d}*t)

F= 780 Lbf =MaxPackage Weight (Std Config) F= 780 Lbf =MaxPackage Weight (5td Config)

Fn= 195 Lbf =Loadshared by 4 plates = F/4

dp= 0.58 in =Pindiameter

t= 0.25 in =RibPlate thickness

Ysr= 145000 psi =Allowable Yield Strength

Fs= 108 = Factor of Safety = Yst/Rbfs

Fn= 185 Lbf =Lloadshared by 4 piates=¥/4

d= 0.625 in = Hole diameter

t= 0.25 in =RibPlate thickness

w= 248 in =RibPlatewidth

Ysr= 145000 psi =Allowable Yield Strength

Fs= 345 = Factor of Safety = Ysr/Rtfs
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Determine Rib Plate Weld Shear Failure - Lift Direction

Rws= 145 psi  =Tensile Stress = Ff[Lw*Tw)

F= 780 (bf =MaxPackage Weight {Std Config)

hs= 0.25 in =WaeldSize
lw= 3048 in =Total Weld Length - Lift Direction

Tw= 0128 in =Weld Throat Dimension = .7071*hs

Ysr= 145000 psi = Allowable Yield Strength

Ssr= 72500 psi = Allowable Shear Strength = Ysr/2

Fs= 501 = Factor of Safety = Ssr/Rws
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Appendix C - Lifting by Single Rivnut Calculations

Determine Rivnut 1 Shear Failure

Determine Rivnut 1 Thread Shear Strip

Nss= 6306 psi =<CalcTensile Stress = F/A
F= 700 Lbf =MaxPackage Weight (Basic Config)
A= 011 in® =NutStressArea

dr= 050 in =Nutrootdiameter

d= 0,63 in =NutCuterDiameter

Ysn= 93634 psi = Allowable Yield Strength

Ssn= 46847 psi = Allowable Shear Strength = Ysnf2

Fs= 7 = Factor of Safety = Ssn/Nss

Nts= 1438
F= 700
dr= 0,80
Pi= 314
h= 0.62
Ysn= 93694
Ssn= 46847
Fs = 33

psi = Calc Shear Stress = F/{Pi*dr*(h/2))

Lbf =Max Package Weight (Basic Config)

in  =MNutroot diameter

in =Constant

in = Nutengagement

psi = Allowable Yield Strength
psi = Allowable Shezr Strength = Ysn/f2

= Factor of Safety = Ssn/Nts
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1.0 Purpose:

This report documents an analysis performed on the SENTRY transport package to the tie-down
requirements of 10 CFR Part 71.45 (b).

2.0 SENTRY Transport Package Tie-Down Provisions:
The SENTRY transport package is equipped with four identical, multi-purpose Lifting/Tie-Down
provisions located symmetrically around the package. The center of gravity (CG) is located
approximately at the geometric center of the 780 pound maximum weight package.

The SENTRY tie-down provisions are a structural part of the package. However, they are designed
to be intentionally removed without affecting the ability of the package to meet other requirements of
10 CFR Part 71.

Half of each tie-down provision Is atached t¢ the upper portion of the cylindrically shaped welded
body by three high sirength bolts, two on the top flat surface and one on the curved side surface of
the body. The other half of the provision is attached to the body in the same manner, but with two
bolts attached to the bottom and one attached to the side of the body. Refer to Figure 2.3. Materials
used in construction of the tie-down provisions are shown in Table 2.1,

The upper and lower provision halves are connected together by a fink plate attached to each half by
a load gin. The two load pins are recruited when the package is tied-down using the link plate. It is
not recommended to tie-down the package using the link piate, but this method still needs t6 meeat
the tie-down requirement of 10 CFR Part 71.45 (b).

The recommended tie-down method is to secure the package by looping high capacity straps or
chains with or without a shackie through the large holes in the upper provisions and then staking the
straps or chains to the vehicle down at about 45 degrees from harizontal.
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There are two specific tie-down arrangements which will be analyzed separately. The first
arrangement has the package oriented as shown in Figure 2.1. In this arrangement, the applied
load, established by the requirements of 10 CFR Part 71, is taken by anly one provision in the
direction of vehicle travel. Another provision, 80 degrees from the vehicle direction, takes the load in
the |ateral direction. All four provisions share the load in the vertical direction.

The second arrangement has the package oriented as shown in Figure 2.2, In this arrangement, two
pravisions share the applied lead in the direction of the vehicle. Two other provisions react to the
ioad in the lateral direction, but one of these two provisions reacts to both the lateral and vehicle
direction loads. All four provisions share the load in the vertical direction.

5W = 3500 LBS {A)

320 LES. (R) ™ RS B

Figure 2.1. Single Provision Arrangement:
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SW = 3900 LBS. (A)

3900 LBS. (R)

10W = 7800 LBS. (A)

3900 LBS. R)

PLAN VIEW
1950 LBS. (R) 1950 LBS. {R)

T Iy N~ e
DIRECTION OF VEHICLE TRAVEL (A) : APPLIED LOAD

—_— (R) : REACTION LOAD
SENTRY TRANSPORT PACKAGE
MAX WEIGHT (W) = 780 LBS.

2W = 1560 LBS. {A)

e e | e

JOW = 7800 LBS. (A)

l SIDE VIEW ,
3
380 LBS. (R) 390 LBS (R}

Figure 2.2. Shared Provhi;n Arrangement.
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Figure 2.3. One of Four SENTRY Lifting & Tie-down Provisions

Table 2.1. Tie-Down Provision Materials List
nent | ] .. | ASTM | Minimum Yield

°°"""°" | Material Condition | ‘S0 | "Strength, pei
Rib Plate 1 thru 8 17-4 PHSTN STL H1025 | AB93 145,000
Link Plate | 17-4 PHSTN STL HS00 AB93 170,000
Bolts 1 thru 8 ' 174 PHSTN STL AH F593 105,000
Load Pin 1 & 2 17-4 PHSTN STL HB00 AB93 170,000
Rivnuts 1 thrud | 316 STN STL cw A276 33,694

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

(1) If there is a system of tie-down devices that is a structural part of the package, the system must”
be: capable of withstanding, without generating stress in any material of the package in excess
of its yield strength, a static force applied to the ¢enter of gravity of the package having a vertical
component of 2 times the weight of the package with its contents, a horizontal component
along the direction in which the vehicle travels of 10 times the weight of the package with its
contents, and a horizontal component in the transverse direction of 5 times the weight of the
package with fts contents.

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

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

4.0 General Assumptions:

1.0 Temperature range equal to ~40 fo +130 F.
2.0 No corrosion exists on the rib assembly and fastener components.
3.0 All 4 provisions are used in the tie-down analysis.
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5.0 Analysis - Single Provision Tie-down by Rib Assembly:
Figure 5.1 Resolves the reaction forces in the upper tie-down provisions for a single provision
arrangement with the icad requirements appiied per 10 CFR Part 71. Since the lateral direction
icading (3900 Lbs) is less than the direction of vehicle loading (7800 Lbs), the worst case vehicle
load vaiue of 7800 Ibs shall be used to determine the maximum reaction forces in the package.

DIRECTION, OF VEHICLE TRAVEL
- —
1560 Lbs
Fx 1~ @y & o ® _ Fx2
( vgﬂ 7800 Lbs
l
Ve ® . ® @/
A
e 1050 10.50 —-=
i y
Fy1 780 Lbs Fy2
R TR Fe=0
+CCW I Ma=0 = 9.5(-7800) + 10.5(780) + 21(-Fy1) + 16.75(Fxs) + 10.5(-1560) :Fy; = -2303
+ P EFY=0=1560“FY4,"F\42"780 :FY2=+1523
+LEFT I Fx =0 = Fyy - 7800 ‘Fys = +7800

Figure 5.1. Single Provision Force Diagram

The recommended tie-down angle for fixing the package to the bed of the vehicle is 45°, The largest
reaction force found in Figure 5.1 is 7,800 Lbs in the horizontal direction. This force shall be used to
determine the maximum tension force in the cable or chain from the upper provision to the vehicle
bed at 45 degrees. Figure 5.2 shows the maximum tension force to be 11,031 ibs. The 11,031
tension force shall be used for the structural analysis shown in Figure 5.3
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7800 Lbs
raas=—
| 11031 Lbs
7800 Lbs
45°
R |

11.031 Lbs

o Provision Tie-Down by Rib Assembly — Close-up View
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6.0 Results - Single Provision Tie-down by Rib Assembly:

Table 6.1 is a summary of the results of the tie-down analysis when securing the package by the rib
assembly in the single provision arrangement. The table shows the calculated facter of safety for the
“Bolt B3 Shear” failure is the worst case with a calculated factor of safety equal to 1. This is equal to
the required factor of safety of 1. See Appendix A for the single provision tie-down by rib assembly
calculations per failure mode.

Table §.1. Summary of Single Tie-Down by Rib Analysis o
| Calculated Required ;
i v | Factor of Safety | Factor of Safety | P2sS/Fai
Rib Plates 3 & 4 Shear Tear-out 4 Pass
Rib Plate 2 Shear Tear-out 14 Pass
Rib Plate 2 Bearing Failure 2 Pass
Rib Plate 2 Tensile Failure 8 Pass
Bolt B3 Tensile Failure 2 Pass
Bolt B3 Shear Failure 1 1 | Pass
Bolt B1 Thread Bearing Strip 4 I Pass
Bolt B1 Thread Shear Strip B 2 Pass
Rivnut at B1 Thread Shear Sirip 2 Pass
Rib Plate Weld Shear — Horizontal 18 Pass
Rib Plate Weld Shear - Vertical 4 Pass
See Appendix A - Single Provision Tie-down by Rib Assembly Calculations
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7.0 Analysis - Single Provision Tie-Down by Link Plate:

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

Figure 7.1 shows the transport package secured by the link plate.

=
Rib Plate 334 L)
7800 Lbs

Link Plate

11034 Lhs

Figure 7.1. Single Provision Tie-Down by Link Plate — Close up

8.0 Results - Single Provision Tie-Down by Link Plate:

Table 8.1 is a summary of the resuits of the tie-down analysis when securing the package by the link
plate in the single prevision arrangement. The table shows the caleulated factor of safety for the *Rib
Plates 3 & 4 Bearing” failure mode is worst case with a calculated factor of safety equalte 3. This is
3 times the required factor of safety of 1. See Appendix B for the single provision tie-down by link

plate caiculations per failure mode.

Table 8.1. Summary of Single Provision Tie-Down by Link Plate Analysis

Calculated Required

Failure Mode Factor of Safety | Factor of Safety | 2ss/Fail
Link Plate Tensile Failure - Midsection 15 Pass
Link Plate Shear Tear-out <] Pass
Link Piate Bearing Failure 7 Pass

| Link Plate Tensile Failure 28 4 Pass
Load Pin P1 or P2 Double Shear 12 Pass
Rib Plates 3 & 4 Shear Tear-out 3 Pass
Rib Plates 3 & 4 Bearing Failure 4 Fass
Rib Piates 3 & 4 Tensile Failure 15 Pass

See Appendix B — Single Provision Tie-down by Link Plate Calculations
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9.0 Analysis - Shared Provision Tie-Down by Rib Assembly:

Figure 9.1 Resolves the reaction forces in the upper tie-down provisions for the shared provision
arrangement with the toad requirements applied per 10 CFR Part 71. Since the fateral direction
loading (3900 Lbs) is less than the direction of vehicle loading (7800 Lbs), the worst case vehicle
load value of 7800 Ibs shall be used to determine the maximum reaction forces in the package. The
calculated force for Fx1 is half the value shown since it is shared with Fx3. Similarly, the calculated
forces for Fy1 and Fy2 are half the value shown since they are shared with Fy3 and Fy4

respectively.
DIRECTION OF VEHICLE TRAVEL
—
1580 LBS.
Fx1 Fx2
Fx3 Fxd
: 7800 LBS.
|
8.50
l 45°
1
Fy1 780 LBS. Fy2
Fy3 Fyé
[ Fya, Fra= 0
+CCW Z Ma= 0=9.5(-7800) + 10.5(780) + 21(-Fy4) + 16.75{Fx4) + 10.5{(-1560) Fy, = -2303/2
Fyq, Fya=-1152
+UF ZFy=0=1560~Fy:-Fyy-780 Fye = +1523/2
:|:Y2, FY4 = +762
+LEFTZFx=0=Fyx -7800 Fxq = +7800/72
e Py, Pya=+3900 |
Figure 9.1. Shared Provision Force Diagram

The recommended tie-down angle for fixing the package to the bed of the vehicle is 45°. The largest
reaction force found In Figure 9.1 is 3,900 Lbs in the horizonta! direction. This force shall be used to
determine the maximum tansion force in the cable or chain from the upper provisicn to the vehicle
bed. Figure 9.2 shows the maximum tension force to be 5515 lbs. The 5515 tension force shall be
used for the structural analysis shown in Figure 9.3.
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3900 Lbs
e
5515 Lbs
3900 Lbs
| 45°
N B
Figure 9.2. Shared Provision Tension Forcs

Rib Plate 3 & 4 l_
B Py
.54

.88
& - ——— - 39GG Lbs
.
R '

3515 Lhs

—Figure 0.3 Shared Provision Tie-Down by Rib A R
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10.0 Resulis - Shared Provision Tie-Down by Rib Assembly:

Table 10.1 is a summary of the results of the lie-down anatysis when secuning the package by the b
assambly in the shared provision arangement. The table shows the calculated factor of safety for
the "Balt B3 Shear” fallure is the worst case with 2 calculated factor of safety equal to 2. This is over
2 times the required factor of safety of 1. See Appendix C for the shared provision tie-down by rib
assembly calculations per failure made.

[Table 10.1. Summary of Shared Provision Tie-Down by Rib Analysis
I Calcufated uired :

Failure Mode Factor of Safety Fi Safety | Fassfall
Rib Plates 3 & 4 Shear Tear-out g Pass
Rib Plate 2 Shear Tear-out 29 Pass
Rib Plate 2 Bearing Failure 4 Pass
Rib Plate 2 Tensile Failure 18 Pass
Boit B3 Tensile Failure 3 Pass

| Boit B3 Shear Failure 2 1 Pass
Bolt B1 Thread Bearing Strip 9 Pass
Bolt B Thread Shear Strip 4 Fass
Rivnut at B1 Thread Shear Sirip 4 Pass
Rib Plate Weld Shear — Horizontal 35 Pass
Rib Plate Weld Shear - Vertical 8 Pass
See Appendix C — Shared Frovision Tie-down by Rib Assembly Calculations J‘
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11.0 Analysis ~ Shared Provision Tie-Down by Link Plate:
The link plate is not recommended to be used as a tie-down provision. Howevar, if the package is
secured by the link plate, then it shall also meet the tie-down requirements of 10 CFR Part 71.45(b).
Figure 11.1 shows the transport package secured by the link plate.

Link Ptate

BS I - N
\ A §

|
-~ 5515 Lbs
e |
Rib Plate 25 4 ]
3900 Lbs

Figure 11.1. Shared Tie-Down by Link Plate — Close up

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

Table 12.1. Summary of Shared Provision Tie-Down by Link Plate Analysis

Calculated Required ' =
Fallure Mode Factor of Safety | Factor of Safety | P288/Fail |
Link Plate Tensile Failure - Midsection 30 | Pass
Link Plate Shear Tear-out 12 Pass
Link Plate Bearing Faiiure 14 ' Pass
Link Plate Tensile Failure 56 4 ' Pass
Lasd Pin P1 or P2 Double Shear 23 i Pass
Rib Plates 3 & 4 Shear Tear-out 8 Pass
Rib Plates 3 & 4 Bearing Failure 8 Pass
Rib Plates 3 & 4 Tensile Failure 30 Pass
See Appendix D — Shared Provision Tie-down by Link Plate Calculations
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13.0 Final Assessment:
The SENTRY transport package tied-down by either the rib assembly or the link plate meets the tie-
down requirements of 10 CFR Part 71.45 (b). No failure mede was found to be less than 1 against
yielding when securing the package by efther ong rib assembly or link plate.

if the tie-down provision were to fail due to excessive loading, the package is deslgned so that the
faited provision would not impair the ability of the package to meet the other requirements of 10 CFR
Part 71.
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Appendix A - Single Provision Tie-Down by Rib Assembly Calculations

Deterrrine Rib Plates 384 Shear Tazrout Fallure

Desarmine Rib Plate 2 Shaer Tear out Failure

Rifsm 16556 psi  =Tensile Stress = Ff{2%L%Y

f  =Applied Load = 10% 780 Lbs

o

F= 7802 U

= 0250 in =Piate thicknass
itz 0840 i =Distantefrombeole topiate adge

Ysr= 745000 psi = Allowabie Yieid Strength

Ssr= 72500 ps = Allowadle Sheer Strangth = Ysr/f2
iz 4 = Factor of Safety = SsrfRifs

Ate=  EJ16
F= 7800
t= 0.250
L= 3110

Yer= 34500
Sgr= 7300
fs= 14

pst = Calc Shear Stress = F{2%1L™)

ief =fppied load=i0x 780 lbs

in  =Wall thickness

in =Digance from hote to edge

psi = Allowakle Yield Sirength
psi = Allowsb'e Shear Strength = Yarf2

= Factor of Safety = SsvfRsts

Determine Rib Plate 2 Bearing Faifure

Determine Rib Plate 2 Tenzile Failure

Rbfs= 73834 psi  =Calz Bearing Strass = Ffid®t)

7800 bf =aAppliedlcad=210x780Lbs

= Plate thicknass

d= 0422 in =B3gitmincrdiamsater
Ysr= 145000 psi = Allowable Yield Strength
&= 2 =Factar of Safety = YsrfRbfs

Rife= 18140
F= 7200
t= 0250

W=

Ysr= 145600

pst  =Tensile Stress = F/{[w-d}®t)

Lof = Appiied Load=10x780 Lbs

in = Plate thicknass

in  =Holadiamater

in  =Plate width

psl = Allowabls Yigld Strength

= Factor of Safiety = Yer/Rtfs
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Determine Bolt 83 Tensie Failure {Combined Stress) ‘ Delermine Bolt B3 Shear Fallure (Combined Stress)
33ms= 62846 psi =Wiow Tonsile Strass on Bolt 33 | | B3ss= 43443 psi =Max Shzar Stress on Boit B3
= B3st/2 + Sqrt{ [B3st/2)" + Bss’) = Sqre [[83s1/2}" + Bss®)
B3st = 3%805 psi = Calc Tensile Stress = FpfA Bss= 38865 psi - Calc Tensile Sirass = FnjA
F= 11031 Lbof = Anpiiad Load = 7800/ jsinds5®) F- 11031 Lbf =Appiied Load = 7400/ (4G}
Fp= 3506.6 Lbf  =Proportion of Inad on Bolt B3 = M*L3/SLx Fn= 5516 Lbf =Lload shared by bots B2 & B3 = Ff2
A= 01219 i = Bolt Styess Area A= 01412 in® = Bolt Stress Area

M= 38233 in-Uf = WMomant = FLm
tm= 3532 in = Moment Arm at point A
Slx= 37620 in° = boit Distances Sumed (L% H{L22M+{(13Y

3= 5320 in = Bell 33 Distance to Pivot Point A

{See Figure & for L1, L2, & L3] Ysb= 105000 psi =alowable Yield Strength
Ysh= 105000 psi = Allpwable ¥ield Strength Ssb= 52300 psi = Alfowable Shear Strangth = Yib/2
Fg= b) = Factor of Safety = Yeb/B3ms Fg= 3 = Factor of Safaly = $3h/B3es

Determine Bolt B1 Thread Bearing Failure Determine Bolt B1 Thread Shear Sirip
Btbs = 24255 psi =Thread Bearing Stress Bts= 26841 psi = Calc Shear Stress = F/{Pi®dr{h/2)]
= Ff{[Pifa}*{¢*ar' )" (/o))

F= 11031 Lbf =Appiied Load = 7800/ {sind5°) F= 12031 Lbf =Applied Load = 7800/ (sind5®)
p= 0077 in =Thread pitch =1/13

dr= 0.422 in =Golt root diameter dr= 0.421 in - Boltroot diameter

Pi= 3142 in =Constant Pi= 3142 in =Constant
h= 0620 in =Nulengagement h= 0520 in  =Nut engagement
¥sh= 105008 psi - Allowable Yield Strength Ysh= 105000 psi = Allowable Yisld Strength

Ssb= 52500 psi = Allowabile Shear Strength = Ysby/2

= Factor of Safety = SsbyfBths Fs= 2 = Factor of Safety = Ssbfsts

¥

w
3
B
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Determine Rivaut ot 61 Thread Shear Strip

[Determine Rib Plates 384 Weid Shear Failue - Harizontal

Nss=

F=

22833

11031

Q500

1142

0.520

43217

psi

Lof

psi

= Calc Sheer Stress = 5f[F*dr*h/2))

= tizpiied Load = 7800/ [#045°)
& Nut root dismeter
= Congtan®

= Myt engagament

= fllawable Yisid Strength
= Allowabla Shear Strangth 2 Ysn2

= Factor of 3afety = Ssn/flits

[Detarmine Rib Plates 384 Weld Shear Failurs - Vertical

Rws =

n
n

Lw =

Tws=

Ssr=

Fs=

17828 psi

11031

72500 psi

Lof =Applied Load = 7300/ 'TSF“‘?'SG)

in

in

in

Ver= 145000 psi

= Tanzile Stress = Ff{Lw*Tw}

='Weld Size
= Total Weld Length - Vertical Diraction

= \Wald Throat Olmension = . 7071%hs

= Lllpwable Yield Strergth

= Allowatle Shear Strength = Ysrf2

= Factor of Safety = Ssr/Ruvs

IRWS: £35S

£z 11031

| lw= 15240

Tw= Q177

u
i
N
b1

Fs= 18

osi

Lof

in

in

pai

psl

= Tensile Stress = Ffilw* Twi

= Apglied Load = 7800 [sind5°)

=\Weld Size
=Tota! 'Wald Length - Horizontal Direction

='Weld Throat Dimension = .7071%hs

= Allowable Yield Strength
= Allowsble Shear Strength = Ysr/2

= Factor of Safety = Ssr/Fws
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r[]tter-'n'me Link Plate Tensile Failure at Midsection

Determine Link Plate Shear Tasrout Failurs

lts= 11278 psf =Calc Tensile Stress=F/A

F= 7800 Lbf =applied load

X= 1820 in =Min Lnk Length
t= 0380 in = link Flate thickness
z

Ax  (0.832 in® =Nin Plate Stress Area = X*t

Ysl= 170000 psi = Allowable Yield Strength

Fs= 15 = Factor of Safety = YsifLts

ists= 14230 psi = Calc Shear Stress = Fnf{2*L*)
F= 11031 Lbf = Applied Load = 7800/(sin45%)

Fn= 35155 Lbf =Load Shared by 2 ands = Ff2

t= 0380 in = LlinkPlate thiciness

L= Q310 in = Distance from hole to edge

Ysl= 170000 @si = Allowable Yigid Strength
Ssl= 85000 psi = Allowable Shear Strength = ¥sif2

Fs= & =Factor of Safety = Ssifists

:;Determ'lﬂe Link Plate Bearing Failure

| Determine Link Plate Tensile Fallure

ibfs= 25025 psi = Calc Bearing Stress = Fnf{dp™t)
F= 11031 Ubf = Applied Load = 7800/(sind5®)
Fn= 53155 Lbf =loadShared by2ends=F/2
dp= 0580 in =Pincdiameter

t= 0380 in = linkPlate thicknass

¥sl= 170000 psi = Allowable ¥ield Strength

= 7 = Factor of Safety = Yslfibfs

[tfs= 6023 psi =Tensile Stress = Fn/[[w-d)*t)
F= 11031 ib¥ =Applied Load = 7800/(5in45")

Fn= 55155 Lbf

Load Shared by 2 ends = £/2

d= 0.630 in =Hole diameter

t= (380 in =Llink Plate thicimess
w= 3.040 in =LlinkPlate width

Ysi= 170000 pst = Allowabla Yield Strength

Fs= 28 = Factor of Safety = YsifLifs
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Determine Load Pin §1 Double Shezr Fallure

Determine Rib Plates 3 & 4 Shear Tearout Fallure

Pdss= 7331
F= 7800
= 3900
do= 0.530
A= 0264
Pi= 3142
Ysp= 170000
Ssp= 83000
Fs= 12

psi = Calc Tensile Stress = Fn/f{A%2)
Lbf = Aggied load

Lbf =load Shared by 2 Pins = F/2
in =Pin diameter

in® =P Area = Pi*{dp/2)}

in  ={onstant

psi = Aliowakle Yieid Strength
psi = Allpwable Shear Strength = Ysp/2

= Factor of Safety = Ssp/Pdss

Rsts= 23980 psi = Caic Shear Stress = Fn/{2%1%t]

F= 11031 Lbf =Apolied Load = 7800/[2ind5°)

Fn= 55155 Lbf =ioad Shared by 7 plates = Ff2
t= 0250 in =nRihPlate thickness
L= C480 in =Distance from hole to edge

Yse= 145000 psi = Allowable Yield Strangth
Ssr= 72500 psi = Allowable Shear Strength = Ysrf2

fsz 3 = Factor of Safety = Ssr/Rsts

Determine Rib Plates 3 & 4 Bearing Failure

Detarmine Rib Plates 3 & 4 Tensile Failura

Rbfs= 32038
F= 11031
fn= 55155
dp= 0530
t= .250
Ys¢ = 145000
Fs= 4

psi = Cale Bearing Stress = Fnf{dp*t)
lbf = Applied Load = 7800/ (sind3"}
Lbf = Load Shared by 2 plates = £f2
in =Pin diameter

in =Riz Plate thickness

asi = Allowable Yield Strength

= Fattor of Safety = Yar/Rbfs

Rtfs= ©698 npsi = Tensile Stress = Fnf{iw-[dpsdi]}®t)
F= 11331 Lof =Appiied Load = 7800/(sind5°%)
Fnz= 55155 Lbf =toadShared by 2plates=Fj2
dp= (.63¢ in = Pinhole diameater
t= (250 in = Rib Plate thickness
w= 4330 iz =Ribplate width
dl= 1625 In

= Large “cle diameter

Ysr= 145000 psi = Allowable Yield Strength

= Factor of Safety = Ysr/Rifs
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Determine Rib Plates 384 Shaar Tear-out Failure

Deermine Rib Plate 2 Shaar Tesr out Fallure

Rfs= §298 psi =Tansie Stress=F/[2%1%]

Lo¥ = #pplied Load = {10 x 780 Lbs}/2

Tt
u
)
8
=1

t= 0250 in = Piate thickness

....
]
L=
o
=Y
(5]

in = Distance from haole to plate edge

Ysr= 183000 psi = fllowabis Yisld Strength
Ssr= TIS00 psi = Aiowable Shear Streangth = Ysrf2

fez 9 = Factor of Safety = Ssp/Rifs

Rste= 2508 off  =Celc Shear Stress = F/{2%L*)

F= 3900 Lbf =AppiiedLoad = {10% 780 tbs)/2

t= 0256 in  =Wallthickness

L= 3110 ir =Distance from hole to edge

Ysr= 145000 psi = Allewable Yield Strength

Ssr= 72500 psi = Alliowable Shear Strength = Ysr/2

Fs= I3 = Factor of Safety = SsrRsts

Detarmine Rib Plate 2 Baaring Failure

| Determine Rib Plate 2 Tensila Failure

Rkfs= 36957 psi = Calc Bearing Stress = Ff{d™1)

F= 3900 !of =Applied Load = (10x 780 Lbs)/2

tz 0.25¢ in =Platethickness

a= 0422 in  =Boltminordiameter

Yer= 145000 psi = Allowable Yieid Strength ‘

Fs= 4 = Factar of Safety = Ysr/Rbfs

Rtfs= 9070 psi  =Tensile Stress = Fff{we-d)?t)

F= 3300 LUsf =Applied Load = (10x 780 Lbs)/2

t= Q250 in =Plate thicknass
d= 0530 n =Holediameter

w= 2250 in =Flatewidth

=
L

r= 145000 osi = Allowable Yield Strength

Fs= 18 = Factor of Safety = Ysr/Rifs
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Determine Bolt B3 Tensde Failure {Combined Strass)

Determine Bolt B3 Shear Failure (Comivined Stress)

B2ms= 31420 ps =hvax Tenslie Stress on Boff B2
= B3st/2 + Sqrif {B3st/2) + Bss®)

B3st= 18401 psi = Calc Tansile Stress = Fp/A

F= 5515 Wb = Appied Lead =3300/ (5ind5°)
= Proportion of load on Bolt B3 « M*L3/Slx
A= 01312 in° = Boil Stress Area
M= 12468 in-thf =Momant=F*lm
Lm= 3530 ir + Moment Arm at poinl A
Sle= 37520 in? = Ealt Distances Sumed [L1%)={L2%H12Y)

= (iolt 83 Distance to Pivat Point &
{See Figure 4 for L, L2, & L3}

3= 5320 in

¥sb= 105660 psi = Allowably Yield Strength

Fs = 3 =Tactor of Safety = Ysb/B3ms

3ss= 21719 psi - Max Shoar Stress on Bolt B3
= Sqrt ({83st/23% + Bss?)

Bss= 19433 psi = CalcTensile Siress = EnfA
bt = Apphled Load = 3500/ (snd5")

k¥ = Load shared by bolts 82 & B3 = £/2

A= 01419 in® = 30it Stress Arsa

vsb= 105068 psi = Alowable Yield Strength
Ssh= 52500 psi =Allowabie Shesr Strenpth =Ysb/2

Fs= 2 = Faclor of Safely = SshfBasc

Determine Bolt B1 Thread Bearing Failure

Determine Bolt 81 Thread Shear Strip

Bths= 12126 psi = Thread Bearing Stress

= Ff[{Pif)*[d*-dr"}*(h/p))

F= 5515 Lbf =Apolied Load = 3900/ (sind5®)

p= 0077 in  =Thread pitch = 1/13
dr= 0422 in =B&ol rootdiameter

o

={onstant

n
w
i

|2
(=)
5

fsh= 105000 psi =Allowable Yield Strength

= Factor of Safety = SshfBths

Bts= 33419 psi = Calc Shear Stress = £f[Pi*dr*{h/2))

Lbf = Applied Load = 3900/ (sin45°)

-
1
w
o
=
L)

dr= (0412 in

= Bait rook digmeter

Pl= 3142 in

= Constant

h= £620 in =Nutengagement

ysh = 105000 psi = aAllowable Yield Strength
Sst= 52500 psi = Aliowable Shear Strength = Yshy2
F5= 4 = Factor of Safaty = Ssb/Bts
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Determine Rivnut at Bl Thread Shear Strip

Determine Rib Plates 354 Weld Shear Failuse - Horizontal

Nts= 11326 psi = CelcSheer Strass = FA{Pi*drin/2))

Fr 5515 Lof = Applied Load = 3500/ [sinds’)

dr= 0500 in = MNutroot diemeter

Pi= 3142 in =Constant

Wz 0820 in = Mut engagamant

Yeme 90435 = Allpweble Yield Strength

B

Ssn= 85717 ps = Aloweble Shear Shength = Yanf2

= Factor of Saisty = San/ilis

-1
H
E

Aws= 2047 ps = Tensile Stress = Ff|Lw¥Tw]

F= 5515 Lbf =Appiied Load= 3500/ (sind5°)

sz 0230 In =iweld S
lw= 15240 in =Totel Weld Lengtn - Horizontal Direction

Tw= 0177 in =Wald Throat Dimension = .7071%hs

Ysr= 145000 psi = Allowsble Yield Stength
Ssr= 725300 gpsi = Allowsbie Shear Strength = Ysrf2

Fs= 35 = Factor of 3efaty = SerfRws

Detarmine Rib Plates 384 Wald Shear Failure - Vertical

Rus= 8914 psi =Tensile Stress= FfiLw*Tw]

F= 5515 Lbf =Apglied Load= 3200/ (sinds®)

hs= 0230 in  =Weld Size
lw= 3306 in =Total Wald Length - Vertical Direction

Tw= 0177 in  ='Wsld Throst Dimension =.7071%hs

Ysr= 145000 psi =Allowable Yield Strength

Ssr= 72500 psi = Allowskble Shear Strength = Ysrf2

fs= & = Factor of Safety = Ssr/Rws
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Appendix D - Shared Provision Tie-Down by Link Plate Calculations

Determine Link Plate Tensile Failure at Midsection

Determine Link Plate Shear Tearout Failure

Lts= 5639 psi  =Calc Tensile Stress = FfA
F= 3900 Lkf =Appledload
Y= 1820 in =Winlnk Length
t= 0380 In =LlinkPlate thickness
A= 0692 in® =MinPlate Stress Area = X*t
Ysl= 270000 psi = Alowable Yield Strength
B= 35 = Factor of Safety = Ysi/Lts

Lsts= 7114 psi = Calc Shear Stress = Fnf{2eL*)

F= 5315 idf =Applied Load = 3900/ [Si?‘.45°)

Fns 27575 Lbf =loadSheredbyZends=F/2
t= D380 in  =LnkPlate thicknass
L= 0310 in = Distance from hole to edge

Ysl= 170000 psi = Allowable Vield Strength

Ssi= 85000 o3l = Allowsable Shear Strength = Yslf2

Fs= 12 = Factor of Safety = Ssiflsts

Determine Link Piate Bearing Fallure

Determine Link Plate Tensile Failure

Liofs= 13511 psi = Calc Bearing Stress = Fnf{dp®t)
F= 5515 Lbf =Applied Load = 3900/ {sin45°)
Fn= 27575 Lbf =.cadSharedby2ends=F/2
dp= 0580 in =5indiameter
t= 0380 in =linkPlate thickness

Ysi= 170000 psi = Allowable Yield Strength

14 = Factor of 5afety = Ysl/Lbfs

Nl

Wths= 3011 psi  =Tensile Stress = Fof{{w-d)*)
F= 5515 Lbf =Applied Load = 3900/ (sind5°)
Fn= 27575 b7 =loadShared by Zends=Ff2
d= Q.630 in =Holediamster
t= (0380 in  =Link Plate thickness
w= 3040 in = Link Plate width
Ysi= 170000 psi = Allowable Yield Strength
Fs= S& = Factor of Safety = Ysifitfs
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Determine Load Pin #1 Double Shear Faflure Determine Rib Piates 3 & 4 Shear Tearout Failure
Pdss= 3680 psi =Calc Tensiie Strass = Fnf{A®2) Rsts= 11983 psi = Calc Shear Stress = Fnf(2%L*)
F= 3900 Lbf =Applied load F= 5515 |bf =Applied Load =3900/ {sfr‘:45°)
Fn= 1950 ibf =loadSharedby2 Pins=Ff2 Fn= 27575 Lbf =load Shared by 2 plates = Ff2
do= 0580 in =Pndismeter
A= 0264 in® =PinArea=Pr(dp/2) t= 0250 in = RibPlate thickness
Bi= 3342 in ={onstant L= 0480 in =Distance from hols 1o edge
Ysp= 170000 psi =Allowaoie Yield Strength Ysr= 145000 psi = Allowable Yield Strength
Ssp= 85000 psi = Allowakle Shear Strength = Ysp/2 Ssr= 725C0 psi = Allowable Shear Strength = Yer/2
= 23 = ractor of Safaty = Ssp/Pdss Fs= 6 = Factor of Safety = SsrfBsts
Determine Rib Plates 3 & & Bearing Fallure | |Determine Rib Plates 3 & 4 Tensile Failure
Pofs= 15017 psi = Calc Bearing Stress = Fn/f{dp®t) Rtfs= 4848 psl = Tensile Stress = En/([w-{dp+al}l™}
F= 5515 Lbf =apolied Load = 3900/ (sindS’) F= 5815 ibf =Applied Load =3200/ isin&S:]
Fa= 27575 1bf =ioadSharsd by 2 platss=Ff2 Fn= 2757.3 LGf =icad Shared oy 2 plates = Ef2
de= Q58] in =P diameter dp= 0.830 in =Pin hole diameter
t= 0250 in = Rib Plate thickness t= 0250 in =RipPlate thickness
w= 4530 in =HibFlate wisth
dl= 1625 in = large hole diameter
Yor= 145000 psi = Allowable Yield Sirength Ysr= 145000 psi = Allowable Yield Strength
Fs= 8 = Fattor of Safety = Yor/Rbfs Fs= 20 = factor of Safety = Yer/Rifs
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Test Plan No. 195

Section 1 Introduction

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

The additional testing involves dropping a test specimen in the orientation with the rear plate access port faces
down towards the drop pad. This orientation does not provide much impact absorption with the handling ribs
attached. The drop zest height shall be adjusted higher than 10 CFR Part 71 drop height requirements to give
the test specimen tne impact energy equivalent to a SENTRY transport package built to the maximum
specified weight of 780 Lbs. This test specimen built to the special configuration in the specified orientation at
the adjusted height is the worst case test condition for the SENTRY transport package built to the standard
configuration.

This plan will test the SENTRY transport package in the special standard configuration to the test
requirements for Type B{U)-96 packages as described in the Code of Federal Regulations, 10 CFR Part 71,

revised as of March 31, 1999. The test plan also covers the criteria stated in the JAEA Regulations for the
Safe Transport of Radioactive Material, Safety Series No.6 1985 Edition (As Amended 1990).

This document describes the test specimen, testing equipment, testing scenario, justifies the package
orientation and provides test worksheets to record key steps in the testing sequence.

Roles and Responsibilities

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

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

* 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 jeintly 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 cobali-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-6(. Similar o the projectors, the
source changer is available in both a standard and basic configuration.

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

SENTRY Transport Package

| -

i
Model 867 Source Changer

SENTRY Saurce Changer I

SENTRY Source Changer
Standard

l Model 860 Projector Serdes

e

SENTRY 330 Projector

SENTRY 110 Projector

SENTRY 330 Projector

Standard

SENTRY 110 Projector
Standard

SENTRY Source Changer \_

Baslc

SENTRY 330 Projector
Basic

SENTEY 110 Projectar
Bask

Figure 2.1. SENTRY Transport Package Configuration Tree.
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Table 2.1 is & reference table comparing the various SENTRY transport package configurations.

Table 2.1. SENTRY Transport Package Configurations.

Aol Max. Refer Source
! Handling Active Source i Package Capacity
Configuration ) ! Source i to ; |
Ribs Wire Assembly Cansatle Weight Fienrd (Curies i
: (Lbsy | 2" | of Co60) |
** SENTRY 330 42465-9 & 60011 &
Projector — Standard | 1o 42465-10 60012 780 2.2 330
SENTRY 330 42465-9 & 60011 &
Projector - Basic Mo 42465-10 60012 700 2.3 330
SENTRY 110
Projector — Standard Yes 42465-8 60011 580 22 110
SENTRY 110 No 42465-8 60011 500 23 | 110
Projecter — Basic
42465-8,
I NTRY Souree | Yes masso& | NI 780 22 | 330
anger — Standar 42465-10
|
42465-8,
SENTRY Source No 146508 | SWIL& 1 gng 23 | 3%
Changer - Basic 42465-10 60012

** Indicates configuration but without plastic inserts to be tested in this test plan.

L h 1%

Figure 2.2. SENTRY Transport Package Standard Configuration.
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Figure 2.3. SENTRY Transport Package Basic Configuration.

FRONT PLATE
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FRONT PLATE ASSEMBLY

T # SHELD SCURCE TURE

DU 8HIELD

FOURCE CAPSLALE S0URCE WiRE
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4 EHIELD PIN {2}

\\\ REARPLATE 7 WELDED BODY
ACCESS PORT

SECTION A-A

= ‘,”: REAR FLATE-'/

FOURCE CONMECTGR
ACCESS PORT LOCK ASSEMBLY

Inaq

A

BRACE (4

RIB ASSEMBLY (B}

Figure 2.4. SENTRY ;f‘_l'ausport Package Common Components

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 zach side of the shield, are welded to the back plate of each access port tube. Heavy duty,
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titanium, shizld 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 securiag 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 ali 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, BLT015, threaded into stainless steel rivet nuts assermnbled into the welded body. The rivet nuts
facilitate repair in the event the threads are damaged in the future. An altemate 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 linits 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 tabe provides additional restraint preventing rotation and translation on the rear-plate. This effect
requires only one screw or bolt to keep the source secured to the shield in the welded body.

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

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

All SENTRY configurations use a selector ring to change and indicate the safety state of the package. When
the selector ring is rotated to the “LOCK? position, it securely holds the source wire assembly in place for
transport. The selector ring retainer allows the selector ring to rotate and keeps it attached to the rear-plate
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assembly. The selector ring retainer aiso 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 siide, 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 assermbly,

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-p.ate 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.

RETAINER CLAMP[2) o

INNER PLATE

SHIELD MOUNT {2}
i

SHIELD PIN DUST COVER
DU SHIELD 1 f 3
ot el : i SELECTOR RING RETAINER
LOCK SLIDE

LOCK SLEEVE

SOURCE WIRE

LOCK COVER

BRIDGE
PLASTIC SEAL

COTTER PIN {2} SELECTOR RING

SPRING PIN (2)

ATTACHMENT BOLT {4)

i ACCESS PORT
MOUNTING PLATE |

SECURITY SCREW
SPACER PLATE (330 ONLY) REAR PLATE

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
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difference in source wire lengths. Except for the shield and the rear-plate thickness, all other components are
identical in both projectors.

DUST COVER

SELECTOR RING RETAINER
LOCK PIN {2)

ADAPTOR

SOURCE WIRE

LOCK COVER

PLUNGER LOCK

PLASTIC SEAL
SELECTOR RING
ATTACHMENT BOLT (4)

ACCESS PORT

b 7 } *SECURITY SCREW
SPACER PLATE REAR PLATE

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

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

3.1  Normal Transport Condition Tests

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

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

3.2 Hypothetical Accident Condition Tests

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

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

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

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

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

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

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

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

The tests of this plan attempt to cause failure or malfunction to critical safety components and/or systems
needed to protect against elevated dose levels during and after a hypothetical accident as described in 10CFR
part 71. The critical safety components and/or systems of the SENTRY transport package are the shield, the
rear plate assembly, the rear plate attachment hardware, and the location of the source assembly within the
shield.

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

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

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

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

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

4.1 Pass Criteria

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

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

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

There should be no escape of radioactive materials greater than A, in one week and no external dose
rate greater than 1 R/hr at 1m from the external surface with the maximum radioactive contents which
the package is designed to carry.

5.2 Transport Package Contents

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

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

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

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

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

Figure 6.1. Test Specimen — SENTRY Figure 6.2. For reference - SENTRY Transport
Transport Package Special Configuration. Package Standard Configuration.

Table 6.1 Test specimen build documentation and identification.
Table 6.1. Test Specimen Manufacturing Documentation and Identification

Test Specimen Configuration Drawing Number TMI Serial Number(s)

SENTRY 330 Projector — Special
Standard

TP86000-330X 199 TP180D
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6.1 Test Specimen Justification

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

6.2  Structural Materials of Test Specimen

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

6.3 Temperature Conditions

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

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

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

6.4 Pressure Conditions

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

6.5 Vibration Conditions

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

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

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

8.1

8.2

8.3

Test Sequence

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

Puncture test.

Test inspection.

Thermal assessment.

Final test assessment.

Test Specimen Preparafion and Inspection

Manufacture the SENTRY test specimen per table 6.1.
Inspect the test specimens to ensure that:

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

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

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

Engineering, Regulatory Affairs and Quality Assurance will jointly verify that the test specimens
comply with the drawings and the QSA Global Quality Assurance Program.

Measure the location of the simulated source.

Prepare the test specimens for transport.

9m Free Drop Tests per 10 CFR 71.73(c) (1)

The 9 meter free drop test shall demonstrate compliance to the hypothetical accident sequence.

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

Drop Orientation

Drop Orientation

; Justification
Target Diagram
&5 E
N ' ‘ Rib assemblies provide little impact
PR absorption. Relatively flat face of access
Extended face of rear | V. B : port increases stopping rate resulting in
late access port A high impact loads to components
P P i L important to safety.
= ‘ This is the most vulnerable orientation
i for the standard configuration.
HI\ ; Rib assembly and brace provides
SOy substantial impact absorption at the
|| T -3
T e i L

point of impact. Rib and brace deforms

e = e,
Extended edge of the 5 'I|l| / upon impact reducing deformation to
rear plate access port & | ‘g
!l access port and rear plate.
WL... ! Not the most vulnerable orientation for
} L the standard configuration.
Y Curved surface allows impact absorbing
A 4 deformation to welded body decreasing
Curved side surface of T8 stopping rate. Test Results of Test Plan
welded body at the Y| R 180 showed minor damage to this area
seam weld e S when dropped twice from 32 feet.
|
i 1|| Not the most vulnerable orientation for
- ] the standard configuration.
Ny Rib assemblies provide substantial
Curved edge of the impact absorption. Curved edge of

welded body directly
on the seam weld

welded body protected by handling ribs.

Not the most vulnerable orientation for
the standard configuration.

Bottom or top surface
of welded body

Rib assemblies provide substantiz|
impact absorption. Bottom and top
surface protected by handling ribs.

Not the most vulnerable orientation for
the standard configuration.
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8.3.2 9m Free Drop Test Set-up

1. Orient the test specimen on the drop pad.

2. Photograph the set-up.

3. Measure and record the ambient temperature.

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

6. Drop the test specimen.

7. Stop the video recorder.

8. Record and photograph the damage to the test specimen.

8.3.3 9m Free Drop Test Orientation

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

“-REAR FLATE
ACCESS PORT

DROP HEIGHT FACE DOWN

| DROP PAD

Figure 8.3.3: 9 Meter Free Drop Orientation
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8.3.4 9m Free Drop Test Assessment

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

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

* Make a preliminary evaluation of the specimens relative to the requirements of 10 CFR 71 and TAEA TS-
R-11996.

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

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

8.4  Puncture Test per 10 CFR71.73(c) (3)

The package is dropped from 1m (40") or an adjusted height onto the puncture billet. This test uses the 12"
high puncture billet. The billet meets the minimum height (8"} required in 10 CFR 71.73(c) (3). The specimen
has no projections or overhanging members longer than 12" which could act as impact absorbers, allowing the
billet to cause the maximum damage to the specimen. The billet is to be bolied to the drop surface used in the
drop tests.

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

8.4.1 Puncture Test Orientation

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

If the orientation needs to be changed, the new orientation must be documented and approved with a
justification describing how it would be a worst condition than the planned orientation.
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REAR PLATE
ACCESS PORT
FACE DOWN
DROP HEIGHT
PUNCTURE
BAR
—r —/
‘ DROP PAD

Figure 8.4.1: Puncture Drop Orientation

8.4.2 Puncture Test Set-up

1. Orentation the test specimen over the puncture biilet.

2. Photograph the set-up.

3. Measure and record the ambient temperature.

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

6. Drop the test specimen.

7. Stop the video recorder.

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

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

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

» Make a preliminary evaluation of each specimen relative to the requiremeants of 19 CFR 71 and IAEA TS-
R-11996.

8.5 Post Test Inspection

Perform the test inspection after the puncture test.
1. Measure and record the damage to the test specimen.
2. Measure the location of the simulated source.
3. Remove and assess the condition of the simulated source.
4, Reassemble the packages using a representative active source, making sure that the source
location and the package configuration are the same as they were immediately after the puncture

test.

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

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

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

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

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

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

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

8.7 Test Specimen Storage

Place the test specimens in an appropriate container, if necessary and store. Written management approval is
needed to dispose of any test specimen of this test plan. If the specimens are disposed of, then include a copy
of the signed disposal approval in the SENTRY design history file.
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Section 9 Worksheets

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

Attach a copy of the relevant inspection report or calibration certificate after the range and accuracy of the
equipment has been verified.
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Test Specimen & Equipment List
Test Specimen & Equipment Documentation
Test Specimen

A ttach Attach
Configuration Drawing Number Serial Number Attach IIR i Route
i 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. T10740

S/N 001

Yes

Record any additional tools used to facilitate the test and attach the appropriate inspeetion report or calibration

certificates.

Signature

Print Name

Date

Engineering:

Regulatory:

Quality Assurance:
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Free Drop & Puncture Test Checklist

Test:

Test Location:

Step

Data

1. Record test specimen serial number:

2. Record the test specimen weight:

3. Record the ambient temperature (°C):

[nstrument S/N:

4. Identify set-up orientation figure:

5. Record drop height.

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

7. Begin video reco-ding of the test so that impact is recorded.

8. Release the test specimen.

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

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

1. Record location of simulated source, if possible.

12. Engineering, Regulatory Affairs and Quality Assuranee make a preliminary assessment relative to 10 CFR 71.

Record the assessment on a separate sheet and attach.

Test witnessed by (Signature)

Print Name

Date

Engineering:

Regulatory Affairs:

Quality Assurance:
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Free Drop & Puncture Test Data Sheet

Test Specimen Serial No.: Test:

Test Date: Test Time:

Describe drop orientation and drop height:

Describe impact (location, rotation, ete.):

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

On-site tcst asscssment:
+ Was the test performed in accordance with 10 CFR 71, JAEA TS-R-1 1996, and this test plan? Yes or No.
+ Does the test specimen meet the requirements of 13 CFR 71 and IAEA TS-R-1 1996 for this test? Yes or No.

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

+ Did sufficient damage occur at or on the rear-platc attachment area to warrant further drop testing the SENTRY 110
Projector — Basic eonfiguration because of its thinner rear-plate? Yes or No.

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

e Will the tesl specimen pass the thermal test based on the accumnulated damage assessment? Yes or No

Engineering: Regulatory: QA:

Describe any post-test disassembly and inspection:

Describe any change in source position (if possible):

Describe results of radiography (if performed):

Completed by: Date:
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Test Inspection Data Sheet

Test Specimen Serial No.:

Last Test Performed:

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

Describe the condition of the simulated source wire assembly.

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

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

1806.

Compare the pre-test dose levels with post-test dose [evels at the surface of the package and at I meter from the

surface of the package.

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

damage or failures found.

Completed by:

Dale:
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Test Plan 195 - Report

Section 1 Introduction

This report documents the Type B transport test results of Test Plan 195 performed on the
SENTRY transport package in the standard configuration. The results confirm the SENTRY
transport package in its heaviest configuration tested in the most vulnerable drop orientation
passes all the hypothetical accident conditions transport test requirements specified in Test
Plan 195, the Code of Federal Regulations, 10 CFR Part 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).

In order to determine the cumulative effect on the SENTRY transport package, the HAC test
evaluation is based on the sequential application of the tests specified in the order indicated in
10 CFR Part 71. Alternatively, if the test sequence had heen performed in reverse order to the
sequence identified in 10 CFR Part 71, with the puncture test performed before the 30-foot
free drop, the damage indicates the there would be no change in the final assessment. See
section 5.3 for the reverse order assessment.

The thermal test portion of the HAC test sequence is not performed based on the condition of
the test specimen after the 30-foot free drop and puncture test sequence. See section 5.4 for
this assessment.

The following is the pass criteria for a Type B transport package after being subjected to the
HAC test sequence:
e There shall be no loss or dispersal of radioactive material from the package.
o There shall be no external radiation dose rate exceeding 10-mSv/h (1-rem/h) at 1 m
(40 in) from the external surface of the package.
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Section 2 Construction and Condition of Test Specimens

The test specimen is constructed in accordance with QSA Global engineering drawings and
Quality Assurance Program. The drawings and manufacturing documents accurately depict
the intended design along with methods for building and verifying the finished product. There
were no deviations and/or changes to the test specimen before testing. See Appendix C: Test
Specimen Manufacturing Records.

The test specimen built for this test is a variation of the SENTRY 330 “Standard”
configuration. Figure 2.1 and Table 2.1 show test specimen, serial number TP180D, built
with the optional handling ribs of the standard configuration but without the plastic inserts.
This variation would not normally be used as a SENTRY transport package, but is tested to
demonstrate compliance and allow shipment in the event the plastic rib inserts of the standard
configuration were removed or damaged. Shipping labels and nameplates were not attached
for testing.

Table 2.1: Test Specimen Manufacturing Documentation
Test Specimen Drawing No. TMI Serial No. Weight (Lbs)

SENTRY‘33O Special TP86000-330X 199 TP180D 725
See Figure 2.1

Figure 2.1: SENTRY Transport Package - Special Configuration.
~ Test Specimen TP180D.
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FRONTPLATE
ACCESS PORT

FRONT FLATE ASSEMBLY

SHIELD SOURCE TUBE

DU SHELD
SOURCE WIRE

FOAMFILL
SHIELD PIN (2}
WELDED BODY
ACCESS PORT
I SECTION A-A
|
REAR PLATE
DETAIL B
REAR PLATE / REAR PLATE FASTENERS (5

ACCESS PORT LOCK ASSEMBLY
SOURCE CONNECTOR

r 3
A A Note:
SENTRY 110 & 330 shown. Model 887
UINK PLATE (4) Incorporates another Rear Plate Assembly In

place of the Front Plate Assembly and can
contaln up to two Source Assemblies {Capsule,
RIB ABSEMBLY (8) Wire & Connector) durlng transport.

l;igure 2.2: SENTRY Transp(;;t Package Common Components

Figure 2.2 shows the major assemblies and common components of the SENTRY transport
package. The nomenclature used in Figure 2.2 is referenced throughout this report.

The primary containment system of the package is the completely seal welded Model 600
source capsule assembly. The capsule assembly, tested to the ANSI/ISO class 4 or 7MPa
pressure test requirements, is manufactured at atmospheric pressure and ambient temperature
and therefore does not to be adjusted for the test.

The secondary containment system, the transport package rear plate assembly and shield
container, is oper. to the atmosphere and therefore in constant equilibrium with changing
operating pressures.

The structural materials used in the construction SENTRY transport package retain their key
mechanical and physical properties between -40°C (-40°F) and +38°C (+100°F). Therefore,
the temperature of the test specimen did not need to be adjusted for the tests performed in test
plan 195.
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Section 3 Test Setup and Failure Modes

3.1 Test Orientations and Failure Modes

The test orientations used in the 30-foot free drop and puncture drop target the rear plate
lock assembly side of the package in an attempt to cause sufficient damage to elevate
radiation measurements around the package. The possible failures considered under the
required test conditions potentially leading to elevated radiation measurements on and
around the transport package include the following:

1. Fracture of the depleted uranium shield allowing a direct beam of radiation to
transmit to the exterior of the package.

2. Extreme displacement of the shield within the package enough to position the source
in a much less shielded location.

3. Any release or loss of control of the source caused by either; damage to the rear
plate assembly enough to allow the source to exit the package, loss of all rear plate
hex bolts and/or detachment of the source capsule from the source wire assembly.

4. A significant rupture or opening in the exterior of the package leading to loss of
foam protecting the shield during the thermal test.

3.2 Drop Height Adjustment

The drop test heights specified in 10 CFR Part 71 are adjusted higher in the 30-foot drop
and 40-inch puncture tests. The adjusted drop height allows for future SENTRY transport
packages built heavier than the actual test specimens but less than the maximum allowable
weight specified for the transport package configuration to comply with 10 CFR Part 71.

The adjusted drop height is determined by multiplying the ratio of the maximum allowable
package weight and the actual test specimen weight by the required drop test height, 30-feet
or 40-inches.

TP180D weighs 725 lbs and is essentially a SENTRY 330 standard configuration package.
The maximum allowable weight for a SENTRY 330 standard configuration package is 780
lbs. The weight ratio for the adjusted height is 780 = 725 or is 1.076. Therefore, the adjusted
height for the 30-foot free drop is 32.3 feet or 32 feet 4 inches. The adjusted height for the 1
meter (40-inch) puncture drop is 43 inches.

The impact energy produced by the common adjusted height in all drop tests is equal to or
greater than the impact energy produced by the transport package built to its maximum
weight and dropped at the required drop height specified in 10 CFR Part 71.



SENTINEL Test Plan 195
QSA Global, inc July 2010
Burlington, Massachusetts Page 6

Section 4 Test Results

In the 30-foot free drop test, test specimen TP180D, was dropped from 32.3 feet in the
planned orientation. The impact hit squarely on the plastic dust cover and end face of the rear
access port. The impact caused the protruding end of the rear plate access port to pucker in
about % inch toward the rear plate. The two rib assemblies on the rear access port side of the
package bent outward about an inch. Two rib bolts and one load pin broke upon impact.

The puncture drop targeted the dust cover at an angle in an attempt to pry off the rear plate
lock assembly and attachment fasteners. The specimen was dropped 43 inches in the planned
orientation above the puncture bar onto the dust cover. The plastic dust cover shitted up about
Vainch and dented in from hitting the comner of the puncture billet.

After the 30-foot and puncture tests, the simulated (demo) source remained secure in the fully
shielded position. No change was found in the source location measurements before and after
the tests. Post test damage examination revealed the lock/dust cover and half the source
connector could be removed from the package. However, removal of these components and
with the source connector cut in half did not compromise the radiclogical safety of the
SENTRY transpcrt package.

The radiation profile measurements taken on the package surface and at 1 meter with the
source in the same location after the puncture test show essentially no change in dose levels
compared to measurements taken before testing. Any slight measurement difference can be
attributed to a minor variation in the accuracy of the measuring equipment (+/-10% for the
E600 probe and meter), See Appendix A: Radiation Profile Results for the actual inspection
data.

Table 4.1.1: Maximum Radiation Measurements ‘
At Surface of Package At 1 Meter from Surface of Package |

Initial Build Post Test Initial Build Post Test

56 mR/h 56 mR/h 1.43 mR/h 1.10 mR/h

The 30-fact and puncture drop sequence did not ¢reate an opening in the package exterior.
With no opening in the package to allow the foam fill to fall away from the DU shield in a
thermal test, the package will survive the thermal test without elevating radiation levels on or
around the transport package.

Tables 4.1.2 and 4.1.4 show the test setup data and orientations for the 30-foot free drop and
puncture tests respectively. Tables 4.1.3 and 4.1.5 present the damage report for the 30-foot
free drop and puncture tests respectively. Table 4.1.6 reveals the damage to the test specimen
found during the post test examination.
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Table 4.1.2: 30-Foot Free Drop Test Setups

Changes 10 the planned drop orientation. None

Test Specimen Weight 725 pounds

Actual Drop Height 9.8 Meters (32.3 Feet)
Temperature during test 90 °F/ °C

-

Figure 4.1.1: 30-Foot Free Drop Side View Figure 4.1.2: 30-Foot Free Drop End View
Orientation Orientation

Table 4.1.3: 30-Foot Free Drop Test Damage Report

Impact on the rim of access port tube, face of the plastic dust cover and ribs/link plates.
» The protruding side of the rear access port tube bent in towards the package.

e Tworib bolts broken and removed. One rib pin and screw broken and removed.

* No damage to the rear plate or the rear plate attachment bolts.

Pre-test source location dimension 6.00 inches

Pst-test source location dimension 6.00 inches

E

gure 41.3: Daage from 30-Foot Free Figure 4.1.4: Damage from 30-Foot Free Drop
Drop Test — Overall View. Test — Rear Plate Close-up.
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Table 4.1.4: Puncture Drop Test Setup

Changes to the planned drop orientation, None
Test Specimen Weight 725 pounds
Actual Drop Height 1.1 Meters (43 inches)

Temperature during

91 °F/33°C

o ——

., T orae - P

Figure 4.1.5: Puncture Drop Side View
Orientation

Figure 4.1.6: Puncture Drop End View

Orientation

Table 4.1.5: Puncture Drop Test Damage Report

Impact on plastic dust cover opposite the brass

[ ]
e Plastic dust cover dented and bent.

No damage to the rear plate or the rear plate attachment bolts,

Lock cover appears to be shifted towards the plunger lock.

plunger lock.

Pre-test source location dimension

6.00 inches

Post-test and radiation profile inspection
source location dirnension

6.00 inches

L)

Figure 4.1.7: Damage from Puncture Drop

Test

Figure 4.1.8: Close-up of damage from
Puncture Drop Test.
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Figure 4.1.9: Two missing rib bolts on
bottom of packa

o o

Figure 4.1.10: Dented and bent plastic dust
cover.

shear towards hrass plunger lock.

_—

el

Figure 4.1.11: Lock cover translated in

Figure 4.1.13: Source connector, lock pin
and cover pins broken by shearing action
of lock cover translating across lock face.

-

Figure 4.1.12: Another view of translated

lock cover.

- . S
Figure 4.1.14: Deformation of access port
shown with lock and dust cover removed.
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Figure 4.1.15: Source connector sliced in
half but remained safe and secure in
nackage.

Figunre 4.1.16: Broken parts of lock cover
assembly.

Figure 4.1.17: Dent on selector ring, but
no other damage to rear plate lock
assembly.

ia
Figure 4.1.19: Slight oval shape to shield

source tube (center), but no other damage

to shield — rear plate interface.

Figure 4,1.18: No damage to back side of
rear plate lock assembly.

Figure 4,1.20: No damage to rear plate
attacbment fasteners.
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Section 5 Test Assessments

5.1 Normal Conditions of Transport Test Assessment

After the 30-foot free drop test, 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. In addition, 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

The results of test plan 180 (report #1 & #2) along with the results of this test demonstrates
the SENTRY transport package in the standard configuration meets the normal conditions
of transport (NCT) test requirements.

5.2 30-Foot Free Drop & Puncture Test Assessment

The 30-foot free drop and puncture tests were performed in accordance with test plan 195,
10 CFR 71, JAEA TS-R-1 1996.

After the 30-foot free drop and puncture tests, the test specimen continued to successfully
meet the hypotietical accident conditions transport requirements of 10 CFR 71 and [AEA
TS-R-1 1996. After the test, there was:

» No loss or dispersal of radioactive material or contents.

¢ No external radiation dose rate exceeding 10-mSv/h (1-rem/h) at 1 m (40 in) from
the external surface of the package.

¢ No escape of other radioactive material exceeding a total amount A; in 1 week.

5.3 Reverse Sequence 30-Foot Free Drop & Puncture Assessment

If the test sequence was reversed and the puncture test performed before the 30-foot free
drop, the SENTRY transport package would continue to meet the HAC requirements of 10
CFR Part 71. The test results indicate there is no evidence to suggest the puncture bar is
capable of affecting the source security of the package.

The results show the puncture test does not damage the rear plate lock assembly and its
attachment system recessed into the access port of the package. The recessed rear plate
assembly prevents an impact of the subsequent 30-foot free drop test in any orientation to
damage the rear plate lock assembly enough to allow the source wire assembiy to move out
of its fully shielded position.

Therefore, the SENTRY transport package to successfully meets the hypothetical accident
conditions transport test requirements of [AEA TS-R-1 1996.
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54 Thermal Test Assessment

Review of the damage to the test specimen after the drop tests suggest the fire test would
have no affect on the radiation measurements taken after the drop tests. The reasons for this
can be justified based on the condition of the test specimen after the drop test and the
properties of the materials used to secure and shield the source within the specimen.

5.4.1 Condition of Test Specimen before Thermal Test

e The internal structure for supporting the DU shield is intact and fully functional.
The structure consists of the depleted uranium shield, the stainless steel welded
shell body, the titanium shield locating pins, the stainless steel access port tubes,
and the stainless stee] rear mounting plates with stainless steel rivet nuts. A copper
barrier exists between all stainless steel components and the DU shield.

e The test results showed no unintentional openings in the welded shell body to
allow the polyurethane foam, filling the void between the DU shijeld and shell
body, to fall away from the package in a thermal test. The polyurethane foam
provides thermal insulation and blocks air flow around the shield protecting it from
oxidizing during the thermal test.

e The source assembly is damaged, but functionally intact and secure jn the shielded
position.

e The rear plate lock assembly continues to secure the source assembly to the
package in its shielded position.

5.4.2 Material Properties at Elevated Temperatures

o The melting temperature for all materials (depleted uranium, stainless steel,
tungsten, and titanium) of the structure, rear plate assembly and source assembly is
above the thermal test temperature of 800°C.

o The thermal expansion for all materials of the structure is less than the design
clearance allowed for assembly.

e The stainless steel and titanium components of the structure, rear plate assembly
and source assembly have about 30% and 60% of their room temperature strength
at 800°C, respectively.

The load condition for the thermal test is for the structure to support the static
weight of the shield in suspension. The dynamic impact nature of the drop tests
subjects the structure to a force over 100 times the static weight of the shield. This
suggests the strength of the materials used in the structure would need to decrease
by two orders of magnitude or to about 1% of their strength at room temperature.
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54.3

5.4.4

5.4.5

The 30-minute thermal test is not long enough for significant creep deformation to
occur in the structure.

SENTRY 330 or 110 Projector - Standard Configurations

The standard configuration, without its plastic rib inserts, is identical to test specimen
TP180D. The plastic rib inserts are covers for the handling rib mounting bolts, help
identify the package, and provide a mounting surface for the package. The additional
11 pounds of weight added to the package by the inserts is accounted for in the
adjusted drop height calculation. The plastic rib inserts will have no adverse affect on
the ability of the SENTRY transport package to meet the HAC test requirements.

Testing the standard configuration would not cause radioactive material to be released
and would not cause the external radiation dose rate to exceed 10-mSv/h (1-rem/h) at 1
m (40 in) from the external surface of the package.

SENTRY 330 or 110 Projector - Alternate Configurations

The alternate configuration uses a nut ring feature in place of the rivet nuts to attach
the rear plate lock assembly. The test results show the rivet nuts and the mating rear
plate attachment bolts were not affected in any of the tests. Both the nut ring and the
rivet nuts are captured behind the mounting plate and both are made from an austenitic
stainless steel. However, the nut ring is structurally stronger than the rivet nuts
because it is 0.23 inches thicker than the rivet nut thread engagement length. The use
of the nut ring in place of the rivet nuts will allow the SENTRY transport package to
perform as good or better in the NCT and HAC testing.

Testing the alternate configuration would not cause radioactive material to be released
and would not cause the external radiation dose rate to exceed 10-mSv/h (1-rem/h) at 1
m {40 in) from the external surface of the package.

SENTRY Changer (Model 867) — Basic or Standard Configurations

The Model 867 changer is structurally identical to the test specimen. However, there
are some minor differences in the rear plate lock assembly and the shield source tube.

The source tube of the Model 867 changer has a center partition which blocks the
movement of the source wires in the direction opposite the rear plate lock assembly.
The only way out is back through the rear plate lock assembly.

The Model 867 rear plate lock assembly uses two fork shaped lock pins instead of a
lock slide and lock sleeve to secure the source wire assembly. The [ock pins engage
the helical wrap of the Teleflex wire below the connector of the source wire assembly.
The source wire connector on the Model 867 could be completely removed from the
wire and the capsule location within the shield of Model 867 package would remain
essentially unaffected.

The lock pins are well protected within the thick stainless steel selector ring retainer.
No damage was found on selector ring retainer, lock slide or lock sleeve of the tested
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specimen TP180D. It can be assumed the selector ring retainer and lock pins of the
Model 867 would also not be damaged if tested.

Based on the above, testing the Model 867 source changer configuration would not
cause radioactive material to be released and would not cause the external radiation
dose rate to exceed 10-mSv/h (1-rem/h) at I m (40 in) from the external surface of the

package.
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Section 6 Final Test Assessment

The SENTRY transport package did not lose or disperse radioactive material and did not have
external radiation dose rates exceeding 10-mSv/h (1-rem/h) at 1 m (40 in) from the external
surface of the package after being subjected to the HAC test sequence identified in 10 CFR
Part 71.

The results and assessments in this report confirm the SENTRY transport package tested in its
heaviest configuration, worst case condition, and most severe orientation satisfies the HAC
test requirements of Test Plan 193, the Code of Federal Regulations, 10 CFR Part 71, revised
as of March 31, 1999 and criteria stated in the JAEA Regulations for the Safe Transport of
Radioactive Material, No. TS-R-1 1996 Edition (Revised).
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Appendix A: Radiation Profile Res ults

Radiation Profile Inspection

Initial Build Profile Results

Post Test Profile Results
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o | o ] S A
top 20 | /o9 bty ]38 1 a3 | owa | a7
Right 5c foh 1.9 | #5¢ AT I
Framt 35 10 l.ag Lbag | | | =¢ |
Len yo | jok | R Mj |
Ra | 31 set | | |36 K 4o | 93 |
won t g7 | ges A 4 31 | ¥
Sovplunce Criteris; | <20 | NA |£ 25D
Restlt: {Chieck ons) | Acoept | | R |t

L Nelx

— Q‘/#

l-.'n:\'.':!.h.

7 b .-’?J.Jap-}u ata bass buscsoned of -ﬂ.fr‘vl?/év._
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Sarfaes Cervection Facie far an ennyt
e Lt

¢ bemivns wrng doshon, Mpmher ol abests,
ackalod on cach i

AR Rty

P16 rev, b Poge 1 i

SHIELRING PROFILE AND INSPECTION FORM

i T SHIELDIN
| _'.J..u ' £30r)

FA)-13062

E - Shirk] Diuta

| Sheel Lol J
I
|

|Mndd J'..J., 338 ]»-r-u‘rFrga,I: Padipmclile, Co- ﬁO\
%st?dl”]\ %QQ; FATeRE Vit tewr 2 dbikl Henl 8 € 6o B

Yrofik Iy
1| Saree Ner. 4 277418 -

win 2306

CambO | dqwie ST )0 |

it fra fi0

|Behlr 27209  Dake Gy Date frux: ¥ frofor
I-1-.Iﬂ A Dats L]
- {
| Gapaclny Cerrwtinn Fachors
Messured Pose fut Adjuste Dose Rove e
i Fl'.-\.w
v |5, [l e, e o
 Top Y f08 ! £a .3 &l 2.1
Right ! 1k e S %) 1 & | 30 | g4
Froat il L34 s£0 | .5 | 53 g2
B b |32 | o | =p | e

ST 2 S a1 £

I T I O O R -

Aceegtance Criteria: E hpiil] NA
R e

Rosuit: (Checknne | pcorpt |+ | Ruject

g g KCRY
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b, Acdidir boxs D fonn &M_L_u b-u:;.,_,,*!’ 7o
B_.,HM E.Ij 5 bes bucknosd . J0

Nutsiz

). Beforta PQ- 1806 |, Slield EfTisizacy Tew o Sothece Cuntpaias Faztois fr 2 el i medel. oF
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Appendix B: Test Data Worksheets

See Attached.

Appendix C: Test Specimen Manufacturing Records

See Attached.

Appendix D: Test & Measurement Calibration Records

See Attached.
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Test Specimen & Equipment List

Test Specimen & Equipment Documentation

- Test Specimen

Canﬁgumtmn

Drawing Number, | -

Serial N umli'ér_

Astach
- NCR

‘E'PEC.L el

TPgstovo-33ox

TPigo P

s & Equipment

‘Tool Description

Enter the Model and Seria

Attach Inspectmn Report
or Cahbr—atmn Certu'cate_

Drop Surface, Drawing No. T10740 S/N 001 Yes

Porsetivze Bs.lrl&t, Orog TLolg3 S/rmool NeS.

Wevght Scal& # 08 FBoocose IS Yel
EWG-2.6 Yfg‘

_‘a{'hﬁf-iimiéll'l he ‘éppropriatg insp

DUERVET (poSTREUWMSHT & GO S/ 2750
TURGUE L,Jr-c-:wc ) So% Loclcl g«;é_,j
Lgnnture T

Engmecrmg

STEVE e
Regmawwf‘\‘? A Loy PeoureAi [A TG/
Quality : - . .
WW;} (. /kaf{ Zweu Johib
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Free Drop & Puncture Test Checklist

Tet 2o-FroT Frec ©RoT

Test Location:
R SA Sload @:vﬁbtmﬂbﬁu =A

Sen T e

1. Rccord test specimen serial number:

TP D

E\J

Record the test specimen weight:

TES \BS.

Instrument S/N:
610'1‘—'/32 C | Soe-20

3. TRecord the ambient lemperature (°C):

4. Tdentify sel-up orientation figure:
Figuee 8.3.3 TeT Faw 195

5. Record drop height. LS TWT76(-T2.3
6. Pholograph set-up in at least two perpendicular planes.
o
7. Begin video recordiag of the test so that impact is recorded.
8. Release the test specimen. o

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

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

Bl Bolts (2) susarss oF. Rib BaeT, AwSs (el Slishily Puclecrso,

11. Record location of stmulaled source, if possible.
Pre-TesT = & imentES , FosST- TEST & & ircdss

12. Engineering, Regulatory Affairs and Quality Assurance make a preliminary assessment relative to 10 CFR 71.
Record the assessment on a separnte sheel and attach.

- “I‘EST 5{7&'(:{-!4&0-3 METTS 'me Zo- f‘_b:)c DR TEST raanmrs pf- ,pcc@w

Engmcenng .
STevtE greeric | 13 dul. 2610

Regulatory Alfairs: )
M Lot PrweLdl, | 1ATSWR o

QuaJIWAssumn{ I/Mwﬂ/@ Dot mm Eu)w ] KD/f O
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Free Drop & Puncture Test Data Sheet

Test Specimen Serial No.: Test:
TPisoaw Fo-FooT Tres DR

Test Date: Test Time:
% duL to to i amm

Describe drop arientation and drop height:
DRUSHTATION PFER TEST PLard . 40T SGuaRctey or BEAR PILATE A £2S

(BT, TET SPECIME DRoPPED FRom 2.8 PECT,

Describe impact (location, rotation, ete.):
\HAPALT 010 Blan 0F Eoar ACCEsS PorT ¥ DusT wus& ¢ Rib s,

TEST SOECImErr Bouvmced OFF TP Pal APTEE mPacT,

Describe on-site inspection (damage, broken parts, etc.):
2o Boite Beolmo (2 or Fint GrDREATE . (B18s BEwT AT ImpacT SfoT,
Aot BET Slisttlt PuckSRED INWARD., AT QUER SCUFAED.

Orni-site test assessment:
«  Was the test performed in sceordance with 10 CFR 71, IAEA TS-R-1 1996, and this test plan’@or No.
* Daoes the lest specimen meet the requirements of 10 CFR 71 and IAEA TS-R-1 19956 for this test?@or No.

*  Any changes to subsequent drop orientations needed to achieve maximum damage? Yes orngIfyes, then identify
and justify.

* Didsufficient damage occur at or on the rear-plate aitachment area to warrant further drop testing the SENTRY 110
Projector ~ Basic corfiguration because of its thinner rear-plate? Yes or,

o Should tesling conlinue with this test Specimen@ or No. If yes, next test: Pumcture 7TET

«  Wil] the test specimen pass the thermal test based on the accumulated damage assessment?@or No

Enginecring: S.Giaua (Tvlic chulatory:y@/MW&QAmlAf 7’[3—0“0

Describe any post-test disassembly and inspeetion:

SEE PUNC-TMJ?E TEET Tara SHEET,

Deseribe any change in source position {if possible):

MO CHAMGE (D SOvBEE Loca Tior TNISAIR EMET,

Describe results of radiography (if performed):

oo T Eemaangp

Completed by: S . Gt pmmct Date: {5 Jul Zeie
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Free Drop & Puncture Test Data Sheet

Tesl Specimen Serial No.: Test:
P TR %o D PumeTue e DRoP

Test Date: Test Time:
13 dul 1o oS8 Am

Describe drop orientation and drop height:
ORI TATION CPER PLAMN., BT O Ploantvw. DuST CovSE AT Ao ABGLE,

TEST S{EOMmET> DRPPED Fmorrn 43 INGISES .

Describe impact (location, rotation, etc.}:

LenPreT oro PLash'c DT Covgl,
TEST SPEUME™ RolED ofF RIUET AFTEE mpacT,

Describe on-site inspection (damage, broken parts, ete.):
Plastic. DusT CoufiR APPEARS Bartletty DETACHES FROTA Loele.

CVER ( STrnless steel Pomtlos OF DuST Covar),

On-site tesl assessment:
®  Wag the test performed in accordance with 10 CFR 71, TAEA TS-R-1 1996, and this test pla.n'@ or No.
¢ Daes the tesl specimen meel the requirements of 10 CFR 71 and JAEA TS-R-1 1996 for this test? @22 or No.

e Aqy changes to subsequent drop orientations needed to achieve maximum damage? Yes or@lfyes, then identify
and justify.

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

»  Should testing continuc with this test specimen? Yes orgR5} If yes, next test:

Will the test specimen pass the thermal test based on the accumulated damage assessment?dey or No

Eungineering: SLeal (Shdiw chulatury:/’\@/ﬁ_//\l ﬁﬂ@&%ﬁéﬁv = ‘SU{NS

Describe any post-test disassembly and inspection:

Describe any change in source position (if possibie):

RO CHAMNGEE (o SouvelE Locartidr MMBASLREEMENT,

Describe results of radiography (if performed):
NoT Peefemsd.

Completed by: S .5z e Date: S Sul to
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Test Inspeetion Data Sheet

Test Specimen Serial No.: Last Test Performed:

TFieob Riechre Tett
Describe and measure (if appropriate) any damage, signs of permanent strain, deformation and/or broken parts.
'+ Two Brokao Rib MischmacT BoLTs g Boftom Sing of Caclcage.
r ORE Rrolexd Loal> Pind o Rib AsSenbly AT Eea Adcless TorT Sibe
¢ Bibs (30 BedT Baclkl whooT (“imch FRoMm imfacT Duzechon) -Ren BRT Side)
1 Plast e Portiord oF PLUST CouBB Deraded B Billet - opposiTe Plursen Loclc
s Lotk Cover Slpped w Shear, accRogS Seleior Riwmg RetaoeR Eace .
rPlunges tocls Puo, Both Lock coven PJMS) Al Sourtée Commectie Sthenaen dfF,

o ACSS ToreT Pocllered (1 TowARDS Caraben Alog, T Td (pochy AT ?zo-’r!aub'u%.
Sbe oF PorT Tule, .

Describe the condition of the simulated source wire assembly.
Simelacken Souce Wine SCcuze 4D Shielbed » Capsule + coMe ot sFReRS
Soutle Comrert?l Slhiced (o Shear. AT Barnel cod BoT Ball eud Gmpledly
Clirze o Lot 85sembivyf

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

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

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

EsSmprt indly o CHage. Behoteao e and Pos+ 428t bose
tevels O~ SurRace o L -meln Fom Pnak%_

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

NoT Ptmﬁdm‘r_g .

Completed by: Date:
S Lo, 16 oL o




SHIELDING PROFILE AND INSPECTION FORM

(SPIF)
F-Q-1806-2

0 'Shield Data

Sheet / of /

Model: Se. /. 330

Serial# TP/80.D

Radionuclide: Co~ & O

Max. Capacity 330 Ci

Shield P/N: .S’é/ Do 1-330

Shield Heat # CboP~ o6

" Profile Process Data

Lot# 0% (9q lco4dod

Source Model: 424 ~/3 | Source Ser. # 277465 | Radionuclide: Co ~ 60 | Activity: /§F-/ Ci |
SurveylInst.1 £¢oo |Serial# Z7<¢0 Date Ca). & /o /v Date Due: Z/Aa/f/
SurveyInst. 2 /¥4 Serial # A Date Cal. NA Date Due: ~NA4
Inst. Probe: 1 AB 270 | Serial# 70 b Inst. Probe: 2 A/4 Serial# 4
Capacity Correction Factor: /s 75
Measured Dose Rate mR/hr Adjusted Dose Rate mR/hr
Location At Surface Corr. | At30 Cm At Onpe At At3) Cm ANESE:
Surface Factor |Note 2] Meter Surface [Note 2] (Note 1]
Top )1 /0% /2 .3 ALl 2.3 .5 1
Right /& /.06 24 5 30 H.2 9
Front A¥ 7.06 5.0 .5 5 9.9 .9
Left J! /.06 3.2 b 56 5.6 Y
Rear j.';‘ /86 -7 .5 a’g 5./ . ?
Bottom 15 /.09 / b .3 29 2. .5
Acceptance Criteria: <200 NA < 5.0
Result: (Check one) Accept t/ Reject
Inspector:g@% Date: 7////’6,//0 NCR #

Comments:

/ ,owll-b._ ﬂe,._—.,,it")'f ZALE:

3‘9-{—,{-.9»: Md7 r fnss

Notes:

.J0o

bo e b lass bedctoond -/ 0
éﬁcf%a—ué

1. Referto F-Q-1806-1, Shield Efficiency Testing Surface Correction Factors for an existing device model, or

F-Q-1806-3, Shield Profile Worksheet forOne meter acceptance Jimit

2. The 30cm readings are only required when specifically requested.
3. Additional sheets may be used to describe results or indicate reading locations using sketches. Number all sheets

and indicate total number of sheets. Make sure shield Idenification is inciuded on each sheet.
4. Attach auto profiler print out to this sheet if used.

F-Q-1806-2, rev. 4

Page 1 of 1

27 January 2010
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Free Drop & Puncture Test Checklist

Test: —
e | RETER LpeTuss PROFP 7857

Test Location:

QSA GLoRod—  RBupli~gben A

T T

1. Record test specimen serial number:

TPlao ™

2. Record the test specimen weight:

725 B

Instrument S/N:

3. Record the ambient temperature (°C):
AU F/33C | £E -20

4. ldentify set-up orientation figure:
Fuowee 8,4.| TexT PlAr 195

5. Record drop height.
472 trcues

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

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

v

8. Release the test specimen. 4

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

10. Record the damage 1o the lest specimen. Use a separate sheet and attach, if ngeded.
DET 1 Pt Guse, Covsa (pursh G’m.-.-(-.ars Parbratly Ruvcen ouT of ff

t1. Record location of simulated sourcc, if possible.
Pre-TesT = é nahrs FoST- 75T & madss

12. Engineering, Regulatory Affairs and Quality Assurance make a preliminary assessment relative to 10 CFR 71.
Record the assessment on a separate shecet end attach.

~TEST SCEmer e -rafe Pupc:fw}zc: TEST REBMREEITS of (o cFa—;l

"Tes "w1tuessed hy (Slgnature) D R Prthame D D1te e

Engineering:

~

STevE GREM%GN (T Dul 2ele

= m
Regulatory AlTairs: ’ _
e Lacy QA | 1a75e 1

Quality Assurance:’ i -~ —_
[WU&OAE Cha b M, Erien 4 S0l

&



Fartie:  Tpge00-330% g Page 1of 1
TMi Pese: TEST SPECIMEN — SENTRY 330 Special
ROUTE W Gt z2Spenl| O ) A wTSe, 07
e 94 ;
CARD ey A | INDIRECT |
FORM E-3151-1, nav 0 flﬁ;aif’é_r?;}: TP Ir 8 o D
TEMPORARY MANUFACTURING INSTRUCTIONS APPROVAL i
TMI# 199 QUALITY ASSURANCE DATE _QM
ENGINEERING S. et L 4 7 DATE ZZ5&o5
MANUFACTURING 0 aif L] DATE zssemwy
REGULATORY =LA TV DATE oY Sepon
| SCOPE: Produce SENTRY 330 Special test unit (without plastic rib inserfs), |
O#p g: g:f:r Operation Part # Lot or S/N E?oecfﬁﬁgr?tes Tools | by | Date Comments
86015-330 | SN _TrPiBoD |l &
010 | ASSY | Assemble B T015 L OT 59 2 bemrde] P 26000-330X _ /?z}/ Yowest
ASSY Torgue }hp 77 | QC to Witness torque,
020 | with Torque Rib Bolls TPB6000-330X Wrench | J"f' Initial & Date
ac SIN 5081299 F67 § &3/
Qc ) 3 5. 51
030 | fooy | Record Weight TPB5000-330X % A,/w J’f e e o000 15 \,_,.,-?Em
’ p=t |
040 | QC Inspect TP86G00-330X 3 /- S/

Form E-3161-1, rev 0



FORM E-3164-1, rev @

TP86015-330

Rev: C

Page 1 of 2

Pes% TEST SPECIMEN - SENTRY 330 Basic

wo Qiy:

S.Go Gavees| O A AL /‘v,i»d,os
}

INDIRECT

Part No.:
T
ROUTE id
CARD | Gid A
Serial/Lol
Aumber(sh:

T™TMZ=o

TEMPORARY MANUFACTURING INSTRUCTIONS
™I #

189

ENGINEERING
MANUFACTURING & #7 £ r—stare__
REGULATORY

APF AL
QUALITY ASSURANCE g%%égﬁ%ﬁ /) _DATE Aofli=0]
<. Gt DATE & Ao

DATEZD Zeacp0 &
DATE_I A A3

| SCOPE: Produce SENTRY 330 Test Specimen without Ribs.

|

Cp | Work ‘ Reference
& Centsr Operation Part # Lot or SN Docutnents Tools | by | Date Comments
Welgh assambly . . Scale 1 I - :
010 | ASSY | i it foam 86010-330 SIN /805 SINZZS /ﬁ[) 09 Welght=_&/45  1bs
Y 17}
. - T10714 {{gﬂ 4
020 |ASsy | Fllassemblywith 1 comogy TP86015-330 | Scafe. ,
SIN bx IOW il
Welgh assembly with Scal W Ff —
030 |Assy | °8 o F;,;@ ', Weight=_£5/ _ Ibs
SCRa312 W7
040 | ASSY Install set screws GLU00Z TP860156-330 W&ﬂf’"ﬁ
86020-330 | 8IN 7/~ /500
Attach rear plate and | 86025 ! a
050 | ASSY | dustcover BELT015 LOTé0 205000/ 08 | TF85015-330 | ggﬁ‘—é”
assamblies SCR154 LOT#EEZBF O30 -
GRE003

Form E-3161-1, rev 0

e /:? bF w)'th  fean;n
%/u/ware j

I shadte

K09



Fenfe: Tpg6015-330 fer ¢ Page 2 of 2
™I Dest: TEST SPECIMEN - SENTRY 330 Basic
ROUTE S i) [save; | OF J /(,( , Mh,a;
CARD Sy A |™  INDIRECT
FORM E-3187-1, rev 0 ;E;Eg;ﬁ;): TRPI2eD
TEMPORARY MANUFACTURING INSTRUCTIONS APP%}@
T # 189 QUALITY ASSURANCE Mcga/j DATE A’%: 7
ENGINEERING DATE (SAuc=y
MANUFACTURING £ a/&#ﬁk DATERD geees 07
REGULATORY P DATE_ 14 A
[ SCOPE: Produce SENTRY 330 Test Specimen without Ribs. |
C;#p ggﬁ:‘;r Operation Part # Lot or SIN ;:gﬁ';:ﬁfs Tools | by | Date Comments
86030 [
86039 :
060 | assy | Aftach fron plate BLT015 LOT#OPD B0 (08| TPB6015-330 W
ambly SCR154 LOT#OR.2.3 R ORI Gt
GRE003
ASSY Torque ) Z | QC to witness to
070 | with T Bolts BLT015 TP86015-330 | Wrenc s 7
ac orque Bo S W lop 97 QC initial & dateZ¥ 9
;r%%% .
ASBY argue
. QC to witness for
080 | with Torgue Screws SCR154 TP86015-330 | Wrench j/p,, 2
ac SIN/7/ _,ap"’ Qc lmtlal&date%%/,;/
86042 ]
Attach Bracket & WSH047 . s
090 | ASSY | mark Weld Seam SCR210 TP86015-330 )@DQ -&
GLU002
Inspect, perform &
100 | Q¢ functional test & TPB6015-330 gf&'?&gﬁ %é weight= ©57 s
record total weight )

Form E-3161-1, rev 0



Part Number: 86010-330 ;‘;’:_, E ggig A Page 1of2
Part Name: Welded Body Assembly — | production
Sentry 330 Cantfrol: TJL DRUSTTE. \X e &9
Engineering: S Fr  Bougoy Regulatory: %7@4 A 2 4w B
;r;tducuon % W W/@ W opaty: { . gg:r [T 3 p_é:‘_‘:[‘
> | Glndpag iy | eisen
< .

T Assemble parts | 1 86010-330 “Aftach (2) T10714-1
86003 Hea’r#f_a_Lﬁé_(» Shiels gt 4Gouss
86004 Ny A
86005 Lot 25,/ z/;w 50/ ,g.f//
86006 52000 Aug-0
86008 v
86011
86012
36013
PIN0O50
RIV102 —
ol bt
BN i) L
020 | QC Inspect assembly 86010-320 G ek WP /7"‘-,'? 7
030 | WELD | Tackweld WEL A Lot d ¢ Z o irortss | B6010-330 . Use welded rib
[ 4 assemblies (86041) to
%’M) /},{.,,_ ,,»7 locate rivnuts and
AL endplates
040 | ASSY | Etchorstamp SIN 7/~ /25 [2 | 86010-330 /i Etch or stamp P330
“P330” and SN g' /] and S/N between
. tapped holes on
i ’4{”5 7 endplate
050 | QC Profile inspect T10713-330 g, Temporarily remave
p /2{/ T10714-1. Replace
¥ after profile.

F-M-1724-1 Rev 2




Part Number: 86010-330 ot E |2FY | A |Page2of2
Part Name: Welded Body Assembly — :Pmducﬂan
Sentry 330 Controf: L TS R kes of
— :

Engineering: pr) G‘R (3 peu FoT Regufatary: %p /A (3 A

~ ot L A
Froduction . Work o=
Mgl WW/?WO & Oty I order: UNTS 1 R

I
o [ Wiﬁﬁ%ﬂ Numberte): TP 2o b
& —
T Rk

Operation
Finish weld

070 | ASSY | Scotch brite nub GLUQ25 86010-330 ‘ P2 Seal DU shield around
{matfte finish) & ' /fﬁ both ends
apply sealant /fp,,uj}'

080 QC | Inspect | 86010-330 =l

F-M-1724-1 Rev 2



SHIELDING PROFILE AND INSPECTION FORM

(SPIF)
F-Q-1806-2
Sheet / of /
| Shield Data
Model: 9 £ 0/0=33C| Serialg TF {206D | Radionuclide: Co -6 | Max. Capacity 35O Ci
Shield P/IN: P00/ ~33¢© | Shield Heat# C 60T —A426 Lot# 29/ F/o00 ¥o &
1 e B Profile Process Data ' )
| Source Model: 804l | SourceSer.# 277+ 74  Radionuclide: £ -6 O | Activity: 3/1-2  Ci
Survey Inst. £400 Serial# /% 63 Date Cal. £/3 9’/‘9 ¥ | Date Due: Jj’/o'z 5"_//0 '
Inst. Probe: & - 270 | Serial# 00 $ ¥ A Capacity Correction Factor: yex-rs
Measured Dose Rate mR/hr Adjusted Dose Rate mR/hr
Loatn | g8, SO AR G | e gy e
[Note 1]
Top . Ao /-8 LA .35 A3 ALS 37
Right 50 Yy l .98 5¢ /.00 |
;Front 35 J.06 .38 .29 ,?@ |
Lot go J- ok (35S ¥ F¥¥ /-43 |
| Rear 3L 7 /- ok /. 35 1;?: s & |
Bottom | 27 /o9 J g 3] ¢ SZEN
Acceptance Criteria: <200 NA € LO5.D|
Resuli: (Check one) Acc;ept - Reject Fuay
Inspector: /;{/\45/ Date: B/ 20/ 05 NCR #
Comments:

/ ratec M;}w aze less badeswsd of '95‘”’{/4';—

Notes:

1. Refer to F-Q-1806-1, Shield Efficiency Testing Surface Correction Factors for an existing device model, or
F-Q-1806-3, Shield Profile Worksheet forOne meter acceptance [imit

2. The 30cm readings are only required when specifically requeted.

3. Additional sheets may be used to describe results or indicate reading locatians using sketches. Number all sheets |
and indicate total number of sheets. Make sure shield Identification is included on each sheet. ‘

4. Consult instrument calibrationrecords for instrument uncertainty.

F-Q-1806-2, rev. 3 Page 1 of 1 9 March 2009
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11-:1 i 1"11_-5-\‘.11-31-1'

m -- 'ﬂ‘:,,_,‘-!.,z,tq_BA . /—;:\\ Shest 1 of 1

Inspection Instruction Orlginator/Date  Tom Shea 14 Aug 08 Rev. B \[PartNo. 710740 /] [Reg. Approvativate C feaiflin 20,80, o)
And Record QA ApprovaliDate:  { D/ Soaus J’a/,g}i.q,-‘; p71cM. Na PIL NA [P0 ApprovaliDate “ R~ o sde &5
Item Description: 8 X 8 DROP PAD-BURLINGTON
Charuactertstics Tolerance MTE AQL 1 2 3 4 5 (i 7 8 9
Ganeral Visusl NA Visual Cro0% '6’ / ﬂ;ﬁ; o
Note &
Cracks In Concreta NA F'hatnugraph croo% | - / A /
1/2-13 threaded hols, I a
Tour i4) places CoMdoBo | Thread Gage CHD0% e [ / /
Plehol S VE NS 1 vt | Lovelascale | croow | B2 A
Surface Condllfon of Sleel Note & o
Plate NA Photegraph Enoo & { fﬁ /
Commenis: PO/WOH N/A’ MMA
. . A
Calibration: Re-Inspect Prior Trovele: b .
{o use. inspection to be valid Lot /Sertal # 00 t 0ol
60 days anly ! Lot Qty. l !
. < ]
Qty. Rej / NCR ludisﬂ%f U/A. /
Qty. Acc. 0 /
)
F-Q1807-1, rev. 2 lasp / Date W a5
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Item Description: Puncture Test Billet & -
Characleristics Tolerance MTE AQL 1 2 3 4 5 [ 7 8 9/
I\ .
General Visual N/A nA | Crioon | 2 ol i L
Securely Mounts fo 0 | & @
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Amerlcan Cahbratlon & Testmg Co.., Inc.

34 Forast Park Ave. N. Billetica, MA 018621333 (97B) 670-2361 — Fax (978) 671-6423

Calibration Report

Date of Verification: Friday September 25, 2009
Location

OSA Global, Inc.

40 North Avenue
Burlington, MA 01803
Environmental Conditions @ Time of Service
Temperature: 70*=2°F Relative Humidity: 40% £ 15%
instrumen

Report #: 090923-51

MFG: Salter/Brecknell Instr. s/n: 080800000015 Candition: Good
Model: PS1000 apacity: 1,000 Loc./Dept: Qc
Type: Platform Scale Verified Range: 10-8001b

Tol: 0.2% of Reading

As Found and Final Run Data

Vorlfication | Instrument | !nstrument | Instrument | Instrument | Repeatability| Resolution | Instrument | v.0
Reading Reading Reading Readlng Error Emor  [Code
ih Run1 Ib Run2 ik Average b I I %
0.0 0.0 0.0 0.0 0.00 0.00 0.5 0000 (234

10.0 10.0 10.0 10.0 0.00 0.00 " 0.000 !

100.0 100.0 100.0 100.0 0.00 0.00 . gooc | o
200.0 200.0 200.0 200.0 £.00 0.00 " pooo | ¢
400.0 359.5 398.5 398.5 - 0.50 0.00 " -p.425 | °
600.0 599.0 590.0 599.0 -1.00 £.00 " -0.167 | "

800.0 798.5 798.5 798.5 -1.50 0.00 ~0.188

Comment:

As found Instrument Status WIthin mifg, Tolerance [ Owt of mig. Tolerance [0 Meeds Adjustmant 0
Instrument final run Status Wthin mfg. Tolerance [  Out of mig. Telerance [0 Meeds Adjustment [

coga National Institute of Standards & Technology Traceability Data

4 Troemner, Ing. Dead Weights s/in 20472 Calibration Date 7/15/2009 Traceability No. 204804
2 Toledo, Ine. Dead Welghis s/n 123  Callbration Date 7/18/2009 Traceabilily No. 205441

3 Amcal, inc. Dead Weights s/n A1070 Calibration Dale 7/16/2008 Traceabillty No. 205442
4 Troemner, Inc, Dead Weights s/n 5018  Calibratlen Date 7/16/2009 Traceahility No. 205442

Calibration Data

Previous Cal. Date: New

Cal. Frequency: Annusal Callbrated By: _// ;,/:_’j-/
Cal. Due Date: 92512010 G. )BG/MOOT'IE
Mathod Used: Dead Weight Standards

The above system {Instrement, Load Gell, inlegral Software and Outpul Device(s), and accessonas has been calfuraled [n accodance with
handbook H 44 Standard Practices for Verilication of Welghing Devices using agparatus and standards which are traceable Ip NIST {Natlonal
[nslille of Standards and Techng'ony). The informallon provided on this farm comples with the dala galhering and reparting requirements of
ISTNEG 17025 and ANSUASQC 7540-1. Callbation Procedures used provide measurement uncerialnty ratios of greater than or equal to 41 of
the specillcation of the unit under last, with & coverage factor of k=2 al a confidence level of 35%, uniess olherwise noled,

This repent cannat be repmduced wiU'luul writlen parmissinn from Amerlean Callbration & Testing Co, inc.




SIN: T2 143
ESSCO CALIBRATION LABORATORY / 1877 (r:'
DIVISION OF WALSH ENGINEERING SERVICES, INE.

LABORATOR 27 INDUSTRIAL AVE, CHELMSFORD, MA 018244102
TEL: {B00) 325-2201 (878) 250-0880 www.esscolab.com ISSUE DATE: 2/22/2010
CERTIFICATE OF CALIBRATION
Certificate #: 296477 SARCODE: 1030907 Page 1of 2
CUSTOMER f LOCATION EQUIPMENT INFORMATION
QSA GLOBAL INC
40 NORTH AVENUE MANUFACTURER: OMEGA
BURLINGTON MA 01803 MODEL NO- CL23A
SERIAL NO: T-198776
DEPT: CONTROL NO:
PURCHASE ORDER: P32150 TYPE: ALIBRATOR
CONDITION RECEIVED CONDITION RETURNED
IN TOLERANCE IN TOLERANGE
METHOD / ENVIRONMENT CALIBRATION
PERFORMEDI:. [N LAB CALIBRATION DATE: 212212010
TEMPERATURE (deg C): 213 CALIBRATION DUE: 212212011
RELATIVE HUMIDITY (%RH): 21
METHOQD: OMEGA CL23A/24/25/26 METROLOGIST: ?wfl £, ’}ZM/M\

SRR i e G e e : N g
E1 40  KAYE K140-4 IC POlNT REFERENCE 178302 5;’15.’2009 5[1 4]2010
E2483  FLUKE 8508A REFERENCE MULTIMETER : 257701 BI2712009 412712010

E706 FLUKE 5700A103 CALIBRATOR 276832 17772010 4/7/2010

The ESSCO Quality System is certified to SO 9001:2008
‘The resulls abova ralais anly lr tha llam(s) ealbrtad. Unieas olhenvlse slaled, & mlnimum TUR of 4:1 was used. .
This cerifes 1hat the unli conlarmsd Ia ppplicable spacficaliona ugon of the calhmelion, The sinxiards l.megcuée traeenbie

1o NIST or a allonal Mogsuramon! IHolluio, Thia cenlfi=alo chofl nat bo rupmdu:oﬂ cx-‘:-uplln n.|.|I wilheul wrillen opproval of ES,

The slgmalura to the righl signifas responsibdfily for e guslily syalam.
This enlfiallon was parfanmed n complianca wilb he ESSCO Qualily Manual, EGL 1, Riov. 26, 29 September 2009, And compties with Kevin R. Pistey
150 800122008, ANSINCSL Z5¢0-1, QS8000 {xp), M-S TD-45062A (exp), ST 10072:2003, 10CFR21, and lhe calslion Quality Assurance Manager

requirements of IS0 13485.

Internat Use Only: 2116/2010 2/23/2010  DATA MDY A1583 ESSCOVAN 27815




Certiﬁcate #: 296477 BARCODE: 1030907 F'age 2of2

1 ‘ +H-05DEGF
2 2MTRINK54.856mV 2500.0 Z99as DEGE 25004 2500.4 +-200EG F
3 3MTRINJ0.000 mv 320 3% DpEGF 317 347 +- 0.5 0EG F
4 4 MTR IN T 0.GGG mV 320 gﬁg DEGF 317 31.7 +. 0.5 DEG F
5 S5CALQUTK320F 0.000 2 v 0.008 0.008 +4-0011 MV
6 6 CAL QUT K 2500.0F 54.856 ?3?3?3 mv 54.867 54.867 +1-0.038 mV
7  7CALOUTJ320F 0.000 ooy 0012 0.012 40,014 my
8 BCALOUTT320F 0.000 ot mv o7 0.007 #0011 mv

End of Data
Note: A=Adjusted F=~Falled L =Limited



Temperature:
Humidity:
Gage Type:

Required:
Peviaticon:
Measured:

ID.No.:
P 2 ID.No.:
f: pepartment :
. peviationm u.:
‘ Accuracy:
Accuracy:

Customer:

1D .No.

2 ID.No.

Department:
Deviation u.:
Accuracy:
Accuracy:

Temperature:
Humidity:
GCage Type:

Required:
Deviaticn:
Measured:

Customer:

ID.No.
2 ID.No.

Department:

Deviation u.

Beoeuracy:
Accuracy:

Temperature:
Humidity:
Gage Type:

Reguired:
Deviation:
Measured:

{fi:ogy Service, Inc. Data Sheet HMSCC-23169-P PAGE 51

Fustomer: QSA GLOBAL P.O. No.: P31995
7 ' Date Cal: 02/23/10
5.09/5.10 Manufacturer: VERMONT GAGE Date Due: 02/23/11
Serial No.: ] Technician: PR
Model Ho.: Cal. Proc. No: 21
Standard No.: 028 Cal.: 0B/28/09 Due: 02/28/10
GO +0.00001" Standard No.: 071 Cal.: 08/23/09 Du=: 02/28/10
NG -0.0C001" Standard No.: cal.: ’ Due:
Standard No.: Cal.: Due:
£9.0¢@ ,
24% ‘ o
PLAIN PLUG ///
GO NO GO
5.09mm (0.20038") : 5.10mm (0.20079") L////
+0.00001" 0.00000"
0.20040Y 0.200780
0OSA GLOBAL P.O. No.: P319%5
) Date Cal: 02/03/10
501 Manufacturer: VERMONT GAGE Date Due: 02/03/11
Serial No.: Technician: PR
Model No.: Cal. Proc. No: 15
Standard No.: 036 Cal.: 08/26/09 Due: 02/28/10
GO -0.p0020M Standard No.: Cal.: Dug:
NG +0.00020% Standard No.: Cal. : Due:
Standard No.: Cal.: Due: )
§9.2° ' e
23%
M5 X 0.8-6G THREAD RING SET
GO NO GO
4 .458mm 4. 361mm
0 0
SET PLUG PRSSES SET PLUG PRSSES
QSA GLOBAL P.0. No.: P31285

.Date Cal: 02/02/10

5081039867 Manufactnrer; CRAFTSMAN .- . Date Due: 02/04/11
Serial No.: 5081035867 Technician: PR

Model No.: $a455914 Cal. Proc. No: 23
Standard No.: 158 Cal.: 07/03/09 Due: 07/03/10
+/-4% Standard No.: 160 Cal.: 07/03/09 Due: 07/03/10
Standard No.: cal.: " Due:
Standaxrd No.: Cal.: Due:
70.3°
22% o
10-75 £t/1lb TORQUE WRENCH 4
15.0 30.0 45.0 60.0 75.0 K/////
15.76 30.36 45,70 61.22 76.30
15.37 30.81 dg.42 62.11 77.46



- EBERLINE E-600 CALIBRATICN REPORT -V4.03  04/10/10 154904
@2;0 rial Number

fagram Versian 1 E4DD V4.02

Calibration Date/Due Date
Scaler Precision

Lawer Threshald Cal. Poinis
Upper Threshald Cal. Paints

1 04/07/10 to 04/07/11
2 10%

:2.10mVY and 4.00 mv
1400 mV and 80,0 mV

Gamma Channel Lineanty Test Results - Pass Toleronce Pfus/'Minus 10.0%

Lower Threshald Slape ;08571

Lower Threshald Inlercept 1 0.0952 mv

Lower Threshold Span (001 mV {<=0.5] t 5.10 mv|>=5.0}

Upper Threshold Slape 1 0.9647

Upper Threshold Inlercept :D.6667 MY

Upper Threshold Span 10,6897 mV [<=1.5) ta 40.0 mV {>=50.0]

Alarm Editing : Enobled

Lotching Alarms : Enabled

Aula Ranging : Enabled

8eep on Aulo-Range :Na

Ignore E-600 Col. Dale :Na

lgnare Prakbe Cal. Dale :No

Ratemeler Made Support : Enabled

Integrate Made Suppont :Enabled

Scaler Mode Support : Enabled

Peak Hold Mode Suppart : Enabled

Background Updafe Mode Support : Enabled

Log ID Source : Intemol/Aux.

Star Key Rotemeter Funcilon : Zero Display .

siar Key Infegrale Functian : Zero Display Y3 ¢

Scaler Display Unlts ‘Rote (Y W

Scaler Counting Mode : Fixed Time o \uﬂ
smart Prabe Serlal Number : 706 Ve ¢ \®

Type :SHP270 f1it

Calibralion Date/Due Date :04/10/10 to 0410/

Dead Time 113 usec

Surfoce Area :3.00cm2

Max High Voltage ;900 vdc

Cvermonge 1 60000 cps
Channel 1

Channel Type :Gamma

Rate Units T

Response Times 130,155 secs

High Voltage 1898 Vdc

Lower Threshold 500 mv

Upper Threshold (101 mv

selected Window :Upper

Upper Cal. Constanti 1 7 B4E+07 counts/R

Scaler fime 130 secs

Lower to Upper Crossover :0.0140

Upper 1o Lower Crossover :00

Field Response %Error Pass/Fall
0.0050R/hr G.0050 R/hr 0.9049% Pass
0.0500R/nr 0.0474 R/hr -522% Pass
0.5000 R/hr 0.5041 R/br 0.8140% Pass
1.50 R/br 1.461 Rfhr 7.29% Pass
2.C0R/hr 214 R/fhr 7.07%

-L‘.‘ q
Cable Length: _ ~— inches

Signature: M V[er‘ Dole:
i\/jﬁw&—’? xS ;’ l/ e



Pato: T10761-XX Revi A Page 1 of 2
TMI Dese: Prop Height Indicators
ROUTE B s cie 0 zepoo | /A 26 clr0
CARD Selaly NA | O a5
FORM EIT61-1, v § ﬁﬁfﬂ%ﬁi}: TPHJO | S TPl Dz
TEMPORARY MANUFACTURING INSTRUCTIONS %OVALS
TMi# 344 QUALITY ASSURANCE /;m-ﬁ?m ) DATE | Wen.2000
ENGINEERING NS Sy I3 F DATE 2ok I
MANUFAGCTURING N2 s ™ DATE fpsdiio

REGULATORY /;‘ﬁ.é@»ﬂ// (\/ DATE 96410

SCOPE. Build 2 drop height indicators for everydropimtaest plan fgﬁ-hypothetrcal accident conditions drop tests 26~
+otal).

(T iyl
Op Work . Reference
# Center Operation Part # Lot or SIN Documents Tools | by | Date Commentis
@mu“' T10761- 32-3/ SIN TPIBO® |
T10761-_ SIN_~ / ek 1)
g T10761- \\ // SIN \\ // 2|
Build 1% drop T10761- SIN ted d
height indicators | T10761-_ 17 _ | SN\ 7 Use the adjusted drap
010 | ENG T10761-XX heights "XX" from the
for the 30+ foot T10761- SIN approved worksheet
drop test T10761- SIN '
T10761- SN
T10761- SiN
T10761; V| SiN_/ v

Fom E-3161-1, rev 0



Part No.:

T10761-XX A Page 2 of 2
TMI! DSt Drop Height Indicators
ROUTE Wi zeibie | T ML 2l S lib
CARD [ TF0 pna |70 o
FORM EQ181-1, /v 0 fi’i’r:?btg}%): TPLgo Ly TPlbo D2
TEMPORARY MANUFACTURING INSTRUCTIONS APPRQVALS :)
TMI# 344 QUALITY ASSURANCE _(I)/ & a7y DATE /2//(/:'/7:15'): o
ENGINEERING <t ATE 26 Elirto
MANUFACTURING DATE frartnto
REGULATORY DATE_j Map /9

e o= %

SCOPE: Build 2 drop height indfcators for evencdrep-iatest plan #80 hypothetical accldent conditions drop tests (26~

teta). KBS &2 1530t
0 Work -
#p Center Operation Part # Lot or SIN goegﬁr;:ﬁtes Tools | by | Date Comments
T10761-43 1~ | §N TPIBoD 2
(8BSl 1> | T10761- SIN 2|3
T10761- S/N
E“,"c:' :ﬁg:’o‘:‘t E g?{g:: " g‘;: Use the adjusted drop
020 | ENG | ot e ors : T10761-XX heights “XX" from the
far the puncture T10761- SIN approved worksheet
40 inch drop test | T10761- SIN '
T10761- SiN
T10761- SIN
T10761 5IN
Inspect per R ) ) o
03¢ | QC drawing T10761-XX S | 29

Form E-3161-1, rev 0




Safety Analysis Report for the Models Sentry 110, Sentry 330 and 867 Transport Packages

(QSA Global, Inc. October 2010 - Revision 0
Burlington, Massachusetts Page 3-1

Section 3 - THERMAL EVALUATION

3.1  Description of Thermal Design

The Models Sentry 110, Sentry 330 and 867 Transport Packages are a completely passive thermal
device having no mechanical cooling system or relief valves. All cooling of the transport package
is through free convection and radiation. The maximum heat source is 330 Curies of ®Cobalt. The
corresponding decay heat generation rate is approximately 5.5 Watts (See Section 2.6.1, “Heat™).

3.1.1 Design Features

The Models Sentry 110, Sentry 330 and 867 Transport Packages are described in Section 1.
Components important to safety and materials used in their construction are shown in Table 3.1a.
All components important to safety are designed to retain sufficient mechanical and thermal
properties at and within the temperature range of -40°C to +800°C. See Table 3.2b.

The package contents consist of 0Cobalt encapsulated within a welded capsule. The source
capsule, located at the center of the shield and welded body, is crimped onto a flexible wire
assembly secured in the shielded position by the lock assembly. The lock plate assembly is attached
by four bolts to the welded package body.

The large mass of the depleted uranium shield provides a substantial heat sink for decay heat
dissipation through the source tube. The heat absorbed in the shield is conducted out to the exterior
surfaces of the welded body primarily at the top and bottom inner contact surfaces of the package.
Heat is also conducted out to the sides of the package through the shield pin connections at the
access ports of the body. Polyurethane foam surrounds and partially insulates the shield within the
body. The foam acts as a thermal and oxidizing barrier during high temperature conditions like the
hypothetical accident fire test. The large surface area of the welded body exterior enables heat to
be transferred to the external environment by radiant and convective means.

3.1.2 Decay Heat of Contents

From Table 2.6a, a maximum of 5.5 Watts of decay energy is available to be absorbed by the
package.
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3.1.3 Summary Tables of Temperatures
Table 3.1a: Summary Table of Temperatures
Surface Tempcrature Model Sentry 110, Sentry 330 & 367 Comments

Condition

Packages

Insolation (38°C in full sun)

70.7°C (159°F)

Section 3.4.1.1

Decay Heating (38°C in shade)

40°C (104°F)

Section 3.4.1.2

800°C (1,472°F)
800°C (1,472°F)

Fire Test During
Post-Fire (Maximum Temperature)

3.1.4 Summary Tables of Maximum Pressures

The Models Sentry 110, Sentry 330 and 867 containers are vented to atmosphere. As such,
no pressure will build up in the units under either Normal or Hypothetical Accident
conditions.

Table 3.1b: Summary Table of Maximum Pressures

Void Normal Conditions Fire Conditions
Volume 88°C {190°F) 800°C (1,472°F) Comments
IN’® Pressure Developed | Pressure Developed
) 0 psig 0 psig
3.2 Material Properties and Component Specifications
3.2.1 Material Properties
Table 3.2a: Materials of Components Important to Safety
Component Material Alloy Comments
Shield Depleted Uranium U-0.75% Ti
Welded Body Stainiess Steel 304/304L
Lock Plate Stainless Steel 304/304L
Selector Ring Retainer Stainless Steel 304/304L
Source Wire Stainless Steel 304/304L
Source Capsule Stainless Stee] 304L/316L
Source Connector Stainless Steel 17-4 PH Condition H925
Lock Slide Stainless Steel 17-4 PH Condition H925
Lock Plate Bolts Stainless Steel 17-4 PH ASTM F593 Group 7
Shield Pins Titanium Ti-6Al-4V
Source Tube Titanium Ti-3Al-2.5V
Lock Sleeve Tungsten Class 1
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Table 3.2b lists the relevant thermal properties of the important materials in the transport package.

The sources referred to in the last column are listed below the table.

Table 3.2b: Thermal Properties of Principal Transport Package Materials

Material Melting Maximum Specific Heat (J/kg K) Thermal Thermal
Temperature Service Conductivity Expansion
Temperature (W/m K} (10° in/in °C)
Depleted Uranium (;éé‘;:% (18§$EF) 113 at 20°C 27 at 20°C 20
. i ) ’ 68°F 68°F
(U 0.75 Tl) (Ref 1, P§21) {Value Tstimated) ch(f 4, Pl.)43) (Rgf 1, PS?ZI} (Ref 1, PS21)
o o 500 at 20°C 14.6 at 20°C (68°F
Stainless Steel 1,400°C 925°C o (o ) 13
(2 5520[:) (1 69701:) (63 F) 21.5 at 500°C
(304/304L) ’ ’ £2 P10 ano {Ref 2, P490)
(Ref2, P10} (Ref2, PSL1) (Ref2, P10) (932°F)
(Ref2, P10)
. o o 460 at 20°C 18.3 at 20°C (68°F
Stainfess Steel 1,400°C 925°C o (o ) 11
17-4p (2,552°F) (1,697°F) (68°F) 23.0 at 500°C (Ref 2. P10)
( H) (Ref2, P10) {Value Estimated) (Ref 2, P10} (932°F) ’
(Ref 2, P10)
L. 1,688°C 350°C 502 at -40°C (-40°F) 6.6 at 20°C (68°F)
TlFa.mum (3,070°F) (662°F) 930 at 800°C (1472°F) 17.5 at 650°C R f31 [1:’5]6
(Ti-6AL-4V) (Ref3, P5L3) (Ref 3, P528) (Ref 3, PS14) (1202°F) (Ref 3, P516)
(Ref 3, P515)
Titanium 1,700°C 350°C 502 at -40°C (-40°F) 8.3 at 22°C (72°F) 10
) (3,092°F) (662°F) 930 at 800°C (1472°F) 11.8ar315°C 20 to 540°C
(Ti-3A1-2.5V) (Ref3,P266) | (Value Estimated) (Ref 3, P514) (599°F) (1004°F)
(Ref 3, P269) (Ref 3, P516)
3,410°C 1,500°C 131 at 20°C 185 at -40°C (-40°F)
Tungsten (6,170°F) (2,732°F) (268°F) 115 at 800°C Ff;lg
(Class 1) (Ref 1, P316} (Ref 1, P817) (Ref |, P318) (1472°F) (Ref 5)
(Ref 5)

Resource references:

1. Materjals Handbook Ninth Edition Volume 2 Properties and Selections: Nonferrous Alloys and Pure
Metals, ASM Handbook Committee, 1979.

2. ASM Specialty Handbook Stainless Steels, ed. J. R. Davis, 1994.

3. ASM Material Properties Handbock Titanium Alloys, ed. Rodney Boyer, Gerhard Welsch, E.W.

Collings, 1994.

4. ASM Metals Handbook Desk Edition, ed. Howard E. Boyer, Timothy L. Gall, 1985,

5. Mi-Tech Metals Inc. Data Sheet for HD17 with reference to ASTM-B-777-99 Class 1.
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3.2.2 Component Specifications

All components are specified and described on the drawings included in the Section 1.3.
3.3  General Considerations

3.3.1 Evaluation by Analysis

Evaluations by analysis are described in the section they apply to in this Safety Analysis Report or
when applicable in the Test Plans contained in Section 2.12.

3.3.2 Evaluation by Test

Evaluations by direct testing are documented in the Test Plans contained in Section 2.12 or are
described in the section they apply to in this Safety Analysis Report.

3.4  Thermal Evaluation Under Normal Conditions of Transport

3.4.1 Heat and Cold

3.4.1.1 Insolation and Decav Heat

This analysis determines the maximum surface temperature produced by solar heating and
the maximum decay heat generation for the basic package configuration when loaded to an
activity of 330 Ci of “Cobalt. This is performed in accordance with 10 CFR 71.71(c)(1)
and IAEA TS-R-1. The maximum surface temperature will be compared with the
maximum operating temperatures of the materials identified in Table 3.2b.

Figure 3.4a Model of Package for Heat Analysis

[— -D=18.0- -

12.0
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Conductive and convective heat transfer 1s ignored while radiant heat transfer is used
exclusively. This conservative approach provides a worst case estimate of the package's
surface temperature since the additional ¢cooling provided by the conductive and convective
exchanges are not considered. The first law of thermodynamics energy balance equation is
used to resolve surface temperatures from the input parameters of Table 3.4a and 3.4b.

The package is evaluated in the orientation shown in Figure 3.4a, which also defines the
overall package dimensions. In order to assure conservatism, the following assumptions

are made:

a. Basic Input Parameters:

Table 3.4a Thermal Input Parameters — Normal Condition Transport

| Parameter Symbol Value

| Maximum Content Activity A 330 Curies of “Cobalt
Package Height H 031m(121in)
Package Diameter D 0.46 m (18 in.)
Stefan-Boltzmann constant o 5.669 x 10° W/m’K*
Emissivity (Clean Stn St} £ 0.3 (Ref, P4-64)
{Ref: Marks® Standard Handbook for
Mechanical Engineers Tenth Edition, Eugene
A. Avallone and Theadore Baumeister, 1996}
Ambient Temperature Ta 311 K(38°0)
Top surface area Ar 0.164 m*
Side surface area Ag 0.438 m’
Top surface thickness Lt 0.0096 m (0.38 inch)
Maximum Decay Heat On S5 W

1.

The transport package is modeled as a vertically oriented cylinder having an 18
inch (0.46 m) diameter and a 12 inch (0.31 m) height (see Figure 3.4.a).

The top surface of the package is modeled as flat and horizontal. The side
surface of the package is modeled as curved and vertical. The bottom of the
package does not contribute to heat loss or gain.

The exterior surfaces of package are solid, clean stainless steel. The faces are
considered to be sufficiently thin so that no temperature gradients exist in the
faces.

To maximize the exterior surface temperature, the inside package faces are
considered perfectly insulated so there is no conduction into the package. In
actual use, the inside package will act as a heat sink during daylight hours and a
heat source during the night, but this will be ignored for this calculation.

Heat calculations are based on the steady-state energy balance relationship
between the heat gained and the heat lost by the package.

The package is in thermal equilibrium where emissivity equals absorptivity.
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7. The worst case decay heat load (5.5 Watts) is added to the solar heat input load.

8. The solar heat gain on the entire curved side of the package is uniform. No
shadows are assumed.

b. Specific Assumptions:
Table 3.4b: Insolation Data

Surface Insolation for a 12 hour period
(g-caL’cm2 or W/mz)
Horizontal base {Sy) None
Other horizontal flat surfaces (Sy) 800
Non-horizontal flat surfaces {Sy) 200
Curved surfaces (S¢) 400

The following heat calculations are based on the steady-state equilibrium
relationship between the heat gained by the package and the heat lost.

Heat Input, Qn = Heat Qutput, Qgur in the steady-state

Where:
Qn = Solar Heat Input + Decay Heat
Qour = Heat loss by Radiation only

[. Heat input:

The solar heat input to the top and side surfaces are found independently in order to
determine the maximum local surface temperatures at these locations on the
package. The decay heat is also directly applied to these surfaces as well to
evaluate the worst case heat [oad.

(Q1s= Local solar heat input on top surface
Qrs=¢ Sp A7 = 0.3 x 800 W/m’x 0.164 m*= 30W

Q.= Combined solar and decay heat inputs applied locally to the top surface Q.=
Qrs + Qp=39W + 6W = 44.5W

Qss = Local solar heat input on side surface
Qss =€ Sc As = 0.3 x 400 W/m® x 0.438 m’ = 53W

Qs = Combined solar and decay heat inputs applied locally to the side surface Qg
=Qgs + Qp = 53W + 5.5W = 58.5W

Qv = Combined solar and decay heat inputs applied uniformly over the top and
side surfaces
Quw=39W + 53W + 5.5W = 97.5W
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2. Heat Output

The following heat outputs and subsequent package surface temperatures are
derived by using radiant heat transfer only. The actual heat lcss and surface
temperatures in an open air environment would be less due to the cooling effect
provided by the natural convective transfer of the still air around the package. This
is a conservative evaluation to reflect a margin of safety designed into the transport
package.

QQ7r = Heat output radiating from top surface
Qr=0¢ Ar(Ty*-Ta") =2.79x10°(Tw* - To9

Qsr = Heat output radiating from side surface
Qsp =0 € As(Tw' - Ta") = 7.45x10°(Tw* - ToY

Qour = Heat output radiating from top and side surfaces
Qour= Qe + Qsa = 102x10°(Tw* - 311%

3. Surface Temperature Calculations
The total heat entering the package equals the total heat leaving the package.

Maximum local top surface temperature, Tr:

Q= Qm
44.5W = 2.79x107(Ty* - T

Ty= (((44-5)/2.79x10'9) +173] 14)0.25
Tr=399°K or 126°C (259°F)

Maximum local side surface temperature, Ts:

Qs1= Qsr
58.5W = 7.45x107(Tw* - ToH

T = (((58.5)/7.45x10%) + 3111 **
T:=362°K or 89°C (192°F)

Average top and side surface temperature, T,

Qm = Qour
97.5W = 1.02x10%(Tw' - 311%

Ty = ((97.5/1,02x10'8) +31 14)0.25
T, =371°K or 98°C (208°F)
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3412

3413

The maximum surface temperature caused by the effects of solar input and content decay is
126°C (259°F) locally at the top surface of the package. This temperature constitutes the
most onerous Normal Transport thermal condition. Based on the package materials of
construction for components important to safety, this temperature will not be sufficient to
adversely affect the containment or shielding integrity as it is well below the maximum
service temperature for the materials. As such, the package complies with the requirements
of this section.

Still Air (shaded) Decay Heating

This analysis calculates the maximum surface temperature of the Models Sentry 110, Sentry
330 and 867 Transport Packages in the shade (i.e., no insclation effects), assuming an

ambient temperature of 38°C (100°F), per 10 CFR 71.43(g).

The same assumptions from Section 3.4.1.1 are used. The decay heat is assumed to be
distributed equally over the entire exterior surface of the package.

The total heat entering the package equals the total heat leaving the package.

Qm = Qour

Where:
Quw = Decay Heat = 5.5W
Qour = Radiant Heat loss by top and side surfaces of package

The maximum surface temperature, T., of top and side surfaces based on radiant heat
transfer only:

Qm = Qour
5.5W =1.50x10%Ty"' = 311"

Tw= ((55/150X10'8) +31 14)0.25
T, = 314°K or 41°C (106°F)

The maximum package surface temperature caused by the radioactive decay of the package
contents is conservatively 41°C. This temperature less than the maxunum 50°C (122°F)
allowed by 10 CEFR 71.43(g).

Cold Effected Materials

An ambient air temperature of —40°C (-40°F) in still air and shade has no effect on the
safety of the package. The safety materials: stainless steel, titanium, tungsten and depleted
uranium retain their mechanical properties at this temperature. Thus, it is concluded that the
Models Sentry 110, Sentry 330 and 867 Transport Packages will withstand the normal
transport cold condition.
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3.4.2 Temperatures Resulting in Maximum Thermal Stresses

There are two areas of concern on the package when considering maximum thermal stresses
occurring during normal conditions of transport. The top of the package would see the
highest temperature differential due to the effects of solar heating. A highly stressed
welded body could potentially deform enough to cause rupture at the weld seam.

The other area is the internal depleted uranium shield connection with the welded body at
the side access ports. A high temperature differential between the titanium pins and
depleted uranium shield could cause unacceptable stress at the connections. This could
possibly fracture the shield at the connection and permit the shield to shift slightly during
normal handling, allowing the source to locate in a less shielded position which might
increase radiation levels around the package.

3.4.2.1 Package Surface

If the top of the package is at 126°C due to solar heating from Section 3.4.1.1 and
its initial temperature was 38°C, then this temperature difference (88°C) would
increase the diameter of the stainless steel top plate to a maximum of 0.029 inches:
(88°C x 18E-6 in/in °C x 18 in).

However, the side surface would also increase in diameter due to solar heating. The
side surface would heat to 89°C from its initial temperature of 38°C. This
temperature difference would increase the diameter of the tube shaped side surface
to a maximum of 0.017 inches: (((51°C x 18E-6 in/in °C x wx 18 in) + (7 x 18 in))
/) -18 in).

The relative expansion or strain of 0.012 inches (0.029 — 0.017) would produce an
internal stress of 19,333 psi: (29E+6 x (0.012/18 in)). This stress is about half the
allowable yield strength of the material and will be insufficient to cause rupture in
the base material or the weld seams.

3.4.2.2 Depleted Uranium Shield Connection

If the maximum side surface temperature of the package at the access ports
conducts without losses through to the internal titanium pins, then the temperature
of the pins at the connection could be 89°C. In the worst case, the depleted
uranium shield could still be at the initial temperature of 38°C fora 51°C
temperature differential between the pin and shield.

The smallest sized pin mounting hole in the shield when at 38°C is 0.740 inches.
The largest pin diameter at 38°C is 0.730 inches. At the initial temperature, a 0.010
inch minimum design clearance exists between the pin and hole.
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If the diameter of the titanium pin were to expand due to the 51°C temperature
change, it would grow by only 0.0004 inches (51°C x [ 1E-6 in/in °C x 0.730 in).
This increase in diameter of the shield pin is significantly less than the design
clearance for these parts, and will not produce stress to the depleted uranium shield
or pin.

Based on these assessments, it is concluded that the Model Sentry 110, Sentry 330 and 867
transport packages will maintain their structural integrity and shielding effectiveness under
the normal transport thermal stress conditions.

3.43 Maximum Normal Operating Pressure

The Models Sentry 110, Sentry 330 and 867 transport packages are provided with holes and design
clearance at the access ports to allow venting to the atmosphere during pressure changes. The small
openings will prevent pressure build up in the package during Normal Transport conditions. No
other contributing gas sources are present. As such, pressure will not build up and will exhibit a
pressure differential of 0 psi during Normal Transport conditions.

3.5  Thermal Evaluation Under Hypothetical Accident Conditions

3.5.1 Inmitial Conditions

The thermal test was not performed. Rather, an assessment was made to demonstrate that the
thermal test would not create sufficient additional damage to the package that would cause it to fail
the final profile criteria or the source containment integrity.

Consideration of the principle materials of manufacture and their melting poiuts (See Table 3.2b.),
along with the results of the 30 foot free drop and puncture tests indicate that these packages would
not fail and their shielding integrity would not be significantly degraded by the thermal test.

The worst case initial temperature of the package and its contents is -40°C since this low
temperature would provide the highest thermal differential between the contents, shield and exterior
surface of the package during an 800°C fire test. There is no worst case initial pressure since the
package is essentially open to the environment allowing pressure within the package to be balanced
with the surrounding environment. The maximum contents decay heat is 5.5 W,

3.5.2 Fire Test Conditions

The basis for a successful thermal test for these transport packages depends on a number criteria.
First, the welded stainless steel body must remain intact to ensure the polyurethane foam protects
the shield during the fire test.

The 30-foot free drop and puncture tests of Test Plans 180 and 195 demonstrated the packages
ability to withstand high impact and puncture loads without a substantial breach in the exterior of
the package surface. Damage incurred during the drop testing (4 foot, 30 foot and puncture) was
minimal, consisting of insignificant deformation of the rib/brace assemblies and port extension
weldments. There were no holes or tears in the body weldment to allow air to circulate through the
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package. None of the damage significantly increased, or created new pathways for the ingress of
oxygen. Oxygen ingress has been shown empirically to be the primary contributing factor in the
oxidation of depleted uranium shields during thermal testing (see Sections 2.12).

Under Test Plan Report 72-S2 (Section 2.12), in suppert of Certificate of Corapliance number
USA/9035/B(U) for the Model 680-OP Series, camera s/n B198 was subjected to thermal testing.
Before testing, the unit was intact and essentially undamaged with no gaps between mating
surfaces. After the 30 foot and puncture drop tests, % inch long by 1/16 inch wide gaps were present
on both sides of the unit at the side plate/shell interface. Thermocouple readings showed
temperatures of up to 1000°C on the unit and over 900°C within the depleted uranium shield. The
foam was completely pyrolized but was contained within the unit. No oxidation of the shield
occurred and the unit passed final profile at 0.330 R/hr at one meter.

Under Test Plan 80 Report (Section 2.12}, in support of Certificate of Compliance number
USA/9269/B(U) for the Model 650L, test specimen TP80(B) was subjected to thermal testing. The
drop tests (30 foot and puncture} caused the outer shell to split completely open and the inner shell
to crack, creating a 3 inch long by % inch wide gap. Subsequent thermal testing caused pyrolization
of all the foam and vaporization in the area of the gap. Some minor oxidation of the shield was also
noted. Thermocouples recorded temperatures in the shield of over 900°C and close to 1000°C at the
shell. Although the shield oxidized slightly in the area of the gap, the unit passed final profile at
0.028 R/hr at one meter.

As demonstrated in previous thermal testing, minor air gaps in the containment surrounding the
shield are insufficient to allow significant oxidation of the depleted uranium shield during the
thermal test. Without a large breach in the exterior of the package, there will be little or no oxygen
flow to allow combustion of the polyurethane foam surrounding the shield during the fire test. The
foam and welded body protects the shield from oxidizing and deterierating during the fire test. The
only openings that exist between the shield and the environment are the design clearances at the
access ports and the array of fastener holes (when not used) around the welded bedy.

These openings will allow the polyurethane foam to expand when subjected to high temperatures.
The rigid polyurethane foam is a cross-linked thermoset plastic that will not melt, but will instead
pyrolize at the clearances and fastener holes leaving an effective thermal insulator as it slightly
oozes out and chars at those openings.

The Model Sentry 110, Sentry 330 and 867 test specimens had no breach of the shield containment
and would therefore prevent oxygen ingress to the shield and any resulting deterioration of the
depleted uranium shield during the thermal test.

Second, the shield mounting structure must retain epough strength at 800°C for 30 minutes and
during cool down to support shield at its post puncture test location. The radiation profile
inspection results after the 30-foot and puncture tests confirm the shield support structure provided
sufficient shielding of the package contents after the puncture test and before the thermal test. The
maximum service temperature for the stainless steel body is above 800°C for continuous use. This
ensures the shield will remain confined within the package in the location found after the 30-foot
and puncture tests.
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Third, the shield material must retain its ability to sufficiently shield the package contents during
and after the hypothetical accident thermal test. Again, the radiation profile inspection results after
the 30-foot and puncture tests confirm the shield provides sufficient shielding of the package
contents before the thermal test. Since the package exterior remained intact, the shield will not
oxidize or degrade during and after the thermal test. The shield melting temperature (1,100°C) is
well above the 800°C test temperature, and it is highly unlikely the foam insulated shield will reach
800°C during the 30 minute test. Therefore, the shield of these transport packages will keep its
ability to sufficiently shield its contents during and after the hypothetical accident thermal test.

Forth, the package contents must remain intact enough to prevent dispersal of radioactive material
within and outside the package. The source capsule used as the primary containment for the
radioactive contents in these packages has successfully passed the ANSI N542-1978 Class 6
thermal test where it was subjected to an oven temperature of 800°C for 1 hour then checked for
leakage. Therefore, the contents at the center of the shield and package will remain intact and
prevent dispersal of radioactive material in or out of the package under the thermal test conditions.

Based on the testing performed for the 30 foot drop and 1 meter puncture tests, along with the
previcus empirical data and analyses, we conclude that oxidation of the shield will not occur, the
structural integrity of the package will remain intact and the containment of the source will not be
affected. As such, the Models Sentry 110, Sentry 330 and 867 will pass the thermal test without
exceeding the final profile criteria.

3.5.3 Maximum Temperatures and Pressure

The Models Sentry 110, Sentry 330 and 867 containers are provided with holes and design
clearance at the access ports to allow venting to the atmosphere during pressure changes. These
small openings will prevent pressure build up in the package during a hypothetical accident
condition and will relieve any internal generation or expansion of gases created by the elevated
temperatures. No other contributing gas sources are present. As such, pressure will not build up in
the packages during Hypothetical Accident Transport conditions. These containers will exhibit a
pressure differential of 0 psi as they are vented to the atmosphere with no means for creating a
pressure differential. No other contributing gas sources are present.

3.54 Temperatures Resulting in Maximum Thermal Stresses

The temperature and pressure variations described in Sections 3.4.1 and 3.4.3 will not adversely
affect the transport package during normal transport since the melting temperatures of all safety
critical components are well above these temperatures and the package will experience no pressures
sufficient to cause package failure.

The maximum thermal stresses during a fire test are examined at the shield connections with the
welded body at the access ports and at the center of the shield at the source wire assembly (package
contents). These two areas could potentially experience the highest temperature extremes as a
result of the fire test heat input.

If we assume the entire exterior surface of the package to be at 800°C and the initial package
temperature to be -40°C, then the maximum temperature difference occurring in the package is
equal to 840°C (800°C — (- 40°C)).
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The package exterior could get to the 800°C flame temperature relatively quickly but the internal
shield would delay getting to the test temperature because of air gaps and foam insulation between
it and the package exterior. It’s quite possible the shield will never get to 800°C during and after
the 30 minute test period.

Regarding the shield connection, thermal stress could exist at the pinned shield connection points
within the welded body. If we assume the heat from the fire conducts from the exterior surface into
the welded body, without losses, through to the titanium pins, then the temperature of the pins could
be 800°C. In a worst case condition, the shield could still be at the initial temperature of -40°C.
This results in an 840°C temperature differential between the pin and shield.

The smallest shield hole is 0.740 inches at room temperature (38°C). The shield hole shrinks to
0.739 inches due to the -78°C temperature drop from room temperature to the initial temperature {-
40°C).

The largest pin diameter is 0.730 inches at room temperature (38°C). The pin diameter expands to
0.736 inches due to the 762°C temperature rise {from reom temperature to the test temperature
(800°C).

The temperature affect continues to allow a 0.003 inch design clearance between the pin and the
shield hole. The clearance prevents thermal stresses to occur at the shield connection points in the
package.

Regarding impact on the source wire assembly and capsule contents, a thermal gradient exists when
the exterior surface of the package is at 800°C and the radioactive source at the center of the
package is at -40°C. The gradient could cause thermal stresses to occur at the source wire assembly
while in the package.

The source wire assembly has the freedom to slightly expand, contract, and pivot within the shield
source tube channel. This slight freedom of movement prevents thermal stresses to buildup in the
source wire assembly.

There could be a 0.15 inch increase in the length of the longest (10.94 inches at 38°C) stainless
steel source wire caused by the 762°C temperature increase of the fire test. The increase in length
will slightly alter the position of the scurce within the shield, but it is not enough to increase the
external radiation dose rate over 10 mSv/h (1 rem/h) at 1 m (40 in) from the external surface of the
package.

It its therefore concluded that the Models Sentry 110, Sentry 330 and 867 transport package will
maintain their structural integrity and shielding effectiveness under the normal transport thermal
stress conditions.

3.5.5 Fuel/Cladding Temperatures for Spent Nuclear Fuel

Not Applicable. This package is not used for transport of spent nuclear fuel.
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3.5.6 Accident Conditions for Fissile Material Packages for Air Transport

Not Applicable. This package is not used for transport of Type B quantities of fissile material.

3.6 Appendix

Not Applicable.
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Section 4 — CONTAINMENT

4.1

4.2

4.3

4.4

Description of the Containment System

The primary containment system for the package is the welded radicactive source capsule. This
source capsule shall be qualified as Special Form radioactive material under 49 CFR 173 and
IAEA TS-R-1. The special form source capsule is attached to flexible handling wire and
maintained within the shielded configuration of the package by means of lock mechanisms after
the source wire assembly is inserted into the shield tube(s).

4.1.1 Special Requirements for Damaged Spent Nuclear Fuel
Not applicable. These packages do not transport spent nuclear fuel.
Containment Under Normal Conditions of Transport

As demonstrated in Test Plan 180 Report #1 and #2, the normal conditions of transport testing
will not cause any no breach of the source capsules contained in the package. Since the source
capsules are the primary containment of the radioactive contents and no release from the source
capsules occurred, the Models Sentry 110, Sentry 330 and 867 transport packages meet the
requirements of this section.

Containment Under Hypothetical Accident Conditions

As demonstrated in Test Plan 180 Report #2 and Test Plan Report 195, after performance of the
hypothetical accident conditions of transport testing radiation level at one meter from the surface
of the package did not exceed 1 R/hr and again there was no breach of the source capsules
contained in the package. The Models Sentry 110, Sentry 330 and 867 transport packages meet
the requirements of this section.

Leakage Rate Tests for Type B Packages

The primary containment for the radioactive material in the Models Sentry 110, Sentry 330 and
867 Transport Packages is the radioactive source capsule. All source capsules authorized for
Type B transport in the Models Sentry 110, Sentry 330 and 867 are certified as special form
radioactive material under 10 CFR Part 71, 49 CFR Part 173 and JAEA TS-R-1. After
manufacture and again once every six months thereafter prior to transport, the source capsule is
leak tested in accordance with ISO9978:1992(E) (or more recent editions) to ensure that
containment of the source does not allow release of more than 0.005 pCi of radioactive material.
These fabrication and periodic tests ensure that contamimation release from the package does not
exceed the regulatory limits.

Reference : IS09978:1992(E) — Radiation Protection — Sealed Radioactive Sources — Leakage
Test Methods.
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4.6  Appendix

Not Applicable.
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Section 5 - SHIELDING EVALUATION

51 Description of Shielding Design

5.1.1 Design Features

The principal shielding in the Models Sentry 110, Sentry 330 and 867 transport package is the depleted
uranium shield assembly. The shielding is cast as one piece and is essentizlly enclosed by stainless
steel. Dimensional information for the individual shield containers is contained in the shield drawings
included in Section 1.3.

5.1.2 Summary Table of Maximum Radiation Levels

Radiation levels shown in Tables 5.1a and 5.1b are based on the worst case radiation levels produced on
Model Sentry 330 test specimens from Test Plan 180 Reports #1 and #2 and Test Plan Report 195.
Radiation levels shown for the Model Sentry 110 and 867 packages are based on untested units but due
to similarities of construction, the maximum dose rates from these two alternate models will be the
same or lower than those documented for the tested Model Sentry 330 packages.

Table 5.1a: Sentry 330 sn TP180C Basic Configuration Summary Table of External Radiation Levels
(Non-Exclusive Use)"’

Package Surface mSv/h (mrem/h) | 1 Meter from Package Surface mSv/h (mrem/h)

Normal Conditions of Top Side Bottom Top Side Bottom
Transport2

Gamma 0.26(26) | 0.71(71) | 039 (39) | 0.0047 (0.47) | 0.0128 (1.28) | 0.0078 (0.78)

Neutron NA NA NA NA NA NA
Total 026 (26) | 0.71(71) | 039(39) | 0.0047 (0.47) | 0.0128 (1.28) | 0.0078 (0.78)
10 CFR 7147(a) Limit | 2(200) | 2(200) | 2 (200) 0.1(10) 0.1(10) 0.1(10)
Hypothetical Accident Conditions’

Gamma 0.0047 (0.47) | 0.0128(1.28) | 0.0078 (0.78)

Neutron NA NA NA
Total 0.0047 (0.47) | 0.0128(1.28) | 0.0078 (0.78)
10 CFR 71.51(a)(2) Limit 10 (1000) 10 (1000) 10 (1000)

'Results for test unit TP180C represent the highest surface dose rates from any test specimen after performance of the Normal
Condition Transport Testing. The Basic transport configuration bounds the Standard transport configuration and provides the
worst case estimate of surface does rates for both package configurations.

*Survey Results for sn TP180C are reported after performance of both the Normal and Hypothetical Accident ConditionTesting
(See Sections 2.6 and 2.7).

*Table results are extrapolated to the device capacity and incorporate surface correction factors
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Table 5.1h: Sentry 330 sn TP180C Basic Configuration Summary Table of External Radiation Levels
(Exclusive Use)™®

Package (or Freight Container) Surface 2 Meters from Outer Vehicle Surface mSv/h
mSv/h (mrem/h) (mrem/h)
Normal Conditions Top Side Bottom Top Side Bottom
of Transport™’
Gamma 0.26 (26) 0.71(71) | 039(39) | 0.0047(047) | 0.0128 (1.28) | 0.0078 (0.78)
Neutron NA NA NA NA NA NA
Total 0.26 (26) 071 (71) | 0.39(39) | 0.0047 (0.47) | 0.0128(1.28) | 0.0078 (0.78)
10 CFR 71.47(b) 10 (1000¥ | 10 (1000)* | 10 (1000)* 0.1(10) 0.1(10) 0.1(10)
Limit
Vehicle Surface mSv/h (mrem/h) Occupied Position mSv/h (mrem/hr)
Gamma <0.26 (26) <0.71 <0.39 <0.02(2)
D (39)
Neutron NA NA NA NA
Total < (.26 (26) <0.71 <039 <0.02 (2)°
() (39
10 CFR 71.47(b) 2 (200) 2 (200) 2 (200) 0.02 (2)
Limit

Hyothetical Accident Conditions*

1 Meter from Package Surface mSv/h (mrem/hr)

(Gamma 0.0047 (0.47) | 0.0128 (1.28) | 0.0078 (0.78)

Neutron NA NA NA
Total 0.0047 (0.47) | 0.0128 (1.28) | 0.0078 (0.78)
10 CFR 71.51(a)2) Limit 10 (1000) 10 {1000) 10 (1000)

'For packages transported by roadway, railway and sea.
*For packages in closed vehicles, otherwise, 2 (200).

’Confirmed at time of vehicle loading prior to shipment.
“Table results are extrapolated to the device capacity and incorporate surface correction factors.
*Results for test unit TP180C represent the highest surface dose rates from any test specimen after performance of the Normal
Condition Transport Testing.
SSurvey Results for sn TP180C are reported after performance of both the Normal and Hypothetical Accident ConditionTesting

(See Sections 2.6 and 2.7).
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Table 5.1¢c: Sentry 330 sn TP180G Summary Table of External Radiation Levels (Non-Exclusive Use)"”

Package Surface mSv/h (mrem/h) 1 Meter from Package Surface mSv/h (mrem/h)
Normal Conditions of Top Side Bottom Top Side Bottom
Transport2
Gamma 0.23(23) | 0.53(53) | 0.29(29) 0.004(0.4) | 0.0170.7 0.003 (0.3)
Neutron NA NA NA NA NA NA
Total 0.23(23) | 0.53(53) | 0.29(29) 0.004 (0.4) | 0.017(1.7) 0.003 (0.3)
[0 CFR 71.47(a) Limit 2200 2200 2 (200) 0.1(10) 0.1(10) 0.1(10)
Hypothetical Accident Conditions
Gamma 0.0054 (0.54) 0.0220 0.0066 (0.66)
(2.20)
Neutron NA NA NA
Total 0.0054 (0.54) | 0.0220 0.0066 (0.66)
(2.20)
m CFR 71.51(a)(2) Limit 10 {1000) 10 (1000) 10 (1000)

'Results for test unit TP180G represent the highest surface dose rates from any test specimen after performance of the
Hypothetical Accident Condition Transport Testing. The Basic transport configuration bounds the Standard transport
configuration and provides the worst case estimate of surface does rates for both package configurations.

*Results shown for Normal Conditions of Transport are the radiation survey results prior to performance of any testing on the test
specimen,

>Table results are extrapolated to the device capacity and incorporate surface correction factors.

Table 5.1d: Sentry 110 su TP178A Summary Table of External Radiation Levels (Non-Exclusive Use)'”

Package Surface mSv/h (mrem/h) 1 Meter from Package Surface mSv/h (mrem/h) |

Normal Conditions of = Top Side Bottom Top Side T Bottom
Transport s

Gamma 0.6(60) | 1.02(102) | 0.62(62) 0.011(¢1.1) | 0031 @3.D 0.011(1.1)

Neutron NA NA NA NA NA NA
Total 0.6 (60) | 1.02(102) | 0.62(62) 0.011(1.1) | 0.031(3.1) 0.011(1.1)
10 CFR 71.47(a) Limit 2(200) 2 (200) 2 (200) 0.1(10) 0.1 (10) 0.1(10)
Hypothetical Accident Conditions’

Gamma <10 (1000) | <10 (1000) <10 (1000)

Neutron NA NA NA
Total <10 (1000) | <10 (1000) <10 (1000)
10 CFR 71.51(a)(2) Limit 10 (1000) 10 (1000) 10 (1000)

"Results for test unit TP178A represent the highest surface dose rates from a typical Sentry 11¢ package in the Basic transport
configuration. The Basic transport configuration bounds the Standard transport configuration and provides the worst case
estimate of surface does rates for both package configurations. Maximum surface and | meter radiation levels from any
transport package will not exceed the limits in 10 CFR 71.47(a).

*Values shown for Hypothetical Accident Conditions of Transport are based on correlation to testing performed on the Sentry
330 transport packages. Due to similarities of construction in the package designs, it is reasoned that the Sentry 110 packages
will never exceed the maximum radiation level limitin 10 CFR 71.47(2)(2) under Hypothetical Accident conditions.

*Table results are extrapolated to the device capacity and incorporate surface correction factors.
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Table 5.1e: Sentry 110 sn TP178A Summary Table of External Radiation Levels (Exclusive Use)"*

Package (or Freight Container) Surface

2 Meters from Quter Vehicle Surface mSv/h

mSv/h (mrem/h) (mrem/h)
Normal Conditions of Top Side Bottom Top Side Bottom
Transport*
(Gamma 0.6 (60) 1.02 {102) 0.62 (62) 0011 (1.1) | 0.031 (3.1) 0.011(1.1)
Neutron NA NA NA NA NA NA
Total 0.6 (60) 1.02 (102) 0.62 (62) 0.011(1.1) | 0.031(3.1) 0.011 (1.1)
10 CFR 71.47(b) Limit | 10 (1000)* | 10 (1000)* | 10 (1000)* 0.1(10) 0.1 (10) 0.1(10)

Vehicle Surface mSv/h (mrem/h)

QOccupied Position mSv/h (mrem/hr)

Gamma <0.6 (60) | <1.02(102) | <0.62 (62) <0.02 (2)°

Neutron NA NA NA NA
Total <0.6 (60) | <1.02 (102) | <0.62 (62) <0.02 2
10 CFR 71.47(b) Limit | 2 (200) 2 (200) 2 (200) 0.02 (2)

Hyothetical Accident Conditions®

I Meter from Package Surface mSv/h (mrem/hr) |

Gamma <10 (1000) | <10 (1000) <10 {1000)

Neutron NA NA NA
Total <10 (1000) | <10 (1000) <10 (1000)
10 CFR 71.51(a)2) Limit 10 (1000) 10 (1000) 10 (1000)

'For packages transported by roadway, railway and sea.
“For packages in closed vehicles, otherwise, 2 (200).
*Confirmed at time of vehicle loading prior to shipment.
*Table results are extrapolated to the device capacity and incorporate surface correction factors.
Results for sn TP178A represent the highest from a typical Sentry 110 package in the Basic transport configuration. The Basic
transport configuration bounds the Standard transport configuration and provides the worst case estimate of surface does rates
for both package conftgurations. Maximum surface and 1 meter radiation levels from any transport package will not exceed the

limits in 10 CFR 71.47(a).

SValues shown for Hypothetical Accident Conditions of Transport are based on correlation to testing performed on the Sentry
330 transport packages. Due to similarities of construction in the package designs, it is reasoned that the Sentry [ 10 packages
will never exceed the maximum radiation level limit in 10 CFR 7t.47{a)(2) under Hypothetical Accident conditions.
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Table 5.1f: 867 sn T180F Summary Table of External Radiation Levels (Non-Exclusive Use)"”

Package Surface mSv/h (mrem/h)

1 Meter from Package Surface mSv/h (mrem/h)

Normal Conditions of Top Side Bottom Top Side Bottom
Transport

Gamma 0.4 (40) 1.39(139) | 0.5 (50) 0.007 (0.7) | 0.024 (2.4) 0.007 (0.7)

Neutron NA NA NA NA NA NA
Total 0.4(40) | 1.39(139) | 0.5(50) 0.007 (0.7) | 0.024 (2.4) 0.007 (0.7
10 CFR 71.47(a) Limit 2 (200) 2(200) 2 {(200) 0.1 (1% 0.1{10) 0.1(10)
Hypothetical Accident Conditions’

Gamma <10 (1000} | <10 (1000) <10 (1000)

Neutron NA NA NA
Total <10 (1000) | <10(1000) <10 (1000)
10 CFR 71.51(a)(2) Limit 10 (1000) 10 (1000) 10 (1000)

'Results for test unit TP180J represent the highest surface dose rates from a typical Model 867 package in the Basic transport
configuration. The Basic transport configuration bounds the Standard transport configuration and provides the worst case
estimate of surface does rates for both package configurations. Maximum surface and [ meter radiation levels from any
transport package will not exceed the limits in 10 CFR 71.47(a).
*Values shown for Hypothetical Accident Conditions of Transport are based on correlation to testing performed on the Sentry
330 transport packages. Due to similarities of constraction in the package designs, it is reasoned that the Model 867 package
will never exceed the maximum radiation level limit in 10 CFR 71.47{a)2) under Hypothetical Accident conditions.

ITable results are extrapolated to the device capacity and incorporate surface correction factors.
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Table 5.1g: 867 sn T180J Summary Table of External Radiation Levels (Exclusive Use)"*

Package (or Freight Container) 2 Meters from Outer Vehicle Surface mSv/h
Surface mSv/h (mrem/h) (mrem/h
Normal Conditions of Top Side Bottom Top Side Bottom
Transport’
Gamma 0.4 (40) 1.39(139) | 0.5(50) 0.007 (0.7y | 0.024 (2.4) 0.007 (0.7)
Neutron NA NA NA NA NA NA
Total 0.4 (40) 1.39(139) | 0.5(50) 0.007 (0.7 | 0.024 (2.4) 0.007 (0.7)
10 CFR 71.47(b) Limit | 10 (1000)* | 10 (1000)* | 10 (1000)° 0.1(10) 0.1 (10) 0.1 (10)
Vehicle Surface mSv/h (mrem/h) Occupied Position mSv/h (mrem/hr)
Gamma <0.4 (40) | <1.39(139) | <0.5 (50) <0.02 (2y
Neutron NA NA NA NA
Total <0.4(40) | <1.3%9(139) | <0.5(50) <0.02 (2’
[0 CFR 71.47(b) Limit 2(200) 2 (200) 2 (200) 0.02 (2)

Hyothetical Accident Conditions®

1 Meter from Package Surface mSv/h (mrem/hr)

Gamma <10 (1000y | <10 (1000) <10 (1000) |
Neutron NA NA NA

Total <10 (1000) | <10 (1000) <10 (1000)

10 CFR 71.51(a)(2) Limit 10 (1000) 10 (1000) 10 (1000)

'For packages transported by roadway, railway and sea.
“For packages in closed vehicles, otherwise, 2 (200).
*Confirmed at time of vehicle loading prior to shipment.

"Table results are extrapolated to the device capacity and incorporate surface correction factors.
Results for sn TP180J represent the highest from a typical Model 867 package in the Basic transport configuration. The Basic
transport configuration bounds the Standard transport configuration and provides the worst case estimate of surface does rates

for both package configurations. Maximum surface and | meter radiation levels from any transport package will not exceed the

Jimits in 10 CFR 71.47(a).

*Values shown for Hypothetical Accident Conditions of Transport are based on correlation to testing performed on the Sentry
330 transport packages. Due to similarities of construction in the package designs, it is reasoned that the Model 867 package
will never exceed the maximum radiation level limitin 10 CFR 71.47(a)(2) under Hypothetical Accident conditions.

5.2  Source Specification

3.2.1 Gamma Source

The gamma sources allowed for transport in the Models Sentry 110, Sentry 330 and 867 are described

in Sections 1.2.3 and 2.10.

3.2.2 Neutron Source

Not Applicable. These packages are not used for the transportation of neutron emitting sources.
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54

5.3.1 Configuration of Source and Shielding

A shielding model was not used as the primary justification for these packages. Shielding justification
was based on direct measurement.

5.3.2 Material Properties

Not Applicable. A shielding model was not used in the justification for these packages. Shielding
justification was based on direct measurement.

Shielding Evaluation

54.1 Methods

Shielding justification was based on direct measurement. See Test Plan 180 Report, Test Plan Report
195 (see Section 2.12) as well as additional profile results in Section 5.5 for radiation surveys of these
transport packages.

5.4.2 Input and Output Data

Radiation measurements included in this Section were adjusted to the maximum activity capacity for
the package (e.g., activity correction factor) and the surface measurements were also adjusted to correct
for off-set of the survey meter probe from the true surface of the package.

Activity correction factors (CF,) were obtained by using the following relationship:

_ Maximum Package ActivityCapacity (4,.)
Actual Pr ofile Activity (A,,)

CF,

ForExample, if A, = 270Ciand A = 330Ci, then

_330Ci
4 270G

Therefore all original surface and | meter profile measurements would be multiplied by a factor of 1.2
for a package profiled using 270 Ci and a package capacity of 330 Ci.

Radiation measurements at the surface of the container were also adjusted to compensate for the off-set
of the survey meter probe from the true surface of the package.

Surface correction factors (SCF) were obtained by using the following relationship:
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d
SCF = =% where d, and d, are deter mined as shownin Figure S.1a,
I

For Example, if d, = Qinches and d, = 9.5inches, then

SCF = M =1.06

Qinches

Therefore in the example shown, all original surface profile measurements located along the side of the
drum shown in Figure 5.a would also be multiplied by a factor of 1.06 to account for surface correction
of the detector to the drum. Different SCF’s would be calculated for the any dimension of the container
where the minimum distance from the center of the activity to the center of the radiation probe is
different.

d;=  distance from activity center

/ to surface of container.
‘E:E' O d:=  distance from activity center
\l—— \ to surface of container plus

radius of the survey meter
d;

probe.

d
FIGURE 5.1a. SAMPLE SURFACE CORRECTION FACTOR DISTANCE CRITERIA

The radiation profile data showed no increase in radiation dose after testing beyond normal
measurement variations. All test specimens met the regulatory requirements.



Safety Analysis Report for the Models Sentry 110, Sentry 330 and 867 Transport Packages

QQSA Global, Inc. Qctober 2010 - Revision 0
Burlington, Massachusetts Page 5-9

3.5

5.4.3 Flux-to-Dose-Rate Conversion

Not Applicable. Flux rates were not used to convert to dose rates in any shielding evaluations.
S5.4.4 External Radiation Levels

Radiation surveys for the Models Sentry 110, Sentry 330 and 867 configurations showed maximum
surface and 1 meter radiation levels from the transport packages within regulatory limits. Radiation
surveys of Models Sentry 110, Sentry 330 and 867 Transport Packages, after undergoing normal and
accident condition transport testing, were also well within the regulatory limits.

Appendix

5.5.1 Additional Profile Supportive Profile sheets
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5.5.1 Additional Profile Supportive Profile sheets

5.5.1.1 Model Sentry 110 sn TP178A4

5.5.1.2 Model 867 sn TI180J
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and indicate total number of sheets. Make sure shield Idenification is included on each sheet,
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SHIELDING PROFILE AND INSPECTION FORM
(SPIF)
F-Q-1806-2

Sheet / of 7

Shield Data

Model: 8 6 7 /5-33C| Serial# 7 7§03 | Radionuclide: Co 6© | Max, Capacity 330 Ci

Shicld P/N: 3670 ( - 2%¢ | Shield Heat # C63D —Aa07 Lot# ¢32R&o00 403
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Source Model: 4 429-13 | Source Ser.# 2 77 %¢ /3 | Radionuclide: Cp €& Activity: / 8/ 8 Ci
Survey Inst.] /S 00 | Seriald /F 63 Date Cal. ‘3/-1//'9 Date Due: 9/2/4/
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1. Refer to F-Q-1806-1, Shield Efficiency Testing Surface Correction Factors for an existing device model, or
F-(-1806-3, Shiell Profile Worksheet forOne meter acceptance limit.

. The 30cm readings are only required when specifically requested.

. Additional sheets may be used to describe results or indicate reading locations using skatches. Number all sheets
and indicate total number of sheets. Make sure shield Idegification is included on each sheet.

. Attach auto profiler print out to this sheet if used.
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Section 6 - CRITICALITY EVALUATION

All parts of this section are not applicable. The Models Sentry 110, Sentry 330 and 867 Transport
Packages are not used for shipment of Type B quantities of fissile material.
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Section 7 — Package Operations

Operation of the Models Sentry 110, Sentry 330 and 867 Transport Packages must be in accordance with
the operating instructions supplied with the transport package, per 10 CFR 71.87 and 71.89.

7.1 Package Loading
7.1.1 Preparation for Loading
The Models Sentry 110, Sentry 330 and 867 transport packages must be loaded and closed in
accordance with procedures that, at a minimum, include the requirements specified in this
section. Shipment of Type B quantities of radioactive material are authorized for sources
specified in Section 7.1.1.1. Maintenance and inspection of these packages is in accordance with
the requirements specified in Section 7.1.1.2.

7.1.1.1  Authorized Package Contents

Table 7.1a: Model Sentry 110, Sentry 330 and 867 Package Information

Identification Nuclide Source Form Maximum Maximum DU Maximum Weight
Capacity Weight

seney HO Ganderd) | ooy | SpecialForm | 110 o0 | 05 s (134Kg) | 580 1bs 263 k)
sentry 0Basi) | o | SpecialForm | 110 i | 595 ths (134 Kke) | 500 Ibs (227 ke)
senty PO Gtandard) | qopy | SpecialForm | 33000 | 48515 220ke) | 780 Ibs (354 ke)
Sentry 330 (Basic) 0Co Special Form 330 Ci 485 Ibs (220 ke) 700 Ibs (318 kg)
867 (Standard) woy | SpectalForm 1 55h 00 485 1bs (220ke) | 780 1bs (354 ke)
867 (Basic) 0o | OPeClLFOm a1 4gsibs (220 ke) | 700 Ibs (318 ke)

7.1.1.2  Packaging Maintenance and Inspection Prior to Loading

7.1.1.2.a Instructions for the Sentry 110 & Sentry 330 Containers

l. Ensure all markings are legible.

2. Inspect the container for signs of significant degredation. Ensure all
welds are intact, the container is free of heavy rust and cracks/damage to

the steel housing which breaches the container.

3. Assure all bolts and fasteners (hardware) required for assembly of the
package and as specified on the drawings referenced on the Type B




Safety Analysis Report for the Models Sentry 110, Sentry 330 and 867 Transoort Packages

QSA Global, Inc.
Burlington, Massachusetts

October 2010 - Revision 0
Page 7-2

transport certificate are fit for use. Without remov ng the hardware by
disassembly from the device, examine the visible external surfaces of the
bolts/fasteners for any signs of fatigue cracking.

Note: A visual examination of the bolt/fastener thread condition is
performed after removal from the Sentry Style exposure devices
as part of the Quarterly and Annual Maintenance inspections
required for radiography devices under 10 CFR 34.31 or
equivalent Agreement State regulations.

The bolts/fasteners must be replaced if they are no longer fit for use
(e.g., threads stripped, unable to fully thread, signs of cracking, etc).
Assure the front port is properly secured in accordance with the
drawings referenced on the Type B transport certificate.

Ensure the shipping cover can be installed and secured over the lock
assembly. Ensure the lock plungers operate from the lock to the open
positions using the lock plunger key. Ensure that the lock assembly 1s
securely attached to the projector housing with the hardware specified
on the drawings referenced on the Type B transpor: certificate.

Assure the front port is functional and can be properly secured in the
closed position prior to transport.

If the container fails any of the inspections in steps 7.1.1.2.a.1-5, remove
the container from use until it can be brought into compliance with the
Type B certificate.

7.1.1.2.b Instruetions for the 867 Container

1.

Ensure all markings are legible.

Inspect the container for signs of significant degraclation. Ensure all
welds are intact, the container is free of heavy rust and cracks/damage to
the steel housing which breaches the container.

Assure all bolts and fasteners (hardware) required “or assembly of the
package and as specified on the drawings referenced on the Type B
transport certificate are fit for use. Without removing the hardware by
disassembly from the device, examine the visible external surfaces of the
bolts/fasteners for any signs of fatigue cracking.

Note: A visual examination of the bolt/fastener thread condition is
performed annually by QSA Global, Inc. oa the Model 8§67
source changer lock assemblies.



Safety Analysis Report for the Models Sentry 110, Sentry 330 and 867 Transport Packages

QSA Global, Inc.
Burlington, Massachusetts

October 2010 - Revision 0
Page 7-3

The bolts/fasteners must be replaced if they are no longer fit for use
(e.g., threads stripped, unable to fully thread, signs of cracking, etc).
Assure the front port is properly secured in accordance with the
drawings referenced on the Type B transport certificate.

Ensure the shipping covers can be installed and secured over the lock
assemblies. Assure the locking assemblies actuate freely when
performing an operational test and that the plunger locks engage and are
functional.

If the container fails any of the inspections in steps 7.1.1.2.b.1-4, remove
the container from use until it can be brought into compliance with the
Type B certificate.

7.1.2 Loading of Contents

NOTE:  These loading operations apply to “dry” loading only. The Model
Sentry 110, Sentry 330 & 867 packages are NOT approved for wet
loading.

7.1.2.1 General Pre-transportation Requirements

a. Ensure the contents are authorized for use in the package.

b. Ensure the package condition has becn inspected in accordance with Section
7.1.1.2.

¢.  Ensure that the source(s) are secured into place in the storage positions in
accordance with the following requirements. Compliance with the following
requirements ensurcs that the sources are securely focked in position before
shipment.

l.

Removal and installation of radioactive material contained within the
shield containers must be performed in a shielded cell/enclosure
capable of holding the maximum isotope capacity of the container, or
by using remote transfer operations for wire mounted sources.
Container loading can only be performed by persons specifically
authorized under an NRC or Agreement State licznse (or as otherwise
authorized by an International Regulatory Authority).

All necessary safety precautions and regulations must be observed to
ensure safe transfer of the radicactive material.

2. Model Sentry 110 & Sentry 330 Containers

1. Using remote handling techniques, load the source assembly so that
it is fully retracted into the device shield ard secured by the lock
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7.2

assembly. Omnce the source is loaded, install the lock cover, ensure
the plunger lock is depressed and the key removed.

ii. Ensure all remote handling attachments are reinoved from the
device and the front plate outlet port cover has been rotated back to
the closed position (see the drawings referenced on the Type B
transport certificate).

3. Model 867 Shield Container

i. Using remote handling techniques, load the source assemblies so
that they are fully inserted into the source tubes with the active end
of the source assembly inserted first.

it. Once the source is loaded, install the lock cover, ensure the plunger
lock is depressed and the key removed.

iii. Repeat steps 7.1.2.1.¢c.3.i and ii if a source will be loaded in the
second lock assemnbly of the device. If a second source will not be
loaded into the second lock assembly of the device, ensure the lock
assembly cover is installed and the plunger lock is depressed and
the key removed.

7.1.3 Preparation for Transport

7.1.3.1 Ensure that all conditions of the certificate of compliance are met.

7.1.3.2 Perform a contamination wipe of the outside surface of the package and ensure
removable contamination does not exceed 0.0001 nCi when averaged over a
wipe area of 300 cm”.

7.1.3.3 Survey all exterior surfaces of the package to assure that the radiation level does
not exceed 200 mR/hr at the surface. Measure the radiation level at one meter
from all exterior surfaces to assure that the radiation level is less than 10 mR/hr.

7.1.3.4 Ship the container according to the procedure for transporting radioactive
material as established in 49 CFR 171-178.

NOTE: The US Department of Transportation, in 49 CFR 173.22(c), requires each
shipper of Type B quantities of radioactive material to provide prior
notification to the consignee of the dates of shipment and expected arrival.

Package Unloading

7.2.1 Receipt of Package from Carrier
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7.2.1.1 The consignee of a transport package of radioactive materizl must make
arrangements to receive the transport package when it is delivered. If the
transport package is to be picked up at the carrier's terminai, 10 CFR 20.1906
requires that this be done expeditiously upon notification of its arrival.

7.2.1.2 Upon receipt of a transport package of radioactive material:

a.

Survey the transport package with a survey meter as soon as possible,
preferably at the time of pick-up and no more than three hours after it was
received during normal working hours. Radiation levels should not exceed
200 mR/hr at the surface of the transport package, nor 10 mR/hr at a distance
of 1 meter from the surface.

Record the actual radiation levels on the receiving report.

If the radiation levels exceed these limits, secure the conatainer in a
Restricted Area and notify the appropriate personnel in accordance with 10
CFR 20 or applicable Agreement State regulations.

Inspect the outer container for physical damage or leaking. If the package is
damaged or leaking or it is suspected that the package may have leaked or
been damaged, restrict access to the package. As soon as possible, contact
the Radiation Safety Office to perform a full assessment of the package
condition and take necessary follow-up actions.

Record the radioisotope, activity, model number, and serial number of the
source and the transpert package model number and serial number.

7.2.2 Removal of Contents

Transfer the package to a remote handling cell, or prepare the package for source
transfer/exposure in accordance with the applicable licensing provisions for the user’s
facility related to radioactive material handling. Remove the sealed source assembly(ies)
from the package and transfer to an alternate shielded storage location.

Preparation of Empty Package for Transport

In the following instructions, an empty transport package refers to a Model Sentry 110, Sentry
330 or 867 transport package without an active source contained within the shielded container.
To ship an empty transport package:

7.3.1. Unload the container in accordance with Section 7.2.2.

7.3.2  Assure that the levels of removable radioactive contamination on the outside surface of
the transport package does not exceed 4 Bg/cm® (when averaged over 300 cm”).

7.3.3  Assure that the levels of removable radioactive contamination on the inside surface of
the shield container does not exceed 400 Bg/cm’ (when averaged over 300 cm’).
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7.3.4 When it is confirmed that the Models Sentry 110, Sentry 330 and 867 Transport
Packages are empty, prepare the transport package for shipment anc survey to determine
ensure the external surface radiation level does not exceed 5 uSv/h.

7.4 Other Operations
7.4.1 Package Transportation By Consignor

Persons transporting the Model Sentry 110, Sentry 330 or 867 package :n their own
conveyances should comply with the following:

7.3.1.1 For a conveyance and equipment used regularly for radioactive material transport,
check to determine the level of contamination that may be present on these items.
This contamination check is suggested if the package shows signs of damage upon
receipt or during transport, or if a leak test on the special form source transported in
the package exceeds the allowable limit of 185 Bq.

7.4.1.2 If contamination above 4 Bg/em® (when averaged over 300 cm®) is detected on any
part of a conveyance or equipment used regularly for radioactive material transport,
or if a radiation level exceeding 5 uSv/h is detected on any conveyance or equipment
surface, then remove the affected item from use until decontaminated or decayed to
meets these limits.

7.4.2 Emergency Response
In the event of a transport emergency or accident invelving this package, follow the guidance
contained in “2008 Emergency Response Guidebook: A Guidebook for First Responders
During the Initial Phase of a Dangerous Goods/Hazardous Materials Incident”, or equivalent
guidance documentation.

7.3  Appendix

7.5.1 Reference: “2008 Emergency Response Guidebook: A Guidebook for First Responders
During the Initial Phase of a Dangerous Goods/Hazardous Materials Incident”
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Section 8 - ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

8.1  Acceptance Test

8.1.1

8.1.2

8.1.3

Visua! Inspections and Measurements

Each transport package component is inspected visually prior to shioment for compliance
to the following criteria:

8.1.1.1 The transport package was assembled properly to the applicable drawing.

8.1.1.2 Evaluate each shield container for shielding integrity when used in the
applicable Model Sentry 110, Sentry 330 or 867 assembly to ensure the
transport dose rate requirements are met when the container is loaded to

capacity.

8.1.1.3  All fasteners as required by the applicable drawings are properly installed and
secured.

8.1.1.4 The relevant labels are attached, contain the required information, and are
marked in accordance with 10 CFR 20.1904, 10 CFR 40.13{c)(6)i), 10 CFR
34, and 10 CFR 71 or equivalent Agreement State regulations.

Visual inspections and measurements will be performed in accordance with QSA Global,
Inc.’s USNRC approved Quality Assurance Program No. 0040.

Weld Examinations

Weld examinations will be performed in accordance with the applicable drawings
requirements and in accordance with QSA Global, Inc.’s USNRC approved Quality
Assurance Program No. 0040.

Structural and Pressure Tests

Prior to first use as part of a Models Sentry 110, Sentry 330 and 867 Transport Packages,
container structural conformance will be evaluated in accordance wth the applicable
drawings requirements and in accordance with QSA Global, Inc.’s USNRC approved
Quality Assurance Program No. 0040. The containment system is not designed to
require increased or decrease operating pressures to maintain contaiament during
transport, therefore pressure tests of package components prior to first use is not
required.
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8.1.4

8.1.5

8.1.6

Leakage Tests

The source capsules (primary containment) are wipe tested for leakage of radioactive
contamination upon initial manufacture. The removable contamination must be less than
0.005 microcuries. The source capsules will also be subjected to leak tests under
1S09978:1992(E) (or more recent editions). The source capsules are not used if they fail
any of these tests.

Component and Material Tests

Component and material compliance is achieved in accordance with the requirements in
QSA Global, Inc.’s USNRC approved Quality Assurance Program No. 0040.

Shielding Tests

The radiation levels at the surface of the Model Sentry 110, Sentry 330 and 8§67 and at 1
meter from the surface of these packages (in the Basic Configuration) are evaluated prior
to first transport. This survey, performed in a low background area involved a slow scan
survey of the entire surface area as well as one meter from the surface of the container.
This survey is used to identify any significant void volumes or shield porosity which
could prevent the finished device from from complying with the dose limits in 10 CFR
71.47,

This radiation profile is performed at the time of manufacture of the Model Sentry 110,
Sentry 330 and 867 containers. The radiation profile survey is mads with the radiation
detector housing in contact with the surface of the container and then also at one meter
from the surface of the container. The maximum radiation levels, when extrapolated to
the rated capacity of the transport package, can not exceed 200 mR/hr at the surface, nor
10 mR/hr at I meter from the surface of the transport package. Since the Models Sentry
110 and Sentry 330 also functions as radiography exposure devices, the maximum
allowed dose rate at one meter from the surface of these devices is further limited to 5
mR/hr at the time of manufacture.

Failure of the radiation profile tests for any Model Sentry 110, Sentry 330 or §67
container indicates the potential of significant shielding porosity and this will cause the
rejection of the affected Model Sentry 110, Sentry 330 or 867 package as a Type B
container. Rejected packages which do not comply with the construction requirements
on the applicable drawings referenced on the Type B certificate, or that do not comply
with the radiation profile requirements will not distributed as approved Type B(U)
packages.
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8.2

8.1.7

8.1.8

Thermal Tests

Not applicable. The source content of the Model Sentry 110, Sentrv 330 and 867
packages has minimal effect on the package surface temperature and therefore no
additional testing is necessary to evaluate thermal properties of the nackaging.

Miscellaneous Tests

Not apolicable.

Maintenance Program

8.2.1

8.2.2

8.23

8.2.4

8.2.5

Structural and Pressure Tests

Not applicable. Material certification is obtained for Safety Class A components used in
the transport package prior to their initial use. Based on the construction of the design,
no additional structural testing during the life of the package is necessary if the container
shows no signs of defect when prepared for shipment in accordance with the
requirements of Section 7 of the SAR. The Model Sentry 110, Sentry 330 and 867
packaging systems are not designed to require increased or decreased operating pressures
to maintain containment during transport, therefore pressure tests of package components
prior to individual shipment is not required.

Leakage Tests

As described in Section 8.1.4, “leakage Tests,” the radioactive source assembly is leak-
tested at manufacture. In addition, the sources are leak tested in accordance with that
Section at least once every six months thereafter if being transported to ensure that
removeble contamination is less than 0.005 microcuries.

Component and Material Tests
The transport package is inspected for tightness of fasteners, proper seal wires, and

general condition prior to each use as described in Section 7 of this SAR. No additional
component or material testing is required prior to shipment.

Thermal Tests

Not applicable. The source content of the Model Sentry 110, Sentry 330 and 867
packages has minimal effect on the package surface temperature angl therefore no
additional testing is necessary to evaluate thermal properties of the packaging prior to
shipment.

Miscellaneous Tests

Inspections and tests designed for secondary users of this transport package under the
general license provisions of 10 CFR 71.17(b) are provided in Section 7.
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83  Appendix

Not applicable.
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Section 9 — Quality Assurance

9.1 U.S. Quality Assurance Program Requirements

All component fabrication (including assembly) is controlled under the QSA Global, Inc. Quality
Assurance program approved by the USNRC (approval number 0040) and ISO 9001.

9.2  Canada Quality Assurance Program Requirements

Not applicable. This package is originally submitted for certification in the United States and
complies with the criteria in Section 9.1.

9.3  Appendix

Not applicable.
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