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Model 880 Series Type B Transport Package Evaluation for Compliance to Criteria
Adopted as Part of the Final Rule for 10 CFR 71 Effective October 1, 2004

Adopted Compliance Criteria for 10 CFR 71 Final Description
Rule Effective October 1, 2004

Issue 2: Radionuclide Exemption Values Not applicable based on package contents.

Issue 3: Revision of Al and A2  Total package activity is limited on the Certificate of Compliance,
therefore changes in the Al and A2 values have no impact on the
package ability to comply with the final rule.

Issue 4: Uranium Hexafloride Package Not applicable, the package is not used for transport of uranium
Requirements hexafloride.

Issue 5: Criticality Safety Index Not applicable, the package is not used for transport of fissile
material.

Issue 7: Deep Immersion Test Not applicable, the package is not used for transport of material in
amounts greater than 10 A2.

Issue 8: Grandfathering The package complies with the final rule in 10 CFR 71, therefore
grandfathering is not necessary for this package.

Issue 9: Changes to Various Definitions No change is necessary to conform to the new rule.

Issue 10: Crush Test for Fissile Material Packages Not applicable, the package is not used for transport of fissile
material.

Issue 11: Fissile Material Package Design for Not applicable, the package is not used for transport of fissile
Transport by Aircraft material.

Issue 12: Special Package Authorizations Not applicable, criteria needed to meet this requirement does not
apply to this package.

Issue 13: Expansion of Part 71 Quality Assurance QSA Global Inc. (previously AEA Technology QSA, Inc.) is the
Requirements holder of an NRC-approved QA program, therefore the

requirements of this rule are met.

Issue 16: Fissile Material Exemptions and General Not applicable, the package is not used for transport of fissile
License Provisions material.

Issue 17: Double Containment of Plutonium No: applicable, the package is not used for transport of plutonium.

Issue 19: Modification of Events Reporting No change is needed to the Certificate of Compliance or the
Requirements package application to conform to the rule.
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Section 1 - GENERAL INFORMATION

1.1 Introduction

The Model 880 Series are designed as industrial radiography exposure devices and transport
packages for Type B quantities of special form radioactive material. They conform to the Type
B(U)-96 criteria for packaging in accordance 10 CFR 71, 49 CFR 173, and the IAEA Regulations
for the Safe Transport of Radioactive Material (TS-R-l) which were in effect at the time of sign-
off of this report.

1.2 Package Description
(Reference:
* 10 CFR 71.33
* IAEA TS-R-1, paragraph 220 & 807)

The Model 880 Series packages are constructed in accordance with the drawings included in
Section 1.4. The 880 has three versions. Table 1.2a lists the maximum activity capacities of each
version. The physical construction of the 880 Delta and the 880 Sigma (including the shield
construction) is identical. These devices differ from the 880 Elite devices in the size and weight
of the shield as well as the overall package weight.

The shields for the 880 Delta and 880 Sigma vary in Ir-192 unit capacity which is based on the
natural variability in the shield consistency created during the depleted uranium pouring/cooling
process. These variations can produce shields with slightly lower shielding capacity than the 150
Curies required for the 880 Delta (e.g. 130 Curies of Ir-192) and are therefore made into 880
Sigma packages. (Note that the capacity for both the 880 Delta and 880 Sigma are the same for
Se-75. The gamma energy from Se-75 is less penetrating than Ir-192 therefore the shield
variations which are clearly observable for Ir-192 do not occur with Se-75. Since the shielding
on the 880 Sigma is greater than the shielding for the 880 Elite, and the 880 Elite is rated for the
same Se-75 capacity as the 880 Delta, the 880 Sigma will be adequate to shield Se-75 at that
same capacity.

All 880 Series packages allow for the use of an optional jacket which facilitates the package use
as a radiography device and transport package. This jacket does not impair the package's ability
to meet the Type B requirements as described in this Safety Analysis Report (SAR).
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Figure 1.2a - 880 Package with Optional Jacket

The packages without the jacket measure approximately 5 inches (127 mm) in diameter by 13
5/16 inches (338 mm) long. The packages with the jacket measure approximately 13 1/2 inches
(343 mm) long by 7 1/2 inches (191 mm) wide by 9 inches (229 mm) tall. The general package
information is shown in Table 1.2a:

Table 1.2a: Model 880 Series Package Information
Identification Nuclide Form Maximum Maximum DU Maximum Maximum

Capacity' Weight Weight Weight With
Without Jacket
Jacket

Ir- 192 Special Form 150 Ci
880 Delta Sources 34 lbs (15 kg) 46 lbs (21 kg) 52 lbs (24 kg)

Se-75 Special Form 150 Ci
Sources

Ir-192 Special Form 130 Ci
880 Sigma Sources 34 lbs (15 kg) 46 lbs (21 kg) 52 lbs (24 kg)

Se-75 Special Form 150 Ci
Sources

Ir-192 Special Form 50 Ci
880 Elite Sources 25 lbs (11 kg) 37 lbs (17 kg) 42 lbs (19 kg)

Se-75 Special Form 150 Ci
I___ _ _Sources 'IO

1.2.1 Packaging

Except for the shield assembly, fill foam, keyed lock assembly, lock cover and shield pin, all
material of construction are stainless steels. The keyed lock assembly mount and the lock cover
can be either stainless steel or aluminum. The major components of the package consist of the
following:

' Maximum Capacity Activity for 1r- 192 is defined as output Curies as required in ANSI N432 and 10 CFR 34.20
and in line with TS-R- I and Rulemaking by the USNRC and the USDOT published in the Federal Register on 26
January 2004.
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* Welded cylindrical body
* Depleted Uranium shield
* Rear plate with locking assembly
* Front plate with shield port
* Optional jacket

VaL
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Figure 1.2b - Model 880 Transport Package

The following paragraphs describe the major components of the transport package.

1.2.1.1 Welded Cylindrical Body: The welded body consists of a 5 inch (127 mm) diameter,
0.065 inch (1.5 mm) walled stainless steel tube with 0.12 inch (3 mm) thick endplates
welded to the inner tube diameter at both ends. Both endplates are parallel to each other
but are angled at 750 to the horizontal tube. The endplates are machined at the 750 angle
to reduce the welding gap at the tube-shell interface. A U-bracket is welded to each
endplate and located on the inside cavity of the shell tube.

1.2.1.2 Depleted Uranium Shield: The depleted uranium shield is centrally located within the
welded body between the endplates. It is fastened to each U-bracket by a 0.37 inch (9.5
mm) diameter, titanium shield pin. The pin passes through a hole on the end (ear) of the
shield and holes of the U-bracket. A U-shaped copper spacer fills the gap between the
shield and U-bracket. The shield is not supported by the source tube (S-tube).

An S-shaped titanium source tube is cast into the center of the shield. The source tube
provides a cavity for the source wire assembly to travel through during use. The source
capsule is positioned at the center of the shield when the source wire is in the secured
position.

The depleted uranium shield weights are shown in Table 1.2a. The difference in weight
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is contained in the center section of the shield. The end (ear) sections of the two shield
types are stnicturally the same.

Polyurethane foam is poured through a hole in the endplate and U-bracket to fill the
cavity around the depleted uranium shield. This prevents contamination to and from the
shield. A label with all the necessary transport information is riveted to the cylindrical
shell body.

1.2.1.3 Rear Plate with Locking Assembly: The rear plate assembly is attached to the welded
body with four (4) 5/16-18, 1 1/2 inch long security (tamperproof) screws through rivnuts
assembled into the endplate. The security screws are torqued to 110 ± 5 inch-pounds.

The rear plate assembly consists of a source wire locking mechanism fastened to the rear
plate with four (4), #10-32, 1 1/4 inch long machine screws. These screws are torqued to
30 ± 5 inch-pounds. A lock mount with keyed plunger lock is secured to the rear plate
with two (2), #10-32, 1/2 inch long machine screws. Torque requirements for the lock
mount screws are not needed. The keyed plunger lock serves as a tertiary lock for
transport. It can only be engaged when the source wire assembly is located in the fully
shielded position as described in Section 1.2.4. The lock mount for the keyed plunger
lock can be made from aluminum or stainless steel. Additionally the aluminum version
can include a stainless steel sleeve which is inserted between the lock mount and the
keyed plunger lock.

The locking mechanism of the rear plate assembly is protected during storage and
transportation by a lock cover. This lock cover can be either aluminum or stainless steel.

1.2.1.4 Front Plate with Shield Port Assembly: The front plate assembly is attached to the welded
body with four (4) 5/16-18, 1 1/2 inch long security (tamperproof) screws through rivnuts
assembled into the endplate. The security screws are torqued to 1 10 + 5 inch-pounds.

The front plate assembly consists of 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 shield disc.
The shield disc and knob both block access to the source assembly.

1.2.1.5 Optional Jacket: The optional polyurethane jacket covers the package cylinder, provides
a handle and a stable base. It is attached to the shell cylinder by rivets located outside the
shield cavity area. The jacket handle section contains a wire molded in for additional
reinforcement.

A cutout in the jacket allows permanent labeling to be attached directly to the shell
cylinder. Space is available on the permanent label for stick-on DOT shipping labels. The
permanent label has the required information etched similar to other previously approved
Type B packages (CoC 9283, 9269) which have demonstrated the ability to pass the fire
test.
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1.2.2 Containment System
(Reference:
* 10 CFR 71.33(a)(4)
* IAEA TS-R-I, paragraph 213 and 501(b))

The locking assembly on the Model 880 Series transport packages is similar to the locking
assembly on the previously approved model 660-OP package, Certificate number 9283. This
allows the same source wire assemblies to be used in the Model 880 as in the 660-OP package.
The radioactive material of these source assemblies is sealed in a special form source capsule.
The source capsule, stop ball and connector are swaged to a flexible steel wire to form the source
wire assembly.

The containment system for the Model 880 transport package is the radioactive source capsule
referred to in Section 4.1 of this Safety Analysis Report. This source capsule is certified as
special form radioactive material under 10 CFR Part 71, USDOT regulations in 49 CFR and the
IAEA Regulations for the Safe Transport of Radioactive Material (TS-R-1).

1.2.3 Contents
(Reference:
* 10 CFR 71.33(b)
* JAEA TS-R-1, Section IV & paragraph 807(a))

The Model 880 Series transport packages are designed to transport special form capsules
containing the isotopes listed in Table 1.2a. Additional information for the contents is provided
in Table 1.2b. The maximum decay heat for Ir-1 92 in table 1.2b has been adjusted to account for
content activity of the source. Actual content to output activity varies based on the capsule
configuration as well as variations in isotope self-absorption. A factor of 2.3 was used for Ir-192
to convert output activity to content activity as this factor reflects the worst case variation for Ir-
192 sources transported in these packages. The source capsules are loaded into the Model 880
Series device and secured according to the procedure described in Section 7.

The maximum weight of the contents for the shield containers is also listed in Table 1.2b. The
content weight values are calculated based on the package capacity and the lowest specific
activity of Ir-192 (200 Ci/gram) used in source production for these devices.

Note: Ir-] 92 of higher specific activity can be used but this would produce sources with lower
total mass of the contents. Se-75 has a lower density than Ir-192 and will produce source
capsules of lesser maximum weight than their Jr-192 counterparts. Values listed in the
Table 1.2b are the maximum content masses.
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Table 1.2b: Isotope Information Permitted in the Model 880 Series Packages
Package ID Isotope Activity' Capsule Form 2  Maximum Maximum

Clernical/Physica Content Weight Decay Heat3

I Formn

880 Delta lr-192 150 Ci Special Forn Metal < I gram 3 Watts
Se-75 150 Ci Special Form Metal-Selenide 0.76 Watts

Compound
880 Sigma Ir-192 130 Ci Special Form Metal < I gram 2.4 Watts

Se-75 150 Ci Special Formn Metal-Selenide 0.76 Watts
Compound

880 Elite Ir-192 50 Ci Special Form Metal < I gram I Watt
Se-75 150 Ci Special Form Metal-Selenide 0.76 Watts

Compound
Maximum Activity for Ir-192 is defined as output Curies as required in ANSI N432 and 1 0 CFR 34.20

and in line with TS-R-I and Rulemaking by the USNRC and the USDOT published in the Federal Register
on 26 January 2004.
2 Special Form is defined in 10 CFR 71, 49 CFR 173, and IAEA TS-R-l.
3 Maximum decay heat for Ir-192 is calculated by correcting the output activity to content activity. A
factor of 2.3 is used for Ir-192 to account for source capsule and self-absorption in this conversion. No
corrections are made for Se-75.

1.2.4 Operational Features

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 rear plate assembly. One of these components, the
sleeve, in conjunction with the selector ring retainer, prevents the stop ball of the source wire
from being pulled through the rear of the package.

Another component of the rear plate assembly, the lock slide, prevents the stop ball from being
pushed out through the front of the package when in the secured position. When the Model 880
Series device is prepared for transport, the lock slide is locked in the secured position and the
selector ring is rotated to the lock position preventing source movement. A cover over the source
wire connector prevents access to the source assembly until a keyed lock is actuated and the cover
removed. This cover is in place during transport of the package.

1.3 General Requirements for All Packages

1.3.1 Minimum Package Size
(Reference:
* USNRC, 10 CFR 71.43(a)
* USDOT, 49 CFR 173.412(b)
* IAEA TS-R-1, paragraph 634)

The Model 880 transport package is cylindrically shaped, 5 inches (127 mm) in diameter and 13
5/16 inches (338 mm) in length. Therefore, it exceeds the minimum package size requirements
specified in the referenced regulations.
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1.3.2 Tamper-Indicating Feature
(Reference:
* USNRC, 10 CFR 71.43(b)
* USDOT, 49 CFR 173.412(a)
* IAEA TS-R-1, paragraph 635)

The front port of the Model 880 Series packages is designed to require a special tool (guide tube
fitting) to be placed in the front port and rotated before the shield can be opened. This prevents
any inadvertent or unintentional opening of the package during transport. A provision for a
tamper indicator seal wire around the knob of the front plate assembly is provided. This seal wire
is not readily breakable, therefore if it is broken during transport, it serves as evidence of possible
unauthorized access to the contents. Use of either of these features meets the tamper indicator
requirements.

1.4 Appendix: Drawings of the Model 880 Series transport packages.
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Section 1.4 Appendix: Drawings of the Model 880 Series transport packages.



Drawing Changes for the 880 Series for Revision 6 of the SAR
7 October 2005

R88000, Sheet I of 5

I Changed 0.328" diameter hole call-out to 0.32". Rear plate hole diameter not critical for
this component to three decimal places. No safety significance.

R88000, Sheet 2 of 5

I Moved 0.030" specification to Bill of Materials on this sheet and specified as 0.03".
Actual thickness not critical for this component to three decimal places.

2 Changed 4.81 " diameter for the end plate to 4.8". Actual diameter not critical for this
component to two decimal places.

3 Changed 0.120" thickness for the end plate to 0.12". Thickness accuracy to two decimal
places is sufficient for this component.

R88000, Sheet 3 of 5

I Changed 3.94" diameter to 3.9". Actual diameter not critical for this component to two
decimal places.

2 Changed 0.500" diameter for the selector ring retainer to 0.50". Actual diameter not
critical for this component to three decimal places.

3 Changed 0.184" thickness for the lockslide to 0.18". Thickness accuracy to two decimal
places is sufficient for this component.

4 Changed 0.490" width of lockslide to 0.49". Accuracy to two decimal places is sufficient
for this component.

5 Added the option of "stainless steel" for the Lock Mount and the Lock Cover under the
BOM and descriptions for these parts. Replacement of these components which are
currently aluminum with stainless steel will not have any adverse impact on the package
ability to withstand the normal or hypothetical accident conditions of transport. The
stainless steel versions of these components will be stronger than the already tested
aluminum components.

R88000, Sheet 4 of 5

I Changed 3.94" diameter to 3.9". Actual diameter not critical for this component to two
decimal places.

1



Drawing Changes for the 880 Series for Revision 6 of the SAR
7 October 2005

R88000, Sheet 5 of 5

I Following shield dimensions changed to "typical" dimensions on the drawing. As these
dimensions may vary based on the shield cast process and all shields are individually
evaluated for adequate shielding as part of the final device profile, these dimensions are
not critical to safety:
* 4 1/16"(2X)
* 7/8" (2X)
* 2 13/16"
* 2"3/4"

* 2 3/16"
* 1 7/8"

2 Changed 0.375" diameter through hole to 0.37". Actual diameter not critical for this
component to three decimal places

2
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MODEL No.
MAXIMUM TOTAL
PACKAGE WEIGHT
WITH JACKET

MAXIMUM TOTAL
PACKAGE WEIGHT
WITHOUT JACKET

DEPLETED
URANIUM

SHIELD WEIGHT

MAXIMUM
IR1 92

CAPACITY
880 ELITE 42 LBS. 37 LBS. 25 LBS. 50 CURIE
880 DELTA 52 LBS. 46 LBS. 34 LBS. 150 CURIE
880 SIGMA 52 LBS. 46 LBS. 34 LBS. 130 CURIE

* INDICATES CENTER OF GRAVrIY (CG).

REAR & FRONT PLATE ASSEMBLY ATTACHMENT
8 PLACESA

FRONT PLATE
-ASSEMBLY
(SHEET 4)

(SHEET 2)

RIVET 4 ALUMINUM/STAINLESS STEEL
OPTIONAL JACKET 1 POLYURETHANE

RIVET
2 PER END SECURnIY SCREW 8 18-8 STAINLESS STEEL

SOURCE ID TAG 1ti 304/303/302 STN STL
TRANSPORT LABEL 1 304/303/302 STN STL
SOURCE WIRE ASSEMBLY 1 MODEL 424-9 OR
SHIELD ASSEMBLY 1 SEE SHEET 5
FRONT PLATE ASSEMBLY 1 SEE SHEET 4
REAR PLATE ASSEMBLY 1 SEE SHEET 3
BODY ASSEMBLY 1 SEE SHEET 2

PART NAME QTY I MATERIAL

DESCRIPTIVE
DRAWING

40

TITLE
MODEL 880 PROJECTOR

SIZE

A
DWG. NO. R88000

SCALE: NONE



REAR PLATE
ASSEMBLY.
(SHEET 3) BODY ASSEMBLY

NOTE:
ALL PERSONNEL QUALIFICATIONS.
WELDING AND EXAMINATION
PROCEDURES ARE IN ACCORDANCE
WITH THE REQUIREMENTS OF THE
AWS STRUCTURAL WELDING CODE
CURRENT AT THE TIME OF
FABRICATION AND INSPECTION.

ALL WELDS HAVE
VISUAL INSPECTION (Vr)

SHIELD ASSEMBLY 1 SEE SHEEf 5

FILL FOAM AR 8 PCF (MIN) POLYURETHANE

RIVNUT 8 430 STAINLESS STEEL

COTTER PIN 4 18-8 STAINLESS STEEL

SPACER 2 COPPER (MIN 0.03) Lj\
SHIELD PIN 2 6AL-4V TITANIUM

U-BRACKET 2 304L STAINLESS STEEL

ENDPLATE 2 304L STAINLESS STEEL

SHELL 1 304L STAINLESS STEEL

PART NAME QTY MATERIAL

J *
40 NORTH AVE. BURUNGTON, MA 01803

DESCRIPTIVE
DRAWING

SECTION C-C
SHIELD ATTACHMENT BOTH ENDS

(SECTION TAKEN FROM SECTION B-B)

DIMENSIONS IN INCHES
TOLERANCES:

FRACTIONS *1/16
X A 0.1

XX * 0.01
XXX * 0.005

TITLE MODEL 880 PROJECTOR
SIZE DWG. NO. R8800C
AI SCALE: NONE
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SELECTOR

A
X

SELECTOR RING
RETAINERS

LOCK COVER--<"

SOURCE WIRE
ASSEMBLY 7

SLEEVE/

LOCK SLIDE-

SEE LOCK DETAIL _
REAR PLATE

SECTION D-D

LOCK LOCK MOUNT SLEEVE (OPTIOi iANCEMENT
WITH ALUMINUM LOCK MOUNT) A

SOCKET SET SCREW A
#8-32 X 3/18 LG. (OPTIONAL ENHANCEMENT
WITH ALUMINUM LOCK MOUNT) A
KEY LOCK MOUNT SCREWS

~#10-32 X 1/2 LG.
.25 MIN. THREAD ENGAGEMENT.
NO TORQUE REQUIRED.

J LOC SCREWS
#10-32 X 1-1/4 LG.
.25 MIN. THREAD ENGAGEMENT.
TORQUED TO 30 ±5 IN-LBS.

SHIELD ASSEMBLY

D

REAR PLATE ASSEMBLY

A
A

LOCK MOUNT SET SCREW 1 18-8 STAINLESS STEEL
LOCK MOUNT SLEEVE 1 303/304 STAINLESS STEEL
KEY LOCK MOUNT SCREW 2 18-8 STAINLESS STEEL
LOCK MOUNT 1 ALUMINUM/ST.STEEL
LOCK COVER 1 ALUMINUM/ST.STEEL
ANTI-ROTATE LUG 2 303/304 STAINLESS STEEL
LOCK SLIDE 1 17-4 PH STAINLESS STEEL
SLEEVE 1 TUNGSTEN, NICKEL PLATED
SELECTOR RING 1 303/304 STAINLESS STEEL
LOCK SCREW 4 UNS S30430 STN STL
SELECTOR RING RETAINER 1 303/304 STAINLESS STEEL
REAR PLATE 1 304/304L/303/CF8 STN STL

PART NAME QTY MATERIAL

A
-J

¶1 DESCRIPTIVE
ii DRAWING

40 NORH AVEt BURUNGTON, MA 01803
4.

LOCK DETAIL
SOURCE ASSEMBLY SECURED POSITION

DIMENSIONS IN INCHES
TOLERANCES:

FRACTIONS ±1/16
X ± 0.1

XX i 0.01
XXX ± 0.005

TITLE
MODEL 880 PROJECTOR
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A
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SHIPPING POSITION LOCKED POSITION
PORT COVERED
& SHIELDED.

UFT KNOB & ROTATE 90'.
PORT SHIELDED.

CONNECT POSITION

INSERT & ROTATE FIITING
TO RELEASE SLIDER.
PORT SHIELDED.

EXPOSE POSTION

ROTATE KNOB 50-
TO TURN ROTOR.
PORT OPEN.

ROLL PIN/SET SCRE 1/1 302/303/304 STAINLESS STEEL
ROLL PIN 2 302/303/304 STAINLESS STEEL
KNOB SHAFT 1 BRASS
SUDER 1 BRASS
PORT SHIELD 1 TUNGSTEN, NICKEL PLATED
ROTOR 1 304/304L/303/CF8 STN STL
KNOB 1 304/304L/303/CFB STN STL
FRONT PLATE I 304/304L/303/CF8 STN STL

PART NAME QTY I MATERIALF

@ IFRONT PLATE ASSEMBLY
DESCRIPTIVE

DRAWING
40 NORTH AVE. BURUNGTON. MA 01803SECTION F-F
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Section 2 - STRUCTURAL EVALUATION

This section identifies and describes the principal structural engineering design of the
packaging, components, and systems important to safety and compliance with the
performance requirements of 10 CFR Part 71.

2.1 Description of Structural Design
(Reference:
* 10 CFR 71.33(a)
* IAEA TS-R-1, paragraph 220 & 807(b))

2.1.1 Discussion

The Model 880 Series transport packages are described in Section 1.2.

2.1.2 Design Criteria

The Model 880 Series transport packages are designed to comply with the requirements for Type
B(U) packaging as prescribed by 10 CFR 71 and IAEA TS-R-I. All design criteria are evaluated
by a straightforward application of the appropriate section of 10 CFR 71 or IAEA TS-R-I.

2.1.3 Weight and Centers of Gravity

The transport package weight varies from 37 lbs (17 kg) up to 52 lb (24 kg). The center of gravity
of the 880 Series transport packages is approximately 2.5 inches (64 mm) above the bottom of the
package.

2.1.4 Identification of Codes and Standards for Package Design

2.1.4.1 Package Design

See Section 2.1.2 relating to design criteria of the package. No specific codes or
standards were directly incorporated in the design effort of the finished assembly
for the 880 Series transport packages. However the design was based on the Type
A and Type B(U) container requirements of 49 CFR, 10 CFR 71 and IAEA
regulations in effect at the time of the package component design.

2.1.4.2 Fabrication & Assembly

All container 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 AWS or ASME standards appropriate to the
materials and designs fabricated. All safety critical hardware meets ASME-B 18
standards. 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.

2.1.4.3 Maintenance & Use
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Maintenance and use of these transport container assemblies is described in
Sections 7 and 8.

2.2 Materials
(Reference:
* 10 CFR 71.33(a)(5)
* JAEA TS-R-1, paragraph 220 & 807(b))

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 Model 880 Series transport package. The location and use of these materials
is shown on the drawings contained in Section 1.4. The reference for the table information is
listed in the last column of the table.

Table 2.2a: Mechanical Properties of Principal Safety Related
Transport Package Materials

Material 1 Tensile 1 Yield Strength 1 Source
Strength I

Depleted Uranium 65 ksi 30 ksi Reference #2
Copper 25 ksi 9 ksi Reference #3, p. 224
Titanium 145 ksi 134 ksi Reference 4 page 98
Tungsten 114 ksi 88 ksi Reference 4 page 1626
Stainless Steel (304) 75 ksi 30 ksi Reference #1, p. 854

Resource references:

1. American Society for Metals. Metals Handbook, Volume I, Tenth Edition. Ohio: Materials
Park, 1990.

2. Lowenstein, Paul. Industrial Uses of Depleted Uranium. American Society for Metals.
Metals Handbook, Volume 3, Ninth Edition.

3. American Society for Metals. Metals Handbook, Volume 2, Tenth Edition. Ohio: Materials
Park, 1990.

4. American Society for Materials, Metals Handbook desk Edition , Metals Park Ohio 1985
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2.2.2 Chemical, Galvanic or Other Reactions
(Reference:
* USNRC, 10 CFR 71.43(d)
* IAEA TS-R-1, paragraph 613 and 642)

The non-safety related materials are aluminum, brass and polyurethane. These materials are more
susceptible to corrosion and chemical reaction than the safety materials, but pose no threat to
safety or containment. The safety related materials used in the construction of the Model 880
transport packages are depleted uranium metal, stainless steel, titanium, tungsten and copper.
There will be no significant chemical or galvanic action between any of these components.

To prevent the possible formation of a eutectic alloy of steel and depleted uranium during the
Hypothetical Accident Conditions thermal scenario, defined by 10 CFR 71.73(c)(4), copper
separators are used at all steel-uranium interfaces. The steel-uranium eutectic alloy temperature is
approximately I,3370 F (7250C). However, vacuum conditions and extreme cleanliness of the
surfaces are necessary to produce the eutectic alloy at this low temperature. Due to the conditions
in which the depleted uranium shield components are assembled and used in the shield
containers, conditions sufficient to allow formation of this eutectic do not exist. With these
container constructions, 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
(Reference:
* USNRC, IO CFR 71.43(d)
* IAEA TS-R-1, paragraph 613)

Lead, depleted uranium, tungsten, steel and polyurethane foam have been used in this package as
well as other transport packaging for decades without degradation of the package performance
over time due to irradiation from the package contents.

2.3 Fabrication and Examination
(Reference:
* 10 CFR 71.33(a) (5)
* IAEA TS-R-J, paragraph 232, 310, 638 and 807(b))

2.3.1 Fabrication

Package components are procured, manufactured and inspected for use under QSA Global Inc.
NRC approved QA Program Number 0040.

2.3.2 Examination

Section 8 describes the acceptance testing and routine maintenance requirements for package
components used on the Model 880 Series packages.
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2.4 Lifting and Tic-Down Standards for All Packages

2.4.1 Lifting Devices
(Reference:
* USNRC, 10 CFR 71.45(a)
• IAEA TS-R-1, paragraphs 502(b), 606, 607 and 608)

The Model 880 transport package has no lifting device but can be lifted by grasping the steel
welded cylinder with two hands. The optional plastic jacket incorporates a handle with wire
reinforcement to be use for lifting and carnying. The plastic jacket handle was tested and proven
in Test Plan Report 115 Rev I (See Section 2.12.5) to withstand a static load of 125 times the
package weight without failure.

The 1-1/4-inch diameter hole through the side of the shell cylinder at the lock end could possibly
be used as a hoisting point. When lifted from this hole, the minimum factor of safety is 40 against
yielding.

If the jacket or hoisting point feature were to fail, it would not affect the shield container and
source wire security. As a result, the package safety would not be compromised. Therefore, the
lifting devices comply with the requirements of 10 CFR 71.45(a).

2.4.2 Tic-Down Devices
(Reference.
* USNRC, 10 CFR 71.45(b) (1) (2) (3)
* JAEA TS-R-J, paragraph 606 and 636)

The Model 880 has no system of tie down devices that are a structural part of the transport
package. The package could possibly be tied down using the 1-1/4 inch hole, but is not
recommended. This hole can withstand a g-force equal to a static force I I times the weight of the
package when applied in tension. At this force, a factor of safety of 4 exists before yielding. As
demonstrated in Test Plan Report 1 5 (Section 2.12.5) the package handle if used as a tie down
can withstand 125 times the weight of the package without failure. There are no other tie-down
features that are part of the structure of the package. The package can be blocked and braced
according to standard transportation practices.

2.5 General Considerations
(Reference:
* 10 CFR 71.41(a)
* IAEA TS-R-1, paragraph 807(c))

2.5.1 Evaluation by Test

Evaluations by direct testing are documented in the Test Plan Reports which are contained in
Section 2.12.
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2.5.2 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 Plan Reports contained in Section 2.12.

2.6 Normal Conditions of Transport

2.6.1 Heat
(Reference:
* USNRC, 10 CFR 71.71(c)(1)
* IAEA TS-R-I, paragraph 615, 617, 618, 637, 651, 662 and 664)

The heat source for the Model 880 Series transport packages are listed in Table 1.2d. Iridium-
192, approximately 8.6 milliwatts per Curie based on assuming a decay energy of 1.46
MeV/decay. The thermal evaluation for the heat test is described in Section 3 and is based on the
decay energy of Jr-192 as this is greater than Se-75.

2.6.1.1 Summary of Pressures and Temperatures
(Reference:
* IAEA TS-R-1, paragraph 615 and 661)

Table 2.6.1.a: Summary Temperatures Normal Transport
Temperature Model 976 Comments

Condition

Insolation 880 C
(380C in full sun) (1900F) Section 3.4.1.1.
Decay Heating 470C
(380C in shade) (I 177F) 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 effect 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.

2.6.1.2 Differential ThermnalExpansion

Expansion of the outer steel shell circumference during Normal Transport is
approximated by:

E = tDo:AT

Where: D =
CC=
AT =
AT =

Diameter of the outer shell (5 in)
Coefficient of Thermal expansion
Cold temperature differential (from -407F to 680F)
Hot temperature differential (from 680F to 155WF)
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Substituting we get: E = ir (5 in)(9.9pin/in'F)(1 08'F) = 0.0] 6 in (cold)
E = it (5 in)(9.9iuin/in0F)(87'F) = 0.013 in (hot)

Manufacturing tolerance on this component is ± 1/16 inch, 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

As shown in Section 2.6.1.2, thermal differentials will have no adverse effect on
the package. Mechanical loads at the maximum weight of the series (54 Ibs) are
distributed across the central 1/3 of the package body and are small compared to
the yield strength of the steel (30,000 psi - See Table 2.2a).

Inner diameter of body = (5 in - 2(0.065 in)) = 4.87 in
Area of Central 1/3 of body cylinder = (4.87 in)(4 in) = 19.48 in2

Stress on drum bottom = 54 lbs/19.48 in2 = 2.8 psi

This material stress is insignificant to the yield strength of the outer stainless
steel cylinder.

2.6.1.4 Comparison with Allowable Stresses

All stresses calculated in Section 2.6.1 are well below strengths for the materials of
construction. Further, the Model 880 Series package was fully tested and passed
under Normal Conditions of transport. It is therefore concluded that the Model 880
Series package will satisfy the performance requirements specified by the
regulations.

2.6.2 Cold
(Reference:
* USNRC, 10 CFR 71.71 (c)(2)
* IAEA TS-R-I, paragraph 615, 637 ancd664)

An ambient air temperature of -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 Model 880 transport
package will withstand the normal transport cold condition.

2.6.3 Reduced External Pressure
(Reference:
* USNRC, 10 CFR 71.71 (c)(3)
* JAEA TS-R-1, paragraph 643 & 619

The Model 880 Series 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. The authorized contents are special form source capsules that meet a
minimum ANSI N542-1977 and 1SO 2919-1999 classification of Class 3 for pressure. This
classification is more limiting than the reduced external pressure requirement as it covers 25
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kN/m2 to 7MN kN/m2. Therefore, the reduced external pressure requirements of 3.5 psi in 10
CFR, 8.7 psi (60 kPa) in 49 CFR and JAE]A will not adversely affect the package containment.

2.6.4 Increased External Pressure
(Reference:
* USNRC, 10 CFR 71. 71 (c) (4))

The Model 880 Series transport packages are open to the atmosphere and contain no components
which could create a differential pressure relative to atmospheric conditions. The authorized
contents are special form source capsules that meet a minimum ANSI N542-1977 and 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/M2 to 7MN kN/m2 Therefore, the increased
external pressure requirements of 20 psi in 10 CFR 71 will not adversely affect the package
containment.

2.6.5 Vibration
(Reference:
* USNRC, 10 CFR 71. 71 (c)(5)
* JAEA TS-R-J, paragraph 612)

The lock assembly on the Model 880 Series package is secured using the same fasteners as are
used on the Model 660 devices (Reference Certificate of Compliance USA/9283/B(U)). The
Model 660 devices have been use in transport for over 20 years without incident caused by
vibration.

The shield in the Model 880 Series packages is attached to the brackets by titanium pins. These
pins are secured by stainless steel cotter pins. Cotter pins are routinely used in high vibration
situations (i.e. wheel bearing nut retention) and will easily withstand vibration incident to
transport.

The compact profile of the package ensures a limited affect from transport vibration and
acceleration to critical components of the device. The lock attachment screws and end plate
screws are tightened to a prescribed torque to prevent unintentional release even after repeated
use. It is therefore concluded that the Model 880 Series packages will withstand vibration
normally incident to transport.

2.6.6 Water Spray
(Reference:
* USNRC, 10 CFR 71. 71 (c) (6)
* JAEA TS-R-1, paragraph 719, 720 and 721)

The Model 880 Series 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.
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2.6.7 Frce Drop
(Reference:
* USNRC, 10 CFR 71. 71 (c) (7)
* IAEA TS-R-1, paragraph 722(a))

The drop test pad used in the 1.2 m free drop, 9 m drop, and puncture tests consists of a
monolithic concrete base 7.4 ft x 7.3 ft x 1.25 ft thick. The approximate weight of the concrete is
14,850 lbs. A 3.9 ft x 4 ft x I in thick steel plate was embedded in this concrete slab at the time
of its construction. Before and after testing the drop pad was visually inspected for damage
which could have a significant impact on package testing.

Four test specimens as described in Test Plan 108 (Section 2.12.2) and Test Report 108 (Section
2.12.3) were subjected to the 1.2 meter (4 foot) free drop followed by the hypothetical accident 9
m drop and puncture bar drop tests. Drop orientation impact locations for the 1.2 m free drop
included the lock cover and cylinder lip, the cylinder bottom surface, the cylinder left side surface
and the lock cover. As seen in Test Report 108 photographs after the 1.2 m drops (Section
2.12.3), impact of the 880 packages caused only minor deformation to the steel cylinder of the
packages. Radiation profiles performed at the conclusion of all the testing showed that there was
no significant increase in radiation levels. The Model 880 Series package maintained its structural
integrity and shielding effectiveness under the normal transport drop test conditions and the
packages comply with the requirements of this section.

2.6.8 Corner Drop
(Reference:
* USNRC, 10 CFR 71. 71 (c)(8)
* IAEA TS-R-1, paragraph 722(b))

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
(Reference:
* USNRC, 10 CFR 71.71 (c)(9)
* JAEA TS-R-J, paragraph 723)

Test Plan and Report 100 (Section 2.12.1) documents that Test Specimens P01 and P02 were
subjected simultaneously to a compressive load of 459 lbs (209 kg) for a period of 24 hours. This
exceeds five times the maximum transport package weight of 45 lbs for the heaviest version of
the Model 880 (without the optional jacket). The actual compressive weight of 459 lbs (209 kg)
is greater than 13 kPa (2 lb/in2) multiplied by the vertically projected area of the transport
package.

Following the test, no damage to the specimens was observed. Radiation profiles performed at
the conclusion of the test showed no significant increase in radiation levels. The Model 880
series package maintained its structural integrity and shielding effectiveness and demonstrated
that the packages comply with the requirements of this section.
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2.6.10 Penetration
(Reference:
* USNRC, 10 CFR 71.71 (c) (1 0)
* IAEA TS-R-1, paragraph 724)

Test Plan and Report 100 (Section 2.12.1) documents that Test Specimen P01 was subjected to
the penetration test. The penetration bar impacted on the top, exterior of the steel cylinder at the
point where the shield is closest to the steel cylinder. The penetration bar impacted as intended
and caused minor damage to the steel cylinder. Radiation profiles performed at the conclusion of
the test showed no significant increase in radiation levels. The Model 880 series package
maintained its structural integrity and shielding effectiveness and demonstrated that the packages
comply with the requirements of this section.

2.7 Hypothetical Accident Conditions of Transport
(Reference:
* USNRC,1OCFR 71.73
* IAEA TS-R-1, paragraph 726)

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 (4) test specimens were used to conduct the hypothetical accident tests. Testing was
performed after performance of the test specimens has undergone a 1.2 m drop test for Normal
Conditions of transport (See Section 2.6.7). Detailed description of this testing is contained in
Test Report 108 (Section 2.12.3).

2.7.1 Free Drop
(Reference:
* USNRC, 10 CFR 71.73 (c) (1)
* IAEA TS-R-1, paragraph 727(a))

Justification for all test unit drop orientations are included in Test Plan 108 (Section 2.12.2)

2.7.1.1 EndDrop

This orientation was used for Test Specimen TPIO8(B) and the orientation is
shown in Figure 2.7a. Results of this testing produced one broken rear plate
security screw, deformation of the steel cylinder and the rear plate puckered.
Radiation profiles performed at the conclusion of this and subsequent testing
showed no significant increase in radiation levels and that the package had
maintained its structural integrity.
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Figure 2.7a - Model 880 (TP108(B)) 9 m Drop Test Orientation - End Drop

2.7.1.2 Side Drop

The side drop was performed on Test Specimens TPI08(C) and TPI08(D). These
drop orientations are shown in Figures 2.7b and 2.7c. Results of the testing on
specimen TPI08(C) produced flattening of the steel cylinder bottom and bending
of the front endplate near the bottom. This caused associated binding in
movement of the outlet port but did not adversely affect source securement or
unit shielding.
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Figure 2.7b - Model 880 (TP108(C)) 9 m Drop Test Orientation - Bottom Drop

Results of the testing on specimen TPI 08(D) produced flattening of the left side
of the steel cylinder. Radiation profiles performed at the conclusion of tile 9 m
(and subsequent testing) showed no significant increase in radiation levels for
either test unit and demonstrated that the package maintains its structural
integrity under these drop orientations.

9M (30 FEET)

DROP HEIGHT

SIDE VIEW LOCK EIJD VIEW

Figure 2.7c - Model 880 (TP]08(D)) 9 m Drop Test Orientation - Left Side Drop
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2. 7.1.3 Corner Drop

Not Applicable. The 88() Series package does not have corners.

2.7.1.4 Oblique Drops

The oblique drop was not performed. In an oblique drop, the energy generated at
impact distributed across the initial and secondary impact surfaces. This will
produce less force on impact at the initial impact location and the force from the
secondary impact will cause deformation of the ends of the steel cylinder without
contributing to damage which could result in container failure.

Unlike the End and Side drops described in Sections 2.7.1.1 and 2.7.1.2, an
oblique drop is less likely to cause a container failure by the mechanisms
identified in Test Plan 108 (Section 2.12.2). These included fracture or
penetration of the projector weldment, displacement of the shield within the
projector weldment, distortion or fracture of the source, and failure of the source
lock assembly and/or lock mounting screws.

2.7.1.5 Sunmmary of Results
(Reference:
* USNRC, 1OCFR 71.73(a) and (b)
* IAEA TS-R-1, paragraph 726)

See Table 2.7.8.1 for additional test unit results summary. In all cases, radiation
profiles performed at the conclusion of all testing showed no significant increase
in radiation levels for the test units and demonstrated that the 880 Series
packages comply with the requirements of this section.

2.7.2 Crush
(Reference:
* USNRC, 10 CFR 71. 73 (c) (2)
* IAEA TS-R-1, paragraph 727(c))

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

2.7.3 Puncture
(Reference:
* USNRC, 10 CFR 71.73 (c) (3)
* IAEA TS-R-J, paragraph 727(b))

The puncture bar is a 6 inch diameter x 12 inch long, mild steel solid bar attached to a 12 inch x
12 inch x 1/2 inch thick mild steel base. The bar is attached to the base with a 1/4 inch
circumferential fillet weld. The puncture bar is attached to the drop test pad steel plate by four
stainless steel bolts. Justification for all test unit puncture orientations are included in Test
Report 108 (Section 2.12.3) and results are summarized in the Sections 2.7.3.1 through 2.7.3.4.
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2.7.3.1 Test Specimen TP108(B)

Test Specimen TPI08(B) impacted the puncture bar on the lock cover (see Figure
2.7d). To achieve the designed impact orientation, this test specimen was dropped on
the puncture bar twice. Results of this testing produced denting of the lock cover.
Radiation profiles performed at the conclusion of this and subsequent testing showed
no significant increase in radiation levels and that the package had maintained its
structural integrity.

4
q >

I 1iM (40 INCHES)

DROP HEIGHT

PAD

t1 Inm

PUNCTURE
4 BILLE7

f DROP

'I I I' '

SIDE VIEW LOCK END VIEW

Figure 2.7d - Model 880 (TP108(B)) Puncture Drop Orientation - Lock Cover

2. 7.3.2 Test Specimen TP108(C)

Test Specimen TPI08(C) impacted the puncture bar on the steel cylinder bottom
surface (see Figure 2.7e). Results of this testing produced no new observable
damage to the test specimen. Radiation profiles performed at the conclusion of
this and subsequent testing showed no significant increase in radiation levels and
that the package had maintained its structural integrity.
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SIDE VIEW LOCK END VIEW

Figure 2.7e - Model 880 (TP1 08(C)) Puncture Drop Orientation - Bottom Surface

2.7.3.3 Test Specimen TP108(D)

Test Specimen TP I 08(D) impacted the puncture baron the steel cylinder left side
surface (see Figure 2.70. Results of this testing produced no new observable
damage to the test specimen. Radiation profiles performed at the conclusion of
this and subsequent testing showed no significant increase in radiation levels and
that the package had maintained its structural integrity.

SIDE VIEW LOCK El-D VIEW

Figure 2.7f- Model 880 (TPIO8(D)) Puncture Drop Orientation - Left Side Surface
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2.7.3.4 Test Specimen TPI08(G)

Test Specimen TP108(G), which included the optional jacket, impacted the
puncture bar on the lock cover (see Figure 2.7d). Results of this testing produced
no new observable damage to the test specimen. Radiation profiles performed at
the conclusion of this and subsequent testing showed no significant increase in
radiation levels and that the package had maintained its structural integrity.

2.7.3.5 Siuninary of Resdlts
(Reference:
* USNRC. 10 CFR 71.73(a) and(b)
* JAEA TS-R-1, paragraph 726)

See Table 2.7.8.1 for additional test unit results summary. Additional inspections
were performed using radiography to check for potential internal damage. A
more detailed summary is given in Test Report 108 (Section 2.12.3). In all
cases, radiation profiles performed at the conclusion of the puncture testing
showed no significant increase in radiation levels for the test units and
demonstrated that the 880 Series packages comply with the requirements of this
section.

2.7.4 Thermal
(Reference:
* USNRC, 10 CFR 71. 73(c)(4)
* IAEA TS-R-1, paragraph 651 through 655, and 728)

The thermal test was not performed. Compliance for this requirement was assessed. 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.

2.7.4.1 Thermal Analysis

2.7.4.1.1 Condition of the Test Specimens

Damage to the outer containment was not sufficient to increase oxygen ingress to
the shield, build up pressure within the assembly through the pyrolization of the
foam, or expand a trapped volume of air within the cylinder. The container is
vented to the atmosphere through both the front and rear end plates. These vents
will relieve any internal generation or expansion of gases created by the elevated
temperatures.
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Damage incurred during the drop testing (4 foot, 30 foot and puncture) was
minimal, consisting of insignificant deformation of the weldments, lock
mounting block and dust cover, slight bowing of the end plates and loss of one
rear plate bolt. There were no holes or tears in the cylinder weldment to allow air
to circulate through the 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 2.12.7 and 2.12.9).
Further analysis against shield degradation due to oxidation is contained in
Section 2.7.4.2.

Without the possibility of gross shield oxidation, and subsequent shield
degradation, failure under the thermal test conditions would require mechanical
degradation of the packages' support structure. The Model 880 support structure
is predominately of welded stainless steel construction.

The internal support structure for the test specimen shields was intact and fully
functional. The internal support structure consists of the shield, cylinder
weldment, shield pins, U-shaped brackets, and endplates with rivnuts. The source
assemblies were intact, undamaged and secure in the shielded position. The
source assembly consists of the source capsule, flexible wire, stop ball and source
connector.

The rear plate assemblies remained intact and continued to secure the source
assemblies in the shielded position within the package. The securing components
of the rear plate assembly consists of the rear plate, lock slide, sleeve, selector
ring, selector ring retainer, four #10 machine screws, and four 5/16-18 security
screws.

The effect of structural yielding under self-weight at temperature caused by the
degradation of mechanical properties of the materials of construction is
insignificant. The likely failure modes are further assessed in Sections 2.7.4.1.3.

2.7.4.1.2 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.
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Under Test Plan 74, in support of Certificate of Compliance number
USA/9283/B(U) for the Model 660 Series, Specimen D was tested successfully
through normal and accidental conditions. Before thermal testing, the unit
showed gaps in the outer containment (shell to endplate interface) up to l/2 inch
wide and I inch long. Pyrolized foam was contained within the unit. Although
the shield oxidized slightly on the end nearest the largest gap, the unit passed
final profile at 0.0047 Rfhr at one meter.

Under Test Plan 72-S2 (Section 2.12.10), in support of Certificate of Compliance
number USA/9035/B(U) for the Model 680-OP Series, camera s/n B 198 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, 34 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 10000C 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 2.12.9), 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 1/2 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 I o1ooC 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. The Model 880 Series 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.

2.7.4.1.3 Material Properties at Elevated Temperatures

The melting temperature for all materials of the internal support structure, rear
plate 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, rear plate assembly and
source assembly retain about 30% and 60% of their room temperature strength at
800"C.
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The 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 I % of their strength at room
temperature. The 30-minute thermal test is not long enough for significant creep
deformation to occur in the structure.

2. 7.4.1.3.a Tear Out of the Shield Support Pin

If the device were suspended with its diametrical axis in the vertical, the
weight of the shield would be supported by the front and rear brackets.
Tear out of the materials under the pin can be assessed by assuming one
(I) pin supports the entire shield.

Tear out Area 0.4 in X 0.065 in (material thickness) X 4
* 0.1 04 in2

Weight of Shield = 34 lbs. (max)

Therefore: 34 lbs. / 0.104 in2 = 327 psi

The strength of 304 stainless steel at 800 C0 = -15,000 psi

(Reference: ASM Stainless Steels, J.R. Davis ed.,1994, p. 508)

This gives a factor of safety of approximately 46 against failure.

2.7.4.1.3.b Depleted Uranium Cracking around the Titanium Pin

The pin is in poor contact with the supporting brackets (0.065 inches
thickness each side) and is in intimate contact with the shield (possible
line to line). The heat transmitted through conduction from the outer
shell through the bracket to the pin will be dissipated by the mass of the
shield at the point of contact. Whereas upon heat up of the shield, the
heat flow from the shield to the pin will be substantial. Therefore, the
shield and pin should be at approximately the same temperature
throughout the thermal test. Based on this assumption the relative
expansion coefficients for the materials are compared to determine if the
pin will exert damaging force on the DU shield.

The volume expansion coefficient of materials is taken to be
approximately three times the linear expansion coefficient (Reference:
ASM Material Properties Handbook Titanium Alloys, ed. Rodney
Boyer, Gerhard Welsch, E.W. Collings, 1994, p. 516). As such:
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Linear expansion coefficient - Titanium I1 .OE-6 in/inC'
(Reference: ASM Metals Handbook Desk Edition, ed. Howard
E. Boyer, Timothy L. Gall, 1985, p. 1.4)

Linear expansion coefficient - Depleted Uranium 12.OE-6 in/inC'
(Reference: Universal reference calculator, TAD Technical
Services Corp)

Based on the linear expansion coefficients, the two materials will expand
volumetrically at approximately the same rate. This will prevent the pin
from exerting force onto the inside diameter of the hole in the shield.
Therefore, the material around the pin will remain intact and the shield
will remain secured to the brackets.

2. 7.4.1.3. c De-Attachment of the Rear Lock Assembly

On the test unit where a security screw failed, three (3) of the four (4)
security screws remained intact after the drop and puncture testing. These
screws retained the rear lock assembly to prevent the source from
movement relative to the shield. If the device were suspended as in'
2.7.4.1.3.a with the lock assembly downward, the self-weight of the
assembly would put all three screws in tension. At temperature, the
stresses would be:

Stress area of 5/16-18 screw: 0.0524 in2

(Reference Manual of Steel Construction, 7ih Edition,
page 4-125)

Total stress area (3 screws): 3(0.0524 in2) = 0.157 in2

At 15,000 psi*, the screws will support a weight of:

15,000 psi (0.157 in2 )= 2,358 lbs.

The lock assembly weighs approximately two (2) lbs. Therefore, the
lock assembly will remain attached and undisturbed as the remaining
screws can easily support the weight.

* The use of 15,000 psi is based on the yield strength of the stainless
steel security screws at temperature.

2.7.4.1.4 Conclusions

The test specimens were subjected to the 9 m drop and I m puncture tests in
accordance with Test Plan 108 (Section 2.12.2). This test plan conforms to the
requirements in 10 CFR Part 71 and IAEA TS-R- I for Type B(U) transport
packages.
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The test specimens demonstrated that the Model 880 Series transport packages
satisfy the test requirements of Test Plan 108 (Section 2.12.2) as demonstrated in
Test Report 108 (Section 2.12.3). The Model 880 Series package with the jacket
does 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, the Model 880
complies with the requirements of this section.

2.7.4.1.5 Summary of Pressures and Temperatures
(Reference:
* IAEA TS-R-J, paragraph 502(d))

Table 2.7a: Summary Table of Temperatures
Surface Temperature Model 880 Series

Condition Packages
Fire Test 8000C
During (1,4720F)

Post-Fire 8000C
(Maximum Temperature) (1,472 0 F)

The Model 880 Series 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 Void Volume (in3) Fire Conditions 800'C (1,472 0F)
Configuration Pressure Developed

880 Delta 0 0 psig
880 Sigma 0 0 psig
880 Elite 0 0 psig

2. 7.4.2 Differential Thermal Expansion

Expansion of the 880 steel cylinder circumference is approximated by:

E = r D ct AT

Where:

D = inner Diameter of the steel cylinder = 4.87 in = 0.12 m or
Outer diameter of the depleted uranium shield = 4.38 in = 0.11 m

a = Material Coefficient of Thermal Expansion
AT = Fire temperature differential

(from 380C (31 10K) to 800'C (10730K)
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Substituting gives:

E= =Tr(4.87 in)(9.9 .pinlin0 F)(13720 F) = 0.2 in steel
E = 7r(4.38 m)(28p.L/mmF)(7620 K) = 0.29 in depleted uranium

This translates to a diameter increase of 0.026 inches for the steel shell and 0.04
inches for the depleted uranium. Since the depleted uranium modulus of
elasticity is less than stainless steel (190 GPa versus 210 GPa, from Mechanics of
Materials, Fall 1999) and the expansion rate is approximately the same, the shield
cask shell will keep the depleted uranium compressed within its volume. The rear
plate and front plate attachment screws will expand at approximately the same
rate as the steel encasement thus maintaining the security of the source within the
package.

2.7.4.3 Stress Calculations

As was shown in Section 2.7.4.2, thermal differentials will have no detrimental
effect on the interfaces between the outer steel cylinder, shield or endplates. The
Model 880 Series transport packages are open to the atmosphere and contain no
components which could create a differential pressure relative to atmospheric
conditions.

2.7.4.4 Comparison ofAlowvable Stresses

All stresses calculated in Section 2.7.4 are well below strengths for the materials
of construction. Further, the Model 880 Series package was fully tested and
passed under Normal and Hypothetical Accident Conditions of transport. It is
therefore concluded that the Model 880 Series package will satisfy the
performance requirements specified by the regulations.

2.7.5 Immersion - Fissile Material
(Reference:
* USNRC, 10 CFR 71.73 (c)(5)
* IAEA TS-R-J, paragraphs 731-733)

Not applicable. This package is not used for transport of Type B quantities of fissile material.
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2.7.6 Immersion - All Packages
(Reference:
* USNRC, 10 CFR 71.73 (c)(6)
* IAEA TS-R-1, paragraph 701 and 729)

The Model 880 Series transport packages are open to the atmosphere and contain 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 the model 880 package is a special form source, which meets
the ANSI 542 and ISO 2919 requirements for Class 3 pressure testing. Therefore the 880 could
withstand the immersion test as Class 3 is in excess of the required 150 kPa (21.7 lb ft/in2).

2.7.7 Deep Water Immersion Test (for Type B Packages Containing More than 105 A2 )

(Reference:
* USNRC, 10 CFR 71.61
* IAEA TS-R-J, paragraph 657, 658 and 730)

Not applicable. This package does not transport normal form radioactive material in quantities
exceeding 105A2.

2.7.8 Summary of Damage
(Reference:
* USNRC, J0 CFR 71.73(a) and (b)
* IAEA TS-R-1, paragraph 701, 702, 716 and 726)

Table 2.7c summarizes the results of the Normal Conditions of Transport and Hypothetical
Accident testing performed on the Model 880 Series transport packages.

Table 2.7c: Summary of Damages During Test Plan 108

,Tei:hcelh ].n Actua lm.act Damage Ob~d tTet Site
_ _ _ _ .1 " ` dI .I _ _-__ _ _ _ _ _ _J ~ p e c m e n : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ o i n t _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TP I 08(B) 4-foot free 44.2 lbs. Lock cover & * Shell bottom rear lip bent.
drop I I shell lip I

30-foot 44.4 lbs. Lock cover & * . One rear plate security screw
free drop shell lip broken.

* Rear plate puckered.
* Shell lip bent further.

Puncture 44.4 lbs. Lock cover * Lock cover dented.
drop #1

Puncture NA Lock cover * Lock cover dented.
drop #2
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'1Test- ' Tes' .'Weight ' Actual Impa'ct' "Dai'i Observed at:Test Site
'Specimen ¶ P~~oint :.ui::

TPI 08(C) 4-foot free 44.3 lbs. Shell bottom * Shell bottom flattened.
drop surface * Shell rear lip bent in.

30-foot 44.4 lbs. Shell bottom * Shell bottom flattened further.
free drop surface * Shell rear top bent.

* Front endplate bent near
bottom.

* Outlet port binds.
Puncture 44.4 lbs. Shell bottom * None observed.

drop surface
TP108(D) 4-foot free 44.4 lbs. Shell left side * Shell left side flattened.

drop
30-foot 44.3 lbs. Shell left side * Shell left side flattened

free drop further.
Puncture 44.3 lbs. Shell left side * None observed.

drop
TP1O8(G) 4-foot free 48.8 lbs. Lock cover 0* Lock cover dented.

(with drop
jacket) 30-foot 48.8 lbs. Lock cover & * Shell rear side lip bent.

free drop shell side lip * Two jacket rivets broken.
* Label rivets missing.

Puncture 48.8 lbs. Lock cover * None observed.
drop

Table 2.7d: Damage Measurements after Testing Under Test Plan 108

* ' D
TP] 08(B) * Shell at rear end is bent in toward lock by about 1 inch at bottom.

. Shell at front end has two spot dimples about 3/16 inch deep.
* Rear plate is puckered in at selector ring about I /16 inch.
* Rear plate security screw at top right is broken.
* Rear plate security screw at top left & bottom right is bent.
* Rear plate security screw at bottom left slightly is bent.
* Lock cover is dented 3/16 inch at three spots.

TPI08(C) * Shell bottom is depressed about 3/16 inch.
* Shell top has two spot dimples about 3/16 deep.
* Front plate knob pin is bent about 3/16 inch.

TPI08(D) * Shell left side is depressed about 1/8 to I inch.
* Shell right side at rear end is bent about 3/16 inch.

TPIO8(G) * Shell left side at rear end is bent about 5/8 inch.
* Shell left side at front end is bent about 3/16 inch.
. Rear plate security screw at top right is slightly bent.
* Jacket rivets on left side are broken.
* Lock cover is dented about 3/16 inch.
* Lock cover pin at bottom is loose and can be removed.
* Label rivets missing.
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Table 2.7e: Radiographic Results after Testing Under Test Plan 108

Test SpecimT vnr 'K .:,>i ''.,-a-' ge ;.. ;
TP I 08(B) * Rear plate tube feature is slightly bent but intact.

* Three rear plate security screws are slightly bent but intact.
* One rear plate security screw broken end remained in the rivnut.

TP08(C) * Shield contacts the shell at the impact surface.

TP108(D) * U-shaped bracket is bent on the left side about 1/8 inch.

TPI08(G) * No apparent internal damage.

Based on the results and assessments for the test specimens addressed in Test Report 108 (see
Section 2.12.3), it is concluded that the Model 880 Series transport packages maintain structural
integrity and shielding effectiveness during Hypothetical Accident Conditions and Normal
Conditions of Transport.

2.8 Accident Conditions for Air Transport of Plutonium

Not applicable. This package is not used for transport of plutonium.

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
(Reference:
* USNRC, 10 CFR 71.75
* IAEA TS-R-1, paragraphs 602-604)

The Model 880 Series transport packages are designed for use with a special form source
capsules with a maximum inside radius 0.12 inches (3.05 mm) and a minimum wall thickness
based on the weld penetration of 0.009 inches (0.23 mm). The source capsule must be qualified
as Special Form radioactive material.

2.11 Fuel Rods

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

2.12 Appendix

2.12.1 Test Plan and Report 100 (Feb 2000).

2.12.2 Test Plan 108 Issue 5 (Jul 2000).
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2.12.3 Test Report 108 Minus Appendices A-C (Aug 2000).

2.12.4 Test Plan 1]5 (Feb 2001).

2.12.5 Test Plan Report 115 Minus Appendices (March 2001).

2.12.6 Test Plan Report 125 Rev B (Mar 2003).

2.12.7 Test Plan Report 74 (Feb 1998).

2.12.8 Test Plan 80 Rev 1 (Mar 1999).

2.12.9 Test Plan 80 Report Minus Manufacturing Records (Jun 1999).
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Section 2.12.1 Appendix: Test Plan and Report 100 (Feb 2000)
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Model 880 Type A Transport Tests

1.0 Purpose

The purpose of this test is to demonstrate the Model 880-transport package meets the normal transport
requirements of 49CFR173, IOCFR71, and IAEA Safety Series 6 (As amended 1990).

SECTION A-A

Figure 1. Model 880-Transport Package.

2.0 Package Design Description

The transport package safety features for the Model 880 are described in figure 1. The radioactive material,
sealed in a special form source capsule, is located, secured and protected in the package by the following
component relationships.

The capsule, stop ball and connector are swaged to a flexible steel wire. These four components form the
source wire assembly. The stop ball is held securely by the lock slide and sleeve of the lock assembly. The
sleeve prevents the stop ball from being pulled through the rear of the package, while the lock slide
prevents the stop ball from being pushed out of the front. Both the sleeve and lock slide are captured by the
selector ring retainer and lock mounting plate.

The selector ring retainer is fastened to the lock mounting plate with four, #10, stainless steel machine
screws. The lock mounting plate is bolted to the welded endplate of the cylinder shaped shell housing
using four, 5/16-18 by 1-1/2 inch long stainless steel security screws.

A U-shaped bracket welded to the endplate h6lds'a 3/8-inch diameter titanium pin that connects the shield
within the U of the bracket. This structure secures the shield to the welded package. Copper spacers prevent
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contact of the depleted uranium shield with the stainless steel components. This method of shield
attachment is repeated at both ends of the shell.

The shield is centered in the shell and has the source tube cast into its center. The source tube provides a
cavity for the source wire assembly to travel through during use. The capsule with radioactive material is
positioned at the center of the ball of the shield within the source tube cavity.

Polyurethane foam fills the air void between the shield and shell inner walls. The foam acts only to prevent
the ingress of material into the air void.

The outlet port, located at the front end, serves to block access into or out of the source tube cavity. Four
security screws fix the front plate to the shell endplate.

A plastic jacket, not shown in figure 1, may be used to carry the package. This jacket will not be on the
specimen for the tests below. Testing without the jacket will not significantly affect the results of the 4-
foot drop test; in fact the plastic material and geometry of the jacket will prevent enough damage to the
shell to cause failure of the lock mounting plate. The extra drop energy supplied by the 4-pound jacket
would be offset by its impact absorption characteristics. The jacket would provide better protection against
the penetration bar at its most vulnerable area and would provide additional support to the shell under
compression. Therefore testing without the jacket would give more conservative test conditions.

3.0 Failures of Interest

The failures of interest will depend upon the test being performed on the package. Each test will be
conducted on the same specimen so as to incur a cumulative damage affect to the package.

The compression test will try to flatten the package to deform the shell enough to shorten the distance from
the source to an outer surface measurement point. This may raise radiation measurements above the
requirement limits of 200 mnRfhr at the surface.

The penetration test will attempt to puncture through the shell housing at its thinnest and most unsupported
area. This may reduce the effectiveness of the package and raise radiation levels due to possible access to
the inner void of the shell housing. Material thickness and support of other features on the package would
prevent sufficient damage from the bar's impact and therefore not considered.

The 4-foot free drop test will try to shear the four lock mounting plate screws upon impact on the bottom
edge of the shell at the lock end. This may produce enough deformation to the shell to bend the lock
mounting plate and shear the screws. This could remove the source wire assembly from the package or
increase radiation levels as a result of relocation of the capsule within the shield.

Two other orientations reviewed for the four-foot free drop are:
1. Shear the shield pins by orientating the shell and shield pins parallel with the impact surface. The pins

are designed to take at least a 500-G load upon impact. The estimated load at impact for this drop is
about 50G's. Therefore this orientation will not be considered.

2. Bend the U-bracket by orientating the shell and bracket parallel with the impact surface. The shield is
less than 1/4 -inch from the shell. This prevents sufficient shield travel when you consider the shell
deflects to meet the shield upon impact. Therefore this orientation will not be considered.
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4.0 Test Conditions-and-Orientations

The materials used in the construction of the package, see figure 1, retain their mechanical properties
within the temperature range of -40 F to +158 F and pressure range of 3.6 psi to 20 psia as specified in the
test requirements. Except for the source capsule (tested special form), the package is open to the
atmosphere allowing inner and outer pressures to equalize naturally. Therefore testing at ambient
conditions, both temperature and pressure would not change the results of these tests and are therefore
acceptable initial conditions.

Since the materials of construction are metallic and do not loose strength when exposed to a water spray,
the water spray test per 49CFR173.465(b) is not required and will not be conducted.

COMPRESSIVE LOAD COMPRESSIVE LOAD

10 TIMES WEIGHT 10 TIMES WEIGHT
OF-ONE-DEVICE-- - OF-ONE DEVICE-

r__SPECIMEN #1 SPECIMEN #2

ACONCRETE FLOOR

SIDE MEW LOCK END VIEW
CHALK BLOCKS NOT SHOWN

Figure 2. Stacking Test Setup.

Orientation for the stacking test, as shown in figure 2, is with the cylindrical shell housing lying
horizontally with its longitudinal surface touching the ground. This would be its natural orientation during
transport. The load is distributed opposite the floor contact surface. Two packages will be tested together
to provide a stable setup. If this is the case, then the compressive load will be 5 times the weight of each
specimen. For example, if the specimen weighs 40 lbs., then the total compressive load for 2 specimen
tested together is 5 x 40 x 2 = 400 lbs. The actual compressive weight will be determined at the time of the
test.

Blocking or specimen restraint may be used to prevent the specimen from rolling, provided the blocking or
restraint does not support the specimen vertically. Use figure 2 as a guide to place the blocks next to the
specimen.
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SPECIMEN-

CONCRETE FLOOR

SIDE VIEW LOCK END VIEW
CHALK BLOCKS NOT SHOWN

Figure 3. Penetration Test Setup.

Orientation for the penetration test, as shown in figure 3, is with the cylindrical shell lying horizontally with
its longitudinal surface touching the ground. The ends of the shell are reinforced by welded endplates and
the shield is in close proximity to the housing at the midpoint. The most vulnerable spot for sufficient
penetration is at a point about 4 inches from either end of the shell. This point provides the least support for
the shell.

Blocking or specimen restraint may be used to prevent the specimen from rolling, provided the blocking or
restraint does not support the specimen vertically. Use figure 3 as a guide to place the blocks next to the
specimen.
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4 FEET
DROP HEIGHT

'DROP PAD

* SIDE VIEW TOP VIEW

Figure 4. Four-Foot Free Drop Test.

Orientation for the 4-foot free drop, as shown in figure 4, is with the longitudinal axis of the package nearly
vertical, but at a slight angle to the impact surface. The impact point is on the bottom edge of the shell at
the lock end with the center of gravity directly over that point. This is the most vulnerable spot to produce
enough deformation of the housing to bend the lock mounting plate and shear the attachment screws.
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5.0 Changes to Test Conditions or Orientations

Changes to the planned test conditions or orientations shall only be done after careful consideration and
documented justification. Prior to performing the test, Engineering, Regulatory and Quality Assurance shall
approve the justification.

6.0 Pass and Fail Criteria

Post Test Initial Assessments.
a An initial assessment shall be made upon the completion of each test to evaluate the specimen's

performance against the requirements of the test.

Post Test Final Assessment.
a A final assessment shall be made upon the completion of the entire test sequence to evaluate the

specimen's performance against the test requirements and determine a pass or fail judgement. The
specimen(s) shall be considered passing the test requirement, if the following conditions apply to the
specimen after being subjected to all three tests:
1. The source capsule must remain within the source tube, attached to the source wire and

undamaged.
2. The radiation profile results must be less than 200 mR/hr at the package's surface and must not be

a significant increase between initial profile measurements and post-test profile measurements.
Profile measurements evaluated against type A quantities of radioactive material, in this case 27.0
curies of IR192.

7.0 Test Equipment

Table of key test equipment:

Equipment Drawing No. Serial No. Tolerance Used on

Weight Scale All tests
Temperature gage All tests

Penetration bar BT 10129, Rev. B Penetration test
Drop pad AT10122, Rev B III Free drop test

8.0 Test Specimen

The test specimen is clearly described on drawing number TPI00 revision A. A minimum of two test
specimen shall be manufactured in accordance with drawing TP100 and the AEA Technology QSA Inc.
quality assurance system.

9.0 Test Procedure
1. Manufacture and inspect the specimens per the test specimen drawing.
2. Perform and record radiation profile inspections per WI-Q09.
3. Conduct stacking test per 49 CFR 173.465 (d).

* Record test data, damage descriptions (if any), initial test assessment.
4. Conduct penetration test per 49 CFR 173.465 (e).
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* Record test data, damage descriptions (if any), initial test assessment.
5. Conduct 4-foot free drop test 49 CFR 173.465 (c).

* Record test data, damage descriptions (if any), initial test assessment.
6. Perform and record radiation profile inspections per WI-QO9.
7. Record final test assessment.
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Appendix A: Drawings and Figures.

* Test Specimen TPIOO, Revision A.

Page 9



TESTPLAN# 100

Appendix B: Worksheets.

* Compression Test.
* Penetration Test.
* 4-foot Free Drop Test.
* Final Test Assessment.
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Compression Test
49 CFR 173.465(d)

Test Specimen:

Drawing No. Rev. Serial Number:

Weight: Scale used:

Test Setup:

Photograph setup

Use Figure 2 to position the specimen and apply the compressive load.

Setup verified by: _ Date:

Compressive Load:

Weight: Scale used:

Test Period:

Start date & time: Ambient Temp. Gage used:

Stop date & time: _ Ambient Temp. Gage used:

Damage description:

Photograph damage (if present)

Post test initial assessment:

Recorded by: Date:
Witnessed by: Date:
Quality Assurance Review by: Date:

Notes:
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Penetration Test
49 CFIM 173.465 (e)

Test Specimen:

Drawing No. Rev. Serial Number:

Test Setup:

Photograph Setup

Use Figure 3 to position specimen, locate impact point and set drop height (40 inches).

Setup verified by: Date:

Penetration Bar:

Drawing No. Rev. Weight:

Test Period:

Date & time: Ambient Temp. Gage used:

Specimen Damage:

Photograph Damage (if present)

Post test initial assessment:

R ecorded by:
Witnessed by: Date:
Quality Assurance Review by: Date:

Notes:
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Free Drop Test
49 CFR 173.465 (c)

Test Specimen:

Drawing No. Rev. Serial Number:

Pretest weight Scale Used

Test Setup:

Photograph Setup

Use Figure 4 to position specimen, locate impact point and set drop height (4 feet).

Setup verified by: Date:

Drop surface:

Drawing No. Rev.. Location:

Test Period:

Date & time: Ambient Temp. Gage used:

Specimen Damage:

Photograph Damage (if present)

Post test weight Scale Used -_ -

Post test initial assessment:

Recorded by: Date:
Witnessed by: Date:
Qu ality Assurance Review by: Date:

Notes: --
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Final Test Assessment
49 CFR 173.412(j)

Test Specimen:

Model 880 Serial Number(s):

Loss or Dispersal of Radioactive Contents:

Did the source capsule remain within the source tube, attached to the source wire and
undamaged?

Verified by: Date:

Increase in radiation levels:

Are the final radiation profile results less than 200 mR/hr at the package's surface?

Is there a significant increase between pre-test profile measurements and post-test profile
measurements?

Verified by: Date:

Comments:

Engineering Review by: Date:
Regulatory Review by: Date:
Quality Assurance Review by: Date:
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Model 880 Type A Transport Test Results

1.0 Introduction

This document describes the type A transport test results for the Model 880-transport package. The tests
were conducted in accordance with AEA Technology QSA test plan #100.

One test specimen was tested and assessed to the type A test requirements. The test specimen experienced
minor deformation to the shell, had radiation measurements less than 200 mR/hr at the surface with type A
quantity material, and showed no significant increase in radiation measurement compared with the pre-test
radiation measurements.

The final assessment concludes the model 880 transport package meets the requirements for Type A per
DOT 49CFR173, NRC I0 CFR71, and IAEA Safety Series 6 (As amended 1990).

2.0 Test Specimen

Two test specimen were manufactured at the AEA Technology QSA facility to the test specimen drawing
TP100, revision A. One specimen was tested through all tests with the other as a spare.

Both specimens are identical except for the front plate assembly differences. These differences are
documented on the route card or attached list.

3.0 Changes to Test Conditions or Orientations

There were no changes to the planned test conditions or orientations.

4.0 Compression Test Data

Both test specimen, serial number P01 & P02, tested.

Damage description.
* There was no apparent damage to either test specimen.

Post Test Initial Assessment.
* The damage caused by the test indicates the test specimens meet the requirements of the test.

5.0 Penetration Test Data

Test performed on test specimen serial number P01 only.

Damage description.
* A spherical bent approximately 1/8 inch deep at the point of impact. Point of impact as per the setup, 4

inches from front end and on top.

Post Test Initial Assessment.
0 The damage caused by the test indicates the test specimens meet the requirements of the test.
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6.0 Four Foot Free Drop Test Data

Test performed on test specimen serial number P01 only.

Damage Description.
* The rear end of the shell lip bent up towards the lock assembly. Bend of the shell lip approximately 1/2

inch out of original location.
* The front end of shell has a slight, '14 inch dent.

Post Test Initial Assessment.
* The damage caused by the test indicates the test specimens meet the requirements of the test.

Function Check.
* The dummy source easily cycles in and out of the package without hindrance.

7.0 Radiation Measurement Data (Serial number P01 only)

Radiation measurements taken on the test specimen consisted of slowly scanning over the surface and at a
meter of the package. The highest measured readings are recorded for each quadrant and each end.

A 147-curie source was used for the pre-test radiation measurements. This produced surface readings on
the shell below 200 mR/hr and port readings on the ends under 300 mRlhr. One-meter readings around the
shell were below I mR/hr and at or under 2 rnR/hr at the ends.

A 128-curie source was used for the post-test radiation measurements. This produced the same results as
the pre-test measurements with very little difference between each measured point.

Factored for a 27-curie source, the maximum intensity is calculated to be under 50 mR/hr at the surface and
under 0.4 mR./hr at a meter.

8.0 Post Test Final Assessment.

The test specimen was tested in accordance with test plan #o1o and therefore tested to the normal transport
test requirements of DOT 49CFRIR73, NRC IOCFR71, and IAEA Safety Series 6 (As amended 1990). The
model 880-transport package sustained very little damage and remained intact.

The dummy source remained secured in its fully shielded position within the source tube, attached to the
source wire and undamaged.

The radiation profile results for a 27.0 curie, IR192 source is less than 200 mR/hr at the package's surface
and there is no significant increase between initial profile measurements and post-test profile
measurements.

Based on the above results, the model-880 prototype build passes the normal transport test requirements of
49CFR173, ]OCFR71, and IAEA Safety Series 6 (As amended 1990).
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cv-j SL-,
Ad ra

1 0-Feb-00 150 Curie Max Activity Capacity
147.3 Curie Activity Used

S/N P01 Direct - Surface
At Surface Factor

Top 95 1.27
Right 110 1.27
Front 250 1.10
Left 150 1.27
Rear 230 1.10
Bottom 145 1.27

Direct- Capacity
At Meter Factor

0.5 1.02
0.5 1.02
2.0 1.02
0.6 1.02
1.3 1.02
0.8 1.02

Corrected
At Surface

123
142
280
194
258
188

Corrected
At Meter

0.5
0.5
2.0
0.6
1.3
0.8

25-Feb-00 15(
121

SIN P01 Direct
At Surface

Top 130
Right 110
Front 210
Left 110
Rear 170
Bottom 120

25-Feb-00 27

) Curie Max Activity Capacity
3 Curie Activity Used

Surface
Factor

1.27
1.27
1.10
1.27
1.10
1.27

Direct
At Meter

0.6
0.6
1.6
0.5
1.4
0.7

Capacity
Factor

1.17
1.17
1.17
1.17
1.17
1.17

Corrected
At Surface

193
164
271
164
219
179

Corrected
At Meter

0.7
0.7
1.9
0.6
1.6
0.8

12E
7 Curie Max Activity Capacity
; Curie Activity Used

SIN P01 Direct Surface
At Surface Factor

Top 130 1.27
Right 110 1.27
Front 210 1.10
Left 110 1.27
Rear 170 1.10
Bottom 120 1.27

Direct
At Meter

0.6
0.6
1.6
0.5
1.4
0.7

Capacity
Factor

0.21
0.21
0.21
0.21
0.21
0.21

Corrected
At Surface

35
29
49
29
39
32

Corrected
At Meter

0.1
0.1
0.3
0.1
0.3
0.1



SHIELDING PROFILE AND INSPECTION FORM
I '4- &Oe9 Lb3<)e' ;it'J

unAdl V;r>) Serial NumhPr: PCN I Radinucr-lirdp ITR 1q7 Ma

-COpY
i .Ca- acniti r Ct Ci

I Shield Data

d Heat#: '329Ot - I Mass of Shield: :33.C' Lbs. Lot #: Oc-_ o-'N -

Initial Profile

Source Model: Source SN: Activity: Ci

Survey Inst.: SN: ate Cal.: Date Due:

. Observed Su Correction
surface Intensity mR/hr Fa Adjusted Intensity rr, /hr

Top iA
Right _rrection_.._||

Front

Left

Rear

Bottom . . - \_|

.. tor: Date-, NCR #:_ ___

Final Profile ..

Source Model: LZ - Source SN: .t5;72 Activity: .147-3 Ci Mass of Device: Lbs.

Survey Inst.: tf pP)RTz7 SN: 1qzj2 / Date Cal.: jf'kU 9?7 -Date Due:- 16 iA 1*

-- Observed Intensity mR/hr- Adjusted Intensity mR/hr

Surface At Surface Corr. At One .- ..-

Surface Factor (Meter At Surface GAt One t

Top _ _-_ _ I.Z! 2. ._ IZZ I..1 .

Right 21. . 4 t .1

Front b Capacity Correction 278 4l- Z . O |
_______ LFactor: I. 1s IL.

Left ) l.Z-? I ma19 12!. 1* .

Rear I5. _____ q_ _-'5 4 1.3 |

3ottom *1. 2 1 ZS6 _ ._______Z___|

nspector: Date: P/ f17!DO NCR #: 1.4

rnnments: 016__

.v3 it el ftce fx,'v 9

r/Imersham QSA



SENTINEL

SHIELDING PROFILE AND INSPECTION FORM

Serial Number: PV | Radionuclide: 1g i92. Max.Capaciy: /.5D ci

Shield Data

Shield Heat#:_ Mass of Shield: Lbs. Lot # : -

Initial Profile

Source M Source SN: Activity: Ci

Survey Inst.: SN: _ Date Cal.: Date Due:_

Observed Sr Correction
Surface Intensity mR/hr FacTx Adjusted Intensity mR/hr

Top _ _\_ _ _ _ _

Right I Capac Correction

Front

Left

Rear

Bottom

l---ector: Date: NCR #:\

Final Profile

Source Model: 42(-9 Source SN: 92Z7Z Activity: 12,f0 Ci Mass of Device: Lbs.

Survey Inst.: AQ/2PR 27- SN: SM99Q.1I01 Date Cal.:lO IA M 99 Date Due: (0 t1AycOo

. Observed Intensity mR/hr Adjusted Intensity mR/hr

Surface At Surface Corr. At One
Surface Factor Meter . At Surface At One Meter

Top . i i.-j27 -7

Right __ I 1 3 ._1

Front Capacity Correction 2-70 IJ

Left---- i - 1.'27 . 1 . 3*

Rear t1. _ _ _ ._2

Bottom -77.7 P78 . _ _

Inspector: ' C • Date: Z5 NCR .Y.

Irmments:
01,-IIl

'lAmersham QSA



TEST PLAN # 100 RESULTS

Appendix A. Test Data.

Page 4



TEST PLAN # 100

Compression Test
49 CFR 173.465(d)

Test Specimen:

Drawing No. F P I 00 Rev. A Serial Number: PO1

Weight: -2.95 Ibs. Scale used: QHAu-AS # 35CJ1 q

Test Setup:

Photograph setup

Use Figure 2 to position the sp imen and apply the compressive load.

Setup verified by: Date: f9 fib a

Compressive Load:

Weight: L/59 lAs Scaleused: Pr64 Se-avm Sc4(e $L'32897

Test Period:

Start date & time: 23 fib oc 1 2I 5 PM1 Ambient Temp. 73.q L* Gage used: #EA/&-/f2
op d t0bA a0TsZ

Stop date & time: 9,vfek00 /?: 30 PH Ambient Temp. -73.1 ",- Gage used: --Z

Damage description:

Photograph damage (if present)

Post test initial assessment:
i~o ~ ADDS/lE~i'4 o f ZF ' A A-E -o, fEat

Recorded by: Date: 27bO
Witnessed by: , Date:
Quality Assurance Review by: p A Date: 24 Se gtO

I . v

Notes: .

Page 1 1



TEST PLAN# I 00

Compression Test
49 CFR 173.465(d)

Test Specimen:

Drawing No. TIP ICO Rev. A Serial Number: P02

Weight: '/3.00 /S Scale used: 0A'qC5 i356)2q

Test Setup:

Photograph setup

Use Figure 2 to position the specimen and apply the compressive load.

Setup verified by: _ _ _ _ _ _ Date:23 0 0A

Compressive Load:

Weight: A59 ./X5. Scale used: PrO Besa S&cc.e OL4'c5'2397

Test Period:

Start date & time: 23 34eb ' /A'.'5 P4 Ambient Temp. 73. q ' Gage used: $5!&V6-/9

Stop date& time: :'16 DC /Z-?36 Pe'i Ambient Temp. 73.1 F Gage used: *EN&- /2

Damage description:

Photograph damage (if present)

Post ,stnitia assessment.:. : ...... .... .-..

Post test initial assessment:
Dv 1 eeE z~s s I L l~rS~-sale;Adt -Lot -c er

SAC.r_ B-i r-r--.c i-ne s o,1mi-i 5z

Recorded b : Date: 2 e J ob AD
Witnessed by: Date: cOk5g OD
Quality Assurance Review by: I,,* ", | Date: Z4 Aeb en

Notes:

Page 1 1



TEST PLAN # 100

Penetration Test
49 CFR 173.465 (e)

Test Specimen:

Drawing No. rP/O6 Rev. A Serial Number: PO I

Test Setup:

Photograph Setup %

Use Figure 3 to position specimen, locate impact point and set drop height (40 inches).

Setup verified by: __ _ _Date: *2v-S cH'

Penetration Bar:

Drawing No. B 'r/t62-9 Rev. 5 Weight: /3,1 q s •A( I

Test Period:

Date & time: t14 le, o1 a: 53 Pr, Ambient Temp. 5£ fI Gageused:5/M&-/2

Specimen Damage:

Photograph Damage (if present)

DENr .1 3,4 DEEP

Post test initial assessment:

IZ JG W 5 gF adP ThTr .

Recorded by: Date: 4b
Witnessed by: , B . - Date: Zf Ate so / mzF ,a
Quality Assurance Review by: / Date: j it r 0

Notes:

Page 12



TEST PLAN # 100

Free Drop Test
49 CFR 173.465 (c)

Tcst Specimen:

Drawing No. *TP IC O Rev. A Serial Number: POI

Pretestweight I/2.95 IL, ScaleUsed 3SOIL

Test Setup:

Photograph Setup

Use Figure 4 to position specimen, locate impact point and set drop height (4 feet).

Setup verified-by:- L-- Date: RY _(e0

Drop surface:

Drawing No. A T1 0k 'ZQ Rev. F Location: VAu7 Amotg, lVD. MA

Test Period:
wiqe&A J1J-mi

Date& time: 214 F:b 00 3.'PM AmbientTemp. •9 F Gageused:#66f--/l_

Specimen Damage:---_..

Photograph Damage (if present)

Posttestweight 4,2.96 ll ScaleUsed ___5__/___

IIz
Post test initial assessment:

RE:AR. *e >ESICj S9CSLL. iflAFJSAL t 9DLLE> APPR'! " (G
FitL3"-rS oF tIc)LL SVGL4- C sd/'AL.tr S rLJ-t' r0- Ap'rze

Recorded by: ) Date: 7M ApL .0*
Witnessed by: - Date: a-i2.'r /Z

Quality Assurance Review by:ZH," , , Date: 2 ol, fre .e

Notes:

RZDigS oe- 1S -ret.r

Page 13
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TEST PLAN# 100

Final Test Assessment
49 CFR 173.412(j)

Test Specimen:

Model 880 Serial Number(s): - D

Loss or Dispersal of Radioactive Contents:

Did the source capsule remain within the source tube, attached to the source wire and
undamaged?

Verified by: 00Date: 2 4 oo

Increase in radiation levels: s ;

Are the final radiation profile results less than 200 mR/hr at the package's surface? /c5

Is there a significant increase between pre-test profile measurements and post-test profile
measurements?

Verified by:\)A H / Date' £

Comments:

Engineering Review by: . Date:s z
Regulatory Review b Date: z5 zlsdr
Quality Assurance Review b : Date: zsZ;Fb / o

Page 14
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FIOUTE CARD

?C A Complete Lot: Total WO Qty.: J Scrial No: l'O I
M. Split Lot: Rte. Cd. Qty.: I Lot No: NA

'art# TP100 Dcscription MODEL 880 TEST UNIT TYPE A Dwg TP100 Rev A WO Q q
Qty QIy

)per. Seq. Department Operation Description Bv Date Ace Rcj Reiirqnec Comments

'010 ASSY/MS ASSEMBLEPER NOTES 1-4 't~& 4 TP100

020 QC INSPECTION SOPQI5

030 QA QA REVIEW 3 S()PQ025
& TPIOO

)40 C STOCKROOM PROCESSING C SOP-MOO2

DELIVER TOQC FOR

TESTING

FP100 NOTE l. TORQUE 110+/-5'-LBS.

rPIoo NOTE 3 TOTAL WEIGHT Sl.9•

- - .

.t3 00 .
I J

QP25-1 /2



NO

= r 
I 

-
I IDESCRIPTION OF

NONCONFORMANCE
DISPOSITION I INDiV/ DATE INSP/DATE PART NUMBER DESCRIPTION CM SERIAU/

LOT NO.
INITIALS DATE

88011 BODY WELDMENT A / OD
88020 REAR PLATE ASSY. A /o / 3 0

MTE SN MTE DESCRIPTION CAL DUE DATE INITIALS DATEL_ _ i__ _ _ - TORQUE WRENCH _ 2- O a ,
5_ ;. 3-L 5 SCALE 1-2-o _ -

CHANGE VERIFICATION

PARTNUMEBER DESCRIPTION |REV ECO INDIVIDUAL VERIFIED

______________________ 
______ .______________ _________ __..________ ________________ 1 .________ __________________

QP25.2/2
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Ur= sir-w- d£-1 Eh-"

e Iec t r o n i c s
127 RIVERNECK ROAD
CHELMSFORD, MA 01824

CR V Oc-r5i Certificate No. 1054915

KEMA CERTIFIED

I ISO 9002
RATION Z REGISTERED

ES CERT.NO. 10458.01

CERTIFICATE OF CALIB
FOR

AEA TECHNOLOGI'

Description: OMEGA ENGINEERING, HH21, MICROPROCESSOR THERMOMETER

Serial No: T179139 Asset No: ENG-12

PO No: P4732-00

Simco ID: 24948-10

Dept: NONE

Calibration Date: 10118/99 Calibration Interval: 12 Months Recall Date: 10/18/00

Arrival Condition: Service:
MEETS MANUFACTURER'S SPEC'S. CLEAN/CALIBRATE TO MFR'S SPEC

Procedure:..PER MFRS. SPEC
Temperature: 670 F

Cal Ratio: 2.00:1 -

Relative Humidity: 38%

Standards Used:
Type
POTENTIOMETER
POTENTIOMETER

Simco ID
23565*210
23565*210

Due Date
01/08/00
01/08/00

Intvl
Mos
6
6

Accuracy
+/-1 2uV
+/-0.6'C

NIST No
413348
255343

Work performed by: -7Ž
Duane A. Archambault-
Technician ( 11468 )

Reviewed by:
- Phillip A. Maltais

Lab Supervisor
I "��p /-N -'- --

All calibrations are performed using internationally recognized standards traceable to the National Institute of
Standards and Technology (NIST) or the National Physical Laboratory (NPL), or using natural physical constants
or ratio calibration techniques. Our calibration system complies with MIL-STD-45662A and ANSI/NCSL Z540-l.
The information shown on this certificate applies only to the instrument identified above and may not be
reproduced, except in full, without prior written consent from SIMCO Electronics.
Dated: 10/18/99

Page I of I
1 , , , ,I



,'Metrology Service, Inc.
Customer: AEA TECHNOLOGY

ID.No.: 268
2 ID.No.:

Department:
..viation u.:

Accuracy: +/-4%
Accuracy:

Gage Type: 0-10. 0b SCALE

Data Sheet HMSCC: :

Manufacturer: TOLEDO
Serial No.: 2642125-2VT
Model No.: 8582

Standard No.: 018
Standard No.:
Standard No.:
Standard No.:

L0972 Page 2
P.O. No.:
Date Cal:
Date Due:

Technician:
Cal. Proc. No:

Cal.: 03/24/99 Due:
Cal.: Due:
Cal.: Due:
Cal.: Due:

P4634-00
11/24/99
11/24/00
DD
01
03/24/00

Required: :
Deviation: :
Measured: :

0 1.0 2.0 5.0 7.0 10.0 lb

REF 1.000 2.000 5.000 7.000 10.000 lb
: - - -_- -_-- -_- -_-- -_- -_- -_-- -_- -_-- -_ _-- -_-- - _

Customer: AEA TECHNOLOGY

ID.No.: 269 Manufacturer:
2 ID.No.: Serial No.:

Department: Model No.:
Deviation u.: Standard No.:

Accuracy: +/-4% Standard No.:
Accuracy: Standard No.:

Standard No.:
Gage Type: 0-10.01b DIGITAL SCALE

NCI
SR878400111
8300
018

P.O. No.:
Date Cal:
Date Due:

Technician:
Cal. Proc. No:

Cal.: 03/24/99 Due:
Cal.: Due:
Cal.: Due:
Cal.: Due:

P4634-00
11/24/99
11/24/00
DD
01
03/24/00

Required: :
Deviation: :
Measured: :

0 1.0 2.0 5.0 7.0 10. Olb

REF 1.000 2.000 5.002 7.002 10.0021b
: - - -_-- -_ __-- - - - -_ _-- - - -_ _ _ _ _ _ _ __-- - - - - - - - -

Customer: AEA TECHNOLOGY

ID.No.: 3500
2 ID.No.:

Department:
Deviation u.:

Accuracy: +/-4%
Accuracy:

Gage Type: 0-5001b FORCE GAGE

Manufacturer:
Serial No.:
Model No.:

Standard No.:
Standard No.:
Standard No.:
Standard No.:

3.0 150.0

P.O. No.:
Date Cal:

DILLON Date Due:
D-3500 Technician:

Cal. Proc. No:
018 Cal.: 03/24/99 Due:
031 Cal.: 02/23/95 Due:

Cal.: Due:
Cal.: Due:

P4634-00
11/24/99
11/24/00
DD
22
03/24/00
02/23/00

10tRequired: :
Deviation: :
Measured: :

0 50.0 200.0 lb

REF 51.0 103.0 153.0 202.0 lb
: - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - -

Customer: AEA TECHNOLOGY

ID.No.:
2 ID.No.:

Department:
Deviation u.:

Acquracy:
Accuracy:

Gage Type:

35014 Manufacturer:
Serial No.:
Model No.:

Standard No.:
+/-4% Standard No.:

Standard No.:
Standard No.:

0-ilO1b DIGITAL SCALE

O HAUS
35014
DS10
018
031

P.O. No.:
Date Cal:
Date Due:

Technician:
Cal. Proc. No:

03/24/99 Due:
02/23/95 Due:

Due:
Due:

P4634-00
11/24/99
11/24/00
DD
01

03/24/00
02/23/00

Cal.:
Cal.:
Cal.:
Cal.:

Zequired.: :
eviation: :
Measured: :

0 5.0 10. 0 20.0 50.0 70. 0 100.Olb

REF 5.00 10.00 20.00 50.00 69.95 100.001b
: - - - - - - - - - - - - - - - - - -- - _ _ _- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-



i
CERTIFICATE OF CALIBRATION

41eCr7/e7 c- 70to
Test and Inspection Report prepared by T V 5 ,a

This is to certify that the undersigned has inspected the following for

faAn /eCAlA1 Zo &ieS

Make _

Cannqritv C T 2( T h O r 0 LA .
MbV8z] \ - _

Grad Size ' 5
Type p6 r eAM

Model No. /Itoer Aex'l;-7,
Serial No. I 4 8c,?3 7
Location ASSem 6 /7/-/
1. D. No.

SCALE READINGS

C) 0 I

. 0 /I I

II
I ,I i

I I

SCALE PASSES [bOES NOT PASS

This is to certify that the ;weighing device identified above has been calibrated using certified test weight
traceable to the National Institute of Standards and Technology (formerly NBS) and is guaranteed accurate
to the tolerance indicated. Traceability # / 6& G / C 7

Inspection in accordance with National Bureau of Standard Handbook 44 and Mil Standard C-45662A.

Additional Data:

Scale Inspector & tw --

Company _ e.ZLZL-f/

Service Report / Order No.

, N �-;� �-�
. I-e) O

Date: //t Z 77'~-J/

Due Date: A DD - a0 o O
. . _ .



K>... . .......
*.. n'

..f4ietrology Service, Inc.
Customer: AEA TECHNOLOGY

ID.No.: 273 A&fl
2 ID.No.:

Department:

Data Sheet HMSCC-10012

Deviation u.:
Accuracy: GO
Accuracy: NG

Manufacturer: THREADS, INC.
Serial No.:
Model No.:

Standard No.: 006 Cal.:
Standard No.: 021 Cal.:
Standard No.: Cal.:
Standard No.: Cal.:

PLUG SET

Page 22
P.O. No.:
Date Cal:
Date Due:

Technician:
Cal. Proc. No:

02/10/99 Due:
02/10/99 Due:

Due:
Due:

3753
04/01/99
04/01/00
PR
15
08/31/99
08/31/99+0.000 20"

-0.000 20"

Gage Type: GO/NO GO PLAIN
GO NO GO

0.6256"Required: :
Deviation: :
Measured: :

0.6250"
+0.00001" +0.00001"
+0.62501" +0.62501"1

-0 .00001 "
-0.62559"

- 0 . 0 0001"
-0.62559"

Customer: AEA TECHNOLOGY

ID. No.:
2 ID.No.:

Department:
Deviation u.:

Accuracy:
Accuracy:

Gage Type:

Required: :
Deviation: :
Measured: :

285 A&B. . Manufacturer:
Serial No.:
Model No.:

Standard No.:
GO -0.000 30" Standard No.:
NG +0.000 30" Standard No.:

Standard No.:
1.0"-8 UN-2A THREAD RING SET

GO
0.9168"
0.0000"
0.9168"

P.O. No.:
Date Cal:

REGAL BELOIT Date Due:
Technician:

Cal. Proc. No:
011 Cal.: 03/23/99 Due:

Cal.: Due:
Cal.: Due:
Cal.: Due:

(SET PLUG PASSES)
NO GO
0.9100"
0.0000 "
0.9100 "

3753
04/01/99
04/01/00
PR
15
06/30/99

Customer: AEA TECHNOLOGY

ID.No.:
2 ID.No.:

Department:
Deviation u.:

Accuracy:
Accuracy:

ASSY-1

MACHINE SHOP

+/-0.000 10"

Manufacturer: MITUTOYO
Serial No.:
Model No.: 101-105

Standard No.: 026
Standard No.:
Standard No.:
Standard No.:

P.O. No.:
Date Cal:
Date Due:

Technician:
Cal. Proc. No:

Cal.: 02/10/99 Due:
Cal.: Due:
Cal.: Due:
Cal.: Due:

3753
04/01/99
04/01/00
PR
03
08/31/99

Gage Type: 0-1.0" OD MICROMETER

Required: : 0 0.100" 0.115"
Deviation: :REF 0 0
Measured: :REF 0.1000" 0.1150"

D.250"
0

0.2500"

0.500"
0

0.5000"

0 .750"
0

1. 000"
0

0.7500" 1.0000"

Customer: AEA TECHNOLOGY

ID.No.:
2 ID.No.:

Department:
Deviation u.:

Accuracy:
Accuracy:

Gage Type:

ASSY-15 (A) Manufacturer:
Serial No.:
Model No.:

Standard No.:
+/-4% Standard No.:

Standard No.:
Standard No.:

.25.250 in/lb TORQUE WRENCH C.W.

CRAFTSMAN

44593
158
159
160

Cal.:
Cal.:
Cal.:
Cal.:

(PART 1 OF 2)

P.O. No.:
Date Cal:
Date Due:

Technician:
Cal. Proc. No:

07/06/98 Due:
07/06/98 Due:
07/06/98 Due:

Due:

3753
04/02/99
04/02/0 0
PR
23
07/06/ 99
07/06/99
07/06/99

Required: :
Deviation: :
Measured: :

25. 0
+0.32
25 .32

50.0 75.0
+0.63 -0.74
50.63 74.26

100. 0 150. 0
+0.3 +2.4
100.3 152 . 4

200 .0
+5.0
205.0

250.0 lb
+4.1 lb
254.1 lb



!trology Service, Inc.
:tomer: AEA TECHNOLOGY

Data Sheet HMSCC-10012

I - ID.No.:
.72 ID.No..
Department:
viation u.:
Accuracy:
Accuracy:

Gage Type:

ASSY-15 (B) Manufacturer: CRAFTSMAN
Serial No.:

Model No.: 44593
Standard No.: 158 Cal.: 07

+/-4% Standard No.: 159 Cal.: 07

Standard No.: 160 Cal.: 07
Standard No.: Cal.:

25.250 in/lb TORQUE WRENCH C.C.w. (PART 2 OF 2)

Page 23
P.O. No.:
Date Cal:
Date Due:

Technician:
Cal. Proc. No:
/06/98 Due:
/06/98 Due:
/06/98 Due:

Due:

3753
04/02/99
04/02/00
PR
23
07/06/99
07/06/99
07/06/99

Required: :
Deviation: :
Measured: :

25.0
-0.51
24.49

50.0
+1. 02

51.02

75.0
+1.26.
76.26

100 . 0

102 .1

150. 0
+3.6
153 .6

200.0
+4 . 8
204.8

250.0 lb
+6.1 lb
256.1 lb

Customer: AEA TECHNOLOGY

ID.No.: ASSY-2
2 ID.No.:

Department: MACHINE SHOP
Deviation u.:

Accuracy: +/-0.0010"
Accuracy:

Manufacturer: MITUTOYO
Serial No.:
Model No.: 505-644-50

Standard No.: 026
Standard ND.: 088
Standard No.: 137
Standard No.:

P.O. No.:
Date Cal:
Date Due:

Technician:
Cal. Proc. No:

Cal.: 02/10/99 Due:
Cal.: 02/10/99 Due:
Cal.: 02/10/99 Due:
Cal.: Due:

3753
04/01/99
04/01/00
PR
16
08/31/99
08/31/99
02/28/00

Gage Type: 0-8.0" DIAL CALIPER

Required: :
Deviation: :
Measured: :

0
REF
REF

PARA
.0005
.0005

ID OD
+.0005
1.0005"

1. o0l
+.0005
1.0005"

2.0"
+.0005
2.0005"

4 .0"
+.0005

4.0005"

6.0"
- .0010

5.9990"

8.0"
- .0010
7.9990"..

Customer: AEA TECHNOLOGY

ID.No.:
.2 ID.No.:

Department:
Deviation u.:

Accuracy:
Accuracy:

ASSY-4 (A)

MACHINE SHOP

+/-.0010o"

Manufacturer: MITUTOYO
Serial No.:
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Test Plan No. 108

Section 1 Introduction

This document describes the mechanical test plan for the Model 880 Projector to
meet NRC requirements for Type B(U)-85 packages as described in the Code of
Federal Regulations, 10 CFR Part 71, revised as of March 31, 1999. The test plan
also covers the criteria stated in the IAEA Regulations for the Safe Transport of
Radioactive Material, Safety Series No.6 1985 Edition (As Amended 1990).

This document describes the test 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.
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Section 2 Transport Package Description

Figure 2.1 describes the Model 880 projector transport package. Figure 2.2 shows the
transport package with the plastic jacket.

The radioactive material is sealed in a special form source capsule. The source
capsule, stop ball and connector are swaged to a flexible steel wire to form the source
wire assembly. The source wire assembly is held securely to the device by
components of the rear plate assembly. One of these components, the sleeve, in
conjunction with the selector ring retainer, prevents the stop ball of the source wire
from being pulled through the rear of the package. Another component, the lock slide,
prevents the stop ball from being pushed out of the front when in the secured
position. A cover over the source wire connector prevents access to the source
assembly until a keyed lock is actuated and the cover removed. This cover is in place
during transport of the. package. This source assembly securing, mechanism is
functionally identical to the existing model 660 and 680 projector transport packages.

The selector ring retainer is fastened to the rear plate with four, #10 stainless steel
machine screws. The rear plate is attached to rivnuts assembled on the endplate
weldment with four 5/16-18 stainless steel security-screws. The endplate weldment
consists of the endplate disc, a U-shaped bracket and the four rivnuts. The U-brackets
are welded to the endplate disc and the endplate disc is welded to the cylindrical
shell.

The shield is fastened within the device at each end by a titanium shield pin. The pin
passes through the shield and the U-bracket. The shield is centered in the shell and
has the source tube cast into its center. The source tube provides a cavity for the
source wire assembly to travel through during use. The source capsule is positioned
at the center of the ball of the shield within the source tube cavity when the source
wire is in its secured position.

The model 880 uses polyurethane foam to fill the cavity around the depleted uranium
shield. 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 AEA Technology QSA Test plan number
70.

It has also been shown the charred foam will not support the shield at temperatures of
800'C. The model 880 relies on the shield pins to hold the shield in place at all
times. These pins are designed to retain the shield throughout testing without the
added support of the foam.

The outlet port, located at the front end, serves to block access into or out of the
source tube cavity. Four stainless steel security screws fix the front plate to the
endplate rivnuts.

The plastic jacket is not part of the Type B transport package and therefore not
considered for the type B transport testing. The absence of the jacket will present a
worst case 30-foot drop and puncture test condition. In a drop, the plastic jacket
protects the transport package from further damage by absorbing energy upon impact.
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However, since the jacket will usually be on the package during transport and its
weight will add approximately 4lbs, one specimen will be tested with the jacket. The
"with jacket" 30-foot drop and puncture orientations will be based on damage
observed from previously selected orientations and speculative damaging effects the
jacket may have on the safety aspects of the package.

The weight of the Model 880 transport package without the jacket is not greater than
46 pounds. The total weight of the package with the jacket is not greater than 50
pounds.

TRANSPORT
LABEL

SOURCE LOCK DETAIL

FIGURE 2.1: MODEL 880 PROJECTOR TRANSPORT PACKAGE.
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SECTION B-B

FIGURE 2.2: MODEL 880 PROJECTOR WITH JACKET.
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Section 3 Regulatory Compliance

The purpose of this plan, which was developed in accordance with ABA Technology
QSA SOP-E005, is to demonstrate that the Model 880 projector complies with the
Type B(U)-85 transport package test requirements of .10.CFR .71 and .the. AEA
Safety Series No.6.

The tests for Normal Conditions of Transport (10 CFR 71.71) were performed under
AEA Technology QSA test plan number 100. However, the 4-foot drop will be
performed as the first test to-produce typical damage that might occur during normal
transport conditions. The 4-foot drop of test plan number 100 was the only test to
produce any significant damage to the package.

The water spray preconditioning of the package will not be performed as the Model
880 projector is constructed of waterproof materials throughout. The water spray
would not contribute to any degradation in structural integrity.

The Hypothetical Accident Tests (10 CFR 71.73) to be performed are the 9m (30
foot) free drop test and the puncture test.

The crush test (10 CFR 71.73(c)(2)) will not be performed because the radioactive
contents are qualified as Special-Form radioactive material.

The thermal test of (10 CFR 71.73(c)(4)) will either be evaluated using a finite
element analysis model or subjected to a simulated fire test in an oven at 800'C for at
least 30 minutes.

The melting points for the materials of the package are listed below:

a a ',;- Matial' Mlti'g " oi"
Stainless steel 1390 0 C (25300 F)

Depleted uranium 1135 0 C (20750F)
Titanium 1700-C (31000 F)
Tungsten 3410 0C (61700F)

Copper/Brass 1080-C (19800 F)
Aluminum 5800 C (1080-F)

Rubber/Plastic Less than 540'C (10000 F)

The immersion test 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 well in excess
of 22lbf/inm.
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Section 4 Discussion on System Failure Modes of Interest

4.1 General
The tests in this plan focus on damaging those components of the package
which could cause displacement of the source from its stored position within
the depleted uranium shield and which affect the integrity of the shield itself.

4.2 Normal and Accident Conditions of Transport

The modes of failure under normal and accident conditions that could lead to
elevated dose rates include the following:

4.2.1 Fracture or penetration of the projector weldment.

4.2.2 Displacement of the shield within the projector weldment and distortion or
fracture of the source.

4.2.3 Failure of the source lock assembly and/or lock mounting screws.

The test conditions specified in this Test Plan are intended to challenge the
ability of the Model 880 package with respect to these failure modes.

i -
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Section 5 Assessment of Package Conformance

5.1 Regulatory Requirements

5.1.1 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 Safety Series No. 6 para. 537 stipulates the same criteria except that it
states in paragraph 537(b) 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.

5.1.2 Hypothetical Accident Conditions (71.51(a))

There should be no escape of radioactive materials greater than A2 in one
week and no external dose rate greater than 1 R/hr at Im from the external
surface with the maximum radioactive contents which the package is
designed to carry.

5.2 Test Package Contents

The Model 880 projector is designed to carry a special form source.
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
Safety Series #6.

This test plan therefore does not discuss/specify tests of 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 Model 880 transport package test specimens will be constructed in accordance
with AEA Technology QSA drawing B88015 revision A and the AEA Technology
QSA Quality Assurance Program. The weight of the test specimens per this drawing
is not greater than 46 pounds.

The "With Jacket" test specimen will be constructed in accordance with AEA
Technology QSA drawing B88000 revision A and the AEA Technology QSA Quality
Assurance Program. This specimen is the same as the specimen built to drawing
B88015 revision A, but with the plastic jacket and rivets added. The weight of the
"With Jacket" test specimen is not greater than 50 pounds.

The structural materials of the Model 880 are made of AISI Type 300 series stainless
steel and titanium. The shielding materials are depleted uranium and tungsten. The
non-safety related parts are made from aluminum, brass, copper, plastic, and rubber.

Except for the thermal test, all tests of this plan will subject the test specimen to an
impact from a drop. The mechanical strength and ductility of the critical components
of the package must continue to perform as expected at the ambient temperature
conditions of -400 F to 1000F.

The fracture toughness, strength and ductility, of the structural materials in the
Model 880 does not change significantly at or between the temperatures of -40TF to
1000F. The shielding materials are relatively brittle throughout this entire
temperature range. Therefore, any temperature within the -40'F to 100lF range for
the 4-foot, 30-foot, and puncture tests will have the same result. So, the test specimen
will be dropped at ambient temperature at time of testing.

The internal operating pressure of the containment system, namely the source
capsule, is considered to be in equilibrium with the outside pressure of the package.
The sealed capsule is welded at atmospheric pressure and except for the capsule, the
package is open to the atmosphere. Therefore, the initial internal pressure of the
containment system is considered to be insignificant.
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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

8.1 General

All test specimens are to be tested in the sequence presented below. Each
test has been designed to check the integrity of various components of the
package. An assessment of transport integrity of the package can be made
based on the cumulative effect of the tests performed on the package

After completing the 4-foot, 30-foot, and puncture drop test sequence on all
three specimens, a "With Jacket" test specimen will follow the same drop
sequence. The "With Jacket" test specimen will have an orientation chosen
from either the first three orientations or another orientation selected to
produce the most damage to the package. The justification and description
for this orientation shall be documented.

The tests have the following sequence:

I. Test specimen preparation and inspection

2. 1.2m (Four-foot) free drop test (10 CFR 71.71(c)(7))

3. 9m (30-foot) free drop test (10 CMR 71.73(c)(1))

4. Puncture test (10 CFR 71.73(c)(3))

5. Test inspection.

6. Thermal test or analysis (10 CFR 71.73(c)(4)).

7. Final test inspection and/or assessment.

8. Test specimen storage.
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8.2 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.

* 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 ABA Technology QSA Quality Assurance
Program.

* Engineering, Regulatory Affairs and Quality Assurance are jointly
responsible for assessing test and specimen conditions relative to 10 CPR
71 and IAEA Safety Series #6.

* Quality Control is responsible for ensuring test and specimen data is
measured and recorded throughout the test cycle.
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8.3 Test Specimen Preparation and Inspection

1. Manufacture five Model 880 projectors per AEA Technology QSA
drawing number B88015, revision A. Clearly and indelibly mark each
specimen: "TP108(X)". Where X is an alphabetically incremented letter
beginning with "A". One of the five projectors will be used as a spare and
used to replace a specimen dropped onto the wrong impact point, if
necessary. The spare, if used, will follow the same test sequence as the
initially selected specimen.

2. Measure and record the weight of each specimen.

3. Inspect the test specimens to ensure that:

* All fabrication and inspection records are documented in
accordance with the AEA Technology QSA Quality Assurance
Program.

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

4. Measure and record the location of the source from the front plate using
the source location tool.

5. Perform and record the radiation profile in accordance with AEA
Technology QSA Work Instruction WI-Q09.

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

7. Prepare the test specimens for transport.
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8.4 Summary of Test Schedule
This section provides an overall view of the test specimen orientations for
each test.
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Puncture 1. 71.73(c)(3) TP108(A)

SSDE VIEW LOCK ENO MEW

Puncture 2. 71.73(c)(3) TP108(B)

TEST SIVCCI 1 40 INCHES)

I DROP HRICHT

-PUNCTURE
/- LEm

,,ofD"P -UI

SIDC MEW LOCK END nWW

Puncture 3. 71.73(c)(3) TP108(C)

V EST SPEC1UETI IU.O NCICHES]

/-ROP PFARODEIH

SIDE MEW -LOCK E11D ME.



SENTlNlNEL l est ran iut
AEA Technology QSA June 2000
Burlington, Massachusetts Page 19 of 46

8.5 1.2m (4-foot) Free Drop Test (10 CFR 71.71(c)(7))

The Normal Transport Conditions Test is the 1.2m (4-foot) free drop test as
described in 10 CFR 71.71(c)(7).

The figures of section 8.5.2.1, 8.5.3.1, and 8.5.4.1 illustrate the orientations
for the test specimens.

8.5.1 1.2mi Free Drop Test Set-up

To set up a package for the 1.2m (4-foot) drop test:

1. Place each specimen on the drop surface and position it according to the
specimen-specific orientation shown in Figure 8.5.2.1, Figure 8.5.3.1, or
Figure 8.5.4.1

2. Raise the package so that the impact target is 1.2m (4 feet) 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.
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8.5.2 Specimen TP108(A) Orientation for the 1.2m Drop Test

Figure 8.5.2.1 shows the package orientation for Specimen TP108(A). The object of
the drop is to use the shell lip as leverage to drive the rear plate across the endplate to
shear the rear plate mounting screws. This drop is meant to stiffen the impact area to
reduce energy absorption during the 30-foot drop test.

I . TEST
SPECIMEN

-DROP PAD

1.2M (4 FEET)

SIDE VIEW LOCK END VIEW

Figure 8.5.2.1: Specimen TP108(A) Orientation for the 1.2m Drop Test
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8.5.3 Specimen TP108(B) Orientation for the 1.2m Drop Test

Figure 8.5.3.1 shows the package orientation for Specimen TP108(B). The
object of this drop is to test the integrity of the shield pins and to determine
the effect of the drop on the depleted uranium shield.

The specimen will be dropped with its axis parallel to the drop surface onto
the cylindrical shell with the transport label facing up.

TEST SPECIMEN

1.2M (4 FEET)

DROP HEIGHT

SIDE VIEW LOCK END VIEW

Figure 8.5.3.1: Specimen TP108(B) Orientation for the 1.2m Drop Test
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8.5.4 Specimen TP108(C) Orientation for the 1.2m Drop Test

Figure 8.5.4.1 shows the package orientation for Specimen TP108(C). The
object of this drop is to test the integrity of the U-brackets and to determine
the effect of the drop on the depleted uranium shield.

The specimen will be dropped with its axis parallel to the drop surface onto
the cylindrical shell with the transport label facing out to the side.

TEST SPECIMEN

1.2M (4 FEET)
DROP HEIGHT

/-DROP PAD

SIDE VIEW LOCK END VIEW

Figure 8.5.4.1: Specimen TP108(C) Orientation for the 1.2m Drop Test
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8.5.5 1.2m 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 Safety Series #6, and this test plan.

* Make a preliminary evaluation of the specimens relative to the
requirements of 10 CFR 71 and IAEA Safety Series #6.

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

* Evaluate the condition of each specimen to determine what changes, if
any, are necessary in package orientation in the 30-foot drop test to
achieve maximum damage.
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8.6 9m Free Drop Test (10 CFR 71.73(c)(1))

The first Hypothetical Accident Test is the 9m (30-foot) free drop test as
described in 10 CFR 7].73(c)(1).

The figures of section 8.6.2.1, 8.6.3.1, and 8.6.4.1 illustrate the orientations
for the test specimen.

8.6.1 9m Frree Drop Test Set-up

To set up a package for the 9m. (30-foot) drop test:

1. Measure and record the weight of each of the test specimens.

2. Place each specimen on the drop surface and position it according to the
specimen-specific orientation as shown in Figure 8.6.2.1, Figure 8.6.3.1,
or Figure 8.6.4.1.

3. Raise the package so that the impact target is 9m (30 feet) above the drop
surface. Ensure the center of gravity is over the impact point

4. Measure and record the ambient temperature.

5. Photograph the set-up.

6. Start the video recorder.

7. Drop the package.

8. Stop the video recorder.

9. Record the damage to the package and take a photographic record.
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8.6.2 Specimen TP108(A) Orientation for the 9m Drop Test

Figure 8.6.2.1 shows the package orientation for Specimen TP108(A). The
object of the drop is to use the shell lip as leverage to drive the rear plate across the
endplate to shear the rear plate mounting screws.

\LIZ

TEST
SPECIMEN

9M (30 FEET)

. DROP HEIGHT

PAD

SIDE VIEW LOCK END VIEW

Figure 8.6.2.1: Specimen TP108(A) Orientation for the 9m Drop Test
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8.6.3 Specimen TP108(B) Orientation for the 9m Drop Test

Figure 8.6.3.1 shows the package orientation for Specimen TPIO8(B). The
object of this drop is to test the integrity of the shield pins and to determine
the effect of the drop on the depleted uranium shield.

The specimen will be dropped with its axis parallel to the drop surface onto
the cylindrical shedl with the transport label facing up.

TEST SPECIMEN

9M (30 FEET)

DROP HEIGHT

DROP PAD

SIDE VIEW LOCK END VIEW

Figure 8.6.3.1: Specimen TP108(B) Orientation for the 9m Drop Test
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8.6.4 Specimen TP108(C) Orientation for the 9m Drop Test

Figure 8.6.4.1 shows the package orientation for Specimen TP108(C). The
object of this drop is to test the integrity of the U-brackets and to determine
the effect of the drop on the depleted uranium shield.

The specimen will be dropped with its axis parallel to the- drop surface onto
the cylindrical shell with the transport label facing out to the side.

TEST SPECIMEN

9M (30 FEET)
DROP HEIGHT

r-DROP PAD

-

LOCK END VIEWSIDE VIEW

Figure 8.6.4.1: Specimen TP108(C) Orientation for the 9m Drop Test
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8.6.5 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 CER 71, IAEA Safety Series #6, and this test plan.

* Make a preliminary evaluation of the specimens relative to the
requirements of 10 CFR 71 and IAEA Safety Series #6.

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

* Evaluate the condition of each specimen to determine what changes, if
any, are necessary in package orientation in the puncture test to achieve
maximum damage.
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8.7 Puncture Test (10 CFR 71.73(c)(3))

The package is dropped from a height of 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 figures: 8.7.2.1, 8.7.3.1, and 8.7.4.1 illustrate the orientations for each
puncture test.

The justification for each puncture orientation is the same 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.

8.7.1 Puncture Test Set-up

NOTE: 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-utp instructions specific to the specimen are
strictly followed.

To set up a package for the puncture test:

1. Measure and record the weight of the test specimen.

2. Measure and record the ambient temperature.

3. Position the test package according to the specimen-specific orientation
shown in figures 8.7.2.1, 8.7.3.1, or 8.7.4.1.

4. Raise the package so that the impact target is Im (40") between the
impact point on the package and the top of the puncture billet. Ensure the
center of gravity is over the impact point

5. Photograph the set-up.

6. Start the video recorder.

7. Drop the package.

8. Stop the video recorder.

9. Record the damage to the package and take a photographic record.
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8.7.2 Specimen TP108(A) Orientation for the Puncture Test

The objective of this drop orientation (Figure 8.7.2.1) is to continue the
damage inflicted on the specimen by the 9m-drop test.

rJ ID

TEST
SPECIMEN

PUNCTURE
BILLET

,-DROP PAD

1M (40 INCHES)
DROP HEIGHT

I

l'I ". . ..
I I'

SIDE VIEW LOCK END VIEW

Figure 8.7.2.1: Specimen TP108(A) Orientation for the Puncture Test
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8.7.3 Specimen TP108(B) Orientation for the Puncture Test

The objective of this drop orientation (Figure 8.7.3.1) is to continue the
damage inflicted on the specimen by the 9m-drop test.

SIDE VIEW LOCK END VIEW

Figure 8.7.3.1: Specimen TP108(B) Orientation for the Puncture Test
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8.7.4 Specimen TP108(C) Orientation for the Puncture Test

The objective of this drop orientation (Figure 8.7.4.1) is to continue the
damage inflicted on the specimen by the 9m-drop test.

I

I
1 M (40 INCHES)

DROP HEIGHT

mn M
II I I

. I I

SIDE VIEW LOCK END VIEW

Figure 8.7.4.1: Specimen TP108(C) Orientation for the Puncture Test
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8.7.5 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, LAEA Safety Series #6, and this test plan.

* Make a preliminary evaluation of each specimen relative to the
requirements of 10 CFR 71 and IAEA Safety Series #6.

* Justify and describe the orientation for the "With Jacket" test specimen
test sequence.
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8.8 "With Jacket" Test Sequence

Repeat the 4-foot, 30-foot, and puncture drop test sequence on the "with
jacket" test specimen per the orientation determined in section 8.7.5.
Document and justify the selected orientation.
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8.9 Test Inspection

Perform the test inspection after the puncture tests.

1. Measure and record the damage to each of the test specimens. Measure
and record the package for signs of any permanent strain.

2. Measure and record the location of the source from the front plate using
the source location tool.

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 AEA Technology QSA Work Instruction WI-Q09.

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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8.10 Thermal Test (10 CFR 71.73(c)(4))

The thermal test shall be evaluated using either a finite element thermal
analysis or a physical test. Either shall be performed to the requirements of
10 CFR 71.73 (c)(4).

The thermal test specimen orientation will be determined on an assessment
performed after the puncture test. The documented justification must
consider the worst case position for the specimen due to the damage inflicted
from the previous tests.

If a-finite element analysis is to-be performed, no further actions are required
under this section and proceed to section 8.11.

If a physical test is to be performed, complete section 8 of this test plan. The
test environment will be a vented oven operating above 8000C. There will
sufficient airflow to allow combustion. Air will be allowed to enter the oven
through the door opening. The temperature of the package's exterior surface
closest to the air entry point will be monitored throughout the test to ensure
that the package remains above 800'C.

If the specimen is burning when it is removed, the unit is allowed to
extinguish by itself and then cool naturally. The final evaluation of the
package shall be performed when the specimen reaches ambient temperature.

8.10.1 Physical Thermal Test Set-up

To set up a package for the therial tesf:

I Heat the oven above 800'C.

2 Attach thermocouples to the package's external surface.

3 Place the package in the oven and close the door.

4 When all thermocouples indicate 800'C, start the 30-rninute timer.

5 Measure and record the oven and test specimen temperatures.

6 Monitor the specimen and oven temperature throughout the 30-minute
test period to ensure that all temperatures remain above 800'C.

7 At the end of 30-minutes, remove the specimen from the oven.

8 Allow the specimen to self-extinguish and cool.

9 Photograph and weigh the test specimen.
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8.10.2 Thermal 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, LAEA Safety Series #6, and this test plan.

* Make a preliminary evaluation of each specimen relative to the
requirements of 10 CFR 71 and IAEA Safety Series #6.
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8.11 Final Test Inspection

Perform the following inspection after the thermal test.

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

2. Measure and record the location of the source from the front plate using
the source location tool.

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 thermal test.

5. Measure and record a radiation profile of each test specimen in
accordance with ABA Technology QSA Work Instruction WI-Q09.

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 dismantle either of the test
specimens for inspection of hidden component damage or failure.

8. If the decision is taken to proceed with the inspection, record and
photograph the process of removing any component.

9. Measure and record any damage or failure found in the process of
dismantling the test specimens.

Engineering, Regulatory Affairs, and Quality Assurance team members
will make a final assessment of each test specimen and jointly determine
whether the specimens meet the requirements of 10 CFR 71 and IAEA Safety
Series #6.
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8.12 Test Specimen Storage

Place the test specimens in an appropriate container and store the container
in the "low level" waste room. Dispose the test specimens only when the
governing regulatory body provides written authorization to do so.
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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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Drop & Puncture Test Equipment List

Test:

-- Description . Enter the Model and At ach Inspection'
' Mark NA .hen not uhed. ' .- Serial i r.;: ,.Repo or;!:"

'-E,': : :': ..... - .*- .: -:. .:..' Calibration.
.. _ .

- -, - ertificate:
Test Specimen, Drawing No.

Drop Surface, Drawing No.

* Puncture Billet, Drawing No.

Record 'anyadditi6nal toolsused. tofacilitate :the 'test and 'attach t e ppropriateuiispection report or
ca ibration certificafes. . - :; ' - . .- .

Sig'ature - i a Date

Completed by:

Verified by:
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Drop & Puncture Test Checklist

Test:

Test Location:

tep . . Data, . Measuring.

I. Record test specimen serial number:

2. Record the test specimen weight:

3. Record the ambient temperature (0C):

4. Record set-up orientation figure:

5. Verify set-up orientation and drop height.

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

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

8. Release the test specimen.

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

10. Record the damage to the test specimen on a separate sheet and attach.

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

.T.~ .PinU 'ie.Test witnessed by.:(Signatur'e) '-.'.' .: --. ;... . iP~rint Name .:':''!:;Datei- '.-

Engineering:

Regulatory Affairs:

Quality Assurance:
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Drop & Puncture Test Data Sheet

Test Unit Model/Serial No.: |Test:l

Test Date: Test Time:

Describe drop orientation and drop height:

Describe impact (location, rotation, etc.):

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

On-site test assessment:

Engineering: Regulatory: QA:
Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of radiography:

Completed by: Date:
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Thermal Test Equipment List

Test:

: .ar N: -Enter.the:Model and: Attacl Inspection

-rAwhentued :.;Serial Number Report or -

erliiration

Test Specimen, Drawing No.

Thermometer

Record any additional tools used to facilitate the test and attach the appropriatc inspection report or

calibration ccrtificates. ;

_D .

.Signature - - rin-; tf -a- - ; D ate

Completed by:

Verified by:
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Thermal Test Checklist

Test:

Test Location:

Step >. Dat - easuring instrument

1. Record test specimen serial number:

2. Record the start time:

3. Record the oven temperature( 0 C):

4. Record the test specimen temperature (0 C):

5. Monitor oven and test specimen temperature.

6. Record stop time:

7. Record the oven temperature(0 C):

8. Record the test specimen temperature (0C):

9. Remb~ve test specimen, let it self extinguish and cool.

10. Record the damage to the test specimen on a separate sheet and attach.

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

F Tst itnsse by(Signature) ~ii aeDt

Engineering:

Regulatory Affairs:

Quality Assurance:
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Thermal Test Data Sheet

Test Unit Model/Serial No.: |Test:

Test Date: Test Time:

Describe orientation:

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

On-site test assessment:

Engineering: Regulatory: QA:

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of radiography:

Completed by: I Date:
Completed by: I Date:
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Test Report #108

Model 880 Type (B) Transport Package Test Results
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Section 1 Introduction

This document describes the results of the package design tests conducted in accordance with
Test Plan #108..

The tests described under test plan #108 subjects the Model 880 Projector to the hypothetical
accident test requirements for Type B(U)-85 packages as described in the Code of Federal
Regulations, 10 CFR Part 71, revised as of March 31, 1999 and the IAEA Regulations for the
Safe Transport -of Radioactive Material, Safety Series No.6 1985 Edition (As Amended
1990).

This report will show the Model-880 transport package satisfies the test requirements as
described in test plan #108 and therefore meets the hypothetical accident test requirements
for type B(U)-85 transport packages. Additionally, the plastic jacket does not adversely affect
the results of these tests.
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SOURCE LOCK DEMAIL

FIGURE 1. MODEL 880 PROJECTOR TRANSPORT PACKAGE.

SECTION B-E

FIGURE 2. MODEL 880 PROJECTOR WITH JACKET.



SENTINEL
AEA Technology QSA
Burlington, Massachusetts

Test Report 108
August 2000

Page 5 of 16

Section 2 Construction and Acceptance of Test Specimens
.. . I . _ - . - ~ - - - 1 . 1 . . . . -

A total of seven Model-880 transport package test specimens were manufactured in
accordance with the ABA Technology QSA Quality Assurance Program. One of the seven,
TP108(A), was not, accepted due to borderline initial. surface measurements .taken during
radiation profile inspection. The remainder of the six were constructed per drawing B88015
revision A. One of the six, TP108(G), was identified as the "With Jacket" test specimen and
further assembled to meet the requirements of drawing B88000 revision A.

Since the test plan describes orientations for specifically identified test specimens and test
specimen TP108(A) was not used, the drop test orientation for each specimen was shifted.
TP108(B) took the place of TP108(A), TP108(C) for TP108(B), and so on.

Table 2.1. Test specimen data.

Test- El' -a-kie initia-l -- iinu -i Ma xinim ''ŽL est.-
Specinmen -'Weight. i Initial Surface i Iitial 1 :Qricntation-

Locati on.' Measurnints; -M atu e nts: --i pac6t:
TP108(A) Not used - Borderline initial surface measurements.
TP108(B) 44.2 lbs. 647/64 in. 178 mR/hr 1.2 mR/hr Lock cover
TPIO8(C) 44.3 lbs. 647/64 in. 178 mR/hr 0.9 mR/hr Shell bottom
TP108(D) 44.4 lbs. 6-48/64 in. 160 mR/hr 1.1 mRlhr Shell left side
TP108(E) 44.4 lbs. 646/64 in. 193 mR/hr 0.7 mR/hr Not used
TP108(F) 44.1 lbs. 647/64 in. 192 mR/hr 1.0 mR/hr Not used
TP108(G) 48.8 lbs. 6-48/64 in. 176 mR/hr 1.4 mR/hr Lock cover
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Section 3 Test Objectives and Orientations

3.1 Test objectives
The objective in each of the tests was to target specific areas of the package that
could cause displacement of the source from its stored position within the depleted
uranium shield and/or affect the integrity of the shield itself.

The modes of failure under the test conditions that could achieve the test objectives
and lead to elevated dose rates include the following:

* Fracture or penetration of the shield and shell weldment.

* Displacement-of the shield within the shell weldment and distortion or fracture of
the source.

* Failure of the source lock assembly and/or rear plate security screws.

3.2 Package Drop Orientations
Test plan #108 identified three basic drop orientations to target three specific areas on
the package. One test specimen was used for each orientation in the entire drop test
sequence: 4-foot, 30-foot, and puncture, unless otherwise assessed.

The first orientation was an attack on the lock mechanism and its attachment screws
by impacting on the lock cover in conjunction with the shell weldment. The object
was to use the shell lip as leverage to drive the rear plate across the endplate and
shear the rear plate security screws. Test specimen TP108(B) was used for this
orientation.

The next orientation attacks the shield and its attachment to the shell weldment by
impacting on the bottom surface of the shell weldment. This orientation has two
objectives; (1) Fracture the shield by hitting the shield at a point where it is closest to
the outer surface. (2) Break the shield attachment pin by forcing the shield through it
as the shield is driven back up into the shell or pivots around the center of gravity
upon impact. Test specimen TP108(C) was used for this orientation.

The last orientation is similar to the one above. It also attempts to fracture the shield
by hitting it at a point in close proximity to the exterior surface. It also could cause
failure at the shield and shell connection point by forcing the shield through the
attachment pin as the shield or shell translates or rotates in relation to one another.
Test specimen TP108(D) was used for this orientation.

The "with jacket" orientation is similar to the first orientation. The first orientation
was considered the worst orientation for the package based on the damage recorded
on test specimen TP108(B). The justification and description for the orientation is
recorded on each of the drop test checklists for the "with jacket" test specimen. The
"with jacket" test specimen was TPl08(G).
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Section 4 Drop Test Data

The drop tests were conducted at Valley Tree in Groveland, Mass., on July 21, 2000. All test
specimens were tested as planned per Test plan -# 08 and hit their intended target impact
points.

Table 4.1 Test data summarm.
t e. l act aage Obr t est Site

TP1O8(B) 4-foot free 44.2 lbs. Lock cover & - Shell bottom rear lip bent.
drop _____ shell lip

30-foot 44.4 lbs. Lock cover & * One rear plate security screw
free drop ... shell lip broken.

Rear plate puckered.
- Shell lip bent further.

Puncture 44.4 lbs. Lock cover - Lock coverdented.-
drop #1shellli

Puncture NA Lock cover * Lock cover dented.
drop #2 J

TP108(C) 4-foot free 44.3 lbs. Shell bottom - Shell bottom flattened.
drop surface * Shell rear lip bent in.

30-foot 44.4 lbs. Shell bottom - Shell bottom flattened
free drop surface further.

* Shell rear top bent.
- Front endplate bent near

--- bottom.
* Outlet port binds.

Puncture 44.4 lbs. Shell bottom * None observed.
drop surface

TP1O8(D) 4-foot free 44.4 lbs. Shell left side * Shell left side flattened.
drop

30-foot 44.3 lbs. Shell left side * Shell left side flattened
free drop further.
Puncture 44.3 ]bs. Shell left side * None observed.

drop

TP108(G) 4-foot free 48.8 lbs. Lock cover a Lock cover dented.
(with drop

jacket) 30-foot 48.8 lbs. Lick cover & * Shell rear side lip bent.
free drop shell side lip * Lock mount dented.

* Two jacket rivets broken.
a Label rivets missing.

Puncture 48.8 lbs. Lock cover * None observed.
drop I I
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Section 5 Test Inspection Results

The tables below summarize the inspection results after the drop test sequence. A physical
thermal test was not conducted, but instead evaluated by analysis. Since the condition of the
test specimens does not change, a final test inspection is not needed.

Table 5.1. Dama e Measurements.
.a s.. ... ..

TP108(B) e Shell at rear end is bent in toward lock by about 1 inch at bottom.
e Shell at front end has two spot dimples about 3/16 inch deep.

Rear plate is puckered in at selector ring about 1/16 inch.
Rear plate security screw at top right is broken.
Rear plate security screw at top left & bottom right is bent.
Rear plate security screw at bottom left slightly is bent.

0 Lock cover is dented 3/16 inch at three spots.
TP108(C) o Shell bottom is depressed about 3116 inch.

* Shell top has two spot dimples about 3/16 deep.
* Front plate knob pin is bent about 3/16 inch.

TP108(D) - Shell left side is depressed about 1/8 to 1 inch.
* Shell right side at rear end is bent about 3/16 inch.

TP108(G) - Shell left side at rear end is bent about 5/8 inch.
- Shell left side at front end is bent about 3/16 inch.
* Rear plate security screw at top right is slightly bent.
- Jacket rivets on left side are broken.
* Lock cover is dented about 3/16 inch.
- Lock cover pin at bottom is loose and can be removed.
- Label rivets missing.

Table 5.2. Radio aph Inspection.
Teteimen;-;BS { ag a ;A

TP1O8(B) a Rear plate tube feature is slightly bent but intact.
a Three rear plate security screws are slightly bent but intact.
v One rear plate security screw broken end reiamii -i h ili vnut.

TP1OS(C) o Shield contacts the shell at the impact surface.

TP108(D) a U-shaped bracket is bent on the left side about 1/8 inch.

TP108(G) v No apparent internal damage.
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Table 5.3. Source Location Measurements.
...T. est.S ddii .~Before Test Meirerieiti; .Af ter Test Measurement . Difference..

TP108(B) 6-47/64 in. 6-45/64 in. 1/32 in.
TP108(C) 6-47/64 in. 6-47/64 in. 0 in.
TP108(D) 648/64 in. 6-48/64 in. 0 in.
TP108(G) 6-48/64 in. 6-46/64 in. 1/32 in.

Table 5.4. Simulated Source Condition Assessment.
T in'0( N indication:" of d:'g

TP108(B) No indication of damage
TP108(C) No indication of damage
TP108(D) No indication of damage
TP108(G) No indication of damage

Table 5.5. Maximum Radiation Measurements at Surface.
Test tSIciine IXfoet'.1 Maasuirefeit't X~r'e~' ..

TP108(B) 178 mR/hr 180 mR/hr 1.1
TP108(C) 178 mR/hr 180 mR/hr 1.1
TP108(D) 160 mRhr -150 mR/br - -6.3
TP108(G) 176 mR/hr 150 mR/hr -14.8

Table 5.6. Maximum Radiation Measurements at One Meter from Surface.
, A-' s- pecimeniemeneasuremenng

TP108(B) 1.2 mR/hr 1.1 mR/hr -8.3
TP108(C) 0.9 mR/hr 0.8 mR/hr -11.1
TP108(D) 1.1 ImR/hr 0.8 mR/hr -27.3
TP108(G) 1.4 mR/hr 0.9 mR/hr -35.7
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Section 6 Drop Test Results

The damage measurements and radiograph inspections, tables 5.1 and 5.2, respectively show
no fracture or penetration of the shield or shell weldment, displacement of the shield within
the projector or distortion or fracture of the source.

Table 5.1 does reveal one broken and three bent rear plate security screws on test specimen
TP1O8(B). However, the rear plate and lock assembly with source remained firmly attached
to the shell weldment and in the shielded position. The bent screws held even after a repeated
puncture drop on the same impact point and in the same direction as the 4-foot & 30-foot
drops. The "with jacket" specimen, TP108(G), was dropped in a similar orientation as
specimen TP108(B), except an adjustment was made to miss hitting the jacket at the bottom
rear edge. The damage indicates similar results, although less in magnitude. The rear plate
security screws are bent but none are broken on TP108(G).

Radiograph examination of the specimens, from table 5.2, indicates no damage to the shield
or its attachment structure. Test specimen TP108(D) showed some minor bending of the U-
shaped bracket in .the direction in which it was dropped. The shield remains securely fastened
to the welded shell for all test specimens.

The source location, see table 5.3, for each of the two specimens, TP108(B) & TP108(G),
indicates similar displacement of the source about 1/32 inch towards the front end. This
appears to be the result of the lock cover being forced into the rear plate upon impact. The
maximum radiation measurements given in tables 5.5 and 5.6 show this displacement does
not affect radiation levels at the surface or at one meter from the surface of the package.

Test specimen TP108(G) was measured for radiation levels without the jacket before the
tests and with the jacket after the test. This would explain the lower readings and high
percent change for this specimen.

The radiation levels at the surface and at one meter did not change significantly; in fact, they
changed very little, if at all. The average 1 mR/hr maximum "after test" reading is well below
the one R/hr limit for all specimens.

Table 5.4 shows that there was no affect on the simulated source condition for any of the
specimen after the test.
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Section 7 Thermal Analysis

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.

Condition of Test Specimens

* The internal support structure for the shield is intact and fully functional. The internal
support structure consists of the shield, shell weldment, shield pins, U-shaped brackets,
and endplates with rivnuts.

* There are no holes or tears in the shell weldment to allow air to circulate through the
package.

* The source assembly is intact, undamaged and secure in the shielded position. The source
assembly consists of the source capsule, flexible wire, stop ball and source connector.

* The rear plate assembly continues to securely attach the source assembly to the package
in the shielded position. The securing components of the rear plate assembly consists of
the rear plate, lock slide, sleeve, selector ring, selector ring retainer, four #10 machine
screws, and four 5/16-18 security screws.

Material Properties at Elevated Temperatures

* The melting temperature for all materials of the internal support structure, rear plate
assembly and source assembly is above the thermal test temperature of 800'C.

* The thermal expansion for all materials of the internal support structure is less than the
design clearance allowed for assembly.

* The stainless steel and titanium components of the internal support 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 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.
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Section 8 Conclusion

The test specimens were tested in accordance with test plan #108 and therefore as required in
10 CFR Part 71 and IAEA Safety Series No. 6 for type B(U)-85 transport packages.

The Model-880 transport package satisfies the test requirements of test plan #108. The
Model-880 with jacket does 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.
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APPENDIX D

TEST PHOTOGRAPHS
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Test Specimen (B)

Figure 1: Four Foot Drop of Specimen (B)

I

Figure 2: Thirty Foot Dtrop of Specimen (B)



Figure 3: Puncture Test of Specimen (B)



Test Specimen (C)
(

Figure 1: Four Foot Drop of Specimen (C)

Figure 2: Thirty Foot Drop of Specimen (C)



Figure 3: Puncture Test of Specimen (C)



Test Specimen (D)

V

Figure 1: Four Foot Drop of Specimen (D)

Figure 2: Thirty Foot Drop of Specimen (D)



Figure 3: Puncture Test of Specimen (D)



Test Specimen (G)

Figure 1: Four Foot Drop of Specimen (G)

Figure 2: Thirty Foot Drop of Specimen (G)



Figure 3: Puncture Test of Specimen (G)
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Test Plan No. 115

Section 1 Introduction

This test plan is intended to qualify the Model 880 Radiographic Projector to the
performance requirements of ISO 3999-1:2000(E), "Radiographic protection - Apparatus
for industrial gamma radiography - Part 1: Specifications for performance, design, and
tests".

The ISO 3999-1:2000(E) tests covered under this plan are the following with their
respective ISO 3999-1:2000(E) sections listed in parenthesis:

* Projection Test (6.2)
* Tensile Test for Source Assemblies (6.5)
* Shield Efficiency Test (6.4.1)
* Endurance Test (6.2)
* Horizontal Shock Test (6.4.6.1)
* Vertical Shock Test (6.4.6.2)
* Tensile Test for Guide Tubes (6.7.4)
* Tensile Test for Drive Cable Assembly (6.6.3)
* Kinking Test for Guide Tubes (6.7.3)
* Kinking Test for Drive Cable Assembly (6.6.2)
* Crushing and Bending Tests (6.6.1 & 6.7.2)
* Lock Breaking Test (6.4.2)
* Wrench Test (6.4.3)

This plan outlines the test procedure, describes the test specimen construction, identifies
the test equipment, and provides worksheets for test data recording.

The vibration resistance test was evaluated and deemed unnecessary. The only parts that
could come loose from vibration are the tamper-proof screws. However, tamper-proof
screws have been used on similar devices over the past 25 years and field use of the
screws has shown that the screws have never loosened as a result of vibration.

The accidental drop test was previously accomplished under Test Plan 104 in which the
device was dropped from a height of 30 feet. After this drop, the dummy source
remained secured in its fully shielded position within the source tube, attached to the
source wire and was undamaged.

The design of the Model 880 Radiography Projector ensures that the device will operate
continually under normal conditions. The Model 880 was designed ruggedly with non-
corrosive materials, such as stainless steel, to prevent any harmful rusting or corrosion.
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Only the Model 880-150 Ci device will be used to demonstrate compliance with ISO
3999-1:2000(E) performance tests. The Model 880-50 Ci device, by default, will
perform the same or better than the Model 880-150 Ci device due to its lower weight and
identical structural construction.

The test sequence to be used for the testing is listed in Section 6.



Test Plan 1 15
AEA Technology QSA Feb. 2001
Burlington, Massachusetts Page 5

Section 2 Gamma Radiography Projector Description

The Model 880 projector, shown in Figure 2.1, is a portable (Class P), externally
projecting source (Category II) device. The device consists of four major
assemblies; the body assembly, the rear plate assembly, the front plate assembly,
and the jacket assembly. A source assembly is also used and stored with the
device.

I _
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REAR PLATE
ASSEMBLY

FRONT PLATE
ASSEMBLY

FIGURE 2.1: MODEL 880 PROJECTOR.
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Section 3 Discussion on System Failure Modes of Interest

The tests in this test plan subject the test specimen to conditions likely to occur during
use. The exposure device and integral safety features shall remain operational after the
test and shall experience no loss of shielding efficiency.

A projection test is to be performed to determine the resistance to projection before and
after the sequence of operational tests. The maximum force applied to the control handle
must not increase by 25% after performing the operational tests. The projection test will
be performed before and after the entire sequence of tests instead of each single test.
Conducting the test in this manner will give a more conservative test result rather than
smaller incremental increases in force from each single test. The test will be set up per
Figure 6 in the ISO 3999-1:2000 standards. However, because of limited space, the cable
paths used will have added difficulty and will actually be a more tortuous path than the
one shown in the figure. The adjustment of this setup will only make the test more
difficult and so will not make the test easier to pass. The operational tests include the
endurance test, the shielding efficiency test, the horizontal and vertical shock tests, the
tensile tests, the kinking tests, and the crushing and bending tests. A failure of the
projection test would show an increase of over 125% of the force required to move the
source assembly before the test to the force required after the test. A failure would
indicate that a part of the exposure device, drive cable, drive cable housing, guide tube, or
source assembly was damaged and is restricting movement of the source assembly or
drive cable. This could result in an active source getting hung up in an unsecured
location.

The source assembly tensile test is also to be performed before and after the sequence of
operational tests. The purpose of the test is to ensure that the operational tests do not
have any negative effects on the source wire assembly. The same dummy source
assembly will be used with all of the operational tests requiring a source assembly except
for the shielding efficiency test which requires an active source assembly. If there is
enough wear on the swaged features of the assembly, the connections could fail when
pulled.

The shielding efficiency test measures the performance of the shield when loaded with a
maximum rated activity of 150 curies of Iridium-192. The shield efficiency test was
completed on the test device after manufacture on November 10, 2000 and will not be
completed again for this test. The results from this test will be included in the final test
report at the conclusion of the tests in this test plan. The completion of the shielding
efficiency test before the initial projection test and initial tensile test for source
assemblies as shown in the test procedure in Section 6 of this test plan will not effect the
testing in a negative manner. Performance of the shielding efficiency test does not have
any effect on restricting the movement of a source assembly that is measured in the
projection test. Also, the dummy source that is to be tested in the tensile test for source
assemblies is not the same source assembly that would be used with the shield efficiency
test because the shield efficiency test requires an active source. The source used with this
test may not be the maximum rated source (150 Ci of Ir-192) that the device can handle
but a correction factor will be used to determine the actual maximum dose rates if this is
the case. The possible failure mode for this test would be high radiation levels over the
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exposure limits for a class P exposure device. Radiation levels over the limits may be the
result of a number of factors. The following are possible factors:

1. Wrong source position within the shield tube.
2. Poor shield design or translation of the design to the manufacturing process.
3. Changes in distance of the container's exterior surface relative to the source

position.

The endurance test demonstrates that the radiographic system will remain operational
after 50,000 cycles. This test will use the same setup as the Projection Test. A failure
could cause the source tube to wear resulting in depleted uranium contamination. Also,
wear on the front and rear plate mechanisms may prevent the source wire assembly from
becoming completely secure in the fully shielded position.

The horizontal shock test demonstrates the ability of the test specimen to withstand swing
type impacts occurring during normal use. Three areas of the device that could cause the
greatest effect on radiological safety if impacted were chosen for this. The areas include
the front cover, the lock, and the rear cover test (see figures I 1. 1, 1 1.2, and 1 1.3).
Possible failure would involve the inability to operate the front or rear plate mechanisms.
Hitting the small protruding features on each end could cause deformation to the
assembly mounting plates or shell encdplates that may produce binding in the rotating
parts of the mechanisms.

The vertical shock test demonstrates the ability of the test specimen to withstand many
short drops expected during normal use. There are two normal carrying positions for this
device; one with the jacket and the other without the jacket. Although the jacket would
add a small amount of weight to the device, the jacket would also absorb some of the
impact. This test will be performed without the jacket to prevent any impact absorption
and give a more conservative test assessment. Possible failure could occur at the shield
support structure, specifically at the pinned connection. If the connection were to fail,
misalignment of the source tube could prevent the source wire from moving. Also,
damage to the jacket could result in not being able to use the handle to carry the device.

The purpose of the tensile tests on the controls and guide tubes is to demonstrate that the
they are able to withstand tensile stresses that may occur during normal use. The
connections could fail if there is enough wear on the swaged features. Also, a failure
could indicate that the design or manufacture of the controls or guide tubes is faulty.

The kinking tests on the control cable assembly and guide tubes are done to show that the
sheaths are able to withstand the conditions they may likely encounter during use. After
performing the kinking tests, the control cable assembly and guide tubes should remain
operable without any loss of integrity. Also, a failure could indicate that the design or
manufacture of the controls or guide tubes is faulty.

The crushing and bending tests are performed to demonstrate that the control cable
assembly and guide tubes remain operational after being stepped on by the heel of a shoe.
A mechanical device is used to simulate the crushing effect on the tubes from a shoe.
After performing the crushing and bending test, the control cable assembly and guide
tubes should remain operational without any loss to integrity.

The lock breaking test is performed to check the durability of the lock on the exposure
device. A force of 400 N (90 Ibs) is gradually applied to the lock and held for several
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seconds before being released. The force will be applied to where the key is inserted
because this is the most exposed part of the lock and could become jammed or damaged
by a force. The force is applied and released in this way eleven consecutive times at each
position. A failure would occur if the exposure container could be opened without
unlocking the device. A failure of the lock could develop into having an active source
exposed without the operator's knowledge.

The wrench test is used to demonstrate that the handle of the exposure device is able to
withstand forces that may be encountered during use. A static load of 25 times the
weight of the device is placed at the most fragile part of the handle. A failure would be
indicated by the handle becoming unattached from the device or becoming unstable. A
failure could result in not being able to use the handle to carry the device or possibly an
accidental drop.
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Section 4 Construction and Condition of Test Specimens

All radiography system components listed in the table below and used in this test plan are
manufactured in accordance with the AEA Technology QSA, Inc. Quality Assurance
Program.

The Model 880, 150-Curie assembly, part number B88000 will be the device used in all
tests requiring the use of a test projection device.

A Model 424-9 dummy source assembly will be loaded into the test specimen for all tests
except the shield efficiency test and accidental drop test. An active Model 424-9 source
assembly, part number A42409, with at least 75% of the maximum rated capacity
(minimum of 112.5 curies of Iridium-1 92) shall be loaded into the test specimen for the
shield efficiency test.

The radiography system consisting of the components in the table below will be used for
the endurance test. The same Model 424-9 dummy source assembly used in the
endurance test will be used in the tensile test.

Tabl of Mo 880RadiographyIS os
+ * s- = ll ..t ~e . ^ .-.. s ..- ro nen

Part number- .w Part Nae =t - - Quantit
ai - . s, '--.!8 - I;F

B88000 Rev.A MODEL 880 150 Ci MAX ASSEMBLY 1
A42409XL Rev.A MODEL 424-9 DUMMY SOURCE ASSEMBLY

A42409 Rev.E MODEL 424-9 SOURCE ASSEMBLY
BTAN69250 PISTOL GRIP CONTROL SYSTEM, 50 FOOT

B48930-7 Rev.A SOURCE GUIDE TUBE ASSEMBLY, 7 FOOT
B48907-7 Rev.T SOURCE GUIDE TUBE ASSEMBLY, 7 FOOT 4
B48906-7 Rev.Q SOURCE GUIDE TUBE ASSEMBLY, 7 FOOT.

* Note: Either one of the Model 424-9 source assemblies, Dummy (XL) or
Active may be used in the system, but not simultaneously.
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Section 5 Material and Equipment List

The worksheets in section 24 identify the equipment and procedure required for the tests.
Additional materials and equipment used to facilitate the tests will be listed as needed.
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Section 6 Test Procedures

The testing shall follow the sequence below.

Device 1: Model 880. 150 Ci Assembly

1. Initial Projection Test
2. Initial Tensile Test for Source Assemblies
3. Shield Efficiency Test (See Section 3)
4. Endurance Test
5. Horizontal Shock Test
6. Vertical Shock Test
7. Tensile Test for Guide Tubes
8. Tensile Test for Control Cable Assembly
9. Kinking Test for Guide Tubes
10. Kinking Test for Control Cable Assembly
11. Crushing and Bending Tests for Control Cable Assembly and Guide Tubes
12. Final Tensile Test for Source Assemblies
13. Final Projection Test (See Section 3)
14. Lock Breaking Test
15. Wrench Test
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Section 7 Testing Safety and Waste Disposal

Testing Safety

The shield efficiency test uses active radioactive material and the test specimen
contains depleted uranium (low level radioactive material). Handling radioactive
material shall be done with caution and only by qualified personnel.

The weight of the test specimen is approximately 50 pounds. Proper lifting
techniques shall be used to prevent injury.

Some tests of this plan may result in heavy falling objects and flying debris.
Safety glasses and a safe distance must be used.

The possibility of depleted uranium contamination could be present during and
after the tests. Qualified personnel shall ensure all applicable surfaces are free of
contamination.

Waste Disposal

The test specimen shall be stored in the low-level waste room until authorization
by the regulatory department is given to properly dispose.
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Section 8 Initial Projection Test

Requirements
The Projection Test demonstrates that the torque required at the controls to move
the source assembly from the secured position to the working position and back
to the secured position after certain tests remains within 125% of the torque
before the tests. The minimum movement rate for projecting and retracting the
source assembly shall be a constant 0.75 m/s (2.5 ft/s) of linear movement until
the source stops after each cycle.

Equipment
1. The test projection device equipped with the largest diameter and greatest

length dummy source assembly recommended for the device.
2. The largest recommended guide tube and controls (42 ft. guide tube and 50

ft. control cable) connected to the projection device set up in accordance with
Figure 6 of the ISO 3999-1:2000 standards (see Section 3).

3. Motor and Controller with torque readout.
4. Cycle counter.
5. Pneumatic actuator for lock slide actuation.
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Section 9 Initial Tensile Test for Source Assemblies

Requirements
The tensile tests demonstrate that the source assembly maintains its integrity after
experiencing tensile loads that may be encountered during normal use. The
Tensile Test for Source Assemblies is performed before and after the sequence of
operational tests. The source assembly should remain operable and maintain its
integrity.

Equipment
1. Dummy source assembly. (See Section 3)
2. Force gage for measuring the forces required from Section 6.5 of the ISO

3999-1:2000 standard.
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Section 10 Endurance Test

Requirements
The Endurance Test demonstrates the gamma radiography system remains
operational after 50,000 cycles of the source assembly moving from secure to
working positions and back. This test is done to check the resistance due to
fatigue and wear of the different components and accessories of the device during
normal operation. The automatic securing mechanism and the lock should
remain operational and effective.

Equipment
The equipment used for this test is equivalent to the equipment used in the initial
projection test (see Section 8).
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Section 11 Horizontal Shock Test

Requiremcnts
The horizontal shock test demonstrates that the exposure device will withstand
the horizontal impacts the device may encounter (see Section 3).

The exposure device and integral safety features shall remain operational after
the test and the device shall experience no loss of shielding efficiency.

Equipment
1. The test projection device equipped with a dummy source assembly secured

and locked in its most shielded position with all covers.
2. A target consisting of a steel bar with a flat vertical face 50 mm (1.97 in.)

diameter by 300 mm (I 1.81 in.) long. The bar shall lie horizontally and be
fixed or welded to a rigid mass at least 10 times the mass of the exposure
device (500 Ibs).

3. Suspension equipment for the test projection device that does not cause
undesirable rotation around a vertical axis when suspended before being
exposed to the shock.

Figure I 1.1 Setup for lock cover area.
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I Figure 11.2 Setip for lock mount area.

Figure 11.3 Setup for front knob area.
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Section 12 Vertical Shock Test

Requirement
The vertical shock test demonstrates that the exposure device will withstand the
vertical impacts the device may encounter. This test will be performed without
the jacket as shown in Figure 12.1 (see Section 3).

The exposure device and integral safety features shall remain operational after
the test and shall experience no loss of shielding efficiency.

Equipment
1. The test projection device equipped with a dummy source assembly secured

and locked in its most shielded position with all covers but without the
jacket.

2. A rigid target consisting of a flat horizontal surface of steel, concrete or solid
timber having a mass at least 10 times the test specimen (500 lbs.). The
surface shall be covered with a sheet of 7 or 9 ply (25mm thick) fir plywood
or equivalent.

1 __

Figure 12.1
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Section 13 Tensile Test for Guide Tubes

Requirements
The Tensile Tests demonstrate that the guide tube housing maintains its integrity
after experiencing tensile loads that may be encountered during use as shown in
Section 6.74 of the ISO 3999-1:2000 standard. The guide tube should remain
completely operable without any damage that may restrict travel of the source
assembly.

Equipment
1. The test projection device equipped with the dummy source assembly.
2. Test apparatus T10281 used to secure the guide tube.
3. A force or pressure gage for measuring the required loads.
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Section 14 Tensile Test for Control Cable Assembly

Req uirements
The Tensile Tests demonstrate that the control cable assembly maintains its
integrity after experiencing tensile loads that may be encountered during use as
shown in Section 6.74 of the ISO 3999-1:2000 standard. The control cable
assembly will remain operational after the tests.

Equipment
1. The test projection device equipped with the dummy source assembly.
2. The test control cable assembly.
3. A force or pressure gage for measuring the required loads.
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Section 15 Kinking Test for Guide Tube

Requirements
The kinking test demonstrates that the guide tube will withstand conditions that
may be encountered during use as shown in Section 6.73 of the ISO 3999-1:2000
standard. The guide tube shall remain operational after the test without any
damage that may restrict the travel of the source assembly.

Equipment
1. The test guide tube.
2. A flat test surface equipped with horizontal guides separated by less than or

equal to 5 times the diameter of the guide tube.
3. A dynamometer.
4. A tape measure.
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Section 16 Kinking Test for Drive Cable Assembly

Requirements
The kinking test demonstrates that the drive cable housing will withstand
conditions that may be encountered during use as shown in Section 6.62 of the
ISO 3999-1:2000 standard. The drive cable housing shall remain operational
without any loss to structural integrity after the test.

Equipment
1. The test drive cable assembly.
2. A stop watch.
3. A tape measure.
4. A flat test surface.

THIS END SECURED

1000 mm

Figure 16.1
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Section 17 Crushing and Bending Test

Requirements
The Cnshing and Bending l'est demonstrates that the drive cable and the guide
tubes remain operational after being impacted by the heel of a shoe. The control
cable assembly should remain operable without any loss to structural integrity.

Equipment
I. Test guide tube and control cable.
2. Test surface having a minimum mass of 150 kg (330 lb) and must be hard

enough to not deform from the application of a steel punch without the
presence of the drive cable housing or guide tube.

3. Steel guides to laterally hold housings with length greater than two heel
lengths and a height between .5 and .75 times the sheath height for
juxtaposed sheaths or single guide tube and between 1.5 and 1.75 times the
sheath height for superimposed sheaths.

4. Steel punch tool TI 0280 as shown in figure 17.1.
5. Tape measure.

_AAxis holriror&I

F-orizortal Suface

17.1 Crushing Test
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Section 18 Final Tensile Test for Source Assemblies

Requirements
The tensile tests demonstrate that the source assembly maintains its integrity after
experiencing tensile loads that may be encountered during normal use. The
Tensile Test for Source Assemblies is performed before and after the sequence of
operational tests. The source assembly should remain operable and maintain its
integrity.

Equipment
1. Dummy source assembly. (See Section 3)
2. Force gage for measuring the forces required from Section 6.5 of the ISO

3999-1 :2000 standard.
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Section 19 Final Projection Test

Req uirements
The Projection Test demonstrates that the torque required at the controls to move
the source assembly from the secured position to the working position and back
to the secured position after certain tests remains within 125% of the torque
before the tests. The minimum movement rate for projecting and retracting the
source assembly shall be a constant 0.75 m/s (2.5 ft/s) of linear movement until
the source stops after each cycle.

Equipment
The equipment used for this lest is equivalent to the equipment used in the initial
projection test (see Section 8).
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Section 20 Lock Breaking Test

Requirements
The Lock Breaking Test demonstrates that the locking mechanism can withstand
a breaking force while in the locked position with the key removed. The lock
must remain effective and operable after the test.

Equipment
I. The test projection device equipped with a dummy source assembly secured

and locked in its most shielded position with all covers.
2. The lock breaking tool, Tool number TI 0345.
3. A stopwatch.
4. At least 90 lbs. of weights to be added gradually to lock breaking tool during

test.
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Section 21 Wrench Test

Requirements
The Wrench Test demonstrates that the exposure container handle is able to
withstand a static force equal to 25 times the weight of the device (1250 lbs).
The force is to be supplied to the most vulnerable part of the handle. The most
vulnerable part of the handle is considered to be the middle of the handle the
most bending stresses will occur.

Equipment
1. The test projection device equipped with a dummy source assembly secured

and locked in its most shielded position with all covers.
2. A test plate with weights that, when strapped to the device, weighs at least

1250 lbs.
3. A scale to verify the weight of the test equipment.
4. Crane

Lift with crane ( >1250 lbs. )

I

-1

Fig. 2 1.1
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Section 22 Final Test Assessment

After all the tests have been completed, evaluate the condition of the test
specimen and assess its performance relative to the test requirements of standard
ISO 3999-1:2000(E).
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Section 23 Test Worksheets

Test Plan 11 Initial PriojecionTest.
'te- , rialn,,d Eu.i, p imen

Material and Equipment:

Test device (Model 880) serial number:
Dummy source assembly serial number:
Drive control assembly and guide tubes.
Automatic cycling apparatus including motor, controller, pneumatic actuator, and counter.

Test Procedure:

1. Assemble system using Figure 6 of ISO 3999-1:2000 as a guide.

2. Assemble and connect the test specimen to the system.

3. Complete 10 full cycles.

4. Record the rotational speed (P177 rpm):

5. Record the highest operational torque for each cycle. 1: 2: 3: 4: 5:

6: 7: _ 8: 9: 10:

6. Record the average operational torque: _

Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:
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T:. est Plan 115l Initial Tensile TEst forSource^.

Material and Equipment:

Dummy source assembly serial number:

Force gage serial number:

Test Procedure:

I. Record stop ball to connector measurement:

2. Attach control cable to the dummy source assembly.

3. Restrain end of source assembly opposite control cable connection.

4. Gradually apply 1000 N +44/-0 (225 lb + 10/-0) force over 10 seconds, hold for 5 seconds, then
release.

5. Complete test a total of 10 times.

6. Unrestrain source assembly.

7. Restrain source assembly at largest diameter and repeat steps 3-5.

8. Record stop ball to connector measurement:

9. Perform a complete functional operation of the device using the dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:
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Testi Plan 115Endurance Test

Material and Equipment:

Test device (Model 880) serial number:
Dummy source assembly serial number:
Drive control assembly and guide tubes.
Automatic cycling apparatus including motor, controller, pneumatic actuator, and counter.

Test Procedure:

1. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Assemble system using Figure 6 of ISO 3999-1:2000.

3. Set the cycle counter to zero.

4. Cycle the test specimen a minimum of 50,000 times.

5. Record the rotational speed (>2.5 ftWs):

6. Record the highest operational torque:

7. Record the total number of cycles (>50,000):

8. Clean the dummy source assembly.

9. Perform a complete functional operation of the device using the dummy source assembly used in the
test.

Damage, maintenance, and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:

Reviewed by:

Engineering: Date:

Regulatory Affairs: Date:

Quality Assurance: Date:
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: -: t tPas n115 .Horzontal Sh6ck ̀ Tet:-C
Material and Equipment:

Test device (Model 880) serial number:

Target horizontal test bar: Tool Number TI0333, serial number:

Target mass weight: Weight scale used:

Test Procedure:

I. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Suspend the test specimen to the test apparatus.

3. Contact the area of impact to the target per figure Il .1.

4. Swing and raise the test specimen "center of gravity" up to at least 4 inches above the target center.

5. Release the test specimen.

6. Perform steps 4 & 5 for a total of twenty (20) times.

7. Perform a complete functional operation of the device using a dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:
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Recorded by: Date:

Witnessed by: Date:
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T t -' T"Plian 115 horizontal Sh'ock Test' '--'' '-
Material and Equipment:

Test device (Model 880) serial number:

Target horizontal test bar: Tool Number T10333, serial number:

Target mass weight: Weight scale used:

Test Procedure:

I I. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Suspend the test specimen to the test apparatus.

3. Contact the area of impact to the target per figure 11.2.

4. Swing and raise the test specimen "center of gravity" up to at least 4 inches above the target center.

5. Release the test specimen.

6. Perform steps 4 & 5 for a total of twenty (20) times.

7. Perform a complete functional operation of the device using a dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:
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Recorded by: Date:

Witnessed by: Date:

1 TestP>q 115 Horiontal Shoc Test:

Material and Equipment:

Test device (Model 880) serial number:

Target horizontal test bar: Tool Number TI 0333. serial number:

Target mass weight: Weight scale used:

Test Procedure:

I. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Suspend the test specimen to the test apparatus.

3. Contact the area of impact to the target per figure 11.3.

4. Swing and raise the test specimen "center of gravity" up to at least 4 inches above the target center.

5. Release the test specimen.

6. Perform steps 4 & 5 for a total of twenty (20) times.

7. Perform a complete functional operation of the device using a dummy source assembly.

Damage andlor operational malfunctions:

Test Assessment:
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Recorded by: Date: _

Witnessed by: Date: l

-T P lan 115 Vertica ock stTeHi, . ; -.15 .. i"v. "_;' _S T. ".-.;T

Material and Equipment:

Test device (Model 880) serial number:

Target Used:

Test Procedure:

I. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Suspend the test specimen at least 6 inches over the test target upside-down with the jacket
removed.

3. Drop the test specimen onto target.

4. Perform steps 2 & 3 a total of one hundred (100) times.

5. Perform a complete functional operation of the device using a dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:
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1I:-, ' Test Pla n. 115i Tensile Test for Gu'ide- Tuibes'
Material and Equipment:

Test device (Model 880) serial number:

Test apparatus T10281.

Force gage serial number:

Test Procedure:

1. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Secure exposure device to prevent movement during test.

3. Attach one end of test specimen to apparatus, T10281.

4. Apply a tensile load of 500 N +44/-0 (112 lb +10/-0) for 30 seconds to the end of test specimen.
The 112 Wbf. tensile load will register as a minimum of 78.4 psi (84.3 psi with gauge tolerance
allowance) on the pressure gauge.

5. Release the pressure.

6. Perform steps 4 & 5 a total of 10 times.

Damage and/or operational malfunctions:
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Test Assessment:

Recorded by: Date:

Witnessed by: Date:

.I

T'st Pla'n'n 115 Tensile TestrCntrol CAble

-Assenil
Material and Equipment:

Test device (Model 880) serial number:

Force gage serial number:

Control Cable Assembly

Test Procedure:

I. Secure test device (Model 880) so that it cannot move during test.

2. Attach the controls to the test device.

3. Apply a tensile load of 500 N +44/-0 (112 lb +10/-0) for 30 seconds to the end of test specimen.
The 112 lbf. tensile load will register as a minimum of 78.4 psi (84.3 psi with gauge tolerance
allowance) on the pressure gauge.

4. Release the pressure.

5. Perform steps 3 & 4 a total of 10 times.

6. Secure the controls so they will not move during test.

7. Apply a force of 1000 N +44/-0 (225 lb +10/-0) tensile force to the free end of the source assembly
for 10 seconds.

8. Perform step 7 a total of 10 times.
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Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:

:~s -altPlan .115 Kinking T~estfo~r Guide Tues ;M

Material and Equipment:

Guide Tube.

Dynamometer Ser. No.

Tape measure.

Test Procedure:

1. Secure test specimen without connection on a horizontal surface between two parallel plates.

2. Make a flat closed loop with guide tube.

3. Pull the free end of the loop with a force of 200 N +22/-0 (45 lb +51-0) over 5 seconds and maintain
for 10 seconds.

4. Repeat steps 2 through 4 for a total of 10 times using the same point of the guide tube.

5. Redo complete test 10 times with a connection in the loop opposite the crossing point.

6. Remove the test specimen from the clamp.

7. Verify that guide tube is operational.



AEA Technology QSA
Burlington, Massachusetts

Test Plan 1 15
Feb. 2001
Page 42

Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:

Tes ' Plan 115 Ki k n e tf rcon trole Cab lie ,-a ls t ,io? , ai e, , .'''=, ei.

Msse mbly
Material and Equipment:

Control Cable Assembly.

Tape Measure.

Stop Watch.

Test Procedure:

1. Secure the control housing rectilinearly on a horizontal surface and clamp one end of the housing to
the tabletop.

2. Make a 1000mm (39.37 in) loop with the housing on the horizontal surface (see figure 17.1). Verify
the diameter of the loop using a tape measure.

3. Pull the free end of the housing without allowing it to rotate along its original axis at a minimum
speed of 2.0 m/s (6.6 ft/sec).

4. Repeat test for a total of 10 times at each of 10 equidistant points along the length of the control
housing.

5. Remove control housing from the clamp.

6. Verify that control assembly is operational.
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Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:

,Test'Plan115 Crushing and Bending Test
Material and Equipment:

Steel Punch, Tool Number T10280.

Tape Measure.

Guide Tube and Control Cable Assembly.



Test PIlin II15
AEA Technology QSA Feb. 2001
Burlingtn MsahetsPage 44

Test Procedure:

I .Place the guide tube test specimen on a rigid horizontal test surface with a mninimnum mass of 150 kg
between the lateral guides. The surface must be hard enough that it will not be deformed by a steel
punch (heel) without the presence of the object to be tested.

2. Place the steel punch (T1028O) at a point on the test specimen as shown in Figure 17.1

3. Lift the edge of the steel punch heel a minimum of 300mm (11I- 13/16 in).

4. Drop the steel punch onto the test specimen.

5. Perform steps 3 & 4 a total of ten (10) times on randomly selected points on the test specimen. One
of these points shall be on a joint.

6. Verify that the guide tube is operational.

7. Place the control cable test specimen in the juxtaposed position on the same surface used with the
guide tube and laterally support with guides 0.5 to 0.75 times thle control cable housing height.

8. Repeat steps 2 through 4 on five randomly selected points on the housing making sure the punch
heel hits both juxtaposed housings simultaneously.

9. Rotate the control cable test specimen on the surface to the superimposed position between lateral
guides 1.5 to 1.75 times the height of a tube.

10. Repeat steps 2 through 4 on five randomly selected points making sure that the heel drops on the top
tube.

1 1. Verify that the control cable assembly is operational.

Damage and/or operational malfunctions:

Test Assessment:

I

Recorded by: ___________________ Date: _______

Witnessed by: ___________________ Date: _______

Test Pan 115FinalTensil esdokSucAssmbie
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Dummy source assembly serial number:

Force gage serial number:
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Test Procedure:

1. Record stop ball to connector measurement:

2. Attach control cable to the dummy source assembly.

3. Restrain end of source assembly opposite control cable connection.

4. Gradually apply 1000 N +44/-0 (225 lb +10/-0) force over 10 seconds, hold for 5 seconds, then
release.

5. Complete test a total of 10 times.

6. Unrestrain source assembly.

7. Restrain source assembly at largest diameter and repeat steps 3-5.

8. Record stop ball to connector measurement:

9. Perform a complete functional operation check of the device using the dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:

I

Recorded by: Date:

Witnessed by: Date:

Test Plan.115 FinalAProjection Test:
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IMaterial and Equipment:

I

Test device (Model 880) serial number:
Dummy source assembly serial number:
Drive control assembly and guide tubes.
Automatic cycling apparatus including motor, controller, pneumatic actuator, and counter.

Test Procedure:

1. Assemble system using Figure 6 of ISO 3999-1:2000 as a guide.

2. Assemble and connect the test specimen to the system.

3. Complete 10 full cycles.

4. Record the rotational speed (P 177 rpm):

5. Record the highest operational torque for each cycle. 1: 2: 3: 4: 5:

6: 7: 8: 9: 10:

6. Record the average operational torque:

Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:
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-TestPlan 115 Lock Breaking Test
Material and Equipment:

Test device (Model 880) serial number:

Lock Breaking Too], Tool NumnberTlO345

Stopwatch.

Weights.

Test Procedure:

1. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Secure test specimen to prevent movement during test.

3. Set up Lock Breaking Tool with rod end resting on lock.

4. Gradually apply a load of 400 N +44/-0 (90 lbs +10/-0) force to lock over 10 seconds by adding
weights to the top of the Lock Breaking Tool. Max Force:

5. Maintain the force for 5 seconds.

6. Gradually remove weights over 10 seconds.

7. Repeat test 10 times.

S. Perform a complete functional operation of the device using the dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:
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r_-e Test PM la Wrenh Test-
Material and Equipment:

Test device (Model 880) serial number:

Weight of test device (Model 880):

Total weight of test equipment:

Scale:

Test Procedure:

I. Prepare test specimen by securing a dummy source into its fully shielded position, attaching all
covers, and locking the device.

2. Secure device to plate and add weight to 25 times weight of test specimen as shown in Fig. 22.1.

3. Lift test specimen and weight from middle of handle with crane.

4. Perform a complete functional operation of the device using the dummy source assembly.

Damage and/or operational malfunctions:

Test Assessment:

Recorded by: Date:

Witnessed by: Date:
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Section 25 Appendix: ISO 3999-1:2000
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Test Report No. 115

Section 1 Introduction

This report documents the performance of the Model 880 Radiographic Projector
to the test requirements of ISO 3999-1:2000, Radiological Safety for the Design
and Construction of Apparatus for Gamma Radiography.

The ISO 3999-1:2000 tests were done in the following order:
* Initial Projection Test
* Initial Tensile Test for Source Assemblies
* Endurance Test
* Horizontal Shock Test
* Vertical Shock Test
* Tensile Test for Guide Tubes
* Tensile Test for Control Cable Assembly
* Kinking Test for Guide Tubes
* Kinking Test for Control Cable Assembly
* Crushing and Bending Tests
* Final Tensile Test for Source Assemblies
* Final Projection Test
* Lock Breaking Test
* Wrench Test

A test data worksheet was produced for each test detailing the material and
equipment used for the test, the test procedure, a list of any damage or
operational malfunctions as a result of the test, and the test assessment. Each test
data worksheet is located in Appendix A. Copies of the route cards used in the
production of the test device and dummy source assembly are located in
Appendix B. In addition, a shield efficiency profile was completed before and
after all of the above tests. Copies of the shield profile inspection forms are
contained within Appendix C.
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Section 2 Test Specimen Construction and Acceptance

All radiography system components listed in the table below and used in this test plan
were manufactured and accepted in accordance with the AEA Technology QSA, Inc.
Quality Assurance Program.

Except for the tensile test, the test specimen was the Model 880, 150-Curie projector. The
projector was manufactured to drawing B88000 Rev. A and is serialized DI000.

A Model 424-9 dummy source assembly was loaded into the test specimen for all tests.

The radiography system consisting of the components in the table below was used for the
endurance test. The same Model 424-9 dummy source assembly used in the endurance
test was used in the tensile test for the source assembly.

T1ableof Model 880 XRadiography SystemCo nentsr a -. C: -,o

Part number
A '.-9'.',,

B88000 Rev. A MODEL 880 150 Ci MAX ASSEMBLY I
A42409XL Rev. A MODEL 424-9 DUMMY SOURCE I

ASSEMBLY
BTAN69250 Rev. C PISTOL GRIP CONTROL SYSTEM, 50 FOOT I

B48930-7 Rev. A SOURCE GUIDE TUBE ASSEMBLY, 7
FOOT

B48907-7 Rev. T SOURCE GUIDE TUBE ASSEMBLY, 7 4
FOOT

B48906-7 Rev. Q SOURCE GUIDE TUBE ASSEMBLY, 7 1
FOOT



Test Report 15
AEA Technology QSA March 2001

Burlington, Massachusetts Page 5

Section 3 Test Objectives and Results

Initial Projection Test
The initial projection test is used to determine crank torque amounts before any
other testing. A final projection test is done following all of the operational tests.
ISO-3999:1-2000 standards state that the torque values cannot increase by more
than 25% from the initial projection test to the final projection test. The setup for
the test is the same as the setup for the endurance test.

The test resulted in an average torque of 41% of full motor torque (or 51 in-lbs).

Initial Tensile Test for Source Assembly
The tensile test demonstrates the source assembly maintains its integrity after
experiencing tensile loads likely to occur during use.

The tensile tests resulted in an increase in the stop ball to connector measurement
from 1.227 in. to 1.249 in. Inspection of the source assembly under a microscope
revealed that the source wire stretched and unraveled slightly nearest the stop ball
connector explains the increased measurement. However, a complete functional
test with the test Model 880 projector showed that the source assembly was still
completely functional. Therefore, the source assembly passed this test.

Figure 3.1 Source Assembly Tensile Test Connector and Ball Setup
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Figure 3.2 Source Assembly Tensile Test Connector and Capsule Setup

Endurance Test
The endurance test demonstrates that the gamma radiation system remains
operational after 50,000 cycles of the source assembly moving from secure to
working position and back while using the longest recommended guide tubes and
controls. The exposure device and integral safety features shall remain
operational after experiencing this test.

The device was put through 51,026 cycles at a speed of 3.28 ft/s. The highest
operational torque observed was 41.4 % full load torque (or 51 in-lbs). There
was no visible damage and there was only negligible wear to the device, drive
cable, and guide tubes. One of the crank bearings was broken but the crank still
turned freely. There were no functional or operational problems resulting from
this test. Therefore, the device passed this endurance test.

Figure 3.3 Endurance Test Setup
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Horizontal Shock Test
The horizontal shock test demonstrates the exposure device will withstand the
horizontal impacts likely to occur during use. The exposure device and integral
safety features shall remain operational after the test and the device shall
experience no loss to shielding integrity.

The test was performed on three areas of the device: the lock cover area (Fig.
3.4), the lock mount area, and the front knob area (Fig. 3.5). The test was
initially performed by measuring the 4 inch pendulum lift from the foot of the
impact side of the device. This resulted in the center of gravity being lifted 4.5
inches which is more than the 4 inch lift required by ISO 3999-1:2000. The lock
cover and lock mount areas became dented after the 4.5 inch center of gravity
lift. However, the two areas did not lose any functionality.

The front knob area was tested twice using the 4.5 inch center of gravity lift. The
impacts resulted in the front knob tightening enough to not be able to be pulled
and turned by hand. Also, the front plate buckled inward slightly which
prevented the fitting entering and turning the slider.

A new front plate assembly was installed and tested by lifting the center of
gravity of the device only the required 4 inches. This test resulted only in minor
dents to the front knob and very slight buckling of the front plate. The knob
could be pulled and turned by hand and the fitting could enter and turn the slider
proving that the device passes the minimum requirements of this test.

A further test was performed on the front knob by lifting the center of gravity of
the device the 4 inches and allowing it to drop on the impact cylinder at an angle.
This test was done to prove that the device could withstand an angled shock to
the most fragile area of the device. The test produced only minor dents on the
impact side of the front knob. The knob could be pulled and turned by hand and
the fitting could enter and turn the slider.

After the tests, the device was put through a complete functional test that resulted
in normal operation. Therefore, the device passed the horizontal shock test.

Figure 3.4 Horizontal Shock on Lock Cover
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Figure 3.5 Horizontal Shock on Front Knob
Vertical Shock Test

The vertical shock test demonstrates the exposure device will withstand the
vertical impacts likely to occur during use. The exposure device and integral
safety features shall remain operational after the test and shall experience no loss
of shielding integrity.

The test was performed on th device without the jacket in the normal carrying
position. The device showed no visible damage after being dropped one hundred
times from a height of 6 inches. The device functioned properly after having
undergone a complete functional test. The device passed the vertical shock test.

Tensile Test for Guide Tubes
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The tensile test for guide tubes demonstrates that the guide tube housing
maintains its integrity after experiencing tensile loads that may be encountered
during regular use. The guide tube should remain operable after this test.

This test resulted in no apparent damage to the guide tube. The test dummy
source assembly was not restricted while being passed through the guide tube
during a functional test. Therefore, the guide tubes pass this test.

Figure 3.7 Tensile Test for Guide Tubes

Tensile Test for Control Cable Assembly
The tensile test for control cable assembly demonstrates that the control cable
assembly maintains its integrity after experiencing tensile loads that may be
encountered during regular use. The control cable assembly should remain
operable after this test.

The test was conducted in two parts. The first part (Fig. 3.8 & 3.9) placed a
tensile load on the control cable housing while connected to the device. The
second part of the test (Fig. 3.10) placed a tensile load on the control cable itself
while inside the control cable housing. This test resulted in no visible damage to
the control cable assembly. The control cable was not restricted while being
cranked through the control cable housing during a functional test. Therefore,
the control cable assembly passes this test.
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Figure 3.! I ensile lest for Control Cable Housing

Figure 3.

Kinking Test for Guide Tubes
The kinking test for the guide tube demonstrates that the guide tube withstands
conditions that may be encountered during regular use. The guide tube should
remain operational after experiencing this test.

The kinking test resulted in no visible damage to the guide tube. A complete
functional test verified that the test dummy source assembly passed through the
guide tube without any problems. Therefore, the guide tubes passed this test.
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Figure 3.11 Kinking Test for Guide Tube

Kinking Test for Control Cable Assembly
The kinking test for the control cable assembly demonstrates that the control
cable assembly can withstand kinking conditions that may occur during normal
use. The control cable assembly should remain operational after performing this
test.

After experiencing this test, the control cable assembly maintained its integrity
without any apparent damage. A complete functional test was performed
satisfactorily. The control cable assembly passed this kinking test.

Crushing and Bending Test
The crushing and bending demonstrates that the guide tubes and control cable
assemblies can withstand a crushing test from a simulated heel (Fig. 3.12).

The control cable assembly showed some slight deformation from the impact of
the simulated heel but the control cable had no problems passing through the
control housings.

Three guide tubes were used in the crushing test. All of the guide tubes showed
deformation from the heel impacts at each of the crushed points except for the
connection point. The crushing test on the guide tube connection point resulted
in no apparent damage. One of the ten crush points on each of the first two guide
tubes tested resulted in enough deformation that the source assembly had trouble
sliding through the area. Adding extra force to the hand crank allowed the source
assembly to be forced through these tight areas. The test on the third guide tube
did not require as much added force at the hand crank and the source assembly
traveled through all ten crush points on the third guide tube much easier.

Although increased torque was required at the hand crank to push the source
assembly through some of the crushed areas of the guide tubes, the source
assembly was able to pass through all of the test samples during a functional test.
Therefore, the guide tubes pass the crushing and bending test.
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Final Tensile Test
The final tensile test demonstrates the source assembly maintains its integrity
after having undergone all of the other operational tests. The same dummy
source assembly (Serial number TP I 15DEMO) that was used for this test is the
same as used in all of the operational tests.

The tensile tests resulted in an increase in the stop ball to connector measurement
from 1.240 in. to 1,250 in. A complete functional test with the test Model 880
projector showed that the source assembly was still completely functional.
Therefore, the source assembly passed this test.

Final Projection Test
The final projection test demonstrates that the crank torque amount does not
increase by more than 25% after the device and equipment have undergone all
other operational tests. The setup that was used for this test is the same as the
setup used for the initial projection test and the endurance test.

The test resulted in an average torque of 45% (or 56 in-lbs). The increase from
the initial projection test was only approximately 10%. Therefore, the device
passes the final projection test.
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Lock Breaking Test
The lock breaking test demonstrates that the locking mechanism can withstand a
breaking force while in the locked position with the key removed. The lock
should remain operable after experiencing this test.
The locking mechanism had no visible damage after performance of the lock
breaking test. The locking mechanism continued to be completely functional
after this test. Therefore, the device passes the lock breaking test.

F igure I.1 2 Lock Breaking I est

Wrench Test
The wrench test demonstrates that the handle of the exposure device is able to
withstand a static force equal to at least 25 times the weight of the device (1250
Ibs). This test was conducted on two different jackets with similar results. The
first jacket contained metal wire wrapped around the device connected to a steel
tube inside the handle for added support. The second device did not contain any
added supports. Both handles lifted a load of 1288 lbs. with only slight bowing
of the handle during the lift. The devices were inspected after the lift and showed
no visible damage. Therefore, both handle options passed the wrench test.
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Section 4 Conclusion

The Model 880 system consisting of the projector, control assembly, guide tubes and source
assembly, satisfies the projection tests, the tensile tests for source assemblies, the endurance test,
the horizontal shock test, the vertical shock test, the tensile and kinking tests for guide tubes and
control cable assemblies, the cnishing and bending tests, the lock breaking test, and the handle
wrench test in accordance with ISO 3999-1:2000.

In addition to the tests performed under this test plan, ISO 3999-1:2000 also calls for a vibration
resistance test and an accidental drop test.

A final shield profile was performed after the completion of all tests. There were only minor
changes between the shield profile done previous to all the tests and the device remained within
acceptable dose ranges. Both shield profile data sheets are located in Appendix C.

The vibration resistance test was evaluated and deemed unnecessary. The only parts that could
come loose from vibration are the tamper proof screws. However, the tamper-proof screws are
tightened to a prescribed torque to prevent unintentional release after repeated use or vibration.
None of the tests performed resulted in a conditions that would increase chance that vibration
could cause damage.

The accidental drop test was previously conducted under test plan 108 by dropping a Model 880
Projector from a height of 1.2 m (4 ft) three times to impact three different areas. There was no
affect on the simulated source assembly from any of the impacts. Also, a shield profile did not
show any increase in dose rate as a result of the impacts.
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Section 1. Purpose

The purpose of these tests were to assess the Model 880 transport container with the addition of the #88070
(F.C.B.A.) foot control button assembly. With the addition of this assembly and the modification of the
#88022 lock mount, they will not adversely'affect'the packages'Ability a' a "Type B" transport container. .......

Testing was performed on the 88070 F.C.B.A. to IOCFR71 regulations for 71.73(1)f-ree drop, 71.73(3)
puncture, and 71.71 (10) penetration. These tests followed a random order except that the 71.73(3) puncture
test was to follow the 71.73(I) free drop test if the specimen survived. Also, testing was performed according
to ISO 3999-1 regulations for 6.4.6.1 horizontal shock. This horizontal shock test was relevant for both the
88070 F.C.B.A. and the 88022 lock mount assembly.
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Section 2. Scope of Testing

Section 2.1 Normal Conditions of Transport and Accidental Drop
The tests for accidental drop described in ISO 3999-1, and normal conditions of transport in 1OCFR71 are the tests.
These tests will include a horizontal shock test, and penetration test.

Horizontal Shock Test
The 880 unit was oriented so the (i ) F.C.B.A. and the (2) L~ock Mount would impact the end-face of (T 10333
SNOI) 50 mm (2 in) diameter steel bar. The criteria is 300 mrnm (12 in) in length lying horizontally, that is
fixed or welded to a rigid mass at least ten times the mass of the 880. The 880 was suspended from a fixed
point so that, when at rest, the F.C.B.A. and Lock Mount just touches the target. The 880 was moved from its
resting-position until its center of gravity is 100 mm (4 in) higher than in the resting position and let loose, so
that it swung in a pendulum movement against the target. This was carried out for a total of twenty (20)
times.

Penetration Test
The 880 unit was oriented so as the foot control button assembly would be facing upward while the jacket
will be supported on an unyielding surface. The hemispherical end of a vertical steel cylinder (AEA
Technology QSA Drawing #BT10129) of 3.2 cm (1.25 in) diameter and 6 kg (13 lbs.) mass dropped from a
height of 1 m (40 in) onto the surface of the F.C.B.A.

Section 2.2 Hypothetical Accident Conditions
The Hypothetical Accident Tests described in IOCFR71 are the 9m (30-foot) drop, the Im (-3-foot) puncture drop.

9m (30-foot) Free Drop Test
The 880 radiographic unit was oriented so that the F.C.B.A. would be facing downward toward the test pad
(T10261 SN01) for the 9m (30 fR.) drop test. This exposed the assembled unit so the F.C.B.A. received an
impact similar to a slap down effect. One test was performed. It is described in the following sections.

Puncture Test
According to the Purpose (Section 1.0 paragraph 4) section of the test plan, an evaluation would be made
before this test was to be performed. Normally, the 880 unit would be oriented in a similar angled fashion as
above for the lm (40 in.) drop test. The unit would be dropped onto a test billet (Ti 01 19 SN01) so as the
F.C.B.A. sustains the full initial impact. This test was not performed. Reasons are described in the following
sections.

\'AEATBURL\VOI,'\C'ADT'rest Plans &: Reports\rp 125 (880 and 88070 Drop Test) lTP 1 25 Report second Cut.doc
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Section 3. Test Unit Descriptions

Section 3.1 Test Unit 1 - Serial Number 01

The construction of this package is in accordance with the following AEA TECHNOLOGY QSA INC.
documentation:

Assembly Bill of Materials Assembly Drawing

880 Delta Simulator 88017XLS B88017XLS Rev A
Drawings TPI25A Rev I BTPI25A Rev 1

Foot Button Assy BM 88070 Rev C A88070 Rev B
Foot Control Shaft N/A A88070-4 Rev 3

Rear Plate Assy BM 88020 Rev 5 B88020 Rev 5

The unit started construction to an earlier revision and Test Plan (See Appendix C Manufacturing Support
Documentation). Changes to the unit during construction were recorded as mark-ups on the production prints and
subsequently transferred to the above revisions.

As indicated above, the test unit was assembled with a modified rear plate assembly that includes changes to the lock
mount assembly. Also, the foot control button assembly was modified with a G-10 shaft (Rev. 3) and installed onto the
jacket for the testing. The test unit weighed approximately 49 pounds.

Lock Mount Asembly

__ /'- = = a / ' s

root Control
Button Assnembly

FIGURE 1. MODEL 880 (Test Unit #21) WITH FOOT BUTTON AND LOCK MOUNT ASSEMBLIES
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Section 4. Changes to Test Conditions or Orientations

Section 4.1 Normal Conditions of Transport and Accidental Drop
No changes from plan were performed.

Section 4.2 Hypothetical Accident Conditions of Transport
No changes from plan were performed.
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Section 5. Test Specimen Results

Section 5.1 Horizontal Shock Test - Foot Button Assembly
The test unit was set up on a portable crane type apparatus. Lead blocks were stacked around the base of the unit to
keep it stationary and in position. The test unit was suspended (see figure 1) from the crane by means of its steel cable
and a cloth rope around the test unit's handle. The 50mm 2 in diameter bar (T10333 SNOI) was bolted to a Model 770
that weighted approx. 950 lbs.

Figure 1
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i he test was then performed according to ISO 3999-1 regulations for 6.4.6.1 horizontal shock (see figure 2) test.

Figure 2

The unit was swung from the apparatus for a total of 20 limes. The G-10 Shaft inside the F.C.B.A. broke, this was the
piece that was expected to break. (see figure 3) The selector ring was not compromised. The unit passed the test.

Figure 3
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X ction 5.2 Horizontal Shock Test - Lock Mount Assembly
fhe test unit was set up on the portable crane type apparatus as on the F.C.B.A. The same testing was performed. See
figure 4.

Figure 4

The unit was swung from the apparatus for a total of 20 times. The Lock Mount Assembly sustained minimal damage.
Moreover, the corbin lock actuated smoothly and effortlessly. (See figure 5) The unit passed the test.

Figure 5
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ection 5.3 Penetration Shock Test - Foot Button Assembly
The test unit was set up so the F.C.B.A. was facing upward. An aluminum angle was used to guide the test bar directly
to the center of the F.C.B.A. (as shown in Figure 6).

Figure 6 (rotated 90 degrees)

Upon dropping the bar, the G-10 Shaft broke. The button assembly needed to be disassembled to activate the selector
ring and lock slide on the test unit. The test unit worked fine and passed the test.

Figure 7
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nction 5.4 9.m (30 ft.) Free Drop Test - Foot Button Assembly

The test unit was set up so that the F.C.B.A. was facing downward according to test plan instructions. The unit was
dropped to induce the most rapid and damaging deceleration, which in this case had a slap down effect. See Test Plan
125B section 8.0 for setup orientation, and below (figure 8) for more information.

/ .. _ _ _ _

Figure 8
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Then the test unit was dropped, the unit fell as anticipated in the test plan. The polyurethane jacket and stainless steel
canister deflected inward from the impact. The F.C.B.A. dented the side of the #88021 rear plate and the G-10 shaft
contained within the button assembly shattered upon impact. Unfortunately due to the severe deflection of the
components, the.back of the F.C.B.A. hit the lock slide forcing it through the selector ring. The unit failed the test. See
figure 9 and 10 for visual results. All testing was stopped at this time. Moreover, the Puncture Test was not performed.

Figure 9

Figure 10
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Section 6. Analysis, Summary, and Conclusions

Section 6.1 Ahalysis of testing not performed

Thermal Analysis
Because of the detailed assessment contained in TP108 a full weight "lead" dummy unit was used for this testing.
Also, the melting temperature for all other materials of-the internal support structure, rear plate assembly-and-source
assembly is above the thermal test temperature of 800'C.

Moreover, the 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.

Puncture Test Analysis
This testing was performed on TP108. The testing passed when no damage occurred to the units. Therefore, testing
was not performed on the Lock Mount Assembly. Also, the Lock Mount sits below the surface (with or without the
jacket) of the radiographic camera and therefore would not be compromised. Moreover, the Lock Cover that is

--- attached to the Rear Plate Assembly aids in the protection of the Lock Mount Assembly.

Vertical Shock Test Analysis
The vertical shock testing that was performed on ITI 15 for the model 880 unit showed no damage. The device
functioned properly after having undergone a complete functional test. Therefore, vertical shock testing was not
performned on this test unit.

Section 6.2 Summary and Conclusion

The Lock Mount Assembly with its addition of a stainless steel sleeve performed very well. The Lock Mount was also
environmentally tested (see Technical Report #40. and performed superior. The design of the lock mount can be
modified easily by enlarging its corbin lock retaining hole to accept the stainless sleeve. Moreover, the sleeve will be
secured in place from the back with a 8-32 stainless set screw and a removable thread lock material.

The.F.C.B.A. button-assembly did pass the Horizontal Shock, and Penetration Test, but failed at the .9m (30ft.) Drop
test. The G-10 fiberglass shaft reacted as designed, which shattered upon impact. As stated in the section 5.4, because
of the severe force that was distributed through the F.C.B.A. stainless steel housing the lock slide was forced through
the side of the selector ring.

From the test data, and the analysis contained within this report, we draw the following conclusions about the Model
880 (as tested):

1. The lock mount and F.C.B.A. can withstand the Norynal Conditions of Transport and Accidental
Drop Test situations.

2. The lock mount can withstand the Hypothetical Conditions of Transport.
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Section 7. APPENDIX A - DRAWINGS
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THIS DRAWING IS THE EXCLUSNE PROPEI r AEA TECHNNOLOCY OSA. IT UAY ONLY rE USED FOR THE PURPOSE FOR WHICH IT WAS ISSUED.IT IAY NOT rE OUPUCATED IN ANY WAY. NOR TRANSUrTTED TO ANY THIRD PARTY WITSHOUT THE EXPRESS PERUlSSION OF AEA TECHNOLOGY OSA.

MATERIALS: SEE PARTS LIST -

C

D

0±5

LOCATE ON CENTER
AND ORIENT AS SHOWN.
MATCH DRILL 0 .13
THRU HOLES. 4 PLS.

REMOVE OR COVER
TYPE B AND DU INFO.

APPLY THREAD
LUBRICANT.

TORQUE TO 110±5
IN-LBS.

E

PROTECTIVE FINISH: NONE
UNLESS OTHERWISE SPECIFIED:

1. DIMENSIONS ARE IN INCHES.
2. MIN SURFACE TExTURE: IY
1. TOLERANCES APPLY AFTER PLATING.
4. RErMOVE BIURRS AND SHARP EOGES.
S. DO NOT SCALE DRAWING.

S. TOLERANCES- .x s D.t
FRACIONS A I/R4 .XX S 0.0D
MACHINED ANGLES A r .YXy S 0 005

40 NORTH AVE. BURUNGTON. MA 01803
USED ON:

A
,.-- , ,I -

DRAWN I ... .

CHECKEO '- ). ' _

APPR. I .

TITLE: MODEL 880 DELTA
- SIMULATOR ASSEMBLY

. ... .. , t;

, .4 31 |SSAFETlY CLASS

Pt0Xt I A

SIZE|DWG. NO.
B I TP 125A

.NV

I 1
SCALFE NONF ISHEET I OF IJ _______________________________ _______________________________ .--.-- -5 4 3 25 4 3 2 1



.I - n

5. 4 3 2 1

,1 .

A -

ETCH OR STAMP

A l
SECTION A-A OR GTAW

ENDS

LOCATE ON CENTER
BEFORE FOAM IN PLACE.

NOTES:
- 1. TACK WELD EACH END . MINIMUM OF 3 PLACES

EOUALLY SPACED AROUND DIA. OF ENDPLATE.
2. FINISH WELD AS SHOWN.
3. FILL WITH ITEM 4 AFTER FINISH WELD.

THIS DRA.WG IS TWE ExUsNVE PROPERTY OF AEA TELMNOLOCY Os IT MfAY ONKY BE USED FCO THE PiIIT MAY NOT BE OUPUCATED IN AY WAY. NOR TRANSUITIOTD tO A THIRD PARTY wTnOWn THE EXPRESS

MATERIALS: SEE PARTS LIST m

4 FOM00 1 AR VULTAFOAM, 8 PCF PROTECTIVE FINISH: NONE
, 

_

Al 3 B88003 1 SHELL

2 | A88010 | 2 ENDPLATE WELDMENT

UNLESS OTHERWISE SPECIFIED:
1. DIMENSIONS ARE IN INCHES.
2. MIN SURFACE TDxTURE. I2'
3. TOLERANCES APPLY AFTER PLATINC.

4. REMOVE BURRS AND SHARP tDCES.

5. Do NOT SCALE DRAWING.

B. TOLERANCES: A f 0.1
FRACMIONS t I/64 .XX 0.1
MACHINED ANGLES * V. .XXX 0.00S

USED ON:

DRAWIN I S.GRENIER 11ISEPOOIII LL;

ICHECKED| M.TREMBLAY|1 I SEPOC

880 40 NORTH AVE,

BODY WELDMENT
DELTA SIMULATOR

1 A88052-1 1 DELTA SHIELD SIMULATOR APPR. I M.TREMBLAYIIISEPOn

_-._

ITEM DRAWING NO. I OTY.
-E:: -( |SAFETY CLASS

"sCacCTI II

SIZEIDWG. NO. 5801 1XLS
B 81 LDESCRIPTION SCALE: 1 /2

.... . , _ _. _-
2 1



REVISIONS
DESCRIPTION

_ADDED ITEMS 17 AND 18
_ APPROVA 'ATE

_SEE TrrLLjLOCK

16 SCRO23 1 SOCKET HEAD SCREW D

15 A66001-11 1 LOCK REWORK

14 SLVOo5 4 RUBBER SLEEVE

13 SCRO72 2 SOCKET HEAD CAP SCREW

12 SCRO02 4 SOCKET HEAD CAP SCREW

11 SPRO05 1 COMPRESSION SPRING

10 SPROO6 1 COMPRESSION SPRING

9 SPRO04 2 COMPRESSION SPRING

8 A88022 1 LOCK MOUNT

7 888014 1 LOCK COVER ASSEMBLY

6 B85701-5 1 SELECTOR RING RETAINER

5 A88026 1 SELECTOR RING

4 A88025 1 SLEEVE

3 A88024 1 LOCK SLIDE

2 A66001-6 2 ANTI-ROTATE LUGS

1 C88021 1 REAR PLATE

ITEM DRAWING NO. QTY. DESCRIPTION

I

B1

12
APPLY THREAD LOCK
AND TORQUE TO
30 IN-LBS ± 5 IN-LBS

TDS ORAiNANo IS THE EXCLUSIVE PROPE2rT OF AEA TlEOINOUTY QSA. IT MAY ONLY BE USED FOR THE PURPOSE FOR MOCH IT WAS ISSED.IT MAY NOT BE DUPUCAED IN ANY WAY, NOR TRANSUMTED To ANY THIRD PARTY WITHOUT THE E(PRESS PERMISSION OF AEA TfCHNOIDCY OS#.

I
AATERIALS: SEE PARTS LIST I _
PROTECTlIVE FINISH: NONE r My El:i,,.

40 NORTH AVE. SURUNGCON. MA 01803IE
168 SCR225 1 DOG POINT SET SCREW

_~4,

17 88022-1 1 STAINLESS STEEL SLEEVE ]
UNU!ESS OTHERWISE SPECIFIED;

D ID0ESIONS ARE N NICHES.
L MIN SURFACE TEX(TURE, 6f,

J.CIUENS13NS APPLY AF7ER FINISH.
* REUhE BURRS AND SNARP EDES.
L. 00 NOT SCALE DRAW.NG.
f. TOLECANC5 x 0.1

FRACTIONS : 1/4 x * 0.01
ANGLES * r " * OOO.

880
WN S.GRENIER 20JUL00 ITLE: REAR PLATE

CHECKEO M.TREMBLAY F2=200 ASSEMBLY
APP MTRFMIAY7i ln_ -

A

I

- - ".
.,, _. __ ...... _______ UIc W.

_ ITEM DRAWING NO. IQ1Y. DESCRIPTION JouALW CLASS
Pmtvrm7 A

88020
REV

5__.!_ . . _ __ . Al .SCALE: 1/2 I SHEET 1 OF Ib I 4 3 2 15 1 4 3 2 1



35 4 2 1

0.188
SLOT

I

I I I
-I1I

0
0.562

1/32 CHAMFER
00.125

THRU R2.43
/ REF 00.755±.o

RO.31

+.000
-. 005

= 
g

4.
'4.::" ,

0. . . .

r1I ORAW4G m Itz acmim PROTY or WA 70"QOLM~ am ff MAY w4ff MAY NMT DE DUIVOATO 8 PO WAY. NORTMZ ~JSITO AW ThW FAMT

MATERIALS: 300 SERIES STAINLESS STEEL
PROTECTlIVE FINISH: NONE

=_ 9.

'-' ev.

UNLESS OTHERWSE SPECMED;
1. MMADSMOS ARE tN 1NIWO
2. UIN SURFACE TMHM~r 65
3. OSDMO0Ns APPLY MM~ PIMST
4. REMME BURR AND 9AARP CEDIS.
S. DO NWr SCALE DRAIN(L4O
S. JLEANI4L .X * 0.1
4.,FtWACTNa 1/04 .10 *h 0.01

..aI40 J=:Lai

LOCK MOUNT
S.S. INSERT

88022-1

40 NOMTH A. BIJRUNGTMN, MA 01803

DQ -0,t
.rA . l B-

- _

4 ;lb*I r



U".S
2 1

NOTES: s

1. PROTEC1S9-
MIL-A-8625, 5.Pn

D 2. DIMENSIONS APPLY

3. FINISH DOES04
HOLES.

2701 I INITIAL RELEASE

2812 I CHANGE PLATING NOTES, ADDED CHAMFERS

HOLE WAS .858, NOW .880 +.000/-.003

ADDED 8-32 THREADED HOLE.

0 0 .328 THRU
0 .563 C'BORE

X 1.60 DEEP
1 2 PLS \

C

E

MPE PRPMY O FEA lt~ m t
D N AW W". WAR UWIED TO AP

6061-T6 ALUMINUM
.187 REF

(SLOT)
FINISH: SEE NOTES

UNLESS OTHERWISE SPECInED.
1. IuEtSIo#8 ME AK INo*M
2. UN SURFACE MdtU E W
. DNOENO5 APLY ArtER fltst

4. IIE SBURRS AID SMWP EDOES.
S. 00 IOT SCOIE DRAWYIC.
6. ThtERAmS . A 0.1

rRACON * 1/54 X * 0.01ANOMt( 6 I' .( 6 0.01

A
DRAWNt

ISO VIEW FOR REFERENCE ApPm

SECTION B-B

I,$



REVISIONS
V. I ECO/TGR | DESCRIPTION | APPROVALS | DATE

I I- -I- A -T I - - - -A

I HOUIUiYPE RELEASL I SEE TITLE jB LOCK

SPECIFICATIONS: -- ...

1. TYPE: SOCKET SET SCREW, HALF DOG POINT.
2. SIZE: 8-32 UNC-2A X 3/16 LONG.
3. MATERIAL: 18-8 STAINLESS STEEL.

DRAWING IS THE EXCWSSVE PROPERTY OF AEA TECHNOLOGY. GSA. IT MAY ONLY BE USED FOR THE PURPOSE FOR WHICH IT WAS ISSUED.
.Y NOT BE DUPLICATED IN ANY WAY. NOR TRANSMITTED TO ANY THIRD PARTY WITHOUT THE EXPRESS PERMISSION OF AEA TECHNOLOGY GSA.

ERIALS: SPECIFICATION #3

TECTIVE FINISH: NONE
OTHERWISE SPECIFIED;

N. jNS ARE IN INCHES.
'J SURFACE TEXTURE 12>9
-ERANCES APPLY AFTER PLATING.

MOVE BURRS AND SHARP EDGES.

NOT SCALE DRAWING.

LERANCES: .X i 0.1
ACTIONS ± 1/64 XX ± 0.0 1

...- __ _._... .. -v v w A\ rns

USED ON: 880 40 NORTH AVE, BURLINGTON, MA 01803

DRAWN I 1:
TITLE: 8-32 X 3/16 LONG

CHECKED

APPR.

DOG PT. SET SCREW
SIZEIDWG. NO.l

|SAFETY CLASS
I m AL SCR225

R EV
I1



Part No.: 88070

Bill Of
Materials

T7i-e: FOOT CONTROL BUTTON ASSY.

Rev: C Page of I

FORMA EDO] rv A a 4

Rev ERF I Date I Ckd Appvd. Rcv ECO I Date |Ckd. I Appvd. Rev I ECO| Date |Ckd. Appvd.

A 2871 6APROI PAB MIT
. ________ .. ._________ I _ _________ I-- _-_

B 15 25Jun0I RLM PA B

C 27 IIJYULOI _____ .__ __

Item Qty P/N Description
I 0 A88070 FOOT CONTROL BUTTON ASSEMBLY

2 1 B88070-1 FOOT CONTROL SLEEVE
3 1 B88070-2 FOOT CONTROL END
4 1 A88070-3 FOOT CONTROL-KNOB .

5 1 B88070-4 FOOT CONTROL SHAFT
6 1 B88070-5 FOOT CONTROL CORE
7 4 SCR210 #6-32 SOCKET HEAD CAP SCREW 3/8" LONG

8 1 _ SPRO40 SPRING, 3/8" LONG X .48" O.D. (61 lbs./in.)
9 1 SPRO41 SPRING, 3/4" LONG X .48" O.D. (19 Ibs./in.)
10 I BAGO03 7" x 9" zip lock bag

11 I INST 02 Instruction Sheet - Foot Control Button

12 1 TOL009 7/64 Hex Key



REVISIONS
:v. ERF # I DESCRIPTION I APPROVALS I DATE

27 CHANGED SPRINGS/ ADDED BALLOONS I I a/+L 't>b e-

6 7- /s -
f. fl -q1 5

A

A
SECTION A-A

NOTE: SEE BILL OF MATERIALS FOR PART INFORMATION.

DRAWING IS THE EXCLUSIVE PROPERTY OF AEA TECHNOLOGY OSA. IT MAY ONLY BE USED FOR THE PURPOSE FOR WHICH IT WAS ISSUED.
AY NOT BE DUPLICATED IN ANY WAY. NOR TRANSMITTED TO ANY THIRD PARTY WITHOUT THE EXPRESS PERMISSION OF AEA TECHNOLOGY OSA,

ERIALS: AISI TYPE 304 STAINLESS STEEL

)TECTIVE FINISH: NONE

40 NORTH AVE. BURLINGTON, MA 01803
LPzS OTHERWISE SPECIFIED;

)NS ARE IN INCHES.
RFACE TEXTURE: 68/

IMENSIONS APPLY AFTER FINISH.

ZMOVE BURRS AND SHARP EDGES.

0 NOT SCALE DRAWING.

XLERANCES: .X * 0.1
ZACTIONS * 1/64 .XX ± 0.01
9GLES ± I' .XXX ± 0.005

rr, -

DRAWN |P.BUTTRICK 10APRO1

CHECKED M.TREMBLAY 10APRO1

I I I LL: FOOT CONTROL
BUTTON ASSEMBLY

APPR. IM.TREMBLAY 1OAPRO1 SIZEIDWG. NO.. . .

THIRD ANCLE
PROJECTIDN

SAFETY CLASS

B
88070

REV
B

llC:AI F 1-1 A SHFFT 1 OF 1



5 I 4 3 2 1

REVISIONS

#36 DRILL
X .560 DEEP

ON A 1.032 B.C.

REV. ECO/TGR R DESCRIPTION APPROVALS DATE
A 2871 INITIAL RELEASE SEE TITLE BLOCK
B 2877 CHG. R.025 TO R.125. ADDED R.062 P.A.B./M.T 20APRO1
C 2887 WAS 10-32 THREAD, NOW 6-32 /j / I I

A

.876
REF

01.000
FOR A

A 1 "-28
THREAD

SECTION A-A

Tms DRAWING IS THE EXCUSVE PROPERTY OF AEA TECHNOLOGY OSA. IT MAY ONLY Be USED FOR THE PURPOSE fOR WHICH IT WAS ISSUED.IT MAY NOT BE DUPLICATED IN ANY WAY, NOR TRANSUITTED TO ANY THIRD PARTY WITHOUT THE CXPRESS PERMISSION OF AUA TECHNOLOGY OSA

D

C

B

MATERIALS: AISI TYPE 304 STAINLESS STEEL
PROTECTIVE FINISH: PASSIVATE PER MILS-5002C

UNLESS OTHERWISE SPECIFIED:
I. DIMENSIONS ARE IN INCHES.
2. MIN SURFACE TEXTURE: 6?/
3. DIMENSIONS APPLY AFTER FINISX.
4. REUOVE BURRS AND SHARP ECDES.
S. DO NOT SCALE DRAWiNG.
6. TOLERANCES: .X A 0.1

FRACTO.S A 1/RN .X X 0.01
ANGLES A 1V xxx 0.001

I 40 NORTH AVE. BURLINGTON. MA 01803

DAWjN |P.BUTTRICK 1IAPR0 tITLE: FOOT CONTROL
CECKED IM.TREME3LAY 1 CORE
APPR IM TDRFVI AYInA.~ n . . --

i

I , - ,. DV ' I .- I-,

fNIRS A3 - ISAFETY CLASS

IB
SIZE DWG. NO. 88070-5 HLcV

l
C(ALEr. 1 1 I SHEET I OF 1I - . -1. .. - --4 3 2 1



5 4 * I 3 2
REVISIONS

REV. ECO/TGR # DESCRIPTION APPROVALS DATE
A 2871 INITIAL RELEASE SEE TITLE BLOCK

8 2877 ADDED CENTER MARK NOTE PAB/M.T. 20APROl

C 2892 WAS .500,NOW .437 & WAS 1.38,NOW 1.500 F Ž14n/qAyof

R.030A
- 1.500

R.
20.49(

C
4.

-. 437H

1.937
REF

E

THIS DRAWING IS THE EXCLUSIVE PROPERTY OF A£r TECHNOLOGY OSA0 IT UAY ONLY BE USED FOR TYE PURPOSE FOR IIHICH IT WAS ISSUED.IT UAY NOT BE OUPUCAIED IN ANY WAY, NOR TRANSMITTED TO ANY TH1RD PARTY WrfI4OUr IHE EXPRESS PERTSSION OF TECHNOLOGY OSA.

MATERIALS: AISI TYPE 304 STAINLESS STEEL
PROTECTIVE FINISH: PASSIVATE PER MILS-5002C

40 NORTH AVE. EURUNCTON. MA 01803
UNLESS OTHERWISE SPECIFIED:

I. ODIENSIONS ARE IN INCHES.
2. UIN SURFACE TEXTURE; b5/
3. DIUENSIONS APPLY AFTER FINISH.
4. REMOVE BURRS ANO SHARP EDCES.
5. 00 NOT SCALE DRAWING.

b. TOLERANCES: .0 D. 0
FRACTIONS I1/64 .;0 * 0.01
ANCtES I 1- .0X I 0.000

A
DRAWN |P8LITTRICK 110APR0I TITE: FOOT CONTROL
CHECKED IM.TREMBLAY 10APR01 SHAFT
AX.M IAD _._LJ_, _A .iAODr d-- ,. M.. I I\.MV - -Ur

'- -I SAFETY yCLASS
t:Z1 I B

O A V W H I

SIZE DWG. NO.
B 1 88070-4 C-

SCALE. 1.1 I SHFET I OF 1_ ,4Lw. ... , _.- _5 4 I. 3 2b 4 I 3- 2 I



5 4
*I 3 2 1

REVISIONS
REV. ECO/TGR H DESCRIPTION APPROVALS DATE

A 2871 INITIAL RELEASE SEE TITLE BLOCK

B 2885 PICTORIAL DRAWING CHANGE PAB/MT 8MAY0 1

C 5 CHANGED TOERANCES p ZL o v J o, I

A

.25
R 06

.40

R.030

SECTION A-A

I WS DRAWING 1S THE EXCLUSNE PROPERTY OF ArA TECHNOLOGY OSA. IT UAY ONLY BE USED FOR THE PURPOSE fOR WHICH IT WAS ISSUED.IT MAY NOT BE UPLICATED IN ANY WAY, NOR TRANSUITTED TO ANY THIRD PARTY wITHOUT TIHE EXPRESS PERUISSION OF A TECHNOLOOY 0LW

D

C

B

MATERIALS: AISI TYPE 304 STAINLESS STEEL
PROTECTIVE FINISH: PASSIVATE PER MILS-5002C

_ _

UNLESS OTHERWISE SPECIFIED:
1. DIUENSIONS ARE IN INCHES.
Z. UTN SURFACE TEXTURE: 6?
3. D01ENSIONS APPLY AFTER FINTSH.
4. REUOVE BURRS ANO SHARP EDCES.
5. 00 NOT SCALE DRAWINC.
6. TOLERANCES: .A t 0.1

IRACTIONS A 1/64 TX t 0.01
ANCLES * V .XXX * TO00

40 NORTH AVE. BURLINCTON, MA 01803 A
�?IYI r. .

DRAWN P.BUTTRICK IOAPROI IIILL; FOOT CONTROL
ENDICHEcKEOIM.TREMBtLAY 10APR01

APPR. IM.TREMBLAY 1IOAPRO 8 I . . __.

> ell, | SAFETY CLASS

"CC-.O I E
WG. NO 880702

REV

C
SCAIF: 1 . TsHEET I OF I_ =4 3- 2b 4 3 2 1



5 4 * I 3 2 1
I REVISIONS

0 .145 THROUGH.-
CBORE 0 .235 X .150 DEEP

ON A 1.032 B.C.

01

.744

V7

81
REF-

[-.256

REV. ECO/TGR f DESCRIPTION APPROVALS DATE

A 2871 INITIAL RELEASE SEE TITLE BLOCK

A .123

.188

I SC-01.255 _

R. 125
TYP

A SECTION A-A

D

C

E

THIS DRAWING IS THE EXCLUSTAE PROPERTY Of ACA TECHNOLOGY OSA. IT UAY ONLY BE USED FOR THE PURPOSE FOR WHICH IT WAS ISSUED.
IT MAY NOT BE DUPLICATED IN ANY WAY. NOR TRANSMITTED TO ANY THIRD PARTY WITHOUT THE EXPRESS PERMISSION Of ACA TECHNOLOGY OSk

MATERIALS: AISI TYPE 304 STAINLESS STEEL

PROTECTIVE FINISH: PASSIVATE PER MILS-5002C

40 NORTH AVE. BURLINGTON. UA 01803
UNLESS OTHERWISE SPECIFIED:

1. OIUENSIONS ARE IN INCHES.

2. UIN SURFACE TEXTURE: 56/
1. DIUENSIONS APPLY AFTER nNtSI.

4< REMOVE BURRS AND SHARP EOCES.
5. 00 NOT SCALE DRAWING.

S. TOLERANCES: .A i 0.1
FRACTIONS * 1/64 AN1 I 0.01
ANGLES I 1 .1111 a 0055

A440 NORTH AVE. BURLINGTON. UA OIBD3
. . -, . . TiT f .

DRAWN - IIILL: FOOT CONTROL
SLEEVECHECKED4 .. _

APPR, .t i & SLEEVE.
SIZEIDWG. NO..

j3.! I AFETY CLASS B
B S CALEF 1:1

REV
88070-1 , A

, , o =T ' f %I SHEETI I OF' I
I�HLLI I IJF I5 4 3 2

5 4 3 2 1



I

REVISIONS
REV. ECO/TGR # DESCRIPTION APPROVALS DATE

A 2871 INITIAL RELEASE SEE TITLE BLOCK

B 1 2877 CHG. R.025 TO R.063, ADDED DRILL NOTE AA5s X

* R.418
2 PLS

0.5100.740

L
A

R. 1 25-

DEEP

.246
2 PLS

-DRILL POINT ACCEPTABLE
NOT GREATER THAN 01/4
X 1/32 DEEP

SECTION A-A

qIS DRAWING IS THE EXCLUSIVE PROPERTY OF AEA TECHNOLOGY OSA. IT MAY ONLY BE USED FOR THE PURPOSE FOR WHICH IT WAS ISSUED.* MAY NOT BE DUPLICATED IN ANY WAY, NOR TRANSMITTED TO ANY THIRD PARTY WITHOUT THE EXPRESS PERMISSION OF AEA TECHNOLOGY OSA.

ATERIALS: AISI TYPE 304 STAINLESS STEEL

ROTECTIVE FINISH: PASSIVATE PER MILS-5002C

40 NORTH AVE, BURLINGTON, MA 01803
JNLESS OTHERWISE SPECIFIED;
* 'ISIONS ARE IN INCHES.

URFACE TEXTURE: 6,Q'
L.. _i'SIONS APPLY AFTER FINISH.

REMOVE BURRS AND SHARP EDGES.

DO NOT SCALE DRAWING.

TOLERANCES: .X ± . I

FRACTIONS ± 1/64 .xX i 0.0

DRAWN P.BUTTRICK 10APR01

CHECKED M.TREMBLAY 10APR01

TITLE: FOOT CONTROL
KNOB

APPR. IM.TREMBLAY I10APR0ilS

ANGLES ± 1 .XXX ± 0.005 Ed f
THIRD ANGLE
PROJECTION

SAFETY CLASS

B

iIZE DWG. NO.
A, 88070-3

REV
B

SCALE: 1: 1 .. ... .. I SHEET 1 OF 1SC LE I1IS E T IO



5 4 I 3 I 2 15 4 I - 3 2 1REVISIONS _________REVISIONSI
REV. ECO/TGR I DESCRIPTION APPROVALS DATE

A 2871 INITIAL RELEASE SEE TITLE BLOCKI

B 2877 ADDED CENTER MARK NOTE PAB/M.T. 20APR01
C 2892 WAS .500,NOW .437 & WAS 1.38,NOW 1.500

3 N/A PROTOTYPE PART

Di

R.030A

| 1.500
F.

f .T, . =i s

1'11 V C

. ., i
.37
EF

PROTOTYPE -
PROCESS IN ACCORDANCE WITH

ENGINEERING INSTRUCTIONS 437

1O' So- .156

\.,07

l -. 500-4

B

ENG bgL776Z WZ<DATE 30,••/'o z

"ge,~~~~~~ k > Os yd,
M",~75 ~-o_

tSS ORAWAAO IS ThE DICUJONE PROPDITY OF ALA 1TD4PJOWOY OSA. If MAY ONt.Y BE LISW FOR ThE PURPOSE FOR m4104 VT WAS 555(0.THS MRAYINO IE ISTHE(EXC ISNE PROPEWTY OF AEA TECHNOLOGY ITY PAY ONLY B E USED fOR THE PURPOSE fOR OFALA IT WAS ISSUED.IT UAY NOT BE DUPLXATED IN ANY WAY. NOR TRANSMITED TO ANY THIRD PAM7 WTHOUT THE EXPRESS PERMISSION oF AfA TECHNOLOGY CSU
LiATOIAI C. (- In FCIDCDIDi ACC I -MlCU rIfl L.J. -I U I r 4 .I'cr 3L fl..-W-60. v- I w I

PROTECTIVE FINISH:____ N/A

40 NORTH AVE. BURUNCTON. MA 01003
UNLESS OTHERWISE SPECIFIED;

1. DIMENSIONS ARE IN INCHES.
2. MIN SURFACE TEflRE. 63/
3. DIMENSIONS APPLY AFTER fW1SH.
4. REUOUM BURRS AND SHARP EDGES.

5. Do NOT SCAIE DRAWINO.
6. TOLRANCES: .X t 0.1

FRAC11ONS * 1/64 .XX 0.01
ANCLES *1 I' 05 * Omom

A
DRAWN P.BUTTRICK tOAPROll I II FOOT CONTROL
CHECKED M.TREMBIY1OP SHAFT
APPR. WUTPrRE IAV 1OlAPRD - -.,..,.~wu NO.wA1W 88070-- 1111.11-.1-1.

SAFETY CLASS
I ennN I

SILLIDWG. NU.807 4 HxRv

SCALE: 1,1 1SF-FEET 1 01' 1SCALE: 1:1 I SH.EET 1 OF 1---.--- _I -. I -a -- - --4I I5b 4 I 3 2 1



5 I 4 I 3 2 I 15 4
REViSIONSREVISIONS

REV. ECO/TOR 1 DESCRIPTION APPROVALS DATE
A 2871 INITIAL RELEASE SEE TITLE BLOCK

B 2877 ADDED CENTER MARK NOTE PAB/M.T. 20APRO1

C 2892 WAS .500,NOW .437 & WAS 1.38,NOW 1.500

3 N/A PROTOTYPE PART

D

R.030
MARK1.500

I - F
C

1.937
REF

.437-

.60 04

j -. 500-

_D156

-r B

Th DRAWN Is In EYLUS5 FROPUfMr OF 9A 7M M OM IT MAY ONLY BE USE3 FR 'DC RPE FMR d rr WUS tiIT MAY Nor E JCA= i4 my my. NOR irmsum m mo flAm PAIw1Y THE Dwr= puaasmI of MA TfloY 
NA.

IAATERIAL.S: G-10 FBERGLASS
PROTECTIVE FINISH: N/A

40 NORTH AFt BURUNGTON, MA 01803
UNLESS OTHERWSE SPECIFIED:

1. DMENRSONS ARE IN 4NCHIM
2. WIN SURAE TEXTUR- W
3. DNLNSOAPPLY AM FNMS.
4. RECMM BIURRS AMN %t E£DOS.
S. DO NOT SCtE DRAWING.
e. EARCS: I5 * (L

vAlomS k I/. _ _ 001
AHCIES & t- )=* 0.0

A
DRAWN |P.BIiTRICK 710APRO0
Cmmx5 M.TREMBLAY 10APRO1
APPR- M.TREMBLAY 10APRO.

lILTL: FOOT CONTROL
SHAFT

{3SW C 15FE
ISIZEDWG. NO. 88070-4 _ REV

'3
- S J t .f l L C _ T. A 1 o r. . s a.1 I --I- . -- I5 4 3I 2 1 1 , - I A I5 4 3 2 1
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•I s.6 .
AEA Technology QSA, Inc. TEST PLAN 125B

September 2002

Horizontal Shock Test
ISO 3999-1

Test Specimen:

Drawing No. K) Rev. kfi Serial Number: /

Test weight Y/ .z Scale Used A & ,, m 27
.. 2L.bo,~76~ %)2, y7 &q' Zoo

Test Setup:

Set up per: ISO 3999-1 (6.4.6.1) horizontal shock test procedure.

Pictures: <k:\ -, g/q4o\ TI JZ <A

Notes:

Horizontal Test Bar:

Drawing No. 3/,:3i3 .S; l Rev. 11f Location: &,)R <Fsc i1Az

Test Period:

Date &time: /&P _6oS Z*- 3c -,

Specimen Damage:

67i 7,4 1Eo ,'V+73 C -Y7// /VY- I /hjL/
Z- fF ft /V/ 7: A C. z£- .fJ >9 z, to 7°r

Post test assessment:

Recorded by: /,I Date: / 2

Witnessed by: :,4 -. Date: /?4J1% --
Regulatory revifewe Date: J F te. f)
Q.A. reviewed by: -- Date: tvz Aeb 6
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AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

Horizontal Shock Test
ISO 3999-1

Test Specimen:

Drawing No. 7k(Z/TtY9-,2 Rev. e Serial Number: /Z
Test weight e4_Y X . ScaleUsed A . >&J iY

Test Setup:

Set up per: ISO 3999-1 (6.4.6.1) horizontal shock test procedure.

Pictures: A. \7 5, &A/u k iop/z0 1

Notes:

Horizontal Test Bar:

Drawing No. 7Ti £ 3 ,5> ( Rev. _ __ Location: e 5ToJt effi

Test Period:

Date& time: , r

Specimen Damage:

Post test assessment:

Recorded by: -/ , Date: c3 .
Witnessed by: '-j. i Date:
Regulatory revieve . y. Date: /3 , o
Q.A. reviewed by:, -1( Date:'/.3? . ,
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AEA Technology QSA, Inc. TEST PLAN 125B

September 2002

Penetration Test
IOCRF71

Test Specimen:

Drawing No. gCoJ7XL•/7Thz•.s4 Rev. Serial Number: 2Z

Test weight ½ . Scale Used , >

Test Setup:

Set up per: I OCR71 (71.71(10)) penetration test procedure.

Pictures: ½jjZi 7j6 A _ ' | h P

Notes:

Drop surface:

Drawing No. 7'/c,, a •zo Rev. H4 Location: ___.__5_ _l__o_

Test Period:

Date & time: /7 - -7

Specimen Damage:

I-

_ _ _ _ _ _ _ _ _ _ _ _ I-

Recordedby: - -*n . Date: ,c

Witnessed by: Date:
Regulatory revie Date: 7,Lp-
Q.A. reviewed by:. i 'Q As- Date: -

Page 17
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AEA Technology QSA, Inc. TEST PLAN 125B

September 2002

Free l)rop Test
IOCRr71

Test Specimen:

Drawing No. i8 O,7 Ar-s IPq Rev. . Serial Number:_ _ _

Test weight -yg . Scale Used p& O -Ti

Test Setup:

Set up per: lOCFR71 (71.73(1)) free drop test procedure..

Pictures: ,- 7 j£M-S ' \ r

Notes:
5vFSe /J£,,)/ ,gL/ •y/;X-.r •t4Y6 / c&S - .d Ls;'r.1

V(• 4 PA- )LYTF4L I pie.C )•Ž 7 ~24 ~ e VI9

,t~P
Drop surface:

Drawing No. -7-) o S a/ Rev. ;*1 Location: 648 1

Test Period:

Date &time: 6 - ... - - -.

Specimen Damage:

6eO .A 2 1-2 QA-) 19P nA - A-L/ Pi7 iA-

Post test assessment: SX' /e4 ,

-/,# Ce- -> p=7 ..X -4 -ovS h

Recorded by: - Date: x
Witnessed by: , -- Date: ,r M n2- -y
Regulatory reviewed by; Date: IgrY ,
Q.A. reviewed by: Date: /9 .7nZ

6'
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AEA Technology QSA, Inc.

.. - ...... ......,_

TEST PLAN 125B
September 2002

Puncture Test
1OCRF71

Test Specimen:

DrawingNo. 2 9 6 1 Rg ZZL•,4 Rev. 4 SerialNumber: e -

Test weight )1 Zg. Scale Used /-iC. >: -r7

Test Setup:

Set up per: 1OCR71 (71.73(3)) puncture test procedure and assessed configuration.

Pictures: ,'d /9

Notes (assessed configuration):

Drop surface:

Drawing No. 7/7 IŽ e f 52)0 O Rev. A? Location: 6e!4 6z,4 A V.

Test Period:

Date &time: 6 e«K /~.-o .

Specimen Damage:

04 4 7 0.r

Post test assessment:

Recorded by: Date: E ,
Witnessed by: . Date: ,2 h
Regulatory reviewed by . Date: /q F
Q.A. reviewed by: Date: /,?

(17 7,
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AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

Final Test Assessment

Test Specimen:

Serial Number(s): o 0/ 7 X)(L---, s7 2 1

Foot Control Button evaluation:

Spring (611b.): /,)J 6tAOo1i b,3 o.k o i.&J
Spring (19lb.): Io Gvb ;. fa ee e
Stainless steel components: J( -o. t ,,3

F.C.B.A. working condition afterHorizontal shock. _ _ _ _ _

Foot Control Button Assembly evaluation:

Is the F.C.B.A. in working condition?

-,:- &8 1 / I -0 C,-q- i n
Ilep,9 C -7- '7/-i f /. < .H-X S/< C , I

A-7.4T < J/-7 S Aoc-k. / 1 7A1o' -D. c-f

. . e. e- . _ . .
Comments:

'9 t41•. 4-fl, -,/AXe to ws5 A~f'

r7tV /, fi - .rc ^9s 7 7 -, q9/ • ,S vf-/ A3 ,zfA ,ea

Engineering Review by: 7Ž4.. , -K -9 " Date: a2 «pJ
SME Review by: ; K Date: 03.9ea E
Regulatory Review by: __ Date: --3f
Q.A. Review by: X~ffi8XDate: JYZ03

ty7,{ 7
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AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

Final Test Assessment

Test Specimen:

Serial Number(s): iK o 17Y'-. 5

Lock Mount Assembly evaluation:

Aluminum housing: , / s~zt P•Ž>
Stainless steel insert: ,j o b-.-- i E
Corbinlock: A~o o -b •9
Lock Mount Assembly working condition after Horizontal shock. /• f

Lock Mount evaluation:

Is the lock mount assembly in working condition?

7 CoG ?° If,<-- 4 *7 - r- -n{o ° VO 5

17A2A t f4 6 O7Y, L

Comments:

4- 7•S7 6 TYIF Lv /C- ?70U2 24S•/o

Engineering Review by < Date: /2 5
SME Review by: Date: g q
Regulatory Review by: - Date:
Q.A. Review by: - . Date: -a'

Page 20
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Section 10. APPENDIX D - MANUFACTURING RECORDS
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010 Assy Attach jacket 88041-1 1 C 888017XLS T10367
88011XLS I B Sin >I T10324 i,'
RIV093 i A

020 Assy Attach front plate 88030 C B88017XLS Torque
SCRI54 A wrench A. dTorque screws -. SIn (67z __

030, Assy Attach rear plate 88020 5 SIn W-'5 B88017XLS Torque _ e
SCRI54 A wrench I - '>4.'Torque screwsI_ _ _ Sin /I2- ' J3

040 Assy Attach F.C.B.A. 88070 1 2 B88070 _ _ __,l

050 Assy Label 88042-5 I B88017XLSRIV003 'PA e 3 _

6 060 QC Final inspection Pass B88017XLS 7 'lb

= lS-l-T PR .1 QC



010 Assy Attach jacket 88041-1 C B88017XLS. T10367 \880I1XLS A Sin ______T10324 _
___ __ __ ___ __ __ R lV 093 A_ 

_ _ _ _

020 Assy Attach front plate. 88030 B B88017XLS Torque
SCR154 A wrench YTorque screws S/n ISZr _ _

030 Assy Attach rear plate 88020 B SIn I I Y B88017XLS Torque P rcSCRI54 A wrench t 1 WTorque screws s = SIn 16- S2_=

040 Engr Attach F.C.B.A. 88070 2 B88070

050 QC Final inspection Pass B88017XLS
_ _ _ _ _ _ _ _ _ _ _ F a ill_ _ _ _ _ _ __

H_____ 
____ 

____=



..
'- ~) j7 J/AM>J

5 A
ncbIllr - -4n1 fn T22-Do

r) .4f7 t3o-z--
J-1 Sp�

<t -A f-1 4=_VOu uUL ru ............ 7.. OIJU U1orInspection Instruction Originitor/Dae CO1 |Rev A fPart No. 88017XLS ISupplir
And Record QA Approvl/Date 0/ 1CM C |rLN/A Eng. Approval/Dite LM/2i CO/
Item Description: Model 880 Delta Simulator Ass m y_

Characteristics Tolerance MTE AQL 1 2 3 4 5 6 7 . 9
General Visual N/A N/A C/ 100%

Verify all Items Present Per N/A N/A C / 100%
D raw in g 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _

Verify Assembled per.Drawing N/A N/A ;C / 100% 0 / / / //

Total Weiglit 50 Lbs.Max. N/A Scale C / 100% ; _________

Funtional Test With Dummy N/A N/A C /
Source**__

Verify Foot Control Button Assy N/A N/A C/100%*C
Verify Foot Control Button Assy N/A N/A C / 100%

Functions Properly
Less Name Plate & Source ID

TgN/A N/A C/100% C

Comments PO / WO # 1_____

Traveler / QCL# • 
_ 

_____

Lot / Serial # 2 J . .

Lot Qty. -

Qty. Rej /CR 0

Qty. Acc.

Insp I Date

F-Q1807-1, rev. 0 IlR Page I



Op Work ReferenceO Center Operation Part X Lot or S/N Documents/Rev Tools by Date Comments
010 Assy Stamp SIN 88010 SIN x / B88011XLS VAL ____-

020 Assy Assemble shields & 88052-1 B88011XLS -o
End plates 88010 Lot# i0/7/ / /. _____ _88003

030 Weld Tack Weld 88011XLS Lot#O/iO2Z B88011XLS T10318 /iT Dcr_
WEL002 SIN2 P. c

040 Weld Weld 88011XLS Lot#0;Q24-; 1B88011YXLS * E ^. _
WEL-00 5. 2c

050 QC Inspect weld (VT) Pas B88011XLS _ 9 I
_ ._ '_._._Fail _

060 Assy Foam FOM001 B88011XLS T10329 J
WI-P1712 SIN4 A )

._____ .____ SPS-P1712-1 ___ o 0
070 A2y Inspect B88011XLS (

.rC



Pi
-~ 

Sheet I1Inspection Instruction |Originator/Dotc' (1C _ _B IPart No. 8801IXLS |Suppi!cr Se
And Record |QA Approvat o CM C IPL3 |Eng.Approval/Dtc -- / j
Item Description: Body Weldment Delta Simulator t / _ _ _ __

Charactcristics Tolerance MTE AQL 1 2 3 4 5 6 7 _ 9

General Visual N/A N/A MJ /1.0 j ______ _ _ _ _ _

Verify Assembled per Drawings N/A N/A MJ /1.0 C/
Route Card Verification _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

+ .02
1.75 -. 08 Micro Hite MJ /1.0 /2

8.5 +/- .1 Micro Hite MJ / 1.0

Welded Per Dwg. N/A N/A MJ /1.0 £ / _ _ _ _ _ _

Stamp Serial # per Dwg. N/A N/A Mi / 1.0

Comments PO/ WO#

Traveler / QCL ;

Lot / Serial#- 2|

Lot Qty._. . | . |

Qty. Rcj / NCR 5-/ |/A

Qty. Acc.

Insp I Date 
________

F-Q1807-1, rev. 0 IIR Page I



[ FIRST ARTICLE REPORT
Form F-Q1807-2

Supplier: /9qq/j/I• s Palt No.: 0 / P.O. /W.O.

Item Description: , n t Qty. Qty./Insp. ,

Drawing No. Rev. 3 CM:

Inspected by: Date: Lot/Ser.#

Drawiiig Dimension Adtuibl Dim nsion M&TE Used SN & -Cal. Dtwe-Date-

. 56Z . 5 -. 56C 0I

,755s .co3 .7SL -. 7Sg _ __ _ _ L1e1 6

,25 ,5°G75 ocl5k /0~>*O J-,q,63

. A'}t-;66 M(r-rO HIk /7 -- O0

. {Sg21h 1 pn !!A~e- / /z -03

. 3 S5 q ; t Ai & Z 3S (Z1/6/? /411 6 Z7c) 4 '- 2Z-o 3

.S9 292 / ?94
I93 . ; . -

_ _ _ _.__ _ _ _ _ _ C c dip ev- 0 5 o- -

x36{e5 f; 5 . S.ri '- L7 q ->A i A

Results: Accepted Rejected

Comments:

QC Forivard this inspection report along with the samples to Engineering for review and
approval. Retain a copy of the report in the file until approved.

Appoved Not Approved

%,<, y
D]

Date: -0-:°3
Engineering

Engineering return approved report to QC for records retention.

F-Q I 807-2, rev. 2 Page I of IF-Q1807-2, rev. 2 Page 1 ofi
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Supplier:A i /%?- I)A6%,1/Z43 Part No.: gD- / P.O.MIf

Item Description -yz ,/e, 4 p 7 / Qty. /0 Qty/Ilnsp.

Drawing No. Rev. 3 CM: 5

Inspected by: -S Date: Lot/Ser.#

Drawing Dimension Actual Dimension M&TE Used SN & Cal. Due Date

IT ida~E A1.4

0/3 7 3 6L2

51/O5R rI
q37 q 3 7 Z- <E-9

-360 *36 _449 _
Results: Accepted Rejected

Comments:

j

QC Forward this inspection report along with the samples to Engineering for review and
approval. Retain a copy of the report in the file until approved.

A'pproved Not Approved [j

G, 7 e7 I/ Date: 43S c z9
Engineerin g i

Engineering return approved report to QC for records retention.
F-Q 1 07-2. rev^. 2 Page I of I
F-Q1807-2. rev. 2 Page 1 of I



5 4 3 2 15 4 3 2I
REVISIONS

REV. ECO/TGR # DESCRIPTION APPROVALS DATE

A 2871 INITIAL RELEASE SEE TITLE BLOCK

B 2877 ADDED CENTER MARK NOTE PAB/M.T. 20APRO0

C 2892 WAS .500,NOW .437 & WAS 1.38,NOW 1.500

3 N/A PROTOTYPE PART I

R.030A

4.

MARK1.500

FIl C

. .
,37
EF

PROTOTYPE
PROCESS IN ACCORDANCE VWllTH

ENGINEERING INSTRUCTIONS

B

ENG /U7?Z I -DATE Z•/'-!g0 7-
THIS .AWO S THE EXLAUS PROPUnr or AEA TECHNOXY OA FT MAY OtY BE USED toR THE PURPOSE PCR n IT WAS ISSUE.I MAY aNT BE DUPUIATED IN NYa WAY, NOR TRA4SuJT TD AAR THRo PARTY V UTh THE ExPRESs PERMS0 O r MEA TECYOVO OT I0

MATERIALS: G-10 FIBERGLASS �-'Eo
/rtf, 9 PROTECTIVE nNISH: N/A,6�� 9 1 k

__

UNLESS OTHERWISE SPECIRED;
1. oIMEaSIONS ARE N INCHES.
2. U1N SURFACE TEDaURE: W
1. DIMENSIONS AMLY AFTER FINISH.

4. REVOXE BURRS AND SHARP EOOES.
5. DO NOT SCALE ORAWING.
6. TOERANCETS: .1 t 0.1

FRACTIOJS A I/64 5 i 0.01
MOM * .. * C.ODS

40 NO"Rt AVE. BURUNCTON, MA 01003
IIIo.

DRAWN P.BUTTRICKI 10APROl
CHECKED M.TREMBLAY 10APRO0
APPR. M.TREMBLAY 1DOAPROl

11ILLE FOOT CONTROL
SHAFT

A

SAFETY CLASS
ITD 8

SIZE1 DWG. NO. 88070-4
REV

_ 3
SCALE: 1: T I SHFFT I 01 I

.1 1 0��� -- . -.5 4 3 25 4 3 2 1
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Section 11. APPENDIX E - TECHNICAL REPORTS
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Technical Report No. 40

Page I of 4

AEA TECHNOLOGY QSA, Inc.
Engineering Departrnent

Technical Report

Title: 880 Lock Mount "Environmental Test" evaluation

Prepared by: 2 i !L Date: //zre.ie' t Z
Checked by: --j22 ZI7Ž Date: /.I'Coz

Engineering Approval: , Date: //

1.0 PURPOSE

The purpose of the report is to set forth results on testing of the #88022 Lock Mount assembly, then propose and test
new designs as to arrive at one that will not experience operating problems in the future.

2.0 SCOPE

We have received customer concerns (see CR 151, CR177) about the aluminum #88022 lock mount and its brass
#66001-11 lock plunger sticking (not unlocking) after being subjected to several days of marine environment and
dark room exposure. Other concerns of mud and water submersion to the lock mount assembly during "normal"
daily operations have been made in reference to faulty lock operations. Moreover, corrosion between the aluminum
lock mount and the brass lock plunger will be evaluated when tested.

3.0 METHODS

The test method employed was performed on three different designs. The first design is the part as currently
manufactured. The second design has a stainless steel sleeve inserted into the existing design's enlarged hole. The
third, a rubber o-ring design incorporated into the existing design. Two complete assemblies of each of the three
different configurations were used in the testing. The test was as follows.



W- WIIJI IK-iP

Technical Report No. 40
Page 2 of 4

Two different tests were conducted:

a. One each of the three different designs were submerged into a heavy salt water mixture for a period of
3 days.' Each day the solution wasstiirred,' a to fully c6t the sanples. Onithe f6urth day the test
samples were set on a table at ambient temperature to dry for a period of four hours. The samples
were then placed in an oven and were subjected to a temperature of approximately 140 degrees
Fahrenheit for a period of 4 hours.

The above process was to simulate exposure to a marine environment. The test samples did have
some minor corrosion occur between the brass lock plunger and the aluminum housing. The brass
lock plunger also had some discoloring around the key area but had little effect in operation.

See pictures below.......
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Page 3 of 4

b. One each of the three different designs were submerged into a thick mud mixture for a period of 3
days. Each day the solution was stirred, as to fully coat the samples. On the fourth day the test
samples were set on a table at ambient temperature to dry for a period of four hours. The samples
were then placed in an oven and were subjected to a temperature of approximately 140 degrees
Fahrenheit for a period of 4 hours.

The above process was to simulate exposure to dirt and mud for long periods of time. A drying cycle
was introduced as a normal occurrence during storage or non-use.

See pictures below.......
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4.0 INITIAL INPUT

The first sample, which is our normal production part was tested without any modifications. It was assembled by
applying a petroleum (AEROSHELL Grease 7) lubricant to the perimeter of the hole on the aluminum lock mount.
The brass plunger was than inserted into the hole and secured in place by a 6-32 hex slot machine screw through the
Side OT the assembly..

The second sample, #88022 (Rev. 6) lock mount had the 0.858 diameter drill hole opened to .880 +.000/-.003 x .930
deep. A stainless steel sleeve #88022-1 (Rev. 1) with an outside diameter of 0.875 +.000/-.005 was bonded with a 5
minute epoxy into the .880 hole. The #66001-11 lock plunger was than inserted into the lubricated (AEROSHELL)
stainless steel sleeve and secured in place with a 6-32 machine screw.

The third sample, #88022 (Rev. 5) lock mount was modified to accept an o-ring (Green Rubber #AS568-210)
approximately 1/8" from the top edge of the .758 diameter hole. Upon insertion of the o-ring the 0.758 diameter hole
was greased with the lubricant (AEROSHELL) and the brass lock plunger was secured in place as above.

See attached drawings for more information.

5.0 RESULTS / DISCUSSION

5.1 The parts were first evaluated (not cleaned) while still warm from the oven.

All the salt covered test sample's lock plungers were hard to turn with the key and did not actuate properly. The
Stainless steel sleeve sample did however work the best after only a few iterations. The normal production sample
was very stiff while turning the key and did not actuate fully. The o-ring sample did not turn or actuate at all.

The mud covered test sample's lock plungers turned easily with the key but did not actuate fully on the current
design and the 0-ring designed test sample. The stainless steel sample however actuated fully without any effort.

5.2 The parts were then cleaned (washed with water) while turning the key and actuating the lock plunger.

The salt covered stainless steel insert test sample and the o-ring test sample worked well after cleaning. The normal
production sample however, never worked properly even after being rinsed thoroughly with water. The production
sample was then disassembled, re-cleaned, and reassembled. At which point it worked as designed.

The mud samples were evaluated to find that the regular production sample's key turned fine but did not actuate
completely. The o-ring design worked well. The o-ring kept out most of the mud and water enabling it to function
properl.Ty; The sample with the stainless steel insert worked best. The key turned easily and the lock plunger actuated
smoothly.

6.0 REFERENCES

Not-applicable:-- -

7.0 CONCLUSION

The overall conclusion is that the #88022 lock mount assembly should be kept clean as possible during normal
operation. After use, the radiographic unit and it's lock mount assembly should be washed to remove any dirt, salt,
and grime to insure proper functioning.

The conclusion from testing different designs is that the #88026 lock mount should be modified from it's original
design to include the #88002-1 stainless steel insert. The stainless steel insert was quoted at approximately $5.00
each and will be incorporated at the time of assembly. The aluminum lock mount presently is being produced as a
finished casting. The light weight aluminum design is both desirable and is a functional alternative to an all solid
stainless steel design.
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Section 12. APPENDIX F - ORIGINAL TEST PLAN
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AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

TEST PLAN 125 (Rev. B)

Model 880 Type B Container

With 88070 Foot Button Assembly

And 88022 Lock Mount Modification

1OCFR71, ISO 3999-1

Transport Conditions
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AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

1.0 Purpose

The purpose of these tests is to assess the Model 880 transport container with the addition
of the #88070 foot control button assembly. With the addition of these components and
the modification of the #88022 lock mount, they will not adversely affect the packages
ability as a "Type B" transport container.

The tests will be conducted and witnessed by at least one Engineer (the originator), one
Regulatory, and one Quality person. The results of the test will be written in a test report
and distributed through the engineering, quality, and regulatory departments for review.

We will test to I OCFR71 regulations for 71.73(1)free drop, 71.73(3) puncture, and
71.71(10) penetration. These tests will follow a random order except that the 71.73(3)
puncture test will follow the 71.73(1) free drop test. Also, testing will be performed
according to ISO 3999-1 regulations for 6.4.6.1 horizontal shock.

This test is a revision to Test Plan 125A. In this test plan, AEA Technology QSA will
revert back to the original test plan (TP125) for it's #88070 component design with the
following exception. The #88070-4 Shaft which was made of 304 stainless steel will be
manufactured from phenolic (G-10 fiberglass) rod stock.

In reference to TP125A, the test failed when the 88070-4 Shaft made impact with the
88024 Titanium lock slide, pushing it through the 88026 Selector ring causing a failure.
By manufacturing the Shaft out of G-10 material it would fail first before any damage
could occur to the lock slide or the selector ring. See drawing #88070-4 (Rev. 3) for
details of the improved design.

Testing not performed under this test (and necessary to demonstrate compliance with
IOCFR71, ISO 3999-1, 49CFR and IAEA twRiSl) will be addressed in an assessment
located in themfinal test report. Z s - ok - I

C.- c ,a

Page 3



ABA Technology QSA, Inc. TEST PLAN 125B
September 2002

2.0 Product Design Description

The Model 880 "Delta" source projector, drawing #TP125A (weighted dummy unit)
consists of the following components:

* 5" Dia. stainless steel body weldment with a "lead core" containing an S-tube.

* Stainless steel front and rear plate assemblies (with modified lock mount).

e #88041 Polyurethane jacket.

* #88070 foot control button assembly.

Lock Mount Assembly.

Page 4



AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

3.0 Failures of Interest

3.1 Foot Control Button Assembly

If the lock slide were to be forced from it's locked position, the source wire could
become free to float inside the unit.

The drop test will show that the compressive load being transmitted through the
88070 foot control button assembly will not damage the 88024 lock slide located
inside the 88020 rear plate assembly.

3.2 Lock Mount

If the aluminum lock mount receives a blow which damages this component and
prevents the locking mechanism from actuating properly then the operator might be
unable to use the radiographic camera as specified in the operations manual.

The ISO 3999-1 (6.4.6.1) horizontal shock test will show that with the addition of a
stainless steel insert, that this will aid in better structural integrity to the lock mount
assembly. See drawing 88022-1 for insert information.

Because the lock mount is designed not to extend beyond the surface of the camera
body, the ISO 3999-1 (6.4.2) lock-breaking test, lOCFR 71 (71.73.1) free drop and
(71.73.3) puncture test would not be relevant tests therefore will not performed.

Moreover, the ISO 3999-1 horizontal shock test is more severe than the 1OCFR71
(71.71.10) penetration test. Because of this, the penetration test will not be performed.
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4.0 Test Conditions and Orientations

The Foot Control Button Assembly (F.C.B.A.) was designed to thrust the lock slide into
it's active position during operation. The F.C.B.A. was also designed to bottom out when
the lock slide was fully actuated. With the new design (phenolic) of the lock slide, the
force from actuating the F.C.B.A. cannot be translated directly to the lock slide.

4.1 Free Drop Test (I

The 880 radiographic unit will be oriented so that the F.C.B.A. will be facing downward
toward the test pad (T10261 SNOI) for the 9m (30 ft.) drop test (see section 8.0). This
will expose the assembled unit so the F.C.B.A. will receive an impact similar to a slap
down effect. See section 3.2 for lock mount -testing information.

4.2 Puncture Test 0/)
According to the Purpose (Section 1.0 paragraph 4) section of this test plan an evaluation
will be made before this test is performed. Unless stated in the test report, the following
will most likely be performed. The 880 unit will be oriented in a similar angled fashion as
above for the Im (40 in.) drop test. The unit will be dropped onto a test billet (T101 19
SN01) so as the F.C.B.A. sustains the full initial impact. See section 3.2 for lock mount
testing information.

4.3 Penetration Test ( )

The 880 unit will be oriented so as the foot control button assembly will be facing
upward while the jacket will be supported on an unyielding surface. The hemispherical
end of a vertical steel cylinder (AEA Technology QSA Drawing #BT10129) of 3.2 cm
(1.25 in) diameter and 6 kg (13 lbs.) mass will be dropped from a height of 1 m (40 in)
onto the surface of the F.C.B.A. See section 3.2 for lock mount testing information.

4.4 Horizontal Shock Test •i)
The 880 unit will be oriented so the (1) F.C.B.A. and the (2) Lock Mount will impact the
end-face of (T10333 SN01) 50 mm (2 in) diameter steel bar. The criteria is 300 mm (12
in)in length lyinghonz'ontally, that is~fixed'or welded to a'rigid 'mass alt' least ten' times
the mass of the 880. The 880 will be suspended from a fixed point so that, when at rest,
the F.C.B.A. and Lock Mount just touches the target. The 880 will be moved from its
resting position until its center of gravity is 100 mm (4 in) higher than in the resting
position and let loose, so that it swings in a pendulum movement against the target. This
will be carried out for a total of twenty (20) times.

Page 6



AEA Technology QSA, Inc. TEST PLAN 125B
September 2002

5.0 Pass and Fail Criteria

A final assessment shall be made upon the completion of the tests to evaluate the
specimen's performance against the test requirements and determine a pass or fail
judgement. The specimen(s) shall be considered passing the test requirement if the
specimen meets the following criteria:

5.1 Foot Control Button Assembly

The lock slide must not be damaged in a way that the source wire assembly becomes free
to move.

The radiographic unit must remain operational after the horizontal shock test. This means
either with the actuation of the F.C.B.A. or by manual operation of the lock slide
mechanism.

5.2 Lock Mount Assembly

The corbin lock mechanism must actuate freely after being subjected to the horizontal
shock test. Also the stainless steel insert must stay in position. The Lock Mount and
stainless steel insert will be secured in place with a dog point hex set screw. Loctite will
also be added to a set screw prior to assembly. Moreover, the set screw in the Lock
Mount assembly cannot back out of position after assembly because the Lock Mount
seats up against the 88031 Front Plate.

Final assembly configuration will be noted on QC inspection/acceptance forms. The
production unit will be assembled to comply with the tested configuration.
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6.0 Test Specimen

The test specimen will be a fully weighted dummy "lead core" 880 Delta radiographic
camera (reference AEA Technology QSA Drawing No. TPI25A). The core will have no
depleted uranium, however the lead core will encapsulate a titanium s-tube. The test.
specimen shall be examined after the test and any defects will be noted.

The test specimen was developed under drawing #8801 7XLS but stated that the unit was
a Safety Class "C". The test unit should be a Safety Class "A" for traceability reasons.
Therefore drawing TP125A was developed as a prototype drawing of the test unit with.a
Safety Class A.

AEA Technology QSA used a lead unit for this test for the soul evaluation of the
Mechanical testing of exterior components. Therefore the unit did not need to be profiled.

Lead was also used to replicate the weight of the unit. The lead billet is orientated (center
of gravity) in the same location as a DU unit. Moreover, the billet is mechanically
attached with the same pins and hardware as a DU unit. Therefore the test unit will react
in the same manner as the DU unit.
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7.0 Testing Safety and Waste Disposal

Testing Safety

The tests will not be conducted with any radioactive sources. Instead, the testing of the
Model 880 unit will use a dummy source wire assembly.

The weight of the testing will require lifting heavy objects. Proper lifting techniques
shall be used to prevent injury.

Some tests of this plan may result in heavy falling objects and flying debris. Safety
glasses and a safe distance must be used in these cases.

Waste Disposal

The test Model 880 and accessories will be kept and stored for reference until
authorization by the engineering and regulatory department to dispose. No radioactive
material will be used in the testing so the test specimens do not need to be kept in any
special radiation storage areas.

Once approved for disposal by the engineering department and the regulatory department,
the entire test units can be disposed of as standard garbage except for the lead shielding.
The lead shall be removed from the Model 880 device and kept for the production
department to melt down for other applications if applicable. If the unit remains in good
condition, the unit will be repaired if necessary and used for future demo purposes.
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8.0 Test Procedures

Free Drop Test 9m

1. Prepare test device by placing device into a sling device.
2. Hold test specimen orientated toward impact surface at a height of 9 m (30 ft) from the top of

the drop pad surface to the bottom of the test specimen.
3. Drop the test specimen onto the rigid target surface.
4. Examine test specimen and evaluate to test requirements.
5. Record the results of the test.

9m (30 ft)

Test Pod
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Puncture Test Im

1. Prepare test device by placing device into sling device.
2. Hold test specimen orientated toward impact surface at a height of 1 m (40 in.) from the top

of the test billet surface to the bottom of the test specimen.
3. Drop the test specimen onto the test billet surface.
4. Examine test specimen and evaluate to test requirements.
5. Record the results of the test.

lm(40 in)

Test Billot

Test Pod

I_
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Penetration Test

1. Prepare test device by placing device on an unyielding surface.
2. Orient F.C.B.A. in a vertical position while supporting handle ofjacket.
3. Drop steel cylinder (T10129) from a height of Im (40 in) onto the F.C.B.A.
4. Examine test specimen and evaluate to test requirements.
5. Record the results of the test.

10129

l m (40 in)
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Horizontal Shock Test

1. Prepare test device by placing device into a sling device.
2. Orient by suspending the F.C.B.A. in a horizontal position while touching (T10333)

horizontal shock bar.
3. Move the 880 unit until its center of gravity is 100 mm (4 in) higher than its resting position.
4. Let it loose, so that it swings in a pendulum movement against the target for a total of 20

times.
5. Examine test specimen and evaluate to the test requirements.
6. Record the results of the test.

Foot Button Assembly (1)
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Horizontal Shock Test

1. Prepare test device by placing device into a sling device.
2. Orient by suspending the Lock Mount in a horizontal position while touching (T10333)

horizontal shock bar.
3. Move the 880 unit until its center of gravity is 100 mm (4 in) higher than its resting position.
4. Let it loose, so that it swings in a pendulum movement against the target for a total of 20

times.
5. Examine test specimen and evaluate to the test requirements.
6. Record the results of the test.

Lock Mount (2)
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Free Drop Test
IOCRF71

Test Specimen:

Drawing No. Rev. Serial Number:

Test weight Scale Used

Test Setup:

Set up per: I OCFR71 (71.73(1)) free drop test procedure.

Pictures:

Notes:

Drop surface:

Drawing No. Rev. Location:

Test Period:

Date & time:

Specimen Damage:

Recorded by: Date:
Witnessed by: Date:
Regulatory reviewed by: Date:
Q.A. reviewed by: Date:
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Puncture Test
I OCRF71

Test Specimen:

Drawing No. Rev. Serial Number:

Test weight Scale Used

Test Setup:

Set up per: 1OCR71 (71.73(3)) puncture test procedure and assessed configuration.

Pictures:

Notes (assessed configuration):

Drop surface:

Drawing No. Rev. Location:

Test Period:

Date & time:

Specimen Damage:

Post test assessment:

Recorded by: Date:
Witnessed by: Date:
Regulatory reviewed by: Date:
Q.A. reviewed by: Date:
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Penetration Test
1OCRF71

Test Specimen:

Drawing No. Rev. Serial Number:

Test weight Scale Used

Test Setup:

Set up per: IOCR71 (71.71(10)) penetration test procedure.

Pictures:

Notes:

Drop surface:

Drawing No. Rev. Location:

Test Period:

Date & time:

Specimen Damage:

Post test assessment:

Recorded by: Date:
Witnessed by: Date:
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Horizontal Shock Test
ISO 3999-1

Test Specimen:

Drawing No. Rev. Serial Number:

Test weight Scale Used

Test Setup:

Set up per: ISO 3999-1 (6.4.6.1) horizontal shock test procedure.

Pictures:

Notes:

Horizontal Test Bar:

Drawing No. Rev. Location: |

Test Period:

Date & time:

Specimen Damage:

Post test assessment:

Recorded b: Date:
Witnessed by: - Date:
Regulatory reviewed by: Date:
Q.A. reviewed by: Date:
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Final Test Assessment

Test Specimen:

Serial Number(s):

Foot Control Button evaluation:

Spring (61lb.):
Spring (1 91b.):
Stainless steel components:
F.C.B.A. working condition after Horizontal shock.

Foot Control Button Assembly evaluation:

Is the F.C.B.A. in working condition?

Comments:

Engineering Review by: Date:
SME Review by: Date:
Regulatory Review by: Date:
Q.A. Review by: Date:
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Final Test Assessment

Test Specimen:

Serial Number(s):

Lock Mount Assembly evaluation:

Aluminum housing:
Stainless steel insert:
Corbin lock:
Lock Mount Assembly working condition after Horizontal shock.

Lock Mount evaluation:

Is the lock mount assembly in working condition?

Comments:

Engineering Review by: Date:
SME Review by: Date:
Regulatory Review by: Date:
Q.A. Review by: Date:
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10.0 Appendix: IOCFR71, ISO 3999-1, Technical Report #40, and
F.C.B.A. Instruction Sheet.
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Section 2.12.7 Appendix: Test Plan Report 74 (Feb 1998).



. ."iOww
,p 0BE R! J 99,12 No

TEST PLAN NO. 7-4

TEST TITLE:

PRODUCT M ODEL: . ... .... .... ............... .

ORIGINATED BY: 'DATE:

ENGINEEDE7L: DA7E:

i1 -7//~ 9 17 5

QUALdY ASiU`ANCE APPROVAL: g tDATE:/

REGULATORY AFFAIRS APPROVAL: DATE:

COMMENTS:

.... .. ..... ...... ......... .. ......... ............. ... ....

_ ....- .*.A# -''.E

ENGINEERING APPROVAL: DATE:
Is5 / b 9t5|

QUALITY ASSURANCE AP ROVAZ: DATE: 7 fef 7Gf

REGULATORY AFFAIRS APPROVAL: DATE:I

(I

PFAmersham QSA



SENTINEL Test Plan #74 Results
Amersham Corporation February 18, 1998
Burlington, Massachusetts Page 1 of 11

Test Plan #74 Results

This document describes the results of package design tests conducted for
Hypothetical Accident Conditions (10 CFR 71.73) by Arnersham to determine
whether Model 660 Series projectors meet NRC requirements for Type B(U)
packages. _ _

The Model 660 Series includes the following models: 660, 660A, 660B, 660E,
660AE, and 660BE. Reference Certificate of Compliance 9033.

The tests were conducted in accordance with Amersham Test Plan #74 (dated
December 16- 1997); The-test plan also covers the criteria stated in IAEA, Safety
Series 6 (1985, as amended 1990).

The purpose of the plan was to evaluate the performance of the Model 660 Series
projectors that incorporate a proposed design change in which stainless steel end-
plate screws are used instead of carbon steel screws.

This document reports on the manufacturing and acceptance of the test specimens,
execution of the tests, test inspections, and assessment of the units as to their
conformity with the requirements of 10 CFR 71.
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Section 1 Transport Package Overview

The Model 660 Series projector consists of a source tube enclosed in a depleted-
uranium shield, an end-plate with a lock assembly, a second end-plate with a
storage plug assembly, four steel connecting rods, a sheet metal shell and foam
packing material (Figure 1).

.Lock
Assembly
Cover

Figure 1: Side View of a Model 660 Series Projector

The shield consists of a 1/2-inch outside diameter source tube with its mid-section
set in depleted uranium. One end of the source tube is inserted into a 1/2-inch hole
in the lock assembly at the rear end-plate. The other end of the shield's source tube
is inserted into another 1/2-inch hole in the shipping plug at the front end-plate.
Both 1/2-inch holes allow enough radial clearance for a slip fitting attachment.
There is approximately 1/8-inch axial clearance at the front end for assembly.

The source is contained in a special-fonn, encapsulated capsule assembly which is
attached to the source wire assembly. This source wire assembly is secured in the
package by the lock assembly. The lock assembly, in turn, is attached to the rear
end-plate by four #10 stainless steel screws. There are two versions of the lock
assembly used on the Model 660 series projectors. The size, material and location
of the end-plate screws are identical on both versions.

The shield, end-plates and the sheet metal shell are connected by four 3/8-inch
thick steel rods which are threaded at each end to accept 1/4-inch screws securing
the end-plates to the rods.
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A polyurethane foam is used to fill the space around the shield and to fill the void
within the sheet metal shell. The foam acts as an impact absorber.

The depleted-uranium shield provides the primary radiation protection for the
Model 660 Series projector. The shield accomplishes this by limiting the
transmission of gamma rays to a dose level at or below 200 mR/hr at the package
surface and limiting the dose level at or below 1O mR/lr at one meter from the
surface of the package.

The location of the source relative to its stored position in the shield is also an
important safety element. A large displacement of the source relative to its stored
position could elevate the dose at the surface of the package above regulatory
limits.

There are two possible scenarios to displace the source relative to its stored
position:

* The shield could move away from the source if the source tubes were bent or
fractured during testing.

* The source could move away from the shield if the lock assembly became
loose or was removed from the end-plate or if the end-plates themselves
became loose or were removed during testing.

The tests in this plan focused on damaging those components ofthe package which
could cause the displacement of the source relative to its stored position within the
shield.



SENTINEL Test Plan #74 Results
Amersham Corporation February 18, 1998
Burlington, Massachusetts Page 4 of 11

Section 2 Test Specimen Production and Acceptance

The test u'nits specified 'f6r'this plan werh seven test specimens§'xianufactured for
the Normal Transport Conditions testing under Test Plan #73.

The tests in Test Plan #74 were designed to further the damage inflicted on the units
in Test Plan #73. The tests units were manufactured in the Amnersham Burlington,
Mass., facility in accordance with Amersham Drawing TP73, Rev. A.

As required in both test plans, the TP73 test units are standard Model 660B
projectors with the following modifications:

* Shields weighing 37 to 39 pounds

* Supplemental lead added to the shield to increase shield assembly weight to 40
pounds

* Stainless steel screws used for end-plate fasteners instead of carbon steel
screws

* End-plate screws with torque values set to either 10 in-lbs or 120 in-lbs

These modifications enabled us to produce test specimens that weighed at least
54 pounds, and to test the use of stainless steel end-plate screws as original
equipment and as retrofit components.

Four test units (A, B, C and D) and three spares (SI, S2 and S3) were built
according to the Drawing TP73, Rev. A. The units enabled us to test two different
impact targets on units with end-plate screws set to different torque values
(Table 1).

Table 1: TP73 Units

Impact bottom edge of rear Specimens A, SI and S3' Speciinens C and S2
plate

impact top edge of front plate Specimen B Specimen D

Thie test specimens were manufactured in accordance with the Amershamn Quality
Assurance Program. The program provides for documentation of the
manufacturing process, assures that the units comply with the relevant drawings
and manufacturing instructions, and specifies radiological profiling of the
completed product. Table 2 summarizes key manufacturing and profiling data.
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Table 2: Test Specimen Manufacturing Data

Completion Date 12/16/97 12/16/97 12/16/97 12/16/97 12/16/97 12/16/97 1/6/98

Total Weight 55.1 lbs 54.9 lbs 55.3 lbs 54.9 lbs 54.8 lbs 55.1 lbs 55.3 lbs

Profile Data, Maximum Readings

Package Surface (mlhr)| 142.5 142.5 133.0 133.0 152.0 152.0 147.0

.At One Meter (mR/hr) 1.6 1.7 1.5 1.3 1.5 1.6 1.6

At the conclusion of Test Plan #73, representatives from Engineering, Quality
Assurance and Regulatory Affairs reviewed test inspections and damage
assessments on the test specimens. The assessment included radiation profiles on
Specimens A, B, C, and D in accordance with Amersham Work Instruction Q09.
The radiation profile worksheets are included in Appendix A. The maximum
readings for each specimen are shown in Table 3. These readings, which are
corrected for maximum capacity, demonstrate that the units met the requirements
of 10 CFR 71.71 for normal conditions of transport.

Specimens SI, S2 and S3 were not subjected to Test Plan #73 testing until they
were required as spares in Test Plan #74. The units were not profiled at the
conclusion of the Normal Transport Conditions tests, as the purpose of the testing
was to qualify the units for use in Test Plan #74 and profiling of A, B, C and D had
already demonstrated conformity with 10 CFR 71.71 for all orientations.

Table 3: Maximum Readings from Test Plan #73 Final Test Inspection

Representatives from Engineering, Quality Assurance and Regulatory Affairs
jointly confirmed that:

f The seven units selected for Test Plan #74 were adequately tested under Test
Plan #73.

* There were no changes to the units since the final test inspections and
assessments performed under Test Plan #73.

* No changes in orientation were required for the hypothetical accident
conditions tests in Test Plan #74 because of damage sustained in Test Plan #73
testing.
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Section 3 Hypothetical Accident Conditions

The TP73 test units underwent Hypothetical Accident Conditions tests in
December 1997 and January 1998.

The testing demonstrated that the stainless steel end-plate screws maintained the
end-plate connection throughout the tests. However, Specimen A had unacceptable
radiation profile measurements after the thermal tests. Based on the data available,
it is inconclusive whether the specimen failed because of a design flaw or because
of damage incurred during handling and shipment.

This section describes the execution of the tests, results and the assessments made
by representatives from Engineering, Regulatory Affairs and Quality Assurance.

3.1 Test Execution

Thie following Hypothetical Accident Conditions tests were conducted to meet the
requirements of 10 CFR 71.73 and Test Plan #74:

* 30-foot free drop

* Puncture test

* Thermal test

Table 4 summarizes information about execution of the tests. In the table, package
orientation is described as:

BRE where the impact surface is the bottom edge of the rear end-plate

TFE where the impact surface is the top edge of the front end-plate

NTP for normal transport position, that is, resting on the bottom

Table 4: Hypothetical Accident Conditions Tests (10 CFR 71.73)

.'---'I-e I -- . _.7

30-foot Free Drop (Valley Tree, Groveland, Mass.)

Test Date | 12/23/97 12/24/97 12/23/97 12/24/97 1/8/98 12/24/97 1/11/98

Attempts One One One Two One One Two

Orientation BRE T1E BRE TFE BRE BRE BRE

Comments Good hit Good hit Missed 1st hit on Missed Good hit 1st hit
hit right side; hit toward.
Replaced 2nd hit Replaced base; 2nd
by S2 good by 53 toward

lock
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Table 4: Hypothetical Accident Conditions Tests (10 CFR 71.73) (Continued)

1.-,. .1...11
0. 7-7.

Puncture Test (Valley Tree, Groveland, Mass)

Test Date 12/23/97 12/23/97 Not 12/24/97 Not 12/24/97 1/11/98
Tested Tested

Attempts One One One One One

Orientation BRE TFE BRE TFE BRE BRE BRE

Thermal Test (Manufacturing Science, Oak Ridge, Tenn.)

Test Date 12/30/97 Not See Notel 12/30/97 Not 12/30/97 1/13/98

Orientation NTP Tested testedT NTP

Note 1: Specimen C was subjected to the thermal test only to provide information to help in
evaluating other specimens.

Testing began on December 23, 1997, with the four units that were used in the first
round of Test Plan #73 testing. In the 30-foot free drop, Specimen C missed its
intended impact surface, and was replaced by Specimen S2. S2 underwent normal
testing under Test Plan #73 and on December 24, 1997, began testing under Test
Plan #74... ..

The puncture test orientation for Specimens B and D was changed after the 30-foot
drop to impact the top edge of the front end-plate to induce more damage,
specifically to peel back the area of the end-plate left by the removed handle.

Specimen B did-not undergo the thermal test-because -it-was-not-as damaged-as the
other units. Specifically, there was no opening between the end-plate and the
package, and therefore, it would sustain less damage from thermal testing.

Specimens A, D and S2 underwent thennal testing on December 30, 1997. The
units were positioned in the normal transport position, that is, upright and resting
on the bottom, to allow optimal airflow in and around the open gap created by
damage to the shell and end-plates.

The units were shipped to Amersham's Burlington, Mass., facility on January 2,
1998, for radiographs and profiling. Amersham personnel were not on site in Oak
Ridge to supervise the packaging and shipment of the test units.

The radiographs after the thermal tests showed displacement of the shield relative
to the positions shown in radiographs taken after the puncture tests. In all three
cases, a significant portion of the displacement was on the horizontal plane,
indicating that the movement may have been caused during handling or shipment
from Oak Ridge to Burlington. The thermal test orientation for these specimens
would not have caused movement in the horizontal plane.
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Profile results of Specimen A showed 9.3 R/hr at one meter. The other units
(Specimens B and D) were within acceptable levels. To determine whether
handling during transport caused the failure of Specimen A, we prepared Specimen
S I for testing and planned to measure the source position after the thermal test and
before shipment.

In the 30-foot free drop, Specimen SI missed its impact surface, creating the need
for another substitution. A new unit, Specimen S3, was built and subjected to
testing under Test Plan #73. The new unit underwent the 30-foot free drop and
puncture test on January 11 and the thernal test on January 13.

The Specimen S3 was radiographed on site to determine source location before
shipment and then radiographed upon receipt in Burlington. Comparison of the two
radiographs showed no significant movement of the source. Subsequently the unit
passed the radiation profile.

3.2 Damage Inspections

The test units incurred levels of mechanical damage as a result of the 30-foot free
drop that were seen in previous testing:

* The rear end-plates were bowed on Specimens A, S2 and S3, producing a 3/
16-inch (maxinum) gap between the shell and end-plate.

* The tops of both end-plates were bent on Specimens B and D. No gap was
produced on B; there was a 1/2-inch (maximum) gap on D.

* End-plate comers were crushed on Specimens SI and C when these units
missed their target impact surfaces. Both units were replaced.

In addition, the handle of Specimen B broke.

No additional mechanical damage to the tested units was evident as a result of the
puncture test.

All of the stainless steel end-plate screws, including those set to 10 in-lb torque
values, held the end-plates to the connecting rods, and there was no breakage.

Inspection of the units, including radiographs, showed that they maintained their
structural integrity throughout the 3 0-foot drop and puncture test, that is, the source
remained in the secured and shielded position and the end-plate screws held.

Four units were subjected to the thermal test: A, D, S2 and S3. As expected, the
handle melted on each of the four units, and all or some of the foam burned off.
There was no substantial oxidation of the shields as occurred in Test Plan #70. The
end-plate-screws held the end-plates to the package throughout the testing and did
not allow for increased airflow around the shield.
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3.3 Test Assessment

The primary area of interest was the performance of the stainless steel end-plate
screws. The test proved that the design change resolves the problem of shield
performance caused by oxidation as occurred in Test Plan #70 and reported in the
Test Plan #70 Test Results. In Test Plan #70, the oxidation occurred when the end-
plate was not fully secured because of the breaks in the carbon steel end-plate
screws.

Appendix A includes the worksheets for the radiation profiles taken as part of the
final test inspection. Table 5 shows the maximum radiation measured in these
profiles. The readings have been corrected for maximum capacity.

Table 5: Maximum Readings from Test Plan #74 Final Test Inspection

A .4 -X S'4t,'.

Profile date 1/5/98 1/5/98 Not 1/7/98 Not Not 1/19/98
profiled profiled profiled

Package Surface (mR/hr) 3000 390 281 1862

At One Meter (mRlhr) 9300 2.7 4.7 9.3

The evaluation of Specimen A and the subsequent testing of Specimen S3 did not
resolve whether the movement of the source from its ideal shielded position was
the result of a design flaw or the result of damage caused in handling and transport
of the package. We were unable to exactly replicate the mechanical damage to
Specimen A.

The measurement after the S3 thermal test showed that the source had moved only
0.2 inch, which resulted in acceptable levels of radiation. Test inspection revealed
that the source wire had severed. The Specimen A source wire did not break and
remained engaged in the lock assembly when the shield moved, pulling the source
from the center of the shield which provides maximum shielding.

Although Specimen S3 satisfactorily met all of the test requirements, the damage
was not identical to to Specimen A, and therefore, it could not be used as a
replacement for Specimen A.

No conclusion can be drawn as to whether the Specimen A failed because of
transport damage.
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3.4 Conclusions

Based on the testing performed under Test Plan #74, the team concluded that:

* The stainless steel end-plate screws satisfactorily met all of the test
requirements and the screws should be used on all Model 660 Series projectors.

* The torque value of the screws is not a significant factor in their performance
and retrofitting of projectors with new screws can be accomplished in the field.

* Because ofthe difficulty of replicating specific mechanical damage, continued
testing of TP73 units will probably not resolve the question of whether
Specimen A failed because of design or damage from handling.

* Amersharn should proceed with design evaluation as if Specimen A had failed
because of its design, and examine design changes that would restrict shield
movement during thenral testing.
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Appendix A: Radiation Profile Worksheets
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Amersham Test Plan #74

This document describes additional package design testing for Sentinel Model 660 Series
projectors to meet NRC requirements for Type B(U) packages under Hypothetical Accident
Conditions (10 CFR 71.73). Testing under Normal Transport Conditions (10 CFR 71.71) is
described in Anersham Test Plan #73.

The test plan also covers the criteria stated in IAEA, Safety Series 6 (1985, as amended 1990).
Quality Assurance will be involved in all aspects of this test plan and its execution.

The Model 660 Series includes the following models: 660, 660A, 660B, 660E, 660AE, and
660BE. Reference Certificate of Compliance 9033.

The tests in this plan evaluate a Model 660 Series design change that resulted from tests
performed under Amersham Test Plan #70. In that testing, the 30-foot free drop caused failure
of the end-plate screws on Specimen D, and subsequent oxidation and loss of the shield during
the thermal test. Thie design change involves the use of stainless steel end-plate screws instead
of the carbon steel screws used in the Test Plan #70 specimens.

We are specifying Military Standard screws, MS 51959-81 (1/4-20 x 3/4" long). The
specification is included in Appendix 13: Selected Fasteners. The tensile strength of these
screws is twice that of the nominal strength of the carbon steel screws (110,000 psi versus
55,000 psi). In addition, at room temperature, the toughness of stainless steel is 40% greater
than that of carbon steel; at -40° C, the stainless steel's toughness is four times greater than
carbon steel's. Refer to the toughness versus temperature curve in Appendix B: Selected
Fasteners.

As noted in the failure analysis by Packaging Technology, Inc. (November 25, 1997), the
Specimen D shield experienced a deceleration of200g in the 30-foot free drop in Test Plan #70.
If the two end-plate screws closest to the lock assembly experience the full extent of the shield
deceleration load, the tensile stress induced in these screws is calculated as follows:

stress = (shield mass) (impact deceleration) / tensile area

= (40 Ibs) (200g x cos 39°)/(2 x 0.0318 in2)

= 97,800 psi

The induced stress is less than the ultimate strength of the two stainless steel screws
(I10,000 psi).

This document outlines the testing scenario, justifies the package orientations, and provides test
worksheets to record key steps in the testing sequence.
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1.0 Current Transport Package Overview

The Model 660 Series projector consists of a source tube enclosed in a depleted-uranium shield,
an end plate with a lock assembly, a second end plate with a storage-plug assembly, four steel
connecting rods, a sheet metal shell and foam packing material (Figure 1).

. Figure 1:i Side Yiewv of a Model 660 Series Projector .

The shield consists of a 1/2-inch outside diameter source tube with its mid-section set in
depleted uranium. One end of the source tube is inserted into a 1/2-inch hole in the lock
assembly at the rear end-plate. The other end of the shield's source tube is inserted into another
1/2-inch hole in-the shipping plug-at-the front end-plate.-Both-1/2-inch holes ellow-enough
radial clearance for a slip fitting attachment. There is approximately 1/8-inch axial clearance at
the front end for assembly.

The source is contained in a special-fonn, encapsulated capsule assembly which is attached to
the source wire assembly. This source wire assembly is secured in the package by the lock
assembly. The lockassembly, inturn, is attachedtothe rearend-plate byfour#I0 stainless steel
screws. There are two versions of the lock assembly used on the Model 660 series projectors.
The size, material and location of the end-plate screws are identical on both versions.

The shield, end plates and the sheet metal shell are connected by four 3/8-inch thick steel rods
which are threaded at each end to accept 1/4-inch screws securing the end plates to the rods.

A polyurethane foam is used to fill the space around the shield and fill void within the sheet
metal shell. The foam acts as an impact absorber.
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The depleted-uranium shield provides the primary radiation protection for the Model 660 Series
projector. The shield accomplishes this by limiting the transmission of gamma rays to a dose
level at or below 200 mRAlr at the package surface and limiting the dose level at or below
10 inRlhr at-one ineter from-the surface of the package. A fracture of the shield could
compromise this protection.

The location of the source relative to its stored position in the shield is also an important safety
element. A large displacement of the source relative to its stored position could elevate the dose
at the surface of the package above regulatory limits.

There are two possible scenarios to displace the source relative to its stored position:

* The shield could move away from the source if the source tubes were bent or frac-
tured during testing.

* The source could move away from the shield if the lock assembly became loose or
was removed from the end plate or if the end plates themselves became loose or
were removed during testing.

The tests in this plan focus on damaging those components of the package which could cause
the displacement of the source relative to its stored position within the shield and which affect
the integrity of the shield itself.

2.0 Purpose

The purpose of this plan, which was developed in accordance with Amersham
SOP-E005, is to test and evaluate modifications to the Model 660 Series projectors so that the
Type B transport package requirements of 10 CFR 71 are met.

The series includes these models: 660, 660A, 660B, 660E, 660AE, and 660BE. Refer to
Appendix A for descriptive drawings of these models.

The Normal Transport Conditions tests (10 CFR 71.71) have been performed on the test
specimens as part of Amersham Test Plan #73. These tests included the compression test,
penetration test and four-foot free drop.

The Hypothetical Accident Conditions tests (10 CFR 71.73) to be performed are the 30-foot
free drop, puncture test, and thermal test.

The crush test (10 CFR 71.73(c)(2)) is not performed because the radioactive contents are
special-form radioactive material.

The immersion test and all other conditions specified in 10 CFR 71 will be separately evaluated
in accordance with Amersham Work Instruction WI-E08.



SENTINEL Test Plan #74
Amersham Corporation December 17,1997
Burlington, Massachusetts Page 4 of 37

3.0 System Failure of Interest

The possible system failure tested in this plan is the failure of the end-plate screws. Failure of
the end-plate screws on either plate could cause exposure of the shield to damage during the
thermal test, especially if the foam bums.

Two package orientations are specified in this plan:

* Specimen D orientation in Test Plan #70, the orientation that caused the end-plate
screw failure.

* Inversion of the Test Plan #70 Specimen D orientation. The impact surface is the
top edge of the front plate.

Other orientations that were considered but rejected include:

* End plate sides. Because these surfaces are curved, they provide very small impact
surfaces compared to the top or bottom edge of either plate.

* Top edge of the rear plate. The load on the screws provided by this orientation
would be less than the load created by the orientation for Specimens B and D.

Figure 2 through Figure 5 show the four possible orientations to impact either the top or the
bottom edge of an end-plate. With each figure is a calculation of the loading on the screws of
interest. The calculations assume that the end plate is attached only at point a.

For sake of illustration, the calculations use 56 pounds for the vertical force. In the calculations:

fx is the component force loading parallel with the axis of the screws.

fy is the component force loading perpendicular to the axis of the screws.

Summing the moments around the impact point (r) and equating it to zero determines the
resultant force at the point of the screws (a).

Figures 3 and 4 demonstrate the worst-case loading on the end-plate screws of interests. These
are the orientations selected for this test plan.

Two units are to be tested with each orientation, one with the end-plate screws torqued to
120 in-lbs (1 0 in-lbs), the other with the end-plate screws tightened to 10 in-lbs (L2 in-Ibs).

The orientations in this test plan are designed to further the damage to the end-plate screws
caused during the execution of Test Plan #73.
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Fx = 56 COS (36 ) = 45 LBS
Fy = 56 SIN (36 ) = 33 LBS

Mr = 0 = (1.9)4(45) - (6.2)*(Ro) = 0
Ro = 13.8 LBS

IMPACT ON BOTTOM FRONT EDGE

Figure 2: Impact on Bottom Edge of Front End Plate

Fx = 56 COS (40') = 43 LBS
Fy = 56 SIN (40) = 36 LBS

Mr = 0 = (7.5)*(43) - (8.7)*(Ro) = 0
Ra = 37.1 LBS|

IMPACT ON TOP FRONT EDGE
(ORIENTATION B&D)

Figure 3: Impact on Top Edge of the Front Plate
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Fx = 56 COS (39 ) = 44 LBS
Fy = 56 SlN _-39 )_z-35 -L8S
Mr = 0 = (5.1)*(44) - (6.2)*(Ra) = 0

| Ro = 36.2 LBS I
IMPACT ON BOTTOM REAR EDGE

(ORIENTATION A&C)

Figure 4: Impact on Bottom Edge of Rear Plate

Fx = 56 COS (49 ) = 37 LBS
Fy = 56 SIN (49 ) = 42 LBS

Mr = 0 = (4.2)*(37) - (8.7)*(Ro) = Q
Ro = 17.9 LBS

IMPACT ON TOP REAR EDGE

Figure 5: Impact on Top Edge of the Rear Plate
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4.0 Construction and Condition of Test Specimens

The test specimens will be the Model 660B units built for the Normal Transport Conditions
tests in Test Plan #73. These units were constructed in accordance with Amersham Drawing
TP73, Rev. A (Drawing TP73). With the exception of the stainless steel end-plate screws, the
units specified in Drawing TP73 are in accordance with the NRC-approved design.

Drawing TP73, specifies the Model 660 Series in its worst-case transport condition, that is, with
supplemental lead added to the shield. The added weight induces higher loads during dynamic
testing.

For the 30-foot free drop and the puncture tests, the test temperature of specimen must be at or
below -40° C at the time of each test, a minimum temperature required by IAEA, Safety Series
6 (1985, as amended 1990). The low temperature represents the worst-case condition for the
package because of the potential for reduction in strength of the end-plate screws.

Four test units and two spares were built according to the Drawing TP73 and the Amersham
Quality Assurance Program:

..Eri.d-]u 120;iibs 1 n-bs) in-' -:.Ibs 2 (:-.ib) W

Impact bottom edge of rear plate Specimen A Specimen C

Impact top edge of front plate Specimen B Specimen D

Spare unit Specimen SI Specimen S2

* The tests for Specimens A and C attack the end-plate screws by targeting the bot-
tom edge of the rear end-plate.

* The tests for Specimens B and D attack the top edge of the front plate.

The package orientations specified in this plan are designed to further the damage inflicted on
the TP73 test units in testing under Normal Transport Conditions.

NOTE: 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 setup instructions specific to the specimen
are strictlyfollowed

Table 1 lists the differences between the test specimens and other 660 Series models.
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Table 1: Model 660 Serics Variations

FeatureTest SpecimenFeature TetSeie 660 Series Models
per Drawing TP73

Shell Material Stainless steel Models 660AE, 660BE and 660E have wires and connectors
attached to ends plates for automatic actuation.
Models 660, 660A and 660B do not have actuator wires and
connectors.

Lock Assembly Posilok"' The Model 660 and 660E use a non Posilok lock assembly.
All other models feature the Posilok lock assembly.

Actuator Wires No actuator wires and Models 660AE, 660BE and 660E have wires and connectors
and Connectors connectors attached to ends plates for automatic actuation.

Models 660, 660A and 660B do not have actuator wires and
connectors.

Shield Capacity 140 Curie The following models have 120-Curie capacity shields:
660, 660A, 660AE and 660E.
The following models have 140-Curie capacity shields:
660B and 660BE.

Body Width Standard width Some Model'660s and Model 660Es have a narrow-body
(5 1/4 inches) design (4 3/4 inches wide).

All other models only use the standard-width body
(5 1/4 inches).

Source Tube Titanium Prior to 1980, the Models 660, 660A, 660AE and 660E were
Material manufactured with zircaloy source tubes.

All other units have titanium source tubes.

Use of Lead Supplemental lead Prior to June 1992, some units in the Model 660 Series had
added lead added to supplement the shielding. The maximum

ani6u'nt'6f lead added was three pounds.'The amount was
also limited by a maximum shield weight of 40 pounds and a
maximum package weight of 56 pounds.

Weight 54 pounds minimum Over the last five years, the average package weight has
been approximately 50 pounds. Earlier in the product
history, the average weight was approximately 53 pounds.

End-plate Stainless steel screws Standard Model 660 Series projectors have commercial
fasteners MS 51959-81 carbon steel end-plate screws.
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Table 1: Model 660 Series Variations (Continued)

Feature Test Specimen 660 Series Models
per Drawing TP73

End-plate screw Specimens A, B and SI Carbon steel screws used in the standard Model 660 Series
torque value end-plate screws projectors are torqued to 80 in-lbs (±] 0 in-lbs)

tightened to 120 in-lbs
(-+0 in-Ibs)
Specimens C, D and S2
end-plate screws
tightened to 10 in-lbs
(±2 in-lbs)

The differences listed in Table 1 impact the testing or are made for the following reasons:

Shell Materials: The shell thickness is 1/16-inch for the carbon steel and stainless
steel versions. The likelihood of a crack or brittle flaw increases with the thickness
of the section and is a problem in sections greater than 1/8-inch. Additionally, the
temperature for transition from ductile to brittle failure is lower for the thinner sec-
tions. The thicker carbon steel end plates will reach the ductile-to-brittle transition
temperature long before the shell does. The end plates are structural members,
while the shell is not structurally significant.

Lock Style: Damage to the Posilok lock assembly used on the test specimen would
represent damage to any Model 660 Series lock assembly, including the non
Posilok style assemblies used on the Model 660 and the Model 660E.

The internal components of both lock assemblies are protected by the same lock
assembly cover and practically the same selector ring. The cover and selector ring
must be significantly damaged before an impact can disrupt the internal
components' securement of the source. Because of the strength of the cover and the
selector ring, damage to the source securement is more likely to occur from the
failure of the lock assembly screws. All models use the same type and size screws
in the same locations.

* Actuator Wires and Connectors: The additional parts used for automatic actua-
tion provide no structural support.

* Shield Capacity: The lower-capacity shields are either lighter than or the same
weight as the shield used on the Model 660B, making the 660B the worst case for
shield failures of interest in these tests.

* Body Width: The end plates and shells of the narrow-body versions of the Model
660 and the Model 660E would provide smaller impact surfaces than the standard-
width plates and shell used in the test specimen. The smaller impact surfaces would
result in greater surface deformation and less deceleration on impact. As a result
there would be less transfer of impact forces that could affect the integrity of the
source securement.
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Source Tube Material: The Model 660 Series projectors have been manufactured
with titanium source tubes exclusively since 1980. Because this represents our cur-
rent manufacturing methods and because the majority of Model 660 Series units
currently in use-have-titanium source tubes, the test specimens will bemtanfufac-
tured with titanium source tubes. Based on an evaluation of the damage caused by
the tests, we will assess the implications for previously fabricated packages which
utilized zircaloy.

Note that-although listed on the descriptive drawings, stainless steel source tubes
have never been used in the fabrication of Model 660 Series units. nor do we intend
to use them in future fabrication.

* Supplemental Lead: Prior to June 1992, supplemental lead was used in the pro-
duction of Model 660 Series projectors with the depleted-uranium shield. Although
the addition of supplemental lead is no longer a production technique, the test spec-
imens will be fabricated with the supplemental lead to ensure the maximum device
mass.

* Package Weight: Because of more efficient casting and the elimination of supple-
mental lead shielding, the average weight of Model 660 units produced in the last
five years is three pounds less than the average weight for units produced in the ear-
ly years of the series history. Two steps will be taken to build test specimens that
will weigh at least 54 pounds:

* Heavier depleted-uranium shields will be fabricated.

* Supplemental lead will be added to the shield.

The TP73 will be consistent with current manufacturing procedures and will
represent the heavier units in the Model 660 population. Ninety-seven percent of
all 660 units produced weigh 54 pounds or less.

* End-plate screws: Stainless steel end-plate screws are being used on the TP73 to
test the ability of these fasteners to prevent the failure of the end-plate screws seen
in TP70 Specimen D.

* End-plate screw torque values: The greater strength ofthe selected stainless steel
end-plate screws allows tightening to a higher torque value than the carbon steel
screws. The higher value is being tested with Specimens A and B to evaluate a new
manufacturing standard. A low torque value is being tested with Specimens C and
D to simulate an untorqued assembly.

5.0 Material and Equipment List
The test worksheets in Section 7.0 list the key materials and equipment specified in 10 CFR 71
and the necessary measurement instruments.

When video recording is specified in the following tests, select video cameras with the highest
shutter speed practical to record testing.

Additional materials and equipment may be used to facilitate the tests.
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6.0 Test Procedure

Four units are tested in parallel with the same sequence but with two different package
orientations that test the use of stainless steel end-plate screws, as described in Section 3.0. The
tests have the following sequence:

1. Test specimen preparation and inspection

2. 30-foot free drop (10 CFR 71.73(c)(1))

3. Puncture test (10 CFR 71.73(c)(3))

4. Intermediate test inspection

5. Thermal test (10 CFR 7i.73(c)(4))

6. Final test inspection

6.1 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.

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

* Quality Assurance oversees test execution and test report generation to ensure
compliance with I 0 CFR 71, other regulatory requirements and the Amersham
Quality Assurance Program.

* Engineering, Regulatory Affairs and Quality Assurance are jointly responsible for
assessing test and specimen conditions relative to 10 CFR 71.

* Quality Control, a function that-reports directly to Quality Assurance, is responsi-
ble for measuring and recording test and specimen data throughout the test cycle.

* The managers directly responsible for Engineering, Regulatory Affairs and Quality
Assurance will identify and document personnel who are qualified to represent
their departments in carrying out this test plan.
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6.2 Test Specimen Preparation and Inspection

To prepare the test units:

1. Select the units tested under Amersham Test Plan #73.

2. Inspect the test units to ensure that they match the units described on the
Test Plan #73 worksheets and attached damage assessments.

3. Confirm that a radiation profile was performed and recorded in accordance
with Amersham Work Instruction WI-QO9 at the conclusion of Test Plan
#70.

4. Measure and record the weight of each test specimen.

5. Prepare the packages for transport.
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6.3 30-foot Free Drop Test (10 CFR 71.73(c)(1))

The first Hypothetical Accident Conditions test is the 30-foot free drop as described in
10 CFR 71 .73(c)(1). This drop compounds any damage caused in the three Normal Transport
Conditions tests in Test Plan #73.

Use Checklist 1: 30-footFree Drop on page 27 to ensure that the test sequence is followed. Date
and initial all action items, and record required data on the worksheet.

Figure 6 illustrates the orientation for Specimens A and C. Figure 7 shows the orientation for
Specimen B and D. The orientations are the same as those for the four-foot free drop in Test
Plan #73 except the package is raised 30 feet above the drop surface.

This test requires that test specimens be at or below -40° C at the time of the drop. Follow the
Worksheet instructions for measuring and recording the specimen temperature before and after
the drop.

6.3.1 30-foot Free Drop Setup

To set up a package for the 30-foot drop test:

1. Use the drop surface speci fied in Drawing ATI 0122, Rev B.

2. Measure and record the weight of test specimen.

3. Measure and record the specimen's internal and surface temperature, and
ensure that the package is at or below -40O C.

4. Place the specimen on the drop surface and position it according to the ap-
propriate orientation.

Refer to Figure 6 for Specimens A and C.

Refer to Figure 7 for Specimens B and D.

5. Align the selected center-of-gravity marker as shown in the referenced
drawing.

6. Raise the package so that the impact target is 30 to 32 feet above the drop
surface.
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6.3.2 Orientation for the 30-foot Free Drop: Specimens A & C

Figurc 6 shows the package orientation for Specimens A and C for the 30-foot free drop.

This orientation targets the bottom edge of the rear end-plate with the objective of loosening or
shearing the end-plate screws which hold the plate to the steel connecting rods. The bottom
edge of the plate provides the greatest surface area for a direct hit, and thus the most rapid
deceleration, and was proven to be the most damaging to the unit during previous testing in Test
Plan#70.

Make sure the center of gravity is directly over the point of impact.

Figure 6: Orientation for the 30-foot Free Drop: Specimens A & C
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6.3.3 Orientation for the 30-foot Free Drop: Specimens B & D
Figure 7 shows the package orientation for Specimens B and D for the 30-foot free drop.

This orientation targets the top edge of the front end-plate. The drop is designed to cause
deformation of the end plate, which in turn will create multiple loads paths on the end-plate
screws.

Make sure the center of gravity is directly over the point of impact.

Impact Surface:
top Edge of the
Front End-Plate

Drop Surface
Drawing AT1 0122,
Rev. B

Figure 7: Orientation for the 30-foot Free Drop: Specimens B & D
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6.3.4 30-foot Free Drop Test Assessment

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

* Review the test execution to ensure that the test was performed in accordance with
1 0 CFR 71. Units SI and S2 may need to be tested, possibly with torque adjust-
ments, to ensure test compliance.

* Make a preliminary evaluation of the specimen relative to the requirements of
10 CFR 71.

* Assess the damage to the specimen to decide whethertesting of that specimen is to
continue.

* Evaluate the condition of the specimen to determine what changes are necessary in
package orientation in the puncture test to achieve maximum damage.
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6.4 Puncture Test (10 CFR 71.73(c)(3))

The 30-foot free drop is followed by the puncture test per 10 CFR 71.73(c)(3), in which the
package is dropped from a height of at least 40 inches onto the puncture billet specified in
Drawing CTI 0119, Rev. C.

The billet is to be bolted to the drop surface used in the free drop tests (Figure 8).

Use Checklist 2: Puncture Test on page 31 to ensure that test sequence is followed. Date and
initial all action items, and record required data.

6.4.1 Puncture Test Setup

There aretwodifferent package orientations forthepuncture-test.-Each orientation assures that
the package lands on the component or assembly of interest.

NOTE: 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 setup instructions specific to the specimen
are strictly followed

This test requires that the test specimens be at or below -40° C at the time of the test. The
worksheet calls for measuring and recording the specimen temperature before and after the test.

This test uses the 12-inch high puncture billet (Drawing CT1 0119, Rev. C). The billetmeets the
minimum height (8 inches) required in 10 CFR 71.73(c)(3). The specimen has no projections
or overhanging members longer than 8 inches which could act as impact absorbers, thus
allowing the billet to cause the maximum damage to the specimen.

To set up a package for the puncture test:

1. Measure and record the weight of the package.

2. Measure and record the specimen's internal and surface temperature, and
ensure that the package is at or below -40° C.

3. Position the unit according to the appropriate orientation:

For Specimens A and C, refer to Figure 8 on Page 18.

For Specimens B and D, refer to Figure 9 on.Page 19.

4. Check the alignment of the specified center-of-gravity marker with the tar-
geted point of impact.

5. Raise the package so that there is 40 to 42 inches between the package and
the top of the puncture billet.
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6.4.2 Orientation for the Puncture Test: Specimens A & C

The orientation for Specimens A and (C (Figure 8) targets the bottom edge of the rear end-plate
to-distort the end plate and possibly loosen or shear the end-plate screws. .

The bottom edge provides the largest unobstructed flat surface on the plate. The impact will
crush the bottom of the end plate into the polyurethane foam, the softest material in the package,
and cause the maximum distortion of the plate. Attacking the top edge was rejected because the
flat surface area is less than half that of the bottom edge and the carrying handle would deflect
much of the energy.

Center-of-Gravity (\',

Marker

Impact Surface:
Bottom Edge of
Rear End-Plate

Puncture Billet
Drawing CT101 19
Rev. C

42 inches

Drop Surface
7 Drawing AT10122

Rev. B

Figure 8: Orientation for the Puncture Test: Specimens A & C



SENTINEL Test Plan #74
Amersham Corporation December 17, 1997
Burlington, Massachusetts Page 19 of 37

6.4.3 Orientation for the Puncture Test: Specimens B & D
For Specimen B and D, the puncture test impact point is the lower left corner of the rear end-
plate (Figure 9). This orientation continues the attack on the bottom left screw on the rear end
plate that was inflicted with the penetration test and the two free drops. The impact will also
have the effect of increasing any gap between the end plate and the shell caused by the previous
tests.

Center-of-Gravity
Marker

40 to 42 inches
impact Surface:
Top edge of the
Front End-Plate

.I Puncture Billet
Drawing CT1 01 19
Rev. C

Drop Surface
Drawing AT1 0122

=/Rev. B

Figure 9: Orientation for the Puncture Test: Specimens B & D
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6.4.4 Puncture Test Assessment

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

* Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.73.

* Make a preliminary evaluation of the specimen relative to the requirements of
10 CFR 71.73.

* Assess the damage to the specimen to decide whether testing of that specimen is to
contbiue.

* Evaluate the condition of the specimen to determine whether the thermal test
should be performed with the specimen.

* Evaluate the condition of the specimen to determine the package orientation for the
thermal test to achieve maximum damage.

As part of the evaluation, measure the weight of the specimen.

6.5 Intermediate Test Inspection

Perform an intermediate test inspection after the puncture test.

1. Measure and record any damage to the test specimen.

2. If a source can be installed without affecting the integrity of the test spec-
irnen, profile the package using an active source in accordance with Am-
ersham Work Instruction WI-Q09.

3. Assess the significance of any change in radiation at the surface or at one
meter from the package.
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6.6 Thermal Test (10 CFR 71.73(c)(4))

The final requirement is the thermal test specified hi 1O CFR 71.73(c)(4).

To ensure sufficient heat input to the test specimens, each specimen will be preheated to a
temperature of at least 800° C and held to at least that temperature for 30 minutes. This test
condition provides heat input in excess of the requirements specified in 10 CFR 71.73(c)(4),
which does not include a pre-heat condition. The pre-heat condition assures equivalent heat
iniput regardless of emissivity and absorptivity coefficients.

The test environment is a vented electric oven operating greater than 8000 C. There will be
sufficient air flow to allow combustion. Air will be forced into the oven at a minimum rate of
9.6 cubic feet per minute to ensure sufficient oxygen to fully combust all package materials that
are capable of burning. This rate is based on the following analysis:

1. The only combustible material in the TP73 is the polyurethane foam.

2. The chemical composition of polyurethane is [C26H33NO 13].

3. The products of combustion are carbon dioxide (CO2) and water (H20)
and the molecular weights of the component materials are:

C = 12 H = I 0 = 16 N = 14

4. The maximum mass of the polyurethane in a TP73 is 988 grams. The max-
imum amounts of carbon and hydrogen present in the polyurethane are
computed as follows:

Polyurethane C26  H33 N 013

Molecular Weight (26x12) (33xl)+ (lx14)+ (13x16)
+

567= 312 + 33 + 14 + 208

Percent by Mass 55.0% 5.8% 2.5% 36.7%

988 g= 543g + 57g + 25g + 363g

5. The amount of oxygen required to fully combust the carbon to carbon di-
oxide is computed as follows:

Carbon Dioxide C 02

Molecular (lx12) (2x16)
Weight +

44= 12 + 32

For a given mass of carbon, 32/12 = 2.67 times that mass of oxygen is required to
fully combust the carbon to carbon dioxide. For a TP73 containing 543 grams of
carbon, full combustion would require 1450 grams of oxygen.
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6. The amount of oxygen required to fully convert the hydrogen to water is
computed as follows:

Water H2  0

Molecular (2xI) + 16
Weight

18 = 2 + 16

For a given mass of hydrogen, 16/2 = 8 times that mass of oxygen is required to
fully convert the hydrogen to water. For a TP73 with 57 grams of hydrogen, full
combustion would require 456 grams of oxygen.

7. The sum of these oxygen requirements (1450g + 456 g) less the oxygen
supplied by the polyurethane (-363 g) equals 1543 grams of oxygen to as-
sure sufficient oxygen to burn the polyurethane foam. At standard condi-
tions, the composition of air is 23.2% oxygen by mass'. Therefore, 6650
grams of air are required.

8. The volume of air is computed at a density of 1.225 grams/liter to be 192
cubic feet:

6650g/1.225g/l = 5430 1 = 5.43m3 =192 ft3

9. A 50% safety factor is added and the volume is distributed over the
30-minute test period to determine a minimum air flow rate of 9.6 cubic
feet per minute:

(192 ft3) (1.5) /30 min. = 9.6 ft3/min.

The air will be introduced as compressed air passing through a flowmieter and into the oven via
metal tubing. A sufficient length of tubing will be inside the oven to ensure sufficient pre-
heating.

The temperature of the package's exterior surface closest to the air entry point will be
monitored throughout the test to ensure that the package remains above 800° C.

If the specimen is burning when it is removed, the unit is allowed to extinguish by itself and
then cool naturally. The final evaluation of the package is performed when the specimen
reaches ambient temperature.

1. Avallone, Eugene A., and Theodore Baumeister III, Editors, Marks' Standard Handbook for
Mechanical Engineers, Ninth Edition (New York: McGraw-Hill Book Company, 1987), page 4-27



SENTINEL Test Plan #74
Amersham Corporation December 17,1997
Burlington, Massachusetts Page 23 of 37

6.6.1 Thermal Test
To perform the thermal test:

1. Bring the oven temperature above 800° C.

2. Attach thermocouples to the package's internal and external measurement
locations, and inside the oven.

3. Place the package in the oven and close the door.

4. When the internal temperature of the package goes above 8000 C, start air
flow and start a 30-minute timer.

5. Measure and record the oven temperature, test specimen internal and ex-
ternal temperatures, and the air flow rate. Record whether there is any
combustion.

6. Monitor the specimen's internal and external temperatures, and the oven
temperature throughout the 3 0-minute test period to ensure that all temper-
atures remain above 8000 C.

7. Monitor the airflow rate throughout the test period to ensure that it remains
above 9.6 ft3/minute.

8. At the end of the 30 minutes, repeat Step 5.

9. Remove the test specimen from the oven.

10. Allow the package to self-extinguish and cool.

6.6.2 Thermal Test Assessment
Upon completion of the test, Engineering, Regulatory Affairs and Quality Assurance team
members will jointly perform the following task:

* Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.
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6.7 Final Test Inspection

Perform the following inspections after completion of the thermal test:

1. Measure and record any damage to the test specimen.

2. Profile the package using an active source in accordance with Amersham
Work Instruction WI-QO9.

3. Assess the significance of any change in radiation at one meter from the
package.

4. Determine whether it is necessary to dismantle the test specimen for inl-
spection of hidden component damage or failure.

S. If you decide to proceed with the inspection, record and photograph the
process of removing any component.

6. Measure and record any damage or failure found in the process of
dismantling the test specimen.

6.8 Final Assessment

Engineering, Regulatory Affairs, and Quality Assurance team members will make a fnial
assessment of the test specimen, and jointly determine whether the specimen meets the
requirements of 10 CFR 71.73.
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7.0 Worksheets

Use the following worksheets for executing these tests. There are two worksheets for each test:
an equipment list and a test procedure checklist.

Use the test equipment list to record the. serial number of each measurement device used. Attach
a copy of the relevant inspection report or calibration certificate after you have verified the
range and accuracy of the equipment.

Quality Control will initial each step on the checklist as it is executed and record data as
required. The Engineering, Regulatory Affairs and Quality Assurance representatives must
witness all testing to ensure the testing is performed in accordance with this test plan and
10 CFR 71.

Make copies of the forms for additional attempts. Maintain records of all attempts.
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Equipment List 1: 30-foot Free Drop

Enter the Model and Attach Inspection Report or
Description Serial Number Calibration Certificate

Drop Surface, Drawing AT]0122, Rev. B

Weight Scale

Thermometer- . . . - ..- . .- . .. . . . .... . . . -.... .

Thermocouple flexible probe

Thermocouple surface probe

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

f 4

Verified by: Signature Date

Engineering

Regulatory Affairs

Quality Assurance
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Checklist 1: 30-foot Free Drop
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen
A B C D

1. Measure and record test specimen's weight.

Record the specimen's weight:

Note the instrument used:

2. Immerse the test specimen in dry ice as needed
to bring specimen temperature below -40° C.

Steps I through 2 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

3. Measure the ambient temperature.

Record ambient temperature:

Note the instrument used:

4. Attach the test specimen to the release
mechanism.

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

6. Measure the temperature of the specimen.
Ensure that the specimen is below -40° C.

Record the specimen's internal temperature:

Note the instrument used:

Record the specimen's surface temperature.

Note the instrument used:

7. Lift and orient the test specimen as shown in the Figure 6 Figure 7 Figure 6 Figure 7
referenced figure for the specimen. on Page 14 on Page 15 on Page.14 on Page 15

8. Inspect the orientation setup and verify the drop
height.

9. Photograph the setup in at least two
perpendicular planes.
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Checklist 1: 30-foot Free Drop (Continued)
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen
A B C D

Steps 3 through 9 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

10. Release the test specimen.

11. Measure the surface temperature of the test
specimen.

Record the surface temperature:

Note the instrument used:

12. Measure and record the test specimen's weight.

Record the specimen's weight:

Note the instrument used:

13. Pause the video recorder. Ensure that the point
of impact and orientation specified in the plan
have been achieved and recorded.

14. Record damage to test specimen on a separate
sheet and attach.

Steps 10 through 14 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance
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Checklist 1: 30-foot Free Drop (Continued)
Test Location:

Step

15. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment
relative to 10 CFR 71. Record the assessment on
a separate sheet and attach.
Determine what changes are necessary in
package orientation for the puncture test to
achieve maximum damage.

Attempt Number:

Test Data Accepted by (Signature): Date:

Engineering

Regulatory Affairs

Quality Assurance
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Equipment List 2: Puncture Test

Enter the Model and Attach Inspection Report or
Description I Serial Number Calibration Certificate

Drop Surface, Drawing AT10122, Rev. B

Puncture Billet, Drawing CTIO 19, Rev. C

Weight Scale .

Thermometer

Thermocouple flexible probe

Thermocouple surface probe

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

4. 1

Verified by: Signature Date

Engineering

Regulatory Affairs

Quality Assurance
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Checldist 2: Puncture Test
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen

A B C D

1. Immerse the test specimen in dry ice as need to
bring the specimen's temperature below -400 C.

Step I witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

2. Measure the weight of the specimen.

Record the specimen's weight:

Note instrument used:

3. Measure the ambient temperature.

Record ambient temperature:

Note the instrument used:

4. Attach the test specimen to the release
mechanism.

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

6. Measure the surface temperature of the
specimen. Ensure that the specimen is below
-40 C.

Record the specimen surface temperature:

Note the instrument used:

7. Lift and orient the test specimen as shown in the Figure 8 Figure 9 Figure 8 Figure 9
referenced figure for the specimen. on Page 18 on Page 19 on Page 18 on Page 19

8. Inspect the orientation setup and verify drop
height.
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Checklist 2: Puncture Test (Continued)
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen
A B C D

9. Photograph the setup in at least two
perpendicular planes.

Steps 2 through 9 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

10. Release the test specimen.

11. Measure the surface temperature of the test
specimen.

Record the surface temperature:

Note the instrument used:

12. Measure and record the test specimen's weight.

Record the specimen's weight:

Note the instrument used:

13. Pause the video recorder. Ensure that the point
of impact and orientation specified in the plan
have been achieved and recorded.

14. Record damage to test specimen on a separate
sheet and attach.

Steps IO through 14 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance
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Checklist 2: Puncture Test (Continued)
Test Location: Attempt Number:

l Step Specimen Specimen Specimen Specimen
A B C D

15. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment
relative to 1O CFR 7 1. Record the assessment on
a separate sheet and attach.
Determine the package orientation for the
thermal test that will achieve maximum damage.

Test Data Accepted by (Signature): | Date:

Engineering

Regulatory Affairs

Quality Assurance
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Equipment List 3: Thermal Test

Enter the Model and Attach Inspection Report or
Description Serial Number Calibration Certificate

Air Flowmeter

Thermocouple (internal)

Thermocouple.(external). ... -.

Thermocouple (oven)

Temperature recorder

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

Verified by: Signature Date

Engineering

Regulatory Affairs

Quality Assurance
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Checldist 3: Thermal Test
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen
StpA B C D

1. Pre-heat the oven to a temperature above
8000 C.

2. Attach the thermocouples the specimen's
internal and external measuring points.

3. Place the package in the oven and close the oven
door.

Record the date and time that the package is
placed in oven.

4. When the specimen's internal temperature
exceeds 800° C, start the air flow into the oven.
Record the time.

Steps I through 4 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

5. Measure the oven temperature, the specimen's
internal and external temperatures and the air
flow rate.

Record the oven temperature:

Note instrument used:

Record the specimen's internal temperature:

Note instrument used:

Record the specimen's external temperature:

Note instrument used:

Record airflow rate:

Note instnrnent used:

6. Monitor the internal and external temperatures
of the specimen and the oven temperature
throughout the 30-minute period to ensure that
they are above 800° C.
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Checklist 3: Thermal Test (Continued)
Test Location: Attempt Number:

Specimen Specimen Specimen Specimen
StpA B C D

7. Monitor the airflow throughout the 30-minute
period to ensure a rate of at least 9.6 ft3/min.

8. At the end of the 30-minute period, repeat step 5
using the same measurement devices.

Record the oven temperature:

Record the specimen's internal temperature:

Record the specimen's external temperature:

Record intake air flow velocity:

Steps 5 through 8 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

9. Remove test specimen from the oven.

Record time the specimen is removed.

Describe combustion when door is opened to
remove specimen.

NOTE: If specimen continues to burn, let it self-extinguish and cool naturally.

10. Measure the ambient temperature.

Record the ambient temperature:

Note the instrument used:

11. Photograph the test specimen and any
subsequent damage

12. Record damage to test specimen on a separate
sheet and attach.

Steps 9 through 12 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance
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Checklist 3: Thermal Test (Continued)
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen
StpA B C D

13. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment
relative to 1 0 CFR 71. Record the assessment on
a separate sheet and attach.

Test Data Accepted by (Signature): Date:

Engineering

Regulatory Affairs

Quality Assurance
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Appendix A: Drawings

Test Specimen
TP73, Rev. A

Model 660 Gamma Ray Projector Shipping Container Descriptive Assembly
C66025, Rev. F (3 sheets)

Model 660 Gamma Ray Projector Shipping Container Descriptive Assembly
C66025, Rev. B (4 sheets)

Model 660 Gamma Ray Projector Shipping Container Descriptive Assembly
C66030, Rev. D (3 sheets)

Model 660 Gamma Ray Projector Shipping Container Descriptive Assembly
C66030, Rev. A (3 sheets)

Model 660 Gamma Ray Projector Shipping Container Descriptive Assembly
C66030, Rev. - (4 sheets)



1 4 -4 2 I

A REVIREVfSEE BYT QIiTE R DESCRIPII
| A I SEE TRTLE1 BLOCK I RELEASE FOR Pr,

NOTES

1. MATERIAU

I.1. MANUFACTURE PER 0565010 REV. D. EXCEPT
REPLACE ENOPLATE SCREWS SCROOF WITH A66050-I
REV. A. AND SHIELD ASSEMBLY C66002. MEV. 0 MAY
EC REPLACEO WITH C66040-5. REV. A.

1.2. INSTALL DUMMY SOURCE ASSEMBLY ATIO161,
REV. a

2. WEIGHT:

2.1. USE DU SHIELDS WEIGHING 37 TO 39 POUNDS.

2.2. TEST UNIT SHALL WEIGH 54 TO 56 POUNDS,

2.3. ADO I TO 2 POUNDS OF LEAD (1/4 THICK MAX)
TO THE oU SHIELD. DISTRIBUTE THE LEAD
SYMMETRICALLY AND ATTACH WITH CLASS TAPE.
TOTAL SHIELD ASSEMBLY WEIGHT MUST NOT EXCEED
40 POUNDS.

2.4. PHOTOGRAPH COMPLETED SHIELD ASSEMBLY WITH
LEAD APPUED.

D

3. LABELING AND IDENTIFICATON:

5.1. COVER TYPE B(Uj LABEL INFORMATION WITH AN
OPAOUE LABEL MARK THE OPAOUE LABEL `TP73 TEST
SPECIMEN'.

3.2. PERMANENT MARK BY HAND EACH: TEST SPECIMEN,
SHIPPING PLUG AND DUMMY SOURCE ASSEMBLY WITH
TP73A-, TP73s. TP72C'. -TP73D'. 'TP73sS1, &
TP7352 .

4. CENTER or GRAVITY DETERMINATION INSTRUCTION.
REF: MARKS STANDARD HANDBOOK FOR MECHANICAL
fNGINLERS, NINTH EDITION (MCGRAW-HILL BOOK
COMPANY.I9s7). PACE 3-8.

4.l SUSPEND THE TEST SPECIMEN BY A CORD OR
CABLE.

4.2. ATTACH A (PLUMB BOB) TO THE TEST SPECIMEN AT
THE SUSPENDED ATTACHMENT POINT.

4.3. WAIT UNTIL THE TEST SPECIMEN COMES TO REST.

4.4. MARK A LINE ON THE TEST SPECIMEN ALONG THE
PLUMB BOB.

4.5. REMOVE THE TEST SPECIMEN FROM ITS SUSPENSION
POINT.

4.6. HANG THE TEST SPECIMEN FROM SOME OTHER
ANGULAR oRIENTATION BUT IN THE SAME PLANE.

4.7. REPEAT STEPS 4.2 THROUGH 4.5.

4.8. INDICATE THE CENTER Of GRAVITY LOCATION AT THE
INTERSECTION OF THE TWO MARKED UNES.

4.9. REPEAT STEPS 4.1 THROUGH 4.8 FOR ALL 4 SIDES
OF THE TEST SPECIMEN (TOP & BOTTOM NOT REOUIRED).

5. ATTACHMENT POINTS:

5.). USE THE ORIENTATION FIGURES Or THE TEST PLAN TO
LOCATE AMY ATTACHMENT POINTS ON THE TEST UNIT, IF
NEEDED.

5.2. ATTACHMENT POINTS SHALL NOT INTERFERE WITH THE
CENTER OF GRAVITY LOCATION OR AFFECT THE PERFORMANCE
OF THE TEST UNIT DURING TESTING.

5.3. ATTACHVMENT POINT SIZE AND LOCATlON SHALL BE
DOCUMENTED BEFORE TESnNG CAN PROCEED.

5.4. ADHESIVE. HOOKS. AND STRAPS TO BE OETERMINED BY
ENGINEERING PRIOR TO TEST.

SEE NOTES I.1.
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SEE NOTE 4. MARK ALL 4 SIDES. lOP
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0.1 C l S TT -c "O . PmUU T c I Al A rt 01 nrUM -EW AJMiT .OT n , 4 410(0.
a Il? NoT VE OIUCAI p l~f h.1.K CO W= IIE 1 TO M D111 PIMO b1'C 114 OPOIS rM7 1 Of hh"- COPTITOI

| rrn AL}. ____ _ __ I

A
USLU UN: TEST PLAN 173

MATERIALS: SEE NOTE I

SURFACE TEXTURE: y 1m

lFI"TISH, riNlsH l .- =- -

AMERSHAM CORPORATION SEN TINEL
BURLINGTON, MA 01803

oWo. TITLE

MODEL 660 TEST SPECIMEN

WmT? CLAs |SIZE OWG. NO. R
A C TP73 M1A

A I 0.1
ftlh AK .t IDPTs .X ' DO.D

0(0"0 APPROVED ,XIX I 0.00D
0E(10 DRAWING ANGLES AT I'
Ootl ON FILE FRAy 4 T /14 SCAL£F HNn I SHEET I U I

5 4 3 2
S 4 3 2 I



R Ivnrosc I
.RECEPrAS

r-uV-t I w UfANIUM
- SHIELD-:REP I

5E7 'IHTr3 I sTL.

(-CAST HANDLE
(ALUM. ALLOY)

I|t 1 1{3 9. SE rto: l?27 211

Ffr IF 1 Sf .-'.

,-20 RLAT HD-"ID - - Jol
\STEEL-ZINC OR CAD PLArED

\ z ¢ S 3O-2 FLAT i-O } ()
\ SZEL-:ZltNc OQ AD PabrD

\ / ( A\ I
- 3HELL

,o~p c-so s. s.)
0 p C19R! O-5En , NAMEPLATE (2)

(STEEL)

AsSY
(3EES (r2)

CADLE A55Y-

SOURCE
LABEL

l Qo DANGER
1% 0 c DWOKR

0 ,?1

-/ .STDRA PLUG
C .ctciecm

LRanE-RET
51 -RIF.

/ COrWECT1NG RO5) \
12L14 5TEEL \ RIGID

-SORA-PUG AS5Y P URETHANE
.-MOD Vo. WI Ac1AF POAM; DENSrr?

TOTAL WEIGW/-5c'±5 r12` j 3

MOEL 660 G.AMA RA PRaJEC
5HIPP1N6 CCDTJINER

DESCRIPTIYVE; ASMBLY '

- bmAw PowXc _w.

:1



EN XTE- PREF

10-:2 50C. AD
CAP C (, ()
wniT LOCTrE

v EE R L, 045 - 2?)

SEECcR BOD

()00 5T 5T)\

(STAIF¶.5L.) 4
WTh LDCTITE

tWkTI- RATE L
(303 STAW* 5TL)
; '¢C*.JPfS55Cti SFWr8;

LOCK
32290)

COVER

5LEEYE
(DRILL ROD)

5ELECOR RWN6
RETAINE

(So 30 3 7TL)

LOCK ASSEMBLY

LOCKING 5LID6-J
( J4m R D Fl47 GAD 7

OIL PARDENI'tG)

A.U

ru%-bt--

MaCEL 660 GAMMA RAY PR3JECTbR
.' SHIPPING CCTAJNER

DE5CRMTl\VE A55EALYI I,- . I
_x - * t C 6602; ; F177 Y3, �m 7�. M-,. j.4U . .Lu ;L -- itt JSE LC 3 *I



5 TUBE FABRICATED I 1:
a) ZIRCALLOY, OR
b) TITANIUM, OR\ C) TYPE DOdL 5TAINLE55 5TEEL

COATED WITTH 50 - IOu rn N; AL
AN4D aOO -OJn AL 2 0

o
. 9-4
ID" 9 0

wAtj ke
OF' W1
e A. . A-A ff3

PDDPEI;, ' y-IeIxD 8-- - -; 4
IA F¢7ED i K O4'.

tU _- -l' WAB I
- (MvL-W-C-350)-
E.CO . * 7it F;/,

IDIA Hr TOP

54 -e- VE () OPTorNA L
/.5 , SO D A -030 ~4""o

4S6Z DO " ..035 s./I
Sx41F A'HrL AS 5.-7LrE

. (cidr. j-m' Sh'e4,)

E -'I'l t' reO /12 Z Z
_jj3/ ADLEA'LE ¶O RS
F -1N5 f PER aCS ZLZ

5HIELD-N
DEPlEW URqLM

- -_ -e I -

.-- _-. -

59E NOrE

'I 1
-8 4

APPROX

7HELL (RET) /-060 7T7L I- X

,l7 r L " ') l ) " il / 9~

51HELD DATA
37 LB,5 + 3 IbS.

NOrT ADD) rlbNAL. L-E-Ap SrLDINK. IMo-T

EXCEED 3Ib5. MAX. TWl-KlNS.SS
Trus5-"4 "- S"VF . A

TO
'Io/l

mi

_2NT.QN /
: 5CACJ: i/I

5FPOTWULD I 1APIq
t. L D/q 5e NG 1/8 FPM rS -

a . .WEL PtDbl4IN5PC IN
s-A -- e T77h hv IL

. .. _ : /D

AS FIOTED I|=IO PIC UC DY

MrI
t~vQ-" t2 .z

laL 660 G4WA RPAY I
5HIPPrf3 CONTAINER

EDE5RIPTIVE AEEZY.; -;
1=11.rt W-

. t
. . .

*L~I 1.

L1
:

M- I, I- n 1 or . q '.
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - - - . L - - - '- -'i'



STORA BE
\RECEPP,^,E

'DEPLETED URANIUM
SHIELD$.RE- -'

.CAST HANDLE
/(ALUM. ALLOY)

RADI VE
SOUR(J,

(IN STORED POSITION)

END PLATE5
/ GA. (.120)

COLD ROLLED STEEL

I st. I=mC I - ,-S~"

, _ --blv- 19.1 ADM ALMIF01 .e }

-# I _y 1a_ '§: f
Ca-20 FLAT ND SCREWS(8) ;
\ S1TEL-CADDMIUUM PLATED

\ F.10-'2 FLAT HD SCRE 5 (6)
\STEEL- CADMILM PL.ATED

/ f 

- ---.-- I

I LOCK A~
SHELL ) TUBE-PREF (SEE S'T

(.060 C-OLD ROLLDSTEL)/S 5EE Tr4l

*SEAL CNRLC

SOURCE
I / LABEL

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 7 REF.

STORAGEL /P8U
ICONNCTOR 7 REF/

* /~ /ZCONNECrING ROS(4) r
12/14 5TEEL RIGID

STORAGE LUGAYPOLYURETHANE
'REINPOCEMENTf P OAM

35Y
2)

,PLA'TF (2yL

REF.I

0

NNECOR-

SASH-

CHAIN

I DENT
/

-

A.r

.

( 0o DANGE[
t DO NOT REW

BOLT COER, RIVETED
(.o06 STAIN. ST)

R 0
YE JI'J

5- _4
1oM - - - TA c i.nc mL .*, ~ fC.

NOTED AIATfOM PODUCTS DIVIPICH
_..rN. A0~ -- ~ run ola

Ut" rr -

Pprto I = A ^

rmo mu
MODEL 660 GAMMA RAY PROJEcToR

ESHIPPING CO5TAINEEL
D5ESCRIPT-IVE ASSEMBLY !5LE -REF

ga5 4

L . I Ixu I-

TOTAL WEIGHT-48 LBS
6;

> . . . ... . v

I0pol y . : <. :_ C 66025 . aXl,

I~ pcn. . . III . 1 . - i
_ tocTBo.6 . I 1: I I smu. I i � I; F 4 1



- ll- - e

I .:

END PLATE- REF.- -MODIPI£D LOCK
(.CORBIN # 02290)

LOCK RETAII
(304 STAIN.

R 0-32 SO HD
'C AP SCFEW (2):

/WITR LOCITE

STL)

SELECTOR BODY-
(BEWLLIUM COPPER)

B

10-32 SCC.-D. CAP
(STAIN.STL.) 4

7wrM LocTrE

ANTI- ROTATE LUGS
(304 SAIN. STL)
4 COMPREE55ON SPRING2

-SELECTOR RING RETAINER
(n34 STAIN. ST'L)

_2c -SELECTOR RING -
(304 STAIN. S7'L)

| LLOCKING PIN (ML:)ILI
WITH COMPRE5510N SPRIM3

QMUSIC WIRE) (2 PLACE5)
SECTION C-CLOCK ASSEMBLY

., -c-~~ U ftWATO P *OUT OV5O
WVUP@¶oft. i tt

MODEL)660 GAWMA RAY CROJECT
. St-lPPING COtTANER

.. vE95CRIPflvE A5EMeLy
.66025

". _ .. _...



I - 1. I . I-
:~- - If

1: l'u 191 A O X - t o. .-S.F.T. I I

,-20 FLAT HD SCREW (8)
\ STEEL-CADMIUM PLATED

\.. __ - v _I_ - -Ir r _t

LCONNECrTNG RC5(4) \
12L4 '5TEEL

PLUG ASSYt I D1ov TAOO N s O 'cm
I -

me.t.eAL rt. o f.ee.
AADIATIo PfOOucTI ODIVISION

ww.) 0h. M. O.,

~W. " t V Is I. .

AVcOPTr 7S ̂
C-lc-p FT m .

MODEL 660 GAMMA RAY PROJEC
SHIPPING CONTAINER :

DESCRIPTIVE ASSEMBLY
TOTAL WEIGHT-48 LBS

I- - - -

I--- 
-

IM@._ A |' C| 6G6025I *M A
--rII

CAA Ts IT I smr ET cf a . I_- - - . I , ._



- @ *olP Bj-- s

.REF
. A

.," R9. I IP'1.

: - ..:; . :j- _: e > . '-

l. .. .,. e t"'

, , 1� i !, .. - -- . . . -j :

ASSEMBLY

k:.

... e, . . v

.. .X , ....

25.) A MBALL LCCK41 PIN REF

MTWEVN PlN5. . :5LEEVEi .I

- LOCKED POTIQN

VIEWS5

\. SELECTOR RING (REF)

5ELCrOR BODY ( REF.)

'.i.
-. 7

.1

. U . ..5
UNLCEP. rn1fcn

SECTI.ON B-B

:. 3,r*

e: ".'

I K7 K., -.. . ..
.A.s . _A- I.-r, I ....... ...:1

GOG A" PAY-P 7R~ Td I
. :MORX 6A 6i~ePE,-

*~~~~~~~~~~ X* -* t t ,*-_ I'

F. t� 11,01,1 le- in �I ., r-:
..- T .- I -. 1- . V



5 TUBE FABRICATED F',1
0.) ZIRCALLOYI OR
b) TITANIUM, OR

\ C).TYPE POdL 5TAINLE55 57EL
\ COATED WITH 50 'OOur 1 AL
AND 4O0- 3wnm AL 2O

III

.

... -.-

7iDIA HOrTOP 7UE2VE (A).
/.550 O.D. .070 WAtL

EE MEAL AX 5 WJBE
(CA5 IN 5iqEbD)

DEPLEWE UPM I UM

- -

I

7HIELD DATA
35 LB75

A5 iv 5 M= eAO4ATION P 6WOOU O4Vt10OWMNT'.MA *903

_ 5:ffi: .\
EL 660 GAMM RAY PPOJEC

9HIPPU'G CON1TAINlER.
D_5CRIPFIVE A5EMBLYliLz,�;z (A�r� ��7

A / \ _l:.
- j \ .,, Bx ,

.I -7 jQA5 l
isMrry 4 or n - .,e ,1D H . / ,

- W. 11 ... ... 1*



;0-L wtC- 4D

SO-X mOC. W-:
CLP 5cqm ( )
WMr4 LQCTrrL

CrJMPRqyj*YI 7ir6
LEE%~C-043-14-a~)

I! I - 'l2 2- it - / I
L. . . - - - .~-

SELEcra E3

(00) 7r 5rL)\

O1-2 KU CAP SCJ..--
{.S5hIA. STL .) .4

W37H LOCTITE

ANTI- WAtJE LUGS
(303 SARt =TL)
4 LOwMPRMO SPRiG

LOCK ASSEMBLY

L0CYIN'6 %LIX-'J
( 114 a/2 FIAT GAD 7%K

OIL HARDCEK16). &h D. _llo~'`2 :t

OCEL 660 GChAV RAY PQJ£jCTC
SHIPPING COXTAINER

-DMe5:IPTrE ASSEMBLYt 1- I, . \ \

.- - - I - -.__, . .
77, 7.;�,,- v. 1 = : -,z .s~r '~ 7 ; I 11- 7 Fa3



-UEPLETED RANUM
SHIELD-'RU '.
ft 5H4 Tr3

/-RA-DIC" _--|#E

STL.

LI C Iil ; 0s Ft J .'.;'2 r...

d-20 FLAT HD 5CREV'E.
\ ST£EL-zlmc aR;CAtPLATED :

\'K} 2 PLAT HI)C 'rAD (6)
\ \STEEL-2It~e. 6AID P.13P.

r-CAST HAtiDL E
(ALUM. ALLOY)

-StHELL
(1:60 7YPs3 oqS.);

OR CARBON 5TEEL I

11
\ 90 DAN GER 0C.-'I'Dm rc Ww

LABEL

-- S70RAGE PtLG
/ . CMCTCi

I6

1O Itf. /
BMTCWR,RrvnFD
(.Ox sr5lT. ST)

5 1
4

/ /C1riYMECTING ROD.5P4)\
rtXD

ZSTORAGE I
NPCFS~CEMeNT

5tabf-REF;
51-S - 3 ,

12L14 5TEEL '' \ RIGID

:P)LUG A55Y9 _D;)tr4c(Ftr PCXYUR5FTHANiEi PAM; DENSI~rr

TE!GHT-1 IX c 3 : 7 MI0. L5/ C F7
TOTAL WEIGHT - )2 LE '5 I_"bs .

M . rwI

MWOEL, &60 GAM R" PRQJEC9TR

SHIFPK(G CWTAINER
DESCRIPTIVE _A5EMBLY'r -

^." -I ___ _ \ -_i
8 - {

W.-q16 a !: -- . 66030
l

. . .



7 I Ubt i Kt A! -'-5 -HU

a) ZIRCALLOY i
b) TITANIUM, .,I
C) TYPE 30IL 5TAINLE5 T 5TmL\ WCOATFD WITH 0-10,im NiAL
\ W 400 P00m - AL 2 0 1I=DIA HOTTCP

SLEEVE (2) QPT~o-.\
,550 OD X .030 WALL

OR
.•SaZ OD X .035 WALL
54ME Ir7ATL A5 S-TUBE
eCAST rrJWSNIELD)

5Hi -

EPLO UPA4MM

_ - _ _ =r -__.

5EE NOTE

84

.g-5 (REF) -. 0T 'S-r rWD

HIMH. L D, 5T1I §/s FKOM L6-
EA A V ElED I4N5Y. IHA-5CAt E:/ WJ7V MIL

9CALE: I/i

5HIELQ DATA
37 LBS, : 3 Ibs.

r: EADD>Or NAL LEAD 45t-A L-- -n---1

EXCEEO 31bsI. MAX. TWICKNESS *4 i

-rulTEr 4oT 5F-@r04.@

_A5_nOTED ___ __ __ __ __ __ __

. t,

11 74'
jai . t~

MEEL 660 G'Wll4A RA PPOJCTO
5HIPPr*G CONTAINER

DE5CR IPTIVE A$S5EhaILY
. . . . . . i . i

_ 1'G-66X05 I li
. .$iwl. VI .~ . 71 li~n3 >, m- - --- . - -- I - . . - - . - - -



LOCK
)225GJ)

* I I Vfrt :HI I r _

BUMPER (R)'

CAP 'REW (A2)
WITh' LOCTMT

CIDMPRs7 W 1 '
LEE F I- 5 5-4- 1)

SLECTOR E

'L &12 -cr 1 A SC---
(STAJh-SIL.) 4
PtM4 LXT(W

AHTI- RMUE UGS

Mbc %;55 SP ) 4G

POO

LOCK ASSEMBLY

LOCKINGY ~LIVC--
( 1/4 Y' 'A FIAT cID

OIL HARDENir6)

4
N

-- l i2-r- tl� -w-C.-&- ir� 110cow 04 . -: �-

M~EL 660 GAItA RAY FGEC7D
sHIPPING COTKrfER

.ESCRIPflrvE AssEw.mY
| | . K 1 IC 66030I -. s .

, I ') - In U 2 d C'



5 TUE FABRCATE !
Q.) ZIRCALLOY, L
b) TlTANIUM, OR
C) TYPE )C4 FTAINLE5> 57EEL\ COATED Wl TH 5O- I00,u n N; AL

\N 400 ~0, n A L 2 0 5

/

/7LEEVE (A)
.550 O.D. '00 r9ALL
CA5T inL IE TLu)

(OArk- IN VELD)

5HIELD -N

CEPTED "lIW

1. G4

*2

7 uL (REr) -w

I> xX X. h

T 71L IXVy
RIELD DATA

35 L~f
siT. I

/ / / A / I / I / / S

Mi

f6~Tl)ON /
5CA Li: i/A

L' POT WEUD I APPM
8 M 5WTItG 1 /5 Fr EZE-

WELDED W NS5PFCTf IN
tA 1,caeA> W17V MIL'

:5 P= J-66698

As K'4 P C-0 I O.'__ = _ _

EL 6W GCL1A '- PFWEC1
DHRIPlriV AIAIER

DE5CRIPTlVE ASSUL~



RECE1

.

,DEPLETED URANIUJM4
S-IELD-' :-

/v -l . T4'
CAST RAN E

(A Zu4. ALLO~)

rRAVDI -IVE END PLATE5
/ S0Uf I I GA. (.12)

(1N 5ToREL 51T.Os r CLo D c OLL STEL
4 -20 PAT RD'SCRFE\W

STEEL-CADM1UM PLATEDX r10'O- FLAT HD 5
\ STEEL-ADMIVW

! .... .
..... ..

; -!

PEn5 (s)
1 PLA7ED ..

I
/

i

i
-L.

/ SELL../- TU BE- P-E
w DaCAR E30N sIiL. 9EE5WT4

J1~~~~~~~ X ". ...... .- .

. . S ... . . . , ............... - . . .

. // / /i~.XXA/; // /

LC

. .

.e-1

(5E w

*, ' \SSY

NAMEPLATE &i-
(1sT ''

'QQ'L_1

i

SEAL.

'I

1.

I CiN
/ . .

/.

(s.o
SOQ)RCE
LABEL

IC~I DAN GER
Do NOT RE _ jiJ

- ; -

'I / . s
I Y ._,-

;to

-- : ..U -
T RE rl..

ZcmT COVERRETD ...
'. (OG STAIN. ST); *

. I .. . . 4 9 . _

Z - - - - - - -

.. ,~ cW4

/ ' g g'p68 /

212LW 5TEL RIGLD
STOFZ), PLoO . POYURETR

D30A nl i UWi8 IFOAM

TQTAL WEIGHTF- 48 5LBS
~ E S C I P T I E A 5 E ~ A L Y

N. . .. .}-0- , ~I ' CSfS_ ,I

.. I .' -. ' M - -toEL.-pm " 8 1_ . .

r F , .

'"77"-f: '' -!,.- ' �', N , . . _ . . _

666O36: T.
A .\ ,.
- - 4 -

I P�*� A 1.1 IM4EIT I �
,I rmno CLA I t I *rT I Of 4

. , _ _-



d ZPLATE-- -FiUD ( !.Q2LOCK)
'(Z- kbJN *-6D22!9)

* LOCK RSTAll
(304 STAIN.

'! §*, . ;. ,, . ' :N

I~~. ; . "" ..? ..

., $I .4 .

. . . . . . I

I ...

, COVER
/ ('34 S9.'~sr)

. 1.

SELF-4
0Ri1U101

.

., m6~:,

> IRE

'..

.I.

ANiT t- ROTATE -LS
(3C4 t*;. SL) i
4 .4.5m

. -

4

LOCK ASSEMBLY

: (304
XINGi P*(mML.F0L
! CCPRE5g10 SPRM3

USIC.~) .)

... J,..

' AJA, A Q OI P-Oc To WV0_ IIs _ .. . WAM-."~ _oo. ~
f ~~~~. ;.1 .. ..... ..

'. S&ifff G; C04TJ5U2;
_~- I, .:;. <> . ~

:.M = a . '2l 1 ' ' 1;



I .

I

.. .i - -

ASSEMMY

. CtIA LL .v .LOCKI RN REF

1 , * e-'D A p .Z-

. .

- ~X s ; '.~...

I

, , ... II .
i.:1, .

. %~ . . , zr.4*' .

I
I. . e< . --"

. I... ,,."

=X~2==mm~m .- - I

-SELECTOR BODoY (REF.)
.: . *: BE.

... I

. . .~pD' MC

S.

Am / . .. f~A _ ', . ! .. .I

'B .; C e m.: to.

l~A -E-'AA. r

. AI ER..;Q -ii. 'BLEO

*. 4
I . -. .66O3O

b I.* :,:.1)0 ..

a__ _



.. .. .I *A

\a.) ZJRCAU..oi',' i"

. :.I.,". �V6 , ' :;. -.. *SW J.". -. ,

i

a
*jElLt DATA.

3.5. j..
.11,I .

*. .IRs A.,..... 7... , .;

s4UP. W T4I..
.. . . . .. :. 4- . ,

:4, ,G.A 77 ... 9.:...^ '6~ "C~O@'
l 7--~ L . -- I~' ,-



SENTINFL

Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Appendix B

Appendix B: Selected
Fasteners

The stainless steel screw selected for the end-plate fasteners is 51959-81 as specified in Military
Standard 51959, a copy of which is included in this appendix. The item is highlighted on page 2 of the
specification.

The toughness versus temperature curve below shows the consistent toughness of stainless steel over a
wide range of temperatures. The curve is excerpted from Deutschxnan, Aaron D, Walter J. Michels, and
Charles E. Wilson, Machine Design: Theory andPractice (New York: Macmillan Publishing Co., Inc.
1975), page 136.

Low temperature effects
As the temperature is lowered, there is an increase in yield strength,

tensile strength, elastic modulus, and hardness and a decrease in ductility
for metals such as aluminum and aluminum alloys, nickel alloys, austenitic
steels, lead, and copper. Carbon and low alloy steels tend to become embrittled
at much higher temperatures than the aforementioned metals. Embrittlement
is measured by loss of toughness over a small temperature range (for
example, see Section 3.21) when tested by the Charpy or Izod machines.
The transition temperature is taken to be that for which the impact energy is
reduced by 50% of its ductile value. Figure 3-43 shows some average value
curves of toughness (energy in foot-pounds) versus temperature for a variety

To 120 lt-lb
100

9%Ni.V Amp

| AlSl 304 L.K
80 4340 0 0T

60ne

D60 Steel.K

/. / astelloy B

,>- / 7G-XNi. K

Luu /let 347. K

-300 -200 -100 0 100 200 300

Temperature. 'F

Figure 3-43 Toughness versus temperature for several metals.
Note the sharp drop in toughness that takes place within a narrow
temperature range. (From V. M. Faires: Design oqfMachine Elements,
4th ed.The Macmillan Company, New York, 1965.]
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Appendix C

Appendix C: Referenced
Materials

Tle following is an excerpt from Avallone, Eugene A., and Theordore Baumeister l[, Editors, Marks '
Standard Handbookfor Mechanical Engineers, Ninth Edition (New York: McGraw-Hill Book
Company, 1987), page 4-27.
T *b'41 Appm'xifat 'In Vesio-Curv'Locus ' A''

r bar 0 2S 50 75 100 125 150 175 200 225

T (12)' III 117 120 124 12t 132 137 143 149
r' K 653 641 629 617 606 594 582 568 555 541

. batr ISO 275 300 325 350 375 400 425 432

r t 156 164 171 184 197 212 230 265 300
TP y 526 509 491 470 445 417 316 345 300

*HblkPO^hd-C4tp-Ctu.'C I;Gnig

•oPr thc elements C and H. the equations of complete con-
bustion arc

C + Os 0 CO,
112 lb +32 lb = 44 lb

H. + XO, - HIO
2 lb + 16 lb - IS lb

Loss Due to Throttling A throttling process in a cycle or
operalions always introduces a loss or efficiency. If To is the
gCnpcrature corresponding to the back pressure. the loss of
g 5il;tbkc energy is thc product of To and the increase of
entroPy during the throttling process. The following example
illustrates the calculation in the case of ammonia passing
through the expansion valve of a refrigerating machine.

EX.urLa. The liquid ammonia at a temperature or 70-F pacss
hrovlh ihc valec into the brine coil in which the temperature is 20 dcg

and the pressure is 41.21 psia. hc initial enthalpyorthc liquid ammo.
.,i, is AJ - 120.5. and therefore the finl cnthalpy is hA, + xlxhfl -
6t4.7 + 553.lx - 120.5. whence x. - 0.101.Theinitialentropyisif

o 0254. The fnal cnhropy is ill + (xjhs/l1Tj) - 0.144 + 0.101 X
1.153 - 0.260.rYo - .20.+-460 - 4S henethe lossofrfrigerasting
cfreet is 4t0 x (0.260 - 0.254) - 2.9 Btu.

COMBUSTION
RrrEt(rn<s: Chigikr. Energy. Combustion and Environment.
McGra--Hill. 19S 1. Campbell. ThermodyntmieAsulysis of Combus-
tion Engines.- Wiley. 1979. Glassman.z Combustio.-Acsdemic Press.
New YorkL 1977. Lcfebvrc.'Gas Turbine Combustious McGraw-Hil1
New. York. 1913. Strehlow, Combuttion Fundaansstats,4 McGraw.
Hill. Nc York. 1984. Williams ct at.. Fundamcntal Aspects o Solid
Ptoptlant Rockets.- AgdrdograpA. 116. Oct 1969. Basic thermody.
mamie table type information needed in this amt ist fornd isn Glusko et
IL. Thcemodynamic and Thermophysical Properties of Cocmbtstioc
Prodcts.- Moscow and IPST transatior Gordon. NASA Technical
Paper 1906. 1912: -JANAF Thermochemical Tabls.' NSRDS-NBS.
37. 1971.

Fuels For special properties of various fucls see Sec. 7. In
general, fuels may be classed under threc heads: (1) gaseous
fucls (2) liquid fuels. and (3) solid fuels.

The combustible elements that characterize fucs arc car-
bon. hydrogen, and. in somc cascs. sulphur. The complete com-
bustion of carbon gives. as a product, carbon dioxide. CO,: the
combustion of hydrogen gives water. HO.

Combustion of Gaseous and Uquid Fuebl
CoMbustot Equations The approximate molocular weights

of the important elements and compounds entering tnto com-
bustion calcul.t;ons arce

For a combustible compound. as CH,. the equation may be
written

CH, + r O. = y- CO, + z * H1O

Taking. as a basis. 1 molecule of CH, and making a balance
of the atoms on the two sides of the cquation, it is seen that

y = I z 2 2x= 2y + z or Jr 2
Hence.'

CH, + 20, e CO, + 2H,O
116 lb + 64 lb = 44 lb + 36 lb

The coefficients in the combustion equation give the combin-
ing volumes of the gaseous components. Thus. in the last cqua.
tion I rft or CH, requires for combustion 2 tl' of oxygen and
the rcsulting gaseous products of combustion arc I fta of CO,
and 2 170 of Ho. The coefficients multiplied by the correspond-
ing molecular weights give the combining weights. Thesc are
conveniently referred to I lb or the fuel. In the combustion of
CH,. for example. I lb of CH, requires 64/16 = 4 lb of oxygcn
for complete combustion and the products arc 44/16 2.75
lbof CO, and 36/16 = 2.25 lb of HIO. - -

Air RequIred tor Combustlon The composition of air is
approximatcly O.2320, and 0.768 N, on a pound basisor 0.21
02 and 0.79 N, by volume. For exact analyscs, it may be nec-
essary sometimes to take account of the water vapor mixed
with the air. but ordinarily this may be neglected.

The minimum amount of air required for the combustion of
I lb of a ruel is the quantity of oxygen required, as found from
the combustion equation, divided by 0.232. Likewise, the min-
imum volume of air required for the combustion of I ft' of a
fuel gas is the volume or oxygen divided by 0.21. For example.
in the combustion of CH, the air required per pound of CH, is
4/0.232 - 17.24 lb and the volume of air per cubic foot of
CH, is 2/0.21 - 9.52 ft. Ordinarily. more air is provided than
is required for complete combustion. Let a denote the mini-
mum amount required and xa the quantity of air admitted:
then X - I is the excerssCe&ntL

Products of Combustion The products arising from the
complete Combustion of a fuel arc CO,. H50 and, if sulphur
is present. SO? Accompanying these arc the nitrogen brought
i. with .thc air and the oxygcn in thc eXecss of air. Hcncc the
products of complete combustion are principally CO,. H1O.
N,. and OJ. The presenceofCO i*cstcgs incomplete combmston. In
simple calculations the reaction of nitrogen with oxygen to
form noxious oxides, oftcn termed NO, such as nitric oxide
(NO). nitrogen peroxide (NO,). ctc.. is neglected. In practicec
ar. automobile engine is run at a lower comprcssion.ratio to
.tdu-cb 1-O, formation. Th: reduced pollution is oog'.: _: :F:

Material . -G H, 0, N2  CO CO,
Molecular weight 12 2 32 28 21 44

111O CH. ClH. ClHO S NO-NOI-- SOo
IS 16 2t 46 32 30 46 64



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan.#74
December 17, 1997

Page 26 of 37

I c.• ) A#,3?
Equipment List 1: 30-foot Free Drop

Enter the Model and Attach Inspection Report or
Description Serial Number Calibration Certificate

Drop Surface, Drawing AT10122, Rev. B C IS_ AT-ACH4

Weight Scale 3Sbl See Aiii4C-

Thermometer.) A/N -. * - . T7LTerontf OM65A ZEWs - I Z i dE knA .

Thermocouple flexible probe OW&A /ENG -I I 7E ARC-
Thermnocouple surface probe W&A sIEN - 13 Se A-eTi

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

TI4ER OCwLCpU SmR - PRBNgE§ A / ES& 14 SGE ATnTCjf

Verified by: Signature Date

Engineering G *___ ____ ____

Regulatory Affairs ,2

Quality Assurance et < 1 a G t
_ lo

-. q: '..
: % r'. ..- .: - .



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 27 of 37

Checklist 1: 30-foot Free Drop
Test Location: VA\uL~ TR6E6 G wL(BAMP MA Attempt Number: \

Ste ... i W3-71 . --.
Step peciren Specimen Specimen Specimen

L< B C D
6i Si

1. Measure and record test specimen's weight. ; 4 / _//_A

Record the specimen's. weight: 5 6II

Note the instrument used: 35_____ 3SS ILA 5 l

2. Irmrerse the test specimen in dry ice as needed 5 jkp
to bring specimen temperature below .40 C. _

Steps I through 2 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

3. Measure the ambient temperature. S

Record ambient temperature: 36 F9 _

Note the instrument used: EN EiI

4. Attach the test specimen to the release
mechanism.

5. Begin video recording of test so that the impact TAP
is recorded. 90

6. Measure the temperature of the specimen. _ 3 a
Ensure that the specimen is below -40° C.

Record the specimen's internal temperature: - 71. q *C, -

Note the instrument used: (rJZ I

Record the specimen's surface temperature.

Note the instrument used: - EN -EW I

7. Lift and orient the test specimen-as shown in the Figure 6 Figu 7 F gure 6 Fig Te 7
referenced figure for the specimen. on Page 14 on PUge 15 o Page 14 on Iage 15

8. Inspect the orientation setup and verify the drop D '

height.

9. Photograph the setup in at least two
perpendicular planes.

77 . ... ......



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 28 of 37

Checklist 1: 30-foot Free Drop (Continued)
Test Location: Gc& IAt3P, MA . Attempt Number: I-

Step

Steps 3 through 9 witnessed by:

Engineering1

Regulatory Affairs

Quality Assurance

10. Release the test specimen.

I 1. Measure the surface temperature of the test
specimen.

Record the surface temperature:

Note the instrument used:

12. Measure and record the test specimen's weight.

Record the specimen's weight:

Note the instrument used:

13. Pause the video recorder. Ensure that the point
of impact and orientation specified in the plan
have been achieved and recorded.

14. Record damage to test specimen on a separate
sheet and attach.

Steps 10 through 14 witnessed by:

4-J-/

N

-. . .. -...

.:

. .P.



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 29 of 37

Checklist 1: 30-foot Free Drop (Continued)
Test Location: 6iMa)DLAD1) i-l. Attempt Number: I

Step

15. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment
relative to 10 CFR 71. Record the assessment on
a separate sheet and attach.
Determine what changes are necessary in
package orientation for the puncture test to
achieve maximum damage.

Test Data Accepted by (Signature): Date:

Engineering CR < I __ ___ __

Regulatory Affairs 1r)
Quality Assurance C. x16 L14. | f q

LI

.. ... z _ v . ..

... 44



3~ %6'F~e G c1~3 AA - -Z;7

A" c z ECrMT U?

I aL

* U .~*. )7

7; L� /V �-� -M -



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan 1174
December 17, 1997

Page 26 of 37

Equipment List 1: 30-foot Free Drop 6S2

Enter the Model and Attach Inspection Report or
Description Serial Number Calibration Certificate

Drop Surface, Drawing AT]0122, Rev. B o 1 c- Arr/h ---
Weight Scale 35(1\ Se{e ATTA 4c

ThermomeEr -. IZ AsCe Jh

Thermocouple flexible probe ENG -l I ArnUCH

Thermocouple surface probe - 3

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

Verified by: Signature Date

Engineering i4 4

Regulatory Affairs

Quality Assurance 1 T V ; Jo 78
l

Vv



SENTIrNEL
Amersham Corporation
Burlington, Massachusetts

Test Plan R74
December 17. 1997

Page 27 of 37

Checldist 1: 30-foot Free Drop
Test Location: VALLEJ TIf- Gja:E1JJMP MA Attempt Number:

Step en Specimen Specimen Specimen
B C D

I. Measure and record test specimen's weight. 7V2 DEL

Record the specimen's. weight: S ___

Note the instrument used: ' 35ci L 3SOI i3~Cb L

2. Irnmmerse the test specimen in dry ice as needed VkA 'tEL
to bring specimen temperature below -400 C.

Steps I through 2 witnessed by:

Engineering 7_
Regulatory Affairs _

Quality Assurance j<9 '7J?49
3. Measure the ambient temperature. z 7 7

Record ambient temperature: _ _-

Note the instrument used: N-&I1 ' N

4. Attach the test specimen to the release ()024,
mechanism.

5. Begin video recording of test so that the impact Z4
is recorded. 97

6. Measure the temperature of the specimen. z eb tIF7
Ensure that the specimen is below -400 C.

Record the specimen's internal temperature: 6 e. C 5 L.

Note the instrument used: E N go d CS-lI

Record the specimen's surface temperature. - 5 > 1 .
Note the instrument used: I3 ENC L

7. Lift and orient the test specimen as shown in the Figure 6 Figure 7 Figure 6 Figure 7
referenced figure for the specimen. on Page 14 on Page 15 on Page 14 on Page 15

8. Inspect the orientation setup and verify the drop 2-
height.

9. Photograph the setup in at least two l 2.i DK
perpendicular planes.



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 26 of 37

Equipment List 1: 30-foot Free Drop sfw ) ; 3 SS

Enter the Modcl and Attach Lnspection Report or
Description Serial Number - Calibration Certificate

Drop Surface, Drawing ATI0122, Rev. B C I ScC ATVACH

Weight Scale 35S Ig 6S A4T71AkH

Thermometer E IZ - ...

Thermocouple flexible probe EENG -1 11e ATT*L47 4.

Thermocouple surface probe f EN& - 13

Record-any-additional-tools-used-to-facilitate-the test and attach the appropriate inspection report or calibration
certificate.

TATH-ERMoC PRCp_ a-Ek& (LI SGE 4TAYC

Verified by: Signature Date

Engineering I / - i4 3, -i 1

Regulatory Affairs I ' 7% t Ig

Quality Assurance 11- l; °
, vILWII-v-i~1

VL/t



SENTINrEL
Amersham Corporation
Burlington, Massachusetts

Test Plan B74
December 17, 1997

Page 27 of 37

Checklist 1: 30-foot Free Drop
Test Location: VAtE TIREE G JwLAMCP MA Attempt Number: ? ne

Step Specimen Specimen Specimen Specimen
A B C D

1. Measure and record test specimen's weight. e ? 7.__ _ .-
Record the specimen's weight:

Note the instrument used: 3SCL'4 3

2. Immerse the test specimen in dry ice as needed t4 Dee
to bring specimen temperature below -40° C.

Steps I through 2 witnessed by: l _ ,go1
Engineering AV4 M

Regulatory Affairs

Quality Assurance

3. Measure the ambient temperature. .E bye ?7

Record ambient temperature: _0 r

Note the instrument used: E*N- IR1{IENO EN It&-@ lfffY
_ _ _ _ _ _ _-_14

4. Attach the test specimen to the release pZ' DCL-

mechanism.

5. Begin video recording of test so that the impact 24 Dr(
is recorded. 57

6. Measure the temperature of the specimen. _
Ensure that the specimen is below -40° C.

Record the specimen's internal temperature: _ _ . . . -- 2 -

Note the instrument used: E&ri'-l

Record the specimen's surface temperature. _j

Note the instrument used: A E l'

7. Lift and orient the test specimen as shown in the Figure 6 Figure 7 Figu 6 Figure 7
referenced figure for the specimen. on Page 14 on Page 15 on P ge 14 on Page 1S

8. Inspect the orientation setup and verify the drop 2
height.

9. Photograph the setup in at least two We-
perpendicular planes. _



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan 874
December 17, 1997

Page 28 of 37

Checklist 1: 30-foot Free Drop (Continued)
Test Location: Grzo6LArW', MA. Attempt Number: 2.

Step Specimen Specimen Specimen Specimen
A B C D

Steps 3 through 9 witnessed by: /(A- ./A

Engineering __ A

Regulatory Affairs

Quality Assurance _ t1 2-ci4

10. Release the test specimen. (T -4W

I1. Measure the surface temperature of the test _ 1 cF7
specimen.

Record the surface temperature:

Note the instrument used: E E

12. Measure and record the test specimen's weight.

Record the specimen's weight:

Note the instrument used: -3 SC 1 5 3S 0 3S01Iq

13. Pause the video recorder. Ensure that the point C EL
of impact and orientation specified in the plan 'E
have been achieved and recorded.

14. Record damage to test specimen on a separate 97 4
sheet and attach.

Steps 10 through 14 witnessed by: _ - i/)

Engineering Di4/2$44..
. -

Regulatory Affairs I I

Quality Assurance __ _ ..... f.vag



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 26 of 37

Srezwr A- SA- 8 if 7
1. # R3S
C- #J33feP? a ..,o

Equipment List 1: 30-foot Free Drop

Enter the Model and Attach Inspection Report or
Description Serial Number Calibration Certificate

Drop Surface, Drawing AT0I 122, Rev. B s01 l 84 A
Weight Scale 3 l5).

Thermometer bNy--I sL- A d

Thermocouple flexible probe t14c- l I At4- .

Thermocouple surface probe E

IJ P j~~

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

. tm(ss -q I 4t i

Verified by: Signature Date

Engineering ,L) 14 .r s
Regulatory Affairs / acn-u
Quality Assurance K i9 'IU1l'

vv

� -0, . .



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 27 of 37

Checklist 1: 30-foot Free Drop
Test Location: M A iA Attempt Number: I

Step Specimen Specimen Speclmen pec im en
A B C D

1. Measure and record test specimen's weight. . b7 Z ib z. 9 7 ZS c .7 z e

Record the specimen's weight: . Z 1 5.L O 16 ss s C.

Note the instrument used: ,- 35b 1 3*sn 1 H 3D I 3 qb 1

2. Lmmerse the test specimen in dry ice as needed ' s Z3 (~ 2H P 23 29cA zq
to bring specimen temperature below -40° C. 3>. 3§>C7

Steps I through 2 witnessed by:

Engineering

Regulato Affairs

Quality Assurance ,9jf8 Kte lgtS O M9 ,j9 A g K HaI- 1

3. Measure the ambient temperature. 73 ) 7t 7 Z4 ._ _ 7 . __ te . 7

Record ambient temperature: B2 S'. .. E L. r_

Note the instrument used: EAa ' 12 L& 1Z El )z C 1i2.
EKI.- I 1 N& [L 4 V4 6 /LJ1 EAJC.-.

4. Attach the test specimen to the release J 23 9& .2 3 3-) 2M

mechanism. 9 9g. 2 -pet.

5. Begin video recording of test so that the impact 2.3Z 5 .2 0 4
is recorded. 7

6. Measure the temperature of the specimen. (2.3 E i b tre 7 2 v Z 7 7

Ensure that the specimen is below 40' C. WC7

Record the specimen's internal temperature: - 7 7i. GI 7"
Li. IZ rCis, 'C- IZ b r~1;

Note the instrument used: C Az FLN& I 9-14C- 12EN&- 11 ENI I_ I-x r; I I l 1

Record the specimen's surface temperature. - 52Cq c. _ . -, .G -
2_

Note the instrument used: s &z G, E4 12 71 : lmG LZ
mg 13 V4G 15 Ig 4 1:3 £NGe- 15

7. Lift and orient the test specimen as shown in the Figure 6 Figure 7 Figure 6 Figure 7
referenced figure for the specimen. on Page 14 on Page 15 on Page 14 on Page 15

8. Inspect the orientation setup and verify the drop I - (Jb25 4L7
-Der. W 'M-PEL

height. ________ _____ .9 2 5 2

9. Photograph the setup in at least two 2 taL:.97 Z4 bttL.9 7  zz bez-97 92L1

perpendicular planes. , t



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 28 of 37

Checklist 1: 30-foot Free Drop (Continued)
Test Location: %/ALLEL T-EE G L~ p MA Attempt Number:

Step Specimen Specimen Specimen Specimen
A B C D

Steps 3 through 9 witnessed by:

Engineering 45*J:.

Regulatory Affairs - 1"

Quality Assurance hytf 1--JJ(( M?1 id4I 4 ,-I 44 1L &:8 i

10. Release the test specimen.

II. Measure the surface temperature of the test b z 7
specimen.

Record the surface temperature: - -
_ _ _ _ _ _ _ _ _ _C -__ _ _ _ _4 b .L

Notethe instrument used: £fNG '2 3 J) £ .G I I _ 1Acy t7.
S W,__ _ _ __ _ _ _ _ _ __ _ _ 'Y~ 13 V- 4 - r-N &J 1 sP-M C- I 2z

12. Measure and record the test specimen's weight. :3 3

Record the specimen's weight: S.Z5- b5 5 . sc 16 's .s Ib 51J .i

Note the instrument used: ;501 't I . 4 I H S-b I

13. Pause the video recorder. Ensure that the point 23 _. '2EL

of impact and orientation specified in the plan 'DEL 5) 3)
have been achieved and recorded.

14. Record damage to test specimen on a separate 1 D IeL < 2P6L
sheet and attach. 51

Steps 10 through 14 witnessed by:

Engineering h - -. , 211
Regulatory Affairs a Q)_r ? aqp42

Quality Assurance < 1;1- 1<rm lk,- T vjg Iive2- nA,? yIa j^,V



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 29 of 37

Checklist 1: 30-foot Free Drop (Continued)
Test Location: V *5, 42  L- 4e } 4 Attempt Number:

Step Specimen Specimen Specimen Specimen
A B C D

15. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment
relative to I10 CFR 7 1. Record the assessment on
a separate sheet and attach. e, )
Determine what changes are necessary in
package orientation for the puncture test to
achieve maximum damage.

Test Data Accepted by (Signature): Date:

Engineering ? )4r e8

Regulatory Affairs 1 8<

Quality Assurance 14 RJE

. . . t - - ...

;.I

.. -. . '. . . -



30-foot Free Drop Test Assessment

The test-was executed per test plan #74, therefore it was perfomied in accordance with 10 CFR
71.

Unit S2 was needed for replacing Unit C, since Unit C did not hit the target impact point. There
was no adjustment to the torque values of the end plate screws. The penetration test and 4-foot
free drop test was performed on S2 before the 30-foot free drop test.

Unit D was dropped twice since it did not hit the target impact point. Second attempt hit same
impact point as previous. This produced worst damage of all attempts.

Based on assessment of damage, there is no indication of any damage that would alter original
acceptance of test specimens to meet requirements of 10 CFR 71.

As there is no structural damage to the dropped units, conclude that testing will continue as
described in test plan 74.

Except for specimen B and D, there was no change in orientation for the puncture test.
Orientations for specimen B and D was changed to try -to peel back the area of the end plate left
by the removed handle.

14 E'

J4RXj 14 /v 7



Intermediate Test Inspection

Damage recorded for each test specimen. See attached.

It was decided to delay the radiation profile of the test specimen, since it could possibly affect
their structural integrity and affect the outcome of the thermal test.

~4

//gb qV
1tyt 19&Io
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SENTnl a.
Amersham Corporation
Burlington, Massachusetts

Test Plan R7p
December 17, 1997

Page 30 of 37

Equipment List 2: Puncture Test b 4v's 33Sla

Enter the Model and Attach Lnspection Report or
Description Serial Niuinber- Calibration Certificate

Drop Surface, Drawing AT10122, Rev. B C;M-C \ SEE ArrACP

Puncture Billet, Drawing CTIOI 19, Rev. C s m^ -- SEE AREAC

Weight Scale o HiAt,% D M
t%, Z Ho 4 e ku

Thermometer 4 G5Ce -Armco

Thermocouple flexible probe - I 1A \TTL

Thermocouple surface probe - - #Z -A ca
Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration
certificate.

Verified by: Signaturej, Date

Engineering I 4

Regulatory Affairs

Quality Assurance i)t- Tq IF
VV



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan V74
December 17, 1997

Page 31 of 37

Checklist 2: Puncture Test
Test Location: & oue LtANP MA- Attempt Number:/

Step Specimen Specimen cn Specimen

A B 7 D

I. Immerse the test specimen in dry ice as need to 2..1 peL i1~) 2A DEL -2.
bring the specimen's temperature below .400 C. 51

Step I witnessed by:

Engineering A

Regulatory Affairs ) o>

Quality Assurance 4 14Y l JYA 11>T4.18' le-NA__ IsN -1
aZMjtD(Q?7 EMte47 zaqb9..7 nviV w7

2. Measure the weight of the specimen. ) _____ e- 7

Record the specimen's weight: 6 1 /aL Sol At5,T o 5 I f 1

Note instrument used: S i '/

3. Measure the ambient temperature. 4 Xf- .I i24 q 4DL ( ID4A 2mf1 PEa 2 .Ho
..- ... _. __ _. _ . 9 . 9 .

Record ambient temperature: Ad g 357. 9 f 353 /C 31, if
Note the instrument used: 6 6JVi'1;- F V6-1a CN6-1;

4. Attach the test specimen to the release 9 -I 7we _ l( 2Lzt t l)-et
mechanism. 97

S. Begin video recording of test so that the impact yzaq 97 2.4 D&c. ZJi
is recorded. 7 2

6. Measure the surface temperature of the 2?L 6ie_97 z4 E5Gi7 '2 lb-7 mœ Tbo- 7
specimen. Ensure that the specimen is below
-400 C. o f _____

Record the specimen surface temperature: d0 C - 1.? C -s7. a CC 5.s c

Note the instrument used: $t 1 3 , v #s_} o Je3 eV 6 - ; 67

7. Lift and orient the test specimen as shown in the Figure 8 Figure 9 Figure 8 Figure 9
referenced figure for the specimen. on Page 18 on Page 19 on Page 18 on Page 19

8. Inspect the orientation setup and verify drop A) -Za C 7Eq )q
height. 5? 9) 7 _ _5?2



StNTINEL
Amersham Corporation
Burlington, Massachusetts

!est PJlan I74
December 17, 1997

Page 32 of 37

Checklist 2: Puncture Test (Continued)
Test Location: VALLELq R S, &eMUE LAMIP, MA . Attempt Number:

Step Specimen Specimen i Specimen
A B 4. D

9. Photograph the setup in at least two - PR. (.-D I EL

perpendicular planes. - 79

Steps 2 through 9 witnessed by:

Engineering

Regulatory Affairs 5

Quality Assurance INiV I a-l4'IF yNA 1gVZ.,'j' F A 12'l,&' KrtM 1,v--i
2tt If '3a Vk WX ) 4 lPr zf > q PS

10. Release the test specimen.

I1. Measure the surface temperature of the test LC.S 97 'I4bs.c4'7 z'iF7 Z4 b2c 7 7
specimen. tEY93 X

Record the surface temperature: - DC. -2.Z C. ID

Note the instrument used: V£G, - __ 13 __-_ __EA -l3
z- G>- F7 EN D- tc I S7 &G Is 48c R G -Lc3^

12. Measure and record the test specimen's wveight. z11 7

Record the specimen's weight: , S-.S. lLb .

Note the instrument used: ti05cDlq S5-n q 3S-C)1 ¢3S-D q

13. Pause the video recorder. Ensure that the point zq 2.l 3 2.W 9
of impact and orientation specified in the plan 97
have been achieved and recorded.

14. Record damage to test specimen on a separate ( 7A ) 7(
sheet and attach.

Steps 10 through 14 witnessed by:

Engineering

Regulatory Affairs / ) 'l" A ' 9

Quality Assurance K A'R 15T 091 IA-11i~a Okwff n*tig IgNA 120;j



SENTINEL.
Amersham Corporation
Burlington, Massachusetts

Test r ja* -74
December 17. 1997

Page 33 of 37

Checklist 2: Pullcture Test (Continued)
Test Location: I)ALLEt TREE Gikou6L! Tf, MA. Attempt Number: \

Step Specimen Specimen Specimen Specimen
A B D

15. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment
relativey 16O-CFR 71 Record the assessment on
a separate sheet and attach.
Determine the package orientation for the
thermal test that will achieve maximum damage.

Test Data Accepted by (Signature): Date:

Regulatory Affairs
, i,* ~a

Quality Assurance l &fth i da



Puncture Test Assessment

The puncture test was executed per test plan #74, therefore it was performed in accordance with
10 CFR 71.

Based on assessment of damage, there is no indication of any damage that would alter original
acceptance of test specimens to meet requirements of 10 CFR 71.

As there is no structural damage to the dropped units, conclude that testing will continue as
described in test plan 74.

Since the damage for specimen B did not produce a gap in the shell or end plates, It was decided
to not perform the thermal test on this specimen.

There is no special orientation for the thermal test. All specimen to be oriented on their feet.
This will allow optimal air flow in and around open gap areas of the damaged shell and end
plates.

9 14 3c5 0

.t- I83 1g

u~zQ Anti



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan 474
December 17, 1997

Page 34 of 37

EIquipment List 3: Thermal Test

2 A - J-S,-,~B3S8'7
b +f8- -F 2 D
sa- 4- k3s7D~

Enter the Model and Attach Inspection Report or
Description Serial Number Calibration Certificate

Air Flowmeter 3S7 16,Y& - 0 2, S§ A-rr&t

Thermocouple (internal) ENs - I A 566 ArTAc+f

Thermocouple (external) EN&- 17 A SEE A17W1

Thermocouple (oven) Ek&-IN 1 . 36- NWH7i(/

Temperature recorder IE - IA -/ 7JO/ -S I, AV7/

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

TR1MOCr=ETE2gR 4* -IZ Sm7rHc t

l%C2MOMOpSz Rap N X-I q 56er.47-,9

Verified by:

Engineering

Regulatory Affairs

Quality Assurance

v



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Tesi rlan #74
December 17, 1997

Page 35 of 37

Checklist 3: Thermal Test
Test Location: Mr&-ScIENcC- OAKRIlp 1  r Attempt Number: I

S Specimen Specimen ecimen Specimen
Step A E 5D

A B 97

I. Pre-heat the oven to a temperature above iE'
8000 C. 9Z..c. 902.Z 9.

2. Attach the thermocouples the specimen's 973
internal and external measuring points. 19

3. Place the package in the oven and close the oven* i 3)
door. 95i

Record the date and time that the package is 3:26 PtA\ (:.I( PM l:SO Pet
placed in oven. 84' To. 9'> g~2 c.

4. When the specimen's internal temperature S OL r p4 PM753J PM
exceeds 8000 C, start the air flow into theovn ,3&

Record the time. 97 9;' 7

Steps I through 4 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance Idd 1L IN'Jg g 1>

5. Measure the oven temperature, the specimen's i
internal and external temperatures and the air _ c
flow rate.

Record the oven temperature: .6L( c. 900.7 c C, _ qO_ .6 ofa-

Note instrument used: EV6- 16 If.

Record the specimen's internal temperature: SCO c( C, s O Ie

Note instrument used: i I S -i6JS

Record-the specimen's external temperature: Zq 3 Ca l .2 em JS42.2 c

Note instrument used: ife - J7

Record airflow rate: clrI

Note instrument used: II4 3S6

6. Monitor the internal and external temperatures A 30. i 3>
of the specimen and the oven temperature P3c.n
throughout the 30-minute period to ensure that 97 9 7
they are above 8000 C.



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 36 of 37

Checklist 3: Thermal Test (Continued)
Test Location: rMFr SCIENcS OARIP-6) -a. Attempt Number: I

Specimen Specimen Specimen Specimen
..Step . A-- B g°S2 D

7. Monitor the airflow throughout the 30-minute i c. 30 3 & i
period to ensure a rate of at least 9.6 f&3/min. .97

8. At the end of the 30-minute period, repeat step 5 3) 0, r30
using the same measurement devices. 5797P?7

Record the oven temperature: 9 cI-.5 C- 907.1 e

Record the specimen's internal temperature:

Record the specimen's external temperature: P c o ci _ c.

Record intake air flow velocity: _0O Q )C C) u¶

Steps 5 through 8 witnessed by:

Engineering . - i l
Regulatory Affairs - /

Quality Assurance IIYkIlnq 1W 1 t k

9. Remove test specimen from the oven. - __ 97 _ _____

Record time the specimen is removed. q4:36 Pt? b,' Dot

Describe combustion when door is opened to Rep Mor PEP 4Tr 'eM K
remove specimen. NO FLOOR4G _mlp.

NOTE: If specimen continues to burn, let it self-extinguish and cool naturally.

10. Measure the ambient temperature. Y7 =0;
b

-. Record the ambient temperature: 'r , 13 F 0.96,

Note the instrument used: -7-

11. Photograph the test specimen and any 3" 3e
subsequent damage .7 .______.

12. Record damage to test specimen on a separate
sheet and attach. 44. k Vh*> i.

Steps 9 through 12 witnessed by:

Engineering

Regulatory Affairs /lqs __ |__

Quality Assurance fk A K#/(14g 1 1;q

. -

. :. - .... .



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan 474
December 17, 1997

Page 37 of 37

Checklist 3: Thermal Test (Continued)
Test Location: MF& 5ctEo$ bAK RIV60,TN. Attempt Number: I

Step

13. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment
relative to 1 0 CFR 7 1. Record the assessment on
a separate sheet and attach.

Test Data Accepted by (Signature): Date:

Engineering _ _ _ 6_L_ _

Regulatory Affairs ( , t 1 I 6 qg

Quality Assurance xo 9-14,49 F
VU

. , - -m ' .

I-. . .
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SENYINEL

WORKSHEET

1. Device Model Capacity / C C: Isotope iL -" 'i lSource Model Yd if- 6

11. Maximum acceptable surface reading: c,? mR/hr I G A h .w

Maximum acceptable meter reading: iO mR/hr* V-a ,

I L/C o o Io)E

Ill. Surface Correction Factors:

Top I k
Right 1A .1
Front I 1./3
Left I. X.
Rear I813
Bottom 1

IV. Specific Instructions for loading/unloading:

V. Approved By:
Enginjging

Regulatory

C.Q Asuan
Quality A suran ce

D t3e 7
Date

Dat

J,-m q 9
Date

lAmersham QSA



Page 2 of 3

Profile Worksheet Supplement (PEF-003197) Supplement # PWS-1/98

4. ALARA Justification

Step 1:

Assuming surface intensity of 5 R/hr, source securement/unsecurement time of 2 minute and
working behind supplemental shielding to reduce body intensities to less than 500 mR/hr,
exposure estimates for operation as follows:

(= 500

EHnd =( °°

MRx 0.033
hr

- x 0.033
hr

hr) = 17 mR

fr) = 165 mR

Step 2 and 3:

Dose to personnel the same as general cutting cell work.

Profile Operation:

5 minutes for assessment of surface dose rates and general handling/adjustment at average
intensity of 1 R/hr, whole body average dose rate of 200 mR/hr for 15 minutes for one meter
dose rate readings.

Ev = 200
niR , '-Y
-x 0.25 hr=
hr )

50 nR

EHand = ( 1000 mRx 0.083
hr

hrj = 83 mR

RHP Approval Initials & Datei gi(}AJ

WP Form: PEF3-98.sup Revision 0 - 09 Jan 98



Page 3 of 3

Profile Worksheet Supplement (PEF-003/97) Supplement # PWS-1/98

5. Authorized Individuals: - -- ... - - . -

Profile: 0 RT Qualified & Operationally Approved for Device Profiles

>3 Others: RSO2 RAM. E. Shaffer. R. Kelly

Steps 2 & 3: Of RT Qualified & Operationally Approved for Cutting Cell Procedure

Z Others: E. Sh ffer. R. Kelly. RSO. RAM

6. Operational Hold-points:

None.

7. Other Applicable Comments/Criteria:

None.

RHP Approval Initials & Date:

Revision 0 - 09 Jan 98WP Form: PEF3-98.sup



SE M1NE

660/660B DEVICE PROFILING FORM 6R

_ Device Serial No.: i A&4 3o TF{Device Model No.:
U Ti�^ C+"Yle-

13�9pllvlModel-424-9 Source Serial Number:4 D 6 L. Activity;. qh3,D cC

Surface Survey Instrument: ; )7T Serial No:_ 'Cal Due: 3 |/1V3 /

One Meter Survey Instrument: ;S-t---Serial No: Cal Due: -

I) -

TOP I. L-,

RIGHT 1, '-P

FRONT I, (3

LEFT 1 D7?

REAR 1,13

BOTTOM | 1 .A

N oo-lctA e tu-t J A E-t 4 -.

SURFACE READINGS
. mnR/hr

2�Lw

ONE METER READINGS
- mR/hr

aActualActual

I D .tq IL d)

I '!~ Xr, --
c391.9 _r__o

* -O . 1 69,

TOP

RIGHT

FRONT

LEFT

REAR

BOTTOM

t),q 1. 1S

st,15 I L.

0.5 } ,

INSPECTOR.v 4(5) DATE: - 90 r, NCR No.:

Comments:

c O-A, I g

PrImersham QSA
WI-Q05



SEWlTHMflEL

660/660B DEVICE PROFILING FORM

Device Sel " A "o D

Device Serial No.: _Qww~Device Model No.: to& j OR.

I1 I (0 3.

Model 424=9- Source Serial Number: )(K Q I /1 Activity: 9 3 . 6- 0>'

Z Sbo 0 M q 1

trfatee-Survey Instrument: A/f'l9bI- - Serial No:m_ CalDue: 3 / 9 1

Gije-Me-ter Survey Instrument2:7- 5' Serial No: B - 8I "-SCal Due: 7 E

e:f-. ;se^C

TOP

RIGHT

FRONT

LEFT

REAR

BOTTOM

SURFACE READINGS
mR/hr

ONE METER READINGS
mR/hr

__~f_-__ Actual
C0 7r a d
Allo9*-6d

f-b C '5. V., , -
Actual

_ g

im-Ž 515- ao-
ep, 5 r

3 k P R/4

{. f- //V f, :-agl

zt-

Di-

TOP

RIGHT _

FRONT /L Lf I 9
LEFT _

RE_3.a LzkŽ
BOTTOM /Lq, D

AT> !/-. ,N NCR No. S

DATE: S c NCR No..___INSPECTOR:__________

Comments:

- MO s L .?

; - ( if .

C .cr '{-e l s . -e--r-I-:, A
6c\ L&-C:A k C\ fVly'\

- 2 c fv $ D- ( ;YN aj\ ,, 9
p o 'z:t S-E kq ,v $;- It wcv R S -e, I NL

6- P emersham QSA
Wl-Q05 (k-W yN GC c- 4 - Cp c 4 I

ad 6&2?. c -



SENT1NEL

660/660B DEVICE PROFILING FORM

TF7 3 It D // "a"70:DI; 11p

Device Serial No.: A$f -T-T I IDevice Model No.: (o (oo B

1 0/ & 3
Model 4-24-Source Serial Number: ( Do I L/ Activity: 39. 7 C(

Surface Survey Instrument:_ _ __ _ Serial No:fJ_' 1 %S5 Cal Due: 7/2LdJ/

One Meter

1tr(. P5 c&,Y

I.5T~.

Survey Instrument: , Serial No:_ _ Cal Due: _

SURFACE READINGS
*mR/hr

ONE METER READINGS

mR/hr

how

-b I , 6,a
;411 oc;,xmdActual Actual

I e7 AI
TOP

RIGHT

FRONT

LEFT

REAR

BOTTOM

10
d

/ \_50

7 . \ lo

TOP

RIGHT

FRONT

LEFT

REAR

BOTTOM

/'19 1•_21 i~
21•L 17/

Lt, - ~3.oC

Ži2 I&i

INSPECTOR ..... DATE: xi t 9 e NCR No.:. . .1 . . ..... ........

Comments:

-)S r~c oF F [O>r- ;y\. rn*-t-bX le-
6ep V ,;Y -)io\=C- 4 - I 6-\

c I
Ss ~ ~ II O°.* I' 1 ,

) C -A-skC_
Uk ,o; D, dJ _

_ ' s e - - o t-. _- ----

P'Amersham QSA
WI-Q05



V.

SENTINEL
Amersham Corporation
Burlington, Massachusetts

rest Plan #74
December 17, 1997

Page 26 of 37

Equipmcnt List 1: 30-foot Frce Drop ��J#g3ff�

Enter the Model and Attach Inspection Report or
Description Serial Number Calibration Certificate

Drop Surface, Drawing AT10122, Rev. B S 1 66 AT-rAci t4

Weight Scale A 3, )OI( 5IwE AJ41!-H

Thermometer Ot1&A /EN&1&.- I5 Z 5

Thermocouple flexible probe oM66A ENG - I I e Arca4
Thermocouple surface probe OM6 A /EN&i-13 6 A

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

TIiER VVIOCOOpLLE Sfl w Pa p / E -_ SiE ATT7S

Verified by: Signature Date

Engineering A ), 12J c

Regulatory Affairs

Quality Assurance ( I d @ A§

I I



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17. 1997

Page 27 of 37

Checldist 1: 30-foot Free Drop
Test Location: VALUER TkRE GP2,uiArJP MA Attempt Number: K

Step Specimen Specimen Specimen Specimen
Al--C D

W Pr S.3 r_,1,"%5 3D

1. Measure and record test specimen's weight. . 3 L's 55, F5 )1 I5 A f t

Record the specimen's weight:

Note the instrument used: ______ 3 3

2. Immerse the test specimen in dry ice as needed 2 'Tr 13 A JI

to bring specimen temperature below -40' C. TA -

Steps I through 2 witnessed by:

Engineering _
I-Ad *- ~J-By -.-. --- _-.--_

Regulatory Affairs

Quality Assurance G rA P q'(/I -l - -l,.

3. Measure the ambient temperature. 1 y S j l a

Record ambient temperature: (. L /,. ,f

Note the instrument used: El& S- EN

4. Attach the test specimen to the release
mechanism.

5. Begin video recording of test so that the impact i x | v

is recorded. 9TM3

6. Measure the temperature of the specimen. _
Ensure that the specimen is below -40° C. * ls : '_

Record the specimen's internal temperature: .-.77 1 C. -77.1 bC-

Note the instrument used: E N&-) ___._ _ _ _ _ _ _ _ __ CNT l .1 - -

Record the specimen's surface temperature. - 5. F -1 ° c

Note the instrument used: 6 I

7. Lift and orient the test specimen as shown in the Figure 6 Figure 7 Figur 6 Figuie 7
referenced figure for the specimen. on Page 14 on Pagex on Pa e 14 on P ge 15

8. Inspect the orientation setup and verify the drop t U Ha) 1lXrt
height. _ 5\

9. Photograph the setup in at least two I 2_ I
perpendicular planes. 92 _



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Man #74
December 17, 1997

Page 28 of 37

Checldist 1: 30-foot Frce Drop (Continued)
Test Location: GoEL~MOP, MA. Attempt Number: )

Step Specimen Specimen Specimen Specimen
*3 1 A I 3- - 2 C D

;g,.j ItJsV _________

Steps 3 through 9 witnessed by: _______ ill

Engineering 7 - = = _ =

Regulatorv Affairs f _

Quality Assurance OQMR __ -m

10. Release the test specimen. 1 Add 9

11. Measure the surface temperature of the test
specimen.

Record the surface temperature: q5.q tC _ .(. .1 DC

Note the instrument used: E : IO 3

12. Measure and record the test specimen's weight. ,'., i hj ' FiA, 3})jPy9

Record the specimen's weight: SS *S 1Js J 55

Note the instrument used: I 3 so I H 3s l 0 356 I -

13. Pause the video recorder. Ensure that the point I A d II
of impact and orientation specified in the plan QAK
have been achieved and recorded.

14. Record damage to test specimen on a separate 4 tt- .S.
sheet and attach. 9Ei

Steps 10 through 14 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance CIAjW f I ______ - -
I l



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan 1174
December 17, 1997

Page 29 of 37

Checklist 1: 30-foot Free Drop (Continued)
Test Location: F LK )D, M-1\. Attempt Number:

Step Specimen Specimen Specimen Specimen
1 53 B-P?( Z C D

2g" iL..a -J~vs
15. Engineering, Regulatory Affairs and Quality

Assurance make a preliminary assessment
relative to 10 CFR 71. Record the assessment on
a separate sheet and attach. J7 :f.K
Determine what changes are necessary in
package orientation for the puncture test to
achieve maximum damage.

Test Data Accepted by (Signature): | Date:

Engineering ( " 14 J

Regulatory Affairs I !
Quality Assurance IC (t|bH k ' f
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SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 30 of 37

Equipment List 2: Puncture Test Sj25~~g

Enter the Model and Attach Inspection Report or
Description Serial Number Calibration Certificate

Drop Surface, Drawing AT0122, Rev. B s66 ATAcN4
Puncture Billet, Drawing CTIO 19, Rev. C .•O- A|r-Ptc-h

Weight Scale 3rOI /CHl) SE A
Thermometer Mr&- 12, OM6A Se ArErAcH
Thermocouple flexible probe EN 6- 1 l / a ATrTACN
Thermocouple surface probe E -I s 13 / eSF ATALI-i

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

TiiEKMOCOLPLe S-oldA&r ke EN&- ly /OM 6A SCG ATTACH -

Verified by: Signature Date

Engineering A ,4 zF, g6

Regulatory Affairs -2/A 5

Quality Assurance C A Adzr\ I 4- ')

I l



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan #74
December 17, 1997

Page 31 of 37

14nu.6 rjE Checklist 2: Puncture Test
Test Location: 6EDOLJC MSLIV AlA Attempt Number: I

Step Specimen Specimen Specimen Specimen
3 B C D

1. Immerse the test specimen in dry ice as need to 9
bring the specimen's temperature below -400 C. lgJ/ I J

Step I witnessed by:

Engineering

Regulatory Affairs

Quality Assurance C' O p 4 . .

2. Measure the weight of the specimen.

Record the specimen's weight:

Note instrniment used:- 351I4 W -

__ __ __ __ _ __ _ILI__ _ 3 5 M L. 35i 'I L.. 3S )ILf

3. Measure the ambient temperature. F

Record ambient temperature:

Note the instrument used: EN66 EW ;1
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ .IL I .-sq

4. Attach the test specimen to the release k l
mechanism. 9

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

6. Measure the surface temperature of the *
specimen. Ensure that the specimen is below TR
.400 C.

Record the specimen surface temperature: 6.7 C

Note the instrument used: E6 t& ewl3 t- H fi f

7. Lift and orient the test specimen as shown in the Figure 8 Fi 9 Figm e 8 Figw e 9
referenced figure for the specimen. on Page 18 on P ge 19 on P ge 18 on P ge 19

8. Inspect the orientation setup and verify drop
height.

(
9$~

. .................. ..I

t7�=



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan 474
December 17, 1997

Page 32 of 37

Checklist 2: Puncture Tcst (Continued)
Test Location: VALLEY TIW! &iWU6UaPp MR Attempt Number: I

Step ecimen Specimen Specimen Specimen
l . B A- 53 B C D

9. Photograph the setup in at least two
perpendicular planes. _AM

Steps 2 through 9 witnessed by:.

Engineering

Regulatory Affairs ______ v_ _ -

Quality Assurance ( 4 I1 A.

10. Release the test specimen. 'JI -

11. Measure the surface temperature of the test ({MASA
specimen.

Record the surface temperature: 'C

Note the instrument used: A x 1 3 I

12. Measure and record the test specimen's weight. ___ - j
Record the specimnen's weight: (, 3\

Note the instrument used: 5l35LD 3C 1 3 ~{ 3 5cs (_3E~o44 31s I q

13. Pause the video recorder. Ensure that the point It

of impact and orientation specified in the plan 9b
have been achieved and recorded.

14. Record damage to test specimen on a separate jil

sheet and attach.

Steps 10 through 14 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

77-7--

T;,:k

. . . . .



SENTINEL
Amersham Corporation
Burlington, Massachusetts

Test Plan $t74
December 17, 1997

Page 33 of 37

Checklist 2: Puncture Test (Continued)
Test Location: vOaf rpE 6i&zueI-Ar.3p 1,q'4 Attempt Number: \

- -Step Specimen Specimen Specimen Specimen
'W.A 53 B C D

15. Engineering, Regulatory Affairs and Quality
Assurance make a preliminary assessment /1 t
relative to 10 CFR 71. Record the assessment on PA-
a separate sheet and attach. c
Determine the package orientation for the JaV
thermal test that will achieve maximum damage.

Test Data Accepted by (Signature): | Date:

Engineering 4KŽ?Z) I ,A-

Regulatory Affairs

Quality Assurance el |1 q/

..L . . ;~ .-



7 LJ~k - SS -4k'

6iz <=s>eo~-1 71,, 741 . Lidols

rS;=, l*g~- I h- w; ll cJhow Sa c Bibtle -la f-wrm
f-c doA 5

1141-1//'F
Am P

/1er

i 4 -_'i a,

/ s ",f ? /



"A"'3 ,9

5p5?CrfmEt) S3 3lz

.. "'A" CRIGKMN '1 "&~RT1 -ThcsTr

Sb'. krrerAMyQ ? -mre(T 1411- Luwr D- Er, ABOVE TAR*67
I .

AOD_ Wo -Mg., 'N3 bAr%,A& Sv6'

LPL ., ~ _ _ . _r.

_ _ _ _ _ .O ~ . .4 E .9 c

II 002c13ner FR AJ~T CMI E rPAPc, ,&)P

; I

I '. 3' -ir- .zc j3 jL' ' - .RS14S ReAP ?LPUx-E WO1 V3wE. .-

I i

!I !

N D L

* I j



SEN7INEL

660/660B DEVICE PROFILING FORM

-v-i--He Moe No. D

Device Model No.:jx(12GO.B Device Serial No.: A-KN.r-vv,5< '2jTI

i/-t 3 I
Model 4-24-- Source Serial Number: & ia 1L Activity: I ° o -. -

Surface Survey Instrumnent:tQJ :zv-g Serial No:.z.,M4 Z4c/ Cal Due: (61 AVt~ r

One Meter Survey Instrumrent: ent zS7FSerial No:M s-- Z746 Cal Due:t6 / rf6

SURFACE READINGS
mR/hr

iA lowe' Actual

TOP

RIGHT

FRONT

LEFT

REAR

BOTTOM

y
A\

I /0 $IZ% f"

;'. ~ht,
/Jo ?-t

14cv /-44 z'.

ONE METER READINGS
- mR/hr

'tLwed Actual

TOP q1 1 44 r
RIGHT / ,5 IZ4(
FRONT 5r- 4 VZ/f
LEFT ) ,3. 10 * AV f
RAR 9± 3 7. /
BOTTOM J

INSPECTOR: __ __ __ __ __ _ _ DATE: / . j NCR No.: 0

Comments:

-,t S LA Y--~ c:e.y,-- Y - A Y-3e r+ J-;e--p - R5 9-~ C ;-0 ~

9eeJA, -- I_ -L 4 c e . f '. --

,-,~s t 2, r, qg 1P~ / ,+ ie n

PrImersham QSA
WI-QOS
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SENTINEL
I Amersham Corporation
* Burlington, Massachusetts

Test Plan #74
December 17. 1997

Page 34 of 37

Ei tL Trlst j -J AB3S-S-l

E~quipment List 3: Thermal Test Is3 0d0 C-

Enter the Model and Attach Inspection Report or
Description Ser-ial Number Calibration Certificate

Air Flowmeter S
Thermocouple (internal) o0l94/O -lZ A SE- Arf&H
Thermocouple (external) 0M~GA / EM-i7A SE A fl

Thermocouple (oven) om C) &A/N6r &l 6 A -5E A7TACH

Temperature recorder (6, 17 i £
Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration
certificate.

THERMreTrEP- bY&A /A&-T12 i
-TiEoRqOPL $5reA&Kr PXe om66A /AN-HY - A 2rmv-
bLxtG 2r71 / -E'h'[p /?o/q / tZ71 5t F

Verified by: Signature Date

Engineering A G /)

Regulatory Affairs J Ua 1 t tri
Quality Assuranze 8/ 3 1 7

_I ,

SbL'rC.E Lc$j77bA:~ 2_-FOI-E -rTEIv1I~JL Te3r �S3 5.922./C 5.�p�q
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Checldist 3: Thermal Test
Test Location: (AV& c< X f~l JB ' Attempt Number:

c~j ,S A e.

Specimen -Specimen Specimen Specimen
Step A . 3-B _ C D

1. Pre-heat.the oven to a temperature above A1 e '3
8000 C. .IA3A q a M/A

2.. Attach the thermocouples the specimen's 13 13
internal and external measuring points.

3. Place the package in the oven and close the oven i 3 % I 13
door. V

Record the date and time that the package is . _
placed in oven. 42 4 pr 2SPM

4. When the specimen's internal temperature 3.97Pti
exceeds 800° C, start the air flow into the oven. 4'53 Pm
Record the time. .'

Steps I through 4 witnessed by:

Engineering

Regulatory Affairs ___ t.J/M

Quality Assurance kRO3  R A l<M 3 T fMS
5. Measure the oven temperature, the specimen's 9) 1 3 r) t3

internal and external temperatures and the air Ti Ad
flow rate.- -- g

Record the oven temperature: _ I q .4c 9 6.7 c = =

Note instrument used: X .GYP''6

Record the specimen's internal temperature: - - - - t __9°

Note instrument used: & l ; -_ 51A
-it_ A A-l9 A

Record the specimen's external temperature: 8 3 c t3q c

Note instrument itsed: _ & Nf A _

Record airflow rate: I r c c

Note instrument used: 333 -3 7

6. Monitor the internal and external temperatures Y) 1l
of the specimen and the oven temperature q :.
throughout the 30-minute period to ensure that 3 l
they are above 800° C.

. .

.. _ _

... .

: . , . ;; .. ..

:; .s :;,-.:i A, ... : -

. 2.28. ;>r {i C i

_ _,_ _ ''. .,- , __ T _E -

. . . _ . _ _ . _ .

' ',

.!''.: '::,

it' -. - .?'" :' : ':
: . , .: . :: .. -: .

: _ . .= 3 ;. _ .
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Checklist 3: Thermal Test (Continued)
Test Location: yj%- 5SE,, dkv- RpD6 TV Attempt Number: I

Step

7. Monitor the airflow throughout the 30-minute
period to ensure a rate of at least 9.6 &t/min.

8. At the end of the 30-minute period, repeat step 5
using the same measurement devices.

Record the oven temperature:

Record the specimen's internal temperature:

Record the specimen's external temperature:

Record intake air flow velocity:

Steps 5 through 8 witnessed by:

9. Remove test specimen from the oven.

Record time the specimen is removed.

Describe combustion when door is opened to
remove specimen.

NOTE: If specimen continues to burn, let it self-extinguish and cool naturally.

10. Measure the ambient temperature. LS _;_ I_ la_ W4
Record the ambient temperature: l- 7 , 67.2 r

. . t5. 7 _7. .

Note the instrument used: . Al l

11. Photograph the test specimen and any 13
--subsequent-damage_ 13

12. Record damage to test specimen on a separate
sheet and attach. 9

Steps 9 through 12 witnessed by:

Engineering 77bjf/JjiI
Regulatory Affairs A -{i _

Quality Assurance

ri

.. .... . . . . .

. . _ . _ _ _ . ..

!. .> _ . . .
-. r', .j,¢ -..--'T 3;- ;
; . By . . .; ; - :

*. .-...a.y:.:s.4;- .i-g: :. . .
*: .,.�'.,.';ti: Of-, :,,,, .-=r .:

_v; @ *-
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Checklist 3: Thermal Test (Continued)
Test Location: Attempt Number:

Step Specimen Specimen Specimen Specimen
Step A BD

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

Test Data Accepted by (Signature): Date:

Engineering 5 3A7

Regulatory Affairs ,q

Quality Assurance i

.I.
.

. .. .......

* .:
..

.... . * *
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Equipment List 3: Thermal Test

Enter the Model and Attach Inspection Report or
Description Serial Number Calibration Certificate

Air Flowmeter 5vi ArmCt

Thermocouple (internal) OMCOZ O-S A -F Ar7TH

Thermocouple (external) U / S-l7 A s6 CbI

Thermocouple (oven) OMEE&F9/f46 A 5SE ASHn,-

Temperature recorder 1- 16, 17 li 36 A4rAcH

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

THER~erE?. brtp&A /& /-I2 5c PT7fctf

TERfe rSOPLf 6TRA*[ PROSP5 4 /g&-}' C Al-
sassA ct/P ' r na'YZ /Z ra

Verified by: Signature Date

Engineering

Regulatory Affairs 0 1' | A

Quality Assurance JS J /3 JT-E
Vt

F-A I Soorzc6 X-&--AruotJ BF-vv2e -mF-mmPL- Tr-s-r S.(.0 <S I4T'Z-2
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Checklist 3: Thermal Test
oA0 JD 7N TI4 DIStaJ-Test Location: Ml% C,

- ... . Step - - - -

I. Pre-heat the oven to a temperature above
8000 C.

2. Attach the thermocouples the specimen's
internal and external measuring points.

3. Place the package in the oven and close the oven
door.

Record the date and time that the package is
placed in oven.

4. When the specimen's internaltemperature
exceeds 800° C, start the air flow into the oven.
Record the time.

Steps I through 4 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

5. Measure the oven temperature, the specimen's
internal and external temperatures and the air
flow rates .. .

Record the oven temperature:

Note instrument used:

Record the specimen's internal temperature:

Note instrument used:

Record the specimen's external temperature:

Note instrument used:

Record airflow rate:

Note instrument used:

6. Monitor the internal and external temperatures
of the specimen and the oven temperature
throughout the 30-minute period to ensure that
they are above 8000 C.

* :: ..... ..... :
.:.- . .

I .. . . .
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Checklist 3: Thermal Test (Continued)
Test Location: SxaAyz Attempt Number: J

Step

7. Monitor the airflow throughout the 30-minute
period to ensure a rate of at least 9.6 &3/min.

8. At the end of the 30-minute period, repeat step 5
using the same measurement devices.

Record the oven temperature:

.Record the specimen's internal temperature:

Record the specimen's external temperature:

Record intake air flow velocity:

Steps 5 through 8 witnessed by:

Engineering

Regulatory Affairs

Quality Assurance

9. Remove test specimen from the oven.

Record time the specimen is removed.

I

Describe combustion when door is opened to
remove specimen.

NOTF: If snpcimen rnntinues- t hiibrn. et it

10. Measure the ambient temperature.

Record the ambient temperature:

Note the instrument used:

11. Photograph the test specimen and any
subsequent damage

I --- --

12. Record damage to test specimen on a separate
sheet and attach.

Steps 9 through 12 witnessed by:

tmA esvd d qa
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Checklist 3: Thermal Test (Continued)
Test Location: MH IaX6 Attempt Number: I

Specimen Specimen Specimen Specimen
Step B C D

13. Engineering, Regulatory Affairs and Quality O/A
Assurance make a prelinminary assessment
relative to 10 CFR 71. Record the assessment on 4
a separate sheet and attach. - J I

Test Data Accepted by (Signature): /Date:

Engineering/

Regulatory Affairs

Quality Assurance/

@~ A'rt LCba (3)r t Ill nW&

Wl a da(k d( Aes VY' j"t" -W I q
infes t V

Com Utq
tpl~e"

,. . ..- .

X.... . .. 1

Zi

rl .. Z.. ,..
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---UNITED STATES
NUCLEAR REGULATORY COMMISSION

WAH1GTRDC MUHIG-ON ..

March 16, 1g99
Mr. William M. McDaniel,
Faciity Manager

AEA Technology, QSA Inc.
40 North Avenue
Burlington. MA 01803- . ---

Dear Mr. McDaniel:

This is to acknowledge receipt of your plan No. 80, Revision 1, dated March 12, 1999, for testing
the Model No. 650L-package. This plan was submitted in response to our Confirmatory Action
Lefter No. 07-7-05, dated June 10, 1997.

We have reviewed your test plan and found R to be acceptable.

If you have any questions regarding this matter, please contact me at (301)-415B510.

Sincerely,

Cass R. Chappell, Chiet
Package Certificatfon Section
Spent Fuel Project Office
Office of Nuclear Material Safety

and Safeguards

cc: 71-9269

TOTAL P.03
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AEA Technology/QSA Test Plan 80

1.0 Introduction

This document describes Type B(U) transport package testing of the SENTINEL Model 650L Source
Changer, Certificate of Compliance Number 9269. The purpose of the testing is to demonstrate that the
package meets the NRC requirements for Type B(U) packages under Normal Conditions of Transport (10
CFR 71.71), Hypothetical Accident Conditions (10 CFR 71.73), and the criteria stated in IAEA, Safety
Series 6 (1985, as amended 1990).

The test plan specifies the test package configurations, testing equipment and scenarios, justifies the
package orientations, and provides test worksheets to record key steps in the testing sequence.

Refer to Appendix A for a drawing of the test specimen.
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2.0 Transport Package Description

The Model 650L source changer shown in Appendix A is 13 1/4" high, 10" long, and 8 1/4'" wide in overall
dimension, and has a maximum weight of 90 lb. The package consists of the following components:

* Source Capsule and Shield Assembly: The Special Form Source is contained in a capsule and
is attached to the source wire assembly. The source is shielded by a Titanium "U" tube that is
enclosed ia depleted uranium (DU) shield.

* Outer Casing: The shield assembly is encased in two Carbon Steel shells. The inner shell is
rectangular and is 0.135" thick. The outer shell is circular and is 0.048" thick. The shells are
positioned between two, Stainless Steel, 0.135" thick top and bottom plates. The plates are
secured with -four 5/16-18-hex head stainless steel through-bolts. Thevoids between the
depleted uranium shield and the inner and outer shells are filled with a rigid 8 pound
Polyurethane foam.

* Protective Lid: During transport, the locking assembly is protected by a 0.135" thick, Carbon
Steel lid. - The lid is secured to the top plate by four 3/8-16 hex head strain-hardened stainless
steel bolts.

* Source Locking Assembly: Model 650L has two Stainless Steel locking assemblies that keep
the source inside the Titanium "U" tube. Each locking assembly is secured to the top plate by

.-four V4-20 Stainless Steel screws.

The 650L package is shown below in Figure 1.

Protective Lid

Locking Assembly

Top Plate

Titanium Tube

DU Shield

Inner Shell

Outer Shell

Polyurethane Foam

Bottom Plate

Figure 1. Side View of Model 650L Package
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3.0 Regulatory Compliance

The purpose of this plan, which was developed in accordance with AEAT/QSA SOP-EO05, is to ensure that
the Model 650L Source Changer shown in the descriptive drawing provided in Appendix A meets the
Type B(U) transport package requirements of 10 CFR 71 and IAEA Safety Series No. 6 (1985, as amended
1990).

The Normal Conditions of Transport tests (10 CFR 71.71) to be performed are the compression test,
penetration test, and 1.2 meter (4 foot) free drop.

Water spray preconditioning of the package is not performed as the Model 650L packages are constructed
of waterproof materials throughout. The water spray would not contribute to any degradation in structural
integrity.

The Hypothetical Accident Tests (10 CFR 71.73) to be performed are the 9 meter (30 foot) free drop,
puncture test, and thermal test.

The crush test (10 CFR 71.73(c)(2)) is not performed because the radioactive contents are special-form
radioactive material.

The immersion test and all other conditions specified in 10 CFR 71 will be evaluated separately.
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4.0 System Failures and Package Orientations

The location of the source relative to its stored position in the shield is an important safety element.
Displacement of the source and/or shield from its original stored position could elevate the dose rate at the
surface of the package above regulatory limits. Tests in this plan focus on damaging those components of
the package which could cause displacement of the source, relative to its stored position, within the shield
and which affect the integrity of the shield itself.

System failures that could affect package integrity and cause radiological dose rates to exceed the
regulatory limits include:

* Oxidation of DU Shield during the thermal test could occur if either distortion/local
buckling 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.

• Source Pull-Out from Shield could occur if there is significant relative displacement
between the shield and the top cover plate penetration and locking assembly.

Three orientations are considered most likely to cause damage during the 1.2 meter and 9 meter drop tests,
i.e., the most likely to cause unacceptable external dose rates. For all three orientations, the worst case
temperature is the lower limit of -40'C due to embrittlement of the DU and Carbon Steel components.

Case 1, Horizontal, Long-Side Down: The DU shield could move through the foam
during impact, which could result in source pullout from titanium tubes. Also, due to the
low testing temperature, brittle failure of the inner and outer shells could occur. The
failure(s) may be sufficient to open a significant path to the depleted uranium shield
during thermal test and cause burning of the DU shield. The Long-Side Down
orientation is selected because the long side of the package has a stiffer configuration
than the short side, which will result in a shorter deceleration and a higher impact load.

* Case 2, Vertical, Upside Down: Deformation of the lid weldment, crushing of the foam
between the depleted uranium shield and top plate, deformation (bowing upward) of the
top plate due to the impact load of the DU shield applied through titanium source tubes
and foam, failure of the through-bolts, and failure of the locking assembly could occur.
When the package is turned upright for the thermal test, the DU shield and its integral
titanium tubes could drop down to their original positions while the source is pulled out
of the tubes by the bowed top plate or failed locking assembly. Also, a lead shim (which
will melt during thermal testing) under the DU shield could cause additional source
pullout.

Case 3, Vertical, Top Corner Dowm: Failure of lid or lid closure bolts could expose the
locking assembly to damage during the puncture bar test. Failure of the locking assembly
could result in source pullout. Additionally, this orientation will load the through-bolts in
tension, and could cause them to fail.

The following orientations are planned for the puncture tests. These orientations will be modified, if
necessary, based on the results of the engineering assessments conducted after the 9 meter drop tests. The
puncture test orientations will be selected to maximize damage to the test specimens.

Case 1, Horizontal, Long-Side Down: This orientation is the same as for the Case I,
1.2 meter and 9 meter drop tests.
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a Case 2. Underside of Top Plate at Lid Bolt: The top plate could be pried up, and, as a
minimum, load the through-bolts in tension. The impact on the lid bolt rivnut could
dainage the lid bolt connection.

* Case 3. Bottom of Package: Impact on the four Stainless Steel rivnuts could damage the
through-bolt connection. If the lid is removed during the Case 3 9 meter drop, the test
specimen will be dropped upside down such that the lock assemblies strike the puncture
bar.

The limiting orientation for the penetration bar test is discussed in Section 8.6.2.
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5.0 Assessment of Package Conformance

The Model 650L Source Changer must meet the Type B(U) transport package requirements of 10 CFR 71.
The conformance criteria are detailed in the following two sections.

5.1 Regulatory Requirements

a Normal Conditions of Transport Tests (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.

-- Hypothetical Accident Conditions (71.51 (a)(2)): There should be no escape of
radioactive materials greater than A2 in one week and no external dose rate greater than
I R/hr at I meter from the external surface when the package contains its maximum
design radioactive contents.

5.2 Test Package Contents

The Model 650L is designed to carry Special Form Sources. Containment of the radioactive source is
tested at manufacture. The source capsules have been certified by the Competent Authority in accordance
with the performance requirements for Special Form as specified in 10 CFR Part 71 and 49 CFR.

The test plan therefore does not discuss/specify tests of the containment of the radioactive source. The
purpose of the tests is to demonstrate that the shielding remains effective within the limits specified by the
regulations, and that the source capsule remains contained within the source changer.

A simulated source will be used during testing of the package. The radiation levels after the test will be
monitored by replacing the simulated source with an active source.
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6.0 Construction and Condition of Test Specimens

The Test Plan 80 (TP 80) test specimens will be Model 650L units constructed in accordance with
AEAT/QSA Drawing R-TP8O, Revision D.

Drawing TP650L specifies the Model 650L package in its worst case transport conditions, which vary
depending on the Test Case. Lead shielding placement should be as described below:

Test Case Lead Shielding Placement Rationale

I-:Horizontal, No lead between DU shield and long Lead between DU and shell or through-bolts
Long-Side side of inner shell. might stop DU from travelling through foam
Down during drop impact.

Specimen
TP8O(A) -

2-Vertical, Thickest lead under DU shield, use Lead under DU may melt during thermal test
Upside Down heavy package. and could allow DU to settle, which could

allow source pullout. Impact force will be
Specimen larger for heavier packages, which would result
TP8O(B) in larger top plate deflection.

3-Top Any location, use heavy package. Lead placement will not affect lid failure, and
Corner Down impact force will be larger for heavier

packages.
Specimen
TP80(C)

For all Drop Test Cases the temperature of the specimen must be below -40'C at the time of each test, a
minimum temperature required by IAEA, Safety Series 6 (1985, as amended 1990). The low temperature
represents the worst-case condition for the package because of the potential for brittle fracture of the shield
and Carbon Steel lid.
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7.0 Material and Equipment List

The equipment checklists, test worksheets, and data sheets in Section 9.0 list the key materials and
equipment specified in 10 CFR 71 and the necessary measurement instruments.

When video recording is specified, select video cameras with the highest shutter speed practical to record
testing.

Additional materials and equipment may be used to facilitate the tests.
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8.0 Test Procedure

Three specimens are to be tested to determine the transport integrity of the package. The testing sequence
is shown below:

1. Test specimen preparation and inspection

2. Compression test (10 CFR 71.71(c)(9))

3. Penetration test (10 CFR 71.71(c)(10))

4.1.2 Meter (4 foot) free drop test (10 CFR 71.71(c)(7))

5. First intermediate test inspection

6. 9 Meter (30 foot) free drop test (10 CFR 71 .73(c)(1))

7. Puncture test (10 CFR 71.73(c)(3))

8. Second intermediate test inspection

9. Thermal test (10 CFR 71.73(c)(4)) (If applicable, see Section 8.12.1)

10. Final test inspection

Each specimen must be put through the entire test sequence, unless the thermal test is considered
unnecessary based on the test specimen condition after the puncture test and the assessment by
Engineering, Quality Assurance and Regulatory Affairs. If test conditions such as the orientation at impact
are not met during the test of a particular specimen, it may be replaced with a specimen of equivalent
construction. The replacement must go through the entire test sequence.

8.1 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.

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

a Quality Assurance oversees test execution and test report generation to ensure
complianrce with' AEAT/QSA Quality Assurance Program.

* Engineering, Regulatory Affairs, and Quality Assurance are jointly responsible for
assessing test and specimen conditions relative to 10 CFR 71.

* Quality Control, a function that reports directly to Quality Assurance, is responsible for
measuring and recording test and specimen data throughout the test cycle.
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8.2 Specimen Temperature Measurement

The penetration, drop, and puncture tests are to be carried out while the package is at or below -40'C.
Temperature measurements will be made by positioning thermocouples on the package surface and the
shield (inside the source tube).

8;3 ---Test-Specimen Preparation and Inspection

Refer to the Specimen Preparation List in Section 9.0 to ensure that test sequence is followed. Sign and
date the list when completed.

To prepare the test units:

1. Inspect the test units to ensure that they comply with the requirements of Drawing R-
TP80, Revision D.

2. Weigh the test package, including the lid.

3. Perform and record the radiation profile in accordance with AEATIQSA Work
Instruction WI-Q09.

4. Quality Control, Engineering, Regulatory Affairs, and Quality Assurance will
3ointly -verify that the test specimens 'comply with Drawing'R-TP80, Revision D, and
the AEAT/QSA Quality Assurance Program.

5. Measure and record the location of the simulated source.

6. Place thermocouples on package surface and inside one of the source tubes.

7. Prepare the package for transport.

8. Clearly and indelibly mark the units with identification.
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8.4 Summary of Test Schedule

Test Paragraph Specimen Diagram

Compression 71.71 (c)(9) ALL

Penetration 71.71(c)(10) ALL

P n-lstlon Batr

IsrP0.t PoIt Obova
Cmnt.r ofG-foty -40*, I.n.h.

II Test

top SurfaCe
Oteg #T10122
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1.2 Meter (4 Foot)
Free Drop, Case I,
Horizontal, Long

Side Down

71 .71(c)(7) TP80(A)

1.2 Meter (4 Foot)
Free Drop, Case 2,

Vertical, Upside
Down

71.71(c)(7) TP8CI(B)

1.2 Meter (4 Foot)
Free Drop, Case 3,
Top Corner Down

71.71(c)(7) TP80(C)
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Test Paragraph Specimen Diagram

9 Meter (30 Foot) 71.73(c)(1) TP80(A)
Free Drop, Case 1, LM C..

Horizontal, Long
Side Down

. L._ '<-, ..-

-a. I ii.

9 Meter (30 Foot) 71.73(c)(1) TP80(B)
Free Drop, Case 2, /

Vertical, Upside
Down .........

-14,

0-0P WTor

9 Meter (30 Foot) 71.73(c)(1) TP80(C)
Free Drop, Case 3,
Top Corner Down ,.I

/' I'
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Test Paragraph Specimen Diagram

Puncture, Case 1, 71.73(c)(3) TP80(A)
Horizontal, Long

Side Down _

Puncture, Case 2, 71.73(c)(3) TP80(B)
Underneath

Corner of Top
Plate

Puncture, Case 3, 71.73(c)(3) TP80(C)
Vertical Upright

Thermal 71 .73(c)(4) ALL Requirement for thermal test to be determined
for each unit following completion of drop
and puncture tests.
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8.5 Compression Test (10 CFR 71.71(c)(9))

The first test is the compression test, per 10 CFR 71.71 (c)(9), in which the package is placed under a load
of 455 pounds which is greater than five times the maximum package weight and greater than 2 lbf/in2

multiplied by the vertically projected area:

5 x 90 lbf= 450 lbf

8 V'A wide x 10" long x 2 lbf/in2 =165 lbf

Refer to Equipment List 1 for information about required tools. Use Checklist I to ensure that the test
sequence is followed. Use Data Sheet I to record testing results. Sign and date all action items and record
required data on the appropriate worksheets.

8.5.1 Compression Test setup

To prepare a specimen for the compression test:

1. Review the setup shown in Figure 2.

2. Place the specimen on a concrete surface oriented in its normal, upright transport
position.

3. Gradually place 455 to 465 pounds uniformly distributed onto the specimen as
shown in Figure 2.

4. Test specimen in accordance with Checklist 1.

t Specdmen

wcrete Floor

Figure 2. Compression Test Setup
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8.5.2 Compression Test Assessment

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

1. Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.

2. Make a preliminary evaluation of the specimen relative to the requirements of
10 CFR 71.

3. Assess the damage to the specimen to decide whether testing of that specimen is to
continue. '

4. Evaluate the condition of the specimen to determine if changes are necessary in the
package orientation for the penetration test to achieve maximum damage.

8.6 Penetration Test (10 CFR 71.71 (c)(10))

The compression test is followed by the penetration test, per 10 CFR 71.71(c)(10), in which a penetration
bar is dropped from a height of at least 40 inches to impact a specified point on the package. The bar is
dropped through free air.

Refer to Equipment List 2 for information about required tools. Use Checklist 2 to ensure that the test
sequence is followed. Use Data Sheet 2 to record testing results. Sign and date all action items and record
required data on the appropriate worksheets.

8.6.1 Penetration Test Setup

This test requires that the test specimen be at -40'C or below at the time of the penetration bar
release. The worksheet calls for measuring and recording the specimen temperature before and
after the test.

To set up a package for the penetration test:

1. Place the specimen on the drop surface (Drawing AT10122, Revision B) and
position it according to the orientation described in the next section. Use shims to
position the package, if necessary.

2. Position the penetration bar shown in Drawing BT10129, Revision B, directly above
the specified point of impact, and raise the bar 40 to 42 inches above the target.

3. Measure the specimen's internal and surface temperature to ensure that the package
is at the required temperature.

4. Test specimen in accordance with Checklist 2.
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8.6.2 Penetration Test Orientation

The 650L package is placed horizontally, long side down on the drop surface specified in Drawing
AT10122, Revision B. The orientation of the package is shown in Figure 3. The desired impact
point is on the long side of the outer shell, directly above the center of gravity of the package, to
try to penetrate the shells.

Other orientations for this specimen were considered including the normal transport position. In
the normal transport orientation, the lock assembly is protected by the 0.135" thick steel outer lid.
The penetration bar dropped from four feet would cause only minor damage to the outer lid.

Penetration Bar

Impact Point above
Center of Gravity

40+2 Inches

Figure 3. Penetration Test Orientation
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8.6.3 Penetration Test Assessment

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

I. Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.

2. Make a preliminary evaluation of the specimen relative to the requirements of
10 CFR 71.

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

4. Evaluate the condition of the specimen to determine if changes are necessary in the
package orientation for the 1.2 meter (4 foot) free drop test to achieve maximum damage.

8.7 1.2 Meter (4 Foot) Free Drop Test (10 CFR 71.71 (c)(7))

The final Normal Transport Conditions test is the 1.2 meter (4 foot) free drop as described in
10 CFR 71.71(c)(7). The drop compounds any damage caused in the first two tests. Upon completion of
this step, the first intermediate test inspections will be performed.

Refer to Equzipment List 3 for information about required tools. Use Checklist 3 to ensure that the test
sequence is followed. Use Data Sheet 3 to record testing results. Sign and date all action items and record
required data on the appropriate worksheets.

8.7.1 1.2 Meter (4 Foot) Free Drop Test Setup

In this test, the package is released from a height of four feet and lands on the steel drop surface
specified in Drawing AT10122, Revision B.

This test requires that all test specimen be at -40'C or below at the time of impact. Follow the
instructions in the appropriate checklist for measuring and recording the test specimen temperature
before and after the drop.

To set up a package for the 1.2 meter (4 foot) free drop test:

1. Use the drop surface specified in Drawing AT10122, Rev. B.

2. Measure and record the test specimen temperature to ensure that the package is at the
specified temperature.

3. Place the specimen on the drop surface and position it according to the appropriate
orientation:

* Refer to Figure 4 for the Specimen TP80(A) package orientation

* Refer to Figure 5 for the Specimen TP80(B) package orientation

* Refer to Figure 6 for the Specimen TP80(C) package orientation

4. Align the selected center-of-gravity as shown in the referenced drawing.
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5. Raise the package so that the impact target is 4.0 to 4.5 feet above the drop surface.

6. Test specimen in accordance with Checklist 3.

8.7.2 1.2 Meter (4 Foot) Free Drop Test Orientation,
Specimen TP80(A)

The impact surface of Specimen TP80(A) is horizontal, long-side down.

Lift Cable

Center of
Gravity

Test - \

-Lift Cable
Attachm ent

- J

1/2
0 Feet

Impact Surface

Drop Surface
Dwg # T1012

Figure 4. 1.2 Meter (4 Foot) Free Drop Orientation, Specimen TP80(A)
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8.7.3 1.2 Meter (4 Foot) Free Drop Test Orientation, Specimen
TP80(B)

The impact surface for Specimen TP80(B) is vertical, upside down.

Figure 5. 1.2 Meter (4 Foot) Free Drop Orientation, Specimen TP80(B)
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8.7.4 1.2 Meter (4 foot) Free Drop Test Orientation, Specimen
TP80(C)

The impact surface for Specimen TP80(C) is the top (lid) comer.

Figure 6. 1.2 Meter (4 Foot) Free Drop Orientation, Specimen TP8O(C)
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8.7.5 1.2 Meter (4 Foot) Free Drop Test Assessment

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

I . Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.71.

2. Make a preliminary evaluation of the specimen relative to the requirements of
10 CFR 71.71.

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

4. Evaluate the condition of the specimen to determine if changes are necessary in
package orientation for the 9 meter (30 foot) free drop to achieve maximum damage.

5. Measure and record any damage to the test specimen.

6. Measure and record a radiation profile of the test specimen in accordance with
AEAT/QSA Work Instruction WI-QO9.

8.8 First Intermediate Test Inspection

Engineering, Regulatory Affairs, and Quality Assurance team members will make an assessment of the
test specimen and jointly determine whether the specimen meets the requirements of 10 CFR 71.7 1.

8.9 9 Meter (30 Foot) Free Drop Test (10 CFR 71.73(c)(1))

The first Hypothetical Accident Conditions test is the 9 meter (30 foot) free drop as described in
10 CFR 71.73(c)(1). This drop uses the same orientations as the 1.2 meter (4 foot) free drop and
compounds any damage caused in that test.

Refer to Equipment List 4 for information about required tools. Use Checklist 4 to ensure that the test
sequence is followed. Use Data Sheet 4 to record testing results. Sign and date all action items and record
required data on the appropriate worksheets.

8.9.1 9 Meter (30 Foot) Free Drop Test Setup

In this test, the package is released from a height of thirty feet and lands on the steel drop surface
specified in Drawing ATIO122, Revision B.

This test requires that the test specimen be at -40'C or below at the time of impact. Follow the
instructions in the appropriate checklist for measuring and rec6rding the test specimen temperature
before and after the drop.

To set up a package for the 9 meter (30 foot) free drop test:

1. Use the drop surface specified in Drawing AT1O]22, Rev. B.

2. Measure and record the test specimen temperature to ensure that the package is at the
specified temperature.
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3. Place the specimen on the drop surface and position it according to the appropriate
orientation:

* Refer to Figure 7 for the Specimen TP8O(A) package orientation

* Refer to Figure 8 for the Specimen TP80(B) package orientation

* Refer to Figure 9 for the Specimen TP80(C) package orientation

4. Align the selected center-of-gravity marker as shown in the referenced drawing.

5. Raise the package so that the impact target is 30 to 3] feet above the drop surface.

6. Test the specimen in accordance with Checklist 4.
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8.9.2 9 Meter (30 Foot) Free Drop Test Orientation, TP80(A)

The impact surface for Specimen TP80(A) is horizontal, long-side down. This orientation is the
same as the orientation for the 1.2 meter (4 foot) drop for Specimen TP80(A).

Drop Surface
Dwg # T1012

Figure 7. 9 Meter (30 Foot) Free Drop Orientation, Specimen TP80(A)
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8.9.3 9 Meter (30 Foot) Free Drop Test Orientation, Specimen
TP80(B)

The impact surface for Specimen TP80(B) is vertical, upside down. This orientation is the same
as the orientation for the 1.2 meter (4 foot) drop for Specimen TP80(B).

Figure 8. 9 Meter (30 Foot) Free Drop Orientation, Specimen TPS0(B)
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8.9.4 9 Meter (30 Foot) Free Drop Test Orientation, Specimen
TP80(C)

The impact surface for Specimen TPSO(C) is the top (lid) comer. This orientation is the same as
the orientation for the 1.2 meter (4 foot) drop for Specimen TP80(C).

Figure 9. 9 Meter (30 Foot) Free Drop Orientation, Specimen TP8O(C)
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8.9.5 9 Meter (30 Foot) Free Drop Test Assessment

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

I . Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.73, and in accordance with the impact orientation and other conditions
specified in this plan.

2. Make a preliminary evaluation of the specimen relative to the requirements of
10 CFR 71.73.

3. Perform an assessment to determine if any change in puncture test orientation is
necessary in order to sustain maximum specimen damage during the Puncture Test,
and document.

8.10 Puncture Test (10 CFR 71.73(c)(3))

The 9 meter (30 foot) free drop is followed by the puncture test, per 10 CFR 71 .73(c)(3), in which the
package is dropped from a height of at least 40 inches onto the puncture billet specified in the Drawing
CT]OI 19, Revision C.

The billet is to be bolted to the drop surface used in the free drop tests. The 12-inch high puncture billet
meets the minimum height (8 inches) required in 10 CFR 71 .73(c)(3). The specimen has no projections or
overhanging members longer than 8 inches, which could act as impact absorbers, thus allowing the billet to
cause the maximum damage to the specimen.

Refer to Equipment List 5 for information about required tools. Use Checklist 5 to ensure that the test
sequence is followed. Use Data Sheet 5 to record testing results. Sign and date all action items and record
required data on the appropriate worksheets.

This test requires that the test specimen be at -40'C or below at the time of impact. Follow the instructions
in the appropriate checklist for measuring and recording the test specimen temperature before and after the
drop.

8.10.1 Puncture Test Setup

To set up a test specimen for the puncture test:

1. Measure and record the test specimen temperature to ensure that the package is at the
specified temperature.

2. Place the specimen on the drop surface and position it according to the appropriate
orientation (unless the 9 meter Test Assessment selects different orientations):

• Refer to Figure 10 for the Specimen TP80(A) package orientation

* Refer to Figure 11 for the Specimen TP80(B) package orientation

* Refer to Figure 12 for th. Specimen TP80(C) package orientation

3. Check the alignment of the specified center-of-gravity marker with the targeted point of
impact.
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4. Raise the package so that there are 40 to 42 inches between the package and the top of the
puncture billet.

5. Test the specimen in accordance with Checklist 5.

8.10.2 Puncture Test Orientation, Specimen TP80(A)

The impact surface for Specimen TP80(A) is the horizontal, long-side of the outer shell.

Attachment Bolts (4)

Drop Surface
Dwg # T10122

\ A iL

Figure 10. Puncture Test Orientation, Specimen TP80(A)
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8.10.3 Puncture Test Orientation, Specimen TP80(B)

The impact surface for Specimen TP80(B) is the underside of the top plate. The puncture bar
should impact the corner of the plate on the lid bolt.

Lift Cable

Test

Impact Surface -'
an Corner Lid Bolt

Puncture Billet-

Attachment Bolls (4)-

Figure 11. Puncture Test Orientation, Specimen TP80(B)
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8.10.4 Puncture Test Orientation, Specimen TP80(C)

The impact surface for Specimen TP80(C) is the bottom of the package.

Test Specimen

Lift Cable
Attachment

__ __ni

Center of Gravity.

40 + 2 Inches
Impact Surface

Puncture Billet

Attachment Bolts (4)

Drop Surface \
Dwg # T10122

\ r K

Figure 12. Puncture Test Orientation, Specimen TP80(C)
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8.10.6 Puncture Test Assessment

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

1. Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.73, and in accordance with any other conditions specified in this plan.

2. Make a preliminary evaluation of the specimen relative to the requirements of
10 CFR 71.73.

3. Assess the damage to the specimen to decide whether testing of the specimen is to
continue.

8.11 Second Intermediate Test Inspection

Perform a second intermediate test inspection of all specimens after the puncture test and before the
thermal test.

1. Measure and record any damage to the test specimen.

2. Determine and record the location of the source.

3. Remove and assess the condition of the simulated source.

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

5. Measure and record a radiation profile of the test specimen in accordance with
AEAT/QSA Work Instruction WI-Q09.

6. Reassemble the package using the same simulated source used in the specimen
during the previous tests.

7. Make sure that the source wire position and the package configuration are the same
as they were immediately after the puncture test.

8. Weigh package.

8.12 Thermal Test (10 CFR 71.73(c)(4))

The final requirement is the thermal test specified in 10 CFR 71.73(c)(4).

Refer to Equipment List 6 for information about required tools. Use Checklist 6 to ensure that the test
sequence is followed. Use Data Sheet 6 to record testing results. Sign and date all action items and record
required data on the appropriate worksheets.

8.12.1 Test Specimen Selection

The specimen(s) selected for thermal testing will be based on an assessment of the damage
sustained by the packages following the puncture test. The selected package testing orientation
will also be determined based on an assessment of the test specimen condition. As a minimum
requirement, the vertical, upside down drop orientation (TP80(B)) will be tested in a vertical, right
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side up orientation for the thermal test. The TP80(B) specimen is most likely to have the source
pull out from its shielded position due to deflection of the top plate during the drop tests and
melting of lead shielding/shims below the DU shield during the thermal test.

8.12.2 Thermal Test Setup

To ensure sufficient heat input to the test specimens, the oven will be pre-heated to a temperature
of not less than 810C. This temperature, above the required 8000C, includes an allowance for
measurement uncertainty.

The test environment is a vented electric oven capable of creating a time weighted average
temperature of 800'C.

Thermocouples will be attached to the specimen top, bottom, and 2 side surfaces. The 2 side
surface thermocouples will be positioned 1800 apart, facing the front and back of the oven. A fifth
thermocouple will be inserted into one of the source tubes to measure source changer internal
temperature. The external thermocouples will be shielded from the radiant heat of the oven so that
the surface temperature of the source changer can be accurately measured.

When the oven has been pre-heated to 81 0C, the package will be placed in the oven in the
orientation determined to be worst case, per Section 8.10.2. When the temperature of the source
changer surface has risen to no less than 8] 00C, the test will start. The package will remain in the
oven for a period of 30 minutes after the start of the test.

To allow for combustion of the foam during the thermal test, the oven door will remain slightly
open. It has been determined that a gap of one inch at the top and bottom of the oven door allows
airflow into the oven and allows the oven to maintain its temperature. The oven door is 36 inches
long. As a result, there will be about a 36 square inch opening at both the top and bottom of the
furnace door. This allows for the natural convection of air into the furnace.

If the specimen is burning when the oven is opened, the unit will be allowed to extinguish by itself
and then cool naturally. Although solar radiation assumed during a hypothetical accident could
reduce the rate of package cooldown, such a reduction in cooldown rate is considered to have a
negligible effect on the package compared with the 30 minutes of exposure to 810'C. This test
plan, therefore, does not require insolation effects to be explicitly modeled during package
cooldown. Appropriate measures should be taken to avoid the radiological risks associated with
this potential hazard. The final evaluation of the package is performed when the specimen reaches
ambient temperature.

8.12.3 Thermal Test Procedure

To perform the thermal test:

1. Attach the thermocouples to the test specimen's measurement locations.

2. Preheat the oven temperature to not less than 810'C.

3. When the oven temperature is stable at above 810'C, place the specimen in the oven,
and partially close the door.

4. When the temperature of the surface of the specimen rises above 81 0C, start the 30-
minute time interval.
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5. Throughout the test, measure and record the oven and the test specimen
temperatures.

6. At the end of the 30 minute time interval, open the oven door and shut off the oven.

WARNING: If the package is burning, appropriate safety measures must be in
place to avoid the risks associated with burning polyurethane foam and/or depleted
uranium. Consult with the oven operator and other appropriate personnel.

7. Allow the package to self-extinguish and cool.

8. Record any damage to the package and make a photographic and radiographic record
of shield position and damage.

8.12.4 Thermal Test Assessment

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

1. Review the test execution to ensure that the test was performed in accordance with
10 CFR 71.73 and the test conditions specified in this plan.

2. Make a preliminary evaluation of the specimen relative to the requirements of
10 CFR 71.73.

8.13 Final Test Inspection

Perform the following inspections after completion of all the required testing:

1. Measure and record any damage to the test specimen.

2. Determine and record the location of the source.

3. Remove and assess the condition of the simulated source.

4. Reassemble the package using an active source, making sure that the source wire
position and the package configuration are the same as they were immediately after
the thermal test.

5. Measure and record a radiation profile of the test specimen in accordance with
AEAT/QSA Work Instruction WI-Q09.

6. Document and assess the radiation level at one meter from the surface of the
package.

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

8. If proceeding with the inspection, record and photograph the process of removing
any component.

9. Measure and record any damage or failure found in the process of dismantling the
test specimen.
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Engineering, Regulatory Affairs, and Quality Assurance team members will make a final assessment of
the test specimen and jointly determine whether the specimen meets the testing requirements of 10 CFR 71.
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9.0 Worksheets

Use the following worksheets for executing these tests. There are three worksheets for each test: an
equipment list, a test procedure checklist, and a data sheet.

Use the test equipment list to record the serial number of each measurement device used. Attach a copy of
the relevant inspection report or calibration certificate after verifying the range of accuracy of the
equipment.

Quality Control will initial each step on the checklist as it is executed and record data as required. The
Engineering, Regulatory Affairs, and Quality Assurance representatives must witness all testing to
ensure the testing is performed in accordance with this test plan and 10 CFR 71.

Make copies of the forms for additional attempts. Maintain records of all attempts.
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Specimen Preparation List

Step TP80(A) | TP80(B) | TP80(C)

1. Serial Number:

2. Total weight of package (Ib):

3. Location of simulated source from top plate (in):

4. Location of lead shielding:

5. All fabrication and inspection records
documented in accordance with the AEAT QA
Program?

6. Does the unit comply with the requirements of
Drawing R-TP80, Revision D?

7. Has the radiation profile been recorded in
accordance with ABAT QSA Work
Instruments WJ-Q09?

8. Is the package prepared for transport?

Verified by: Print Name: Signature: Date:

Engineering

Regulatory Affairs

Quality Assurance
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Equipment List 1: Compression Test

Enter the Model and Serial Attach Inspection
Description Number Report or

Calibration Certificate

Weight Scale

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

Print Name: Signature: Date:

. Completed by:

Verified by:
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Checklist 1: Compression Test

Step TP80(A) TP80(B) | TP80(C)

1. Position the specimen on concrete surface, per the appropriate drawing. Figure 2 Figure 2 Figure 2

2. Measure the ambient temperature.

Note the instrument used:

3. Apply a uniformly distributed weight of 455 to 465 pounds on the top of the lid

for a period of 24 hours.

Record the actual weight:

Note the instrument used:

Record start time and date:

4. After 24 hours, remove the weight.

Record end time and date:

5. Measure the ambient temperature.

Note the instrument used:

6. Photograph the test specimen and record any damage on Data Sheet 1.

7. Engineering, Regulatory Affairs and Quality Assurance make a preliminary

assessment relative to 10 CFR 7 1. Record the assessment on Data Sheet 1.

Determine what changes are necessary in package orientation for the penetration

test to achieve maximum damage.

Verified by: Print Name: Signature: Date'

Engineering

Regulatory Affairs

Quality Assurance
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Data Sheet 1: Compression Test

Test Unit Model and Serial Nurnber: Test Specimen:

Test Date: |ITest Time: Test Plan 80 Step No.: 8.5

Describe test orientation and setup:

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

On-site assessment:

Engineering: Regulatory: QA: _

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by: Date:
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Equipment List 2: Penetration Test

Enter the Model and Serial Attach Inspection Report or
Description Number Calibration Certificate

Penetration Bar Drawing BT10129, Rev. B

Drop Surface Drawing AT10 122, Rev. B

Thermometer

Thermocouple

Thermocouple

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

Print Name: Signature: Date:

Completed by:

Verified by:
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Checklist 2: Penetration Test

Step TP8O(A) TP8O(B) TP80(C)

1. LInmerse the test specimen in dry ice or cool in freezer as needed to bring specimen
temperature below -40 0C.

2. Position the package as shown in the referenced figure, or by Step 7, Checklist 1. Figure 3 Figure 3 Figure 3

3. Begin video recording of the test.

4. Inspect the orientation setup and verify the bar height.

5. Photograph the set-up in at least two perpendicular planes.

6. Measure the ambient temperature and the specimen's internal and surface
temperatures. Ensure that the specimen is at the specified temperature.

Record the ambient temperature:

Note the instrument used:

Record the specimen's internal temperature:

Note the instrument used:

Record the specimen's surface temperature:

Note the instrument used:

7. Drop the penetration bar.

-8;--Check-to-ensure-thatpenetration bar-hit the specified-area. --------------------- _

9. Measure the specimen's surface temp. Ensure that specimen is at specified temp.

Note the instrument used:

10. Photograph the test specimen and record any damage on Data Sheet 2.

11. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71. Record the assessment on Data Sheet 2.
Determine what changes are necessary in package orientation for the 1.2 meter (4
foot) free drop to achieve maximum damage.

Verified by: Print Name: Signature: Date:

Engineering

Regulatory Affairs

Quality Assurance
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Data Sheet 2: Penetration Test

Test Unit Model -and -Serial Number: Test Specimen:

Test Date: ITest Time: Test Plan 80 Step No.: 8.6

Describe test orientation and setup:

Describe impact (location, rotation, etc.):

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

On-site assessment:

Engineering: Regulatory: QA: _

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by: Date:
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Equipment List 3: 1.2 Meter (4 Foot) Free Drop

Enter the Model and Serial Attach Inspection
Description Number Report or

Calibration Certificate

Drop Surface Drawing AT10122, Rev. B

Thermometer

Thermocouple

Thermocouple

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

t t

Print Name: Signature: Date:

Completed by:

Verified by:
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Checklist 3: 1.2 fMleter (4 Foot) Free Drop

Step TP80(A) | TP80(B) |_TP80(C)

1. Immerse specimen in dry ice or cool in freezer to bring specimen below -40'C.

2. Measure the ambient temperature.

Note the instrument used:

3. Attach the test specimen to the release mechanism.

4. Begin video recording of the test.

5. Measure specimen internal and surface temps. Ensure specimen is at specified temp.

Record the specimen's internal temperature:

Note the instrument used:

Record the specimen's surface temperature:

Note the instrument used:

6. Lift and orient the test specimen as shown in the specified referenced figure. Figure 4 Figure 5 Figure 6

7. Inspect the orientation setup and verify drop height.

8. Photograph the set-up in at least two perpendicular planes.

9. Release the test specimen.

10. Measure specimen internal and surface temps. Ensure specimen is at specified temp.

Record the specimen's internal temperature:

Note the instrument used:

Record the specimen's surface temperature:

Note the instrument used:

11. Photograph the test specimen and record any damage on Data Sheet 3.

12. Measure and record a radiation profile of the test specimen in accordance with
AEAT/QSA Work Instruction WI-Q09.

13. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71, and record on Data Sheet 3. Determine package
orientation for the 9 meter free drop to achieve maximum damage.

Verified by: Print Name: Signature: Date:

Engineering

Regulatory Affairs

Quality Assurance
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Data Sheet 3: 1.2 Meter (4 Foot) Free Drop

Test Unit Model and Serial Number: Test Specimen:

Test Date: Test Time: Test Plan 80 Step No.: 8.7

Describe drop orientation and drop height:

Describe impact (location, rotation, etc.):

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

On-site assessment:

Engineering: Regulatory: QA:

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by: Date:
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Equipment List 4: 9 Meter (30 Foot) Free Drop

Enter the Model and Serial Attach Inspection
Description Number Report or

Calibration Certificate

Drop Surface Drawing AT10122, Rev. B

Thermometer

Thermocouple

Thermocouple

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

Print Name: Signature: Date:

Completed by:

Verified by:
I
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Checklist 4: 9 Meter (30 Foot) Free Drop

Step

I. Immerse test specimen in dry ice or cool in freezer to bring specimen temperature
below -40'C.

2. Measure the ambient temperature.

Note the instrument used:

3. Attach the test specimen to the release mechanism.

4. Begin Video Recording of the test.

5. Measure specimen's internal and surface temps. Ensure specimen is at the specified
temperature.

Record the specimen's internal temperature:

Note the instrument used:

Record the specimen's surface temperature:

Note the instrument used:

6. Lift and orient the test specimen as shown in the specified referenced figure.

7. Inspect the orientation setup and verify drop height.

8. Photograph the setup in at least two perpendicular planes.

9. Release the test specimen.

10. Measure specimen's internal and surface temps. Ensure specimen is at specified
temperature.

Record the specimen's internal temperature:

Note the instrument used:

Record the specimen's surface temperature:

Note the instrument used:

11. Photograph the test specimen and record any damage on Data Sheet 4.

12. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71. Record assessment on Data Sheet 4. Determine
what changes are necessary in package orientation for the puncture test to achieve
maximum damage.

Verified by: Print Name: Signature: I Date:

Engineering

Regulatory Affairs

Quality Assurance
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Data Sheet 4: 9 Meter (30 Foot) Free Drop

Test Unit Model and Serial Number: Test Specimen:

Test Date: Test Time: Test Plan 80 Step No.: 8.9

Describe drop orientation and drop height:

Describe impact (location, rotation, etc.):

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

On-site assessment:

Engineering: Regulatory: QA:

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by: Date:
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Equipment List 5: Puncture Test

Enter the Model and Serial Attach Inspection
Description Number Report or

Calibration Certificate

Drop Surface Drawing ATI 0122, Rev. B

Puncture Billet Drawing CTIOI 19, Rev. C

Thermrnometer

Thermocouple

Thermocouple

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

1-

. . . . -
Print Name: Signature: Date:

Completed by:

Verified by:
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Checklist 5: Puncture Test

Step TP80(A) TP80(B) TP80(C)

1. Immerse specimen in dry ice or cool in freezer to bring spezimen temp. below -40'C.

2. Measure the ambient temperature.

Note the instrument used:

3. Attach the test specimen to the release mechanism.

4. Begin Video Recording of the test.

5. Measure specimen's internal and surface temps. Ensure that specimen is at specified temp.

Record the specimen's internal temperature:

Note the instrument used:

Record the specimen's surface temperature:

Note the instrument used:

6. Lift and orient the test specimen as shown in the specified referenced figure, or as Figure 10 Figure II Figure 12
determined during the assessment of the 9 Meter (30 Foot) Drop Test.

7. Inspect the orientation setup and verify drop height.

8. Photograph the set-up in at least two perpendicular planes.

9. Release the test specimen.

10. Measure the specimen's internal and surface temperatures.

Record the specimen's internal temperature:

Note the instrument used:

Record the specimen's surface temperature:

Note the instrument used:

l . Photograph the test specimen and record any damage on Data Sheet 5.

12. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to I 0 CFR 71. Record assessment on Data Sheet S. Determine what
changes are necessary in package orientation for thermal test to achieve maximum
damage.

Verified by: Print Name: Signature: Date:

Engineering

Regulatory Affairs

Quality Assurance
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Data Sheet 5: Puncture Test

Test Unit Model and Serial Number: Test Specimen:

Test Date: |ITest Time: Test Plan 80 Step No.: 8.1 0

Describe drop orientation and drop height:

Describe impact (location, rotation, etc.):

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

On-site assessment:

Engineering: Regulatory: QA:

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by: Date:
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Equipment List 6: Thermal Test

Enter the Model and Serial Attach Inspection

Description Number Report or
Calibration Certificate

Bottom Surface Thermocouple I

Top Surface Thermocouple 2

Side Surface Facinlg Oven Front Thermocouple 3

Side Surface Facing Oven Rear Thermocouple 4

Source Tube Thermocouple 5

Oven

Oven thermostat

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

I . . - I

PrintName: Signature: Date:

Completed by:

Verified by:



AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1
March 12. 1999
Page 53 of 54

Checklist 6: Thermal Test

Step TP80(A) TP80(B) TP80(C)

1. Record Test Specimen Serial Number.

2. Preheat the oven to 810C.

3. Attach the thermocouples as described in Equipment List 6. Ensure the recording
devices are active, and that the external thermocouples are shielded.

4. Place the package in the oven in the worst case orientation and partially close the
oven door such that a I inch by 36 inch opening is provided. Record the time.

5. When all of the test specimen's surface temperatures exceed 81 0C, begin the 30-
minute time interval. Record the time.

6. Monitor and record the test specimen and the oven temperatures throughout the 30-
minute period to ensure that they are above 810C

7. At the end of the 30-minute test period, shut off the oven and open the door.
Record the time.

8. Describe combustion when door is opened.

9. Allow the specimen to cool, then remove the specimen from the oven. Record the
time.

NOTE: If specimen continues to bum, let it self-extinguish and cool naturally.

10. Measure and record the ambient temperature.

11. Photograph the test specimen and record any damage on data sheet 6.

12. Radiograph the unit to determine the shield location.

13. Measure and record the source location.

14. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71. Record assessment on Data Sheet 6.

Verified by: Print Name: Signature: Date:

Engineering

Regulatory Affairs

Quality Assurance
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Data Sheet 6: Thermal Test

Test Unit Model and Serial Number: Test Specimen:

Test Date: Test Time: Test Plan 80 Step No.: 8.12

Describe test orientation and setup:

Describe package during testing:

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

On-site assessment:

Engineering: Regulatory: QA:

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by: Date:
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Appendix A: Drawing R-TP80, Revision D



Notes:

1. Refer to Drawing C65009 for construction of original unit

2. Modify unit as follows:
a) Remove lid and discard bolts.
b) Remove through bolts and discard.
c) If bottom plate is carbon steel, remove existing plate.

Patch missing or damaged foam with new Vultafoam., Item (4).
Install new stainlems steel bottom plate, Item (1).

d) Install new through bolts, Item (3), with lock washers, toiqa6
through bolts to 100O5 in-lbs and install safety wire for suity.

e) Install two (2) dummy source assembly 424-9's,
one in each side.

3. Verif maidng on new lid bolts, Item (2), is "B8".

4. Install lid with now Ld bolts, Item (2), and install seal wire for
shipment ta er ndicator.
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Safety Analysis Report for the Model 880 Series Transport Package

QSA Global Inc. 15 February 2006 - Revision 6 Corrected Copy
Burlington, Massachusetts Page 2-34

Section 2.12.9 Appendix: Test Plan 80 Report Minus Manufacturing Records (Jun 1999).
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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 IAEA 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 650L maximum weight for at least 24 hours.

b) Penetration test, in which a 13.4 lb (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 an orientation
expected to cause maximum damage.

Water spray preconditioning of the test specimens prior to testing was not 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) Thermnal 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 0C (14720 F), and an emissivity coefficient of 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 ClER 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:

* 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.

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:

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
foamin the upper part-of the unit-would-put a-large lateral load on the upperportion-of
the inner shell, which is subject to brittle failure.

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-similarto-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 (-400 1F) (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 would still be completely 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 80.0 lb No lead between DU shield and
_ (36.3 kg) long side of inner shell.

TP80(B) 182 83.6 lb Thickest lead under DU shield
(37.9 kg) (total 3/8" thick).

TP80(C) 195 89.0 lb 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.

* 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 lb to 90 lb (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
internal 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-Sufface- -AtOne-Meter,- ---At-Surface:,- -AtOneMeter,- -At OneMetet,-
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/hr 10 mR/hr 1000 mR/hr
TP80(A) Top 84 3.2 94 2.4 2.7

Right 47 0).6 47 0.7 0.8
SIN 2243 Front 88 0.7 89 0.8 1.0

Left 56 C0.6 65 0.7 0.7
Rear 74 0.7 89 0.8 0.9

Bottom 51 0.4 94 0.7 0.6
TP80(B)

S/N 182

Top 60 3.1 71 2.0 28
Right 56 0.4 53 0.6 5.6
Front 84 0.8 83 0.8 5.6
Left 88 0.6 83 0.6 7.9
Rear 79 0.8 77 0.8 7.9

Bottom 74 0.5 83 0.7 1.1

TP80(C) Top 72 2.2 59 2.0 2.2
Right- 105 0.7 71 0.7 0.9

SIN 195 Front 50 0.6 47 0.5 0.6

Left 127 0.7 106 0.8 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 TP80(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

71.51(a)(2)).
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Results of each test 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, test data sheets
are in Appendix C, and photographs are included in Appendix D.

Specimen Test Performed Test Results (Note 1)

TPS0(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 a Small change in radiation profile

9 meter (30 foot) drop, horizontal on Bent bottom plate flange inward
long side

I meter (40 inch) puncture, Shallow dent on outer shell at impact
horizontal on long side (dropped point
twice to ensure specimen
temperature was below-400C
(400F))

Post-Drop Inspection * Lid secured in place

* Locks undamaged; source secured

* No significant change in source
position

* Small change in radiation profile

TP80(B) Compression Test No damage

1 meter (40 inch) penetration bar on Impact mark; no visible damage
side

1.2 meter (4 foot) drop, vertical * Impact mark on top of lid
upside down * Small change in radiation profile

9 meter (30 foot) drop, vertical * Outer shell split open from top to
upside down bottom

* Inner shell cracked, creating a 3
inch (76.2 mm) high by 0.5 inch
(12.7 mm) wide opening

* Small upward deflection of top
plate

* Top and bottom plates remained
secured by the through bolts.

I meter (40 inch) puncture on crack Bent shell inward slightly in area of
in shell crack
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Specimen Test Performed Test Results (Note 1)

TP80(B) Post-Drop Inspection * Lid secured in place
(con't) * Locks undamaged; source secured

* Top plate deflection at center about
0.16 inch (4.1 mm).

* No damage to through bolts

* No significant change in source
position.

* Outer and inner shells cracked;
opening about 3 inch (76.2 mm) by

- 0.'5 iiichr(12:7nii) mm..''~

Thermal test * Some oxidation of DIJ shield near
crack in shell

* Shield moved down (as expected)
* Polyurethane foam burned off,

exposing the shield
* Some oxidation of shield near

crack in shell
* Shield.self-extinguished after

removal from oven
* Source pullout less than 0.5 inch

(12.7 mm).
* Max. radiation level at one meter

was 28 mRlhr (which is much less
than 1000mR/hr allowable)

TP80(C) Compression Test No damage

1 meter (40 inch) penetration bar on Impact mark; no visible damage
side

1.2 meter (4 foot) drop on top edge * Bent corner of lid and cracked top
of lid plate of lid (brittle failure)

* Small change in radiation profile

9 (30 foot) drop on toip ege * Increased lid top plate crack length
of lid in vicinity of impact point

* Locks 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

* 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 turn 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 TP80(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 level 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 steel 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 lb (74.8 kg) for an applied pressure
of 2 psi. Since the maximum weight of the Model 650L source changer is 90 lb (40.8 kg), a load
of 5 times the weight, or 450 lb (204 kg), is more conservative. The total compressive load
actually used was 458 lb to 462 lb (208 kg to 210 kg).

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
TP80(A) 100C -960C -950C

(500F) (-141OF) (-139 0F)
TP80(B) 90C -93aC -830 C

(480F) (-135 0F) (-1 170F)
TP80(C) 10 0C -900C -90 0C

(50 0F) (-130 0F) (-130 0F)

The penetration bar target was the side of the unit in an attempt to damage the shell. For this
test, each specimen was positioned with its horizontal long side down, as shown below.

Penetration Test Orientation - All Specimens

The penetration bar was dropped from a height of at least 1 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. Temperature
readings taken just before the test are summarized below.

Specimen Ambient Surface Internal

TP80(A) 130C -920C -900C
(550F) (134 0 F) (-130 0F)

TP80(B) IYC -87 0C -890C
(55 0F) (-1250F) (-128 0F)

TP80(C) 13 0C -950C -920C
_ _(55

0F) (-1390F) (-1340F)

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.

us C.J.

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. Visual inspections showed impact marks but no
significant damage to either TP80(A) or TP8003). 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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Post-Test Inspection and Assessment

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)

TP80(A) No visible damage, No significant change Largest change at
locks functional observed bottom surface:

51mR/hr to 94 mR/hr

(Note 2)

TP80(B) No visible damage, No significant change Largest change at top
locks functional observed surface:

60 mR/hr to 71 mR/hr

TP80(C) Cracked top lid, No significant change Largest change at rear
locks functional observed surface:

50 mR/hr 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.



ABA Technology QSA, Inc. Test Plan 80 Report
Page 13 of 21

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

Just before the drop test, thermocouple readings for Specimen TP80(A) were as follows:

m Internal (source tube): -930C (-1350 F)
* Surface (shell): -920C (-1340 F)

The orientation for Specimen TP80(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 shells.

LM C"

9 Meter (30 Foot) Drop Orientation for Specimen TP80(A)

The package rotated very slightly causing 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 -690C (-920 F) but warmed to -260C (-15 0F) just after the test due to delays in rigging the
unit for the drop. Consequently, the unit was cooled again and dropped a second time. For the
second test, the surface temperature was -460C (-51 F) before the test and -420 C (-440 F) after the
test.

LM WA.b

- i Kuh-n

.nd.

.. i

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 deform inward 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
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 TP80(B) were as follows:

Internal (source tube): -940 C (-1370 F)
* Surface (shell): -93 0C (-135F)

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.

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, TP80(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 -570C (-71 F) before the puncture
test and -440 C (-470 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 removed 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 bottom plate.
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9. TP80 ACCIDENT DROP TESTS - TP80(C)

Specimen TP80(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): -970 C (-143CF)
Surface (shell):-:980 C-(:1440F)- -

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.

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 lid, 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 TP80(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 -530 C (-630F) before the puncture test
and -50'C (-580 F) after the test.

For the second test, the unit was dropped such that the impact was on the underside 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 -470C (-530F).

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).

Orientation 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 corner 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 530 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
Opposite
Crack

Front of
Oven

Source

TP80(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
ambient 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 8 10'C (14901F).
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 0F).

* 32 to 64 minutes - 30 minute test period, with all temperatures maintained above
810C (1490'F). The maximum temperature was 9960 C (18250 F) on the side of the
unit facing the rear of the oven, while the minimum temperature was 813'C (14951F)
on the bottom-of the unit. The initial and final temperatures of all thermocouples over
the 30 minute period are shown below. Flames due to combustion of 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 8130 C 8610 C 8720C

(1495 0F) (1582 0F) (1602 WF)
Top 9800C 8790C 9130C

________ _(L79F2~ X__ _(1f14 _ - __1675T) _

(Lid) Front 9340C 8480C 879 0C
Oven (17130F) (1558WF) (I6140 F)

(Lid) Back 995 0C 8840C 9230C
Oven (1823 0F) (1623 0F) (1693W)

(Lid) Left Side' 9490C 865 0C 8990C
(1740WF) (1589TF) (1650-F)

(Lid) Right Side 979 0C 872 0C 9090C
(1794 0F) (16020F) (1668WF)

Sid&e(Oppbisite 830 0C 810 0)C 8230C
Crack) (15260F) (1490WF) (15130)

Source Tube 9060 C 8650C 8860C
(1663 0F) (1589WF) (16270)

Oven/Ambient 940°C . 839°C - .- -- 8770C
(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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64 to 700 minutes - cool down to below 100I C (2121F). 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 IAEA 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 810C (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.

* Most paint had vaporized. Radiation labels were still legible.

* 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 mm) 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 handliigi, holes w ereedrilled'i'n'ihe'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 to 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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CALIBRATION RECORDS
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EST WEIGHTID N1UMBERS: LJ( 112r- c -

OMMENTSIACTIONS:

JSTOMERS SIGNATURE (FOR OFF TOLERANCE):

--CHNICIANS SIGNATURE: I) . - 4 \ 4 A -, ' (2 d e'
i .



127 erneck RoadIhelmsford, MA 01824
relephone: 978 - 459-9480
A-p ' 978 - 453-6336

IV rE: http:llwww.tekserv.c

CALIBRATION REPORT

IOm | &i | ||!
1S090021 '1 . ' S.9 Sa02 m

2 ocr 91R

Ceou N lol54 85 > 15 Z9

-I

AEA TECHNOLOGIES
40 NORTH AVENUE

BURLINGTON MA 01603
i

kNALOGIC 8904010
.'. :

MFG.

:SERV CERTIFIES THAT ALL CALIBRATION EQUIPMENT USED IN THE TEST IS
WFORMED IN ACCORDANCE WITH MIL-STD-45662A, IS09002,
-10012-1, ANSI/NCSL-Z540-1-1994. CCERTIFIED BY
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-IN T1OLERANCE
AS RECEIVEDT]KSERV

CALIBRATION DATA

OMEGA Model HH-21
Serial Number: fr 771-3'1
Date of test: to - YE
Prior Cal: z -7
Technician: ih.'

Data as Received v'-
Data After Adjustment
Data After Repair
Asset N}umber: A Ig

…-…===…

Range
Deg.C Type J

- 100.0
0.0

100.0
500.0

Deg.F Type J
- 100.0

32.0
200.0
650.0

1200.0

Reading

-99.G
(5, -5

s;e, o

_ff, 5

-3 2 , _
z -, .

6LLi22

Specification

+/-(0.1%rdg+0.5'C)
01

of

'i

+/-{0.1%rdg+1.0'F)
It

if

if

It

Deg.C Type K
- 100.0

0.0
100.0
600.0

1000.0
Deg.F Type K

- 100.0
32.0

200.0
600.0

1600.0

Tw.r

/000w .. Z

2I .
3 Z,. -Y

- 1o0, 4
/Ar6 ,

+/-(0.ltRDG+0.5'C)
'i

SI

it

+/-{0.1%rdg+I.0'F)
i.

If

.,

is

Deg.C Type T
- 100.0

0.0
100.0
350.0

Deg.F Type T
- 100.0

32.0
100.0
500.0

-- Tq. 5-

/00 .Z
osv~.I

-q,? y

3?e:3 _
/5-0, 3

+/-(O.1%rdg+0.5 C)
El

*1

i.

+/-(0.1%rdg+1.0'F)
it

I*

I.

r '
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\HUN/VT METROLOqy SERACE, INC.
1 75 IACksON ST. METhU, A. 01 844-5042

PhONE: (978) 688-7278 FAx: (978) 794-4632

CAIbnTiOm CERTiricATF

Company Name: SENTINEL Calibration No: HMSCC-08487
Address: 40 NORTi-AVENUE Dated: APR 1-2, 1998

BURLINGTON, MA. 01803 Pages: 28

Department:

Phone No.: (781) 272-2000 Ext: Fax No: (781) 273-2216
Attention: DAVE ANNIS
P.O. No.:

Technician: PAUL RABS

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.S.T. test number 821/256504-96; Dated February
26, 1997 for dimensional calibration, and/or through N.I.S;T. 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 68
degrees (+/- 2 degrees F.) and less than 50% relative humidity. All records
pertaining to our standards, and the masters utilized to 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/NCSL Z540-1-1994
and ISO 10012-1:1994(E).
The reported value is 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. g
Technical M ager

;~



Fetrology Service, Inc.
ner: AMERSHAM CORPORATION

ID.No.: 183

.-

Data Shee HMSCC: 08487-A
- SENTINEL 1EVSION P.O. No.:

Manufactur CHATILLON
Serial . 17938
Model PP-10

Standard ND.: 018 Cal.:
Standard No.: Cal.:
Standard No.: Cal.:
Standard No.: Cal.:

Page 17

Date Cal:
Date Due:

Technician:
Cal. Proc. No:

03/06/98 Due:
Due:
Due:
Due:

04/01/98
04 /01/99
PR
22
03/31/99

epartment: QC
--viation u.:

Accuracy: +/--1% OF FS
Accuracy:

Gage Type: 10 lb FORCE GAGE

Required: : 1
Deviation: : 0
Measured: : 1.0

2
0

2.0

4
0

4.0

6
0
6.0

8
0

8.0

10 lb
0 lb

10.0 lb

Customer: AMERSHAM CORPORATION - SENTINEL DIVISION P.O. No.:

ID. No.: 186
2 ID.No.:

Department: RI LAB
Deviation u.:

Accuracy: +/-1% OF FS
Accuracy:

Manufacturer:
Serial No.:
Model No.:

Standard No.:
Standard No.:
Standard No.:
Standard No.:

CHATILLON
19108
DPP-10
018

Date Cal:
Date Due:

Technician:
Cal. Proc. No:

Cal.: 03/06/98 Due:
Cal.: Due:
Cal.: Due:
Cal.: Due:

04/01/98
04/01/99
PR
22
08/31/98

Gage Type: 10 lb FORCE GAGE

Required: : 1
Deviation: : 0
Measured: : 1.0

2
0

2. 0

4
0

4.0

6
0
6.0

8
0

8.0

10
0

10.0

lb
lb
lb

comer: AMERSHAM CORPORATION - SENTINEL DIVISION P.O. No.:

ID. No.:
2 ID.No.:

Department:
Deviation u.:

Accuracy:
Accuracy:

236 (1)

QC

+/-0.0010 "/12"

Manufacturer: MITUTOYO
Serial No.: 314390
Model No.:

Standard No.: 026
Standard No.: 088
Standard No.: 137
Standard No.:

PART I OF 2

Date Cal:
Date Due:

Technician:
Cal. Proc. No:

Cal.: 02/04/98 Due:
Cal.: 02/04/98 Due:
Cal.: 02/02/98 Due:
Cal.: Due:

04/01/9 8
04/01/99
PR
16
08/31/98
02/28/99
02/28/99

Gage Type: 0-18"X VERNIER

-.: I2 ^ beret TN~ An 1 n n
. _ 11 rI F] . . I* IA~ iA L I I I l X . - . U 1. V -a

Deviation: : REF
Measured: : REF

.001
.001

0
1.0000

0 0 0
1.0000 2.0000 4.0000

Customer: AMERSHAM CORPORATION - SENTINEL DIVISION P.O. No.:

ID.No.: 236 (2)
2 ID.No.:

Department:
Deviation u.:

Accuracy:
Accuracy:

Manufacturer: MITUTOYO
Serial No.: 314390
Model No.:

Standard No.: 026
Standard No.: 088
Standard No.: 137
Standard No.:

PART 2 OF 2

Date Cal:
Date Due:

Technician:
Cal. Proc. No:

02/04/98 Due:
02/02/98 Due:
02/02/98 Due:

Due:

04/01/98
04/01/99
PR
16
08/31/98
02/28/99
02/28/99

+/-0.0010" /12"
Cal.:
Cal:.'
Cal.:
Cal.:

Gage Type: 0-18" VERNIER

-quired: : 6.0
-viation: : 0
Measured: : 6.0000

8.0
0

8.0000

10.0
0

10.0000

12. 0
0

12.0000

18.0
0

18.0000

1�
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f-tVhDIL NAl&JMJA 1Jec*
DESCRIPTION; FmSAT I r 'BAr

"age 1 of

I-, 12

G§J~RL \h~tAL D/ CB /\0

I~ ~~~~~~~~ 
a1,II1'//l 

1E 
m '/

GINATO DATE P.O. 0+W.
23i 5Pr97 FRC-Q..D& 365 

_-ENGINEERING APPROVAL DATE nEGEi NR 6 RW RB

_A |_ D DArT _ __ __ _ __ ._..
REGULATORY APPROVAL DATE LOT I SERIAL NO.

A APPROYAL DATE LOT CTY.

COMMENTS:\ ' QTY RJ

| TY ACC.

INSPX> 
2<



jimrt uw IwN I1IUIO0N
AND RExbjRD

PART/DWG. NOj

71 1z

I 'V.

I s

VENDOR: PERIODIC 14MA1reNANmc lge I of I

CM- 4 A
DESCRIPTION: DROP -I EWSj- SURPFc

CHARACTERISTICS TOLERANCE AQL 1 2 3 4 ] :5 |6 7 8 9 10 11
GENERAL VisaiqL -[0m,

Re 4 M r Jif &e~ i I A I, _ _ / l_ 
_ _ _ _ 

_ _ _ _ 
_ _ _

ICATE AND' REINML L KA

DATE r. P4.W!
29Seem tDAYS, MEQ 36S 1

ENGINEERING APPROVAL DATE RloEIVIUt WMoono o'
t,/A ID&T6 D06 -9a

REGULATORY APPROVAL DATE LOT! SERIAL NO.

O A APPROVAL DATE LOTDTY.

COMMENTS: OTYREJ

NCR NO.

OTY ACC.

____(1. I____ _it_ ____ 
_ _INSP

. O DATE
5)



Simpson Gumpertz & Heger Inc.

9 June 1997 Consulting Engineers 297 Broadway Telephone:
Arlington. MA Arlington, MA 617 643 2000
San Francisco, CA 02174-5310 Fax:

617 643 2009
Sentinel Amersham Corporation
40 North Avenue
Burlington, Massathusetts 01803

Attention: Steven J. Grenier

Tel: 617-272-2000
Fax: 617-273-2216

Comm. 97276 - Test Foundation Study, Sentinel Amersham Test Site, Groveland, MA

Gentlemen:

At your request we studied a test foundation located on the property of Valley Tree Service,
Inc. at 1210 Salem Street, Groveland, Massachusetts. The purpose of our study was to
determine if the test foundation provides an essentially unyielding horizontal surface for
purposes of a drop test.

Scope

The scope of our study included: visiting the site to examine the foundation; reviewing
documents provided by you that describe the construction of the foundation; reviewing drawings
describing the housing of your Model 676 Projector; and computing the performance
characteristics of the foundation in a drop test of the Model 676 Projector.=,

Background and Information From Others

We understand from our discussions with Sentinel Amersham representatives that the test
foundation is used as a reaction support in a drop test for the Model 676 Projector. The
projector is dropped from a height of 30 ft onto the center portion of the foundation. The
drawings for the Model 676 Projector show that the weight is 625 lbs, and the end plates are
fabricated from 1 in. thick steel plate.

We understand from discussions with Sentinel Amersham representatives and from
construction records that the test foundation was built in 1982. The delivery tickets show that
2-1/2 cubic yards of 3,000 psi concrete were utilized. We were also told that a 1 in. thick steel
plate is embedded in the top surface of the foundation and welded to reinforcing steel in the
foundation.

Observations

On 5 June 1997, Joseph J. Zona of Simpson Gumpertz & Heger Inc. visited the test facility
and observed the following:

* The test foundation is 7 ft 4 in. x 7 ft 5 in.

* A steel plate is embedded in the top of the foundation so that the top of the plate is
approximately flush with the top of the concrete. The plate is 47 in. x 48 in. At one

EXPERIENCE *i[NNOVATION * QUALITY

Continuing a 40-Year Tradition



Steven J. Grenier, Comm. 97276 - 2 - 9 June 1997

side of the plate, the concrete is chipped away exposing part of the plate edge. The
bottom of the plate is not visible, but 7/8 in. of plate is exposed to view.

* The top surface of the steel plate is approximately horizontal. The plate slopes a
maximum of 1/8 in. per 2 ft.

* The top surface of the concrete is weathered, but sound.

* Four cracks are visible in the foundation, each emanating from a corner of the steel
plate. The cracks appear stable and show no signs of recent movement.

* The concrete is flush with the adjoining bituminous pavement. There is no evidence
of settlement or heaving of the foundation.

* The exposed soil in the vicinity of the foundation is firm and sandy..

Results of Analysis

We estimated the depth of the foundation as 15 in. based on the measured plan dimensions
and the reported volume of concrete delivered. We characterized the supporting soil as
medium dense coarse grained material.

We used simple analytical models to estimate the response of the foundation in a drop test.
A conservation of momentum approach that models the test as a plastic impact provides an
upper bound estimate of the kinetic energy taken by the foundation. This approach predicts
that 6 percent of the kinetic energy of the Model 676 Projector is taken by the foundation upon
impact. -.

Arya et al present a relevant method of analysis in "Design of Structures & Foundations For
Vibrating Machines." The approach accounts for the participation of an effective soil mass in
resisting a dynamic loading. This method predicts less than 1 percent of the kinetic energy
is taken by .the foundation. ..Arya .el al also present.a method of estimating the foundation.
deflection. We computed a deflection upon impact of 0.014 in.

We estimated the flexibility of the concrete foundation as a plate on an elastic foundation using
a method presented in "Theory of Plates and Shells" by Timoshenko & Woinowsky-Krieger.
This .approach shows -that the foundation is rigid relative to the soil,-and-virtually- all of the
foundation deflection is the result of soil response.

Discussion

The plastic impact approach provides an upper bound-estimate of the energy -transmitted to
the foundation. In an actual test, energy is absorbed in the device being tested in both plastic
deformation and rebound energy that is not accounted for in this analysis.

The Arya approach is fully applicable to foundations that support vibrating equipment. This
approach may somewhat overstate the participation of the-soil in a single impact loading.
However, we expect the influence of the participating soil mass will be significant and,
therefore, we expect the percent of kinetic energy taken by the foundation is closer to 1
percent than 6 percent.



Steven J. Grenier. Comm. 97276 - 3 - 9 June 1997

The four cracks near the corners of the foundation intersect corners of the embedded steel
plate. This suggests that the plate restrained the free shrinkage of the foundation and caused
these cracks. The cracks are obviously old, yet they remain tight and there is no sign of
recent movement at the cracks. This strongly indicates that the cracks have not compromised
the monolithic behavior of the foundation. Any loss of stiffness in the foundation related to
these cracks is insignificant within the limits of our simple analytical models.

Conclusion

Based on the study described above, we conclude that the existing test foundation absorbs
between 1 and 6 percent of the kinetic energy at impact during a 30 ft drop test of a Model
676 Projector. In our opinion the foundation provides an essentially unyielding horizontal
surface for the purpose of this test. For items of lesser mass, the foundation also provides an
essentially unyielding horiozntal surface.

Sincerely ours,

P.E. A Jon sP.E.
rinci Senior Associate



Certificate of Conformance
for

AEA TECHNOLOGY

40 NORTH AVE

BURLINGTON MA 01803

Cust. P.O. #: 3291 OMEGA W.O # 812995304

CAL.1

OMEGA Engineering, Inc. certifies that the items comprising the above
order have been manufactured in accordance with all applicable
instructions and specifications as published in the OMEGA
TEMPERATURE MEASUREMENT HANDBOOK AND
ENCYCLOPEDIA0. OMEGA Engineering Inc. further certifies
that all thermocouple base and noble metal materials conform to ANSI
Limits of Error (ANSI Standard MC96.1)

Certified by:
Quality Assurance Inspector

Date: 12-04-98

Omega Engineering, Inc., One Omegai Drive, Box 4047, Stamford, CT 06907
Telephone: (203)359-1660 -FA}X (203)359-7811

Irnternet Address: http://www.omega.com E-Mail: infb@omega.com

CallTemp
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Certflcate of'Conformance
for

AMA TECHNOLOGY

40 NORTH AVE

BURLINGTON AR 01803

Cust. P.O. #; 3226 OAMGA Wo. # 811973359

CAL-a

OMEGA Engineering, Inc. certifies that the items comprising the above
order have been manufactured in accordance with all applicable
instructions and specifications as published in the OMEGA
TEMPERATURE MEASUREMENT HANDBOOK AND
ENCYCLOPEDIA 0, OMEGA Engineering Inc. further certifies
that all thermocouple base and noble metal materials conform to ANSI
Limits of Error (ANSI Standard MC96. I)

Certified by:
Quality AssuranceI Inspector

Date: 11-04-98

Omega Engineering, Inc., One Omega Drive, Box 4047, Stamford, CT 06907
Telephone: (203) 359-1660 * FAX: (203) 359-7811

rnternet Addresa: http://www.omega .com E-Mail: infogomega.com

Call Temp



AND RE RDl
CHARACTERISTICS I-,: , ! -. 1 . . ... .- .

-1-10 19
I rERIODIC MAW1WA!CE

DESCRIPTION:
n3c1-LM2e TEST Th CFe~

I oyc I ulI

A I..

* I .I

:-TOLERANCE:.,, v w . : :;QL '1 : 4 5 8 9110 11 112

. = X ZZ Z<X Z

ORIGINATOR DATE .

3ai 1 W'97 F--RE 3 ys 3E~ 65 _ ._ -_ -__
ENGINEERING APPROVAL DATE ; 3 .Z_ M }mDUE DArE 4 Sep __ _ _ _ _ __D _ _ 9 9 9 

_ _9REGULATORY APPROVAL DATE LOT I SERIAL ND.
r u/ i 0 1 a _ l_ _ ._ _ .__ ._ _.

O A APPROYAL DATE LOT OCTY.

COMMENT T J

NCR NO. 
X ZA_ 

_ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ 
_ _ _ _DTY ACC ....

I 1 I NSI

_ 1 Iw@C~il, <DkATE
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Aix 0MW64 Teekrelegles CoemwPy

Certificate of Conformance
for

MIPR ASSOCIATES

320 KING ST

ALEXANDRIA VA 22314

Cust. P.O. #: 420002BRB OMEGA W.O. f 901934179

CAL-I
OMEGA Engineering, Inc. certifies that the items comprising the above
order have been manufactured in accordance with all applicable
instructions and specifications as published in the OMEGA
TEMPERATURE MEASUREMENT HANDBOOK AND
ENCYCLOPEDIAS. OMEGA Engineering Inc. further certfies
that all thermocouple base and noble metal materials conform to ANSI
Limits of Error (ANSI Standard MC96.1)

,6A. cro&eCertified by: Date: 01-28-99
Quality Assuance Inspector

Omega Engineering, Inc., One Omega D-ive, Box 4047. Stamford, CT 06907
Telephone: (203) 359-1660 -FAX: (203) 359-7811

Internet Address: http:/twww.ornega.corn E-Mail: infb~ornega.com

CallTemp
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<T ieKseR\
127 Riverneck Rd.

Chelhnsford, MA 01824

elephoite: 978-459-9480

AEA

40 NORTH AVENUE

A!

Calibration Report

51106 AEA SN269

1 l23/98 3303 ENG-21

COLE PARMER

92000-00 L98003314

12 CHANNEL THERMOCOUPLE SCANNER

BURLINGTON MA 01803-

1�
21 30 12 Monthly 11/23/98 11/23/99

Manufacturer 413348-433349-259071-LRAN POULIN

Cnlibrmion Checked To: Manufacturer Spec Adjusted To: Manufacturer Spec
.. _

ANALOGIC AN6520 8904010 MFG 7/3/98 7/3/99

8

i
I

i
i

Ii

i

I
i

TFKV.VFR ' CRTIFPFIP T/ATALl' I4 F[RRUuO LPCIIJPMFW J INATJ-IF TFVT IV TR.4rFARI F Tn NAl.' 7s TAM

THE TEST WAS PERFORMED IN ACCORDANCE TO ANSI/iVCSL-Z540- 1994. ISO- 10012-1. 1S09002 AND MIL-STD-
4S662A Cb Certified By:
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IN TOLERANCE
AS RECEIVED

TEKSERV
CALIBRATION DATA

CP 92000-00 3
Serial Number: 1!~( i2o3-/
Date of test: _t-2.3-'5
Prior Cal: - l

Data as Received /
Data After Adjustment
Data After Repair
Asset Number: SAk>-2/Technician: /n1? (IL-

Thermocouple Scanner
Type "K"

Channel

1
2
3
4
5
6
7
8
9
10
11
12

32. C

3i.•
31.n

Standard Input (Deg.F)

1000 200C
WOO coc00)

lO2Q00_
- 2300L !et~ 7 77 _9~

- zcn
/o -a 000_

Tolerance

+/-(0.1%+0.8F)
.I

'I

i,

'I

it

'i

if

I.

if

it

it

cp92000

..



kT&KSeR\2~ 127 Riverneck Rd. Chtelmsford, IM1 01824 Telephone: 978-459-9480 Fax: 978-453-6336

Bill AEA
To: 40 NORTH AVENUE

ATTN ACCT PAYABLE

Ship AEA
To: 40 NORTH AVENUE Service

Report
Invoice

Invoice Number

INVl43

Item ID

A51106

4.

BURLINGTON MA 01803- BURLINGTON MA 01803-

MyMMMMM E _ _ MEN loll
3303 TEKSERV Yes . No 11/23/98

92000-00 COLE PARMER L98003314 ENG-21 WIMANUAL SOFTCASE AN AC ADAPTER

CALIBRATE/CERTIFY

IN TOLERANCE AS RECEIVED

Calibration Regular Hlours:

=o Calibration Overtime Hours:

h oRN-c UA~d Repair Regular Hours:
t*4h: 071. 45"

FAXM Ep2Z , , Repair Overtime Hours:

Contract #: AEA

Warranty

0 Charge:

0 Labor:

0 Cost:

0 Labor/Hour:

Sub Total:

$45.00

$0.00

$0.00

$0.00

Material:

% Discount:

% Tax:

Shipping:

$0.00

0

0

$0.00

$45 00

Total Due: S45.00



AEA Technology QSA, Inc. Test Plan 80 Report

APPENDIX B

MANUFACTURING ROUTE CARDS AND
PRE-TEST RADIATION PROFILE DATA SHEETS



SENTINEL -7P3g (C3)

ROUTE CARD

l 352 Complete Lot: Total WO Qty.: Serial o:_!X2Y3

CN.. A Split Lot:.. Rte. Cd. Qty.: 1 Lot No: NA

Part # TP80 Description 650L SOURCE CHANGER TEST Dwg C TP80 Rev A WO 9
UNITS 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Qty Qty

Oper. -Scq.- -Department - --- Operation -Description-- -- - ---By- - --- Date..-- -Acc- Rej- -- Rercrence - -C---omrnt-----*---

£010 ASSY MODIFY PER NOTES 3-11 t A%'t7°4 TP8o QC VERIFY NOTE 6

3020 QC INSPECTION 
__ _ SOP-QO15 -- ___________

)030 QA QA REVIEW 
SOP-Q025
&TP80

]040 IC STOCKROOM PROCESSING ( J51Z1fftJ _ SOP-M002

DELIVER TO QC FOR

-- --= _. .........-- TESTING ---- - ------ -- -= .__ __ _. .

VI-Step Checklist Initials WI-Step Checklist Initials WI-Step Checklist Initials

RING: EULATORY MATERIALS: S t jg 5 j

:.iON:/ /9 ~- | QUALITYASSURANCE: .A/ USE79C9 |ISSJENUMBER: I

QP25-I/2



QP25-1/2
NO DESCRIPTION OF DISPOSITION INDIV/ DATE INSP/DATE PART NUMBER DESCRIPTION CM SERIAL/ INITIALS DATENONCONFORMANCE 

LOT NO.
L _ _ _ _ _ _ _ _ _ _ *PL/5 9 650L SOURCE CHANGER A 3 tF

SCR200 5116-18HEX BOLT A 
____

113 L9 (S - PL) f/f,-t t
k'U5As I's - 7 5 of. 

Boa-#

_ 5r-3 wo ,,- LlZwle- P _______

q4,ce .eme I $r e-PgeL ~ C 2 p S - _ _ _ _ _ _ _ ,_ _ __ 
.__ _ 

__ _ _

~~ -wz 9 9c c .(~ .__ _ _ _ 
___ 

_ _

_ _ Q -j,( 4.q1 ~ 1/¶ 6- i-V i-3r ', fpq l _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

_ q MTE SN MTE DESCRIPTION CAL DUE DATE INITIALS DATE
______ 

l__ lZ613/ gSCALE (6 K i9I
. / 7/ TORQUE WRENCH _ _/7/______ _

CHANGE VERIFICATION

PART NUMBER DESCRIPTION REV ECO INDIVIDUAL' VERIFIED

~_ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _: _ _ _ _ _ _ _ , _ _ _ _ _ _ ._ _ _ _ _ _ _ __ . _ __ _ _ _ _ _ _ __ _ _ _ _ _



1 4 I
I 2

. (C/ R- P.EMSIONS

|EV. I ECO/ICR I DESCRIPTION P tO |

|A |2552 INIIAL RELEASE |SEE AE1

D

NOTES:

I. UNIT DESCRIBED ON DRAWING C65009 TO BE MODIFIED AS rOLLOWS:

2. REMOVE LID AND DISCARD LID BOLTS (ITEM 2).

3. REMOVE THROUGH BOLTS (ITEM 3) AND DISCARD.

4. If BOTTOM PLATE (ITEM 1) IS CARBON STEEL, THEN:

A. REUOVE BOTTOM PLATE AND DISCARD.

B. PATCH MISSING OR DAMAGED FOAM (ITEM 4) WITH NEW VULTAFOAM (ITEU 4).

C. INSTALL NEW STAINLESS STEEL BOTTOM PLATE (ITEM 1).

5. INSTALL NEW THROUGH BOLTS (ITEM 3) WITH LOCKWASHERS (ITEM 5).

6. APPLY THREAD LUBRICANT AND TOROUE EACH THROUGH BOLT (ITEU 3) TO Ioo±5 in-lbs.

7. INSTALL SAFETY WIRE (ITEM 6) THROUGH EACH BOLT IN PAIRS.

8 INSTALL AND LOCK BOTH DUMUY SOURCE ASSEMBLIES (ITEM 8) INTO EACH PORT (NOT SHOWN).
Q, VERIFTY UkK!4' GN *IW LUD DOLTS (ITEM 2) IS BS.

1O. INSTALL LID WITH NEW LID eOLTS (ITEM 2).

11. INSTALL TAMPER INDICATING SEAL WIRE (ITEM 7) THROUGH TWO LID BOLTS (ITEM 2).

C

8 2 42409XL ()UMMY SOURCE WIRE ASSEMBLY

7 AR TAMPER INDICATING SEAL WIRE

6 AR WRS032 SAFETY WIRE

5 4 LOCK WASHER 5/16 DIA

4 AR FOMOoi vuLTAFOAM R16-L-708
HEX HEAD BOLT 5/16-18 X B LC._ _4 SCR200 DRILLED HEAD. 300 SERIES (I8-8) 5TN STL

2HEX HEAD BOLT 3/8-16 X 7/B LG.2 4 SCR2DI DRILLED HEAD. A198 CR B8 CL 2

1 1 C65000-6 9OTTOM PLATE

ITEM OTY NAME DESCRIPTION
__d~ _ __ _._. .I iw O..nA _ .Y 0 _.A ,0 0 _4._ . _~ ._i .... ._ 'O ___. .P 1 .
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0040 QA QA REVIEW SOP.Q025
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I I I I-DESCRIPTION OF
NONCONFORMANCE

DISPOSITION INDIV/ DATE INSPIDATE PART NUMBER DESCRIPTION CM SERIAL/
LOT NO.

INITIALS I DATE
II _ 

- -I
MY0- SOURCE CHANGER A 6 rUi 2

SCR200 5/16-18 HEX BOLT A S9905L4 /z ( 2 5-&

MTE SN MTE DESCRIPTION CAL DUE DATE INITIALS___DATE__

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _SC A L E _ _ _ _ _ _ _ 4 5'3-

a'7

CHANGE VERIFICATION

_____PART NUMBER, DESCRIPTION * REV Eco INDIVIDUAL fVERIFIED
QP25 2t
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Notes:

1. Refer to Drawing C65009 for constrction of original unit.

2. Modify unit as follows:
a) {move lid and disard bots.
b) Remove tliraugh bolts and discard.
C) If bottom plate is cabon stell, remove existing Plate.

Patch mlssing or damaged foam with now Vultafoam., Itcm (4).
Install new stainless stel bottom plate, Item (1).

d) Install new through bolts, Item (3), with lock washem and
Wistall safety wire for security.

e) Install two (2) dummy sow~e assemnbly 424-9's,
onein c " side.

3. Verify marking on new lid bolts, Item (2), is ''8".

4. Imstall lid with new lid bolts, Item (2), and Iork washers, and
install seal wiie for sipment tampw indicator.

e JAR ITAJ.PEI PROOF SEAL WIRE

7 AR YRS032 SAFE1Y WIRE
6 4 LOCK WkSHR 51/6 DIA

5 4 LOCK WkSHER, 3/8 DIA.

4 AR Moot VULTAMA 116-L-708
_ HEX HE6l BOLT ' 16-18 X 8 L.5 4 sa2Wo ORIUD HEAD. STNtES5 STEL XL.

2 4 R2I ODRILLD HEAD. A198 GR 8B ( 2
1 1 C650DO-6 DoMU PILATE

rnia cQr NAMJE DEE.CRIPTnON
tH ONDMEW S$'EPM1.

ALL DIMENSIONS ARE INCHM AND RERENCE

DESCRIPTIVE
C_= D RAWIN G

40 NOUt AM. W WOk W OtCI3

. -=1 -Z ..- - - _
TITLE 650L SOURCE CHA14GER TEST UNITSFORMAT CORRECTED DDCO#I31 L-z ~h.--•/-r3, Y B_ _ _.__,. .- - . , - -

. DESCRIPTION 1 APAO S LE |TER: SIZE DWG. NO- R-TP80 P
REVISIONS A SCALE: NONE SHEET 1 OF 2 E
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..
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SIE
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030 QA QA REVIEW 
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NO DESCRIPTION OF DISPOS1nON INDIV/DATE JNSP/DATE PARTNUMBER DESCRIPTION CM SERIALJ INITIALS DATE

. NONCONFORMANCE 
LOT NO.
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SCALE
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I 4 I 12 1
I REVISIONSI REV. I FCO/IlR I I DESCRIPIION I.. .ROVALS I ATE

A 2552 INITIAL RELEASE "S"T R

D

NOTES:

N. UNIT DESCRIBED ON DRAWING C65009 TO BE MODIFIED AS FOLLOWS:

2. REMOVE UoI AND DISCARD LID BOLTS (ITEM 2).

3. REMOVE THROUGH BOLTS (ITEM 3) AND DISCARD.

4. IF BOTTOM PLATE (ITEM I) IS CARBON STEEL. THEN:

A. REMOVE BOTTOM PLATE AND DISCARD.

B. PATCH MISSING OR OAMAGED FOAM (ITEjM 4) WITH NEW VULTAFOAM (ITEM 4).

C. INSTALL NEW STAINLESS STEEL BOTTOM PLATE (rTEU i).

5. INSTALL NEW THROUGH BOLTS (ITEM 3) WITH LOCKWASHERS (ITEU 5).

S. APPLY THREAD LUBRICANT AND TOROVE EACH THROUGH DOLT (ITEM 3) TO 100 5 in-lbg.

7. INSTALL SAFETY WIRE (ITEM 6) THROUGH EACH DOLT IN PAIRS.

8. INSTALL AND LOCK BOTH DUMMY SOURCE ASSEMBLIES (ITEM R) INTO EACH PORT (NOT SHOWN).
Q, VEPtV! PARK!NC ON NE':LID BOLTS (ITEM 2) IS B05.

oD. INSTALL LID WITH NEW LID BOLTS (ITEM 2).

It. 11NSTALL TAMAPER INDICATING SEAL WIRE (ITEM 7) THROUGH TWOO LID EO1OS (ITEM 2).

C

a 2 42409XL DUMMY SOURCE WIRE ASSEMBLY

7 AR TAMPER INDICATING SEAL WIRE

6 AR WRS032 SAFETY WIRE

5 4 LOCK WASHER 5/16 DIA

4 AR rofool0 VULTAFOAM # 16-L-708
SCR200 HEX HEAD BOLT 5/16S-1 X 8 LC.DRILLED HEAD, 300 SERIES (18-8) STIN STL

HEX HEAD BOLT 3/8-16 X 7/0 LG,2 4 5CR201 DRILLED HEAD. AIss GR eB CL 2

I I C65000-6 BOTTOM PLATE

ITEM OTY NAME ; DESCRIPTION

B

tiff ti~utC NtiCOOV~t lof rat it..oWf a. avu~nSC IS f ti M~I '. ~0* t m ns

VATERIALS: C65009 & PARTS LIST ABOW

PROTECTNE Fnts"H NONE
SJ14S.f1 OhER wSE SPECWIED USED ON:

;. s t ._ .- .v~ ) -
I. I'rcm MY AI t P_ '
I. I4CU WI DWITS FSA ti mL

g. smXwCn M I/ _i
V int * r/ .0. S _5-

IC. I A
�. C C

_Domm Ayr. vIJ5Utl. SA& 0SIO _
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TW' J imU;L

10 - - - _ _ _ __ _ _ _

'
DESCRIPTION OF " *.DISPOSITION | INDIV/ DATE INSP1DATE PART NUMBER DESCRIPTION . CM SERIAIJ INITIALS DATE/ NONCNFO C .LOT 

NO.f 
_ _ .650L 

SOURCE CHANGER A _____ i ________. ._ ;_.| SCR200 5/16-18 HEX BOLT A _ _ /

MTE SN MTE DESCRIPTION CAL DUE DATE INITIALS DATE

II-? 6 L31 SCALE 
___

* CHANGE VERIFICATION____

PART NUMBER DESCRIPTION REV ECO, INDIVIDUAL VERIFIED

QP2S



Notes:

I. Refer to Drawing C65009 for constrmtion of original unit.

2. Modify unit as fbllows:
a) Remove lid and di d bolts.
b) Remove through bolts and discard.
c) if bottom plate is catbon steed remove. wasting plate.

Patch missing or damged foam with new Vultafbam., Item (4).
Install new stainless steel bottom plte, 1tem (1).

d) Install new througb ibolts, It=m (3), with loc& washer and
install safcty wire for sccutity.

e) Install two (2) dummy soce asseftbly 424-9's,
one in aha side.

3. Verify mnaridng on new lid bolts, Item (2), is 'B"8,

4. Install lid with new lid bolts, Item (2), and IDfk washers, and
install seal wire for shipment tamper indicator.

8 AR TAMPR PROOF SAL WIRE I

7 AR M=2 SAE1Y WIRE

6 4 LOCX WISHER 5/-6 DA

I 4 LO(* WHER, 3/8 D

4 AR F .lOO1 VULTACI jl6-L-708

_ HEX HEUD BOLT T/16-1B X 8 Ld.4 SM10 DRIE HEAD M%
4 SCR21 Hk2CDT /81 X 7S LEEL_a1~778 LZ 4 S RIL HEA. A18 GR 86 C. 2

1 1 C6W50DO-6 8U PLATE

m qY RAiE DEMRlP1ON
UktESS Oltxn15 SA'Ef. !

ALL DIMENSIONS ARE INCHES AND REFERENCE,

.DESCRIPTIVE

I DRAWING
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1ITLE 650L SOURCE CHA14GER TEST UNITS- '7, -
i FORMAT CORRECTED DDC031 L,-i-/'l / B ff

DESCRIPTION I ; APWROVALS DATE LTR SIZE DWG. NOI R-TP 0 iRE
_ REVISIONS A SCALE: NONE ISHEET 1 -OF 2 E
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QP25-I/2 I
NO DESCRIPTION OF DISPOSITION INDIV/DATE INSP/DATE PARTNUMBER DESCRIPTION CM SERIAL/ INITIALS DATENONCONFORMANCE 

LOT NO.
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I 4 I I 2 I

-I PCV -- s

I nEV. I ECO/I CR [ ICESCRIPTION i CPPROVAS DATE

A 2552 INITIAL RELEASE SEE W7LE X * C

O

NOTES:

1. UNIT DESCRIBED OM DRAWING C65009 TO BE tlODImED AS FOLLOWS:

2. REMOVE LID AND DISCARD LID BOLTS (ITEM 2).

3. REMOVE THROUGH BOLTS (ITEM 3) AND DISCARD.

4. IF BOTTOM PLATE (ITEM I) IS CARBON STEEL. THEN:

A. REMOVE BOTTOM PLATE AND DISCARD.

1. PATCH MISSING OR DAMAGED FOAM (ITE)A .4) WITH NEW vuLTArOAm (ITEM 4).

C. INSTALL NEW STAINLESS STEEL BOTTOM PLATE (iTEM 1).

5. tNSTALL NEW THROUGH 3001.5 (ITEM 3) WvlTH LOCKWASi4ERS (ITEM 5).

6. APPLY THREAD LWBRICANT AND TOROUE EACH THROUGH BOLT (ITEM 3) TO lOO45 in-lbs.

7. INSTALL SAFETY WIRE (ITEM 6) THROUGH EACH BOLT IN PAIRS.

8. INSTALL AND LOCK BOTH DUMMY SOURCE ASSEMBLIES (ITEM 6) INTO EACH PORT (NOT SHOWN).

9. VERiFY MARiINO ON NEW LID BOLTS (ITEM 2) IS B8.

10. INSTALL LID WITH NEW LID BOLTS (ITEit 2).

tt. INSTALL TAMPER INDICATING SEAL WIRE (ITEM 7) THRtUCH TWO LID BOLTS (ITElt 2).

a 2 42409XL DUMMY SOURCE WIRE ASSEMBLY

7 AR TAMPER INDICATING SEAL WIRE

6 AR WRS032 SAFETY WIRE

5 4 LOCK WASHER 5/16 CIA

4 AR FOMOOI VULTAFOAM R16-L-708
3 4 SCR200 HEX HEAD BOLT 5/16-15 X 8 LG.DRILLED HEAD. 300 SERIES (t8-8) STN ST.

2 4 SCR201 HEX HEAD BOLT 3/8-16 x 7/8 L.G.DRtIED HEAD. A198 CR 8S CL 2

I 1 C65000-6 BOTTOM PLATE

ITEM 0TY NAME DESCRIPTION

B

ft0?IYKfP.AU- - -U 1 C4~l SC lT OC SORIT~0C ~C tMATa 50 & PA LIST ABOV Frs rJ ."_ r
MtATERIALS: C65009 & PARTS LIST ABOVE I INE TIE -_ A
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Notes:

1. Refer to Drawing C65009 for conruction oforiginal unit.

2. Modify unit as follows:
a) Remove lid and dicard bolts.
b) Remove through bolts and disd
c) If bottom plate is bon stool, reove misting plate.

Patch missing or roia m t w now Vultafoam, Item (4).
Instill new stainless steel bottm plate, Itwm (1).

d) Install new through bolts, Item (3), with lock washern and
Istall safcty wire for secmity.

e) Install two (2) duntmy somce assembly 424-9's,
one in each side.

3. Verify marking on new lid bolts, Item (2), is '138'.

4. Install lid with new lid bolts, Itom (2), and lock washers, and
install seal wire for shipment tamxe indicator.

a AR TMPE)R PROOF SEAL WIRE
7 AR WAS= SAFCET WIRE

6 4 LOCK WSHMR 5/-6 DIAj

S 4 LOcK "W ER, 3/8 DCA.

4 AR FON1OD1 VULTAYA #16-L-708

5 4 sazO DRUED HEwBoDTsI60t4)8LC
tEX >D DET3/8-15 X 7/0 M'-2 4 SCR201 FlLg H AiDO GR 0B a 2_

I 1 C6503-D DOTTOM PLATE
rEu OrY NAMIE CRION

mm Yanimm SP&EWIM.
ALL DIMENSIONS ARE INCHES AND REFERENCE

DESCRIPTIVE
_I DRAWING

40 NRM Am UUMA00TOK iA 01
2

FORMAT CORRECTED DDCO#31 JI /3 2~0 B
TITLE 650L SOURCE CHANGER TEST UNiTS

DESCReIPTION * ; APWROVALS 1 DATE L SIZE DWG. NO. R-TP80
_ REVISIONS A SCALE: NONE (SHEET 1 OF 2 c
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Front 95 Capacity Correction
Factor: '~3

Left 7

Rear _7_

Bottom .5 5_ . .

Inspector: ,4 s Date: 29 FGR 99 NCR #: e,4
-tments#.* P,r tLT-1 cq atJ-4Nt-T-+

016-1 1

PrImersham QSA



SENITINEL
SILNgo (PRi) AND o)E FEOR

SHIELDING PROFILE AND INSPECTION FORM

NA,-.,4n - L fA 1 Serial Number: I8Z RaiidnnionrcirfPd TR Iq? Mnax.rqnritvu 7 Ll ^ Ci

Shield Data

Shield Hea Mass of Shield: Lbs. Lot #:

\ Initial Profile

Source Model: Source SN:_: Activity: Ci

Survey Inst.: S Date Cal.: Date Due:

1 nhPt~ I AsIrfnP~r n~r4n I 1 1

Surface
I%.JU vtLI

Intensity mR/hr Factor

Top

Right

Front

Left

Rear

Capact ection
Factor:

Adjusted Intensity mRlhr

~I

Bottom

I tor: Date: NCR I:

Final Profile

Source Model: 4.Z4-M Source SN:CqR>e -%Z~sc Activity: 2s_.d Ci Mass of Device: Lbs.

Survey Inst.: .eZ7 SN: sm9?Vi4xz_ Date Cal.: S:9 2 Date Due:

Observed Intensity mR/hr Adjusted Intensity mR/hr

Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

Top * 4 IA _______3_

Right .S . L

Front Capacity Correction
Factor:....±T9 .

..eft

:ear | i

3ottom 7- ._Y___<

nspector: $ 7& Date: V)-1 Fi I23 NCR i Y .

rmments:* Pt r bj7. y - <CY IAN ^rk 4c
a16.1-l

P'Amersham QSA



-AN71"NEL -P2 po (C-B - BFF~ERWLE
SHLDG P L AN INZ.5S-PECIO

SHIELDING PROFILE AND INSPECTION FORM

Serial Number: I9•'c Radionuclide:ZIR19 . Max.Capacity: Z-In Ci

- Shield DataI

Shield He Mass of Shield: Lbs. Lot I: |

Initial Profile

Source Model: Source SN: Activity: Ci

Survey Inst.:__ S. Date Cal.: _ Date Due:_

Observed Surface ction
Surface Intensity mR/hr Factor Adjusted Intensity mR/hr

Top \

Right Capa ction ____

Front Factor:

Left

Rear

Bottom

-- pector: Date: NCR

Final Profile
J Sourc 53 =)I.T i; I

Source Model: L4 -- q Source SN:______ = Ci Mass of Device: Lbs.

Survey Inst.: Aa 1R1gZ SN:gfvA gLIt? Date Cal.: C,- Aq9 Date Due:

Observed Intensity mR/hr Adjusted Intensity mR/hr

Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

Top - 1A Z.O 7g 2. Z

Right 95 . a . 7
Front -Capacity Correction

tt5 . Factor:- J. In8
Left 6

Rear _ __ . a SQ_,G

Bottom 5 _ _ Z .______/_._6

Inspector: r Date: 4 r*4,.cq9 NCR "Y: ff/

omments:# PM- WL q t1%nrk_4 -)-+
'A s - A 4c1h6s: r h^,-

015-1II

. o - - - -

PrAmersham QSA
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AEA Technology
QSA, Inc. . .

Burlington, Massachusetts

Test Plan 80. Revision 1
-- March'12,1999

Page 36 of 54
_

Specimen Preparation List
*1 r

Step TP80(A) TP80(B) TP8O(C)

1. Serial Number: 2 243 q 195

2. Total weight of package (Ib): . oSI °, / s.& 6 l6 8S_. lb

3. Location of simulated source from top plate (in): $ i 6 . c6

4. Location of lead shielding: SCr ?(-A 49 s e-,- S-A s- - s

5. All fabrication and inspection records Ma AZ l6 IM4 i /2
documented in accordance with the AEAT QA
Program?

6. Does the unit comply with the requirements of /,C--
Drawing R-TP80, Revision D? . . . ..

7. Has the radiation profile been recorded in
accordance with AEAT QSA Work
Instruments Wl-Q09?

8. Is the package prepared for transport? - (Z 5

4 +

-. . . _ __ __ _ _ .1 _-__ _

Verified by: Print Name: Signature: Date:

Engineering _. _ - 9 / 6 *14x5 9

Regulatory Affairs + c5 4 ,, / 6 fit 7
Quality Assurance /o_ . ' /6 cAe

(M5r~'J~ OP- p-it io)Y T~e -Pa ,ts.d $ a O ' c- =5 r wr-

kei'Ct7v7- A )37 1?Ai2r 7Af/45 r7 ) 1i- a,"-/*J

ir,15riS '- a-- A"'7-j 'S~v S&v F 0 F A ...77-Z ,

Wkr hA- 6

HS~~~P Kr1H-Vf 0 Z> G, Pp



* :'

Notes:

1. Refer to Drawing C65009 for construction of original unit.

2. Modify unit as follows:
a) Remove lid anA dlscard bolts.
b) Remove through bolts and discard.
c) If bottom plate is carbon steel, remove existing plate.

Patch missing or damaged foam with new Vultafoam., Item (4).
Install new stainless steel bottom plate, Item (1).

d) Install new through bolts, Item (3), witi lock washers, torque
through bolts to lO+5 in-lbs and install safety wire for secunty.

e) Install two (2) dummy uoc assebly 424-9's,
one in each side.

3. Verify m g anew lid bolts, Item (2), is "B8".

4. Install lid with now lid bolts, Item (2), and install seal wire fbr
shipment tampw indicator.

8 AR TAMPER PROOF SEAL WIRE
7 AR S. M WIRE
6 4 lCK WASHE 5/16 DtA
4 AR VTAFOI f 16-L-708

SI1- STAINO
2 4 HEX HEAD BOLT J/6-16 X 7J LG. DRIM'ED HEADA198 SR 60 CL
1 ¶ ODOTTOU PLATE

rruI oTyI ocRpTiOn
A. US ACTHSA SPEND -IALL DIMENSIONS ARE INCHES AND REFERENCE

40 NO4ArH - aM uiArDN. MA .o¶1

V '

DESCRtPTIVE
DRAWINGDDCO#33 SEE DOCO I C6R ___< |/2___tyj D

DDCO#32 REMOVE LOCK WASHER (rrEM 5) LR/MT 4MAR99 C, . ,

TITLE 650L SOURCE CHANGER TEST UNITS
I DDCO#31 FORMAT CORRECTED MT/tTL 25FEB99 B

DESCRIPTION I APPROVALS I DATE LTR SIZE IDWG. NO- R-TP80 RREVISIONS A SCALE NONE ISHEET 1 OF 2



NO LEAD SHIw
3EIWEEN SHIELD
AND INNER SHELL
ON tONG SIDE

3/1 LEAD SWI
REOULRED

NO 1£DM
SUPPORT

TP 80 (A)l TP 80 I(B)
NOTE:
NO SPECIAL REQUIREMENTS
FOR
LEAD LOCATION IN TP80(C)

,u

I

UNLESS OTHERWISE SPECIFIED: ALL DIMENSIONS ARE RUERNCE
SIZE DWG. NO. R-TP8O REV

A SCALE: NONE, ISHEET 2 OF 2 ID I



Notes:

1. Refer to Drawing C65009 for construction of original unit.

2. Modify unit as follows:
a) Remove lid and discard bolts.
b) Remove through bolts and discard.
c) If bottom plate is carbon steel, remove existing plate.

Patch missing or damaged foam with new Vultafoam., Item (4).
Install new stainless steel bottom plate, Item (1).

d) Install new through bolts, Item (3), with lock washers, torque
through bolts to 135:5 in-lbs and install safety wire for security.

e) Install two (2) dummy source assembly 424-9's,
one in each side.

3. Verify marking on new lid bolts, Item (2), is "B8".

4. Install lid with new lid bolts, Item (2), and install seal wire for
shipment tamper indicator.

8 AR TAJPER PROOF SEAL WIRE

7 AR SAFETY WIRE

6 4 LOCK WASHER 5/16 DLA

4 AR VULTAFOAM 116-L-708
-4 HEX HEAD BOLT 5/16-18 X 8 LG. DRILLED HEAD.o30 SERIES (-8) STAINLESS STEEL

2 HEX HEAD OLT 3/8-16 X 7/8 LG. DRILLEL) HEA.A`198 CR B8 CL 2
1 1 BOTTOM PLATE

ITEM QTY DESCRIPTION
UNLESS OTHEMSE SPCIFIED:

ALL DIMENSIONS ARE INCHES AND REFERENCE

DDCO#34 CHANGE TORQUE FROM 100+5.T0-135±5 71 / rig I g0q I E DESCRIPTIVE
DRAWINGD0C0#33 SEE DDCO LR/SG 12MAR99 D_ _ ,, _ .

40 NORTH AVL. DUKUN{;OW i UR.DDC0#32 REMOVE LOCK WASHER (ITEM 5) LR/MT 4MAR99 B TL LE CDDCO#31 FORMAT CORRECTED .- _MT/TL_25FE_99 B _ _650L SOURCE CHANGER TEST UNITS
DESCRIPTION APPROVALS DATE LTR SIZE DWG. NO. R-TP8O REV'

REVISIONS A SCALE: NONE ISHEET 1 OF 2 E



NO LEAD SHIM
BETWEEN SHIELD
AND INNER SHELL
ON LONG SIDE

3/E LEAD SHIU
REQUIRED'

NO BRIDGE !
SUPPORT ',

TP 80' (A) TP 80 (B)
NOTE:
NO SPECIAL 'REQUIREMENTS
FOR
LEAD LOCATION IN TP80(C)

UNLESS OTHERWISE SPECIFIED: ALL DIMENSIONS ARE REFERENCE

SIZE DWG. NO. R-TP80 REV
I SCALE: NONE: ISHEET 2 OF 2 |: cL



AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1
March 12,-1999
Page 37 of 54

Equipment List 1: Compression Test

Enter the Model and Serial
NumberDescription

Attach Inspection
Report or

Calibration Certificate

Weight Scale Y S Y-/1 7G

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

Print Name: Signature: Date:

Com pleted by: g _ _ _ _ _ _____-_________

Verified by: 4, ! _ -v A no -- S/

/



AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision I
March 12, 1999
Paqe 38 of 54

-

Checklist 1: Compression Test
.

Step TP80(A) TP80(B) TP80(C)

1. Position the specimen on concrete surface, per the appropriate drawing. Figure 2 Figure 2 Figure 2

2. Measure the ambient temperature. ;

Note the instrument used: e/rC-I13 t '-I L& .LIA"64L

3. Apply a uniformly distributed weight of 455 to 465 pounds on the top of the lid 15
for a period of 24 hours.

Record the actual weight: 4L(2 lb ZSB/6 4L :/A

Note the instrument used: .9gr-'/ iA-sr/ z.r-1/

Record start time and date: 17 "!rv '17pP
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 'S~r lqer' ~ ¢

1 
7 t'2w9

4. After 24 hours, remove the weight.

Record end time and date: 'b"4A97 ?6te/6,URj9
._. 7.18 Pr'i 7:/rP,4 7:iPv

5. Measure the ambient temperature. . . v

Note the instrument used:

Photograph the test specimen and record any damage on Data Sheet 1.

7. Engineering, Regulatory Affairs and Quality Assurance make a preliminary Si54t
assessment relative to 10 CFR 7 1. Record the assessment on Data Sheet 1.
Determine what changes are necessary in package orientation for the penetration I' MM_ I
test to achieve maximum damage. ;9

Verified by: Print Name: Signature: Date:

Engineering

Regulatory Affairs Hii7

Quality Assurance A /. 1iifdz ^4aif g./•Z4 __e __ _



S UF74 7- L
siFr /fig

7fP21 k'e-` I

733f 47: 155- 46S/

77o0 (q ') 7;PFO (s') 77'3c5()
_ II

2ULPr / ,- =

/A lb'. FM75 A )7= /3, l lb.

/o War =w
-

ml- WTr_ I-Z;-. lb V7?~L wrF

() /( MOP 9x4 Kit:J /s W.4', CyY

A4• q~s~s/6r 15& tSESS~oi~ arA

' .3K9 l 3,f{S,/3 . ;;,

/g)~~~ 1 i 4 j S t < ( _Ad <K

Y /] &7 G / ~ 9 e 6 g o f of ~ / O J n T :

13 .q6 3

@ IRS 16MtIA 9 Ibe MAX P 99 w9 [l MAR 0



AEA Technology
QSA, Inc.
Burlington. Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Pace 39 of 54

-

Data Sheet 1: Compression Test

Test Unit Model and Serial Number:

V,V /52ai
&'A" /I3!

Test Specimen:
7Pb.9 (Ao)
T^P 6W C
7-P O &

Test Date: ,5yI&r 7 7 Test Time: 'q'P" - Test Plan 80 Step No.: 8.5

Describe test orientation and setup: .2

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

On-site assessment:

Engineering: Regulatory: / ±.LV- a eSAGAzde l

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by: Date:

Av _ /g re
/Z ~



AEA Technology
OSA, Inc.
Burlinaton. Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Pane 40 of 54

Equipment List 2: Penetration Test

Enter the Model and Serial Attach Inspection Report or
Description Number Calibration Certificate

Penetration Bar Drawing BT10 129, Rev. B See A-mrctw

Drop Surface Drawing AT10122;-Rev.-B - -

Thermometer 0MA&A M6L.

Thermocouple o 5 rL A I -Z6LA*

Thermocouple OMwr&A - I OlV
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ W ,T't4 - lo -5 (=

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

Print Name: Signature: Date:

Completed by: 0 1-5 VT MU- 39

Verified by: ZDon"'cl Al. -D. _ A f17 M .A/. '7



AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80. Revision 1
March 12, 1999
Page 41 of 54

Checklist 2: Penetration Test

Step [ TP80(A) I TP80(B) I TP80(C)

1. Immerse the test specimen in dry ice or cool in freezer as needed to bring specimen s<
temperature below -40'C.

2. Position the package as shown in the referenced figure, or by Step 7, Checklist 1. Figure 3 Figure 3 Figure 3

3. Begin video recording of the test.

4. Inspect the orientation setup and verify the bar height.

5. Photograph the set-up in at least two perpendicular planes.

6. Measure the ambient temperature and the specimen's internal and surface
temperatures. Ensure that the specimen is at the specified temperature.

Record the ambient temperature: 9c

Note the instnrment used: £Ai&-/2 --/- 6M-JZ

Record the specimen's internal temperature: - . o
.9C- 8 3 9C.

Note the instrument used:

Record the specimen's surface temperature: to

Note the instrument used: E//& -/Z a 6-,

7. Drop the penetration bar.

8. Check to ensure that penetration bar hit the specified area.

9. Measure the specimen's surface temp. Ensure that specimen is at specified temp. -7 c -

Note the instrument used: _ 616-12 Hi2

10. Photograph the test specimen and record any damage on Data Sheet 2. 1 2 i #

11. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71. Record the assessment on Data Sheet 2.
Determine what changes are necessary in package orientation for the 1.2 meter (4
foot) free drop to achieve maximum damage.

Verified by: Print Name: Signature: Date:

Engineering

Regulatory Affairs

Quality Assurance 0q AS itfZ .ti. 5 1??ief9



AEA Technology
OSA, Inc.
_urlinntnn Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Page 42 of 54

Data Sheet 2: Penetration Test

;t Unit Model and Serial Number: Test Specimen:

65 9L SAJ Z 13

Test Date: / Test Time:.7 :,z' Test Plan 80 Step No.: 8.6

Describe test orientation and setup:
~7~ , C 12d ffi5 3Sr R

Describe impact (location, rotation, etc.):

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

On-site assessment:

Engineering Regulatory: < > /7C5 QA: ZxAV

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

Completed by: Date:

94m/2 f7A z? 77



AEA Technology
QSA, Inc.
Burlington, Massachusetts

Data Sheet 2: Penetration Test

Test Plan 80, Revision 1
March 12, 1999
Page 42 of 54

-T
;st Unit Model and Serial Number:

I .... ... I . - I. Ma . j .

Test Specimen:

7730 9 (B)

Test Date: 9M ,?, f 7 T i:7 Test Plan 80 Step No.: 8.6

Describe test orientation and setup:
/A AecCoP0,74C.& AXr,1T4 ,Gz e ot 7M57 P;3M'

Describe impact (location, rotation, etc.):

I7P09cr o3 .5 e oD C C: S0z eW46 2

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

°qo D 5, ,Aweglr104 Ar AWMr7 o0 4 eCArtrq

On-site assessment:

Engineeringeit& Regulatory: 04 ZAl -&'4.7.L. Azj

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography:

C o Y Date:

II17 77h 7d



AEA Technology
QSA. Inc.

Test Plan 80, Revision I
March 12, 1999
fl...Az7 o GA

- ..I..4LJ1 Ooldb .Jx L to rage ar .

Data Sheet 2: Penetration Test

est Unit Model and Serial Number: Test Specimen:

|650L 35J /•5 7P7O (c?)

Test Date: / q TestTime: J TestPlan 80 StepNo.: 8.6

Describe test orientation and setup:

/14 4Or2-VD9cC A'/r7(t orlaeaG 3 or 7w7 PC:5.

Describe impact (location, rotation, etc.):

/11,04dr vcl 31ve Ct SoD'ag!G ° et r6z

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

D5^76r- 54c 1wzhnrrvio- .4r olvr 0, &Vr 'dorsc

On-site assessment:

E ongi/ncr ntg Regulato 7 .SGAt/ Z#ED o ei'4'rrzo.

Engineering 7.. Regulatory y:I/i/1X j79QA: v 7Ae

Describe any post-test disassembly and inspection------ ------ ------ -----

Describe any change in source position:

Describe results-of any pre- or post-test radiography:

Completed by: Date:

'1, V 7I _'?S



AEA Technology
QSA, Inc.
Olrinn ... chlrbt

Test Plan 80, Revision 1
March 12, 1999
1Pa-n- An C r;A

DU S.,, .y4I, I. laC-id WOl.LLO rayc *a U U4

Equipment List 3: 1.2 Meter (4 Foot) Free Drop

Enter the Model and Serial
NumberDescription

Attach Inspection
Report or

Calibration Certificate

Drop Surface Drawing AT10122, Rev. B 5Ee Arkmt
... . .. .. ..... ,,

Thermometer oM&A t

Thermocouple 5C r^-2O3ol
Thermocouple w6

1
r - C>- \

W'K - 10-22n

Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration certificate.
V r

Print Name: Signature: Date:

Completed by: 1-7 MA 9

Verified by: 2Dawc1A/".Ks4v VD. c 4 _ _ /7 _dt _9 _



AEA Technology
QSA. Inc.
Burlinaton. Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Pace 44 of 54

Checklist 3:1.2 Meter (4 Foot) Free Drop

Step TP80(A) ITP80(B) I TP80(C)

1. Immerse specimen in dry ice or cool in freezer to bring specimen below -40'C.

2. Measure the ambient temperature. .3° 13 c3 _ /3 "e

Note the instrument used:

3. Attach the test specimen to the release mechanism. i

4. Begin video recording of the test. @ (

5. Measure specimen internal and surface temps; Ensure specimen is at specified temp. 6

Record the specimen's internal temperature: -90 q -(39'c _92 -

Note the instrument used: l _____

Record the specimen's surface temperature: -92 c -5;5 c -9S'c

Note the instrument used: 67i-/Z t-l

6. Lift and orient the test specimen as shown in the specified referenced figure. Figure 4 Figure 5 Figure 6

7. Inspect the orientation setup and verify drop height. -- - - _ -

8. Photograph the set-up in at least two perpendicular planes.

Release the test specimen.

10. Measure specimen internal and surface temps. Ensure specimen is at specified temp. I

Record the specimen's internal temperature: -71 c -53 9 c

Note the instrument used: E&WV- 1 1. R(G-IZ.

Record the specimen's surface temperature: -- 76 C -61 c9

Note the instrument used: EMr-fZ . M4(1 &- ScAhW-2z

I1. Photograph the test specimen and record any damage on Data Sheet 3.

12. Measure and record a radiation profile of the test specimen in accordance with
AEAT/QSA Work Instruction WI-Q09.

13. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71, and record on Data Sheet 3. Determine package
orientation for the 9 meter free drop to achieve maximum damage.

Verified by: Print Name: Signature: Date:

Engineering A&;f fr1 C P7 or n

Regulatory Affairs J X _ _____i>

Quality Assurance H. /h/a >z ZD.g. /5•u4 7 12 7ach 99



AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision I
March 12, 1999
Page 45 of 54_ _

Data Sheet 3: 1.2 Meter (4 Foot) Free Drop
.

fest Unit Model and Serial Number:

6A5OL SIV 2z2 3

Test Specimen:

776'4 ()

. _

Test Date: /7 qe. 99 Test Time: yO./541 . Test Plan 80 Step No.: 8.7

Describe drop orientation and drop height:
Woevrz o~rr t Sos zDcga. A164-41r en 7VZO Ads5 .Zags

Describe impact (location, rotation, etc.):
lmOP4er tZIr 4s s.WoAJO is PAlEa 4iL

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

/1APV4e-T t Trw6ss Bloc4s o ai erro.7 A e74 rb°p Asdre A4c 8'rC 64 .44 0%4eG5
MO D4^ew AVrz B*.ed Lfw PA.4rs

On-site assessment:

6Eo-,z-r-7-veenng4 Peh4OeAvq&-.q-77S .. 57o4'g5$Q: we

Eninein12AA~Leultoy8$JA.)A/ 7-,!±e99

Describe any post-test disassembly and inspection: ' 4, 7-a 7-4P

- 4-vao 7-$- 21~ 4 AZ-0t-- FV/Z P~e- af-
a- toe"69 6 e 5- 0R65fi5 /

- Loc-r .Atst g

Describe any change in source position:

'7. 75 i- 3Jq v5 . .^ f eSrS A6 C AAVAAd ;I

Describe results of any pre- or post-test radiography:

Completed b Date:



AEA Technology
QSA, Inc.
riAnaton. ascuet

Test Plan 80. Revision 1
March 12. 1999
M,,n -r - rs

rdge '� 01 oq

Data Sheet 3: 1.2 Mleter (4 Foot) Free Drop

rest Unit-Model and Serial Number: -- - Test-Specimen:- --

650'L 5V/ IS

TestDate: 4e 99 TestTime: / :30 A TestPlan80StepNo.: 8.7

Describe drop orientation and drop height:
yazao- v p:0-t2 , _ f . cHro ar Deo z 1-2 m5
orC 4 r o ToP .Z,W e

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

/bDpqC7 C J oarp op ee e - 962rle.4C UPS' Z u iD Xc 5r & e

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

/I".4C7 (49rIT6Ss /A#74X oAj 7bP OF 4/0. #W DqeeC 0 ,

On-site assessment:

e0'a7-1/j1Ja .94 k qw4D 7E5r r6M4'E -94O 6R/1Cfq7?05os

E ngineering Regulatory: A:M D." 17"4e9

Describe any post-test disassembly and inspection:
- o/_JV ,po 4ezge {'rsp 41c-- 0c~t C. r -VD DC w

P- i71t4A'ha AAssse"L V/> 35V*

Describe any change in source position:
6 .,'33 > dp o5 sr6 heJ J Aijv.6i -ti,,'.._ {fi~t-c *S

6-. 3 -'s -f a s o S -c6e/ )
Describe rsuits of any pre- or post-test radiography:

A/A4
Completed by: Date:

iQ /g q"
, . .



AEA Technology
OSA, Inc.
Burlington. Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Pace 45 of 54

Data Sheet 3: 1.2 Meter (4 Foot) Free Drop

Test Unit Model and Serial Number: Test Specimen:

6O-)L 5Al /95 7F 'K ('C)

Test Date: /74tfU e Test Time: L )4S Test Plan 80 Step No.: 8.7

Describe drop orientation and drop height:
7oP Coe- v .o f4IG47e CFe Dfp u4s /#2 mn

Describe impact (location, rotation, etc.): 4Dpcg _

11iovcr o4 doee OF C do 71 P. 0-;*'--At _ W

Describe on-site inspection (damage, broken parts, etc.):
/j 4pw9C7 &u1T.'r5S A*Awws OAt ropP 4ve! of CI/D. Aev4t 5sT oiR '97
IW44c~r p0,47. 4PRK 2"' ez4Cr

A5 5 1-78 /S6rc .Ao daZtc ,SSgfivZ/ 4A- h ;
OA A '-H;d ,L '/

On-site assessment:

C oc 1A~~- 71w7 P M S4Ps&a=^ze 3 kre't

Engineering: Regulatory: g/./Z/LL.LfQ4'' /7I'" '997

Describe any post-test disassembly and inspection:
- .'Co TM -P edw-; c-' cof di- i t- - -4, Dot de 7v 7i o

- 4"'h

Describe any change in source position: A t /M ocA t
(5*) C. 3A .~4 f~ ~*¼ A 'i-s! 6' ioj r* 'V IA~ r~ /;(e -n Cl. ",1. s-e h

Describe results of any pre- or post-test radiography:

/VA
Completed by: Date:

r / /niA V7



SENTINEL TP-A6 ) - AF*7 '1 2z(d4 r) MOP 7Z-S

SHIL RDIN PROFIL AN NT SPECTI FORM
SHIELDING PROFILE AND INSPECTION FORM

del: LSerial Number:m be r:..Y.. Radionuclide:XR219.I Max.Capacity: Z.l. Ci

Shield Data

;hield Heea :. Mass of Shield: Lbs. I Lot #:

Initial Profile

;ource Model: Source SN: Activity: Ci

urvey Inst.: SDate Cal.: Date Due:___

Observed Surface C ction
Surface Intensity mR/hr Facor Adjusted Intensity mR/hr

op _ \_ _ _ _ _--_ _ _

ight __Capacittion

.ont Fac tor:

,ft

aar

)ttom

_ Date: NCR

Final Profile

)urce Model: 4?-L ~ Source SN:c58?s9t-,p7.8 Activity: 202. Ci Mass of Device: Lbs.

irvey Inst.: A44L$R4Z7 SN:_________ Date Cal.:Gtef+fF Date Due:
Ine 16 A Fr. J91

Observed Intensity mR/hr Adjusted Intensity mR/hr

3urface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

P - /A2 2, L

;ht ____ .Lft 7 7
1ht~

)nt 7Capacity Correction
t =Factor:- I jlB..

ft - .5~5 L7

ar 75 =. 17 _ 9 .'

ttom _I_ I _ _ *G _ __ _ 7

pector: Date: )7zg/Iazr 99 NCR hi: J.A

- - \ d -f t-ir---Is.* vt
016-1/1

P"Imersham QSA



SENTINEL wy(s)- m=7Lz /. 1(4'ravr) MOP 7Z-5r

FR ' 7 - ST rDa\T
SHIELDING PROFILE AND INSPECTION FORM

lodel: Serial Number: I1B Radionuclide:.R19?- Max.Capacity: Za_!L Ci

Shield Data

Shield He Mass of Shield: Lbs. I Lot #__

Initial Profile

Source Model: Source SN: Activity: Ci

Survey Inst.:_ _ Date Cal.-, Date Due:_ _

Observed SurfaceC ction
Surface Intensity mR/hr Adjusted Intensity mR/hr

rap ___ __\_ __ __ __..__

light Capacitction

:ront Fac t o r:

.ef t

lear

lottom

or: Date: NCR _ __ ___

Final Profile
C~Z? 'I s e Cd.

;ource Model: 4Z3-. Source SN:c6qt-),o 7_ Activity: 2 02_... Ci Mass of Device: Lbs.

;urvey Inst.: ANR... a 4 9atZ7 T SN: 4 9 Date Cal.: Ge+ f_ Date Due: 8*Q 't

Observed Intensity mR/hr Adjusted Intensity mR/hr

Surface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

:op L1. J. LA /.7 ?/ = .0

ight = -. S3.

ront Capacity Correction

eft

ear ____ .7 -77

ottom __ _,_ 6 -__ _7.1

ispector:_ Date: 1 722 09$... . - NCR #: ./A
av

rrm nts:*- Ptr U37-1Y fn2rkC~r+
016.1/1

PrAmersham QSA



SENTINEL 7pg'O (c ) - 4qe7 / z 5?A / froor) DRoP p&-Sr
HIRLDG TLEST IN SE T

SHIELDING PROFILE AND INSPECTION FORM

,dil: I - Q L Serial Number: /95 Radionuclide: R 1l9 Max.Capacity: Z,-i Ci

Shield Data I

hield Hea Mass of Shield: Lbs. I Lot #:

Initial Profile

ource Model: . Source SN: Activity: Ci

urvey Inst.: S_ _ Date Cal.: Date Due:__

Observed Surface ction
Surface Intensity mR/hr Factor Adjusted Intensity mRlhr

D p _ _ _ _ __\_ _ _.__ _ _ _ _ _

ight Capacit ction |

*ont Factor: \

-ft

aar

zttnm \

jr: Date: NCR_#:__

Final Profile

zurce Model:I 4 M- 3 Source SN:rSSi- )7. _ Activity: 2D2.. Ci Mass of Device: Lbs.

irvey Inst.: AK1P'b¶TV77 SN: Sui Date Cal.: Go)etf Date Due: $Ac*9f

Observed Intensity mh/hr Adjusted Intensity mR/hr

.urface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

,P __ 1A J9L sq 2.o

ght _ _ _ _ _ _1_. 7
~ ~ Capacity Correctionont ¢16.fFactor: I/./a 41 7 J

ft

.ar _ _ .5_53 .

Attom i5 . _ 57 -_S

spector:_ _ _ _ _ _ _ __ , Date:-/ 4tr,-A 92 NCR #: 11 . J4 .

r- -Its:* Prl ur-=2 1Wftrkc)"'gt-t
016-11

7i/mersham QSA



AEA Technotogy
QSA, Inc.
Burlinotonn Massachusetts

Test Plan 80, Revision 1
March 12. 1999
Page 46 of 54

Equipment List 4: 9 Meter (30 Foot) Free Drop

Enter the Model and Serial
NumberDescription

Attach Inspection
Report or

Calibration Certificate

Drop Surface Drawing AT10 122, Rev. B 5 ACK

Thermometer OMEGA HH efWA& - I?-.

Thermocouple 0 eA

5> TZ- -G -tK -36 - 3 _-Thermocouple PlE&AA
W 1)i- 10: - 34,.

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

Print Name: Signature: Date:

Completed by: \ _ _ )_ Ai\__i_ _9

Verified by: A.2. A /8 or a 7



AEA Technology
QSA, Inc.
Burlinqton, Massachusetts

Test Plan 80, Revision I
March 12. 1999
Page 47 of 54

-

Checklist 4: 9 Meter (30 Foot) Free Drop

Step .TP80(A) TP80(B)| TP80(C)

1. Immerse test specimen in dry ice or cool in freezer to bring specimen temperature,

below -401C. t)_i

2. Measure the ambient temperature. r- r c 12 }

Note the instrument used: EA/6-rZ. _ AI&- IZ EW&-IZ

3. Attach the test specimen to the release mechanism.

4. Begin Video Recording of the test.

5. Measure specimen's internal and surface temps. Ensure specimen is at the specified

temperature. 
- _ _

Record the specimen's internal temperature: N1WV c _ 97

Note the instrument used: EN&-t27- FJM&--IZ C14--I

Record the specimen's surface temperature: -2 e- -9 3 c _ It

Note the instrument used: -CES -I2 CG-IZ b -IL

6. Lift and orient the test specimen as shown in the specified referenced figure. Figure 7 Figure 8 Figure 9

7. Inspect the orientation setup and verify drop height 65; QI
Photograph the setup in at least two perpendicular planes.

9. Release the test specimen.

10. Measure specimen's internal and surface temps. Ensure specimen is at specified

temperature.

Record the specimen's internal temperature: -:92 c "y e. C,

Note the instrument used: i ec -IZ e9--aZ rG -IZ

Record the specimen's surface temperature: - 9 ° -- 9'c -6 q C

Note the instrument used: EIfc.-a C e -I Z fg&.t

11. Photograph the test specimen and record any damage on Data Sheet 4.

12. Engineering, Regulatory Affairs and Quality Assurance make a preliminary

assessment relative to 10 CFR 71. Record assessment on Data Sheet 4. Determine

what changes are necessary in package orientation for th. puncture test to achieve

maximum damage. 6

Verified by: Print Name: Signature: Date:

Engineering &tc& 1r,00 /W-R/

Regulatory Affairs

Quality Assurance W7o/I. / vfa ac 99

) ATC _ i0rr gE>pi.ar, -9 3o-



AEA Technology
QSA, Inc.
Burlington, Massachusetts

Data Sheet 4: 9 Meter (30 Foot) Free Drop

Test Plan 80, Revision 1
March 12. 1999
Page 48 of 54

fest Unit Model and Serial Number: Test Specimen:

650L 3A ZZY3 7?P3 ()

Test Date: /,{ Test Time: q ! Test Plan 80 Step No.: 8.9

Describe di6p orientation and dro-p height:

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

- p,9-. OA,"L "fV,-p &OF- : OtCi r- -o ;I4A'

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

- LoM&6 0 04 /7v o ftoi CI4r C'9 -60/1 -'2 k 4

- tZ26y oF 7Vi'K. 4e f--. .l n £40 o .9ICc F- - . .. .e =
-O osOF-0e-FAH ti10e- oi 1A4r-! d-14_ APi 1' V -~c~ pV,'-re WH-xC-c GoE~t-

pv,-rr 0 Fpf1,t..,

On-site assessment:

- cworw s-u -c--tt Pop s-acpve- 4o cogi

Engineering { Regulatory: 6 2fif lQA: ZW; 1 /,V'je

Describe any post-test disassembly and inspection:

Describe any change in source position:

ivy?
Describe results of any pre-, or post-test radiography:

dAt

Completed by: Date:

9 -~_ /? e

/"



AEA Technology
QSA. Inc.

I'minfn Mne----- v

Test Plan 80, Revision I
March 12, 1999
fl_. AQ .t rA

--uI Iy4tJ. -SO cL... IUO4,L ra.ge 4oU 04

Data Sheet 4: 9 Meter (30 Foot) Free Drop

. est Unit Model and Serial Number:

6'elA 5s\I /3z

Test Specimen:

77'96 (3)

Test Date: /d/1F92- Test Time:la 3 a Test Plan 80 Step No.: 8.9

Describe drop orientation and drop height:

-Ve~bL zcK C'fA SIOaf j?,L.7v ,j~47 3

Describe impact (location, rotation, etc.):

Describe on-site inspection (damage, broken parts, etc.): , /; 0
- oce /A-vEd ~L 4 / #/f 5J1/;rJt/, -A'D '*-t&Fhp /6

C14 vthA-k bv kch zol/v t.6 *I5 Az7^ /Jz 6. P
S $5 ore- h4- 86.e. Ou4 -a/' 4' e MI

- c5 A4 - 5AeI/ CEr,, hMrph 4ogcvrc afi4- A'§ °a vP~" 4/§
O.f7S -/ I

On-site assessment:

Cs < fo txs ez't Ma sa- Zf' S c, T e7 k& z 3. ZF ~ 9 A C S I JA ~ k s ~ ov 2 L 4 ^ , A S j i t P ' d < z -> 3 c -4 , ; e X

_ ~ s 3 ' k < ~ - . ~ b g ~ r ~ T h ~ s c j 2 . D r7 )o r - 7 E ) p SP 7 P -t3

ar 77TH' SVo0e'7VM TnF CaL CH-r IM tro cdw-7'-,v46 -5 j6- wz29i

\- Ji , A 7 1 (3 ~ 1 j P 4~ ~ t l t - S N ' - 1 s " - g c ~ f i;- o

Engineering:R& A0 / Rgulatory:

Describe any post-test disassembly and inspection:

Describe any change in source position:

IVA

Describe results of any pre- or post-test radiography:

_A/A
Comple d Date:

2' _. _17
4thkerc pu'elx' 13 JJ1 / 5 ~tIV,42A F,<,7-t 11,V,0X'5'0

t A- / CrrO-t

I V )7 Z P '~ - 9 7 c R ACK C

ii>;o1 HPt-*i Ta H Ao^IP )77

END~ VICZU
/p LJA) i

CRAiCK AMoL ._.-_;_

L)Ao dW C)91Z wcc,
Hu _ _-P



AEA Technology
QSA, Inc.
Burlinaton. Massachusetts

Test Plan 80. Revision 1
March 12, 1999
Paae 48 of 54

Data Sheet 4: 9 Meter (30 Foot) Free Drop

Test Unit Model and Serial Number: Test Specimen:

6s'L l A/' 195- 77%go C)

Test Date: I/; ,. 7q7 Test Time: Test Plan 80 Step No.: 8.9

Describe drop orientation and drop height:

Describe impact (location, rotation, etc.):
-7,p1 CeM Melt can V- S

Describe on-site inspection (damage, broken parts, etc.): Zv 7-

P0,0F ie-TeC§ of- &I' b ep ra' e m e C'691 uz47 A h & E =X a s"4cn g-0d -5 4b-I
-D - -Ts' C 9 ' ha at -- Ace Pi 6dD cu

,41 O PZ 4.1 ,v9 Cz1-J IVr4

On-site assessment: O/V 03Wvrw)

- CIRO9r66' Peffe,7zl/te 1S3,9 24o(' O, fi&'2vD6a-VOA FfoA; sir oIT .- m 1./ 7A"2 i%9 T 7:9
Jj:pr a t4Acv,- -OP e- Ala 7-0 7A tp 7S a&7- 7-D Zook c, S

Engineering /Regulatory fQA:A

Describe any post-test disassembly and inspection:

Describe any change if source position:

1AM

Describe results of any pre- or post-test radiography:

Co md b Date:



AEA Technology
QSA, Inc.
Mirlinotnf Msahuet

Test Plan 80, Revision 1
March 12, 1999
0-n AG of ZZA

Equipment List 5: Puncture Test

Einter the Model and Serial Attach Inspection

Description Number Report or
Calibration Certificate

Drop Surface Drawing AT10122, Rev. B e eT(? ..

Puncture Billet Drawing CTlI O119, Rev. C

Thermometer OfilC&A

Thermocouple Ot1- -A

Thermocouple om - 3A

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

I. t

Print Name: Signature: Date:

Completed by: J:Ae Amt, I M at 29

Verified by: .A7 . le <th /F Js e 1



AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Page 50 of 54

_

Checklist 5: Puncture Test

Step TP8O(A) TP80(B) TP8o(C) 7

1. Immerse specimen in dry ice or cool in freezer to bring specimen temp. below -400C. - (
2. Measure the ambient temperature. / __________

Note the instrument used: V6 -/2 a /2 Cv&-/ | E

3. Attach the test specimen to the release mechanism.

4. Begin Video Recording of the test. t)

5. Measure specimen's internal and surface temps. Ensure that specimen is at specified temp. (-

Record the specimen's internal temperature: -1 -3_

Note the instrument used: - £v&-J L
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -(

Record the specimen's surface temperature: I65 a -Aa 53

Note the instrument used: 1Z -7- "&_/2-

6. Lift and orient the test specimen as shown in the specified referenced figure, or as Figure 10 Figure II Fi ure 12
determined during the assessment of the 9 Meter (30 Foot) Drop Test.

7. Inspect the orientation setup and verify drop height.

3. Photograph the set-up in at least two perpendicular planes.

9. Release the test specimen.

10. Measure the specimen's internal and surface temperatures. jj)a (m
Record the specimen's internal temperature: A>-79 C. - 3 C _ 2. a.. a | . _-

Notethe instrument used: " 4 K-12-9l -6 -Jr

Record the specimen's surface temperature: Ile -c tJ c

Note the instrument used: tA-/2 6Yq-;a 4yr-ea
11. Photograph the test specimen and record any damage on Data Sheet 5. |

12. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71. Record assessment on Data Sheet 5. Determine what
changes are necessary in package orientation for thermal test to achieve maximum
damage.

Verified by: Print Name: Signature: Date:

Engineering ,tj 7 /jg

Regulatory Affairs .e, _ _ _ _ _ _ H2

Quality Assurance f ir. vz .W. /6 A 9

oP go o)

-12-

59&- I t

37 ce

-14

is 76«r 66` 0s rct mK * lo1F r "-



AEA Technology
OSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision I
March 12, 1999
Page 51 of 54

Data Sheet 5: Puncture Test

Test Unit Model and Serial Number: Test Specimen:

Test Date: , 7 J Test Time: G i . - Test Plan 80 Step No.: 8.10

Describe drop orientation and drop height:

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

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

-<vc 7&'5 i4V 4 & - n7t' A tvf,-;,t 7:3

On-site assessment:

- ecF /X'T I -val oec I zr Ift ,,-

ADO7777: b dAdt 'fi cc e. 6eft 4G)

5Ito Or- PA NG -a A$ a17'3'

Engineering: Re : - Ir 47A4Y~ije~hr e is o 1eP.t JocA^ J*X Pl

Describe any post-test disassembly and inspection:
5atr°9she7~

Describe any change in source position:

4 Be ass 6 .3- ? -A,019'SJp 6, 3116 6. ao 3 =-O of /q

Describe results of any pre- or post-test radiography:
Socwsi~:sf~_AC, C4^-; /,9 11fi1atre.44 ,,42/o

Complet9 Ad b Date:

7AZ I A n I



gSOL - o 5_C/A1,j 66 go))

F r ~ av- - rv L - 13A-7� � /--Y

- .5 V- -t� �
0-
i�) C. 390

* SIHC-d4,rW "'- A 2",34 v

/Ij &Jfe} , /1/0 40aLv p I5i a dXT
, Aa vepeZ7 , o ip/:tr

4.�Olw R--?,7



AEA Technology
QSA. Inc.
Burlinqton, Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Paw 51 of 54

-

Data Sheet 5: Puncture Test

Test Unit Model and Serial Number: Test Specimen:

650Ot SAI AZ PFel ro)

Test Datev/g5 i ~ Test Time: /!o2 D Test P]an 80 Step No.: 8.10

Describe drop orientation and drop height:

Describe impact (location, rotation, etct):
.i£f.)dAn o/~d'l * o e 4  / P'iy V- °-r'-'

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

- S-c/ 4A4tfrZ Lv~ 1#L-. si 1 'jt ,~c e~C h .CfZ /3>G k~d

/0L /oP-7Ti2Z.O'A -- of dc~'-4 kYcQ4 LD

On-site assessment:

_ 4 A4 g 4 A_ AA c-a.e,-,/ c

- .- t.e. A A11 G-A4 sA.~.'~f' C-v4.C, 7 ;Xf p1a_ s/aev'oc v^y 7At vv..4'e *

4- //f Si 4e8; er.2 4.OD/ )-tar.,174 /La

7"! TP4"Y te rCroF- xr S^o>,, / BC /)f31to &VI3 %-/ CA$Cfi 1" H

,4R 375/ v-i *! _LS )-A PT p7 F" 0 i .S'V* ~ ~ ? 7

Egn Regulatory: 7 5dX/-3g;Q A: 0>.,jV. l

Describe any post-test disassembly and inspection:
Jee-' Ar9e.4dZ)o 5/-4v3"7

Describe any change in source position:
-Dv jgt4 i 1 j) LLcs .dk w' .14 ^ /~ J&,p c n4d*6,./

_ 
_

Dr rsus of any p- oot-tadg
SAee- F J4.6 $fl-IdL67

Completed by: Date:

> / g _ g ns

f~t_

2



6•~~ 12w-77 TP&W//717A- 7-P8ga'C) - 3/U I
* 6i/-wt'r -4v3g9o-tT 7vt -- aoK& (

- pler ,5@>2U ,cvr;-r -G7- AmY- WiC A&) OFr

- 1OCoEf 16 //377 9 ' 3aZm S77U )RC LeC'c'e'/iJ /AJ e,/7

-UCkS 46 s7Lc 42/A)C77ecq4,L

- Aci; Posadvv' ov¢C. '5V PO. ______

( I 6^. 5-6.4'5 o
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AEA Technology . - -. .- - Test Plan 80, Revision 1
QSA. Inc. March 12,1999
Burlington, Massachusetts Page 51 of 54

Data Sheet 5: Puncture Test

Test Unit Model and Serial Number: Test Specimen:

Test Date: f R Test Time: Test Plan 80 Step No.:. 8.1 0 .

pescribe drop orientation and drop height: ?nJ Av
-UF&_upl Xc M C7AJ LIp e&7JA723Z) 7 47rA / //IT6 -AG6-6-54 M OE)L.b 7 F

J 4 ,-IriD I0A{

escribe impact (location, rotation, etc.): *, 4'44< c S<Zk 14 7
67>6 ,I FtW CNIZ6 .91 Mr TFpA,/9rZ 1Fr Z1D aa;V1,1Jr3,s JgovzJ0!
LID.

escribe on-site inspection (damage, broken parts, etc.): |/ze Di2 OtIrs 7Oev

I A{' 66t - b C 'o'4

On-site assessment:

,~p..
A- ,t~ 7 *o,6s ,V- // Cf~- c ~ ~ ,2t-7, "f4 Aj11A1rzV

Engineering: Regulatory: / ? .

Describe any post-test disassembly and inspection:

Describe anychange in source posit n:

d9- 6.Bo 3 o .Lc~

. .*6.26 6.A St '+-.O0 3

Describe results of any pre- or post-test radiography:
Al0c d., a,., A36,,S ,~ ~,~

Co leted by: Date:

9'Wz Th~ o MG O 6 m -Oc p/W/A'"e.6 74. d@ L 7ZV- OF Ps r

tt,,-f~I~9, (P s~T }4oun
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ctf S7*

* * fta /gr IA / S,/9/I-Y 8 ,Y
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* ~ .65.... .. . . ...
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SENTINEL 7P7'3zo('() - 4W&7 9M (3" Aa37 ) Dl. 7,37-3& XWC7V 1 C-
7MS7

SHIELDING PROFILE AND INSPECTION FORM

odeI G L Serial Number: Z23S - R~ddonuclide:X Rl19? Max.Capacity: 24l ( Ci

Shield Data .

;hield Hea Mass of Shield: Lbs. Lot #: -

- - -- - - - - Initial Profile

ource Model: Source SN: Activity: _ Ci

urvey Inst.: S Date Cal.: Date Due:_

Observed SurfaceC ction --

Surface Intensity mR/hr Adjusted Intensity mR/hr

D p ')

ight \'

ont F Capacity n

!ft

.ar

Atom

r: Date: NCR # :

Final Profile

urce Model:±q 4Z 4- Source SN:. P>2- /eA Activity: 2n5_•. Ci Mass of Device:. bs.

irvey Inst.: A/PqXZ77- SN: SM-P2? Lin? Date Cal.: A'ct 7 Date Due: PIZ

Observed Intensity mRlhr Adjusted Intensity mR/hr

;urface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

Pr_4_1A 2 )3 21&L7
1ht

wnt Capacity Correction9
-4---------- Factor:...L..

ft . ..
ar 70 ._ j 1
ttom S 3

n- tnr- rln.- IC, M_,kq~ Kf1r0 .9. .11A
iJvu. - IIC_ v a.1- I -1 It, - /r~ 14 %.r fl; .

:ments:g Ptr U(7 -CY q Lt- --
016-111

!dlmersham QSA



SEN7INEL rP r'6e ) - F 91 (e36 r-eO 72s' 7Lr$ prJc7g•

SHIELDING PROFILE AND INSPECTION FORM

dfl GS L-rt Serial Number: / q S Radionuclide: 7R 19? Max.Canacirv: 2 4I /1 r;

Shield Data

hield He Mass of Shield: Lbs. Lot N:_

Initial Profile

ource Model: Source SN: Activity: Ci

urvey Inst.:_ S Date Cal.: Date Due:_

Observed Surface ction
Surface Intensity mR/hr Factor Adjusted Intensity mR/hr

ght _ Capacit ection

ont. Factor:

ft

.ar

ttom.

Date: NCR_#:_\

Final Profile

urce Model:.q 42 - . Source SN: Activity:.2-O±T.. Ci Mass of Device: Lbs.

rvey Inst.: APzR77- SN: SttAi4a Date Cal.: P5'g Date Due:fSA^ 'Y .

Observed Intensity mR/hr Adjusted Intensity mRlhr

;urface At Surface Corr. At One
Surface Factor Meter At Surface At One Meter

D ) 1A 17. 2* Z-
ht 85 9

nt Capacity Correction

t IZD.9I2L .C

torn 6__ * _ . _ _ _ _ __._

sector: . Date: V,/ k59 NCR 4

ments: Ptr & - t
016-1/1

PrImersham QSA



AEA Technology
QSA, Inc.
Buirlinntonn KAnssacr-htiqef

Test Plan 80, Revision 1
March 12. 1999
Paa 52 nf 5A
. - -- -1 --

Equipment List 6: Thermal Test

Description
Enter the Model and Serial

Number
Affach Inspection

Report or
Calibration Certificate

n . .

Bottom Surface Thermocouple I

Top Surface Thermocouple 2 I
-

Side Surface Facing Oven Front Thermocouple 3

Side Surface Facing Oven Rear Thermocouple 4

Source Tube Thermocouple/ 1 MAA/e
,

,

Oven

Oven thermostat
HOATreP j-ox F:W

CyCA0XCI _K- I
Record any additional tools used to facilitate the test and attach the appropriate inspection report or calibration certificate.

SIz sugeC6 tSC#we Le T-r rc . c. t} -1\

S/-F 5DPawCC fmCew6 g/6#r G _6Cr B -lK,,

AM uA)Ir ,?JIClX P' oit-dfa~r7c4
CE IP Sc.) - Z

>Ps t99Cole--P~rvie(~Z CH) @

Print Name: Signature: Date:

Completed by:

Verified by: Zpai/IV. mo'rk. * * ,4.ar ___



AEA Technology
QSA, Inc.
Burlington, Massachusetts

Test Plan 80, Revision 1
March 12, 1999
Page 53 of 54

Checklist 6: Thermal Test

Step

1. Record Test Specimen Serial Number.

2. Preheat the oven to 810 0C.

3. Attach the thermocouples as described in Equipment List 6. Ensure the recording
devices are active, and that the external thermocouples are shielded.

4. Place the package in the oven in the worst case orientation and partially close the
oven door such that a 1 inch by 36 inch opening is provided. Record the time.

5. When all of the test specimen's surface temperatures exceed 8 10C, begin the 30-
minute time interval. Record the time.

.

6. Monitor and record the test specimen and the oven temperatures throughout the 30-
minute period to ensure that they are above 810C

7. At the end of the 30-minute test period, shut off the overfed open the door.
Record the time. +oo ewV,7 r';ic 7e"Mr s*-cur7*-v-

8. Describe combustion when door is opened.
~~~~ ,v ,. nd

"W, '/ 4cif
ZV04t 19'*.z99

9. Allow the specimen to cool, 1 . iom-the-eoen. Record the
time. fpeimecntiefextgus and coT o a

NOTE: If specimen continues to burn, let it self-extinguish Ed cool naturally.

10. Measure and record the ambient temperature.

I 1. Photograph the test specimen and record any damage on data sheet 6.

12. Radiograph the unit to determine the shield location.

13. Measure and record the source location.

14. Engineering, Regulatory Affairs and Quality Assurance make a preliminary
assessment relative to 10 CFR 71. Record assessment on Data Sheet 6.

. I

Verified by: Print Name: Signature: Date: I

Engineering
Carkwjs -. RY7AS I

Regulatory Affairs

I
Quality Assurance

I

Aa-7nPz 7eX/- )4r ?j- t 13 Wei 0N5-laa amil A
of + £ -4 / ' h - " 7
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Data Sheet 6: Thermal Test

Test Unit Model and Serial Number: Test Specimen:

Tet at:/9 ~ 9Test Time: 7:. 35;c , Test Plan 80 Step No.: 8.12

Describe on-site oienspetion andamaetrknpuspec):~'~ k&J2zi''~3 ~~J-)U~

* 51Z~6 1) 7 ~e/l r' /Cq01 /C, J-D tAJ~ eJC).~~1F 5/,L C:,3~Z ~ 27

C6W4 /YOp5 771,4'J 6' 14 6' AO C1AJ6 1/-' C tDR6V/,?/??le'rd 6 ,?911= &-e a

Oeci n-sitteassessment: o (amage, b~roknparts, tc~'.): . ~AJAA ?1~ ~'S

(9)~IIC IJ1; Dv.7_ -4'XW6 CR46< F J4LUA-C DILf tL7,O /~ 6?O/~& N ~?'/

4r1eL-~ mt-7z-'eL) 3el,=7t X~1•A'~4A /J*~~

Engineerig me1 - 9 0f A

Describe any post-test disassembly and inspection:

Describe any change in source position:

Describe results of any pre- or post-test radiography: P0S7- 73571 Rf LcsJ6F

//'4 B2 Er ~ -7 /?u'!7w (7/I//Vb. R'Wx/

Completed by:- Date:

7-r z~66wc 7716- 70~P i~ Pc 7716 V3~ 7-0 Zi3• p1,qL/6J 1 A/77 771r 6Zer

P ql'r,5' /5 L4Z?*9 1`0' 7~5 7l'i5i5 A~?reW4AJ /--CP ZY7
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Test Plan 80 Photographs

Compression Test

Typical Penetration Impact

Typical Penetration Test Setup
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Test Plan 80 Photographs

TP80(A) 4 Foot Drop Results

TP80(A) 4 Foot Drop Setup

TPSO(A) 30 Foot Drop Setup TP80(A) 30 Foot Drop Results

D-2



Test Plan 80 Photographs

TP80(A) Puncture Test Results

TP80(A) Puncture Test Setup
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Test Plan 80 Photographs

TP80(B) 4 Foot Drop Test Results

TP80(B) 4 Foot Drop Setup
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Test Plan 80 Photographs

TP8O(B) 30 Foot Drop Setup

TP80(B) 30 Foot Drop Results

TP80(B) 30 Foot Drop Results
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Test Plan 80 Photographs

[P80(B) Puncture Test Setup I

TP80(B) Puncture Test Results
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Test Plan 80 Photographs

TP80(C) 4 Foot Drop Test Results TP80(C) 30 Foot Drop Setup

TPSO(C) 30 Foot Drop Results TPSO(C) 30 Foot Drop Results
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Test Plan 80 Photographs

TP80(C) Puncture Drop 1 Setup TP80(C) Puncture Drop I Results

TP80(C) Puncture Drop 2 Results
Showing Closeup of RivnutTPSO(C) Puncture Drop 2 Setup
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Test Plan 80 Photographs

TP80(B) Thermal Test Setup TP80(B) Thermal Test Setup

TP80(B) Thermal Test
After Removal From Oven

TP80(B) Thermal Test After
Removal From Oven
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Test Plan 80 Photographs

TP80(B) Thermal Test After
Removal From Oven

TP80(B) Detail of
Cracked Shell

TP80(B) Detail of
Uranium Oxide Residue

TP80(B) Detail of Uranium Oxide
Residue
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Test Plan 80 Photographs

TPSO(B) Thermal Test After TP80(B) Thermal Test After Removal
Removal From Oven--Detail of From Oven-Lid Removed
Crack After Foaming to Stabilize
Shield

TP80(B) Thermal Test After Removal From
Oven--Detail of Source Tube Displacement After
Removal of Lock Assemblies

TP80(B) Thermal Test After
Removal From Oven--
Dummy Source Wire--White
Mark Shows Top of Source
Tube Position
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Section 3 - THERMAL EVALUATION

3.1 Description of Thermal Design
(Reference:
* USNRC, 10 CFR 71.33(a)(5)(v) and 71.33(b)(7)
* IAEA TS-R-J, paragraphs 651(b) ancd655)

The Model 880 Series transport packages are completely passive thermal devices having no
mechanical cooling system or relief valves. The exterior surface finish of the package is light
silvery stainless steel having an absorptivity of about 0.44, or a reflectivity of 0.56. Cooling of
the package is through free convection and radiation. There are no specific cooling or insulating
design features. Pressure relief of the container weldment is only necessary during the thermal
test and is provided by the holes in both the rear and front end plates which will vent to
atmosphere.

The maximum activity for this package is 150 Ci of Ir-I 92. Accounting for source absorption,
this equals a maximum content activity of 345 Ci of Ir-192. The corresponding decay heat
generation rate for the content activity is approximately 3 Watts (See Table 1 .2d).

3.1.1 Design Features

The Model 880 Series transport packages are described in Section 1. The thin walls of the steel
weldment exhibit almost no thermal gradient. During a fire test, the exterior steel weldment will
very quickly heat to a uniform temperature, eliminating stresses induced by thermal differentials
within the material. Further, the steel weldment will move and flex easily, thus relieving any
thermal expansion stress without rupture.

The containers use depleted uranium shielding. The depleted uranium is fully enclosed in the
welded steel structure and endplates which are attached by screws. This construction prevents
oxidation by severely limiting oxygen from reaching the depleted uranium shield.

3.1.2 Content's Decay Heat

From Table I .2d, a maximum of 3 Watts of decay energy is available to be absorbed by the
package.

3.1.3 Summary Tables of Temperatures

Table 3.1a: Summary Table of Temperatures
Surface Temperature Model 880 Series Packages Comments

Condition
Insolation (380C in full sun) 65.4 0C (149.60 F) Section 3.4.1.1
Decay Heating (380 C in shade) 470 C ( 160F) Section 3.4.1.2
Fire Test During 8000 C (I ,4720F)
Post-Fire (Maximum Temperature) 8000 C (1 ,472 0F)
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3.1.4 Summary Tables of Maximum Pressures

All Model 880 Series 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
Normal Fire

Package Void Conditions Conditions
Configuratio Volum 88 0C 800 0C Comments

e (1907F) (1,472 0F)
n iN 3  Pressure Pressure

Developed Developed

880 Delta 0 psj 0 psig psi;
880 Sigma 0 0 psig 0 psig
880 Elite 0 p 0 psig ____

3.2 Material Properties and Component Specifications

3.2.1 Material Properties

Table 3.2a 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 3.2a: Thermal Pr perties of Principal Transport Package Ma terials
Material Density Melting/Combustion Thermal Source

(lb/in3)Temperature Expansion

Depleted 0.68 1,130-C 8p*indin-F Reference #1, p. 6-1 1
Uranium (2,0660F) _ _ _ _ and Reference #2

Brass 0.3 900 - 1,025FC 18.7 - 21.2gm/m0 K Reference #3

Steel 0.28 1,5100°FC 6.3ptin/in°F Reference #1, p. 6 -7

(nominal) __ _ _ _ _ _(2,750
0F) _ _ _ _ _ _ _ __ and 6-1l

Type 304 0.29 1,427 0C 9.91pinlin0 F Reference #1, p. 6-11
STaines Stel002 (2,600 0F)

Tungsten 0.70 36,3708FC 2.4pin/in0 F Reference #1, p. 6-51

Titanium 0.16 1,500-1,7000 C l tm/m0K Reference #4
__ _ _ __ _ _ _2,732 - 3,092 0F) m.__ __ __ __ __ __ _ _ _ _ __ _ _ _ _

Resource references:

1. Eugene A. Avallone and Theodore Baumeister 111, Marks Standard Handbookfor
Mechanical Engineers, Tenth Edition, New York: McGraw-Hill, 1996.

2. Lowenstein, Paul. Industrial Uses ofDepleted Uranium. American Society for Metals.
Metals Handbook, Volume 3, Ninth Edition.
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3. Metals Handbook. American Society for Metals, 8th Edition.

4. ASM Material Properties Handbook Titanium Alloys, ed. Rodney Boyer, Gerhard Welsch,
E.W. Collings, 1994

3.2.2 Component Specifications

All components are specified and described on the drawings included in the Section 1.4.

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.

3.3.3 Margins of Safety

Margins of safety are discussed in each section as appropriate. All testing and analysis
resulted in no loss of source containment or securement in the transport packages.
Though this demonstrates package compliance, it is difficult to quantify the margin
related to these results. All physical testing used multiple specimens, with demonstrated
results well within the regulatory requirements. Based on the results of the physical
testing and the related analyses, we estimate the margin of safety for the Model 880
Series packages as high.

3.4 Thermal Evaluation for Normal Conditions of Transport

3.4.1 Heat and Cold

3.4.1.1 Insolation and Decay Heat
(Reference:
* USNRC, 10 CFR 71.71(c)(1)
* JAEA TS-R-J, paragraphs 651)

This analysis determines the maximum surface temperature produced by solar
heating of the Model 880 Series transport package loaded at maximum activity in
accordance with 10 CFR 71.71(c)(1) and IAEA TS-R-I. This will be compared
to the Normal Transport test conditions temperature range to determine which is
the most onerous for thermal stress considerations.
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The model consists of taking a steady state heat balance over the surface of the
transport package. The following design analysis calculates the steady state
surface temperature of a cylindrical package subjected to insolation and self-heat.
The analysis is based on recognized heat transfer theory and specifically, that the
total heat input due to the self-heat of the radioactive contents and the insolation
energy absorbed must balance the heat loss due to convection and emitted
radiation from the package surface.

L L

Figure 3.4a: Model of Cylindrical Package for Heat Analysis

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:

Max Content Activity, A = 345 Ci of Ir-I 92
(150 Ci x 2.3 for self absorption)

The surface finish of the package is light silvery grade 304 stainless steel
Length of Package, L == 0.33 m
Diameter of Package, 4) = 0.127 m
Stefan-Boltzmann constant, a = 5.669 x 10-s W/m2K4

By Kirchhoffs Law Emissivity, £ = Absorptivity, x= 0.44
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(Ref: Heat Transmission, 3rd Edition - M'Adams)
Ambient Temperature, TA= 311 K
Area of cylinder ends, ACE= 0.025 m2

Total Area of curved surfaces, Acs = 0.132 m2

Decay Heat Input QDT = 3 W

The transport package is assumed to undergo free radiative heat transfer from the
top and sides.

b. The transport package is assumed to undergo free convective heat transfer
from the top, sides and bottom.

c. To maximize the temperature of the stainless steel cylinder surface
temperature, the inside transport package faces are considered perfectly
insulated so there is no conduction into the transport package. In use, the
inside transport 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.

d. The transport package is approximated as a right cylinder with dimensions, 5
inches (0.13 m) in diameter and 13 inches (0.33m) long (approximation of
the solid length of the cylinder).

e. The surfaces of the transport package are assumed to be solid. The faces are
considered to be sufficiently thin so that no temperature gradients exist in the
faces.

f. The worst case decay heat load (3 Watts) is added to the solar heat input
load.

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, QDI = Heat Output, QOUT in the steady-state.
QN = Solar Heat Input + Decay Heat

QOUT = Heat loss by Radiation and Convection
QIE= Heat input due to insolation falling on ends
QIc = Heat input due to insolation on curved surfaces,

Solar Heat Input = X(QIE + Qic), where ca is the absorptivity

The solar heat input is the combined solar heating of the top horizontal surface
and the vertical side surfaze. The insolation data, provided in 10 CFR
71.71(c)(1), is found in Table 3.4.1a.

Table 3.4a: Insolation Data
Surface Insolation for a 12 hour period

(g-cal/cm 2 or W/m2 )
Horizontal base None

Other horizontal flat surfaces 800



Safety Analysis Report for the Model 880 Series Transport Package

QSA Global Inc. 15 February 2006 - Revision 6 Corrected Copy
Burlington, Massachusetts Page 3-6

I Non-horizontal flat surfaces 1 200
| Curved surfaces 1 400

Practically all solid materials used in engineering are opaque to thermal radiation
(even glass is only transparent to a fairly narrow range of wavelengths), and
thermal radiation is in fact either reflected or absorbed within a very shallow
depth of matter. Thus for solids it is possible to neglect transmissivity and write:

reflectivity, p + absorptivity, ax = I

i.e., the sum of the radiation reflected and absorbed by the material is equal to the
total incident energy. Since the reflected energy does not contribute to the heat
energy contained within the system, or package, it is not necessary to consider it
in the analysis. However, the absorptivity of the material is the fraction of the
total incident energy entering the system, which in this case is the heat input due
to insolation.

Heat input due to insolation falling on ends, QIE = 200 W/m2 xAcE = 5.1 W
Heat input due to insolation on curved surfaces, QIc = 400 W/m2xAcs = 52.7 W

In the case of a cylindrical package standing on the ground, the top surface can
radiate freely to the surroundings assumed to be effectively at ambient
temperature. For the vertical surface, the upper 90° of azimuth can radiate freely
to the surrounding air in the same way as the top surfaces. However, some
radiation emitted in the lower 90° will be intercepted by the ground and vice
versa. Owing to the complex nature of radiation interchange, and allowing for
this asymmetrical characteristic, a geometrical factor g is assumed in the
following analysis.

For curved surfaces, g, = 0.5
For vertical surfaces, g, = 0.5

Radiation heat transfer from curved surfaces,

QRC gc=aAcs{Tw4 - TA4} = 1.54Xl 0 9{TW4 
- TA4}

Radiation heat transfer from end surface,

Q = gSEACE{TWA-TA 3 = 3.12xl0.10 {TW-TA4}

Heat transfer by convection is complex as it represents a dynamic process
involving fluid flow. Newton introduced a quantity known as the "heat transfer
coefficient" represented by the symbol, h. From Newton's Law of cooling due to
heat loss by convection:

Qc = hA[Tw-TA]

Consider the curved surface of the cylinder:
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Cylindrical Surface Convection, Qcc= HcAcs[Tw-TA]

Where the free convection coefficient, Hc = 1.32 {(IA/" 4(Tw-TA)"4} (Ref I)

Therefore, Qcc = 0.27(Tw-TA)5 4

Considering the vertical surfaces of the cylinder:

Vertical End Surface Convection, QCE= HSACE{TW-TAI

Where the free convection coefficient, Hs= 1.42{(I/6) 4(Tw-TA)" 4} (Ref. I)

Therefore, QCE = 0.06 (Tw-TA)''2

Total Heat Input, QIN = a(QIE + QIC) + QDT = 28 W

Total Heat Output, QouT = (QRC + QRE) + (QCC + QCE)

28W = 1.86xlO-9{Tw4 - (311)4} + 3.34XO -'(Tw -(311))' 25

Iteration of this relationship yields a maximum wall temperature (Tw) of 65.40C (149.60F).
This temperature would constitute the most onerous Normal Transport thermal condition.
Based on the package materials of construction, this temperature will not be sufficient to
adversely affect the package containment or shielding integrity. As such the package
complies with the requirements of this section.

References:

1. Engineering Thermodynamics, Work & Heat Transfer - 4th Edition., Rogers &
Mayhew.

2. Heat Transmission, 3rd Edition - M'Adams.

3.4.1 .2 Still Air (shaded) Decay Heating
(Reference:
* USNRC, 10 CFR 71.43(g)
* IAEA TS-R-1, paragraphs 617)

This analysis calculates the maximum surface temperature of the Model 880 Series
Transport package in the shade (i.e., no insolation effects), assuming an ambient
temperature of 380C (1000F), per 10 CFR 71.43(g).

The same assumptions from Section 3.4.1.1 are used. 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, QIN = Heat Output, QOUT and QIN = Decay Heat = 3 Watts

QOUT = Heat loss by Convection
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Heat transfer by convection is complex as it represents a dynamic process involving fluid
flow. Newton introduced a quantity known as the "heat transfer coefficient" represented
by the symbol, h. From Newton's Law of cooling due to heat loss by convection:

Qc = hA[Tw-TA] (W)

Considering the curved surface of the cylinder:

Cylindrical Surface Convection, Qcc

Where the free convection coefficient, Hc

Therefore, Qcc

= HCACs[Tw-TA]

= 1.32{(1/i)" 4 (Tw-TA)1 4}
(Ref. I Section 3.4.1.2)

= 0.27 (Tw-TA)'' 5

Considering the vertical surfaces of the cylinder:

Vertical End Surface Convection, QCE

Where the free convection coefficient, Hs

Therefore, QCE

= HsACE{Tw-TA}

= I.42{(I/0)"4 (Tw-TA)" 4 }
(Ref. I Section 3.4.1.2)

= 0.06x(Tw-TA)' 25

Total Heat Input, QfN = QDT = 3 W

Total Heat Output, Qou-r= (Qcc + QcE) = 3.34x 0'(Tw - TA)j

Since Heat Input, QIN = Heat Output, Qotrr, in the steady state.

3 W = 3.34X10-'(Tw - TA)' 25

Solving for Tw, Tw= TA+[3/(3.34x1O-')]O8 320 K

Therefore, a maximum wall temperature (Tw) of 470C (1 16'F), which is less than the
maximum 50'C (1227F) allowed by 10 CFR 71.43(g).

3.4.1.3 Cold Effected Materials

An ambient air temperature of-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
Model 880 transport package will withstand the normal transport cold condition.
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3.4.2 Maximum Normal Operating Pressure

All 880 Series components are vented to the atmosphere. As such, pressure will not build
up in the packages during Normal Transport conditions. 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.

3.4.3 Maximum Thermal Stresses

The temperature and pressure variations described in Sections 3.4.1 and 3.4.2 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. It its therefore
concluded that the Model 880 Series transport packages will maintain their structural
integrity and shielding effectiveness under the normal transport thermal stress conditions.

3.5 Thermal Evaluation Under Hypothetical Accident Conditions

3.5.1 Initial Conditions

The thermal test was not performed. Rather, an assessment was performed to demonstrate
that the thermal test would not create sufficient additional damage to the package that
would cause it to fail final profile criteria.

Consideration of the principle materials of manufacture and their melting points indicates
that they would not fail and shielding integrity would not be significantly degraded. (See
Table 6: Thermal Properties of Principle Package Materials.)

Damage to the outer containment. increasing the potential for oxygen ingress to the
shield, by a build up of pressure within the assembly through the pyrolization of the
foam, or expansion of a trapped volume of air is not possible. The projector is vented to
atmosphere through both the front and rear end plates. These vents will relieve any
internal generation or expansion of gases created by the elevated temperatures.

Damage incurred during the drop testing (4 foot, 30 foot and puncture) was minimal,
consisting of insignificant deformation of the shell, lock mounting block and dust cover,
slight bowing of the end plates and loss of one rear plate bolt. 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 Section 2.7.4.1.2).

3.5.2 Fire Test Condition Assessment

Without the possibility of gross oxidation, and subsequent destruction of the shield,
thermal failure is then predicated on mechanical degradation of the packages' support
structure. The Model 880 is predominately of welded stainless steel construction. A
similar type of construction was analyzed for the Model 865 (Certificate of Compliance
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number 9165). A copy of this thermal analysis is contained in Appendix E as additional
supporting information. It showed that the thermal gradients that occur during
temperature ramp-up (especially within the first 3 minutes) do not create undue stresses
on the structure of the device (-4-5% strain).

In addition, the effect of structural yielding under self-weight at temperature caused by
the degradation of mechanical properties of the materials of construction was
insignificant. Areas examined were:

a. Tear-out of the shield support pin from the support bracket with the device in a
vertical position (see Section 2.7.4.1.3.a).

b. Cracking of the depleted uranium (DU) around the titanium support pin due to
differential expansion (see Section 2.7.4.1.3.b).

c. De-attachment of the rear lock assembly due to failure of the three- (3) remaining
security screws (see Section 2.7.4.1.3.c).

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, the Model 880 would pass the
thermal test without exceeding the final profile criteria.

3.5.3 Maximum Temperatures and IPressure

All 880 Series components are vented to the atmosphere. The packages are vented to
atmosphere through both the front and rear end plates. These vents will relieve any
internal generation or expansion of gases created by the elevated temperatures. As such,
pressure will not build up in the packages during Hypothetical Accident Transport
conditions. 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.

3.5.4 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 Description of the Containment System
(Reference:
* USNRC, 10 CFR 71.33(a)(4)
* JAEA TS-R-1, paragraph 501(a), 501(b), 639 through 643 and 645)

4.1.1 Containment Boundary

The containment system consists of the Model 880 Series transport packages and the radioactive
source capsule(s). The source capsule(s) shall be qualified as Special Form radioactive material
under 49 CFR 173 and IAEA TS-R-I.

4.1.2 Special Requirements for Plutonium

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

4.2 General Considerations

4.2.1 Type A Fissile Packages

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

4.2.2 Type B Packages
(Reference:
* USNRC, 10 CFR 71.51
* IAEA TS-R-1, paragraphs 646 & 656)

As demonstrated in the Test Plan Reports and supported by assessments when applicable (Section
2.12), performance of the normal conditions of transport testing caused no loss or dispersal of
radioactive contents, no significant increase in surface radiation levels and no substantial
reduction in the effectiveness of the package. The Model 880 Series packages therefore meets the
requirements of this section.

4.3 Containment Under Normal Conditions of Transport (Type B Packages)
(Reference:
* USNRC, 10 CFR 71.51 (a)(1)
* IAEA TS-R-1, paragraphs 656(a))
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As demonstrated in the Test Plan Reports and supported by assessments when applicable (Section
2.12), performance of the normal conditions of transport testing caused 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 Model 880 Series
packages meet the requirements of this section.

4.4 Containment Under Hypothetical Accident Conditions (Type B Packages)
(Reference:
* USNRC, J1 CFR 71.51(a)(2)
* IAEA TS-R-J, paragraphs 656(b))

As demonstrated in the Test Plan Reports and supported by assessments when applicable (Section
2.12), performance of the hypothetical accident conditions of transport testing, the radiation level
at one meter from the surface of the package did not exceed I R/hr. The Model 880 Series
packages therefore meet the requirements of this section.

4.5 Leakage Rate Tests for Type B Packages
(Reference:
* USNRC, 10 CFR 71.51
* IAEA TS-R-J, paragraphs 656(a))

The primary containment for the radioactive material in the Model 880 Series transport packages
are the radioactive source capsules. All source capsules authorized for Type B transport in the
Model 880 Series packages are certified as special form radioactive material under 10 CFR Part
71, 49 CFR Part 173 and IAEA TS-R-l. After manufacture and again once every six months
thereafter prior to transport, the source capsule is leak tested in accordance with
IS09978:1992(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 contamination release from the package does not exceed the regulatory limits.

Reference: IS09978:1992(E) - Radiation Protection - Sealed Radioactive Sources - Leakage
Test Methods.

4.6 Appendix

Not Applicable.
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Section 5 - SHIELDING EVALUATION

5.1 Description of Shielding Design
(Reference:
* USNRC, 10 CFR 71.31
* 1AEA TS-R-1, paragraph 701 and 702)

5.1.1 Design Features

The principal shielding in the Model 880 transport package is the depleted uranium
shield assembly. The shielding is cast as one piece and is essentially enclosed by
stainless steel. Dimensional information for the individual shield containers is contained in the
shield drawings included in Section 1.4.

5.1.2 Summary Table of Maximum Radiation Levels

Table 5.1a includes radiation profile data obtained from the 880 Delta package that was
tested to the Normal and Hypothetical Accident Conditions of Transport under Test Plan
108 (see Section 2.12). Note that radiation survey results from this package were
obtained after the package had also been subjected to the Hypothetical Accident
Condition testing.

Table 5.1a: Model 880 Delta sn TP108C
Summary Table of External Radiation Levels Extrapolated to Capacity of 150 Ci Ir-192 (Non-

Exclusive Use) After Normal and Hypothetical Accident Transport Condition Testing Under Test
Plan 108 Report

Normal Package Surface mSv per hour (mrem I Meter from Package Surface mSv per
Conditions of per hour) hour (mrem per hour)

Transport

Radiation Top Side Bottom Top Side Bottom
Gamma 1.20 (120) 1.65 (165) 1.80 (180) 0.007 (0.7) 0.008 (0.8) 0.006 (0.6)
Neutron NA NA NA NA NA NA

Total 1.20 (120) 1.65 (165) 1.80 (180) 0.007 (0.7) 0.008 (0.8) 0.006 (0.6)
10 CFR 71.47(a) 2 (200) 2 (200) 2 (200) 0.1 (10)' 0.1 (10)' 0.1 (10)'
L im it _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

'Transport Index may not exceed 10. The Transport Index is equivalent to the I meter reading in
mRem per hour (i.e., 5 mRem per hour at I meter = a Transport Index of 5.0).
2The maximum Transport Index based on the mrem per hour readings at one meter from the
surface of this package was 0.8. All packages accepted and released for shipment under this
Model designation will have a Transport Index less than or equal to 10.
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NOTE: Survey results in Test Plan 108 Report both before and after hypothetical
accident conditions were obtained from the Model 880 Delta without the optional
jacket. This produced dose rates which would be higher than the Model 880
Delta if it had the optional jacket attached. Values after hypothetical accident
conditions are measured I meter from the surface of the Model 880 Delta.

Tables 5.1 b and 5.1 c include radiation profile data used to demonstrate that the Model 880 Delta and 880
Elite package configurations will meet the external radiation level requirements for non-exclusive use
transport when loaded to capacity for Se-75. By assessment, since the Model 880 Sigma shield has
greater shielding than the Model 880 Elite shield, the Model 880 Sigma package configuration will also
meet the external radiation level requirements for non-exclusive use when loaded to capacity for Se-75.

Table 5.1b: Model 880 Delta sn D2375 - Summary Table of External Radiation Levels
Extrapolated to Capacity of 150 Ci Se-75 (Non-Exclusive Use)'

Package Surface mSv per. hour (mrem 1 Meter from Package Surface mSv per
per hour) hour (mrem per ho r)

Radiation Top Side Bottom Top Side Bottom
Gamnma 0.13 (13) 0.13 (13) 0.13 (13) 0.01 (1.0) 0.01 (1.0) 0.01 (1.0)
Neutron NA NA NA NA NA NA

Total 0.13 (13) 0.13 (13) 0.13 (13) 0.01 (1.0) 0.01 (1.0) 0.01 (1.0)
IO CFR 71.47(a) 2 (200) 2 (200) 2 (200) 0.1 (10)' 0.1 (10) 0.1 (10)

L im it _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

'Profile results obtained based on Model 424-25W sn 23904B Se-75 source assembly of 79.2 Ci.
Values listed in the table are corrected for capacity and detector geometry. Physical
measurements were obtained using Model E-600 and Model ND-500P survey meters.

Table 5.1c: Model 880 Elite sn E1060 - Summary Table of External Radiation Levels Extrapolated
to Capacity of 150 Ci Se-75 (Non-Exclusive Use),

Package Surface mSv per hour (mrem 1 Meter from Package Surface mSv per
per hour) hor (mrem per hocr)

Radiation Top Side Bottom Top Side Bottom
Gamma 0.13 (13) 0.13 (13) 0.13 (13) 0.01 (1.0) 0.01 (1.0) 0.01 (1.0)
Neutron NA NA NA NA NA NA

Total 0.13 (13) 0.13 (13) 0.13 (13) 0.01 (1.0) 0.01 (1.0) 0.01 (1.0)
IO CFR71.47(a) 2(200) 2(200) 2(200) 0.1 (10)' 0.1 (10) 0.1 (10)
L im it I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

'Profile results obtained based on Model 424-25W sn 23904B Se-75 source assembly of 79.2 Ci.
Values listed in the table are corrected for capacity and detector geometry. Physical
measurements were obtained using Model 13-600 and Model ND-500P survey meters.

Tables 5.1d includes radiation profile data used to demonstrate that the Model 880 Elite package
configuration will meet the external radiation level requirements for non-exclusive use transport when
loaded to capacity for Jr-192.
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Table 5.1d: Model 880 Elite sn E1060 - Summary Table of External Radiation Levels Extrapolated
to Capacity of 50 Ci Ir-192 (Non- xclusive Use),

Package Surface mSv per hour (mrem I Meter from Package Surface mSv per
per hour) hour (mrem per ho r)

Radiation Top Side Bottom Top Side Bottom
Gamma 1.35 (135) 1.64 (164) 1.43 (143) 0.008 (0.8) 0.017 (1.7) 0.009 (0.9)
Neutron NA NA NA NA NA NA

Total 1.35 (135) 1.64 (164) 1.43 (143) 0.008 (0.8) 0.017 (1.7) 0.009 (0.9)
0 CFR 71.47(a) 2 (200) 2 (200) 2 (200) 0.1 (10)' 0.1 (10) 0.1 (10)

L im it _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

'Profile results obtained based on Model 424-9 sn 22029B Ir-192 source assembly of 43.3 Ci.
Values listed in the table are corrected for capacity and detector geometry. Physical
measurements were obtained using Model E-600 and Model ND-500P survey meters.

5.2 Source Specification

5.2.1 Gamma Source
(Reference:
* USNRC, 10 CFR 71.33(b)(1) & (3))
* IAEA TS-R-1, Section IV & paragraph 807(a))

The gamma sources allowed for transport in the Model 880 Series transport package specified in
Sections 1.2.3 and 2.10.

5.2.2 Neutron Source

Not Applicable. The Model 880 Series transport packages are not used for the transportation of
neutron emitting sources.

5.3 Shielding Model

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.
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5.4 Shielding Evaluation

5.4.1 Methods

Shielding justification was based on direct measurement and assessment. Radiation profiles have
not been performed for the Model 880 Sigma, however, the shield design is identical to the
Model 880 Delta. This design is capable of producing shields that can adequately shield 150 Ci
of Ir-192 to within the regulatory dose limits. Due to variances in the shield manufacturing
process, some shields are produced with a slightly lower shielding capacity. Shields which
demonstrate a capacity of 130 Ci of Ir-1 92, based on device profiles prior to final acceptance and
shipment, are distributed as Model 880 Sigma devices.

All packages are profiled prior to final acceptance and shipment. This profile takes into account
the maximum capacity and detector geometry. Any package not meeting the required dose rates
is rejected.

If the optional jacket is used, it will further reduce surface dose rates on some areas of the
package. As such, the use of the jacket will have no detrimental impact on dose rates.

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 (CFA) were obtained by using the following relationship:

MaximumPackageActivityCapacity (Ac)

CFA Actual ProfileActivity (A4)

ForExample, if Ap = 135 CiandAc = 150 Ci, then

1500Ci
CF = = 1.1

135Ci
Therefore all original surface and I meter profile measurements would be multiplied by a factor
of 1.2 for a package profiled using 834 Ci and a package capacity of 1,000 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 one of the following relationships:
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2
SCF = - where d, and d, are deterninedasshovninFigure5.a.

ForExample, ifd, = 9 inches and d2 = 9.5 inches, then

SCF = (9.5 inches)2 106
(9 inches)2

Subsequent evaluation of the SCF revealed that the use of the inverse square law introduces an
error when the material of the shield contains a heavy element such as tungsten, uranium or lead.
When heavy shields are involved there is a build up of Compton-scattered photons and X-rays
which causes scattered radiation to emanate from everywhere within the shield and not just from
the source in the center. Under these circumstances, the inverse square law relationship between
dose rate and distance overestimates the actual dose rate on the surface of the device.

Experimental measurement using TLDs have demonstrated that the SCF for devices using heavy
element shielding varies more accurately as follows:

SCF = B where d, andd3 aredeterminedasshowninFigure5.a.
d,

ForExample, if di = 9 inches and d3 = I Oinches, then

SCF = Oinches)= 1.05
(9 inches)

Therefore in the example shown, all original surface profile measurements located along the side
of the device shown in Figure 23 would also be multiplied by a factor to account for surface
correction of the detector to the device. 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.
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d, = distance from activity center
to surface of container.

d2 = distance from activity center
to surface of container plus
radius of the survey meter
probe.

d3 = distance from activity center
to back of the probe.

FIGURE 5.a. 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.

5.4.3 Flux-to-Dose-Rate Conversion

Not Applicable. Flux rates were not used to convert to dose rates in any shielding evaluations.

5.4.4 External Radiation Levels

Radiation surveys for all 880 Series configurations showed maximum surface and I meter
radiation levels from the transport packages within regulatory limits. Radiation surveys of 880
Series transport packages after undergoing normal and accident condition transport testing were
also well within the regulatory limits.

5.5 Appendix

Not Applicable.
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Section 6 - CRITICALITY EVALUATION

All parts of this section are not applicable. The Model 880 Series 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 Model 880 Series transport packages must be in accordance with the operating
instructions supplied with the transport package, per 10 CFR 71.87 and 71.89.

(Reference:
* USNRC, 10 CFR 71.87 and 71.89
* JAEA TS-R-J, paragraph 501(a), 502(e) and 503)

7.1 Package Loading

7.1.1 Preparation for Loading

The Model 880 Series packages must be loaded and closed in accordance with the following (or
equivalent) written procedures. Shipment of Type B quantities of radioactive material are
authorized for sources specified in Section 7. 1 .1.1. Maintenance and inspection of the Model 880
Series packaging is in accordance with the requirements specified in Section 7.1.1.2.

7.1.1.1 Authorized Package Contents
(Reference:
* USNRC, 10 CFR 71.87(a)

I JAEA TS-R-1, paragraph 502a))

Table 7.1a: Model 880 Series Package Information

Identification Nuclide Form Maximum Maximum DU Maximum Maximum
Capacity2  Weight Weight Weight With

Without Jacket
Jacket

Ir-192 Special Form 150 Ci
880 Delta Sources 34 lbs (15 kg) 46 lbs (21 kg) 52 Ibs (24 kg)

Se-75 Special Form 150 Ci
Sources

Ir-192 Special Form 130 Ci
880 Sigma Sources 34 lbs (15 kg) 46 lbs (21 kg) 52 lbs (24 kg)

Se-75 Special Form 150 Ci
Sources

Ir-192 Special Form 50 Ci
880 Elite Sources 25 lbs (11 kg) 37 lbs (17 kg) 42 lbs (19 kg)

Se-75 Special Form 150 Ci
Sources Ci

2 Maximum Capacity Activity for Ir-192 is defined as output Curies as required in ANSI N432 and 10 CFR 34.20
and in line with TS-R-I and Rulemaking by the USNRC and the USDOT published in the Federal Register on 26
January 2004.
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7.1.1.2 Packaging Maintenance and Inspection Prior to Loading

7.1.1.2.a Ensure all markings are legible.

7.1.1.2.b Inspect the container for signs of significant degradation. Ensure all
welds are intact, the container is free of heavy rust and cracks/damage to
the steel housing which breaches the container.

7.1.1 .2.c Ensure all bolts are present and secured. Assure the front port is properly
secured. Ensure a seal wire is properly installed, if used.

7.1.1.2.d If the container fails any of the inspections in steps 7.1.1.2.a-c, 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. Nlone of the
shield configurations for the Model 880 Series packages are approved
for wet loading.

7.1.2.1 Prior to transportation, ensure the package and its contents meet the following
requirements:

7.1.2.1 .a The contents are authorized for use in the package.

7.1.2.1 .b The package condition has been inspected in accordance with Section
7.1.1.2.

7.1.2.1 .c Ensure that the source is secured into place in the storage position in
accordance the operating instructions supplied with the transport
package, per ]0 CFR 71.89.

7.1.3 Preparation for Transport
(Reference:
* 10 CFR 71.87
* JAEA TS-R-J, applicable paragraphs of Section V)

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 jiCi when averaged over a
wipe area of 300 cm 2.

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 lo assure that the radiation level is less than 10 mR/hr.
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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.

7.2 Package Unloading

7.2.1 Receipt of Package from Carrier

7.2.1.1 The consignee of a transport package of radioactive material 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 terminal, 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:
(Reference:

IAEA TS-R-J, paragraph 510 and SII)

7.2.1.2.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 I meter from
the surface.

7.2.1.2.b Record the actual radiation levels on the receiving report.

7.2.1.2.c If the radiation levels exceed these limits, secure the container in
a Restricted Area and notify the appropriate personnel in
accordance with 10 CFR 20 or applicable Agreement State
regulations.

7.2.1 .2.d 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.

7.2.1.2.e Record the radioisotope, activity, model number, and serial
number of the source and the transport package model number
and serial number.

7.2.2 Removal of Contents

7.2.2.1 Unload the package must be in accordance with the instructions supplied with the
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package per 10 CFR 71.89.

7.2.2.2 Unloading of the package must also be in accordance with applicable licensing
provisions for the user's facility related to radioactive material handling.

7.3 Preparation of Empty Package for Transport
(Reference:
* IAEA TS-R-1, paragraph 520)

In the following instructions, an empty transport package refers to a Model 880 Series transport
package without an active source contained within the shielded container. To ship an empty
transport package:

7.3.1. Perform the following procedure to confirm that there are no unauthorized sources
within the container:

7.3.1.1. Remove the authorized source assembly from the package be in accordance with the
instructions supplied with the package per 10 CFR 71.89.

7.3.1.2. After removing the source and disconnecting the source assembly, attach the jumper
(dummy connector without a serial number) to the male connector of the drive cable.

7.3.1.3. Retract the jumper into the package and disconnect the controls.

7.3.1.4. Insert the shipping cover, rotate the selector ring to the lock position, depress the
plunger lock and remove the key.

7.3.1.5. Remove the source identification tag from the package and keep it with the source.

7.3.2 Assure that the levels of removable radioactive contamination on the outside surface of
the transport package does not exceed 4 Bq/cm2 (when averaged over 300 cm2).

7.3.3 Assure that the levels of removable radioactive contamination on the inside surface of the
shield container does not exceed 400 Bq/cm2 (when averaged over 300 cm2).

7.3.4 When it is confirmed that the Model 880 Series transport package is empty, prepare the
transport package for shipment. Survey the assembled package to ensure the external
surface radiation level does not exceed 5 pSv/h.

7.3.5 Ship the container according to the procedure for transporting radioactive material as
established in 49 CFR 171-178.

7.4 Other Operations

7.4.1 Package Transportation By Consignor
(Reference:
*IAEA TS-R-I, paragraph 508, 512 through 514)
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Persons transporting the Model 880 Series transport package in their own conveyances
should comply with the following:

7.4.1.1 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 Bq/cm2 (when averaged over 300 cm2) is detected on any
part of a conveyance or equipment used regularly for radioactive material transport,
or if a radiation level exceeding 5 jiSv/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
(Reference:

IAEA TS-R-1, paragraph 308 and 309)

In the event of a transport emergency or accident involving this package, follow the guidance
contained in "2000 Emergency Response Guidebook: A Guidebook for First Responders
During the Initial Phase of a Dangerous Goods/Hazardous Materials Incident", or equivalent
guidance documentation.

Reference: "2000 Emergency Response Guidebook: A Guidebook for First Responders
During the Initial Phase of a Dangerous Goods/Hazardous Materials Incident"

7.5 Appendix

Not Applicable.
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Section 8 - ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

8.1 Acceptance Test

8.1.1 Visual Inspections and Measurements

8.1.1.1 Visually inspect each transport package component to be shipped to assure the
following:

8.1.1 .1 .a Remove the authorized source assembly from the package be in
accordance with the instructions supplied with the package per 10 CFR
71.89

8.1.1. .Lb The transport package was assembled properly to the applicable drawing.

8.1.1.1 .c Evaluate each shield container for shielding integrity when used in the
applicable Model 880 Series assembly to ensure the transport dose rate
requirements are met when the container is loaded to capacity.

8.l.1. .d All fasteners as required by the applicable drawings are properly
installed and secured.

8. 1.1. .e 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.

8.1.1.2 Visual inspections and measurements will be performed in accordance with QSA
Global Inc.'s USNRC approved Quality Assurance Program No. 0040.

8.1.2 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.
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8.1.3 Structural and Pressure Tests
(Reference:
* 10 CFR 71.85(a) and (b))
* JAEA TS-R-J, paragraph 501(a))

Prior to first use as part of a 880 Series transport package, container structural
conformance will be evaluated in accordance with 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 decreased
operating pressures to maintain containment during transport, therefore pressure tests of
package components prior to first use is not required.

8.1.4 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.

8.1.5 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.

8.1.6 Shielding Tests

The radiation levels at the surface of the transport package and at 1 meter from the
surface are evaluated prior to first transport. These radiation levels, when extrapolated to
the rated capacity of the transport package, must not exceed 200 mR/hr at the surface, nor
10 mR/hr at I meter from the surface of the transport package. Failure of this test will
prevent use of the transport package as a Type B(U) package.

8.1.7 Thermal Tests

Not applicable. The source content of the Model 880 Series packages has minimal effect
on the package surface temperature and therefore no additional testing is necessary to
evaluate thermal properties of the packaging.

8.1.8 Miscellaneous Tests

Not applicable.
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8.2 Maintenance Program

8.2.1 Structural and Pressure Tests

Not applicable. Material certification, or equivalent dedication process, 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 880 Series
packaging system is 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.

8.2.2 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
removable contamination is less than 0.005 microcuries. Also a contamination wipe is
performed of the shield source tubes whenever the shield is returned to the manufacturer
(typically the shield is shipped to a customer with new sources and may be returned
directly to the manufacturer with decayed sources for disposition).

8.2.3 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.

8.2.4 Thermal Tests

Not applicable. The source content of the Model 880 Series packages has minimal effect
on the package surface temperature and therefore no additional testing is necessary to
evaluate thermal properties of the packaging prior to shipment.

8.2.5 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.

8.3 Appendix

Not applicable.



Safety Analysis Report for the Model 880 Series Transport Package

QSA Global Inc. 15 Febmary 2006 - Revision 6 Corrected Copy
Burlington, Massachusetts Page 9-1

Section 9 - JAEA TS-R-I 1996 Edition (Revised) Requirements not Otherwise Addressed - Section
VI

9.1 General Package Design Requirements

9.1.1 (Reference: JAEA TS-R-1, paragraph 609)

As far as practicable, the packaging shall be so designed andfinished that the external
surfaces arefreefrom protruding features and can be easily decontaminated.

The exterior surface of the 880 Series packages is comprised of a stainless steel drum
with an optional polyurethane jacket. The materials and fabrication of the package
provides an external surface which is free from protruding features not necessary for use
of the package and it can be easily decontaminated if necessary.

9.1.2 (Reference: IAEA TS-R-J, paragraph 610)

As far as practicable, the outer layer of the package shall be so designed as to prevent
the collection and the retention ofwater.

The exterior surface of the 880 Series packages is comprised of a stainless cylinder and
an optional polyurethane jacket. The materials and fabrication of the package are water
resistant and prevent, as far as practicable, the collection and retention of water.

9.1.3 (Reference: IAEA TS-R-J, paragraph 611)

Anyfeatures added to the package at the time of transport which are not part of the
package shall not reduce its safety.

There are no added features to the package other than transport labels, markings, etc.
These items are standard in package shipment and will not reduce the package safety due
to their presence.

9.1.4 (Reference: IAEA TS-R-1, paragraph 614)

All valves through which the radioactive contents could otherwise escape shall be
protected against unauthorized operation.

Not applicable. This package does not incorporate the use of valves.
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9.1.5 (Reference: IAEA TS-R-J, paragraph 616)

For radioactive material having other dangerous properties the package design shall
take into account those properties; see paras 109 and 507.

Not applicable. The contents of this package do not have any other dangerous properties
other than its radioactivity.

9.2 Requirements for Type A Packages (required by TS-R-1 paragraph 650)

9.2.1 (Reference: IAEA TS-R-1, paragraph 644)

All valves, other than pressure relief valves, shall be provided with an enclosure to retain
any leakage from the valve.

Not applicable. This package does not incorporate the use of valves.

9.2.2 (Reference: IAEA TS-R-J, paragraph 647)

The design of a package intendedfor liquid radioactive material shall make provisionfor
ullage to accommodate variations in the temperature of the contents, dynamic effects and
filling dynamics.

Not applicable. This package is not used for the transport of liquids.

9.3 Requirements for Type B(U) Packages

9.3.1 (Reference: JAEA TS-R-1, paragraph 659)

A package shall not include a pressure relief system from the containment system which
would allow the release of radioactive material to the environment under the conditions
of the tests specified in paras 719- 724 and 726-729.

Not applicable. This package does not incorporate a pressure relief system.

9.4 Appendix

Not Applicable.


