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Revision 5, 5 October Revision to modify shield placement in 976C container, to modify the 
2006 dimensions for the 3018 shield pot and to add authorization for Se-75 

and Yb-169 to all shield configurations. Affected pages are i-iv, 1-1 , 1-2, 
1-4, 1-9, 2-7, 3-1 , 3-2, 3-3, 3-6, 3-7, 3-10, 3-11 , 3-12, 3-18, 3-19, 3-20, 
5-4, 5-6, 5-7, 5-8, 5-9, 7-1 , 7-2 and 7-4 through 7-15. Affected drawings 
from Section 1.4 are R976C, R97615, R97615-1 , R97615-2, Rl91 l , 
R3018, R97623 and R97623A. 

Revision 6, 21 Revision in Response to RAJ dated 7 Feb 07. Affected pages are 1-2, 1-
February 2007 5, 1-6, 1-10, 2-7, 2-19, 3-3, 3-7, 3-8, 3-9, 3-10, 3-11 , 5-6, and 7-2. 
Revision 7, 23 May Revision in Response to RAI received 22 May 07. Affected pages are i-
2007 v, 1-1 , 1-2, 1-10, 2-1 , 2-2, 2-4, 3-5, 4-1 , 4-2, 5-1 thru 5-7, 

5-11, 5-14, 7-1 , 7-2, 7-4, 7-5, 7-7, 7-13 , 7-14, 8-1 and 8-3. 
Revision 8, 20 April Revision in Entirety to remove Models 976B, 976D and 976E and to 
2009 respond to NRC RAI letter dated 8 September 2008. See SAR index 

pages i-v for list of affected pages. 
Revision 9, March Revision to update package testing to allow for alternative clamp band 
2018 and lid closure construction. SAR updated formatting to NUREG-1886 

and to make other minor administrative/corrective changes. 



Revision Description for the Model 976 SAR from Revision 8 to Revision 9 
March 2018 Page I of2 

Revision 9 to the 976 SAR includes modifications related to the updated package testing and other administrative/corrective changes as applicable. These changes are 
listed under the SAR Section in Revision 9 where the change occurs. These changes are made either for clarification/accuracy or detail changes pending NRC approval 
prior to implementation. As such they will have no impact on packages in transport until approved under an amendment Certificate of Compliance. 

Section Reference Description 
Generic Format • Removed regulation/standard references in section headers. This information added unnecessary complexity to the SAR without added 

Changes benefit. 

• Updated reference to IAEA from the 1996 edition to reflect the 2009 edition adopted under the current USA regulations . 

• Added reference to the Canadian Nuclear Safety Commission PTNS regulations SOR/2015-145 . 

• SAR revision is formatted in accordance with NUREG-1886 (March 2009) . 

• In some sections, simplified the section numbering/identification for clarity . 

• Updated section references where applicable due to reformatting to NUREG-1886 
1.2. 1 Updated the reference time frame of use for the prior inner shield containers used in the Model 976A and 976C packages. Also removed 

"Intended" from the identifier on the last column in the table in this section as this was a carry over from the original SAR submission and no 
longer applicable since the model designations are specified under the current certificate. 

1.2.1.1.b Added mm conversion for the 7 inch dimension in this section for formatting consistencv. 
1.2.1 .1.c.ii Corrected mm conversion for the 3 .3 in dimension from 85 mm to correct conversion of 84 mm. 

1.2.1.3 Section updated to reflect addition of secondary clamp band construction and the alternative lid construction using the floating nuts instead of 
the welded threaded blocks . 

1.2.1.4 Section re-numbered (previously 1.2.2) 
1.2.2 Added detail on where information related to the special form sources can be located in the SAR. 

Table 1.2b Moved Table identifier to before instead of after the table entry. 
Tab le 1.2d Revised Maximum content weight (grams) for 976F from 3.3 to 220. Content weight for the 976F can be similar to the 976C based on sources 

transported . The overall package weight for the 976F remains unchanged . This change is made for consistency and has no adverse impact on 
the package integritv. 

1.2.3 Section reformatted per the NUREG-1886 guidance and subsequent sections re-numbered. 
J .2.4 Added reference to Section 7 regarding location of assembly and securing of the packages. 

2 Added reference to IAEA TS-R-1. 
2.1.2 Added reference to CNSC PTNS SOR/2015-145. 
2.1 .3 Corrected kilogram weight reference conversion for the 300 lb weight in this section. Transpo11 as specified on drawings in Section 1.3 is 

quantified on the oound weight values, so no adverse impact on package configurations results from with this weight conversion correction. 
2.1.3, 2.1.4.1, 2.1.4 .2, Updated section cross reference due to reformatting. 

2.2.1,2.3.1 
2.4 Moved old sections 1.3 (1.3 .1, 1.3 .2) to Section 2.4 (2.4.1, 2.4.2) and renumbered subsequent Section 2 sections. Added section 2.4.3 for 

Positive Closure. Change made to meet formatting in NUREG-1886. 
SAR Rev 8 Section 2.5, Removed these sections as they are not included in NUREG-1886 format. 

3.3.3, 4.1.2, 4.2 
2.6.3, 2.6.4 Added information relative to the source capsule containment ability to meet the requirements ofreduced and increased external pressure 

during normal transport. 
2.6.7 Revised section reference for description of drop test pad since testing now covers multiple test pads based on repeat testing over time. In all 

cases, the drop test pad complied with the requirements in 10 CFR 71.71 and 71 .73. 
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Section Reference Description 
2.6.9 Corrected kilogram weight reference conversion for the 1,465 lb and 1,500 lb weights in this section. Transport based on pound weight values 

so no adverse impact on package configurations with this weight conversion correction. 
2.7.6 Revised to document compliance of source capsules based on ISO 2912 performance testing. 

2.6.7, 2.6.9, 2.6.10, 2.7, Updated to reflect test results from Test Plan Report No. 214. 
2.7.1, 2.7.3, 2.7.4 & 

Table 2.7.8 .1 
2.10 Section updated to reflect reference to typical special form certificates and remove previous references to capsule requirements that are no 

longer applicable with this SAR revision based on changes to sections 2.6.3, 2.6.4 and 2.7.6 (e.g., ISO 2912 Pressure test requirement for 
capsules transported in these packages). 

2.12.4 through 2.12.9 Added appendices for special form certificates of typical sources transported in the Model 976 Series Packages. 
2.12.10, 2.12.11 , 4.3 Added references to Test Plan and Test Plan Report No. 214 covering additional package testing as aoolicable. 

3.3.1, 3.3.2 Sections made more generic to reflect the multiple, applicable test plans. 
3.4.2, 3.4.2, 3.5 .2, 3.5.4, Sections ordered and titled to conform with NUREG-1886. 
3.5.5, 3.5.6, 3.6, Section 

4 
4.1 Added reference to additional SAR details to describe containment system. 

5.1.2 Revised tables to reflect formatting from NUREG-1886. Added note for table entries to address exclusive use transport expected dose rates 
from tested packages in this sections tables. 

7.1.1.2.d, 7.1.2.1.f Revised sections to address lid closure band alternatives covered by drawings RCLM009 and RCLMO 11. 
7.4.2 Updated the DOT Emergency Response Handbook from the 2004 revision to the 2016 revision. 

Section 9 Updated to address Quality Assurance instead of an evaluation of IAEA TS-R-1 ( 1996 Edition) compliance requirements . Change made for 
consistency across QSA Global, Inc. package SAR formats and since the prior section is no longer applicable under this document. 



Summary Tables of Changes to 976 Series Drawings Submitted with SAR Revision 9 (March 2018) 

The descriptive drawings provided for the Model 976 Series packages have been revised to incorporate changes to the drum clamp band requirements and to make use 
of the drum clamp band optional based on additional testing documented in the SAR Revision 9. Only those drawings changed are identified in this table. Specific 
changes are described in the following table. 

Change Summary Change Change Impact of Change on Units Previously or Currently in Use under the Action Taken 
Location Reported Certificate ByQSA 

Pursuant Regarding 
to 71.95 Affected Units 

R97600 Sheet I, material listing revised to include No No impact on units in use. Change will not be implemented until approved None. Not 
RevC RCLMO 11 as an alternative to the currently by revision of the Certificate of Conformance. Applicable. 

approved RCLM009 clamp band component. 

R97600 Sheet I, part number description for the 1911 No. No impact. Change for accuracy and to correct reference error. None. Not 
RevC Shield Assembly was corrected as the previous applicable. 

spelling referenced " 119 I" instead of " 19 I I" 
under the part number description. 

RCLMOl 1 Drawing added to allow alternative construction No o impact on units in use. Change will not be implemented until approved one. ot 
Rev A for drum lid closure band. by revision of the Certificate of Conformance. Applicable. 

R97608 Drawing revised to incorporate alternate No No impact on units in use. Change will not be implemented until approved None. Not 
RevK construction of the lid to replace the current by revision of the Certificate of Conformance. Applicable. 

welded, threaded blocks with a welded stainless 
steel tube housing threaded floating nut. The 
alternate construction achieves the same lid 
security as the currently approved welded, 
threaded block configuration based on testing 
performed under Test Plan 214. 

R97608 Notes 4 and 5 updated to include weld and No No impact on units in use. Change will not be implemented until approved None. Not 
RevK material requirements for the square tube and by revision of the Certificate of Conformance. Applicable. 

floating nut components in the alternate 
construction. 
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The Model 976 Series are designed as transport packages and storage containers 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 No. TS-R-1 (2009 Edition) and Canadian 
Nuclear Safety Commission (CNSC) PTNS Regulations SOR/2015-145. This 
submission is formatted in accordance with NUREG-1886 "Jo int Canada - United States 
Guide for Approval of Type B(U) and Fissile Material Transportation Packages" dated 
March 2009. 

1.2 Package Description 

The Model 976 Series packages are differentiated based on inner shield design, spacer 
configurations and activity capacities. The general design of the package is a steel 
jacketed lead and/or depleted uranium (DU) shield container housed within a cork lined, 
stainless steel drum. The containers are constructed in accordance with descriptive 
drawings in Section 1.3. Overall external dimensions for all 976 Series packages are 19 
%" (502 mm) diameter and 21 W' (540 mm) tall. The package weights and isotope 
maximum capacities for the 976 Series are shown in Table 1 below: 

Table 1.2a: Model 976 Series Package Information 

Identification Inner Nuclide Form Maximum Maximum 
Shield(s) Capacity1'2 Weight 

Ir-192 1,000 Ci 
976A 855 Se-75 Special Form Sources 1,000 Ci 136 kg (300 lb) 

Yb-169 865 Ci 
Ir-192 1,250 Ci 

976C 3056 Se-75 Special Form Sources 1,250 Ci 86 kg (190 lb) 
Yb-169 1,000 Ci 
Ir-192 1,000 Ci 

976F 1911 Se-75 Special Form Sources 1,000 Ci 119kg(263 lb) 

Yb-169 1,000 Ci 
1For lridium-192, the maximum capacity is based on the output curies which are determined by measuring 
the source output at I meter and expressing its activity in curies derived from the following: 0.48 R/hr-Ci 
Iridium-192 at l meter. (Ref: American National Standard N432-1980, "Radiological Safety for the Design 
and Construction of Apparatus for Gamma Radiography."). For Selenium-75 and Yb-169 the maximum 
capacity is based on the content curies contained in the radioactive source(s). 
2 For shipments of multiple radioisotopes in a single package, the sum of the ratios of the curie quantity of 
each loaded isotope to the maximum allowed curie quantity of that isotope (were that isotope the only 
contents of the package) must be less than or equal to unity. 



Safety Analysis Report for the Model 976 Series Transport Package 

QSA Global Inc. 
Burlington, Massachusetts 

March 2018 - Revision 9 
Page 1-2 

1.2.1 Packaging 

At the time of original package approval for the 976 Series, the shield container Model 
3056 had been used in the field for over twenty (20) years without incident or problem as 
part of USDOT Type B endorsements of Great Britain Type B(U) approved packages. 
The Model 855 had been used in the field for over twenty (20) years without incident or 
problem as part of a USNRC and USDOT Type B approval. These containers and their 
associated Type B endorsement certifications are listed in Table 1.2b. 

Table 1.2b-CROSS REFERENCE TABLE OF INNER SHIELD CONTAINER 
TRANSPORT APPROVAL HISTORY 

Inner Shield USNRC Type B(U) USDOT Type B(U) Great Britain Type Model 976 Package 
Container Certificate Endorsed Certificate B(U) Certificate Designation 

855 USA/9165/B(U) USA/9165/B(U) None 976A 
3056 None USA/0316/B(U) GB/0924BZ/B(U) 976C 

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

1.2.1.1 Inner Shield: The Special Form source(s) are contained in an inner shield 
container. The shield containers shielding is comprised of lead, tungsten, DU or 
combinations of these materials. The individual shield constructions are 
described in Sections 1.2.1.1 .a through 1.2.1. 1.c. 

a. Model 855 Shield: The 855 shield container is comprised of a DU shield 
secured within a steel welded housing. The shield allows for the loading of up 
to eight individual sources within titanium J-tubes in the shield. The sources 
are attached to the end of a source wire assembly and prevented from 
movement during transport by means of lock assemblies which secure the 
radioactive sources at the bottom of the eight J-tubes. The 855 shield 
container housing is effectively a cylinder, 10 3/4 inches (273 mm) in diameter 
on top of a 11 Y-i inches (286 mm) diameter base. The Model 855 is 
approximately 11 % inches (298 mm) tall (without the eyebolt height). 
Copper separators are installed around all exposed surfaces of the DU to 
prevent any steel-uranium interaction inside the shield container. The shield is 
further retained in place by the use of polyurethane foam which fills the voids 
between the shield and the inner surfaces of the 855 steel housing. For 
shipment, a steel cover is bolted to the top of the shield container. The cover 
design creates an interference with the J-tube lock mechanisms which further 
prevents source release during shipment. The 855 shield weighs a maximum 
of225 lbs (102 kgs) and contains a maximum of 135 lbs (61 kgs) of DU. 
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b. Model 3056 Shield: The 3056 shield container is effectively a lead shield pot 
with steel bracing around the pot diameter and bottom. The 3056 is 
approximately 6 V4 inches (159 mm) in diameter (not including the handle 
bosses), and 10.4 inches (264 mm) tall. The shield container (with the handle 
bosses) is roughly 7.7 inches (196 mm) in diameter. The shield incorporates 
two lifting handles 180 degrees apart on the sides. The 3056 includes a cover 
which protects the source tubes and caps during shipment. Primary radiation 
shielding is provided by a lead pot modified to use a DU inner core shield. 
The inner core shield provides additional, high efficiency radiation shielding 
in close proximity to the source positions in transport. The shielding 
components are clamped together by means of a steel cradle or sheath and a 
flange on the upper insert. Source location and retention is provided by a 
fabricated insert containing ten J-tubes and the use of source tube caps. Each 
source is secured close to the center of the shield by means of the attached 
flexible source holder within the J-tube and is closed by the tube cap. The 
3056 shield weighs a maximum of 114 lbs (52 kgs). 

c. Model 1911 Shield: The 1911 shield container is effectively a welded steel 
cylinder, 8 inches (203 mm) in diameter, and 8 % inches (222 mm) tall 
(without the eyebolt or lid bolt heights). The maximum weight of the 1911 
shield is 184 lbs (84 kgs). The shield lid is secured to the body by four M8 x 
1.25 x 25 mm hex head austenitic stainless steel bolts and 0.75" outer 
diameter x 0.313" inner diameter x 0.051 "-0.080" thick austenitic stainless 
steel washers. With the shield lid secured to the body by the bolts/washers, 
the 1911 is designed to be lifted by an Ml O x 1.5 forged plain steel eyebolt 
which is threaded onto a recess in the shield lid. The eyebolt is removed after 
loading of the 1911 into the 976F cork lined drum and during transportation. 
The shield lid protects the source cavity and removable shielding during 
shipment. 

The main shielding for the 1911 is provided by a lead shield body encased by 
a welded steel cylinder. The minimum thickness of the primary lead shielding 
pot (based on worst case tolerances) is 2 1/4 inches (57 mm). Source location 
and retention is provided by a shield plug and insert assembly. The shield 
plug, in combination with the lower shield insert, provides the inner 
containment for the sources inside the outer lead shield body when held in 
place by the shield cover lid. The design incorporates one of three insert 
configurations within the source cavity to allow for different source loading 
applications within the 1911 shield. Approval of all three shield insert 
configurations is for the same Ir-192 radioactive capacity of 1,000 Ci. The 
inner shield insert combinations are as follows: 
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Model 976F (Inner Container 1911) Shield Insert Configuration Option 
1: DU Plug/Insert Configuration (P1992 and P1991) 

The shield insert is approximately 6.7 lbs (3 kg) of DU encased in 1/16 
inch (1.5 mm) thick carbon steel. The minimum thickness of the DU 
insert is 0.64 inches (16 mm). The DU insert provides a cylindrical 
source cavity measuring 0.92 inches (23 mm) in diameter and 1.7 inches 
( 43 mm) deep. The design also allows for the use of an optional steel or 
aluminum holder within the source cavity. These holders provide 
negligible shielding and are intended only to consolidate and facilitate 
source insertion and removal from the shield cavity. 

The shield plug for this configuration is approximately 5.3 lbs (2.4 kg) 
of DU encased in 1/16 inch (1 .5 mm) thick carbon steel. The shield plug 
contains a minimum of 2.8 inches (71 mm) of DU directly above the 
shield cavity. The shield plug also incorporates a metal bail for use in 
lifting the plug from the container. This bail provides negligible 
shielding and is intended only to facilitate insertion and removal of the 
plug from the shield. 

ii. Model 976F (Inner Container 1911) Shield Insert Configuration Option 
2: Lead Plug/Insert Configuration (Ll992 and L1991) 

The shield insert is approximately 2 lbs (0.9 kg) of lead. The minimum 
thickness of the lead insert is Y2 inch (13 mm). The lead insert 
incorporates a brass top piece and the insert is shown in greater detail in 
Section 1.3. 

The shield plug for this configuration is approximately 5.5 lbs (2.5 kg) 
of lead. The shield plug contains a minimum of 3.3 inches (84 mm) of 
lead directly above the shield cavity. The shield plug has a recessed 
cylindrical area which increases the shield cavity and measures 1.42 
inches (36 mm) in diameter by 0.39 inches (9.9 mm) deep. The shield 
plug also incorporates a metal bail for use in lifting the plug from the 
container. This bail provides negligible shielding and is intended only to 
facilitate insertion and removal of the plug from the shield. 

111. Model 976F (Inner Container 1911) Shield Insert Configuration Option 
3: Tungsten Plug/Insert Configuration (TI992 and T1991) 

The shield insert is approximately 4.6 lbs (2 kg) of tungsten. The 
minimum thickness of tungsten in the insert is 0.64 inches (16 mm). 
The tungsten insert provides a cylindrical source cavity measuring 0.92 
inches (23.4 mm) in diameter and 2.7 inches (68 mm) deep. The design 
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also allows for the use of an optional steel or aluminum holder within 
the source cavity. These holders provide negligible shielding and are 
intended only to facilitate source insertion and removal from the shield 
cavity. 

The shield plug for this configuration is approximately 7.1 lbs (3.2 kg) 
of tungsten. The shield plug contains a minimum of 2.1 inches (54 mm) 
of tungsten directly above the shield cavity. The shield plug also 
incorporates a metal bail for use in lifting the plug from the container. 
This bail provides negligible shielding and is intended only to facilitate 
insertion and removal of the plug from the shield. 

1.2.1.2 Package Assembly Components (without shield containers): All versions of the 
976 packages use a stainless steel drum with cork liner inserts to provide shield 
stability during transport. The drum provides structural strength to the overall 
package while the cork serves to limit inner shield movement during transport as 
well as act as a thermal insulator in case of fire. The components are described in 
Section 1.2.1.3. 

1.2.1.3 Drum: The outer drum for this package is a 20 gallon capacity drum with 16 
gauge, 0.06 inches (1.5 mm) thick 300 series austenitic stainless steel walls. The 
drum includes a removable lid which is secured in place using a lid closure band 
and four 3/8-16 x % inch (19 mm) long 300 series austenitic stainless steel lid 
bolts. The lid bolts are inserted through four 3/8 inch (9.5 mm) diameter holes 
spaced equidistantly around the diameter of the drum. The holes are located 1 1/8 
inches (28.6 mm) down from the top of the drum. The drum lid has four 300 
series austenitic stainless steel blocks measuring 1 inch (25 mm) by 1 inch (25 
mm) by % inch (19 mm) tall. The steel blocks are welded on all four sides to the 
underside of the lid. The block welds are on the full length of the block on each 
side. The drum lid can alternatively be constructed to replace the welded, 
threaded blocks with floating nuts retained in square tubes that are welded to the 
lid. Both constructions (blocks/floating nuts) are drilled and tapped to accept a 
3/8-16 bolt. The drum measures 19 314 inches (502 mm) in diameter and is 21 Y<i 
inches (540 mm) tall when assembled. 

a. Drum Clamp Assembly: The drum uses a closure band that can be carbon 
steel or stainless steel and associated hardware. There are two versions of the 
closure band described in drawings contained in Section 1.3. The clamp bolt 
used to attach the closure band to the drum is torqued to 10 ft-lbs ( + 2, -0 ft­
lbs) prior to transport. This torque is equivalent to a 0. 75-1.25 inch (19-32 
mm) gap between the lid closure band sides. 
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b. Cork Liner Inserts: AH 976 Series packages use the same basic cork liners . I 
designed for transport of the Model 855 shield configuration of the 976A 
package. This is comprised of a combination bottom/side liner and a top liner 
which fits into the bottom liner after insertion of the shield container (see 
Figure 1.2a). 

4 1 Ci,N,<P BAND 

3 1 TOP CORK 1NS£RT 

2 1 BOTTOM COR~ INSERT 

1 20 CAI.. SAAREl 
ITCM QTY. OCSCR1FTION 

Figure 1.2a: Exploded View of Model 976A Drum and Basic Inserts 

For the Model 976C through 976F style containers, additional, secondary 
inserts may be used to limit movement of the shield containers during 
transport (see descriptive assembly drawings for detai ls). 

1.2.1 .4 Containment System: There are two basic methods for securing the sources in the 
Model 976 Series shields. The methods are described in Table 1.2c. In all cases 
the inner shield containers are loaded into the cork inserts w ithin the drum, the 
drum lid is attached by means of a lid closure band and four drum bolts securing 
the drum lid to the base. The lid clamp band bolt is seal wired with a tamper 
indicator seal. 



Safety Analysis Report for the Model 976 Series Transport Package 

QSA Global Inc. 
Burlington, Massachusetts 

March 2018 - Revision 9 
Page 1-7 

Table 1.2c: Shield Container Containment Descriptions 

Shield Identification Containment Description 
855, 3056 Source location and retention is provided by J-tubes in the 

shield and the use of either a locking mechanism on the source 
wire or source tube caps. 

1911 Source location and retention is provided by a shield plug held 
in place by the shield cover lid. The shield cover lid is 
attached to the shield base by bolts. 

1.2.2 Contents 

The Model 976 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 1.2d and Section 2.10 and 2.12. The maximum decay heat for Ir-192 in 
table 1.2d 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 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 transport package shield and 
secured according to the procedure for that shield container (see Section 7). 

The maximum weight of the contents for the shield containers is also listed in Table 1.2d. 
The content weight values are based on either the actual source assembly weights (for the 
855 and 3056 containers), or calculated based on the package capacity and the lowest 
specific activity of Ir-192 (200 Ci/gram) used in source production (for the 1911 
container). 

Note: Ir-192 of higher specific activity can be used but this would produce sources with 
lower total mass of the contents. Material density for Se-75 and Yb-169 are less 
than Ir-192, therefore the maximum content weight values listed in the Table 1.2d 
are the maximum content masses based on the heaviest material content which is 
Ir-192. 

Table 1.2d: Isotope Information Permitted in the Model 976 Series Packages 

Package ID Isotope Activi!y1 Capsule Form2 Chemical/ Maximum Maximum Decay 
Physical Content Heat3 

Form Weight 
f ITTams) 

Ir-192 1,000 Ci 20 Watts 
976A Se-75 1,000 Ci Special Form Metal 176 5 Watts 

(855 Inner) Yb-169 865 Ci 5 Watts 
Se-75 350 Ci 2 Watts 

Yb-169 350 Ci 2 Watts 
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Package ID Isotope Activi!i Capsule Form2 Chemical/ Maximum Maximum Decay 
Physical Content Heat3 

Form Weight 
( ITT"ams) 

lr-192 1,250 Ci 25 Watts 
976C Se-75 1,250 Ci Special Form Metal 220 6.4 Watts 

(3056 Inner) Yb-169 1,000 Ci 5.4 Watts 
Se-75 500 Ci 2.5 Watts 

Yb-169 500 Ci 3 Watts 
Se-75 1,000 Ci 5 Watts 

Yb-169 1,000 Ci 5.4 Watts 
lr-192 1,000 Ci 20 Watts 

976F Se-75 1,000 Ci Special Form Metal 220 5 Watts 
(1911 Inner) Yb-169 1,000 Ci 5.4 Watts 

1 For Iridium- I 92, the maximum capacity is based on the output curies which are determined by measuring 
the source output at I meter and expressing its activity in curies derived from the following: 0.48 R/hr-Ci 
Iridium-192 at I meter. (Ref: American National Standard N432-I 980, "Radiological Safety for the Design 
and Construction of Apparatus for Gamma Radiography."). For Selenium-75 and Yb-169 the maximum 
capacity is based on the content curies contained in the radioactive source(s). 
2 Special Form is defined in 10 CFR 71 , 49 CFR 173, IAEA No. TS-R-1 (2009 Edition). 
3 Maximum decay heat for Ir-192 is calculated by correcting the output activity to content activity. A 
factor of 2.3 is used to account for source capsule and self-absorption in this conversion. 

1.2.3 Special Requirements for Plutonium 

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

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 capsules may or 
may not be attached to flexible handling wires. Sources attached to flexible wires are 
held in place either by lock mechanism or source tube caps installed after the source wires 
are inserted into the shield J-tubes. Sources inserted into a cavity style shield container 
are held in place within the shield by means of a shield plug assembly and/or cover 
secured to the shield base. All shield containers are installed within cork liners in the 976 
drum assembly and the drum lid is secured to the container by means of a bolted, seal 
wired lid closure band and four lid drum bolts. The 976 Series containers are assembled 
and secured as described in Section 7. 

1.3 Appendix: Drawings of the Model 976 Series transport packages. 
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Section 1.3 Appendix: Drawings of the Model 976 Series transport packages. 



NOTES: 

1. MODEL 976 SERIES TRANSPORT PACKAGE CONSISTS OF 3 DIFFERENT MODEL CONFIGURATIONS. 

2. NOTES APPLY TO ALL PAGES. 

3. TORQUE CLAMP BAND BOLT TO 10 ±2 FT·LB (EQUIVALENT TO 0.75 TO 1.25 INCH GAP IN BAND). 

4. 

5. 

6. 

7. 

MAXIMUM PACKAGE WEIGHT PER TABLE. 

ALL HARDWARE MEETS ASME 816 STANDARDS. 

"REF" OR() DENOTES A REFERENCE DIMENSION · FOR GENERAL INFORMATION ONLY. ACTUAL 

DIMENSION ON FINISHED ITEM MAY FALL OUTSIDE TOLERANCES SHOWN ON THIS DRAWING. 

3/8-16 X 3/4 LONG LID SCREWS INSTALLED BEFORE 1-AUG-2008 ARE 300 SERIES STAINLESS STEEL WHILE 

SCREWS INSTALLED OR REPLACED ON OR AFTER 1-AUG-2008 ARE STAINLESS STEEL PER ASTM A 193 

GRADE B6 (304). 

976F 263 lbs 1000CURIES s.3/4 REF 

976C 190 lbs 1250CURIES 11 REF 

976A 3001bs 1000CURIES 8-9/16REF 

MAXIMUM MAXIMUM 
MODEL PACKAGE PACKAGE DIMENSION "A" CONFIGURATION CAPACITY WEIGHT (lr-192) 

LID SCREWS 4 4 4 SEENOTE7 

CLAMP BAND SEE DRAWING 
RCLM009 OR RCLM011 

AR AR AR STEEL 

4 4 4 STAINLESS STEEL 

FIREPROOF STEEL 

BOTTOM INNER SPACER 0 0 SEESHEET4 

TOP INNER SPACER 0 4 4 SEESHEET4 

BOTTOM INNER INSERT 0 SEESHEET2 

TOP OUTER INSERT SEESHE.ET3 

BOTTOM OUTER INSERT SEESHEET2 

SHIELD ASSEMlll Y MODEL 1911 0 0 SEE DRAWING R1911 

SHIELD ASSEMBLY MODEL 3056 0 0 SEE DRAWING R3056 

SHIELD ASSEMBLY MODEL 855 0 0 SEE DRAWING R85590 

DRUM ASSEMBLY SEE DRAWING R97608 

976A 976C 976F 
PART NAME MATERIAi. 

QTY 

UNlfSS 01HERW1SE SPECIREO; 

ALL DIMENSIONS ARE INCHES, TOLERANCE :!:1/8 

40 NORTH AVE. 8URLINGTON. MA 01603 

DESCRIPTIVE 
DRAWING 

TITLE MODEL976TRANSPORTPACKAGE 
R97600 REV 

C SCALE: NONE SHEET 1 OF 4 



976 BOTIOM INSERTS 

UNlESS OlHERWISE SPECIFIED: 

ALL DIMENSIONS ARE INCHES, TOLERANCE +1/8 ' -
I I 
;' . ! 

QSA GLOBAL DESCRIPTIVE 
i DRAWING 
' ! ,IQ NORTH AVE, BURLINGTON. MA 011103 

TITLE 
MODEL 976 TRANSPORT:PACKAGE 

SIZE DWG. NO. R97600 
A SCALE: .NONE SHE~T 2 QF4 

I 
I • H • • 
" . I 

REV 

C 



TOP OUTER INSERT 

976C TOP OUTER INSERT 
!---- - - ----!CORK WITH UREAFORMALOEHYOE RESIN 
976A & 976F TOP OUTER INSERT BINDER. DENSITY: 17 :!: 2 LBJCU. FT. 

PART NAME MATERIAL 

UNLess OTHERWISE SPEOFIED: 

ALL DIMENSIONS ARE INCHES, TOLERANCE ± 1 /8 

DESCRIPTIVE 
DRAWING 

40 NORTH AVE. BURLINGTON, MA 01803 

TITLE MODEL 976TRANSPORTPACKAGE 
SIZE DWG. NO. R97600 REV 

A SCALE: NONE SHEET 3 0F4 C 



INNER SPACERS 

976C & 976F TOP INNER SPACER 
~--------1CORK WITH UREA FORMALDEHYDE RESIN 

976C BOTTOM INNER SPACER BINDER. DENSITY: 17 ! 2 LBJCU. FT. 

PART NAME MATERIAL 

UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS ARE INCHES, TOLERANCE ±1/8 

40 NORTH AVE, BURLINGTON, MA 01803 

DESCRIPTIVE 
DRAWING 

TITLE MODEL976TRANSPORTPACKAGE 
SIZE DWG. NO. R97600 
A SCALE: NONE SHEET 4 0F4 

REV 
C 



8 

0 

8 

L 

6 

5 

ALL DIMENSIONS ARE INCHES 
TOLERANCES: 

FRACTIONS: ±1/2 
x.x ± 0.12 

x.xx ± 0.06 
X.XXX ± 0.020 

2 

0 

. c 

4D NORTlf AVE, BURLINGTON, MA D18D3 

20 GALLON DRUM, MODEL 976 

SIZE DWG. NO. R97608 
8 SCALE: NONE SHEET 1 OF 1 

REV 

K 
3 2 



8 6 5 

D 

C 

:.:.-- --·----
A 

3 

DEDICATED COMMERCIAL COMPONENT 

SUPPLIER: COLSTON MANUFACTURING 

2 

EATON AEROSPACE PART NUMBER 61 -99-122 (ISSUE 1F) 

MATERIALS: 
EXCEPT BRASS NUT ALL COMPONENTS 300 SERIES AUSTENITIC 
STAINLESS STEEL 

DESCRIPTIVE 
DRAWING 

TOLERANCES: 
(U111ll:M OfflUIWISE 5Pl.'CWEDt 

FRAC'TIONS : 118 
x.x , 0.12 
x.xx t 0.08 
x.xxx 1 0.020 

ANGUI.AR • 5' 

3 

40 NORTH AVE, BURLINGTON, MA 01803 

ITLE CLAMP BAND 

SIZE OWG. NO. RCLM009 REV 

B SCALE: 1:3 SHEET 1 OF 1 C 

0 

C 



SECTION A-A 
SCALE 1 : 2 4. 

UNLESS OTHERWISE SPECFIED: 

EACH LUG FILLET WELDED TO RING ON AT LEAST 3 SIDES PER AWS 01.3. 1--_A_L_L_o_,_M_E_N_s_,o_N_S_A_R_E_I_N_C_H_E_s_, _TO_LE_R_A_N_C_E_±_1_11_6_-f 
WELDS INSPECTED BY A CERTIFIED WELD INSPECTOR (CWI) MEETING 
REQUIREMENTS OF AWS QC1. 

OPTIONAL PROTECTIVE FINISH: RING PAINTED. BOLT & NUT ZINC PLATED. 
QSA GLOBAL 

~O NORTH AVE, BURLINGTON, MA 01803 

DESCRIPTIVE 
DRAWING 

ERF# APPROVALS DATE TITLE CLAMP BAND 

3742 
1-2;;::~~'-----.J.:::i~f_Ll~ SIZE DWG. NO. RCLM011 REV 
~::'Y---"=='--------1~~:--1 A SCALE: NONE SHEET 1 0F 1 A 



AWS 01. 1 STRUCTURAL WELDING CODE - STEEL 
AWS 01.6 STRUCTURAL WELDING CODE - STAINLESS STEEL 

2. NOTES APPLY TO ALL PAGES. 
3. MAXIMUM DEVICE WEIGHT - 225 LBS. 

I 4. ALL HARDWARE TO MEET ASME 818 STANDARDS. 

I 
5. THIS ASSEMBLY IS NOT TO BE MANUFACTURED AFTER 01 JANUARY 2009 

&_ EXCEPT FOR PARTS IDENTIFIED AS SERVICE REPLACEABLE PARTS (SRP). 

I 

ERF # 3288 

DIMENSIONS IN INCHES 
TOLERANCES: 

FRACTIONS ±1/8 
X ± 0.1 

xx ± 0.05 
XXX ± 0.005 

DESCRIPTIVE 
DRAWING 

TITLE MODEL 855 SOURCE CHANGER 
SIZE DWG. NO. R85590 
A SCALE: NONE SHEET 1 OF 6 

REV 

H 



DIMENSIONS IN INCHES 
TOLERANCES: 

FRACTIONS ±1/8 
X ± 0.1 

XX ± 0.05 
XXX ± 0 .005 

TinEMODEL 855 SOURCE CHANGER 
SIZE OWG. NO. R85590 
A SCALE: NONE SHEET 2 OF 6 

REV 
H 



DIMENSIONS IN INCHES 
TOLERANCES: 

FRACTIONS ±1/8 
X ± 0 .1 

XX± 0.05 
XXX ± 0.005 

QSA GLOBAL DESCRIPTIVE 
DRAWING 

TITLE MODEL 855 SOURCE CHANGER 
SIZE DWG. NO. 

A SCALE: 
R85590 
NONE SHEET 3 OF 6 

REV 
H 



SHIELD 
SEE SHT 5 STANDARD 

LOCK ASSEMBLY 

2. SOURCE HOLD DOWN CAPS MAY INCLUDE 
OPTIONAL IRIDITE, CHROMATE, OR OTHER 
PROTECTIVE FINISH. 

DIMENSIONS IN INCHES 
TOLERANCES: 

FRACllONS ± 1 /8 
X ± 0.1 

xx ± 0.05 
XXX ± 0.005 

DESCRIPTIVE 
DRAWING 

TITLE MODEL 855 SOURCE CHANGER 
SIZE OWG. NO. R85590 REV 

A SCALE: NONE SHEET 4 OF 6 H 



DIMENSIONS IN INCHES 
Tou:RANCES: 

F'RACTIONS :1:1/8 
X :I: 0 .1 

xx :I; o.os 
XXX ± 0.005 

DESCRIPTIVE 
DRAWING 

TITLE MODEL 855 SOURCE CHANGER 
SIZE OWG. NO. R85590 REV 

A SCALE: NONE SHEET 5 Of 6 H 



DIMENSIONS IN INCHES 
TOLERANCES: 

FRACTIONS :I: 1 /8 
X :I: 0.1 

xx :I: 0.05 
XXX :I: 0.005 

QSA GLOBAL DESCRIPTIVE 
DRAWING 

TITLE MODEL 855 SOURCE CHANGER 
s1zE owe. NO. R85590 REV 

A r-~~~~~~~H SCALE: NONE SHEET 6 OF 6 



I 2. 

A l 3. 

! 4. 

I 5. 
I ,~ 6. 
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NOTES APPLY TO All PAGES. 

MAXJMUM WEIGHT= 114 LBS. 

ALL HARDWARE TO MEET ASME B18 STANDARDS. 

"REP DENOTES A REFERENCE DIMENSION PROVIDED FOR GENERAL INFORMATION ONLY. 
ACTUAL DIMENSION ON FINISHED ITEM MAY FALL OUTSIDE TOLERANCES SHOWN ON DRAWING. 

THIS ASSEMBLY IS NOT TO BE MANUFACTURED AFTER 1 JAN 2009, EXCEPT FOR PARTS 
IDENTIFIED AS SERVICE REPLACEABLE PARTS { SRP) • 

s 

UNLESS OTHERWISE SPECIFIED 
DIMENSIONS IN INCHES 
TOlfllANCES: 

FRACTIONS ;t 1/8 
X.X ;t 0.12 

X.XXt 0.06 
x.xxx t 0.020 

c;"4o NORT!i AVE. BURLINGTON, IIA 01803 

ITL.£ 
MODEL 3056 SHIELD CONTAINER 

SIZE DWG. NO. R3056 

A SCALE: NONE SHEET 1 OF 4 
2 



ITEM 1 - LEAD POT ASSEMBLY 
UNLESS OTHERWISE SPECIFIED 
DIMENSIONS IN INCHES 
TOLERANCES: 

FRACTIONS 1/8 
x.x 0.12 

x.xx o.o, 
x.xxx 0.020 

MODEL 3056 SHIELD CONTAINER 

SIZE DWG. NO. REV I R3056 
A t-------..-----~ 

SHEET 2 OF 4 G I - ~~~·•-~~~~~~~~-•-~~-=:..........:~~-L-..::..._; SCALE: NONE 



UNLESS OTHERWISE SPECIFIED 
DIMENSIONS IN INCHES 
TOLERANCES: 

FRACTIONS :t 1/8 
X.X ± 0.12 

X.XX ±0.06 
x.xxx :t 0.020 

MODEL 3056 SHIELD CONTAINER 

SIZE DWG. NO. R3056 

A SCALE: NONE SHEET 3 OF 4 

REV I 

Gj 



UNLESS OTHERWISE srECIFIED TITLE 
DIMENSIONS IN INCHES 
TOLERANCES: MODEL 3056 SHIELD CONTAINER 

FRACTIONS t 1/8 
X.Xt 0.12 

X.XX t 0.06 
x.xxx t 0.020 

SIZE DWG. NO. 

A SCALE: 

R3056 

NONE 
·-'-------~---'---'---------- SHEET4 OF 4 

REV 

G t 
~ 
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A I 3. 

I 
4. 

5. 

I 

8 6 

MAXIMUM PACKAGE WEIGHT· 184 lbs. 

NOTES ON THIS PAGE APPLY TO AU. PAGES OF THIS DRAWING. 

AU. HARDWARE TO MEET ASME 818 STANDARDS. 

SOURCE HOUSING. ITEM 0 MAY BE LEAD/BRASS. TUNGSTEN OR DU/STEEL FABRICATION. 

• () • DENOTES A REFERENCE DIMENSION PROVIDED FOR GENERAL INFORMATION ONLY. 
ACTUAL DIMENSION ON FINISHED ITEM MAY FALL OUTSIDE TOLERANCES SHOWN ON DRAWING. 

8 6 s 

lillF# 

3288 

3 2 

DESCRIPTIVE 
DRAWING 

40NOR'lll AVE, BURLINGTON, MA01II03 

TITLE MODEL 1911 SHIELD 

SIZE OWG. NO. 

SCALE: 1:2 SHEET 1 OF 6 

R.EV 

G B 
R1911 

3 2 

D 
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3. 

4 . 

& 5. 

8 

AWS A2.4-93 STANDARD SYMBOLS FOR WELDING, BRAZING AND NONDESTRUCTIVE EXAMINATION 

ALL WELDING ANO INSPECTION SHOWN ON THIS PAGE WILL BE IN ACCORDANCE WITH: 
AWS 01 .6 STRUCTURAL WELDING COOE • STAINLESS STEEL 40 NORTH AVE. BURLINGTON, MA 01803 

ALL WELDING CAN BE EITHER GTAW OR GMAW AND SHALL BE PERFORMED BY PERSONNEL TITLE 
QUALIFIED IN ACCORDANCE WITH THE STANDARD AS LISTED ABOVE. MODEL 191 1 SHIELD 

ALL WELDING SHOWN ON THIS PAGE TO BE VISUALLY ( V1) INSPECTED BY INDIVIDUALS CURRENTLY QUALIFIED 
TOASNT SNT-TC-1 A. SIZ E DWG. NO. R1911 REV j 

STAINLESS STEEL PARTS MADE AFTER JUNE 2015 ARE 304 OR 304L STAINLESS STEEL PER ASTM A240. B SCALE : I :2 SHEET 2 OF 6 G i 
-.----------.--~ -~----~------·----,------,,__J 

s 3 



2 ----~--------~-- -------

RETEDPER: 
S FOR WELDING, BRAZING AND NONDESTRUCTIVE EXAMINATION 

NON THIS PAGE WILL BE IN ACCORDANCE WITH: 
1 2009; BS EN 288 WELD PROCEDURE TESTS FOR ARC WELDING OF STEEL 

2009; AWS 01.6 STRUCTURAL WELDING CODE· STAINLESS STEEL 

R GMAW AND SHALL BE PERFORMED BY PERSONNEL 
H THE STANDARD AS LISTED ABOVE. 

0 BE VISUALLY ( Vl) INSPECTED BY INDIVIDUALS CURRENTLY QUALIFIED 

!CATIONS ARE FOR ASSEMBLIES FABRICATED AFTER JUNE 1 2009 
LESS STEEL PARTS WERE SPECIFIED AS "AUSTENITIC STAINLESS STEEL" 

M10 X 1.5 EYEBOLT 

SCREW, M8X1.25 X 25mm, HEX 
HEAD.SS 

OPTIONAL PLAIN WASHER 

5 CLOSURE PLATE, HUB 

4 CLOSURE PLATE. DISK 

1911 LEADPOTTOPPLATE 

M8X1.25 X1 THREADED BOSS 

1 FORGED PLAIN STEEL 

4 STEEL · NITS 

STM A276, 304 STAINLESS 
TEEL 

TM A240. 304 STAINLESS 
TEEL 

EAO, 99.9% PURE 

QTY MAlERIAL 

All DIMENSIONS AIE INCHES 
TOLERANCE: LINEAR !1/8 ANGUIAR ±5" 

•o NOR'ffl AVE, BUNJNOTON, MA 01803 

DESCRIPTIVE 
DRAWING 

MODEL 1911 SHIELD 

DWG. NO. R1911 REV 

0 

L 

i 
!c 
I 

I 

,__s_c_A_LE_:..,....1:2 ____ ..._s_HE_E_T-.--3_ o_F _ _ 6_ .~ 
3 2 



DESCRIPTIVE 
DRAWING 

40 HOI\TM AVf!, BUIWHGTOH, MA 01803 

MODEL 1911 SHIELD 

R1911 REV 

SCALE: 1:2 SHEET 4 OF 6 G 
3 2 
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8 3 

IONAL WIRE HANDLE 1 STAINLESS STEEL- NITS 

1 TUNGSTEN 

1 TUNGSTEN 

QTY MATERIAL 

Al l DIMENSIONS ARE INCHES 
TOLERANCE: LINEAR !1/8 ANGULAR t5' 

DESCRIPTIVE 
DRAWING 

40 NORTH AVE, BURIJNOTON, MA 01-

TITLE 
MODEL 1911 SHIELD 

l 
I 
l o 
I 

I_ 
I 
I 

' :c 
I 
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l~-
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SIZE DWG. NO. R1911 REV I 
B SCALE: 1:2 SHEET 5 OF 6 ~ 
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8 6 5 

3 OPTIONAL WIRE HANDLE STAINLESS STEEL - NITS 

2 DEPLETED URANIUM/ STEEL PLUG OU/CARBON STEEL 

1 DEPLETED URANIUM / STEEL INSERT 1 OU/CARBON STEEL 

ITEM TITlE QTY MATERIAL 

All DIMENSIONS ARE INCHES 
TOLERANCE: LINEAR :!:1/8 ANGULAR :s• 

'40 NOR'IM AVE, BURLINGTON, MA 0110S 

DESCRIPTIVE 
DRAWING 
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TITLE 
MODEL 1911 SHIELD I 

R1911 REV j 
---------,-------- G I 
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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 and IAEA TS-R-1. 

2.1 Description of Structural Design 

2.1.1 Discussion 

The Model 976 Series transport packages are described in Section 1.2, "Package 
Description." 

2.1.2 Design Criteria 

The Model 976 Series transport packages are designed to comply with the requirements 
for Type B(U) packaging as prescribed by 10 CFR 71 , IAEA No. TS-R-1 (2009) and 
CNSC PTNS SOR/2015-145 . All design criteria are evaluated by a straightforward 
application of the appropriate section of these requirements. 

Some shields containers incorporated in the package were designed under previously 
approved QA programs, either in the USA under QSA Global, Inc. or its predecessors in 
the United Kingdom by competent authority under Nycomed Amersham pie. or its 
predecessors. 

2.1.3 Weight and Centers of Gravity 

The transport package weight varies from 190 lbs (86 kg) up to 300 lb (1 36 kg). The 
shipping cask weight varies from 114 lbs (52 kg) up to 225 lbs (102 kg). The center of 
gravity for all Model 976 Series transport packages is indicated on the drawings provided 
in Section 1.3. 

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. Any 
applicable, specific codes or standards related to the finished assemblies 
for the 976 Series transport packages are specified on the drawings 
contained in Section 1.3 . In general, the design was based on the Type A 
and Type B(U) container requirements of 49 CFR, 10 CFR 71 and IAEA 
regulations as identified in Section 1.1. 



Safety Analysis Report for the Model 976 Series Transport Package 

QSA Global Inc. 
Burlington, Massachusetts 

March 2018 - Revision 9 
Page 2-2 

2.1.4.2 Fabrication & Assembly 

All drum and cork insert component fabrication (including assembly) is 
controlled under the QSA Global , Inc. Quality Assurance Plan approved 
by the USNRC and ISO. All welding under this plan adheres to the 
standards referenced on the drawings in Section 1.3. All hardware meets 
the standards referenced on the drawings in Section 1.3. All external 
fabrication deemed critical to safety is either verified to equivalent in­
house standards or dedicated as appropriate for use prior to release as part 
of this transport package. 

Some shield containers incorporated in the package were designed under 
previously approved QA programs, either in the USA under QSA Global, 
Inc. or its predecessors in the United Kingdom by competent authority 
under Nycomed Amersham pie. or its predecessors. Prior to the use of 
these shield containers as part of the Model 976 Series transport package, 
they are evaluated under the QSA Global, Inc. QA program for compliance 
to the transport package design. The only new manufacture of shield 
containers for use in the Model 976 Series packages is the Model 1911 
shield container. There will be no manufacture of any new Model 855 or 
Model 3056 shield containers. Any new manufacture of shield containers 
to the Model 1911 design will be completed under the QSA Global, Inc. 
Quality Assurance Plan approved by the USNRC and ISO. 

2.1.4.3 Maintenance & Use 

2.2 Materials 

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

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 976 Series transport package. The location and use 
of these materials is shown on the drawings contained in Section 1.3. The reference for 
the table information is listed in the last column of the table. 
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Table 2.2a: Mechanical Properties of Principal Transport Package Materials 

Material Tensile Yield Source 
Stren2th Stren2th 

Depleted Uranium 65 ksi 30 ksi Reference #2 
Copper 25 ksi 9 ksi Reference #3, p. 224 
Steel (nominal) 53 ksi 36 ksi Reference #1, p. 205 
Stainless Steel 75 ksi 30 ksi Reference #1, p. 854 
Tungsten 142 ksi 109 ksi www.matweb.com 
Cork (minimum) 80 psi NA Reference #4, RMR214 Issue C 
Lead (96Pb/4Sb) 3,990 psi NA www.matweb.com 

Resource references: 

1. American Society for Metals. Metals Handbook, Volume 1, 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. AEA Technology plc. RMR 214 Issue 5, Raw Material Requirement, (RMR) Cork for 
Transport Containers (see Section 2.12.1). 

2.2.2 Chemical, Galvanic or Other Reactions 

The materials used in the construction of the Model 976 Series transport package are 
depleted uranium metal, steel (carbon and stainless), tungsten, lead, copper, polyurethane 
foam and cork. In some shield container designs, copper separators were used between 
steel/uranium interfaces to reduce the possible formation of a eutectic during the 
Hypothetical Accident Conditions thermal scenario defined by 10 CFR 71.73(c)(4). In 
other constructions where steel/depleted uranium interfaces exist, the steel forms a 
welded seal around the depleted uranium surfaces which prevents contact by air needed to 
create the possible formation of a eutectic alloy. In some of the shield container designs 
there are steel/uranium interfaces without full enclosure or copper separation. The 
possibility of the formation of a steel/uranium eutectic alloy at temperatures below the 
melting temperatures of the individual metals has been considered. The steel-uranium 
eutectic alloy temperature is approximately l ,337°F (725°C). 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. The cork and steel interfaces will not cause 
any chemical, galvanic or other adverse reactions due to contact during transport. With 
these container constructions, there will be no significant chemical or galvanic reaction 
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between package components during normal or hypothetical accident conditions of 
transport. 

2.2.3 Effects of Radiation on Materials 

Lead, depleted uranium, tungsten, steel, polyurethane foam and cork have been used in 
transport packaging for decades without degradation of the package performance over 
time. The cork used in the drum liner inserts has been used in Type B transport packages 
in the United Kingdom for decades with no degradation in the material integrity over time 
due to irradiation from package contents. 

2.3 Fabrication and Examination 

2.3.1 Fabrication 

Drum and cork inserts are procured, manufactured and inspected for use under QSA 
Global, Inc. NRC approved QA Program Number 0040. Existing shield containers were 
either originally manufactured by QSA Global, Inc. (or its predecessors) in the USA or 
the United Kingdom. All shield containers will be evaluated and documented for 
compliance to the drawings provided in Section 1.3 prior to initial use of the shield 
container as part of a Model 976 Series transport package. 

2.3.2 Examination 

Section 8 describes the acceptance testing and routine maintenance requirements for 
shield containers and package components used on the Model 976 Series packages. 

2.4 General Requirements for All Packages 

2.4.1 Minimum Package Size 

The transport package exceeds the minimum size requirements since it is 19 3/.i inches 
(502 mm) in diameter by 211/.i inches (540 mm) tall. 

2.4.2 Tamper-Indicating Feature 

The Model 976 Series packages incorporates a steel seal wire attached to the lid closure 
band and lid closure band bolt. 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. 

2.4.3 Positive Closure 

See Section 1.2.4. 



Safety Analysis Report for the Model 976 Series Transport Package 

QSA Global Inc. 
Burlington, Massachusetts 

March 2018 - Revision 9 
Page 2-5 

2.5 Lifting and Tie-Down Standards for All Packages 

2.5.1 Lifting Devices 

The Model 976 Series packages are designed to be lifted by the base using a hand truck or 
other suitable mechanical means. For this analysis, the base is assumed to be a flat, 
circular plate 19 Y<i inches (502 mm) in diameter and 0.06 inches (1.5 mm) thick, 
supported about its outer edge. We take the supporting cylinder (the walls and bottom 
welded rim of the drum) to be essentially rigid for the magnitude of stresses encountered 
here. Any lifting would span all edges of the drum and thus allow the bottom to be 
supported and suspended by the edges. As such, the maximum axial stress on the base is: 

Where: 
cr max = k wr2 /t2 

w = 

t = 
r = 
k = 

The pressure of the transport package weight (136 kg (300 lb)) 
distributed load over the base. = 300 lb/291 in2 = 1.031 psi 
The thickness of the base plate 0.06 inches (1.5 mm) 
The radius of the base plate 9.6 inches (244 mm) 
A tabulated factor for this case of flat plate. 1 = 0.75 

1 - Marks Handbook, 9th edition, pp 5-52 - 5-53, Case 2 

Therefore, the stress generated in the base is 19,800 psi. With a Safety Factor of 3 
applied, the maximum stress in the drum base is 59,400 psi. This is below the ultimate 
tensile strength of the stainless steel base which is 75,000 psi . 

Calculation of the maximum deflection of the base and the bending stress at the junction 
of the base plate and side walls of the drum is assessed as follows. The base plate of the 
drum has a rolled rim that is welded to the drum wall. The inside diameter of the drum is 
18 Ys inches (460 mm) and the drum material is 0.06 inches (1.5 mm) thick stainless steel. 
Conservatively the weight of the package is supported by the base plate. The maximum 
package weight is 300 lbs (136 kgs). The following calculation assumes the load is 
evenly distributed over the entire base plate. The following calculations in this Section 
are based on information contained in "Formulas for Stress and Strain", Fifth Edition, 
Raymond J. Roark and Warren C. Young, McGraw Hill Book Company, 1975. 

Where: 

D = Plate Constant= E t3 /12(1-v2) 

E 
t 
V 

= 

= 

Modulus of elasticity of stainless steel 3 x 107 lb/ in2 

The thickness of the base plate 0.06 inches (1.5 mm) 
Poisson ration = 0.285 
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Producing a bending stress cr = 6 (MJ t2) which equals 12,750 psi. Combining the axial 
and bending stresses produces a crc as follows : 

O"c = { O"axiai2 + O"bendin/ } 112 = { (19,800 psi)2 + (12,750 psi)2 } 112 = 23,550 psi 

With a safety factor of 3 applied, the maximum combined axial and bending stress on the 
drum base is 70,650 psi which is below the ultimate tensile strength of the stainless steel 
base of75,000 psi. Therefore the package meets the requirements of 10 CFR 71.45(a). 

2.5.2 Tie-Down Devices 

The Model 976 Series packages have no tie down attachments. The package can be 
blocked and braced according to standard transportation practices. 

2.6 Normal Conditions of Transport 

2.6.1 Heat 

The heat source for the Model 976 Series transport packages are listed in Table 1.2d. 
Iridium-I 92, generates 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. 
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Table 2.6.1.a: Summary Temperatures Normal Transport 

Temperature Model976 Comments 
Condition 
Insolation 90.3°c 

Section 3.4.1.1. 
(38°C in full sun) (195°F) 

Decay Heating 42.7°C 
Section 3.4.1.2 

(38°C in shade) (109°F) 

As all components are vented to ambient, no pressure will build up in the package 
under Normal Transport conditions that would adversely affect package performance 
or integrity. Evaluation of pressures for this package are contained in Section 3.4.2 
and summarized in Table 3.1.4.a. 

2.6.1.2 Differential Thermal Expansion 

Any thermal expansion encountered during Normal Transport will be 
insignificant with respect to the manufacturing tolerances of the package. 
For example: 

Expansion of the outer drum circumference is approximated by: 

E = nDa.~T 

Where: D = 
a.= 
~T= 
~T= 

Diameter of the drum at top 
Coefficient of Thermal expansion 
Cold temperature differential (from -40°F to 68°F) 
Hot temperature differential (from 68°F to 155°F) 

Substituting we get: E = 7t (19 V,i in)(9.9µin/in°F)(108°F) = 0.06 in (cold) 
E = 7t (19 V4 in)(9.9µin/in °F)(87°F) = 0.05 in (hot) 

This translates to a diameter change of± 0.02 inches. Manufacturing 
tolerance on this component is± V4 inch. Further, the lid closure band and 
lid cover will expand at approximately the same rate thus maintaining the 
security of the package. 

Expansion of the cork circumference is approximated by: 

E = nDa.~T 

Where: D = Diameter of the cork 
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a= Coefficient of Thermal expansion 
11T= 
i1T= 

Cold temperature differential (from -40°F to 68°F) 
Hot temperature differential (from 68°F to 155°F) 

Substituting we get: E = 7t (18 in)(lOO µin/in°F)(108°F) = 0.61 in (cold) 
E = 7t (18 in)(lOO µin/in °F)(87°F) = 0.49 in (hot) 

This translates to a diameter change of +0.16/-0.19 inches. Manufacturing 
tolerance on this component is ± V4 inch. All other drum and cork insert 
components have similar tolerances. Any expansion in this temperature 
range will be well within these tolerances. 

Tolerances between the shield inserts and the cork are even greater. As 
such, no interference, even with the shields will occur. 

Stress Calculations 

As shown in Section 2.6.1.2, thermal differentials will have no adverse 
effect of the interfaces between the outer drum, cork inserts and shield 
inserts. Mechanical loads at the maximum weight of the series (300 lbs.) 
are well distributed across the package bottom and are small compared to 
the yield strength of the steel (30,000 psi - See Table 2.2a). 

Inner diameter of drum = 18 1/8 inches 
Area of drum bottom = 256 in2 

Stress on drum bottom= 300 lbs/256 in2 = 1.2 psi 

Stresses will develop within the gasketed cavities in the Model 855 shield 
(the Models 3056 and 1911 do not incorporate a gasket). The Model 976A 
with the Model 855 shield container, is described below. the increased 
pressure will exert the most force on the cover. A perfect seal and no 
escaping gasses is also assumed. 

Force is estimated by: F = (nD2/4)P 

Where: 

Therefore: 

D = Diameter of the shield cover over the void = 10 % in 
P = Pressure induced by the thermal gradient= 7 psi (from 
Section 3.4.2.) 

F = n(l O % in)2/4(7 psi)= 635 !bf 

The cover is held by eight (8) 3/8-16 300 series austenitic stainless steel 
bolts. This imparts a force of 79 !bf in each bolt. However, if all the stress 
is assumed to be taken by only one bolt, then the stress in that bolt equals: 
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2.6.1.4 

Where: 

S = Fi/A 

Fi = Force in each bolt 
A = Stress area of the bolt (Machinery's Handbook, 24th 
Edition, by Industrial Press Inc., New York, NY for 3/8 
inch bolt) = 0.0775 in2 

Solving fo r the bolt stress produces: S = 635 lbf(0.0775 in2) = 8,152 psi 

This value is well below the tensile strength value for an ungraded stainless 
steel bolt (75,000 psi nominal). 

Comparison with Allowable Stresses 

All stresses calculated in Section 2.6.1 are well below strengths for the 
materials of construction. Further, the Model 976 Series package was fully 
tested and passed under Normal Conditions of transport. It is therefore 
concluded that the Model 976 Series package will satisfy the performance 
requirements specified by the regulations. 

2.6.2 Cold 

The carbon steel components of the Model 976 Series transport packages are susceptible 
to brittle fracture at low temperature. The transport package successfully met Type B(U)-
96 Normal Condition and Hypothetical Accident Condition Transport Tests requirements 
at temperatures below -40°C (-40°F), the minimum specified in the regulations. This 
testing is described under Test Plan 90 Report and Test Plan 163 Report (Sections 2.12.2 
and 2.12.3 respectively). Thus, it is concluded that the Model 976 Series transport 
packages will withstand the normal transport cold condition. 

2.6.3 Reduced External Pressure 

Other than the Model 855 shield container, the Model 976 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. Therefore, 
the reduced external pressure requirements of3.5 psi in 10 CFR, 3.6 psi in 49 CFR and 
8.7 psi (60 kPa) and 0.7 psi (5 kPa) in IAEA are met. 
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The authorized contents are special form source capsules that meet a minimum ISO 2919-
2008 classification of Class 3 for pressure. This classification is more limiting than the 
reduced external pressure requ irement as it covers 25 kN/m2 to 2 MN/m2. Therefore, the 
reduced external pressure requirements of3 .5 psi in 10 CFR and 8.7 psi (60 kPa) in 49 
CFR and IAEA will not adversely affect the package containment. 

Reference: ISO 2919-2008, Radiation Protection - Sealed radioactive sources - General 
requirements and classification. 

From Section 2.6.1.3 , the maximum force generated within the cavities of the 855 shield 
due to temperature gradients is 635 lbf. at 7 psi internal. If the 8.7 psi were then 
superimposed on this pressure, the stress, if taken through a single bolt, would be 18,300 
psi, still significantly below the bolt ' s yield strength. Therefore, the reduced external 
pressure requirements of 3.5 psi in 10 CFR, 8.7 psi (60 kPa) in 49 CFR and IAEA will 
not adversely affect the package containment. 

2.6.4 Increased External Pressure 

Other than the Model 855 shield container, the Model 976 Series transport packages are 
open to the atmosphere and contain no components which could create a differential 
pressure relative to atmospheric conditions. 

Again, the authorized contents are special fonn source capsules that meet a minimum ISO 
2919-2008 classification of Class 3 for pressure. This classification is more limiting than 
the increased external pressure requirement as it covers 25 kN/m2 to 2 MN/m2· 

Therefore, the increased external pressure requirements of 20 psi in 10 CFR 71 will not 
adversely affect the package containment. 

Further, for the Model 855 shield container has a large plate above the gasketed cavity. If 
we use the same logic case of a uniformly loaded plate supported on all sides (as in 
Section 2.4.1) we find: 

cr max = k wr2 /t2 

Where: 
w 

t 
r 
k 

= The pressure (20 psi). 
The thickness of the top plate (5/16 inches) 
The radius of the top plate (5 5/32 inches) 
A factor for this case of flat plate (0.75). 1 

1 - Marks Handbook, 9th edition, pp 5-52 - 5-53 
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Therefore, the stress generated in the top is 4,074 psi. This is below the yield strength of 
the steel top (36,000 psi). All other shield containers have either thicker covers or smaller 
areas. Therefore, the increased external pressure requirements of 20 psi in 10 CFR 71 
will not adversely affect the package containment. 

2.6.5 Vibration 

Analysis of the 976A container will be used to justify the remaining 976 configurations as 
this assembly is the heaviest. The package is delivered for transport as an assembled unit. 
Each package is considered to be self contained as far as vibration protection is 
concerned. Consequently, the analysis for normal vibration during shipment in a standard 
or self-secured trailer is considered for an individual package. 

Having the packaging mass, insulation thickness, bearing area, insulation stiffness and 
vibration characteristics of the trailer (self-secure trailer used in thi s analysis), the mean 
square response of the container and its contents can be determined. 

The power spectral densities (PSD) for the safe-secure trailer are shown at various 
frequencies (Figure Cl). Vertical PSD dominates the horizontal PSD. (See Appendix C 
of Ref. 1, listed at the end of this section.). 

The 855 in the 976A package is supported by 2 inches (50.8 mm) of cork. The shield 
lower bearing area is 90.76 in2 based on a 10 ~ inch diameter. The cork density of the 
package is 17 lbs/ft3 (272 kg/m3). The Young's modulus (E) of this cork (by 
interpolation) is 34.8 kg/cm2 or 495 psi (See page 4 of Ref. 2 listed at the end of this 
section). 

The spring rate of the cork in the vertical direction can be calculated as follows (See 
Appendix C of Ref. 1): 

K = AE = (90.76 in
2 
)(495 psi)= 22 463 lb I in 

L 2 in ' 

Where: A= lower bearing area= 90.76 in2 

E = Young's Modulus for cork = 495 psi 
L = support thickness of cork = 2 inches 

The natural frequency of the shield and insulation spring-mass system can be calculated 
as follows: 

Where: K = cork vertical spring rate= 22,463 lb/in = 269,556 lb/ft 
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g = gravitational acceleration = 32.2 ft/sec2 

W = net package weight = 267 lbs 

The net package weight is obtained by subtracting the outer drum weight of 33 lbs from 
the package weight of 300 lbs, producing a net package weight of 267 lbs. 

From this the natural frequency of the spring-mass system is calculated as: 

f = (-'-)((269,556 in I ft) (32.2 ft I sec
2 

) ]

112 

= 28_7 Hz 
2 IT 267 lbs 

Conservatively estimated damping as 10% of critical, an amplification factor (Q) can be 
calculated: 

Q = [(1- r 2 )2 + (2rd)2 J112 

Where: d = damping coefficient = 0.1 
r = ffil ©r, where worst case ffi = ffir, and r = 1 

This produces an amplification factor of Q = 5. 

The package is in resonance at 28.7 Hz and vibration above this frequency will be 
mechanically filtrated (isolated). Neglecting any amplification at resonance and using 
Fig. Cl from Reference I for the PSD at this frequency, the broadband, mean square g­
level of input excitation on the packaging being transported in a safe-secure trailer can be 
calculated. The mean square acceleration response of an oscillator (in this case the 
package) can be defined as: 

Mean Square = 7r f Q (PSD) 
2 

Th h M S 28 7 
.
8 

. 1t (28.7 Hz)(5)(0.00112)g 2 O 
252 2 en t e ean quare at . z 1s = . g 

2 

Therefore, the Root Mean Square at 28.7 Hz is 0.502 g. 

Maximum vibration is three to fou r times the root mean square, or about 1.5 1 g to 2.0 I g. 
This magnitude of vibration will have little effect on the package as the package has 
demonstrated it can withstand greater forces under the 9 m Hypothetical Accident drop 
testing. (This testing is described in Test Plan 90 Report and Test Plan 163 Report 
Sections 2.12.2 and 2.12.3 respectively). 
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The largest vibration envisioned for the transport package would be due to a truck wheel 
or tire out of balance due to manufacture, mounting, under-inflation or damage. A truck 
tire with a 42 inch or 3.5 foot diameter wheel has a circumference of 11 feet. When 
traveling between O and 70 MPH, the wheels will rotate between O and 9.3 revolutions 
per second, producing vibrations between O and 9.3 Hz. All of these frequencies are 
below the package resonance of 28.7 Hz. For comparison 30 inch train wheels travelling 
at Oto 70 MPH create frequencies of Oto 14.4 Hz. Still below the packages resonance. 

Other components of truck vibration due to engine or driveshaft imbalances have 
frequencies up to and above the resonant frequency of the package. Normal amplitudes 
would be very small, however, especially on large trucks where these vibrations are 
separated from the cargo by the trailer hitch. If the amplitude of these vibrations were 
large, the truck would most likely break down. Airplane turbine vibrations are very high 
frequency, above the primary resonant frequency of the package, and very low in 
amplitude. (For reference 1 MPH = 1 mile/hour* 5280 feet/mile* 1 hour/3600 sec= 
1.47 feet/sec). 

Further, the inner shield designs used in the Model 976 Series transport packaging have 
been used in Type B shipments on trucks, trains and planes for decades without vibration 
induced failure of any shield fasteners. Shield fasteners on these containers were 
functionally inspected prior to use to check thread condition and engagement and general 
fastener condition (e.g. , not bent or damaged). The same or similar fasteners on the 
shield containers and the outer drum assembly have been used for many transport 
shipments under these inspection conditions without failure of any kind in use (See 
Section 1.2.1 for prior transport approval references). 

The steel drum and lid closure band are established designs used routinely in transport 
which can reasonably be expected to withstand the vibration normally incident to 
transport. The Model 976 Series packages also incorporate an additional level of drum 
securement by means of four drum lid bolts that further secures the package containment 
during transport. The cork used in the drum liner inserts has also been used in Type B 
transport packages in the United Kingdom for decades again with no degradation in the 
material integrity over time due to vibration during shipment. It is therefore concluded 
that the Model 976 Series packages will withstand vibration normally incident to 
transport. 

References: 

1. Safety Guide 100. "The Guide for Packaging and Offsite Transportation 
of Nuclear Components, Special Assemblies, and Radioactive Materials 
Associated with the Nuclear Explosives and Weapons Safety Program." 
Martin Marietta Energy Systems, Inc., Oak Ridge, TN 37830, November 
7, 1994. 
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Antonio P.O. Carvalho, Ph.D, "Cork as a lightweight partition 
material ... ", Civil Engineering Department, College of Engineering, 
University of Porto, Portugal, 1997. 

2.6.6 Water Spray 

The Model 976 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. 

2.6.7 Free Drop 

The drop test pad used in the multiple 1.2 m free drop, 9 m drop, and puncture tests 
complied with the requirements of 10 CFR 71.7l(c)(7) and 71.73(c). Before and after 
testing the drop pad is visually inspected for damage which could have a significant 
impact on package testing. 

Test specimen TP90A was subjected to the 1.2 meter ( 4 foot) free drop as described in 
Test Plan 90 Report (Section 2.12.2). The orientation of the 1.2 meter ( 4 foot) free drop 
was selected because of its potential to cause significant deformation of the closure bolt 
assembly in an effort to open the drum. The specimen was dropped at approximately a 
45° angle with the closure bolt down. The test specimen temperature was Jess than -40°C 
(-40°F). Photographs of the drop orientation are provided in the Test Plan 90 Report 
(Section 2.12.2). 

The test specimen impacted the test pad as intended. Very little damage to the drum was 
noted. The bottom of the drum was scuffed and slightly bowed out. Upon disassembly, 
the cork liner had fractured and separated at the base. The Model 855 was undamaged. 
Profile results of the Model 855 unit without the drum assembly were within regulatory 
limits for normal transport (see Section 5.1). The 855 is the heaviest container used in 
the Model 976 Series packages. Damage to test unit TP90A was determined to be more 
severe then would be expected for any other inner shield configuration in the package 
series, therefore representative of all packages in the series. 

As described in Test Plan 90 Report, test specimens TP90B and TP90G were dropped at 
an angle onto the lid and drum edge causing them to buckle inward. The heavier test 
specimen (TP90B containing an 855 shield container, with a total package weight of 276 
lbs) was dropped at a 45° angle. The deformation in TP90B was about 2 14 inches deep. 
The lid and drum rim buckled inward, folded together and an air gap was created. The 
cork was cracked by this buckling, but the shield container inside was undamaged. 

As described in Test Plan 163 Report (Section 2.12.3), the Model 976 Series drum 
assembly was redesigned to incorporate four (4) bolt blocks welded to the underside of 
the lid and four (4) lid closure bolts which are inserted through clearance holes in the 
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drum sides and secure into these bolt blocks on the lid. This modification provides a 
secondary safety mechanism should the lid clamp band fail under the Hypothetical 
Accident test conditions and provides added bracing to the inside of the drum which 
reduces buckling deformation. 

In described in Test Plan 163 Report (Section 2.12.3), all the test specimens were 
dropped at angles (either 17.5° or 45°) onto the lid and drum edge. The buckling 
observed was less than seen for the test specimens under Test Plan 90 Report (Section 
2.12.2). Test specimen TP l 63(A) containing an 855 shield with a total test specimen 
weight of 298 lbs was dropped at a 45° angle. The deformation in this test specimen was 
1 :Y.. inches deep. The lid and drum rim were flattened together but no air gap was 
created. The interior cork was cracked by the drum deformation but held in place by the 
drum structure and the inner shield container was undamaged. 

Additional testing was performed under Test Plan 214 (Section 2.12. 10) to assess an 
alternate clamp band construction for the transport package designs. Six test specimens 
were tested to the nonnal condition drop test criteria as described under Test Plan 214 
Report (Section 2.12.1 I). The test specimens evaluated the package performance under 
the following modified configurations: 

• The same as currently approved but without use of a clamp band on the drum. 
• The same as currently approved but without use of a clamp band on the drum and 

with floating nuts replacing the fixed nuts welded to the cover. 
• The same as currently approved but with the approved clamp band replaced by a 

standardly available clamp band. 

Testing to the Normal Condition Drop test criteria was carried out as described in Table 
2.6.7.a: 

Table 2.6.7.a: Normal Transport Drop Test Results for Test Plan 214 

S ecimen Packa e Conti uration 
TP2 l 4-NCB- l Without Clamp Band 

T 
OAOP_,. 

Bottom Surface Orientation 

Test Results 
No damage ident ified. Cover 
remained secured, bolts intact, 
no lid/base gaps. 
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S ecimen 
TP214-NCB-2 

TP214-NCB-3 Without Clamp Band 

TP2 14-NCB-4 Without Clamp Band 

TP214-FSB-l Without Clamp Band 
Fixed Lid Nuts 
Replaced with Floating 
Lid Nuts 

DIIOPHEICIHT 

15° Shallow Angle 
Orientat ion 

--
To Corner Orientation 
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Test Results 
Sl ightly crushed cover and 
drum edge, about 0.5-inch. 
Cover remained secured, bolts 
intact, no lid/base gaps. 

No damage identified. Cover 
remained secured, bolts intact, 
no lid/base gaps. 

Slight flattening of drum outer 
wal l. Cover remained 
secured, bolts intact, no 
lid/base gaps. 

Minor crushed cover and 
drum edge. Cover remained 
secured, bolts intact, no 
lid/base gaps. 



Safety Analysis Report for the Model 976 Series Transport Package 

QSA Global Inc. 
Burlington, Massachusetts 

March 2018 - Revision 9 
Page 2-17 

S ecimen Test Results 
TP214-ASB- I Approved Clamp Band 

Replaced with 
Standardly A vai lab le 
Clamp Band 

Minor crushed cover and 
drum edge. Cover remained 
secured, bolts intact, no 
lid/base gaps. 

To Corner Orientation 

As assessed in this Section, and under Test Plan 163 Report (Section 2.12.3) and Test 
Plan 214 Report (Section 2.12.11 ), the modifications to the drum securement described in 
these test plans will not adversely impact the testing results performed under Test Plan 90 
Report. Therefore, the Model 976 Series packages, as described in the drawings 
contained in Section 1.3, will comply with the requirements of IO CFR 71.7l(c)(7). 

2.6.8 Corner Drop 

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

2.6.9 Compression 

The Test Plan 90 Report (Section 2.12.2) documents that the Model 976 Series transport 
package maintained its structural integrity and shielding effectiveness under the Normal 
Conditions of Transport compression test. The TP90A test specimen was subj ected to a 
compressive load of 1,465 lbs (664.5 kg) for a period of24 hours. Assessment of the 
package to five times the maximum package weight of 300 lbs (136 kg) is contained in 
Test Plan 163 Report (Section 2.12.3). This assessment demonstrates that the Model 976 
Series packages will comply with the requirements of this section even at the increase 
package weight based on that the physical testing performed in Test Plan 90 Report. The 
actual compressive weight of J ,465 lbs (664.5 kg) and the maximum calculated 
compressive weight of 1,500 lbs ( 680 kg) are greater than 13 kPa (2 lb/in2

) multiplied by 
the vertically projected area of the transport package. Following the compression test in 
Test Plan 90 Report, no damage to the specimen was observed. 

Configurations evaluated under Test Plan 214 (Section 2.12.10), were assessed for 
conformance based on compression test results perfonned under Test Plan 90. 
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2.6.10 Penetration 

Test specimen TP90A was subjected to a penetration test, as described in Test Plan 90 
Report (Section 2.12.2). The penetration bar impacted as intended. The bar bent the 
closure bolt slightly and left a slight impression on the threads. No other damage was 
noted. There was no loss of structural integrity or reduction of shielding efficiency as a 
result of the impact. As assessed under Test Plan 163 Report (Section 2.12.3) and Test 
Plan 214 (Section 2.12.10), the drum modifications covered by these test plans will have 
no impact on the results of the testing performed under Test Plan 90 Report. Therefore, 
the Model 976 Series packages as described in the drawings contained in Section 1.3 will 
comply with the requirements of 10 CFR 71.71 (c)(lO). 

2.7 Hypothetical Accident Conditions of Transport 

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. 

Nine (9) test specimens were used to conduct the hypothetical accident tests. Each test 
specimen consisted of a separate drum and set of cork inserts. Under Test Plan 90, two 
(2) Model 855 shield containers were used in two (2) separate Free Drop and Puncture 
tests. A third test configuration, under Test Plan 163 Report (Section 2.12.3) was 
conducted with a Model 1911 shield container. Six (6) additional test specimens 
consisting of separate drum/cork inserts but using the same 855 shield container, were 
tested to the Free Drop and Puncture test requirements under Test Plan 214 Report 
(2.12.11). 

2.7.1 Free Drop 

Justification for all test unit drop orientations are included in Test Plan 163 Report 
(Section 2.12.3) and Test Plan 214 (Section 2.12.10). 

2. 7.1.1 End Drop 

This orientation was used for some of the test samples under Test Plan 90 
Report (Section 2.12.2) and Test Plan 214 Report (Section 2.12.11 ). 
Results of this testing detailed under Test Plan 90 Report produced less 
damage to the package than was seen in the other drop orientations, 
therefore additional End Drop testing was not performed for test 
specimens under Test Plan 163 Report (2.12.3). 
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2. 7.1.2 Side Drop 

The side drop was not performed. In a side drop, most of the energy 
generated at impact is used in deforming the outer package and is not 
transmitted into the shield. A side drop would deform the outer drum 
resulting in a very slow deceleration, thus limiting the energy generated at 
impact and transmitted to the shield. 

2. 7.1.3 Corner Drop 

Although the 976 Series package is a drum which does not have comers, 
the lid/drum interface was impacted under Test Plan 214 Report (Section 
2.12.11) to evaluate the impact of changes to the lid securing mechanisms. 
See Test Plan 214 (Section 2.12. l 0) for justification of this drop 
orientation. 

2. 7.1.4 Oblique Drops 

This orientation was used for five (5) of the test samples. Test samples 
were evaluated at three orientations, 45° impacts, 17.5° impacts and 15° 
impacts. See Test Plan 90 Report (Section 2.12.2), Test Plan 163 Report 
(Section 2.12.3) and Test Plan 214 (Section 2.12.10) for justification of 
these drop orientations. 

2. 7.1.5 Summary of Results 

See Table 2. 7 .8.1 for test unit results summary. 

2.7.2 Crush 

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

2.7.3 Puncture 

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 Yi inch thick mild steel base. The bar is attached to the base with a Y4 
inch circumferential fillet weld (Reference drawing TlOl 19). The puncture is attached to 
the drop test pad steel plate by four Yi"-13 x %" long stainless steel bolts. 

Justification for all test unit puncture orientations are included in Test Plan 90 Report 
(Section 2.12.2), Test Plan 163 Report (Section 2.12.3), and Test Plan 214 (Section 
2.12.10) and Test Plan 214 Report (Section 2.12.11 ). 
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2.7.4 Thermal 

Because no damage occurred during the Hypothetical Accident Conditions of Transport 
Tests that could result in oxidation of the DU shield or melting of the lead or tungsten 
shielding, thermal testing was not performed on the 976 Series test specimens. See Test 
Plan 163 Report (Section 2.12.3) and Test Plan 214 Report (2 .12.11) for a more detailed 
justification and assessment of compliance for the Model 976 Series packages to these 
requirements. 

2. 7.4.1 Summary of Pressures and Temperatures 

Table 2. 7.4.1.a: Summary Table of Temperatures 

Surface Model 976 Series Cork Inserts Shield Containers 
Temperature Packages 

Condition 
Fire Test 90.3°C to 800°C3 109 .4 °C to 800° C4 I09.4°C to 159° C2 

During (195°Fto l,472°F) (229°F to l,472°F) (229°F to 3 l 8°F) 
Post-Fire 

800°C 1 800° c1 159°C2 
(Maximum 

(l,472°F) (l ,472°F) (3 l 8°F) Tern perature) 
1 - From actual testing of similar packages. Reference Section 2.12.3 (See section 5 .5 of Test Plan 163 
Report) 
2 - Maximum temperature based on thermal increase of 50°C seen in actual package testing (See section 5.5 
of Test Plan 163 Report - Section 2.12.3). 
3 - Maximum initial temperature of the package assumed to be bounded by the external surface reading of 
the Model 976 package in full sun (inso lation). 
4 - Maximum initial temperature of the cork inserts assumed to be bounded by the calculated external 
surface temperature of the shield container for the package. 

All outer drum components are vented to atmosphere. As such, no pressure will build up 
in the units under Hypothetical Accident conditions. However, the Model 855 shield 
container does have a small gasketed cavity. As noted below, the Model 855 shield 
container will not develop sufficient internal pressure to detrimentally effect the device. 

Table 2.7.4.1.b: Summary Table of Maximum Pressures 

Fire Conditions 
Package Void Volume 800°C ( 1,4 72°F) 

Comments Configuration in3 Pressure 
Developed 

976A 285 14 psig1•2 W' steel cover retained with (8) 3/8" bolts 
976C 0 0 psig2•3 J-Tubes without sealed cover 
976F 21 0 psig2•3 4 mm steel cover retained by ( 4) M8 bolts 

1 - Pressure at 17 l °FC (350°F). After which the gasket will bum and allow release of any pressure. 
2 - Initial temperature taken to be -40°C as a worst case scenario. 
3 - No gasket to seal void, pressure equal to ambient. 
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2. 7.4.2 Differential Thermal Expansion 

Actual testing on similar packages has shown that any differential thermal 
expansion has no detrimental effect on the packages ability to pass the 
thermal testing portion of the Hypothetical Accident Conditions. 

For the Model 976 package in whole, under the Nycomed Amersham pie. 
Test 1835, two (2) damaged drums were fire tested (See Test Plan 163 
Report Appendix Fas contained in Section 2.12.3 of this document). 
These drums are very similar in design to the Model 976). The tested 
drum measured 32.5 cm in diameter by 40.5 cm tall with minimum cork 
thickness on the bottom of 4 cm, on the top of 4.5 cm and on the sides of 5 
cm. In contrast the Model 976 package measures 50 cm in diameter by 54 
cm tall. The Model 976 Series packages have a minimum cork thickness, 
which is based on the Model 976A configuration containing the least cork 
material, of 5 cm on the bottom, 12.7 cm on the top and 8.3 cm on the 
sides. Neither of the packages tested under Test 1835 opened, burst or 
were otherwise compromised. Both test units easily passed. 

It can be drawn from these actual testing results that thermal expansion 
will not have a significant effect on the Model 976 Series packages. 

Expansion of the package circumference is approximated by: 

Where: 

E = nDa~T 

D = Outer Diameter of the drum at the top = 19 W' 
a = Material Coefficient of Thermal Expansion 
~T = Fire temperature differential (from 688F to 1,4758F) 

Substituting gives: E = n(19 W')(9.9 µin/in8F)(l ,4048F) = 0.84 in drum 
E = n(18")(100 µin/in8F)(l,4048F) = 7.9 in cork 

This translates to a diameter increase of 0.26 inches for the drum and 2.5 
inches for the cork. Since the cork modulus of elasticity is more than 
5,000 times less than stainless steel (0.032 Pa versus 210 GPa, from 
Mechanics of Materials, Fall 1999), the drum will keep the cork 
compressed within its volume. This was shown experimentally in 
Nycomed Amersham pie. Test 1835 (See Section 2.12.3 Test Plan 163 
Report Appendix F). The lid closure band and lid will expand at 
approximately the same rate as the drum, thus maintaining the security of 
the package. 
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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 drum, cork inserts 
and shield containers. 

Stresses may develop within the gasketed cavity of the Model 855 shield 
container. The Model 976A with the Model 855 shield container, is 
described below. Assuming a perfect seal and no escaping gasses, then no 
pressure will exist after - 350°C since the gasket will bum away and allow 
release of any pressure. 

The force on the cover bolts is estimated by: 

Where: 

Therefore: 

F = (n02/4)P 

D = Diameter of the shield cover over the void = 10.3 in 
P = Pressure induced by the thermal gradient = 14 psig 

(From Table 2.7.4.1.b) 

F = n(lO 3/.i in)2/4(14 psig) = 1,167 lbf 

The cover is held by eight (8) 3/8-16 stainless steel bolts. This imparts a 
force of 158 !bf in each bolt. However, if all the stress is assumed to be 
taken by only two bolts, then the stress in those bolts equals: 

Where: 

S = FIA# 

F = Force in each bolt 
A = Stress area of the bolt = 0.0775 in2 

#=Number of bolts = 2 

Solving for the bolt stress produces: 

S = 1,470 lbf/0.0775 in2(2) = 9,483 psi 

This value is well below the tensile strength value for an un-graded 
stainless steel bolt (75 ,000 psi nominal). Although the strength of stainless 
steel would decrease at this temperature, it would still be much greater 
than the induced stress. All other shield containers wou ld have lower 
stresses as they have significantly smaller areas. 
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All stresses calculated in Section 2.7.4 are well below strengths for the materials 
of construction. Further, the Model 976 Series package was fully tested and 
passed under Normal and Hypothetical Accident Conditions of transport. It is 
therefore concluded that the Model 976 Series package will satisfy the 
performance requirements specified by the regulations. 

2.7.5 Immersion - Fissile Material 

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

2.7.6 Immersion - All Packages 

Other than the Model 976A package with the 855 shield container, the Model 976 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 Model 976A with the 855 shield containers has a cavity with a neoprene gasket. If 
the neoprene gasket remains intact, the package would be subjected to an increased 
external pressure of 21. 7 psig (10 CFR) and 290 psi (IAEA). The Model 855 shields will 
withstand this pressure without loss of structural integrity. 

If a gasket fails , the cylindrical special form source (primary containment) will be 
vulnerable to collapse due to the required assumed pressure increases of21.7 psig and 
290 psi for the respective regulatory references. The primary containment system in these 
packages is a special form source, which minimally meets the ANSI N43.6-2007 and ISO 
2919:20 l 2(E) requirements for Class 3 pressure testing (2 MP a absolute). Therefore the 
Models 976 Series packages could withstand the immersion test criteria since the Class 3 
pressure test requirements of the source capsule are in excess of the required 21.7 psig 
and 290 psi . 

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

A2) 

Not applicable. This package does not transport normal form radioactive material in 
quantities exceeding 105 A2. 
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Table 2.7.8.1 summarizes the results of the Normal Conditions of Transport and 
Hypothetical Accident testing performed on the Model 976 Series transport packages. 

Table 2.7.8.1: Summary of Damages During Test Plan 163 and Applicable Portions of Test 
Plan 90 and 214 

Specimen Test Performed Test Results 

TP90A Compression test No damage 
855 sn 9 1 meter ( 40 inch) penetration Bolt on the retaining ring was bent with witness marks 

bar closure bolt assembly on threads. No other damage. 
1.2 meter (4 foot) closure bolt • Bottom of drum scuffed and slightly bowed out. 
assembly down. - 45° angle. 
Post-Drop Inspection • Cork liner cracked and separated at the base but 

still held form inside the drum. 

• Model 855 undamaged . 

• Unit profiled after Type B testing. Surface and 1 
meter dose rates remained within limits of200 
mR/hr at the surface and 1 0 mR/hr at one meter 
after both normal transport and hypothetical 
accident condition testing. (See Section 2.12.2) 

TP163(A) 9 meter (30 foot) drop, lid • Lid closure band bolt assembly was crushed . 
855 sn 8 closure band assembly down. • Lid closure band bolt broken . 

45° angle • Drum I id and top of the drum were creased 
together and folded under the bolt assembly. 

• Side of the drum slightly flattened and the bottom 
ring weld dented. 

• Drum lid closure bolts intact. 
1 meter (40 inch) puncture, • Popped lid closure band off drum. Lid still 
opposite side of closure bolt, secured by the 4 lid closure bolts. 
45° angle • Some minor denting on the side of the lid and 

drum. 
Post-Drop Inspection • Model 855 undamaged . 

• Cork cracked but still held form inside drum . 

• 1 meter dose rates remained within limit of 1 R/hr 
(See Section 2.12.3 and Section 5.1.2) 

TP163(B) 9 meter (30 foot) drop, lid • Lid closure band was flattened . 
855 sn 9 closure band bolt assembly up. • Drum lid and top of the drum were creased 

17.5° angle together and folded under the lid closure band. 

• Side of the drum slightly flattened and the bottom 
ring weld dented. 

• Lid closure band bolt as well as drum lid closure 
bolts intact. 
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Specimen 

TP163(C) 
1911 sn 13 

TP214-NCB-1 
855 sn 10 

Test Performed 

1 meter ( 40 inch) puncture, • 
opposite side of lid from lid 
closure band bolt, 17 .5° angle • 

• 

• 

Post-Drop Inspection • 
• 
• 

9 meter (30 foot) drop, lid • 
closure band bolt assembly up. • 
17.5° angle 

• 

• 

1 meter ( 40 inch) puncture, • 
same impact point as 9 m • 
drop, 17.5° angle • 

Post-Drop Inspection • 
• 
• 

1.2 meter ( 4 foot) bottom • 
surface orientation • 

• 

9 meter (30 foot) drop, bottom • 
surface orientation 

• 
1 meter ( 40 inch) puncture, • 
bottom surface orientation 
Post-Drop Inspection • 

• 
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Test Results 

Unit dropped twice to achieve desired impact 
point. 
Two witness marks on the side of the drum 
opposite the bolt, near the lid closure band. 
Witness mark on the lid closure band opposite 
bolt. 
Lid closure band bolt as well as drum lid closure 
bolts intact. 
Model 855 undamaged . 
Cork cracked but still held form inside drum . 
1 meter dose rates remained within limit of 1 R/hr 
(See Section 2.12.3 and Section 5.1.2). 
Lid closure band was flattened. 
Drum lid and top of drum were creased together 
and under the lid closure band. 
Side of the drum slightly flattened and the bottom 
ring weld dented. 
Lid closure band bolt as well as drum lid closure 
bolts intact. 
Dent from 9 meter impact increased. 
Slight dent in side of drum . 
Lid closure band bolt as well as drum lid closure 
bolts intact. 
Model 1911 undamaged. 
Cork cracked but still held form inside drum . 
1 meter dose rates remained within limit of 1 R/hr 
(See Section 2.12.3 and Section 5.1.2). 
No Damage . 
Cover remained secured, bolts intact . 
Surface and 1 meter dose rates remained within 
limits of 200 mR/hr at the surface and 10 mR/hr at 
one meter. 
Slight compression dent on outer side wall & 
drum base. 
Cover remained secured, bolts intact. 
No additional damage . 

Model 855 undamaged . 
1 meter dose rates remained within limit of 1 R/hr 
(See Section 2.12.11 ). 
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Specimen 

TP2 I 4-NCB-2 
855 sn 10 

TP214-NCB-3 
855 sn 10 

TP214-NCB-4 
855sn10 

Test Performed 

1.2 meter (4 foot) bottom • 
surface orientation • 

• 
• 

9 meter (30 foot) drop, bottom • 
surface orientation • 

• 
1 meter (40 inch) puncture, • 
bottom surface orientation 
Post-Drop Inspection • 

• 

1.2 meter ( 4 foot) bottom • 
surface orientation • 

• 

9 meter (30 foot) drop, bottom • 
surface orientation • 

• 
I meter ( 40 inch) puncture, • 
bottom surface orientation 
Post-Drop Inspection • 

• 

1.2 meter (4 foot) bottom • 
surface orientation • 

• 

9 meter (30 foot) drop, bottom • 
surface orientation • 

• 
1 meter ( 40 inch) puncture, • 
bottom surface orientation • 
Post-Drop Inspection • 

• 
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Test Results 

Slightly crushed cover and drum edge - 0.5 inch. 
Cover remained secured, bolts intact. 
No lid/base gaps . 
Surface and l meter dose rates remained within 
limits of 200 mR/hr at the surface and l O mR/hr at 
one meter. 

Significantly crushed cover and drum edge. 
Cover remained secured, bolts intact. 
No lid/base gaps . 

No additional damage . 

Model 855 undamaged. 
l meter dose rates remained within limit of l R/hr 
(See Section 2.12.11 ). 
No Damage . 
Cover remained secured, bolts intact. 
Surface and 1 meter dose rates remained within 
limits of 200 mR/hr at the surface and l O mR/hr at 
one meter. 
Slight outer drum wall compression. 
Cover remained secured, bolts intact. 
No lid/base gaps . 

No additional damage . 

Model 855 undamaged. 
I meter dose rates remained within limit of 1 R/hr 
(See Section 2.12.11 ). 
Slight flattening of drum outer wall. 
Cover remained secured, bolts intact. 
Surface and l meter dose rates remained within 
limits of 200 mR/hr at the surface and IO mR/hr at 
one meter. 

Significant flattening of drum outer side wall. 
Cover remained secured, bolts intact. 
No lid/base gaps . 

Imprint of puncture billet on drum. 
No other additional damage . 
Model 855 undamaged . 
1 meter dose rates remained within limit of l R/hr 
(See Section 2. 12.11 ). 
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Specimen 

TP214-FSB-l 
855 sn 10 

Test Performed 

1.2 meter ( 4 foot) bottom 
surface orientation 

• 
• 
• 
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Test Results 

Minor crushed cover and drum edge . 
Cover remained secured, bolts intact. 
Surface and 1 meter dose rates remained within 

---, 

limits of 200 mR/hr at the surface and 10 mR/hr at 
one meter. 

9 meter (30 foot) drop, bottom • Two gaps between cover & drum created - 1 80 
surface orientation degrees apart. Each gap - 0.3 inch wide 

maximum, tapering down to no gap. Each gap - 6 
inches long. 

• Cover remained secured, bolts intact. 
1 meter (40 inch) puncture, • No additional damage . 
bottom surface orientation 
Post-Drop Inspection • Model 855 undamaged . 

• 1 meter dose rates remained within limit of 1 R/hr 
(See Section 2.12.11 ). 

TP2 L 4-ASB- I 1.2 meter (4 foot) bottom • Minor crushed cover and drum edge . 
855 sn 10 surface orientation • Cover remained secured, bolts intact. 

• Surface and 1 meter dose rates remained within 
limits of 200 mR/hr at the surface and IO mR/hr at 
one meter. 

9 meter (30 foot) drop, bottom • Significant cover & drum edge crushed . 
surface orientation • Cover remained secured, bolts intact. 

• No lid/base gaps . 
1 meter ( 40 inch) puncture, • No additional damage . 
bottom surface orientation 
Post-Drop Inspection • Model 855 undamaged . 

• 1 meter dose rates remained within limit of 1 R/hr 
(See Section 2.12.11 ). 

Based on these results and assessments for the remaining Model 3056 & 1911 shield 
containers addressed in this testing, it is concluded that the Model 976 Series transport 
packages maintain structural integrity and shielding effectiveness during Hypothetical 
Accident Conditions and Normal Conditions of Transport when assembled for transport 
in accordance with the drawings contained in Section 1.3 and when using either clamp 
band described on drawing RCLM009 or RCLMOl l. 

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. 
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The Model 976 Series transport packages are designed for use with a variety of special 
form source capsules. Typical special form sources transported in these containers 
include the Models 875XX, X540/ l , 900 Series, X444, X9103 etc. Based on 
performance testing, any source capsule that has been tested and achieved special form 
classification from a Competent Authority can be safely transported in the Model 976 
Series packages so long as the capsule dimensions fit and secure within the applicable 
shield container. Therefore, any source capsule meeting these criteria should be approved 
for transport without requirement of amendment to the Type B(U) certification. 

Examples of typical special form certifications, including the current approved capsule 
drawings, are included in Section 2.12 

2.11 Fuel Rods 

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

2.12 Appendix 

2.12.1 AEA Technology pie. RMR 214 Issue 5, Raw Material Requirement, (RMR) 
Cork for Transport Containers 

2.12.2 Test Plan 90 Report Revision 2 dated April 2005 (minus Appendix B-D). 

2.12.3 Test Plan 163 Report Revision 1 dated April 2005 (minus Appendix C). 

2.12.4 USDOT Special Form Certificate USA/0392/S-96 Rev 12 

2.12.5 USDOT Special Form Certificate USA/0335/S-96 Rev 12 

2.12.6 USDOT Special Form Certificate USA/0502/S-96 Rev 11 

2.12.7 USDOT Special Form Certificate USA/0179/S-96 Rev 12 

2.12.8 USDOT Special Form Certificate USA/0497/S-96 Rev 6 

2.12.9 USDOT Special Form Certificate USA/0805/S-96 Rev 0 

2.12.10 Test Plan 214 Rev O dated July 2017 

2.12.11 Test Plan Report No. 214 dated March 2018 (minus Appendices C and D). 



Safety Analysis Report for the Model 976 Series Transport Package 

QSA Global Inc. 
Burlington, Massachusetts 

Section 2.12.1 Appendix: 

March 2018 - Revision 9 
Page 2-29 

AEA Technology pie RMR 214 Issue 5, Raw Material 
Requirement, (RMR) Cork for Transport Containers 



Title 

Prepared by 

Approved by 

AEA Technology pie 

Quality and Safety Assurance 

Raw Matei-ial Requirement, (RMR) 

Cork for Transport Containers 

Date: g / i2- /oJ 

~-~. 
Date: / g. \ "2. ?-o oi 

Quality Assurance 

RMR 214 
Issue 5 

Page I of2 

This document gives detail of the specification and approval procedw-e for cork used 
as part of transport containers used for the transportation of radioactive material. The 
cork in a number of shapes and sizes defined in Packaging Group (International 
Division) manuals. 

Contents 

1. 

2. 

Specification 

Compressed cork manufactured with resin binder and medium sized 
cork granules. See attached. 

Sample Procedure 

One item per batch 

3. Test Schedule 

4. 

Check dimensions to drawing 
Check density - see 1.2 w1der specification 
Check paperwork - see 1.11 

Approval Procedure 

QCP 100 
(All cork used by AEA Technology QSA is approved by QSA) I 
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1. Specification 

1.1 Resin type: Urea formaldehyde 

1.2 Density: 270kg/m3 (17ib/cu ft) 

1.3 

1.4 

1.5 

1.6 

1.7 

Tensile Strength: 5 .5kg/cm2 min (80lb/in2 min) 

Compressibility: 7.0kg/cm2 (100lb/in2) expressed in% 20-40 

Recovery: 

Flexibility: 

80% min, dimensional change 1.5% 

No breakage 

Fluid resistance: 3 hours in boiling water - no disintegration, 
24 hours in test fuel at room temperature -
no disintegration 

RMR214 
Issue 5 

Page 2 of2 

1.8 Bonding between segments: Urea formaldehyde resin. Clamp for six 
hours or until fully set. 

1.9 Example of mate1ial: Chingford 22 

1.10 Identification: 

1.11 Documentation: 

Each item must be identified with a batch 
number, e.g. month/year. 

AEA Technology order will include 
reference to this specification its issue 
number, the appropriate drawing number 
and issue number. Copies of the 
documents are available on request. 

Certificate of Conformity is required, cross 
referencing at least the specification number, the 
order number and batch number. 

1.12 Each item within a batch must be identified with a batch number to 
indicate the month and year of manufacture e.g. 0588. 

Qt~ P~UTHENT~CATED 
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Section 1. Purpose 
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The purpose of this test was to qualify the design of the Model 976 Transport Drum to Type A and Type B transport 
requirements through testing or analysis, either reasoned or calculated. The majority of the samples were subjected to 
the most onerous portion of Hypothetical Accident Conditions, the drop sequence (9m (30-foot) and Im (- 3-foot) 
puncture). The resultant damage from the drop, along with results of thermal testing conducted in the UK is used to 
assess the packages response to the thermal portion of the test sequence. 

Model 97630 specimen TP90A through TP90E were tested on 05 FEB 2002. Models 97633 specimen TP90F and 
Model 97636 specimen TP90G were tested on 13 FEB 2002. 

Test specimen TP90A was tested for Normal Transport conditions and test samples TP908 through TP90G were tested 
and/or assessed for HypotheticaJ Accident Conditions in accordance with 10 CFR Part 71 and IAEA TS-R-1 ( 1996 
Edition). 
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Section 2. Scope of Testing 

Section 2.1 Normal Conditions of Transport 
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The tests for Normal Conditions of Transport described in IO CFR 7 I .71 are the compression test, penetration test and 
1.2m (4-foot) free drop test. Test Specimen TP90A (Model 855) was used in the following tests. 

2.1.1 Compression Test 
One test performed, described in the following sections. 

2.1.2 Penetration Test 
One test performed, described in the following sections. 

2.1.3 1.2m (4-foot) Free Drop Test 
One test performed, described in the following sections. 

2.1.4 The Water Spray Preconditioning 
Not necessary as the Model 976 Transport Drum, in all its configurations, is constructed of 
waterproof materials throughout. The water spray would not contribute to any degradation in 
structural integrity. 

Section 2.2 Hypothetical Accident Conditions 

The Hypothetical Accident Tests described in 10 CFR 71.73 are the 9m (30-foot) drop, the 1 m (- 3-foot) puncture drop 
and thermal test. 

The crush test described in 10 CFR 71.73(c)(2) does not apply and therefore was not performed. Items transported in 
the drum are sources qualified as Special-Form radioactive material or empty devices with depleted uranium, lead or 
tungsten shielding. 

2.2.1 9m (30-foot) Drop Test 
Seven (7) tests were performed (one unit was dropped twice). They are described in the following 
sections. 

2.2.2 lm (- 3-foot) Puncture Trop Tests 
Six (6) tests were performed. They are described in the fol lowing sections. 

2.2.3 Thermal Test 
The response of the package, in its various configurations, to the thermal test of 10 CFR 
71.73(c)(4) is assessed in the following sections. 

The shield container Models 3056, 3078, 3015 and 3018 have been used in the field for over twenty (20) years without 
incident or problem as part of USDOT Type B endorsements of Great Britain Type B(U) approved packages. The 
Model 855 has been used in the field for over twenty (20) years without incident or problem as part of a USNRC and 
USDOT Type B approval. These containers and their associated Type B endorsement certifications are listed in Figure 
I. 
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Inner Shield USNRC Type B(U) 
Container Certificate 

855 USA/9165/B(U) 
3015 None 
3018 None 
3056 None 
3078 None 

USDOT Type B(U) 
Endorsed Certificate 

USA/9165/B(U) 
USA/0590/B(U)-85 
USA/0592/B(U)-85 

USA/0316/B(U) 
USA/0250/B(U) 

Great Britain Type 
B(U) Certificate 

None 
GB/3605A/B(U)-85 
GB/3605B/B(U)-85 
0B/0924BZ/B(U) 
GB/0924BP/B(U) 

Test Plan 90 Report, Revision 

April 2005 
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Intended Model 976 Package 
Desi1mation 

976A 
976B 
976D 
976C 
976E 

FIGURE I - CROSS REFERENCE TABLE OF INNER SHIELD CONTAINER TRANSPORT 
APPROVAL HISTORY 
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Section 3. Test Unit Descriptions 
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All specimens were prepared per Test Plan 90 (See Figure 2). Test specimens were fabricated and designed using the 
same materials, methods and quality assurance as the ones to be used in the transportation package. Route cards in 
Appendix C document the materials and methods of fabrication/acceptance of package components. All test 
specimens were subjected to the same design and quality assurance requirements as are required for approved Type B 
packaging under AEA Technology QSA, Inc. USNRC Quality Assurance Program Number 0040. Any discrepancies 
from the criteria specified in Test Plan 90 are listed below in the sections specific to the specimens. 

Two (2) Model 855 units were used in the testing. Serial number 8 was used in Specimens TP90C and TP90E. Serial 
number 9 was used in Specimens TP90A, TP90B and TP90D. Separate drums and cork inserts were used for each 
Specimen. 

The locks in the Model 855 serial number 8 were fitted to hold eight (8) 424-9 style source assemblies. Four of the 
locks in serial number 9 were modified (spacers inserted) to hold 969 style source assemblies. The modified positions 
were alternated with un-modified locks. If there was any direction biased damage, the shimmed locks would be 
affected. 

All units were less labels and seal wires. The labels would have no effect on the packages ability to withstand any of 
the testing. Labels that are to be installed are of a standard design which has been shown to pass aJI physical and 
thennal testing. Holes drilled in the drums to attach the label would perform in a manner similar to the larger holes 
drilled in the test units for the thermocouple wires. The omission of the seal wire is a worst case scenario. If installed, 
the wire would only help to hold the lid clamp band together. 

Three (3) thermocouples were attached to each Specimen; one internal to the shield, one to the inside of the cork insert 
cavity and one to the outside of the drum. The drum thermocouple was attached with a small screw threaded into the 
lid. A hole was cut in the lid of the drums to allow access to the internal thermocouples. Any material removed, or 
holes cut into the device will only serve to exacerbate the stresses induced during impact and would constitute a worse 
case scenario for the package. Production packages will not have these holes. 
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Test Drawings 
Specimen Referenced 

TP90 (A) B97630 Rev 2 
D85501 Rev G 
R42409 Rev C 
96900XL Rev A 

TP90(B) B97630 Rev 2 
D85501 Rev G 
R42409 Rev C 
96900XL Rev A 

TP90 (C) B97630 Rev 2 
D85501 Rev G 
R42409 Rev C 

TP90 (D) B97630 Rev 2 
D85501 Rev G 
R42409 Rev C 
96900XL Rev A 

TP90 (E) B97630 Rev 2 
D85501 Rev G 
R42409 Rev C 

TP90 (F) B97633 Rev 2 
D61610 Rev F 
B60006X Rev J 

TP90 (G) B97636 Rev 2 
3A21773 Rev B 
R42409 Rev C 

Test 
Condition 

ormal 

Hypothetical 

Hypothetical 

Hypothetical 

Hypothetical 

Hypothetical 

Hypothetical 

Comments 

Model 855 transport package Sn. 9 
Contains a Model 855 source changer 

Model 855 transport package Sn. 9 
Contains a Model 855 source changer 

Model 855 transport package Sn. 8 
Contains a Model 855 source changer 

Model 855 transport package Sn. 9 
Contains a Model 855 source changer 

Model 855 transport package Sn. 8 
Contains a Model 855 source changer 

Model 616 transport package Sn. 402 
Contains a Model 616 Projector 

Model 3056 family transport package. 
Contains a Model 3056 Lead Pot 
Sn. P0745-060 
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Source Assemblies in Test Specimen 
During Normal and Hypothetical Test 
Conditions 1 

Four, Inactive Model 424-9 source wire 
assemblies and Four, Inactive Model 
969 source wire assemblies.2 

Four, Inactive Model 424-9 source wire 
assemblies and Four, Inactive Model 
969 source wire assemblies. 

Eight, Inactive Model 424-9 source 
wire assemblies 

Four, Inactive Model 424-9 source wire 
assemblies and Four, Inactive Model 
969 source wire assemblies. 

Eight, Inactive Model 424-9 source 
wire assemblies 

One, Inactive Model 60006 source 
capsule. 

Ten, l nactive Model 424-9 source wire 
assemblies 

1Note: Active radiation sources contained in the test specimens during the pre and post-testing radiation profiles are 
identified in Section 6.0 of this report. Inactive sources comply with the applicable source drawings referenced 
above, however, the sources were manufactured without the addition of lr-192. 

2Note: The inactive source wire assemblies were not present in this test specimen during performance of the 
compression test. See Section 3.1. 

FIGURE 2. TABLE OF SPECIMEN CONSTRUCTION DATA 

Section 3.1 Test Specimen TP90A 

This unit was subjected to the Normal transport condition testing. 

The unit was tested with four (4) inactive 424-9 style sources and four (4) inactive 969 style sources for the 
penetration and 4-ft drop. These sources simulate the maximum carrying capacity and the varied type of sources 
transported. The inactive sources were not installed prior to the compression test. However, the compression 
weight used in the test was sufficiently great to encompass the additional weight the sources would have 
contributed. Further, as there was no damage to the outer package post test, the omission of the sources within 
the device would have had no influence on the outcome of the test. 

The gross weight of the Model 976 Specimen TP90A was 278 lbs. Drawings may be found in Appendix A. 
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FIGURE 3. MODEL 855 IN MODEL 976 OUTER DRUM 

Section 3.2 Test Specimen TP90B 
This unit was subjected to the Hypothetical Accident condition testing (30-ft and puncture drops only). It was 
dropped at approximately a 45° angle with the closure bolt down. 

The unit was tested with four (4) inactive 424-9 style sources and four (4) 969 style sources. These sources 
simulate the maximum carrying capacity and the varied type of sources transported. 

The gross weight of the Model 976 Specimen TP90B was 276 lbs. Drawings may be found in Appendix A. 

Section 3.3 Test Specimen TP90C 
This unit was subjected to the Hypothetical Accident condition testing (30-ft and puncture drops only). It was 
dropped top down along its axis of symmetry. 

The unit was tested with eight (8) inactive 424-9 style. These sources simulate the maximum carrying capacity 
and the most common configuration of sources transported. 

The gross weight of the Model 976 Specimen TP90C was 275 lbs. Drawings may be found in Appendix A. 

Section 3.4 Test Specimen TP90D 

This unit was subjected to the Hypothetical Accident condition testing (30-ft and puncture drops only). It was 
dropped bottom down along its axis of symmetry. 

The unit was tested with four (4) inactive 424-9 style sources and four (4) 969 style sources. These sources 
simulate the maximum carrying capacity and the varied type of sources transported. 

The gross weight of the Model 976 Specimen TP90D was 276 lbs. Drawings may be found in Appendix A. 
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Section 3.5 Test Specimen TP90E 
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This unit was subjected to the Hypothetical Accident condition testing (30-ft and puncture drops only). It was 
dropped at approximately a 45° angle with the closure bolt toward the ground but at the top of the drum. 

The unit was tested with eight (8) inactive 424-9 style. These sources simulate the maximum carrying capacity 
and the most common configuration of sources transported. 

The gross weight of the Model 976 Specimen TP90E was 275 lbs. Drawings may be found in Appendix A. 

Section 3.6 Test Specimen TP90F 

This unit was subjected to the Hypothetical Accident condition testing (30-ft and puncture drops only). It was 
dropped at approximately a 45° angle with the closure bolt down. 

The unit was tested with a Model 616 serial number 402 fitted with an inactive source to drawing B60006 Rev 
J. This source simulates the maximum carrying capacity and the only used configuration of transport. 

The gross weight of the Model 976 Specimen TP90F was 133 lbs. 

NOTE: Although included in the original testing, the package configuration for the Model 616 is no longer 
needed and will be dropped from this report. If needed in the future , a separate report will be 
generated. 

Section 3.7 Test Specimen TP90G 

This unit was subjected to the Hypothetical Accident condition testing (Two (2) 30-ft drops and a puncture 
drop). It was dropped at approximately a 45° angle with the closure bolt down. 

The unit was tested with a Model 3056 shield container (serial number P0745-060) fitted with ten inactive 
Model 424-9 style sources. These sources simulate the maximum carrying capacity and are representative of 
the type of sources transported in the Model 3056 shield. This configuration simulates the maximum 
anticipated weight capacity of the various packages in this series. 

Results of testing on this unit are used to assess compliance of the Model 976 package when containing shield 
Models 3056, 3015 and 3018, which are all of similar construction and composition. 

The gross weight of the Model 976 Specimen TP90G was 180 lbs. Drawings may be found in Appendix A. 
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Section 4. Changes to Test Conditions or Orientations 

Section 4.1 Normal and Accident Conditions of Transport 

No changes from plan, save for the omission of inactive sources during the compression test ( explained 
earlier). 

Section 4.2 Hypothetical Accident Conditions (71.51 (a)) 

TP90B a. 9m (30-foot) Drop - No variations from plan. 

TP90C 

TP90D 

TP90E 

TP90F 

TP90G 

b. Puncture Drop - No variations from plan. See Section 5.2.2. 

a. 
b. 

a. 
b. 

a. 
b. 

a. 

9m (30-foot) Drop - No variations from plan. 
Puncture Drop - No variations from plan. See Section 5.3.2. 

9m (30-foot) Drop - No variations from plan. 
Puncture Drop - No variations from plan. See Section 5.4.2. 

9m (30-foot) Drop - No variations from plan. 
Puncture Drop - No variations from plan. See Section 5.5.2. 

9m (30-foot) Drop - No variations from plan. Orientation 8.10.2 (TP90B) was deemed 
most severe as it incorporated both a direct primary impact on the bolt and a slap-down of 
the drum to induce shock to the device and to the lid. In previous testing, this was the only 
orientation in which the lid clamp band was knocked off the package. 

b. Puncture Drop - No variations from plan. See Section 5.6.2. 

NOTE : Although included in the original testing, the package configuration for the 
Model 616 is no longer needed and will be dropped from this report. If needed in the 
future, a separate report will be generated. 

a. 9m (30-foot) Drop - Orientation 8.10.2 (TP90B) was deemed most severe as it 
incorporated both a direct primary impact on the bolt and a slap-down of the drum to 
induce shock to the device and to the lid. In previous testing, this was the only orientation 
in which the lid clamp band was knocked off the package. 

The test specimen was dropped twice in the same orientation. On the first drop attempt, 
the angle of initial drop was not steep enough and did not impart the desired impact on the 
closure bolt. The second drop, although not exactly as intended, did significant damage to 
the package. Both drops, in combination, imparted more damage to the package than 
would a single drop that impacted exactly as intended as they both hit the object point (the 
closure screw) upon initial impact. It can be seen from the photographs in the results 
section that the drum was actually deformed more than the single drop of TP90B which 
had considerably more (- 53%) mass. As such, the test is valid. 

b. Puncture Drop - No variations from plan. See Section 5.7.2. 
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Section 5. Test Specimen Results 

Section 5.1 Specimen TP90A 

5.1. l Compression Test 
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The unit was subjected to a weight of 1,465 lbs for more than 24 hours. This was 5.3 times the 
maximum weight of the package and accounted for any tolerance stack-up in the scales used. 

No damage noted. The unit was profiled prior to testing and at the end of the Hypothetical Accident 
Transport sequence of tests. 

FIGURE 4. COMPRESSION TEST IN PROGRESS : SPECIMEN TP90A 
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5.1.2 Penetration Test 
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The specimen was chilled to at least -40°C as the Model 855, being constructed of carbon steel, is 
susceptible to brittle fracture upon shock loading. In addition, the binder resin, any water resident in 
the cork and the cork material itself may tend to exhibit brittle characteristics at lower temperatures. 
The temperatures within the test range (-40°C to I 00°C) would have a negligible effect on the 
properties of the stainless steel outer drum. 

The penetration bar impacted as intended. The bar bent the closure bolt slightly and left a slight 
impression on the threads. No other damage was noted. There was no effect to the integrity of the 
package. 

FIGURE 5. PENETRATION BAR DAMAGE: SPECIMEN TP90A 
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5.1.3 1.2m (4-ft) Drop Test 
The specimen was chilled to at least -40°C as the Model 855, being constructed of carbon steel, is 
susceptible to brittle fracture upon shock loading. In addition, the binder resin, any water resident in 
the cork and the cork material itself may tend to exhibit brittle characteristics at lower temperatures. 
The temperatures within the test range (-40°C to I 00°C) would have a negligible effect on the 
properties of the stainless steel outer drum. 

The test unit impacted the test pad as intended. Very linle damage to the drum was noted. The 
bottom of the drum was scuffed and slightly bowed out. Upon disassembly with normal hand tools, 
the cork liner had fractured and separated at the base. The Model 855 was undamaged. The Model 
855 was released for use in Specimen TP90B, for Hypothetical Accident testing. 

Survey results were taken after completion of the hypothetical accident testing using this Model 
855. Surveys were taken with the Model 855 outside of the drum and cork assembly. This 
produced dose rates higher than if the Model 855 had been placed inside the test drum and cork 
assembly. Profile results of the Model 855 after testing were within expected tolerances of the 
initial shield profile results taken on 7 Mar 96. (See Appendix C for profile result sheets included 
as part of the manufacturing records, and Figure 26 in Section 6 for a comparison of the Model 855 
survey results before and after testing.) 

FIGURE 6. NORMAL CONDITIONS DRUM DAMAGE: (NOTE: Package as shown above does not reflect 
the package configuration immediately after testing. This package had been disassembled and inspected, then 

the components re-assembled without engagement of the clamp band bolt at the time this photograph was 
obtained.) 
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FIGURE 7. NORMAL CONDITIONS CORK DAMAGE : SPECIMEN TP90A 

Section 5.2 Specimen TP908 

The test specimen was chil led to at least -40°C as the Model 855, being constructed of carbon steel, is susceptible to 
brittle fracture upon shock loading. In addition, the binder resin, any water resident in the cork and the cork material 
itself may tend to exhibit brittle characteristics at lower temperatures. The temperatures within the test range (-40°C to 
100°C) would have a negligible effect on the properties of the stainless steel outer drum. 

5.2.1 30-ft Drop 
The unit impacted the test pad as intended. The closure bolt assembly was crushed. The welds 
holding the bolt retainer side of the closure assembly were completely sheared from the lid clamp 
band. The drum lid and top rim of the drum side were crimped together and folded under the bolt 
assembly. This was caused by the primary impact. 
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FIGURE 8. PRIMARY IMPACT DAMAGE: SPECIMEN TP90B 

Secondary impact, the slap down, caused the side of the drum to be slightly flattened and the 
bottom ring weld to be dented. No rips or tears were noted in the steel. The lid and lid c lamp band, 
although damaged, did not separate from the drum even when inverted. The 855 was retained 
within the drum. 

FIGURE 9. SECONDARY IMPACT DAMAGE: SPECIMEN TP90B 
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5.2.2 

5.2.3 

Puncture Test 
It was decided to attempt to remove the lid clamp band and lid with the puncture test. The unit was 
impacted at approximately 45° on the opposite side of the closure bolt. The lid clamp band came off 
the package and the puncture bar further dented the side of the drum. The lid remained on the drum 
due to the initial impact and crimping of the lid with the top rim of the drum. As before, the Model 
855 was retained by the drum even when inverted. The Model 855 was released for use in 
Specimen TP90D. 

Post Test Examination 
After considerable effort, the lid was pried from the drum. The top cork was cracked in several 
pieces. Due to the angle of the cracks, however, the first few pieces of cork had to be pried out 
before others could be removed. The bottom cork sides were fractured into two halves. The Model 
855 was undamaged. After examination it was determined that the sources had not moved, the locks 
were still all engaged and the bolts were undamaged. 

FIGURE 10. CORK DAMAGE : SPECIMEN TP90B 
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FIGURE 11 . CORK DAMAGE: SPECIMEN TP90B 
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Section 5.3 Specimen TP90C 
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The specimen was chilled to at least -40°C as the Model 855, being constructed of carbon steel, is susceptible to 
brittle fracture upon shock loading. In addition, the binder resin, any water resident in the cork and the cork material 
itself may tend to exhibit brittle characteristics at lower temperatures. The temperatures within the test range (-40°C to 
I 00°C) would have a negligible effect on the properties of the stainless steel outer drum. 

5.3.1 30-ft Drop 
The unit impacted the test pad as intended. The top of the drum was dented. Some deformation and 
bending of the lid clamp band and top flange of the drum was noted. Scratching and scuffing of the 
top of the drum was also noted. 

5.3.2 Puncture Test 
It was decided to exacerbate the damage by dropping the test specimen onto the puncture bar in the 
same orientation as the 30-ft drop. The unit impacted as expected. The puncture bar left a witness 
mark in the top of the drum. Some denting of the upper flange was noted as a secondary impact 
when the drum fell off the bar. No other significant damage was noted. As before, the Model 855 
was retained by the drum. The 855 was released for use in Specimen TP90E. 

5.3.3 Post Test Examination 
The drum was opened with normal hand tools. The top cork was cracked in several pieces, although 
not as severely as on TP90B. The Model 855 was undamaged. After examination it was determined 
that the sources had not moved, the locks were still all engaged and the bolts were undamaged. 

FIGURE 12. DRUM DAMAGE : SPECIMEN TP90C 
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The specimen was chilled to at least -40°C as the Model 855, being constructed of carbon steel, is susceptible to 
brittle fracture upon shock loading. In addition, the binder resin, any water resident in the cork and the cork material 
itself may tend to exhibit brittle characteristics at lower temperatures. The temperatures within the test range (-40°C to 
100°C) would have a negligible effect on the properties of the stainless steel outer drum. 

5.4.1 30-ft Drop 
The unit impacted the test pad as intended. The bottom of the drum was dented. Some defonnation 
and bending of the bottom flange of the drum was noted. Scratching and scuffing of the bottom of 
the drum was noted. 

5.4.2 Puncture Test 
It was decided to exacerbate the damage and drop onto the puncture bar in the same orientation as 
the 30-ft drop. The unit impacted as expected. The puncture bar left a witness mark in the base of 
the drum slightly off-center. Some denting of the upper flange was noted as a secondary impact 
when the drum fell off the bar. No other significant damage was noted. As before, the Model 855 
was retained by the drum. 

5.4.3 Post Test Examination 
The drum was opened with normal tools. The bottom cork was fractured in to two pieces s imilar to 
the Normal Conditions testing. The Model 855 was undamaged. After examination it was 
determined that the sources had not moved, the locks were still all engaged and the bolts were 
undamaged. The unit was released for final profile. 

FIGURE 14. CORK DAMAGE : SPECIMEN TP90D 
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Section 5.5 Specimen TP90E 

The specimen was chilled to at least -40°C as the Model 855, being constructed of carbon steel, is susceptible to 
brittle fracture upon shock loading. In addition, the binder resin any water resident in the cork and the cork material 
itself may tend to exhibit brittle characteristics at lower temperatures. The temperatures within the test range (-40°C to 
100°C) would have a negligible effect on the properties of the stainless steel outer drum. 

5.5.1 30-ft Drop 
The unit impacted the test pad as intended. The lower comer of the drum was deformed 
approximately 3 inches at the angle of impact. Although folded over, the lower flange did not tear 
or split. This damage was caused by the primary impact. Secondary impact, the slap down, caused 
the side of the drum to be very slightly flattened and the lid clamp band and top flange ring weld to 
be nicked. No rips or tears were noted in the steel. The lid and lid clamp band did not separate 
from the drum even when inverted. The 855 was retained within the drum. 

FIGURE 15. PRIMARY IMPACT DAMAGE: SPECIMEN TP90E 

5.5.2 Puncture Test 
Tt was decided to exacerbate the damage and drop the test unit onto the puncture bar in the same 
orientation as the 30-ft drop. The unit impacted as expected. The puncture bar left a slight witness 
mark on the previously bent area. Some denting of the upper flange was noted as a secondary 
impact when the drum fell off the bar. No other significant damage was noted. As before, the 
Model 855 was retained by the package. The lid remained on the drum. As before, the Model 855 
was retained by the drum even when inverted. 
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The drum was opened with normal tools. The bottom cork was fractured into two pieces, although 
not as severely as other tests. The bottom cork sides were fractured into two halves. The Model 
855 was undamaged. After examination it was determined that the sources had not moved, the locks 
were still all engaged and the bolts were undamaged. The unit was released for final profile. 

FIGURE 16. CORK DAMAGE : SPECIMEN TP90E 

Section 5.6 Specimen TP90F 

Although included in the original testing, the package configuration for the Model 616 is no longer needed and will be 
dropped from this report. If needed in the future, a separate report will be generated. 
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The specimen was chilled to at least -40°C. The Model 3056, being constructed of lead and stainless steel, is not 
particularly susceptible to brittle fracture upon shock loadi ng. The binder resin, any water resident in the cork and the 
cork material itself may tend to exhibit brittle characteristics at lower temperatures. The temperatures within the test 
range (-40°C to I00°C) would have a negligible effect on the properties of the stainless steel outer drum. 

5.7.1 First 30-ft Drop 
The unit did not impact the test pad exactly as intended. The angle of attack was I 0-15° too shallow 
(from the intended 45°) causing the impact to be less severe on the top/bolted edge and transferring 
force to the opposite end as rotational damage (slap down). The top comer of the drum was 
deformed very similar to TP90B, but to a somewhat lesser extent. The closure bolt assembly was 
bent, but intact and held the lid on the drum. The lid and top rim of the drum were folded and 
crimped, as with TP90B. This damage was caused by the primary impact. 

Secondary impact, the slap down, caused the side of the drum to be flattened and the lower comer 
of the drum to be deformed along the angle of impact. Although folded over, the lower flange did 
not tear or split. No rips or tears were noted in the steel. The lid and lid clamp band did not 
separate from the drum even when inverted. The Model 3056 was retained within the drum. 

As the impact was not quite as desired, it was decided on site to drop the same package again 
without repair or modification as a worst case scenario. 

5.7.2 Second 30-ft Drop 
The unit did impact the test pad very close to the intended angle and after review of the drop, was 
almost identical to TP90B. The damage at the top corner of the drum was exacerbated by the 
second drop. Final damage was very similar to TP90B, except that the closure bolt assembly was 
bent, but intact and held the lid on the drum. The lid and top edge were folded and crimped, as 
with TP90B. 
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FIGURE 18. PRIMARY IMPACT DAMAGE: SPECIMEN TP90G 
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FIGURE 19. SECONDARY IMPACT DAMAGE (Bottom of Drum) : SPECIMEN TP90G 

5.7.3 Puncture Test 
It was decided to attempt to remove the lid clamp band and lid with the puncture test (as with 
TP90B). The unit was impacted at approximately 45° on the opposite side of the closure bolt. The lid 
clamp band remained on the drum and the lid remained secure. The puncture bar slightly dented the 
side of the drum. As before, the Model 3056 was retained by the drum even when inverted. 

5.7.4 Post Test Examination 
The lid clamp band was removed by cutting the closure bolt as it would not turn with normal hand 
tools. After considerable effort, the lid was pried from the drum. The top cork was cracked in several 
pieces. Due to the angle of the cracks, however, the first few pieces of cork had to be pried out 
before others could be removed. The bottom cork was fractured into a few pieces. The cork spacer 
rings and the inner cork insert were fractured. The damage from the three drops (two 9m and one 
puncture) was slightly less than in TP90B. The Model 3056 was undamaged. After examination it 
was determined that the sources had not moved, the retainer nuts and lid were still all engaged and 
the bolts were undamaged. The unit was released for final profile. 



AEA TECHNOLOGY QSA INC. 
2 
Burlington, Massachusetts 

FIGURE 20. CORK DAMAGE : SPECIMEN TP90G 

Test Plan 90 Report, Revision 

April 2005 
Page 27 of44 

FIGURE 21. CORK DAMAGE, SHIELD COVER ON: SPECIMEN TP90G 
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FIGURE 22. CORK DAMAGE, SHIELD COVER OFF, CAPS SHOWN: SPECIMEN TP90G 



AEA TECHNOLOGY QSA INC. 
2 
Burlington, Massachusetts 

Test Plan 90 Report, Revision 

April 2005 
Page 29 of 44 

FIGURE 23. MODEL 3056 POST TEST, SHIELD COVER ON: SPECIMEN TP90G 
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The shield containers used in the Model 976 drum assembly are of two general types: (1) those which use depleted 
uranium for their primary shielding (e.g., 855 and 3078), and (2) those that use lead for their primary shielding with 
supplemental materials as part of the inner assembly shielding design (e.g., 3015, 3018 and 3056). 

Based on container construction similarities and since the Model 855 shield container is heavier than the Model 3078 
shield container, the Model 855 drop test specimen results can be used to assess compliance of the Model 3078 for the 
9M and puncture drop testing requirements. In the case of the lead/composite shield containers, the Models 3015 and 
3018 shield containers are lighter than the Model 3056 shield container design which was tested in the 9 m and 
puncture drop tests. Therefore the Model 3056 design can be used to assess compliance of the Models 3015 and 3018 
package configurations. 

In all cases, the test specimen inner containers were physically undamaged after the 9 m and puncture drop testing. 
The Model 3078 being lighter than the Model 855 and would therefore be expected to sustain less damage in the drop 
configurations than was seen for the Model 855 package assemblies. Both shield container designs incorporate a lid 
cover which is attached by securing bolts. There was no damage to any of the eight securing bolts used on the Model 
855 shield container, therefore drop testing of the Model 3078 would also not produce damage to the lid bolts used to 
secure the lid to the shield container. By assessment, the Model 976E (with 3078) package design would perform as 
well if not better than the Model 976A (with 855) package design under the 9 m and puncture test requirements. 

In the case of the lead/composite shield containers, the Models 3015 and 3018 are lighter than the Model 3056 design 
which was tested in the 9 m and puncture drop tests. In the drop testing, the Model 3056 was retained by the drum 
even when inverted and the drum retained the lid clamp band after drop testing. As such the Model 976 package 
configurations using either the Model 3015 or the Model 3018 shield containers would sustain less physical damage 
than was seen on the test specimen containing the Model 3056 shield container. There was no damage or loss of 
integrity to the securing mechanism of the Model 3056 shield container after the 9 m and puncture drop testing. Drop 
testing of the Models 3015 and 3018 in the Model 976 drum assembly would also produce no damage to the source 
containment of these shield containers. By assessment, the Model 976B (with 3015) package design and the Model 
976D (with 3018) package design would perform as well if not better than the Model 976C (with 3056) package 
design under the 9 m and puncture test requirements. 
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Thermal testing was performed for a similar drum design to support approval of a Type B container in Great Britain 
(See Figure 24). 
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FIGURE 24 - TEST SPECIMEN CONFIGURATION FOR TEST NUMBER 1835 

Test Number 1835 (see Appendix F) documents testing of a Model 3018 inner shield container (lead shielded device) 
inside of a cork lined steel drum assembly. The cork used in these test units was the same as the cork used for the test 
specimens under this Test Plan Report, however, the overall cork thickness is greater in the Model 976 style packages 
than was used in the specimens tested under Test Number 1835. 

Testing included 9 m drop tests and puncture tests in similar orientations as were performed for the test specimens 
under this test plan report. The test specimens under Test Number 1835 were tested at ambient temperature and were 
not cooled to -40°C prior to the 9 m and puncture drop tests. 

As was seen with the Model 976 style test specimens, the test units described under Test Number I 835 also 
experienced drwn deformation but no loss of the lid from the drum base. Though cracking of the cork was not 
specifically referenced on the sides of the cork liners in the test units from Test Number 1835, cracking of the bottom 
cork inserts was noted. The bottom of the cork cavity was cracked around the circumference and across diagonals in 
line with the drum reinforcement bars. 

Thermal testing of the specimens under Test Number 1835 placed the specimens into a furnace maintained at an 
ambient temperature between 800°C - 820°C for a period of 30 minutes. The test specimens did not contain any 
radioactive contents during the thermal testing performed under Test Number 1835. The test specimens were allowed 
to cool for at least 18 hours before disassembly and evaluation. 

Upon evaluation it was found that the top cork inserts exhibited slight charring (e.g. 22-25 mm depth) with a 26 mm 
thickness of the insert remaining intact. In both cases the lead shield container was undamaged, exhibiting only the 
presence of a resin condensate and soot on the lead pot exterior. For both test specimens, the maximum temperature 
recorded by temperature strips on the exterior surface of the lead pot was 82°C. This temperature rise was less than~ 
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of the rise needed to reach the melting point of the lead pot (300°C), therefore no change melting or slumping of the 
lead shielding occurred. 

The shield containers used in the Model 976 drum assembly are of two general types: (I) those which use depleted 
uranium for their primary shielding (e.g., 855 and 3078), and (2) those that use lead for their primary shielding with 
supplemental materials as part of the inner assembly shielding design (e.g. , 3015, 3018 and 3056). 

In the case of the depleted uranium shield containers, there was no breach or weld cracking of the shield container 
which would allow oxygen to reach the inner depleted uranium shield. Without the presence of a continuing source of 
oxygen, these shields will remain intact during the thermal test. As seen in testing performed on the Model 650L 
(Reference USNRC CoC USA/9269/B(U)-85 , Test Plan 80 Report Revision 1) thermal testing of this device where 
cracking to allow air to the shield had occurred resulted in production of only a small amount of depleted uranium 
oxide. With an air path and air circulation during the thermal test, the radiation dose rate at one meter from this unit 
increases by approximately 10% remaining less than 3% of the regulatory limit. 

Without sufficient oxygen provided to the interior of the depleted uranium shield containers (e.g. , welds intact) there 
will be no appreciable oxidation of the depleted uranium shield inside the steel container housings, and the 800°C 
temperature is well below the melting point of depleted uranium (1 , 130°C) therefore the shield will retain its original 
shape throughout the thermal test. 

The thermal test will not adversely effect the structural integrity of the Model 855 or Model 3078 shield containers. 
The Model 855 containers were physically undamaged after the 9 m and puncture drop testing. The Model 3078 is 
lighter than the Model 855 and would therefore sustain less damage in the drop configurations than was seen for the 
Model 855 package assemblies. Both shield container exteriors are a steel weldment which does not melt below 1,427 
°C. For the Model 976A (with the Model 855 inner shield container) and the Model 976E (with the Model 3078 inner 
shield container), performance of the thermal test would not reduce the shielding efficiency or containment efficiency 
of the shield containers within the 976 drum assembly. By assessment, both the Model 976A and 976E package 
designs would meet the thermal test requirements. 

In the case of the lead/composite shield containers, the Models 3015 and 3018 are lighter than the Model 3056 design 
which was tested in the 9 m and puncture drop tests. As such the Model 976 package configurations using either the 
Model 3015 or the Model 3018 shield containers would sustain less physical damage than was seen on the test 
specimen containing the Model 3056 shield container. The container designs are similar and therefore evaluation of 
the Model 3056 test specimen against the thermal requirements will encompass the Models 3015 and 3018 shield 
designs by direct comparison. 

There was no breach or weld cracking of the Model 3056 shield container. Based on thermal testing under Test 
Number 1835, the maximum surface temperature of the lead inner shield was 82°C. This temperature is well below 
the melting point of the steel weldment (l ,427°C) therefore performance of the thermal test would not reduce the 
shielding efficiency or containment efficiency of the shield containers within the 976 drum assembly. Therefore, by 
assessment, the Model 976B (with the Model 3015 inner shield container), the Model 976C (with the Model 3056 
inner shield container) and the Model 976D (with the Model 3018 inner shield container) package designs will meet 
the thermal test requirements. 
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Section 6. PROFILE RESULTS AND COMPARISON ASSESSMENT 

Section 6.1 Profile Results 

Radiation measurements included in this Section were adjusted to the maximum activity capacity for the package (e.g., 
activity correction factor) and the surface measurements were also adjusted to correct for off-set of the survey meter 
probe from the true surface of the package. 

Activity correction factors (CF A) were obtained by using the following relationship: 

CF = MaximumPackageActivityCapacity (Ac ) 

A Actual Pr ofileActivity (Ap) 

For Example, if Ap = 834Ci and Ac = 1,000Ci, then 

CF = l,OOOCi = 1.2 . 
A 834Ci 

Therefore all original surface and 1 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 the following relationship: 

d 
SCF = - 2 whered1andd2 aredeterminedasshowninFigure 25. 

d, 

For Example, if d, = 9inchesandd2 = 9.5inches, then 

9.5inches 
SCF = = 1.06 

9inches 

Therefore in the example shown, all original surface profile measurements located along the side of the drum shown in 
Figure 25 would also be multiplied by a factor of 1.06 to account for surface correction of the detector to the drum. 
Different SCF's would be calculated for the any dimension of the container where the minimum distance from the 
center of the activity to the center of the radiation probe is different. 
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to surface of container. 

d2 = distance from activity center 
to surface of container plus 
radius of the survey meter 
probe. 

FIGURE 25. SAMPLE SURFACE CORRECTION FACTOR DISTANCE CRITERIA 
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The radiation profile data showed no increase in radiation dose after testing beyond normal measurement variations. 
All test specimens met the regulatory requirements. 

The following table (Figure 26) shows profile results pre and post testing. Figure 27 shows the source information for 
the pre and post testing radiation profiles for the test specimens. The various 976 Type B package specimens are listed 
along with the shield containers they contained, along with the amount of testing each specimen was subjected to. The 
data will show, save for normal measurement variations, no increase in dose post-test. All units passed. 

Figure 28 shows profile results for each Model 976 Series package configuration rated to the maximum activity to be 
transported under that configuration. The profile results in Figure 28 demonstrate compliance with package survey 
requirements of 10 CFR. 71.47. 

Radiation profiles described in this section were obtained using either an AN/PDR-27T, sn SM39240 l or sn 
SM392402, Tech-50 sn B814S or an ND-SOOP sn 42363 or sn 42365. All instruments have Geiger-Mueller detectors 
that meet the requirements of ANSI N432-1980. 



AEA TECHNOLOGY QSA INC. 
2 
Burlington, Massachusetts 

976 Used in 
TypeB Shield Test Testing 

Model Endured Package Specimen 
Modd 

and 
Capacity 

Profile Sheet Identification for 976 Configuration 
following: · 

Normal 
Conditions + 

Model Hypothetical 
976A 855 TP90A Accident 

(1000 Ci) Sn #91 TP90B Conditions: 
(1000 Ci) TP90D (3) 30-ft Drops 

(3) Puncture 
Droos 

Profile Sheet Identification for 976 Configuration 
following: 

Hypothetical 
Model Accident 

976A 855 
TP90C Conditions: 

(1000 Ci) Sn# 8 TP90E (2) 30-ft Drops 
(1000 Ci) (2) Puncture 

Drops 

Profile Sheet lde,ntification for 976 Configuration 
following: .. 

Hypothetical 
Accident 

976c3 Model Conditions: 
(800 Ci) 3056 TP90G (2) 30-ft Drops (800Ci) (I) Puncture 

Drops 

PRE-TEST @SURFACE (millirem/hour) 
PRE-TEST @ l m (millirem/hour) 

~ 
~ E-< 

~ z 5 ~ 0 
E-< C 0 
!5 E-< c2 f ..;i " = 

855 (sn 9) Original Device Profile Upon· 
Manufacture (Without 976 dnun/cork overpa~k) 

original m?SUfements.taken 7·Mar % 

159 42 33 42 46 110 

2.4 0.6 0.6 0.6 0.7 1.0 

855 (sn 8) Original Device Profile Upon . 
~anufacture (Without 976 drum/cork overpack) 

original measurements taken 8 Aug ?5 

163 35 34 31 31 65 

2.4 0.5 0.6 0.6 0.7 0.8 

-976C (3056.Device Capacity Profile wit/1976 
drum/cork ovcrpack)-Pcrfonned Prior to Tcstipg· 

\Ulder T~ Plan~ - Test Specimen TP90G: 
. oriPinal measurements taken i2 Feb 02 · . 

72 93 65 56 93 182 

3.7 3.3 2.2 1.9 3.1 3.5 
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Post-TEST @SURFACE (millirem/hour) ' 
Post-TEST @ l m (mfUlrem/hour) 

~ 
~ § ~ 5 " 0 < I: C 

~ E-< c2 ~ ..;i 0 = 
855 (sn 9) Device.Profile (Without 976 dnim/cork 

overpack) Used for Post Test Resl!lts under Test Plan 
90 ;Report and Pre-Test Results ~der Test Plari 

Reoort 163.ori inal measurements tali:en 29 Aor 02. 

141 32 32 32 38 75 

1.9 0.3 0.3 0.3 0.3 0.8 

· 855·(sn 8) Device Profile (Without 976 drum/cork. 
overpack) Used for Post Test Results under Test Plan 

90 Report !Uld Pre-Test Results' under Test Plan 
. Report 163 ori inal measurements· tak.en 29 Apr 02 

141 38 32 32 38 62 

1.9 0.3 0.3 0.3 0.3 0.6 

976C (3056 Device Capacity Proeyle with 976 
drum/cork overpack)- Performed After Testing under 

Test Plan 90 - T~ Specime11 TP90G original ' 
· measurements taken 25 Feb 04 · .., 

59 134 144 134 124 224 

0.5 1.2 0.5 0.5 1.6 0.5 

1 - Model 855 shields, Sn 8 and 9 were profiled outside of the 976 overpack assembly (drum and cork) during the post­
test profiles. 
2 

- The Model 855 shield, Sn 9 was profiled before and after testing using only 424-9 style source assemblies and 
standard lock assemblies. No damage was sustained by the internal lock mechanisms of the Model 855 and there was 
no change in -source position of the Model 969 source assemblies after the package was tested in the 30-ft drop and 1-
m puncture testing. Therefore, profiling of the device using standard Jock assemblies and 424-9 source assemblies 
which place the source in the same shield location at the bottom of the J-tube is valid to assess the package before and 
after testing. 
3 
- Initial radiation survey results for this container are assumed to have been perfonned in a high background area to 

explain the apparent reduction in the 1 meter dose rate measurements for this container after testing. 

FIGURE 26. TABLE OF PROFILES 
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976 Shield Model 
Type B Package 

Model and 
Canacitv 

976A Model 855 
(1000 Ci) Sn#9 

(1000 Ci) 

976A Model 855 
(1000 Ci) Sn# 8 

(1000 Ci) 

976C Model3056 
(800 Ci) (800 Ci) 

Used in 
Test 

Specimen 

TP90A 
TP90B 
TP90D 

TP90C 
TP90E 

TP90G 

Pre-Testing Radiation Profile Sources'-2.3 

Eight Model 424-9 Source Wire Assemblies. Total 
activity of all eight sources equaled 885.5 Ci on 7 
Mar 96. Source serial numbers and individual 
activities as follows: 
Source Serial Number Source Activity (Ci) 

A7774 102.5 
A7775 104.0 
A7776 113.4 
A7777 119.6 
A7778 113.6 
A7779 113.9 
A7780 112.9 
A7781 105.6 
Eight Model 424-9 Source Wire Assemblies. Total 
activity of all eight sources equaled 861.5 Ci on 8 
Aug 95. Source serial numbers and individual 
activities as follows: 
Source Serial Number Source Activity (Ci) 

A5799 109.4 
A5800 110.6 
A5803 108.5 
A5804 106.5 
A5805 108.8 
A5806 108.2 
A5807 104.8 
A5808 104.7 
Eight Model 424-9 Source Wire Assemblies. Total 
activity of all eight sources equaled 920.1 Ci on 12 
Feb 02. Source serial numbers and individual 
activities as follows: 
Source Serial Number Source Activitv (Ci) 
03513B 116.4 
03540B 114.4 
03541B 113.6 
03542B 115.5 
03543B 111.5 
035448 111.8 
03551B 123.4 
03552B 113.5 
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Post-Testing Radiation Profile Sources•.z.> 

Eight Model 424-9 Source Wire Assemblies. 
Total activity of all eight sources equaled 914.4 
Ci on 29 Apr 02. Source serial numbers and 
individual activities as follows: 
Source Serial Number Source Activity (Ci) 

04256B 114.5 
04257B 114.5 
04258B 114.3 
04259B 116.4 
04260B 116.7 
04261B 117.2 
04262B 110.7 
04263B 110.1 
Eight Model 424-9 Source Wire Assemblies. 
Total activity of all eight sources equaled 914.4 
Ci on 29 Apr 02. Source serial numbers and 
individual activities as follows: 
Source Serial Number Source Activity (Ci) 

04256B 114.5 
04257B 114.5 
04258B 114.3 
04259B 116.4 
04260B 116.7 
04261B 117.2 
04262B 110.7 
04263B 110.1 

Eight Model 424-9 Source Wire Assemblies. 
Specific source serial numbers not recorded. 
Total activity of all eight sources equaled 866.4 
Ci on 25 Feb 04. 

1Decay oflr-192 calculated based on A1 = A0e-<0·693174 d) 1 where t = time in days since initial activity. This equates to a decay rate 
of 1 % per day. 
2The Model 424-9 radioactive source assemblies comply with the specifications of drawing R42409 Rev C where the Model 
87501 capsule assembly contains Ir-192 as a metal. 
3 Model 855 shields, Sn 8 and 9 were profiled outside of the 976 overpack assembly (drum and cork) during the profiles. 

FIGURE 27. TABLE OF RADIATION SOURCES USED IN PROFILES 
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976 
TypeB Profile Sheet ldeotification 
Package Sbield Model 

Model and 
Capacity 

976A 976A (855 Device Profile 
(1000 Ci) Model 855 with 976 drum/cork 

Sn#9 overpack) 

976B Model 3015 976B (3015 Device 
(350 Ci) Sn# Capacity Profile with 976 

P500/2128 drum/cork overpack) 

976C (3056 Device 
976C Capacity Profile with 976 

(800 Ci) Model 3056 drum/cork overpack) -Sn#P0745-
060 Performed Prior to Testing 

under Test Plan 90 - Test 
Specimen TP90G 

9760 Model 3018 9760 (3018 Device 
(500 Ci) Sn Capacity Profile With 976 

#P500/2057 drum/cork overpack) 

976E Model 3078 976E (3078 Device Capacity 
(1,000 Ci) Sn #3078.04 Profile with 976 drum/cork 

overpack) 

Radiation Profile Soun:es'.1 

Eight Model 424-9 Source Wire Assemblies. 
Total activity of all eight sources equaled 874.3 
Ci on 30 Jan 02. Source serial numbers and 
i.ndividual activities as specified on the 
referenced profile sheet. 

Three Model 87555 Source Capsules. Total 
activity of all three sources equaled 336.1 Ci on 

04 Mar 04. Source serial numbers and 
individual activities as specified on the 

referenced profile sheet. 

Eight Model 424-9 Source Wire Assemblies. 
Total activity of all eight sources equaled 874.3 

Ci on 30 Jan 02. Source serial numbers and 
individual activities as specified on the 

referenced profile sheet. 

Three Model 424-9 Source Wire A~emblies. 
Total activity of all three sources equaled 331.6 

Ci on 26 Feb 04. Source serial numbers and 
individual activities as specified on the 

referenced profile sheet. 

Nine Model 87555 Source Capsules. Total 
activity of all nine sources equaled 1,025 Ci on 

03 Mar 04. Source serial numbers and 
individual activities as specified on the 

referenced profile sheet. 
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Capacity Results@ SURFACE 
(millirem/hour) 1 

Caoacitv Results @ I m (miUirem/bour) 

~ I"' ~ 
Q., z t: i:i:: 0 
0 c:, 0 < 1--... .... 

~ 
~ ~ $ g:: ,-l i:i:: 

j:Q 

29 9 7 6 10 22 

1.1 0.3 0.2 0.2 0.3 0.5 

11 186 186 186 186 60 

0.5 6.2 6.7 6.2 5.7 1.4 

72 93 65 56 93 182 

3.7 3.3 2.2 1.9 3.1 3.5 

45 151 134 134 134 191 

1.5 3.6 3.5 3.6 3.6 3.6 

63 15 15 15 15 18 

6.4 0.5 0.5 0.5 0.5 0.5 

1Decay oflr-192 calculated based on A,= Aoe·(1)·691n•dl 1 where t = time in days since initial activity. This equates to a decay rate of 1% per day. 
2The Model 424-9 radioactive source assemblies comply with the specifications of drawing R42409 Rev C where the Model 87501 capsule assembly contains lr-
192 as a metal. The Model 87555 radioactive capsules comply with the specifications of drawing 875 Inner Rev A where the Model 87555 capsules contain lr-192 
as a metal. 

FIGURE 28. TABLE OF 976 SERIES CONFIGURATION CAP A CITY PROFILES 
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The package performed very well in all testing. None of the orientations, deemed the worst through examination and 
extensive experience, inflicted even minor damage to the shields containers within the drum assemblies. All units 
retained the sources and passed final profile. 

The shield containers (855, 616 and 3056) obtained from the population of old field units, gave worst case scenarios. 
The Model 3056 has been in service for over twenty (20) years and was not specially modified for testing, save for 
standard shipping maintenance (cleaning, replacing worn hardware, etc.). The Model 855's used in the testing have 
been in service for at least nine (9) to ten (10) years. Other than some material changes for some of the hardware 
( carbon steel to stainless steel) along with standard shipping maintenance ( cleaning, replacing worn hardware, lock 
assembly variants incorporated, etc.), the units were not otherwise modified. All shield containers passed the testing 
without damage. Each unit could be returned to field service without repair or modification. 

The 976 packaging was assessed for compliance to the Type A requirements of 10 CFR 71 and IAEA TS-R-1. This 
assessment is included in Appendix G. 

From the test data, and the analysis contained within this report, we conclude that the Model 976 with shield Model 
855,Model3056,Model3015,Model3018,orModel3078: 

1. Complies with the requirements for the Normal Conditions of Transport. 
2. Complies with the requirements for the Hypothetical Accident Conditions of Transport. 
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DESCR'IPTIVE . · .. . 
OOAWIN-G. 

• • f I' • - • .,,... , •• , . 



D 

C 

8 

A 

5 

NOTES: 
1. ALL PERSONN~ QUALIFICATIONS, WELDING AND EXAMINATION PROCEDURES ARE IN 
ACCORDANCE .WJTH THE REQUIREMENTS OF lliE AWS WELDING CODE OR EQUIVALENT 
INTERNATIONAL STANDARD CURRENT AT THE TIME OF FABRICATION· AND INSPECTION. 
2. NOTES APPLY TO ALL PAGES. ' 
3 .. TORQUE CLAMP BOLT TO 10Ff*l 85 (+2/-0). THIS IS EQUNAL~ TO A .75-1.~s· 
GAP BETWEEN THE CLAMP BAND SIDES. 
4. MAXIMUM PACl<AGE WEIGHT - 280 lbs. 

5 4 

7 . 
6 
5 
4 
3 

.. 2 
1 

ERfil' 

799. 

NA STEEL FIREPROOF TYPE ·e LABEL 
NA SEAL WIRE 
RCLM009 CLAMP, SS· SAND 
R97616 BOTTOM OUTER CORK INSERT 
R97615 TOP OUTER CORK INSERT 
R97608 20 GAL, 1 6GA SS BARREL 
RB5590 1 MODEL 855 SHIELD CONTAINER 
RWNG NO. QTY. DESCRIPTION 

2 

~ • • • • , •• • • J • 

flEATEt:Hl\1 
- <l-5A-,' -. - •• - ,-- , 

DESCRIPTIVE 
DRAWING 

Ttll.£· 976A TYPE B PACl<AGE 
WITlf B55 SHIELD CONTAINE 

SIZE owo. HO. R976A REV 

B SCALE: ·NONE SHEET 1 OF A 

A 



B 

A 

5 

NOTES: 
1. Al! PERSONNa OUAUF1CA110NS, WELDING AND EXAMINATION PROCEDURES ARE IN 
ACCORDANCE WITH THE REQUIREMENTS OF THE AWS waDING CODE OR EQUIVAL.91T ' 
INTERNATIONAL STANDARD CURRENT AT THE TIME OF FABRICATION AND INSPECTION. 
2. NOTES APPLY TO ALL PAGES. 
3. TORQUE CLAMP BOLT TO 10Fr"L8S (+2/-0). THIS IS EQUIVALENT TO A .75-1.25u 
GAP BETWEEN THE CLAMP BAND SIDES. 
4. MAXIMUM PACKAGE WEIGHT - 180 lbs. 

5 4 3 

ERF# 

800 · 

__ a __ l--R ...... 9 __ 7.;..62=3---l-----'--+B ___ O"-'Tli-'-O=M~IN--'N"-'ER-'-'--""-co=R--'K,__,___1N=S=ERT ......... __ 8 
7 NA STEEL FIREPROOF 1YPE B LABa 
6. NA 1 SEAL WIRE 
5 RCLM009 1 · CLAMP, SS BAND 
4 R97616 1 BOTTOM OUTER CORI< INSERT 
J R97615 1 TOP OUTER CORK INSERT 
2 R97608 1 20 GAL, 16GA SS BARREL 
1 R3015 1 MODEL 3015 SHIELD CONTAINER 

'k.);;r:;~~ 
Q'.:, •• : . j) 

· DESCRIPTIVE 
· DRAYflNG 

REV 
8 1----:-=-:...--,----,----:-1A 

Sl!EET 1 Of 1 

2 1 

A 



D 

C 

8 

A 

-·- - · -·--· -- . -- · ·-·· ----·------

NOTES: . 
1. ALL PERSONNa QUALIFICATIONS, WELDING AND EXAMINATION PROCEDURES ARE IN 
ACCORDANCE Will-I. THE REQUIREMENTS OF THE AWS WELDING CODE OR EQUIVALENT 
INTERNATIONAL STANDARD CURRENT AT THE TIME OF FABRICATION AND INSPECTION. 
2. NOTES APPLY TO ALL PAGES. 
3. TORQUE CLAMP BOLT TO ·tOFT*LBS (+2/- 0). THIS I? EQU(YALEJ)lT TO A .75-1.2~.· 
GAP BEJWIBI Tl-IE CLAMP BAND SIDES. · · , . 
4. MAXIMUM PACKAGE WBGHT - 180 lbs. 

5 4 3 • • « • •• 

802 

4 TOP INNER CORI< SPACER 
1 801TOM INNER CORK -INSERT 8 
·1 STEEL FIREPROOF·TYPE 8 LABEL 

NA . · 1 SEAL WIRE 
RCLM009 1 Cl.AMP, 55 BAND . 
R97616 l · BOITOM OUTER CORI< INSERT 
R97615 l OP OUTER CORK INSERT 
R9760B 1 20 GAL, 1 SGA SS BARREL _ 
R3056 1 MODEL 3056 SHlaD . CONTAINER 

. l':11:1·. D~SR~:J~E A 
TITt£ · 976C 'TYPE 8 PACKAGE 

056 SHIELD CONT. IN 
SIZE owo. ND, R976C REV 

8 SCALE: NONE S1-1E£T 1 or A 
2 1 



D 

C 

8 

A 

·- -- . ----··- . 

·.· · .. 

.... ·: 

MOTES: 
1. !LL PERSONNEL QUALIFICATIONS, WELDING AND EXAMINATION 'PROCEDURES ARE IN 
ACCORDANCE WITH THE REQUIREMENTS OF THE AWS WELDING CODE OR EQUIVALENT 

. INTERNATIONAL STANDARD CURRENT AT THE TIME OF FABRICATION AND "INSPECTION. 
2. NOTES APPLY TO ALL PAGES. 
3. TORQUE CLAMP BOLT TO 10FT*LBS (+2/-0). THIS 15 EQL/fYALENT0 TO·A· .75-1.25" · 
GAP BETWEEN THE CLAMP BAND SIDES. 
4. MAXIMUM PACKAGE W8GHT - 1 BO lbs. 

5 4 3 

£Rf#. 

801. 

R97616 1 801TPM. OUTER CORK INSERT 
R976·1 5 1 · OP OUTER CORI( ·INSERT 
RS760B . 1 20 GAL, 1 BGA SS BARREL 
RJ01B 1 MODEL 3016 SHIEI.D C.ONTAINER 
RWNG. NO. QTY. DESCRIPTION 

2 

DESCRIPTIVE 
DRAWING 

REV 
1--.a.--,..,,......,.,.,~~;.,.:..,;;a.=...--:...,-----~ A 

A 



5 4 

D 

C 

B 

NOTES: · 
1. ALL PERSdNNEL OUAUFICATIONS, WELDING AND EXAMINATION PROCEDURES ARE IN 

A ACCORDANCE WllH THE REQUIREMENTS OF THE AWS WELDING CODE OR EQUIVALENT 
_INTERNATIONAL ST~NDARD CURRENT AT THE TIME OF FABRICATION· AND INSPECTION. 
2. NOTES APPLY TO ALL PAGES. 
3. TORQUE Cl.AMP BOLT TO 10FT•LBS (;-2/-0). nus IS EQUIVALENT TD A .75- 1.25" 
GAP BETWEEN TiiE CLAMP SAND SIDES. 
4. MAXIMUM PACKAGE WEIGHT - 212 lbs. 

. 5 4 3 

il!Ffl 

803 

RCLM009 1 CLAMP SS BAND 
R97616 1 BOITOM OUTER CORK INSERT 
R97615 1 TOP OUTER CORK INSERT 
R97608 1 20 GAL, 1 BGA SS BARREL 
R307B 1 MODEL 3078 SHIELD CONTAINER 
RWNG NO. QTY. DESCRIPTION 

UtltfSS -lllllWIONS 111 INCHES 
'IOU!JWlc5: 

f1Wl1!D~1.l(% 
lfJO< :I: 0,DB 

k.XXX ~ o.mo 

2 

~ n . . I 

DESCRIPTIVE 
DRAWING 

TITLE 976E TYPE B PACl<AGE 
WITH 3078 SHI CONT. NER 

SIZE OWG. ND, R976E 
B SCALE: NONE SHEET 1 OF 1 

1 

: • 

·: · 

A 

REV 
A 



NOTES: 
1. MAXIMUM· DEVICE WEIGHT - 225 LBS. 
2. ALL PERSONNEL QUALIFICATION, WELDING AND 

EXAMINATION PROCEDURES ARE IN ACCORDANCE 
WITH THE REQUIREMENTS OF THE WELDING CODE 
CURRENT AT THE. TIME OF FABRICATION AND 
INSPECTION. NEW FABRICATIONS WILL BE IN 
ACCORDANCE WITH THE AWS WELDING CODE. 

ERF # 79E: 

DESCRIPTIVE 
DRAWING 

CHANGER 

SIZE DWG. NO. 

A 
R85590 ~v 

SHEET 1 Of" 6 C SCALE: NONE 



ERF # 798 

DILIENSIONS IN INCHES 
Tot.ERANCES, . 

fflACTIONS ±1/8 
X :I; 0.1 

XX :I: 0.05 
XXX :I: 0.000 

DESCRIPTIVE 
DRAWING 

TIREMODEL 855 SOURCE CHANGER 
S1Z£ DWG. NO. R85590 ·REV 

A SCALE: NONE SJiEET 2 Of 6 C 



--------------···· ---· 

TITLE MODEL 855 SOURCE CHANGER 

R85590 ~v 
· SCALE; NONE SHEET 3 OF 6 . C 



STANDARD 
LOCK ASSEMBLY 

ERF IJ: 798 

DIMENSIONS IN INBHES 
TOI.EJW,/6Es: 

FRACllONS :!:1/8 
lC :1: o.1 

)(l( :I: 0.05 
XXX :t 0.065 

DESCRIPTIVE 
DRAWING 

TITLE MODEL 855 SOURCE CHANGER 

SIZE DWG. NO. R8559Q REV 

A SCALE: NONE SHEET 4 OF E;i C 



I 

ERf # 798 

~WINCHES 

FRACIIONS :1:1/6 
X :I: 0.1 

lO( "' 0.05 
. lOOC :f: 0.005 

DESCRIPTIVE 
DRAWING 

mu: MODEL 855 SOURCE CHANGER 

SIZE DWG. NO. R85590 REV 

A SCALE: NONE SHEET 5 OF 6 C 



ERF # 798 

. . 

DIMENSIONS IN INCHES 
TISll..ERANc:Es, 

FRAClieNS :J:1/8 
)( :I: 0.1 

lCX :I: 0.05 
XX)( :I, 0.0D5 

:; . 

DESCRIPTIVE 
DRAWING 

TITLE MODEL 855 SOURCE CHANGER 
· SIZE DWG. NO. R85590 REV 

A SCALE: NONE SHEET 6 OF 6 C 



) 

3 

5 4 

(~· 
~ ... 

(s 

NOTES: 
1. ALL PERSONNa QUALIFICATIONS, WELDING AND EXAMINATION PROCEDURES ARE IN 
ACCORDANCE WITH THE REQUIREMENTS OF THE AWS WELDING CODE OR EQUIVALENT 
BRITTSH STANDARD CURRENT AT THE TIME OF FABRICATION AND INSPECTION. 
2. NOTES APPLY TO All PAGES. 
3. MAXIMUM WEIGHT = 104 lbs. 

5 4 3 

D 

C 

LOWER INSERT TUBE, SS 8 
. M10 X 20mm LG S.OGKET HEAD SCREW, SS 
RETAINING NU , SS 

10 CAP NUT 
1 TOP HAT, SS 
1 UPPER INSERT, LEAD INSIDE' SS 
1 LOWER INSERT, OU 

2 

LEAD POT ASSY 

DESCRIPTIVE 
DRAWING 

nru: MODEL 3056 SHIELD CONTAINER 
TOP LEVEL ASSY 

SIZE DIVG, NO. R3056 REV 

8 SCALE: NA SHEET 1 or 4 A 

A 



· DESCRIPTIVE 
DRAWING 

MODEL 3056 SHIELD CONTAINER 
TOP LEVEL ASSY 

SIZE DVIG. Ho. R3056 
8 SCAU:: NA SHEET 2 OF 4 

REV 
A 

A 



) 

DESCRIPTIVE 
DRAWING A 



.---· ·---·- -

DESCRIPTIVE 
DRAWING A 



NOTES:. . ... 
1. ALL PERSONNa QUAUFICATlOMS, WELDING ANO EXAMINATION PROCEDURES ARE IN 
ACCORDANCE WITH THE REQUIREMENTS OF THE AWS WELDING CODE OR EQUIVALENT 
BRmsH STANDARD CURRENT AT THE TIME OF FABRICATION AND INSPECTION. 
2. NOTES APPLY TO ALL PAGES. 
3. MAXIMUM WEIGHT = 136 lbs. 
4. MAXIMUM DU WEIGHT = 113 lbs. · 

5 4 3 
807 

2 

OU PLUG, MAX WEIGHT OF OU = 2.8 lbs. 
POT LID ASSY 
DU POT ASSY, .MAX WIEGHT OF DU = 110 lbs 
DESCRIPTION 

DESCRIPTIVE 
DRAWING 

MODEL 3D7B SHIELD CONTA/f\lER 
TOP LEVEL ASSEMBLY 

SIZE DWG. NO. 

B 
R3078 . 

NA SHEET 1 OF 4 SCALE: 

PEV 
A 

I 

A 



- --- --- ------·- ·- ····--

DESCRIPTIVE 
DRAWING 

REV 
--SC_ALE_: ----,-S1-iE_ET___,2_0_F__,4-i A 

A 



QI\ I 

DESCRIPTIVE 
DRAWING 

MODEL 3078 SHIELD CONTAINER 
TOP LEVEL ASSEMBLY 

DWG. No. R3078 REV 
f---SCAL_E:_· ----~S-I-IE_ET_ 3-,---0F'-4-,--I A 

A 



3 

5 4 3 

2 1 

ITEM 4 CAN (OPTIONAL) 
· STAINLESS STEEL OR ALUMINUM CAN. 
DIMENSIONS SHOWN REPRESENT 
THE··.LARGEST OBJECT THAT CAN, 
BE FiLACED WITHIN THE. CAVITY. 

2 

QS/\ .... ,, I ' ·. . ·' 
DESCRIPTIVE 

DRAWING 

TITLE Mooa 3078 SHIELD CONTAINER 
TOP LEVEL ASSEMBLY 

SIZE DWG. NO. 

8 SCALE:. NA 
R3078 

SHEET 4 OF •~ 

1 

REV 
A 

C\ 

8 

A 



NOTES: 
1. ALL PERSONNEL QUALIFICATIONS, WELDING AND EXAMINATION PROCEDURES ARE IN 
ACCORDANCE WITH THE REQUIREMENTS OF THE AWS WELDING CODE DR EQUIVALENT 
BRmSH STANDARD CURRENT AT THE TIME OF. FABRICATION AND INSPECTION. 
2. NOTES APPLY TO ALL PAGES. 
3. MAXIMUM WEIGHT = 104 lbs. 

5 4 3 

UIUSS sPEdFIED 
DJIIEIISIO/lS IN INCHES 
101.0WICE!I: 

,---ER-f'f--1 FRACnO~ 1: 1.a~ 
805 ~:~ 

2 

. INSERT P524 SEE RJOI B SH.2 

PIN 2 .2 DIA ST.STEEL ROD 1.9" LNG 

SHIELD SEE R3018 SH.4 

DU INSERT DEPLETED URANIUM 
RlNG 1 SEE R301B SH.3 

M10 FlAT WASHER 2 STA1"8..ESS STm 

MtO BOLT 2 20mm LNG STAINLESS STEa 
TUBE CAP 4 SEE R3018 SH.4 

SIDE BRACKET 4 SEE RJOIB SH.J 

· TOP BRACKET 1 SEE R.3018 SH.+ 

.JACl<ET 1 SEE RJOIB SH.3 

PART NAME QTY. DESCRIPTION 

~ QA • . 

DESCRIPTIVE 
· DRAWING 

SIZE DWG. NO, 

8 SCALE: 

30'18 SHIELD CONTAINER 
TOP LEVEL ASSEMBLY 

R3018 
NTS SHEET 

REV 
A 

8; 

A 



'I· 3 2 ,-------- ------'-------- -----L-- ------------L-- ---------- -'-------------~ 

COLLAR 

BRACl<ET 

TUBE 
· SHIELD 

PART NAUE 

4 STAINLESS STEEL 
2 STAINLESS STEEL 
4 .Smm OD >< 0.6mm WALL 55 

1 LEAD ' 

QTY DESCRIPTION 

DESCRIPTIVE 
DRAWING 

3018 SHIELD CONTAINER 

DWG. NO. 83018 REV 
1---S-C-Al_E_: _N_T_S___;..:..---...;.S-HE_ET _ _ 2_ 0_F_4-< A 

C 

8 

A 



.2DIA SST ROD 

RING STAINLESS ST. lHI< .23 
UNI< 4 .401A s.sr ROD 

SIDE BRACKET 4 STNNLESS ST. 
JACKET 1 2mm llilCI< STAINLESS ST 

PART NAME QlY. DESCRIPTION 

DESCRIPTIVE 
DRAWING 

3018 SHIELD CONTAINER 

owa. NO. R301 B 
SCALE! NTS SHE£T 3 OF 4 

1 

REV 
A 

A 



SHIEU> 

DETAIL 2 · STAINLESS STEEL 

DETAIL 1 STAINLESS S1Ea 
DISI< 1 5TA1Nl£SS STEEL 

PLATE 1 STAINLESS STEEL 
PART NAME QTY. DESCRIPTION 

..... ,.~ 
AEATECri 
O' A 1 · 

DESCRIPTIVE 
DRAWING · 

3018 SHIELD CONTAINER 

OY/G. NO, R3018 REV 
i------:-::==--'---.-----,,---.,...-1 A 

SCALE: NTS SHEET 4 OF 4 

A 



MJ SCREW 

BRACl<ET 
BODY 

TOP PLUG 

UNI< 

SHIELD POT. 

M10 WASHER 

M1 0 SCREW 

POT LID 

O.U. INSERT 

JACKET 
PART NAME 

• 1 
2 

1 

2 

2 

1 

Q1Y. 

sr.smL .5"U~G 
1 / 16 ll-11< _BRASS 

LEAD 
SEE RJ015 SH. 4 

SEE R3015 SH.2 
SEE R30 15 SH.2 
SEE R3015 SH.J 

DESCRIPTION 

DESCRIPTIVE 
DRAWING 

3015 SHIELD CONTAINER 
· TOP LEVEL ASSEMBLY 

R30·15 
SCALE: NTS SHEET 1 OF 4 

1 

A 

REV 
A 



GASl<ET 
CLAMP BAR 
··TOP HAT 

POT LID 
LEAD POT 
PART NAME 

NEOPRENE OR EPDM 
STAINLESS STEEL · 
STAINLESS STEEL 
STAINLESS STEEL 

·1 LEAD 95% MIN PURE · 
Q1Y. DESCRIPTION 

DESCRIPTIVE 
DRAWING A 

30 15 SHIELD CONTAINER 

R3015 REV 

NTS SHEET :Z Of' 4 A 



QSII I 

DESCRIPTIVE 
DRAWING 

~Q ~ORJil AW!. BU.l1IIID?lm. I" DIIC:l • 

3015 SHIELD CONTAINER 

1 

A 

l 

\ 
I 
' I 

I 
! 
·, 



3 2 

D 

·' ... 
. ; ' • 

. :,,. 
....... ~ ~.·.: ::.~ 

MB SCReW 4 

TOP PLATE 

BODY 1 

PART NAME QTY. 

STAINLESS STEEi.. 

STAINLESS STEEL 
LEAO 

DESCRIPTION 

DESCRIPTIVE 
DRAWING 

TITLE 3015 SHIELD CONTAINER 

SIZE 01'10. 110. 

8 SCALE: 
R3015 

NTS · SHEET 4 Of" 4 

1 

REV 
A 

O; 

C 

8 

A 



3 2 ,--__________ ..__ __________ __._ __________ __._ __________ __,_ _____________ _ 

I CORK 

.. . .. . ; 

.... ... 

UREA FORMALDEHYDE 
RESIN BINDER 
DENSITY - 17±2 LBS.I CU. FT. 

. 2 

DESCRIPTIVE 
DRAWING 

TITt£ BOTTOM INNER CORK INSERT . 

S1Z£ OWG. NO, 

B SCALE: 

97623 
NONE SHEET 1 OF' 1 

REV 
A 

D 

A 



.., 4 3 2 

UIILEliS SPmJflm 
IIIIAENSIIHI IN INCHES 
~ 

flWll1DNS :ti 1/B 
ERf'# lfJC :! 0. 12 

BOB llJCX :i 0.08 
llJCIOI' :! o.ozo 

5 4 3. 2 

DESCRIPTIVE 
DRAWING 

10 IIOIQII AV<. IIIIIIIJIIQIOII, MA 0188J 

mLE C::ORI< SPACER 
TOP INNER 

SIZE DWG. HO. R9'7637 
B NONE 1 1 SCALE: SHEET OF 

1 

D 

C: 

B: 

A. 

REY 

A 



·ERF # BOB 

.. . . 

UREAFORMALOEHYDE RESIN 
BINDER, DENSITY 
17±2 LBS./CU FT 

DESCRIPTIVE 
DRAWING 

T,Up OUTER CORK INSERT 
REV SIZE OWG. NO. R97 615 

· A SCALE: N9NE SHEET 1 OF 1 . B 



·: . , 

.... 
. · ... ·:: .. · ..... ::.~.­

. . . '"'! ;'.: .:._ ; . . .'-.lJ' . 

. : . ..• . j; 

. ... . ~-. .... ........ .. 

CORK 

.. . . 
. ·:. . . . . . 

.. . .... . 

·_. . :, 

UREA FORMALDEHYDE 
RESIN· BINDER, 
DENSITY 

. 17±2 LBS./CU Ff 

~ DESCRIPTIVE 
DRAWING 

OUTER ORK NS RT 
R97616 

SCALE: NQNE SHEET 1 Of 1 
REV 
B 



D 

C 

8 

A 

5 

NOTES: 
1. All PERSONNEL QUAUFICATI_QNS, WELDING AND EXAMINATION 
PROCEDURES ARE IN ACCORDANCE WITH THE REQUIREMENTS OF 
THE AWS STRUCTURAL WELDING CODE (OR EQUIVALENT ' 
INTERNATIONAL STANDARDS) CURRENT AT THE TIME OF 
FABRICATION AND INSPECTION. 
2. NOTES APPLY TO ALL PAGES. . 
3. SEE SHEET 2 of 2 FOR DErAILS . OF ITEMS 1,3,4 AND 5, 

5 4 

3 

3 

ERF# 

B09 

5 2 STRAP, .07 THICI< STAINLESS STfil 
1 2 SST SH OUD 
3 1 MBX1 .25. 14-MM BRASS NUT 
2 1 MBX1 .25 130mm LG SST BOLT 
1 1 CI.AMPBAND, STAINLESS STEEL 

ITEM QTY. DESCRIPTION 

2 

DESCRIPTIVE 
DRAWING 

CLAMP. BAND 
SIZE DWG. NO. RCLM009 REV 

8 SCALE: . NA SHEET 1 Of 2 B 

1 

A 



-··------·-- ------

.AEllaEC~N~ 
q~11 I.~ 
W IIORIII INF. BUII.INIIIIIII, IA.\ D1lla3 

DESCRIPTIVE 
DRAWING 

CLAMP, BAND 

DWG. NO. RCLM009 REV 

SCALE: NA SHEET 2 OF 2 ~ 

A 



5 4 

2 

OTES: . 
1. MATERIAL: 16 GAUGE (.06) 

STAINLESS STEEL. 

. · .. :... .. .. ~ . 

• •; t 

DESCRIPTIVE 
DRAWING 

·11ru ·20 GALLON DRUM 
MODEL 976 

SIZE owo. ND, R97608 
B SCALE: NONE SHEET Of' 1 

2 

REV 
8 

D 

C 

8 

A 
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Section 1 Introduction 

~··· 

This document describes the mechanical ·test plan for the Mod~ 976 1'ransport Drum 
package to meet NRC requirements for Type B CU) packages as_ a~scribed in the Code of 
Federal Regulations, 10 CFR Part 71, revised as of January 1, °1997. The test plan also 
covers the criteria stated in the IAEA Regulations for the Safe Transport of Radioactive 
Material, Safety Series No.61985 Edition, (As Amended 1990). 

The Model 976 Transport Drum is designed to transport various f~es· of projectors, 
changers and transport casks. These include the Model 855; 864 bulk' source changer, the 
Model 616 projector, Model 3056 Lead :.Pot family which include also 
3055,3078,3077,1911,667,3015 and 3018. ' :: .-., · · 

This document describes the test package specification, testing equipment, testing 
scenario, justifies the package orientations for the different test specimens, and provides 
test checklists to record essential steps in the testing sequence . 

. ·: \ .. ·. . . . '. ...... ~ : . : .... . : . 
. :·· :·., 

·: :,' . 

.. ,:'· ', 

.::: .. · .. \ .. : ... 
: ... :', ,'. •: . :.·.:. •, . 

,. I•.: . : .. . . . : .. : '• . • ... 

: ' : :: ... ,· . • ••.. •• .• !. 

. : .:": 

·.·.: . 1·· ':: : • . ·, 

.. L . 

. ' 

,, ;, 
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Th_e ~76 Transport Drum. consi~ts of an open head stainless steel drum with a high 
· ·~en~ify cork liner .. The lid is secured with a stainless steel band clamp. The arrangement 

· of the cork liner will vary with respect to the type of pac~ge being transported within 
. the drum. Specifics on the base container follow: 

• • • ' • • • ' • I • 

.·. 

DRUM 
• , · Manufactured of 16 gage 304 stainless steel. 
• All seams seal welded agamst ingress of fluids. 
• Sides re-enforced with two (2) % to I-inch outward side ribs. 
• In accordance with (JAW) 97608 Rev A (see Section 10 for referenced drawing). 
• 20 gallon capacity. · ··· · , . . · · - · : ... 

··:·· · ... 

CLOSURE BAND 
• All stainless steel construction. 
o Stainless steel closure bolt - UN-lubricated. 
• IA W drawing (97622) (see Section 10 for referenced drawing). 

f!.e V /J, .9" 

LINER 
• Medium-high density cork (17 lbs/ft3) manufactured from me¢!.ium size granules with 

a resin binder and bonded with urea formaldehyde resin. 
• The liners are formed and cut to block and brace the various packages within.the 

drum. 
• The standard liner is designed for the Model 855 family. This liner is present in all 

di.-ums and is manufactared to R97610 Rev A The remaining families of devices have 
supplemental liners that provide additional blocking and bracing within the cavity 
formed by the standard liner. Supplemental liners are: · 

• For the 616 family -Manufactured to B97613 Rev A (See Section 10 for referenced 
drawing). 

• For the 3056 Manufactured to B97636 Rev 1 (See Section 10 for referenced 
drawing). · 

The families of containers/projectors to be transported within the 976 follow: 

Model 855 Family Source Changer 
• The units manufactured comply withD85501 Revisiqn G (See Section 10 for 

referenced drawing). 
• The maximum.capacity of the device is 1000 Ci ofirl92. 
• The gross weight of the unit is approximately 195 lbs . 
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• The depleted· uranium shield is saucer shaped and contains eight (8) titanium source 
tubes. The -tubes are welded at the distal end into a titanium disk im.bedded in the 
shield. · · 

• The shield is encased by a welded, carbon steel cyfudrical shell. Smaller cylinders 
support the shield within the outer weldment. The interstitial space is filled with 20-
lbs./fl:3 Polyurethane foam. All depleted -qranium/steel interfaces are separated by 

. copper sheeting to prevent .for.mation · of. the eutectic during extreme thermal 
conditions. . 

• The sources are retained within the device by a sliding lock assembly. The lack plate 
directly actuated by the plunger type lock. captures either the spiral wrap of the 
tele:fl.ex wire or the stop ball, depending on the source design being transported. The 
plunger lock is constructed of brass; the locking body and slide are carbon steel. The 
lock assembly is secured to the top plate of the weldment by four ( 4) steel screws. 

• · The cover of the container, which is bolted to a ring welded to the top of the 
cylindrical weld.ment during transport, consists of a plate .with a small cylinder 

· welded to its underside. During transport, this cylinder stops the slides from 
withdrawing by preventing horizontal movement of the locks. Additionally, the 
sources are retamed by a cap, which threads onto the lock. assembly over the 
proximal end of the source. 

• Model 864 Source changer will fall under 855-test plan, due to similarities in both 
designs. Model 864 will not be tested and.resultg from 855 will be assessed. 

Model 616 Projector 
·• · The maximum capacity of the device is 240 Ci of Jr192. 
• The packages are constructed in accordance with Technical Operations Inc. draWDfg 

numbers D61610 Rev. F (see section 10 for Ref. Drawing). 
a The gross weight of the package is·approxim.ately 60 lbs. . 
• The unit is a depleted uranium shielded, steel encased radiographic device. The 

source is conta.in~d at the bottom of a source rod and kept in the shield position by a 
depression lock which prevent movement of the source rod during shipment. The 
source changer is approximately 11 ~ - inches long, 6 ~ inch in diameter and 
provided with a 6 7/16-inch wide leg base and a steel handle (1/2-inch diameter). 
The radioactive source assembly is housed in SS tube. The tube is surrounded by 
depleted uranium metal as a shieliling material encased within a steel housing. 

Model 3056 Family Lead Pot 
• 
• 

• 

The maximum capacity of the device is 1513 Ci of Jr192 . 
Model13056 package is constructed.m accordance withAEA Technology QSA Inc./ 
Amersham.Drawing number A21773 Rev- (see section 10 for referenced drawing). 
The gross weight of the Package is approximately 103.6 lbs . 

• The unit is a depleted uranium, Tungsten alloy, lead and carbon steel encased Pot. 
The device is approximately 11.0 inches long and 6.14-inches in diameter and 
provided with a protective cap. The radioactive source assembly is housed in a 
Zircalloy or titanium tube. The :tube is surrounded by Lead metal as a shielding_ 
material. · · 

• Family Models (3055,3056, 3078, 3077, 1911, 667, 3015, 3018) lead Pot will fall 
under 3056 test plan, due to similarities in outside envelop design. Family models 
will not be tested and results from 3056 will be assessed. 
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The purpose of this plan, which was ·developed in accordance with AEA Technology 
· QSA Inc. Engineering Work Instruction Document Number E-1808, is to demonstrate 

that the Model 976 Transport Drum, meets the Type B transport package test 

requirements of 10 CFR 71 ~~-~e IA;8~ ~-afety ~eri.es No.6. 

The tests for Normal Conditions·of Transport (10 CFR 71.71) to be performed are the 
compression test, penetration test, and 1.2m (four-foot) free drop test. · 

Water spray preconditioning of the package is not performed. The Model 976 Transport 
Drum is constructed of waterproof materials throughout ·and while it contains cork liners, 
no damage or degradation is expected in the short term from exposure to water. 

The Hypothetical Accident Tests (10 CFR 71.73) to be performed are the 9m (30 foot) 
free drop test, puncture test. The thermal test will be assessed if needed. 

. . . : . :• ~ : ·. . . .,: . . .. ,' .. : . . .... ' .:. . : . . . 

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 immersion test and all other conditions specified in 10 CPR 71 will be separately 
evaluated in the text of the Sa;f~ty .Analysis Report. . · . · , _. ·. . · · 

-:·· ... · • .. .. .• i 

. " .... 
• : ' I 

·,·:.: ·::··· .... 
', ; : -. ·~ . . . . ·:·· .. :· :··· ; \."I ... · 

i ' ..• 

. ~ . 

. . ~ 

·.·: ... 
· .. ·;. ,· ... ·.:·.· ,. ,· .. ·. :: 

.·.:::·,· . 

. .. : 

... 

. ~ . 
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Section 4 Discussion on System Failure Modes of Interest 

4.1 General 
The location of the source relat;i.ve to its storep. po~itiqn_ in the shield is an 
n:nportant safety element. Displacement of the source and/or shield from its 
original sto~ed position ~ould elevate. ~e dose at the surface ~f the package above 
regulatory limits. · · · · ·:· · · ·. ,.- · · · · ·. · 

The 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. · 

· There are tw~ posstble mechanisms to cause thes.e types of failures: 
: · .. " ••• • i •. 

· a) The shield could move away. from the source if the 'internal components 
restricting the movement of the shield were damaged -and the source tubes 
and outer shells were fractured during testing. 

b) The source could move away from the shield if the lock assembly became 
loose or was rem~ved.fronitlie outer shell/body .. 

... , i. -'· ,Botji mechanisms qesqribed _abqve _may qccu:r: s:i,multaneously 
.. . ·. •••• f ···:: •. i •• • • ..;!_:. :·: . . .. : ·.· :;i,r' ' ... 1: 

. :::= 

4.2 Normal Conditions of Transport 

42.l Damage to the fixture of the drum. lid from the penetration test could cause a 
reduction in its ability to remain closed. 

:, ... 
. 4.2,.2 _Following the compression and pe~tration tests., a l.2m~op test may cause 

. tpe weal(ened p.p. tq open a.p.d allow tJ+e proj~ctor/s~nµ:ce chat;tger to fall out. 
. '· -· • J ••• 

,· ~. . 

4.3 Hypothetical accident Conditions_ of Transport. 
: \:. . . .. :; . ·~ . ~- .. . . . . . ; . ', ~ . . .. 

4.3.1 Failure. of the drum to adequately protect the projector/source changer from the 
shock pf the n:p.pact thereby causing displacement of the source and/or shield by 

·· mechanism 4.l(a) a:nd/or 4.l(b) resulting in a dose rate increase above the 
-· allowable limit. , ; '. ·. · · 

4.3.2 Failure of the drum to adequately protect the projector/.source changer from the 
shock of the impact combined with failure of the of the unit itself and the failure 
of the drum to remain intact, causing exposure of the either Cork or depleted 
uranium shields within the bodies. Degradation of the cork and/or oxidation of 
the shield in the subsequent fire test could then result in displacement of the 
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source and/or shield as described in 4. l(a) and/or 4.l(b) leading to a dose rate 
increase a~ove the allowable limit. · .-· ·= 

Section 5 Assessment of Package Conformance 

. . ~ . : 

. . . 

~-1 _. Reguhy.~oey ~eq~~m~~ts 
•o' o ' :•, M •"•, ,:. I 

. • ... I ,•. 

•• 1, •• :. =.· 
: :., . ~ . . 

5.1.1 Normal Conditioii"s of Transport Tests (7i.43(.f)) 

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

·. IAEA Safety Series No. 6 pBia; 537 stipulates the same criteria except that it 
states in paragraph 537(b) that the loss of shielcling integrity should not result in 

· · ·. :: :inore than ·a 20% increase_in the radiation .level _at any external surface of the 
.. __ -.- .- ;package ... • ....... · .. . -:,.-: ;.,:. .-:· ~ ... :..:.L·:;. u,. ·. · .. ' .. :.:, __ .;: :-.: .. , !. 

. ,··. ·, ·.· ... 
.-. 

I 

5.1.2 Hypothetical Accident CpnditioJ;lS.(71.51(a)(2)) 

~.2 

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

. . s .·. ··i •• : •• ·=.\! . : ·. ~ 

Test Package Contents . .• 'j 

The Model 976 Transport Drum is designed to carry Special Form Sources. 
Containment of the radioactive source is tested at manufacture. The source 
capsule design 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. 

,:· . . .. ,, 

This test plan therefore does not discuss/specify tests of the contamment of the 
·radioactive source. The purpose of the tests is to demonstrate that the shielding 

... remains effective within the limits specified b;y. the regulations. 

A simulated source will be used during testing of the package. The radiation 
levels prior to and after testing will be monitored by replacing the simulated 
·source with an active source. .·. . · · · · . . . · · 

.. ·J •. ,·:., ,'• ,• .. : . . ,' · .. -·~ . : ·.: .. : : . . ' .. 
-:.····. ·.: ... '.; ., .. ·. · .. · ' . :. 
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Section 6 Construction and Condition of Test Specimens 

~ .,, 

The test specimens will be Model 976 Transp!]rt Dru:in units constructed in accordance 
with AEA Technology QSA Inc. drawings as enumera,te4 in the Table 6.1. The units will 
contain the various projec;tors,and/or source changers as mentioned in Section 2 . 

. . : . 
Except. for the normal condition tests and the thermal t~t, the test temperature of the 

. P8:~kage must be at or below -40°~ ,at the time of each test, ~ :minimum_.temperature 
requrred by IAEA Safety Series 6 and 10 CFR 71. The low temperature represents the 
worst-case condition for the package b_ecause. of the potential for brittle fracture of the 
shi~ld ~d th~ QU,t~r ~l?-eP.. qf ~e projectors 'or source chang~r~. ' . . . 

• ' •• • • •, ., • • •• • • 1 

Every attempt will be :inade to keep the entire package below -40°.C. however, as the 
liri.er is constructed of C~rk, a natural insulator, this· may·pr~ve.to be impossible by 
:i:nerely' chilling the exteripr of the drum package. As' such, the pr:ojector or source 
changer fo be t~sted will b~ chilled below -40~C separately and re-inserted into the. drum 
just prior to 'testing. The drum and liners will also be chillAd, However, as they are 

"constructed .. ·of:'very thin 'section stainless ·S~eel and cork ·:respectively, this lowered 
· temperature will _have virtually no effect on·tlie outcome of th!:l t~sting. with respect to the 
'drum and liners·. · ' · ' · · 

Seven (7) test specimens are to be tested. One will be subject to normal condition te_sts 
and the remaining siix (6) for Hypothetical tests. 'All-are at or above the. maximum 
observed field weight for the various devices within, achieved (if necessary) by placing 
lead sheets around the body of the d,qvic~. within the ~ to ~ure maximum weight 
similarities. Adding lead will only simulate the weight not the performance of the device. 
All profiles will be performed without the lead. 

All projector/source changer units tested will be pulled from the field population. As 
these units have seen years of service in varying conditions, they represent a worst case 
scenario with respect to the drums ability to prevent damage. 
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Sample 
Number Drawii:lgs Referenced. 

TP90(A) B97630 Rev A 
D85501 RevG 

TP90(B) B97630Rev A 
D85501 Rev G . 

TP90 (C) B97630Rev A 
D85501 Rev G . 

TP90(D) B97630RevA 
D85501RevG 

TP90(E) B97630RevA 
D85501RevG 

TP90(F) B97633RevA 
D61610 Rev.F 

TP90(G) B97634.Rev A 
I D61622RevF 

• • • j• ; • 

Test Cciiiditipn 

Normal 

Hypothetic_al .. 

Hypo~tical 

. i~ypothetical ·. 

· Hypothetical . , ·. 

Hypo~ti~ 

Hypothetical 

' 
.. ~ .. 

Comments ·:! 
,• . 

Test Plan 90 
'• . . 12/03/01 

Page 8 of53 

. . 

M<?!fel .855 ~port package 
· · Contains a Model 855 source changer 

Model 8S5 transport package 
Contams a Model 855 source changer 
Model 855 .transport package 
Contains a Model 855 source changer 
Model 855 t:pmsport Pl!-~bge 
Contains a Model 855 source changer 
Model 855. traq.~~ package 
Contains. a Model 855 source chanirer 

. fy.Iodel 616,q~l'ort package 
Contains a Model 616 Projector 
Model 3056 f~y transpo~ package. 
Contains a'Model.3056LeadPot 

: . ·: ,· .. ·· 

. Table 6.1: Model 976 Test Variatlons , ,: · ·. .. ' .. .. 
•.· · .. ·. • •• ? • • • .' .' ... .. : • : ' • 1 

Note: See Section 10 for all referenced. drawing. ·. : · . : · ·:: · • · · · .. ' : .:-, .. · · 
( • ': • : , • • t .. : ',;i!. :• ; • • • '• ' j ' ,' :: • t ': { • , : I 

' • ' .. : : , • • :. • • :, l 
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Section 7 Material and ~quipment List 

i · . 

The test checklists in Section 9 list the equipment to the specification required by 10 
CFR 71 and all other necessary equipment and measuring instruments needed to perform 
the tests. 

Additional materials and e~uipment may be used to facilitate the tests. 

. ;'. i : ' .. 

'·~- 3 

. :. .:~ . : •• · :: 1·- · ~ . - · · :·; :~ · ···:·· =-·~1.:~, .~. t:.;: .... :.·.:.::'.:: f :q• /':'~ "" :'·> ~ 

\ ;: ,.'; ' •,, , t •' I, • : • : ' •: • • \ ~: 

:. . ... \ . . . .. . .. ~ . . : . ' 

·.· · .. :· .. : 
.. :. 

. .. : ... · : ; •, . . ,• ~ . 
·. .. . : .•. . -~·' . 

. . . '; 
• : • 1,, , I ~ ; I • : 

·· .. . ·: \ ··. : 

. ; · . 
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Section 8 Test Procedure 

8.1 General 

Test Plan 90 
12/05/01 
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Seven (7) specimens are to be tested to determine the transport integrity of package. The 
testing sequence is presented below with testing focusing on three areas. 

• Disruption of the containment of the drum such that the device is caused to exit after 
the 9mdrop. 

• The ability of the drum and liners to absorb the impact energy, and substantially 
protect the internal container in the 9m drop test. 

• To inflict damage to projector components within the drum. 

Should the unit fail resulting in exposure of the container inside, further testing will 
concentrate on damaging or removing the lock system, disrupting the container integrity 
or attempting to add to previous damage whichever is considered more appropriate. 
Furthermore, if the dmm has failed and damage has occurred to the inner container such 
that the cork surrounding the shield or the shield itself is exposed as described in Section 
8.12, the package will be evaluated to see if thermal test will be necessary. 

The 976 Transport Drum packages are not hand held items and there is no requirement to 
"condition" a package by subjecting it to normal condition of transport prior to the 
hypothetical accident conditions of transport testing. For this reason, one specimen, 
TP90 (A), will be subjected to the normal conditions of transport tests. The remaining 
six (6) specimens will be subjected to the hypothetical accident conditions of transport in 
the orientations shown in Section 8.10 

The tests have the following sequence: 

1. Test specimen preparation and inspection. 

Normal Conditions of Transport Tests. (Specimen TP90 (A)) 

2. Compression test (lOCFR. 71.7l(c)(9)). 

3. Penetration test, (10 CFR 71.7l(c)(l0)). 

4. Free drop test at 1.2m(Four-foot); (10 CFR71.71(c)(7)). 

5. First intermediate test inspection. 

Hypothetical Accident Conditions Tests. (Specimens TP90 (B), TP90(C), TP90 
(D), TP90 (E), TP90 (F), and TP90 (G)) 
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... :!: ·. 

6. 9 m (30-foot) free drop tests (10 CFR 71.73(cXl)). 

7. Puncture tes~ (10 CFR 7L73(c)(3)) . . · 

8. Second intermediate test inspection. 

9. Thermal tests (if applicable). . . 

. . io. F~.test;Hl5pection. . . : . . . . . . . .. . . . . :• .. ·· .. · : :: /: ·: 

'. . .· : .. · .. . ·.· ,. ·. ; .·. 

8.2 Roles and Responsibilities 
•• f •• 

. The responsibilities-of the groups identified in this plan~: . 

• Engineering executes the tests· according to the test plan. and ·summarlzes the test 
results. Engineering also provides · technical input to assist Regulatory Affairs and 
.Quality Assurance as.needed. . i · . . ·! ::. . . ; ,< .: 

. ' i \ ': • .• 

. .. • Regulatory. Affairs monitors .the-.tests and reviews test reports for compliance with: 

..... . 
regulatory requirements and 10 CFR 71. · .... 

Quality Assurance oversees test execution ,and test report generation. to assure 
compliance with the AEA Tecpnology QSA Inc. Quality Assurance Program. 

I ..... 

. .... 
;;i , • 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. 
Engineering, ·Regulatory Affairs and :Quality Assurance may al.so record data if necessary. ·; . . ' .. .. '· .. . .. . . :> .. . . ·· .. 

8.3 Specimen Temperature Measurement 

8.3.1 The Normal Condition tests (penetration, drop and puncture) are to be carried out 
while the ambient air temperature before and aft.er tbe tests remained constant at 
that value be~een -29°C (-20°F) and +38°C (+lOO°F). The test will be cairied 
out while the package is at'or below -40°C. 

8.3.2 For the Hypothetical Concµtion, tests will be earned out at or below -40°C, . 
temperature measurements will be made by positioning thermocouples on the 
shield or where possible of ~e inner contamer as well as on the drum. 
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8.4 Test Specimen Preparation and Inspection 

. .. . Test Plan 90 
12/03/01 

Page 12 of53 

Use Checklists 1 a-1 c: Specimen Preparation and Inspection. 

To prepare the test units: 

I. Manufactme: Seven (7) Model 976 Transport Drum m:ri.ts per drawing B97610, 
five (5) units will be used per B97630, one (1) unit. per B97733 Rev 1, and one 
(1) unit per B97734 Rev I. (See Section 10 for all referenced drawmgs) 

•"'' • • • I .• 

2. Secure two (2) Model 855 source changers (which will be interchanged for the 
five 855 drum tests), One (1) 3056 lead pot ·and one ·c1) Model 6Hi projector. 
Determine jf any of the units to be tested need additional weight. Add lead sheets 
-if necessary. Record and photograph all weight modifications.: ... :.: 

• t • • •• : 

3. Inspect the units to ensure that all fabrication and inspection records are 
documented :in acqordance with the .AEA Technology QSA Inc. Quality 

-'·Assurance ·Program :in effect •at ,the time of. manufacture .and comply with test 
plan requirements. ·· 

4. ];>lace,the units in the respective Transport Drums :in accor9AD.C~ :with Table 6.1. 
.. : .r,: ...... 

5. Clearly and :indelibly, mark the units with iclen~cation per Table 6.1. 
·.· : : I ''" ' ,', ! 

6. Perform and record th~ radiation profile in !l(:cordance with ..AEA Techn_ology 
QSA Inc. Quality Assurance Program. 
.. , . h, •••••• 

7. . Quality C.ontrol, Engineering, Regulatory .Affairs and. Quality Assurance 
·will jointly verify that each test specimen complies with the ~ Technology 
QSA Inc. Quality Assurance Program. · 

8. Measure and: record the location of the simulated source in each specimen using 
appropriate method . 

.. 9 ... Prepare the units for transp_orl; :in. ~9cordan~e !with ;th~ir respe!=ti.ve operating 
·· ··ins~ ... .-· ····· ··· · · · · · · · ·• 

10. Measure and record the we;.ght of e~h cgn;iple~ .pac~ge .. ... . . .. . . . ... . . . •. 

' .,• 

•. · ...... . 
. ·:: •,' . 
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8.5 Summary of Test Schedule · 

.. 
Normal Conditions Test Parameter Specimen Diagram 

Compression. 71.71(c)(9) TP90(A) 
(See Sec. 8.6) I 

I 
I 

.. 

.. ---·-···-·· ... _ ......... .............. ---- --·--· .... ........... ..... ... ... . . . . .. 

Penetration 71.71(c)(10) . TP90(A) 
(See Sec. 8.7} 

' 
-: 

:_ ·l.2m.Drop 71.71(c)(7) TP90(A) 
·. (See Sec. 8.8) 
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Accident Conditions Test Parameter Spe~imen Diagram 

9mDrop 
45° Angle 

71.73(c)(l) TP90(B) 

(See Sec. 8.10.2) 
... 

... 

9ni.Drop 71.73(c)(l) TP90(C) · 
(See Sec. 8.10.3) 

' 

9mDrop 71.73(c)(l) TP90(D) 
(See Sec. 8.10.4) ' 

9mDrop 71.73(c)(l) TP90(E) 
30° Angle 
.(See Sec. 8.10.5) 

-

C:\Documents and Settings\kboder_jaber\lv.Iy Documents\TP90\TP90e.doc 
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9mDrop 
(See Sec. 8.10.5) 

Puncture 
(See Sec. 8.10.6) 

71.73(c)(l) TP90(F) 
TP90(G) 

71.73(c)(3) TP90(B)? 
TP90(C)? 
TP90(D)? 

. TP90(E)? 
TP90(F) 
T,P90(G) 

TestPlan90 
12/03/01 

Page 15 of53 

Orientations for each unit are to be 
determined for worst case scenario 
following completion of TP90 (B ... E) 
9m drop test. 

6 
: .. 

Orientations for each unit are to be 
determined following completion of 
9mdroptest 

l • • • i , 

.. , fl . 

.. 

Thermal 71.73(c)(4) TP90(B) 
Will be assessed if needed. TP90(C) 

TP90(D) 
TP90(B) 
TP90(F) 
TP90(G) 

.. 

Requiiement for thermal test to be 
determiDed following completion of 
drop and puncture tests 

. F=;i 
c::::::i 
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8.6 Co_mpressicn Test (10 CF~ 71-.71(c)(~)) 

Test Plan 90 
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The first test is the compression test described in 10 CFR 71.71(c)(9). For this test. the 
package in its heaviest configuration is placed under a load equal to five times the total 
package weight for at least 24 hours. 

Use Checklist 2: Compression Test to dat~ and initial all action items and to record 
required data. 

8.6.1 Compression Test Set-up 

Only Specimen TP90 (A) is to be tested. 

To prepare the specimen for the compression test: · -

1. Review the set-up shown in Figure 8.6.1.1. 

Place the specimen upright on its base above the steel plate. 

Orient the package to its normal tr"ansport position: 

Photograph package. Record measurements at each comer. 

2. Gradually and uniformly, place a load equal to 5 times the total package weight plus 
sufficient additional to account for scale tolerances (minimum of 1- percent additional 
weight), as showninFigure 8.6.1.1. 

The load is five times the package weight and is greater than 13kPa multiplied by the 
verticaijy projected area: ·. . . . . .. : . -. ·.: : . . .. 

Photograph. package. Record measuremeJ:!.tS A (height of the barrel) and B (width of 
the barrel). · 

3. After 24 hours have elapsed photograph package and record measurements A and B. 

4. Remove the weights and rec9rd measurements A and B as well as any permanent 
damage to the package. 

See Figure 8.6.1.lfor Compression Test Set-up. 
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• •• • : ", .1 I ·. • • • 

·. _.: ! ; • • • • : 

jQQ LES 
·-300 LBS 

I 400 LBS 
.. 

·.~ : . 

.. .. . 

.. .. ' 
.. 

. : . ·:... . :. ~ . 
. . ... .... . : ,.: ... . ·:: : · 

.· . .. 
. . \ . . 

8.6.2 Compression Test Assessment 

. . 

I 

• , .. 
T:est Plan 90 

12/03/01 
Page 17 of 53 

,. .. : 

> .. 

: · . ,. •.:: ...... 

. ·-: t 
·:·: ·:. i 

•,: ·.· 

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

. . . .. ;, 

• Review the ~st ex.ecution to ens~ that tlie test was performed in accordance with 10 
CFR 71. 

• Make a preliminary evaluation of the specimen relative to the requirements of 10 
CFR 71. 

·· .. . .. . .. 
• Assess the damage to the specimen· to decide whether testing of that .specimen is to 

continue. 

• Evaluate the condition of the specimen to determine. if any changes are necessary :in 
package orientation in the 1.2ni drop test to achieve 'maximum damage. 

C:\Documents and Settings\lchoder_jaber\My Documents\TP90\TP90e:doc 



Pi. rechnology QSA Inc. 
B urnngton, Massachusetts 

8. 7 Penetration Test (1 O CFR 71.71 (c )(10)) 
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The second test to be earned out will" be the penetration test as described in 10 CFR 
71.7l(c)(l0)), in which a penetration bar is dropped from a height of lm (4Di') to mipact 
a specified point on the package. 

Use Checklist 3: Penetration Test to ensure that the test sequence is followed. Date and 
initial all action items and record requireg. ~ata. · 

' .... : .. 

NOTE: The checklist identifies those steps which must be witnessed by Enginee1·ing, 
Regulatory Affairs and Quality Assurance. 

8.7.1 Penetration Test Set-up 

There is a specific orientation so that the penetration bar is aimed at 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 proceeding test, it is important' that each 
specimen maintain its id~_tity thr~~~qhout the batte1y of tests and that the set­
up instructions specific to the specimen are strictly followed. 

To prepare a specimen for the penetration test: 

1. Measure the units internal and surface temperature to ensure tjlat the package is· at or 
below -40°C. . 

2. Place the specimen on the drop surface and position it according to the specimen-
.:. ~~ecific orientation described below~ . ·: . ·· 

3. Use shims to position the package, if necessary. 

4. Position the 3.b" inner Diameter guide tu.be directly above the specified point of 
impact, and :l,"aise the penetrati9n be.+, 1~ (40")· above the ~.arget. Photograph the test 
set-up. 

5. Drop the test b~. R,eco~d damage -~d. ta.lee photographic record. . . . 
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··.: 

8.7.2 Specimen TP90 (A) Orientation for Penetration Test 

The penetration target for specimen TP90 (A) is the drum SS band, which hold the lid to 
the drum package using MS fastener. Such. an impact could·Ioosen or shear the bolt off 
the band assembly. This may in turn either result directly in the lid lifting i.n. this area, or 

· result in ~ufficient damage so that subsequent testing.raises or even removes the lid. 
Tlµs penetration test will therefore test the effectiveness of the lid fastener . 

. ~90 (A)is laid 45° on its side (binged side facing the.penetration bar) so that it rests as 
shown in figure 8.7.2.1. The penetration bar is arranged to ensme that the impact point 
is above the bolted fastener. 

Ii • 

Figure 8. 7 .2.1: Specimen TP90 (A) Orientation for the Penetration Test 
'• •, • • · •• • ~ .. ' I • • . : • ' t ·, : ~ • •; ' : • • I ' ' • • 

• I 

40 IN [ I M] 

Figure 8.7.2.1 
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8. 7.3 Penetration Test Assessment 
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Upon completion of th~ test, Engineering, Regulatory Affairs and Quality Assurance 
"team membe:i;s wm jointly take the followi,ng actions: .,·; . . . . 

• • • :. =. • 

.. . . 
• Review the te~ ~xe~ution t9 _ensure that the test was perlonned in accordance with 10 

CPR 71. . - . .. .. · , .. · . 
. • i 

• Make a prel:in:tj.nary ev~1:18.lion of _the specimen relative to the- requirements of 10 
CPR 71. .. . .. ···· ··,.· ... : .·· .. 

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

. . ~ . . 
• Evaluate the condition of the specimen to determine what changes, if any are 

necessary in package orientation :in the four-foot drop to achieve ~m damage. 

C:\Documents and Settings\kboder_jaber\My Documents\TP90\TP90e.doc 



.,•, 

.Ai =echnolagy QSA Inc. TestPlan90 
12/03/01 

Page21 of53 
Burungton, 1\/Iassachusetts 

8.8 1.2m Free Drop Test (10 CFR 71.71(c)(7)) 

The final Normal Transport Conditions test is the 1.2m (four-foot) drop test as described 
in 10 CFR 71.71(c)(7). These drop compounds any dam.age caused in the previous tests. 
Upon completion, the intermediate test inspection ~.a.TI ~~ performed. · 

·'·· 1:. ' ; .•• 1' ' 

Use Checklist 4: 1.Zm drop Test to ensure that the test sequence is followed. Date and 
initial all action items and record required data on the checklist 

NOTE: The checklist identifies those steps which must be witne~sed by 
Engineering, -Regulatory Affairs and Quality Assiirance. 

8.8.1 1.2m Free Drop Test Set-up 

In tbis test, the package is ·released from a height of_ l,2m (four feet) and lands on the 
steel drop surface. There is a specific· orientation for the specimen so that the package 
lands on the component or assembly of interest. 

To set up a package for the 1.2m drop test: · 

1-. Measure the units :internal and surface temperature to ensure tha~ the package is at or 
below -40"C. 

2. Place the spedmen mi the drop surface and position it according to the specimen's 
specific orientation described __ below .. 

3. Establish the center of gravity and arrange the lifting mechanism/system such that 
the center of gravity is as shown in Figure 8.8.2.1. 

4. Raise the package so that the impact target is 1.2m ( 4.0 feet) above the drop surface. 

5. Photograph the set-up. 

6. Drop the package. 

7. Record the damage to the package and take a photographic record. 
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8.8.2 Specimen TP90 (.A) Orientation for 1.2m Free Drop Test 
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The 1.2m (4ft) drop test set-up for Specimen TP90 (A) is shown in Figure 8.8.2.1. The 
objective of this, drop is to test th.e,:ability. of.the package to absorb the energy from an 
impact on its normal position, and mamtain the containment of the inner container. Such 
impact might cause the locks to. shear, or the outer source container to distort, forcing tbe 
lid to open and the device to exit. Additionally, the drum may prove inadequate in 

• providing protection f~~ the internal COI\JPOD~nts and. d.ai;nage of those components ~ght . 
occur. 

' . 
Upon imp~ct, the top lid is most likely to be forced open due to the internal momentum 
of the internal container. It is important to position test specimen TP90 (A) so that its 
center of gravity is directly above the impact line. 

. . . 
· Figure 8.~.2.1: SpeciJ?ie.* T.E'90 (A) Orie~ti~n for the 12mprop ';{'est 

I 
48 IN [ ·1.2 M] 

. . I 
I 

i 
I 
l 
L W///W-#h:-rZw.,;;,.a.,;..a-;-uam. 

Figure 8.8.2.1 
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8.8.3 1.2m Drop Test Assessment 
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. ·.· 

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

:' . 

• Review the test.execution to ensure that the test was perfomied m accordance with 10 
CFR 71. 

·•.• . ······ 

• Assess the dai:nage to the specimen. · · · · , 
.::. ·. :···.'.:.·'."': 

8.9 First Intermediate Test Inspection 

.·.· .... 

Follow.ing the 1.2m (four-foot) drop test, an intennediate test inspection will be 
performed. . .. 

.. . .. . : . . ·,;, .. : ·. : . ,;. 

1. Measure arid record any damage to the test ~peci:in~n.. . .. ; .. 
···.:··· '1 

. ~ ... : .; \ 

2. Disassemble the package and remove the µmer conta.m,er. ' . . . ·, .·, 

3. Remove and assess the condition of the simulated source. . ·.·. 
4. Reassemble the package using an active source, making sure that the source position 

f.lil!i the package configuration are the same as they were immediateiy after the second 
1.2m ( 4.0ft) drop test. · · ···, · '· · · 

5. Measure and record a radiation profile of the test specimen · iri accordance with 
standard practice. 

6. Assess the significanc~ of any change in radiation at the surface or at one meter from 
_the packag~.- , :·· · ·, · ·· 

Engineering, R~gulatory Affairs and Quality Assurance team members will make a 
final assessment of the test specimen and jointly determine whether the specnnen meets 
,:he requirements of 10 CFR 71.71 set out .in section 5, para.5_;1.1/ ·:·. ,-.. ; · · .·. 

,:·,1. :,; . 
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8.10 9m Free Drop Test (10 CFR 71.73(c)(1)) 

The·fust Hypothetical Accident Test is the 9m (30-foot) free drop test as described in 10 
CPR 71:73(c)(l): · . . ·· . · . . · ·· . 

. Use Checklist 5: 9m Drop Test to ensure that the test sequence is followed. Date and 
initial aµ action items, and record required data on the checklist. · · 

·:·. 

NOTE: 'The checklist identi.fie, thoae steps ,which muat · b'e witnessed by 
Engineering, Regulatory Affaira and Quality Asaurance. 

Figures 8.10.2.1, 8.10.3.1, 8.10.4.1 and 8.10.5.1 illustrate the orientations for the four 
test units. 

• I '" ;,• 

This test requires that the test specimen be at or below -40°C at the time of the drop. 
Follow the checklist ~qtions_ for. mea.supilg and recc;-cling :1:b,e specimen temperature 
before and after the drop. · · · · · · · · · 

. . 

8.10.1 .9m Free Drop ·Test Set-up 
, ~ .. ! . : I • I • • i :. . : . .· .. 

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

·11 •· .iyrea_s~e the :;ipecim,en's intemal and smface temperature to ·ensure that the package 
. is at or below -40°C. . . . ,' . 

. 2. Place each specimen on the drop smfaoe and position it accordm'.g to the specimen-
specific orientation described below. · · ' .. , · ·· .•. ,.,., · 

3.. Establish the center of gravity and auange the lifting mechanisni/system such that 
the center of gravity is as shown in Figure 8.10.2.1, 8.10.3.1, 8.10.4.1 or 8.10.5.1. 

4. Rais~ ef!ch specimen so that the impact target is 9m (30. feet) above the drop surface. 
' '• I' •.•'., •, ,•:,• I 

". ·: .. 
5. ;photograph the set-up. 

6. Drop the package. 

7. Record the damage to the specimen anli take a photographic record. 

8. Measure and record the temperature of the package. 
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8.10.2 Specimen TP90 (B) Orientation for the 9m Drop Te.st 

Fi~ 8.10.2.1 shows the package orientation for Spec~n TP90 (]3). The drop will be 
on the top edge, about 45° angle of the package, around the lid fastener. The intention is 
try to shear the lid off by subjecting the drum to the full force of a 9m impact with 45° 
angle. If the lid were to shear off then the projector inside would be exposed to direct 
targeting from the following puncture testing. 

. . . . . 
. . 

It is important to ensure that the test specimen is positioned so that its center of gravity is 
directly above the impact point, in this case, the top front edge of the drum. 

Figure 8.10.2.1: Specimen TP90 (B) Orientation for the 9mDrop Test 

'\ 
\ 
4'5' 

..------"'11---\l 

JO fT C':1 Ml 

Figure 8.10.2.1 
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8.10.3 Specimen TP90(C) Orientation for the 9m Drop Test 

Test Plan 90 
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This drop is designed to test the ability of one of the packages surfaces to crush and 
absorb the energy from an impact while retainmg the contents and protecting them from 
damage. The intentio~ is to try to deform the outer drum by inflicting damage to the lid 
and then the internal device. The effectiveness of the Corle -protection and its ability co 
absorb shock.loading will also be tested fyo_m a drop in this orientation. . . . 

The impact edge of the drum will be top down. Figure 8.10.3.1 shows the package 
_orientation for Spec~n TP90(C). . . 

JO FT [9 M] 

I 

Figure 8.10.3.1 
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8.10.4 Specimen TP90 (D) Orientation for the 9m Drop Test 
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The intexition of this drop is to subject the Bottom of the package ~o the full ·force of a 
9m drop to see to what degree they crush and therefore absorb impact energy. A 
consequence of a lack of deformation would be that the heavy internal container, and in 
particular the shie,ld, might retain enough momentum to be able to punch through the top 
of the outer drum. This might result in damage to the inner container components and 
even movement of the shield within the qork, as this. is ineffective as a shock absorber in 
this orientation. 

TP90 (D) will impact on the Bottom of the drum as indicated in Figure 8.10.4.1. It is 
important to position th~ test specimen so that its center of gravity is directly above the 
impactp~. 

Figure 8.10.4.1: Specimen TP90 (D) Orientation for the 9mDrop Test 

30 FT (9 M] 

Figure 8.10.4.1 
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8.10.5 Specimen 'f.P90 (E) Orientation for the 9m Drop Test.· · 

This test will be carried out with the impact being on the bottom end of the drum, at 30° 
. Angle from the end of the locking system. The intention is to determine whether the 
second slap down impact on the drum couid.' cause the lid to come off, thereby 
transmitting the energy from impact directly onto the inner container, and.in particular to 
the lock system 

TP90 (E) will impact qn the end plate as indicated in Figure 8.105.1. It is important-to 
position the test specimen so that its center of gravity is directly above the impact point. 

Figure 8.10.5.l : Specimen. TP90 (E) Orientation for the 9mDrop Test 

.30 FT [9 tvt] 

30' 
I 

Figure 8.10.5.1 
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8.10.6 Specimen TP90 (F) and TP90 (G) Orientation for the 9m Drop Test 

. ·.. . . . ··:.: 
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NOTE: Upon completion of the previous foii/ tests; Engineering, Regulatory 
Affairs and Quality Assurance team members will jointly assess the damage to each of 
the specimens to determine what orientation: of ·the package wilf achieve maximum 
damage for specimen orientation. Using this orientation, proceed with tests TP90 (F) 
and TP90 (G ). 

. •: . 

Worst case will be considered to proceed with testing for each specimen, 

Figure 8.10.6.1: Typical specimen TP90 (F) and TP9Q (G) Orientation'for the 9m Drop 
Test · · · ·.· 

: -· · . ·: :': . 
.. ··: . ·, .. F=======-.. 

. '; ', ~' ·. ·:!' 
. ' : 

30 FT [9 M] 

Figure 8.10.6.1 
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8.10.6 9m Free Drop Test Assessment 
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Upon completion of the test, Engineering, Regulatory Affairs and Quality Assurance 
~ . ;ne~ers \ll.ill Jointly take.the following actions: 

• Review the test ex~cuqon to ensure. that the test was performed in accordance with 10 
CFR 11. . . . .. . . . .. , .. · 

• Make a preliminary evaluation of the specimen relative to the requirements of 10 
CPR 71. 

• Assess . the damage to each of the specimens and take one of the following actions 
based on that assessment. 

I. I:f the package remains intact, i.e. the lid re~ in place evaluate the condition 
of the specimen to determine what orientation of the package will achieve 
I!3aximum damage for specimen.orientation for the puncture test. 

11. If the packa~.i~· ~~i ~t~ct i.e: the lid has opened or broken away, remove U1e 
projector from inside and examine the projector for damage. The puncture test 
should be arranged to add or exacerbate this damage. If there is no obvious 
damage then target its ~ock system. 
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8.11 Puncture Test (10 CFR 71.73(c)(3)) 

···.:· 

:'. ~ 

The 9m free drop test is followed by the puncture test per 10 .CFR 71.73(c)(3), in which 
a package is dropped from a height of lm (4011 ) onto the puncture billet. 

The billet is to be bolted to the drop surface used in the drop tests. 
• • ', • •,, ! • • •, • • - ' ~ I • • • ~ 

Use Checklist 6: Puncture Test to ensure that the test sequence is followed. Date and 
initial all action items and record required data on the checklist. 

NOTE: 

,•,t • 

The checklist identifies those steps which must be witnessed by 
Engineering, Regulatory Affairs and Quality Asszirance. 

8.11.1 Puncture Test Set .. np 

The orientation for each specimen will be determined from assessment of the condition 
of the specimen following the 9m drop tes~r 1 

NOTE: Because each test is designed to add to damage inflicted on a specific 
component or assembly in the preceding test, it is impo11ant that each 
specimen maintain its identity throz,ghout the battery of tests and that 
the set-up instructions specifi.c to the specimen are st,ictly followed. 

This test requires that the test specimen be at or below -40°C at the time of the test. The 
checklist calls for measuring and recording the specimen temperature before and after 
the test. 

The test uses the 12" or 16" (as appropriate with respect to orientation) high puncture 
billet. The billet meets the :minimum height (8 11) required in 10 CFR 7I.73(c)(3). The 
billet will be selected with respect to orientation of the package so that no projections or . 
overhanging members could act as impact absorbers, thus allowing the billet to cause the 
maxim.nm. damage to the specimen. . 

To set up a package for the puncture test: 

I. Measure the spec:imen1s intern.al and surface temperature to ensure that the package 
is at or below -40°C. 

2. Position. it according to th~ specific orientation determined from assessment after the 
9m drop testing. 
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3. Raise the package so that there is Im (40") between the impact point on the package 
and the top of the puncture billet · 

. . , .. . . ' 
.4. Photograph the ·set-up. 

5. Drop the package.. . ... · : · ~ : . . '; .. . 

6. Record the damage to the package and take a photographic recor~ . 
. . ' . ,: . ·:· . :·· . . ; .• .. 

7. Measure and record the temperature of the ~ackage. 
... . .. , . • .i . • • •• • ' . :.,· : • • t . .. :' 

, .. .. 
I , 

" . 
Figure 8.11.1.1: Typical specimen TP90 (B) ... TP90 (G) Orientation for ~e 9m Puncture 
Test ,! . . . , · ···. • · . · · .. 

• ~ • : • l .. . 

; . ~- . . .. . . ... :· .. ... . .. · .: 

. :-~ . ,' ..... ! .,: 

•, . . 
. .... 

. ·.· \ . . • .. 

' . , 40 IN [·1 Mj i • • ·· 

. . ~ 
f • 

· .. ·: ·:·; . . : ; -

... ·. I ,' ·., • ' • ' : ' • : • • • 

·. . . ;' 

. Figq.r~ 8.11.1.1 . 

. . -~ . 
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Test Plan 90 
12/05/01 

Page 33 of 53 

Upon completion of the test, Engineering, Regulatory Affairs and Quality Assurance 
team members will jointly ta1ce· the following actions: 

11 Review the test execution to ensure that the test w_a_s performed in _accordance with 10 
CFR 71. . · · ··:· .. :: · .,. . 

• Make a preliminary evaluation of the sp~cbnei;i. r~l13,tive to the requirements of 
10 CFR 71. . . . ·. ·' ., . ·. . .·: 

• Assess the damage to the spechnen to decide whether testing of that specimen is to 
continue. Jf the lid has come off the drum and sufficient damage to the inner 
container has occurred such that the Cork surrollI).di.ng the shield is exposed as 
· defined in Set:tion 8 .12, then a thermal test will be assessed: 

• Jf the thermal test needed, evaluat~ the condition of the specimen to determine the 
orientation for.the thermal test to_ achieve max.imun:). dmpage and go to.section 8.13. 

• If, after assessment, it is det~ed that the the~ test is not needed, then go to 
section 8.14. . . , . ·. ,· : . · 
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8.12 Second lntermediat':3 Te~~ ~nspection 

After the puncture test, examine all specimens as follows .. 

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

2. Measure ~d r~c9Id $e location of the source from the shipping plug using AEA 
Technology standard pra~tice. 

3. Remove and assess the cqnditiqn of tp.e simulated source . 

. . 
4. Re~semble the pac~ge using an active source, making sure that the source p9sition 

and the pac~ge configuration are ~ same as they· were ~diately after the 
puncture test 

. . . 
5. ·Measure and record a radiation ;profile of :t];ie test ·specim,en.m accordance with .AEA 

. Technology QSA appropriate method. . . . - .. 

6.·· Reassemble the package using the same sirii.ulafud source ·used in the specimen 
during the first two tests. 

7. Review all results and decide whether a thermal test is needed. 
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The thermal test specified. in 10. CFR. 71. 73( c )( 4). . . . 
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The oven is to be pre-heated to a temperature of no less than 8I.0°C prior to the t~st 
commencing. 

The specimen may c.oµiptjse just an lllller container. or a 976 Transport Drum with inner 
container within. · ··· 

Thermocouples are to be placed around and inside .the specimen such that the 
temperature; on all external surfaces of the specimen placed in·th~ .oven and the center' of 
the shield adjacent to the source, as a minimum is monitored. Other thermocouples may 
be positioned subject~ th~ d.~ge.cans~~ by th~ imp~t . . : , ... ' · . 

·The thermocouples shall be positively fix~d to their surfaces and the external ones shall 
be shi.elded from radiation from the furnace such that they measure the surface • 
temperatureofthespecimen~ . 1 .. ,:· ·· :·. ; . ;.:·.-? .:i:.: .: \.·-... ; i.<·.· 

, , ~ • ... .- ,,: ! , l. • ;, .' ,., , • ' • • I,:• • '' ' : . • ' 1 
• 

. ' .... . : .: ' 
When the oven has been p~-h~ated, the p~cb.ge i~·placed inside and positioned centrally 

. witbm.'the oven. When the temperature at the surface of the specimen bas risen to no less 
than 810°C the test will start. This temperature, above the required 800°C, includes an 
allowance for measurement uµcerjl!.inty: : . · . 

The pa~~e will remain ~ tµe oven for a period of 30 iµinutes after this.point. 
. ~ .,.·,:::: . ·.. ·: 

The test environment is an oven operating np to 9000C. There will be sufficient airflow 
to allow combustion. 

If the specimen is bu.ming when it is removed:, the unit shall be allowed to extinguish by 
itself and then cool naturally. Appropriate measures should be taken to avoid the 
radiological risks associated with this hazard. Tl).e final ,(?valuation of the package is 
performed when the specimen reaches ambientteinperature. . 

-8.13.1 Tes! Specimen Orientation 

The selected orientation should be_ based i;>n. an .assessment of the te~t specimen condition 
immediately after the puncture test. Record, justify and approve the orientation for this 
test in accordance with AEA Technology QSA appropriate method. 

. . ;.·; .. ... . '• . ; '.';•' . 
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To perform the thermal test~ 
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1. Attach thermocouples ·to the specimen's internal and external measurement 
locations. 

2. Heat the oven to no less than 810°C. 

3. When the oven temperature· is stable at'above'-810~C plac;e the· specimen in the oven 
and close the door. · · · · 

· .. : 4. When -the temperature of all s~aces qf the sp~c~p._.are at 9r -~9.ye .810° C, start n 
30-minutetimer. · · . ·. _·· .. · .... .": 1 • : . :._ ,_: 

•• •' • I 

5. Throughout the test (5-min; intervals) measure and record the oven temperature, test 
specimen internal and extex:gal t~:ip.pf?~tures. ~e9ord w~ethe:i;_ .there is any 

· ,_. · .. ·. combustion. · ·; · ' · · · · ... ' · · · · .· · '· · · · · · · · 
I••,•,• • .... 

6. Remove the test specimen from the oven. WARNING if the package is burning, 
appropriate • safety measures must be in place to avc;iic;l .the risks associated with 
burning polyurethane foam, goric and/o:i: . depl~ted, .uranium. <;;onsult. with the oven 

' • !' .•• I •• •.' t • • • • • • t 

operator. · · .. . . . .1 . / ; • , _:_ .... 

! .. ::• 

7. Allow the package to self-extinguish arid cooL 

',·. 
8. Record the damage to "Uie package and make a photographic record / X-ray or 

radiograph. 
t. i .· ..... 

8.13.3 Thermal Test Assessment 

Upon completion of the test,' Engineering, Regulatory Affairs and Quality Assurance 
team.members will.jointly tajce the {ollowing actions: . . . .. . . 

• Review the test execution to ensure tha~ _the te~t was _per.formed in accordance with 10, 
CFR 71. 

• Make a preliminary eva,Iuatioµ of the specb:;nen relative· to the requirements of 10 
CFR 71. . . . . . . .. 

:: .... 
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8.14 Final Test Inspection 
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Perform the following inspections after completion of all required testing: 

• Measure and record any damage to each test specimen. 
. . : . : 

• Measure and record the location of the sources using AEA Technology standard 
practice method. . . . . . , . . . · 

• Remove and assess the· condition of the simulated sources. . ; , 

• Reassemble the packages using an active source, making sure that the source position 
and the package configuration are the same as they were immediately afte:i: the 
pUI1cture test 

• Measure and record a radiation profile of each test specimen in accordance with AEA 
Technology QSA Standard practice method. 

• Assess the significance of any change .in.radiation at the surface or at one meter froni 
each package. 

• Remove the active sources. 

• Determine whether it is necessary to dismantle any of the test specimens far 
inspection of hidden component damage or failure. 

• If it is decided to proceed with the inspection, record and photograph the process of 
removing any component. 

• Measure and record any damage or failure found in the process of dismantling the test 
speclilJ.ens. 

Engineering, Regulatory Affairs, and Quality Assurance team members will make a 
final assessment of each test specimen and jointly determin~ whether the specimen meets 
the requirements of 10 CFR .71. 73. 
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Use the following checklists for executing these tests. There are two checklists for each 
test: an equipment list and a test procedure che~klist. 

Use the test equipment list to record _the model number and 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 i:i.ccuracy of the eqnip~ent. 

'• ••• ' ' I 

Quality Control will initial· each step on the checklist, as it is executed and record data 
as required. The Engineering, Regulatory Affairs and Qnali,ty Assurance 
representatives must witness all testing to ensure that it is performed in accordance with 
this test plan and 10 ~ 71. .. ,: 

Note: 

Equipment list 6 and Checklist 7 will only ~e reqmred if it is ¢i~~e11Jlined t?at damage to 
·a specimen is sufficient to warrant .a Thermal Test. · · · 

. . ,• ; .· . 

·.· .. .. .. 

.. .. :··:·";-""· 

·.·. 

. ·.··.·: •' 

~ . ··. 
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Checklist 0: Specimen Preparation and Inspection 

Step " TP90(.A.) TP90(B) TP90(C) TP.90(D) TP.90(E) TP90(F) 

1. Record serial number of Device. " 

2. Record device weight. 

" Record Drum weight .. .:,, 

4. Record total package weight 
.. 

5. Are all fabrication .and inspection . 
records documented in 
accordance with the AEA 
TECHNOLOGY QSA INC Q.A .. 
Program (at the time _of 
manufacture)? 

4. Does the test unit comply with the 
requirements of Drawing? 

5. Has the radiation profile been 
recorded in accordance with AEA 
TECHNOLOGY QSA INC. 
Standard practice method? 

6. Is the package prepared for 
transport? 

Witnessed and verified by: Print Name: Date: 

Engineering: 

Regulatory Affairs: 

Q.A.: 
'·· 
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Descri'ption 
1. 

2. 

3. : 

4. 
\ 

5. .. 

Signature 

Completed by: 

Test Plan 90 
12/03/01 
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Equipment List 1:Compres.r,ion Test Equipment 

Model Number Serial Number 

. .. 

.. 

•' 

Print Name Date, .·:· "• .. 
•' : 

" ~ I • ' 

\ ··.' 

• I • ·. : ,:• 

. . , •, :, . : ·.·, .. 

. · .: ··: 
\ .' :· ·• 
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Checklist 1:Compression Test 
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Step , ... .Test Specimen TP90(A) . 
. . . ... ,• .. 

1. Position the specimen as noted. 

2. Record the ambient temperature: 
. . .. . 

.. 
3·, Record the test weight: 

.. ,• . - ... .. 

4. Measure and record reference dimensions pre-test. A. _,B. I I . . . . . 

5. Place the test weights onto the test specimen and leave for 24 hours. 
., 

. " 

6. Measure and record reference dimensions posMest. A. I B. I 1 
7. Record any damage to the test specimen. 

. .. 

I 

Test witnessed by: Signature: Print Name Date 

Engineering: 

Regulatory Affairs: 

Quality Assurance: 
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Description 
1. 

2. 

3. 

4. 

5 .. 

Signature 

Completed by: 

,:. " 

Equipment List 2:Penetra_tion Tes~ Equipment 
,, . 

TestPlan90 
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:Model Nu,mber Serial Number 

.Pr4it_Name . .... Date .1 ',. 
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Checklist 2:Penetration Test 

Step 

1. Chill the test specimen to a temperature at or below 
-4ooc. 

2. Record the test specimen temperature. 

3. .Record the ambient tempera'fiUie. .. . . 

4. Position the test specimen as shown in the 
referenced figure. Inspect the orientation set-up and 
verify the bar height. . .. 

.. 
; 

5. Release the penetration bar. Check to ensure that 
the penetration bar bit the specified area. 

6. Record damage to the test specimen. 

I 

TestP!an90 
.12/03/01 
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Test Specimen TP(A) 

.. 

.. 

,• 

Figure 8.7.2.1 

I 

7. Engineering, Regulatory Affairs and Quality Assurance to make a preliminary assessment If?lative 
to 10 CFR 71. Record the assessment on a separate sheet and attach. Determine what changes, if 
any are necessary in package orientation for the 1.2m (4-foot) drop test to achieve maximum 
damage'. 

Test witnessed by: Signature: Print Name Date 

Engineering: 

Regulatory Affairs: 

Quality Assurance: 
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Description 
1. 

2. 

3. 

4. 

5. 

Signature 

Completed by: 

Test Plan 90 
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Equipment List 3:1.2m (4 foot) Dr'?p Equipment List 

Model Number Serial Nuri:J.ber 

' ' . ·. •:~ .. 

. ": .. 
,•' ., 

Print Nam~ 

......... 
i'. . . : ... 

': '" '. •, 

I , 

Date 
.. ' 

•, '~: ! ': • • ' ' • j' • ' ' ;. ( "• I ' 

,·.· .. ,·, 

•' I 

•, ,. . ~ .. } 
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Checklist 3:l.2m (4 foot) Drop Test 
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Step Test Specimen TP:90(A) 

1. · <:::bill the test specbnen to a temperature at or below -40°C. 

2. Measure and record the ambient temperature. 

3. Record thermocouple readings: 

4 Lift and. orient the test specimen as shown in the 
referenced figure. Inspect the·orientation set-up 
and verify the drop height. 

5. Release the test specimen. 

6. Record thermocouple readings: 

7. Record any damage to the test specimen. 

1. 

1. 

/ 

2. 3. 4. 

Figure 8.82.1 

2. 3. 4. 

8. Engineering, Regulatory Affairs and Quality Assurance to make a preliminary assessment 
relative to 10 CFR 71. Reeord the assessment on a separate sheet and attach. Determine what 
changes, if any are necessary in package orientation for the 9.in (30-foot) drop test to achieve 
maximum damage. · 

Test witnessed by: Signature 

Engineering: 

Regulatory Affairs: . 

Quality Assurance: 

C:\Documents and Settings\khoder_jaber\My Documents\TP90\TP90e.doc 

PrintName Date 

·. ', ··. 



,~ 
AEA Technology QSA Inc. 
Burlingtou ·ssachusetts 

Data S~e_et 3: r2m (4 ft) Drop Test 

Test Unit Model and Serial Number: 
: 

Test Specimen No.: .. 

Test Date: Test Time: Test Location: 

Describe set up: 
.. ...... 

.. 
·' 

' 
.. 

I 

On-site assessment: ·' 
.. 

. , . 

' I 

Engineering: Regulatory: 

Describe any post-test disassembly and inspection: 

·' 

: ... 

.. .. 

De~cribe any change in source position: 

Describe results of any pre- or post-test radiography: 

Completed by: Date: 

C:\Documents and Setµngs\khoderjaber\Jy!y Documents\TP90\TP90e.doc 

Test Plan 90 
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TP90(A) 

····· ... .. 
. ... .. : 

,. :; :; · .. : 

I 

: 

.. 

QA: 

... 
,• 

.. 

.. .. 
· . 

';'• :· 

.. 

. . 

' 

.. 

.. .. 



AEA Technology QSA Inc. 
Burlington · ·ssachusetts 

Descriution 
1. 

2. 

3. 

4. 

5. 

Signature 

C:ompleted .by: 

Test Plan 90 
12/03/01 

Page 47 of53 
Equipment List 4:9m (30 foot) Drop Test Equipment List 

., . ... · Model Number Serial Number 

, I ~ t 

Print Name ·. ·: 

I.. 

. ~ : ' 

. . ... .. . -. 
' ; . .... . . 

... .... ·--~·. ·_.;:! ~·:: 

. .. .. , . 

·· "' Date 

.. ~ 

.. 
'•• 

" .,..;n; 

. .. ... 
. ' 

. · ... .. 

. ' · . . . 

:. ··,~ . . 
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.l"l.Ofi .tt:1.:iu1y1Ugy l.,!;:i.& lnc. 
Burlingtor · '\Ssachusetts 

TestPlan90 
12/03/01 

Page 48 of 53 
Checklist 4:.9nz (30 foot) [)rop Test 

Step ' . .. . . .. Test Specimen TP90( 
. . ," i ~ :" ' . .. ... . . . , .. .. 

1. Chill the test· specimen to a temperature at or below -40° C. 
.... .. .. .. 

2. Record thermocouple readings: 1. _, 2 .. I 3. ... 

3. Measure and record the ambient temperature. 
.. .. .. 

4. Lift and orient ~e test specimen as shown in the Figure 8.10.2.l 
referenced figure.·Inspect-th~ orientation set-up and 

.. 

verify the drop height. 
... 

5. Release the test specimen. 

6. Record thermocouple readings: 1. I 2. 13. 
.. 

7. Record any damage to the test spec:imen. 

I I 

) 
I 

f 4. 

, 4. 

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

.. 

changes, if any are necessary in package orientation for the puncture test to achieve maximum 
damage. 

Test witnessed by: Signature Print Name Date 

Engineering: 

Regulatory Affairs: 

Quality Assurance: 

C:\Documents and Settings\khoder_jaber\My Documents\TP90\TP90e.doc 
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AIJA Technology QSA Inc. 
Burlington: .. ,sachusetts 

pata Sheet 4: 9m (30 ft) Drop Test 

Test Plan 90 
12/03/01 

Page49 of 53 

Test Unit Model and Serial Number: Test Specimen No.: TP90( ) 

Test Date: Test Time: Test Location: 

Describe set up: · 

On-site assessment: 

Engm.eering: --------- Regulatory:--------- QA: 

Descn"be any post-test disassembly and inspection: 

Describe any change in source position: 

Describe results of any pre- or post-test radiography: 

Completed by: Date: 

C:\Documents and Settings\khoder_jaber\My Documents\TP90\TP90e.doc 



.AEA Technology QSA Inc. 
Burlington· · ssachusetts · 

Descriution 
1. 

2. 

.. 

.l, 

4. 

5. 

Signature 

Completed by: 

.. 

. . 

Equipment List 5:Puncture Test Equipment 

TestPlan90 
12/03/01 

Page50of53 

Model Nmnber Serial Number 

Print Name Date 

C:\Documents and Settings\khoder_jaber\'My Documents\TP90\TP90e.doc 
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TestP!an90 
12/03/01 

Page51 of53 
Checklist 5:Puncture Te3t 

Step : Test Specimen TP90( 

1. Chill the test specimen to· a temperature at or befow 40°C. 

2. Record thermocouple readings: 1. ·l 2. , 3. 

3. Measure and record the ambient temperature. 

4. Lift and orient the test specimen as shown in the ~~-
referenced figure or as determined following the a1.11.1.J 
previous test. Inspect the orientation set-up and 
verify the drop height. 

5. Record thermocouple readings: 1. , 2. l 3. 

6. Release the test specimen. 

7. Record any damage to the test specimen. 

I I 

: .. .. .. . 
.. 

.. ... 

) 

14. 

, 4. 

,' 

8. Engineering, Regulatory Affairs and Quality Assurance make preliminary assessment relative to . . 
10 CFR 71. Record the assessment on a separate sheet and attach. Determine what changes, if 
any are necessary to the Test Plan. 

.. 

Test witnessed by: Signature PP,ntName " 
. Date 

Engineering: 

Regulatory Affairs: 

Quality Assurance: 

C:\Documents and Sel:tings\khoder_jaber\My Documen~\TP90\TP90e.doc 
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... --• ._ .a. ~1wu.4&.~~U5J '-c!U.cl. J.lll..,, 

B urlingto~· · ssachusetts 

Data Sheet S: Punctm:e Test 

Test Unit Model and Serial Number: Test Specimen No.: 

Test Date: Test Time: Test Location: 
.. .. 

Describe set up: .. - . .. ... 

. . ..... 
: .. ,, 

On-site assessment: 

I 

Engineering: Regulatory: 

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: 

C:\Documents and Setti.ngs\khoder_jaber\My Documenui\TP90\TP90e.doc 

Test Plan 90 
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TP90( ) 

,, .. 

.... ... 
: 

,,, 

: ',• .. 
', 

,, •, .. 

,, 

,, 

···, 

QA: 

: 

.. ,, 

. . .. 

: 

: ., 

.. 

.. : : 

: : 

.. 

' 

•' 

.. 

: 

. 
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Equipment List 6: Thermal Test Equipment 

(Att_ach inspection report or calibration certificate for all equipment) 

Descrivtion 
Ambient Thermometer. 

Thermocouple surface 
probe. 

Thermocouple surface 
probe. 

Thermocouple surface 
probe. 

Thermocouple recording 
device. 

Oven 

Oven thermostat. 

Model Number 

.·.: :·; .· 

::., .. 

. . . . : ::r .. : ..... : ; 
,. 

•• f •• :: •• , ,,'f I 

_.: ... 
. •:.·,• 

. ·. :--,;; 

•• ·, :· .:,_1 , •• ! .. 

Serial Number 

.... ..... 

. ,'• . . , 

.: .. ·.··.' .· .· 

Record any additional tools used to facilitate the test and attach· the appropriate inspection report or 
· calibration certificate: · · · · · .. · · · - · · ·· · 

:• :r· ,· 

·. -. ~ . ... . _,; 

,• i.,.:.· 

................. 

• , -·· i •:, 

-.·. ·. ·.:i 

Signature 

Completed by: 

Verified by: 

:!:\Documents and Settings\lchoder_jaber\My Documents\TP90\TP90e.doc 
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. . : ... . ... 

.................. 
.. . . ··. 

Date 



.ru.:.n .l C::\:(UlUlOgy !.,!~A .tnc. 
Burlington··· ssachusetts 

·. ~hecklist 6: Thermal Test 

Test Location: 

·····~ 
.. 

1. Pre-heat the oven to a minimum of 8l0°C. 

2. Attach the thermocouple(s) tb the specm1en. Note 
locations on Data Sheet. 

3. Place the package in the oven and _close the door. 
Record time. .. 

4. When all surfaces of the specimen exceed 810°C, 
Start the 30-min test tj.:me. Record time. 

.5. Continually measure'the oven temperature and the 
specimen's temperatures. 

6. Monitor the specimen's temperatures throughout 
the 30-minute period to ensure that they are above 
8I0°C. 

7. At the end of the 30-minute period, remove 
specimen from oven. ·Record Time. 

8 .. Describe combustion: when ·door is opened to 
remove specimen. I 

Test Plan 90 
12/03/01 

Pnge54 of53 

. Specimen TP90(B) 

.. 

.. 

. .. 

.. 

. •:, ,.::' .: 

NOTE: If. S)l)ec~en conµn~~s .. to hUJ."n, le~ ~t self-extinguish and cool naturally. . . •,. 

-
. 9, Continue to monitor the specimen's temperature 

durin.e: cool·down. Allow cooling to ambient. 
10. Measure and record the ambient temperature . 

.. . . . .... .. 

11. Photograph the test specim.en and any subsequent .... 
damage. .. . . .. . . 

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

13. Engineering, Regulatory Affairs and Quality ... 
. Assurance make a preliminary assessment relative 

to IO CFR 71. Record the assessment on Data .. 
Sheet4 .. .. .. 

. . ... 

.. . . .. .. 

Test Witnessed by: Signature Print Name Date 

Engineering: 

Regulatory Affairs: ' .. . . .. 

Quality Assurance: . ... . . 

C:\Documents and Settings\khoder_jaber\My Documents\TP90\TP90e.doc 
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Burlington, · · ·ssachusetts 

Test Plan 90 
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Page 55 of 53 
Data Sheet 6: Thermal Test 

Test Unit Model and Serial Number: Test Specimen No.: TP90(B) . . . . . 

Test Date: Test Time: Test Location: 

Describe set up: 

On-site assessment: 

,. 
/'•• 

·Engineering:---------- Regulatory: ---------- QA: 

Descrfa.be any post-test disassembly and D:15IJection: 

Describe any change :in source position: 

Describe results of any pre- or post-test radiography: 
' . . 

:·: 

Co~pleted by: Date: 

!:\Documents and Settings\khoder_jaber\My Documents\TP90\TP90e.doc 



AT "echnology QSA Inc. 
Blli ,.,,.:.gton, Massachusetts 

NOTES ON 

Prepared bv: 

Department 

Engineering 

Regulatory 

Quality Assurance 

Signature 

I Date: 

C:\Documents and Settings\khoder_jaber\My Doc1:UI1ents\TP90\TP90e.doc 
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Date 



A' :'echnology QSA Inc. 
B Ut.u-tgton, Massachusetts 

· Section 1 O Drawing Reference 
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Section 13. APPENDIX F - NYCOMED AMERSHAM PLC TEST NUMBER 1835 

Test Number 1835 by Nycomed Amersham pie in the United Kingdom 

Submitted to the USDOT as part of the Type B(U)-85 Approval Application for Package Design Number 3605B. 
Reference: USDOT Competent Authority Certificate USA/0592/B(U)-85. 
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CclDlllerciaJ. - in - con£idence 
+----------~--------+ 

Test number 1835 
page .2 of 28 
Is sue 3 , Report 
Disc reference 
pack40/tctl63S.hpw 

+--------------------+ 
Part A: SEecification of test asseml:>lies 

Al Design description, · Container design number·360SB 

A2 Design drawings; 

A3 Quality Assurance: 

Drum body & lid 

Clamp 

Cork insert , P027 

cork spacer, P028 

Lead pot, PSOO 

Pot lid, P523 

Insert, P524 

Tube cap nuts 

To drawing list DL25068 issue l 

Drawing Batch l 
Assembly A 

A21716 issue M 10/90 

A24793 issue A Prototype 

~A21703 issue t> 04/93 

3A21714 issue, C 04/93 
3A23l6S issue C ) 

2A22484 issue D)) PS00/0952 

2A21S23 issue B 

BRC21524 issue C IlS/1003 
ARC21525 issue A 

serial 

Clamp band c:losure torque 7 lbf. ft (·9. ~ kg:E.~) 

number 

Assembly B 

10/90 

Prototype 
04/93 

04;/93 

PS00/950 

Il5/--

Meaeu~ements were made of a wide variety of features to enable before and. 
after comparisons. to be made . Manual records are date.d 2 June 1994 in 
project lab record book. 

A4 Variations from design specification: 

'!'he test unit was confirmed by inspecti on to be to. specifi cation 

AS Serial number: Test assembly A used outer drum serial number 3605/14 
Test · assembly B used ... outer arum ;;erial number 3605/15 

A6 Package ccntentsz 

:Both assemblies contained Orion components ''.rinytalk-Temp' miniature 
temperature loggers in addition to a la.rge numl:ler of temperature sensiti ve 
strips covering the range 50°C - 193°c. 

A7 ~ackage weights 54 kg 

; ... . 

, ...... 
{ 
·-··· 

: 

r-. 
! . : 
.~: 
~ 

r 

·~ 

I. 

,. 
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Figure l 
Assembly A ~omponents 

Figure 3 
Asseml:lly a components 

+-------------~------+ 
in - ·couidence ~est number 1835 

page 3 o f 28 

.. 
l 
I 

I 
I 

Issue 3, Report 
Oise referenca 
pack40/tctl83 5.hpw 

+--------------------+· 

Flgura ' 2 
Pot A orientation in cl.rum 

·'' 

Figure 4 
Po'C R n,..; c'r"\+..n+.' -- .: • ..1-• .:-



+---~----------------+ 
ccmmercial -·in - confidence 1'est: number 1835 

page 4 of 28 . , 

Part B: Tests and test procedures 

El Regulatory description 

Issue 3, Report 
Disc reference 
pack4D/tctl835.hpw 

+--------------------+ 

i) IAEA Safety Series 6 paragraph 622 - 1.2m free drop test 

ii) IA:EA Safety Series 6 paragraph 627a - Drop I - 9m free drop 

iii) IAEA Safety Series 6 paragraph 627b - Dro~ II - lm punch test 

iv) IAEA Safety Series 6 pa.ragr~ph 628 - Thertnal test (Furnace) 

B2 Standard procedures 

i) ~aokaging Group Procedure PGP15 issue 4, A guiok release shackl.e will 
be used in· place of the parachute .release shown in PGP15, The operator 
w.:l,ll stand on a.· strong platform to measure the l. 2m drop height and to 
release the package, 

ii) Packaging Group :Procedure PGPlS issue 4, amended as above and with a 
drop height of 9m. A 'steady' cord may·be attached to the ~oist or the 
package as an aid to eliminating .. swing at height:,. 

ii.iY J.ITo standard procedure has :been written fo:r the Drop II (punch) test. 
The following·procedure will be followed: · 

safety As location of impact is as important as · orientation in the 
punch. test, it is not practical for, the shackle release operator. to 
evacuate the test compound. ~o ensure his safety and to provide a well 
controlled access to the release mechanism to ensure .impact as planned, 

.he should stand on a s~itable strong platform (an 0924 drum is ideal), 

Follow PGl? 15 · ( as B2 ( .; ) ) , · excepting paragraphs 4. 3 - 4. 6 

While ensuring that there is no chance of an unintentional release, 
hoist the package sufficiently to ,set punch and package in the intended 
location and orientation of impact' 

Attach a piece of weighted string,. lm long, to the position on the 
package it is intended t? ·impact the punch, 

Hoist the package until _the pluml:l.:bob weight hangs on the punch at the 
intended impact position. Do not remove the plumb line. 

Ensuring the set alignment remains true by· means of ·. the plumb line, 
gent~y 'twist the release lever of the shackle,· 

~v) rPMlOB issue l 

B3 Maintenance 

No maintenance will be carried out en the packages between tests. 

!' 
I 

( ,.._I 

-....... , ii 

r· 
i 
i 

•I 
I 

r 

;' 

i. 
I 

(__; 

I 



COJ111D.ercial - in - confidence 
+--------------------+ 

Test number 1835 
page 5 of .28 
Issue· 3, Report 
Disc reference 
pack40/tct1835,hpw 

+--------------------+ 
B4 Drop test facility 

Drawing 3A2.484:9 shows a schematic layout of the Amersham Laboratory site drop 
test ta.rget •. PGP15 shows.a schematic view of the superstructure. The punch 
is a six inch diameter bar, fifteen inches high as described in IAEA SS6 
paragraph 627(h), welded vertically on a pase plate 445 x 445 x 12mm. 

BS Recording and instrumentation 

:S6 

.... ... 

The tests will be recorded on video tape and by Polariod photographs. The 
ta:pe will be available for viewing and used for analysing the impact 
orientations, although only the photographs will be appended to this report:. 
Photographs will be identified on site by date p:lus a reference number. 
Each test package contains a Tinytalk temperature logger, set to record the 
la.st two days temperatuxes, fresh data overwriting previous data. No· 
mechanical instrumentation is installed. 

Impact· attitudes 

· As semb.l:2: A 

i)· 1·.2m free drop test 1835/1 

::ii) Drop I ( 9m free dl:'o"C) 1835/2 

iii} Drop II (Punch test) 183~/3 

Assembly B 

i) 1,2m free drop test 1835/4 

ii) Drop I (9m fr-ee drop) 1835/5 

iii} DrcE II (PUnch test) 1835/6 

Centre of gravity above the lid corner· 
at the closure bolt 

onto the base at about 5a from flat 

Inverted with impact by the edge of the 
punch onto ~he folded drum side 

centre of gravity above. the lid corner 
at the closure bolt 

Centre of gravity above the lid corner 
at the closu~e bolt 

Inverted with _impact. by the edge of the 
punch onto the folded drum side 

E7 Damage assessment criteria 
. . 

After each test the· container will be examined to review the general level 
o£ mechanical damage, particular attention being g~ven to continued security 
cf the drum lid and cJ.osure clamp. 'No attempt will be made to remove the 
lid between tests. 



Ccmmercial, ... in ... ccnf.i..dence 

ES Pass/ fail criteria 

i) Following the l.2m free drop test: 

+--------------------+ 
Test number 1835 
page 6 of 28 
Issue 3, Report 
Disc reference 
pack40/tctl835.hpw 

+--------------------+ 

!Z'he minimum source to suri:ace dista.n.c:e, established by. examination of 
surface distortion, shall be reduced by not mere than 10%. 

ii) and iii).Following the 9m free drop test and the punch test: 

·!1:'he drum lid shall be retained on the drum body for at least one half 
of its circumference 

!Z'he oat:er surfa.ae of the drum shall be intact to such an extent that 
the package compo·nents are securely retained in the des,5:.gn relatiC?nship 

... 
!Z'he damaged assembly shall be secure enough that it may be transported 
to the thermal test . facility under :routine conditions without 
subsequently failing the above criteria. 

iv) Ji'o.l.lowing the thermal test: 

!Z'he. assembly shall be essentially intact with the lead pot located 
appr~ximately central in the package 

!!!he .lea.ri pot shall be "intact and have risen. to a tempe:c:ature ot no ' 
greater than 193ac (the maximum temperature strip fitted} 

L. 
! 



Commercial - in - ccnfid~~~e 
+--------------------+ 

Test number 1835 
page ·7 of 28 

Issue 3, Report 
Disc reference 
pack4D/tctl835.hpw 

+-------------~~-----+ 
Part C - Mechanical. test s1a?hedule ~ 

Date: 

Condition of test equipment~ 

condition of height plumb lines: 

10 June 1994 

Satisfactory 

Satisfactory 

~ndicated condition of video battery: Charged 

Ambient weather con~itions: Light breeze, dry, generally sunny 

Persons pree~nt: AR Webster, Department of Transport 
s T Winf.ield 
A Lewis 
R Campbell-Grieve 



+-------------- -· ----+. 
· Commercial - i.n - confidence Test number 183°5 

page a of 28 
Issue 3, Report 
Disc r(?ferertce 
pack40/tctl835 .hpw 

+--------------------+ 
Test reference 1835 / 1 c1:2m free drop test, assembly A) 

Operation 

stand package on .the drop test target and hoist from 
/ a base flange lifting point to achieve a drop. onto 

1 the.clamp. bolt 

~ttach slings · to the quick release shackle and raise 
/;/' the package for photo.record of orientation . . 

Mark test referenc~ 1835/1 on video 

,,/" Evacuate the compound 
~ and secure the gate 

of all but the drop operator 

~· Set the video running 

r./ 

/ 

Raise the package until the 1.2m drop height. is 
oonfizra.ed 

Very gently twist the release lever to release the 
package 

S~op video record. Photo record position of the 
package as it came to rest 

Set the package to a convenient viewing position and 
photo record damage 

~igures 5 - 7 refer 

Damage report 

No· significant damage. Slight distortion of ,drum 
rim and clamp hand. 

Analysis of damage against criteria of BS 

/Accept. Continue to next test . as planned 
Continue to next test, revised Accept. 

Fail 

Notes 

,. 

I 

! 



1835/1 

.: 

Commercial 

Figure 5 
Drop test orierttatron 

I 

in - confidence 
+-~-----------~----+ 

Test number 1835 
page 9 or 28 
Issue 3, Report 
Disc reference 
--·-,~·lr"\/"--.A.'10':IC: '--· 

, Figu;-a 6 
te3·s11·"" ·I~~di~t.~J..y post test 

Figure 7 
18.35/1 - Damage 
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+-------------~-----+ 
COmmercia1 - in - confidence Test number 1835 

page 10 of 28 
Issue 3, ReP.ort 
Disc reference · 
pack40/tct1835 .hpw 

... · .. . .'·:'.Jft· .. :·. .::."": ···: ···_: .. · . .- .,+.-: ;,' 

fr~ia vd'r'o·'D: ''test·;·· ·a:s~eni:Jjty A) ~-:· ....... · ·. ·:. ::," ;7 
• •·•:• IJ · · U: • • • : • • ".'°•, . 

Set video running, evacuate the compound and secure 
the gate 

Raise the package until the hob weight is .just clear 
of · the target. Pull tb.a plumb line clear of the 
package and the target 

..... -;~ 

. Analysis of damage against criteria of BB 

,·· 
N,o~~s. •:':/·· 

' , ·.:~:-'·. ·:::: :;).;;, 

Accept. 
0ocept. 

. Fail 

Continue to next test as planned 
continue to next test, revised 

,. 
I 
I 
·,I 
r r. 

i 
:.··; ! ~ .... . 

' J r) 
, ·I 

.· ·-1 
I 

. I 

.... . 
l 



l8'35f..3 

Coumun:oi.a.l - in 

Figure's 
Drop test orientation 

Figure 10 
1835/3 - D&l,lage 

cou£i.dencca 

,1835/3 

+------------------·: 
Test number 1835 
p?,ge ll oi 28 . 
Issue 3, Report 
Diso reference 
n"'clc40 /tctl835 . hew. 

Figura 9 . 
I~diat7ly B~~t test 

Figt.ire ll 
1835/3 - oama.ge 



+---------------· ----+ 
Commercie.l in.:. con:fidence i'est number 103·5 

page 12 of 28 
Issue 3, Report· 
Disc reference 
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t,,:,:, .. - . - . - ...... , ···• · .-. .. n- --+ 
.... 

"·~-.;.T~s~"1·r·l!!'f~r·e~del".~ll~S")" 3 · t11n free ~o:p onto pti-nciilr,;.,. assernb'l:y-··M· · 
. -'·.[:· . . ·:· ' :.;·/:· . ..,,... . .. "' :·. .., . 

Check 0~£,atiot1, · · · .. , 
*tiT .. ••!:7 · ' 

/ Fit sl~g:·s . . ih·i,5 .":Mt~ ·'-tlhtm handles to ashieve a flat 
t/ cen~:t'~ -~~~§ .. ·mr~~ S~'GG> the ~Un Oh 

/ Mark ti§!~'!? ~~~.F,~nce 18.35/3 on -vid~g .. Le~ye video 
V runniJ?..i;:f 

~?lise the ·p_;91<;·~e ~.mt~l a olearanc_!3 of .. lm ~~1:.ween 
drum b~E!~. :~Ji:4.' ~9.1: top ~.s conf irm:~a 

/very· genv,.iy :~:~t;-~~~ the .;-~;J..~~se lev~; to a;chieve 
iielease .. ( ., ,, . 

'• , .• ; '• • I 
: . 

/·S'e-1: tfi~-~~ackage to a convenient viewing position and 
V _-photo recor d damage 

Figures 12 - 13 refer 

. Dam.age report 

.. No noticeable -add itiqnal damage 

·AI).al. sis of da.tn?!, !:! a· a.i.n!3t cri.teria of 88 

}.Ji£~p~f' . t;:o.r;i;_:i,,~µ'.~ .·~8';· iiis:i{{ ·:1;;est as planned 
/~,:~~i: . . . .• . ·. ~ . 

•. ·!·; ..... 

,· 

Nstes 

, : 

,,t• 

.'. 

\ 

,•. ::?;'· 

-, 

( · 
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1835/3 - Drop test location and ori~ntation 

Figure 13 
l8~"i Ii - n:om=,.,.,. · 

I . 

I 
I 
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+--------------------+ 
, Test reference 1835 / 4 (l.2m free drop test, assembly B) 

.... i 

Operation 

Stand pa~kage o~ the drop test target ·and hR-~stl -:from 
a base flange ·1ift.ing poi~t to achieve a iµ:op 1;m~o 
the clamp bolt 

Attach s l.~i:igs 'j:e;:, t~e ~ick rele·ase sh~c~l:,e and r~.j.;sa 
the packa;~~ fQr.p,n~~o t~c~~cl of orient,ation 

Mark test r~ferenoe 1~3$/.4 .on V'4-itleo 

Evacuate the compound o+ ~11 but ~ he cµ-op qperator 
and secure 'i,:Jle gat,.e 

set the ~id~~ ~~nn~ng 

RaLse the package until the l.~m drop height is 
confirmecl. 

Very gently twist the release lever to release the 
package 

Stop video record. Photo record position of th~ 
package as . it: came to rest 

Set the package to a convenient viewing position and 
photo reco;4 ~a(cy~ge 

~igures 14 - 16 r~fer 

Damage regort 

No significant damage. Sl~g~t q~~tortion of°drwn 
rim and oi.~p band. 

Analysis ~~ -~~a~.:;~gains~ orit!.~:=ia of BS 

0"cept. 
Accept. 
Fail 

. .: .. 
t!~~~~·tui= itQ .'!l~t test a51 planned 
QOJ1t:.i;n;q_e iii,1 n~ test, 1:;evised 

Notes 

i• 
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CQlllllleJ:"Cia.l - in - con:cid.ence 

»-igure '.Lq. 

+--------------------+ 
Te.st number l83S 
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Issue 3, Report 
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.lfl.gure .t. ::i 

- _Drop test orientation 1835/4 - !~ediately post test 

I 

li'igure lo 
l.S35/4 .!. Damage 



Chee::k 

Commercial -·in - con~idettce 

O:geration 

+- . - - --- --- . . - - . ----+ 
Test number·1sas 
page 16 of 28 
J:asue 3, Report 
Disc reference 
pack40/tctl835 , hpw 

+-----~--------------+ . 

.. . '.".:. . :.:. . ·. Jfbtes 

Stand package on the d:.t;:\:>p test tar11et a:~cl. J:l:9is:t: from 
~ ba~e'!lange lifting pq~'r)J:; to achieve·~ d~~~ onto 
:4he 9 4-?lUP bolt 

/1\,t''l:i!c:t,l ~lings to the quic;:k r elease sh~~ie cUtd ra.lse 
I/ ~~e 'patt:;}cage for photo ree<:>~d 

·A6 ··a;y· 
... 

~ ~ark test refere~ce 1835/5 .on videQ 

.. Atta~Ji t:h~ 9'tn plumb iine :to the l~J9'.ill,s~.'W.~1:. ·rt?,; ,;ll~. ,.j , 
:packi;ge, and ensure t hat .!.,.; will tjiid'ii-)l ·,t.ff!.h:¢>.qi :-.·(· . ·/ 
tan:gp.~g. Pl·aoe .the,.p0.b weight cl,.6~f!a t~:i:t;l\$. ~~~¢~ 
poi,.nt and lay ·the withdra,;,,ing string a:tiii'~.stlac'Jtl'e . 
operating string out to the compound gate 

.. . ~ ~· 

v 
set video running , evacuate the oompoqnd and secure 
the gate 

/ 

.Ra.i.se the package until the bob weight is just clear 
.of the target . Pull the .Plumb line· clear of the 

· pac kage and the taz:get 

/ 

i/''' 

Very gently j,~sr~.~§'! ~'lini!~~n ~ ~-~.,(~~}.~~~e :~f!t:;l?i}!$'! 
to release ~lt~ P.~~~ag·s ..... , ~.U;s\;;-~. :;e,p~~.::. ,ij,~ P.,/:ll{~g$ ~.s 
stationary ~~di:atel: .. . : .... te!I! -eb r .el'ili'a;se . . . 

·:;/:·: ·~ ' 1' V •••· · • "?. _.P'P.,. · '• '.•(:'"){/'.''~ ~ •' 

Stop video r~C?.'o;i.d. ?'F!'i?i1.~ fl\3.c.:drd p~si~io~ 'bf )!'I~ 
package aa it. ~mt'\1!3 .~~ Ji:~~u · 

• I ' • :' 

-Set the aoka~ :~lti a r,,P.P.v.e,.nien. t viewing • I;!.. ~·s .. i,~.~piJ.. .a:. n,i;i p . ••• ,.•• .•. . T ,. ~ 
photo reco~g .<;1.~~~~~ 

, .. · 

Damage .report .. , .: ·'.1 ·: ·: 

;:. ,.,, .~}~, ;,~>. ~· ,• '·:: 
Extensive di.~i:;!Jr~.):.-97;1:' ·if>t. ·:,~~~ iirum and c::~:~~:;,a,~ ~!iiffe: / ... 
point of imp~[t, .l!\1:t ~gg,~~!c!J.\lP and litj ~~m~i;_-p~\:l, 
fully retai~e'4 ·9,n tti~ ·~~ l:>c:;i!=l,y. •. . . '· . ·, . 

Analysis of damage·against criteria of EB 

!Pcept. 
t,/Aacept . 

Continue to next test·as planned 
Continue to next t est, revised 

Fail 

i . 

'-



check· 

/ 

Commercial - in - cbn.£idence 
+----------------. ---+ 

Test number 1835 
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+--------------------+ 
: .. ; 

~est refei'ence ·:tab~ · 1 6 t lm fre e drop ont:o'··p·tinch, ·asseroi:rl:~ ·s') ··. -~ 
• . . •• . •• • ,t. . . . ,. • •. • •. • ••. 

0:;?~~ation 

~nvert the pack~ge and arrange the ~~£µgs . to achieve 
a ·~rop onto the ~4ge Qf the punch by olamp closure 
bo~t- Ph~~o ~~~9rd 

·A~t;.aeh ·.a· l m pluml;l /.1.¥).!!l to "\:he required point . of 
,i.nipaot o~ th~ dr~ ·.:: .. : 

.Nc;,te·s 

1&}4~ 
& 

/M!=!,rk·~-~~~ r1;£1z,;:-~~oe ·J.~~-.?/~ on video .. Leave video 
V r14~A·J.µ~ ~.: 

,/ 

/ 

Fi~5i-~!? t;h,, !;i~'?);tijg,e up,ii:il 'j:_he bob weight is jus.t c.lear 
oi ·t,hl?,·.P~hc* . . .-,, 

Whi le keeping the bob wei ght at the desired point of 
i.mpact on the punch, ~ery gently rotate the release 
lever to achieve release· 

/
Set the package to a conve~ient viewing position and 
photq record damage . 

Figures· 20 - 21 refer 

_Dim1age report 

Clear evidenp~ qf i~g~at as wi~~~~. Na ~~d~Fional 
damage observ~l;i.'. 

Conttriue . to ~·axe test a.s pl;~ned 
Fail 

·, 

, .. . 

I 
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1835 /6 D~op test location and orientation 

Figure 21 
, g~c: It:. ·- "-----
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Part D - Thermal test schadu.le 

Date : 15 June 1994 .... .... 

Test · site: war-r.l,.4gton Fire .Resear.oh Centre 

+--------------- . ---+ 
Test number 1835 
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Disc reference 
pack40/tctl635,hpw 

+--------------------+ 

Persona present: ,-,. ~ ... ;w~·~·t~;- I J;)epartment of Tra.n'?~;t 

Check 

,// 

/ 

i./. 

·P ·w~Jli?me,, Warrington Fire Res.e.4°z~J:l. centre 
~ ~ ~in4.lelci 

Test :reference 1ps / 7 (.Thermal test , a.ssemblv A) 

Operation • ·t. 
. ), ' . 

Position s~~port .bl9e:jc'~f;_J~ .~ient thermocouples ia the 
furnace 

Or,ganise litt·ing equiJ?!lf~~t:. tQ ~+ow ai;iqess for the 
package thrmugh the fi2rflac~ roof 

Light t he furnace burn~s and allow the furnace to 
achieve a steady t emperature of B20°C 

Open t~e furnace roof and insert the package. Replace 
the roof section with the minimum of delay, and start the 
test timer when the ambient temperature sh~~s a minimum · 
of 800°c 

Observe 
records 
output-. 

progF,~11!S q.f tb.~ t.!:?a~ w-.ith ~~~ernd;~.t.ep.t video 
of ~~e ~u~ .~Aa~~ ·a.i;i.d the a.ml!>1e~t ·~~~~occ~ples 

Maif\t.~:frP. ·~!f:1·· ~4,!3~ qf 800 - ,&320°C ' . 
After a test .~·rl:Ltion of 30 µiinuteis, remove the package 
·from the f~~~~e ~~d P.~a9~ ?~ the laboratory floor to 
cool 

After not le.ss ~han ie hour!:!, ·open the package and check 
the indicatio.µ O!l th~ tetnp?rat~re seqscl'r strips. Photo 
record the ):~9~q~nts a.I1,d the ~trips 

Figures 22 ~ 23 r~f~r 

' Confirm some ·of ~e 'llemper~ture stir~P..s' r:~·cmrds jJY 
.heating until '\:h'~ ~ ·hi.g,tl.y=~ indiea:t:o.1:' };1q!=!,.i:ition glJ..9:P..ses. . .. . . .. ::· .... ~.' .. . : ·:': .... 

Test comttuantarx 

Notes 

/(pfi 
(D 

The furnace temperature dropped back to 650°c, returning to 800°c after one 
minute. Copious ·rlaming observed throughout tsst, reducing as the test 
progressed. · · Minor flaming still in evidence from the base as the ·drum was 
l owered to the lab floor. 

,. 
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· J 

I 
I 

j 
i 
j 
l 

r--------------+ 
I 
' 

Ass~!lll;>ly -l\ . r!=!l!!OV.al from furnace 

l-
1 

Figure 23 
1835/7 - Assembly A a>Cterior po6t-the~mal test 
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Test reference 1835 / a (Thermal test, assemblv 8) 

Operation 

Allow the furnace to achieve a steady temperature of 
820°C 

Open the furnace roof · and insert the package. Replace 
the roof · section with the mini.mum of delay, and start the 
test time'r when the ambient temperature shows a minimum 
of 800°c 

Observe progress of the test with intermittent. ~ideo 
records of the drum state and the ambient thermocoupl'es 
output. Maintain an ambient of 800 - 820°c 

After a test .. duration of 30 minutes, remove the ·package 
from the furnace .and place on the laboratory floor to· 
cool 

Notes 

.,/'A£ter not less than 18 hours, open the package and check 
l/ the indication on the temperature s~nsor strips. Photo 

record the components .and the strips 

25 refer 

confirm some of the temperature strips' records by 
' heating until the next higher indicator position changes. 

Test commentary 

The furnace temperature dropped back to 685°c, returning to aoo 0 c after lesa 
than one minut~, Copious ,flaming ObS9FVed throughout test, reducing as the 
test progressed. Minor f.'.!-aming still in evic;lence as the dl:'um was lowered to 
the lab floor. 

\ 

,-
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.Figure 24 
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Assemb.ly B ·r.emova&,•:;lii.orn furnace 

Figure 25 
lS35/S - Assembly B exterior poet thermal test 
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+-------.------------4 

colUIIIIl of Parts C 

Both assembly A 'and assetnbly B were dismantlecl on 16 Ju~e at Amersham Labs. 

El Assetnbly A (Figures 26 - 3l refer)· 

The ·clamp bolt sheared despite its being oiled before unscrewing. The cock 
spacer showed: charring to 22mm depth (using a flat ended probe lO.r.lmm) .• The 
upper edge of .the c o rk insert had 26mm of thickxless r~aining intact, 
indicating a char ·depth of 17mm. · The bottom. of the cork cavity was crc;1.ckad 
around tb.e · circum:ference and across diagonals . in line with the . drum 
reinfo:rcemeni: bars; tpere -~~Fe .91:,.~s,f . ,m~ . . ... ... . ,,,

1 
JP§ls:t.- by the pot cradle 

straps. The sid7~~~-~j,J#;{!§r, '.~1.~•,·: '·g~y~iif!°'~~~~J~.i1tqi,t':· · a~'·. ss so than the base. 
The lead oot was ;~J~'fl'4-'··atr•·'i; ' · amt"~·&.Jl:•:~rtzh:' ' .: .. ,~.,,. t d xt d' _ .·~-~~~~-~ • . . .'~1 --... ..... ,..9.~, ·Y"""' ,._, . -,-. .. e an soot e en ing 
down to the cradi~,,~1:i'c::r~;' l;l~f1'.i:t;;, · ·:: ~ -;all"ature. -ips on t op of the lead 
inea..-t · showed a !:l':~idti;:~~;:.:·:h: :"·!?!~.~~e/\jf between .. .·.a.·· a .. 2 °c (the int~rvening P.t..., . ..... ···--- ..... ..,4-. ... ~~.";'-. •• • ... ~ ... 
three indicators .. ~.~ .-ti.:ti~·, . ·1·: i:~~1-. to whether t:'hfilf , . Ji;ijged fully) . Two sets 
of indicators wii:l~

1
p;i tn~.Jr . :.Y .,9J1 i:he insert ·S . . .. ~-:.:~:-:.~ Jll.a:dmum temperature of 

between 65°C and '.~i!l~r ·:~)(:.:,,, J~f,~k recorder hac;\-l;~l~J.-
··. ··(~1; . · .=

1~:u~i·· .. :-~ -:~·*':i.: 
E2 AssernbJ.y B (F4.gi;;.~~-'t'.32 ~ :3.";J ~~~~:t:') :!i'.Mt~1,. 

. . . ·:. ..-:. .• . ·V'.! ;·\) . 

The clamp bolt un~f'!:'~~~-~· ~i,~l~ breaking. The lid/Jg,~~ .'$..l.':c;iwed a char depth of 
25mm ( using a fii¥,~\ ,~etj '.'·i!if@j\,e ;t.Qxlmm) . The tj'pli~F··.: -~·liJ,g~ of the cork insert 
showed 26mm inta~f · :a.'i!t'!';;;. a cha.r deP,th on't .. , ····0·;;,~}.::the cork cavity was 

;•. ••••?"'~~ • • ..... •, , .,•\'.'. 

sootier than a.sse· · -1:;{~~·e .• ~ac;it w~s ge'nera;l.,-kf ~- 'g~cft although one i nsert 
tube nut was bent'' .. Jf.. · ~~~f flj~ w~s a hig.l1~~ '. .·. · ,r.~~?~:t condensate a;nd soot 
on the pot than .' .iY :' '.,;~#._· t1?tnper.atur~ <ijt ~i:j/i:~)'? top of the insert 
indicated a maxi . ~pe);'l .. 14.~:-:efJ .:f!et;°o/$1:!!.n ·t1:!i:@r( ., a,a--~\-~J.: ... strips on the L'1.sert 
within the pot ca.'ir'J. ''§howe£d maxima. of bi;;tween n_ 0 c and 62°C (upper portion ot 
pot cavity) and ,between 77°C and· 82 °C ( lower portion of pot cavity). 11.11 the 
strips ware in · good condition and easily read.. The Tiny-talk recorder h ad 
failed. 

·, 

. ~ 

.:.:. 

' I 

( 
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Figure 26 · 
1835/'7 Und,er dr upi p .d 

; 
f ,. 

·1 •, 

Figure 28 
1835/7 - Damage to lead pot 
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Figurs 27 · 
_1S3S /7 -· Char damage to spacer 

Figure 29 
l83S/7 Lead pot, cover r emoved 
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Figure lO 
l~::3S/7 - Cork cavity 

... 
'Figure :32 

1835/8 Under drum lid 

l 
'. ,• 

'r 

.. . 

:·· .. , . ., 
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~ ·~ ~· . 

Figure 31 · 
1835/7 - Cork section 

Figure 33 
1635/8 - Char damage to spacer 
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Figure 34 
1B35.J8 - Damage to lead pot 

Figure· 36 
1835/8 - cork cavity 

r 

... 
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Figure 35 
1935/8 - ~ead pot , cov er removed 

Illustration 
deliberately 

)~ 

Figure 37 
1835/8 - Cor k section 
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•r •1: · . 

~ot:h .. ~f;ls~mb~·~.$;:. :Q~!=!s~d the _spec.ified test seq:uenc;e ~ith a pl~p..P', ·:n.fs-ll'.9'~ @.f 

l?:i/i.~E!'~~. . -~~s~~ly :i3 ~hawed i:i)sirginally mora V(J.).n¢r~b;i...E~:ty to tlr~ ~·!1t¢.lii:~:j,. :-~i:(st 1n 
~~g~!fl- ~t:1 i;imcili:e d.a,iti~g~, a,p:~cugh the temperE!-~ure l;rt;.:+"i.-E.!;l s.hQ~El!d ·s~i;.+ii,.; .. R:~~.i;t~P.· 

.;''. JScft;:i,. ~~ad ?oi;~ ,w~.i:-e ·S!µbstant~al~i,;. undamaged .~d wo~-id have · ·6q4~J,,nu·!=c.f'.i@ f>'i::'q~;1$ · 
;:i.dequl:;.;l;e, ~.a;d.ii;it~on shieldiijg :for any · source in the t.ubes. A ·m.a~ii¥liin 

· .: ,· ··1:l=mpE;(l'ia;tu:ii~ of ~ess ·-~Ji:an ~~ "'© .:ts i;:ons iderab~y le!,s thi;~ t .f113 J~p}itj.us 'pq·iµt of 
~lllii' ,i'il. ~tj.J,in9qial le~d 9~· :bhe '.P.c;it construct;:ion (252°'t) :· · :1he drum q,~,~~itLl;>l .ie:s 

. ~ern§J.,n~d ··J:µ~-~g'~ and ci:rq}..d );i.e }};!3,nd_lE?d with s~fety. ·,)f : 
.•·. . ... •/ . 

. ·.~ 
• / J! J.. .,. r 

• • •1···~-. Par~ 'II' Conclueiions 

P·~cJ~age{,:·~~s;(;g:~ ~~~e:i:;- :;~;~~:}~~/-~~~n· shown '!=o coinply with the requ.i,;-_e!(l_en'j:;s of (: 
1 

I,11~: :~si:f~~y · :a-~tJ.~~ 6 .i,._n ;i;ega..rd to drop test sequences, in two opposing 
orientatio~e, comprising a 1, 2m free drop test (paragraph 622) , . a Drop I. (9m 
free d.rop) test (paragraph 627 ·(a)) and a Drop II '(lm punch) test (,paragraph 
627 · (b)) . These mechanical tests we:i:e' followed by· thermal tests (paragraph 
628) in which the pa.ck.a.gas remained essentially undamaged . 

Test carried out by ST 
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: :..AEA.TECHI\IOLOGY 
QSA: ... , . · . · . ... - ,, 

TY.PE A Package Evaluation Checklist 

Rev. 0 March, 2004 
AEA 976 Series Type A Packages 

Use this checklist as a· guide for evaluating a device or package to the follow.mg Type A regulations: 
(1) USDOT, 49 CFR.Part 171, et aL, dated Thmsday, Sepmmber 28, 1995. . 
(2) USNRC, 10 CPR.Part 71, dated Thursday, September 28, 1995. 
(3) IAEA, Regulations for the Safe Tr.msport ofRadioactive Material No. TS-R-1, 1996 Edition (Revised). 

Product Model/Description: Model 976 Series Packages 

Package Specifications/Limitations: 976 Series Pncknges, consists of a source sh1eld inside of cork inserts, 
inside of a stainless steel barrel. The barrel is closed with a clamp band tightened with a stainless steel MS 
x: 1.25 -130 mm Long.bolt and n tamper evident seal wire. One of S different source shield models will be 
shipped in each package. They are: 

• Model 855 (maximnm weight 225 lbs) • 

• Model 3Ql5 (um::dmnm weight 104 lbs) • 
• Moder30l8 (muimmn weight 104 lbs) • 
• Model 3056 (mmmum weight 104 lbs) • 
• Model 3078 (maximum weight 126 lbs) • 

Special Form Source Assemblies Authorized for Transport 

Type A AJ)proved 
Activitv lMll.)1 

Isotope Source Assembly Model Number 

27Ci Ir-192 Various, special fonn. Minimum ANSI pressure classification of3. 
81 Ci Se-75 S01Jices in the Model 855, 3018 and 3056 must be attached to flexible 

source wire assemblies comoatible with the sbield assemblies. 

References: T.P Report 90; Type B SAR Model 976 Series package; 
DWG's R976ARev. A; R976B Rev. A; R976C Rev. A; R976D Rev. A; R976.E Rev. A; R97608 Rev. A; 
RCLJ."Vf009 Rev. A; R9761S Rev. A; R97616 Rev. A; R97623 Rev. A; R97637 Rev. A; R85590 Rev. A; 
R3015 Rev. A; R3018 Rev. A; R3056 Rev. A; R3078'Rev. A; 

Mo.:x: Weight of Paclcnge 280 lbs 

11/IsxmmmActivity for Ir~l92 is defined as output Curies as required in ANSIN432 and 10 CFR 34.20 
and in line with TS-R-1 and Rulemaking by the USNRC and the USDOT published in the Federal 
Register on 26 January 2004. 

Regulatory SigDB:ture 
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1. General Requirements. 

1-1. Handling: 

Rev. 0 :March, 2004 
AEA 976 Serie~ Type A Packages 

The package must be easily.handled and properly secured in or on a conveyance during transport. 
*USDOT, 49 CFR 173.4IO(a) 
* IABA TS-l_t·l, para. 606 

Barrel is cylindrical and can be secured and handled using standard transportation techniques. 

1-2. Lifting Attachment 
Each lifting attachment that is a structnral part of the package must be designed with a minimum safety 
factor of three (3) against yielding when used to lift the package in the intended manner, and it must be 
designed so that milure of any lifting attachment under excessive load would not impair the ability of the 
package to meet other requirements. Arly other structural part of the package which could be used to lift the 
package must be capable of being rendered inoperable for lifting dming transport or must be designed with 
strength equivalent to that required for lifting attachments. 
* USDOT, 49 CFR 173.410 (b) 
* USNRC, 10 CFR 71.45 (a) 
* IAEA TS-R·l, para. 607,608 

The Model 976 Series packages are de.5igned to be lifted by the base using a hand truck or 
other suitable mechanical means. For this analysis, the base is assumed to be a flat, circular 
plate 19 % inches (S02 mm) in diameter and 0.06 inches (1.5 mm) tbic~ supported about i:ts 
outer edge. We take the supporting cylinder (the walls and bottom welded rim of the drum) to 
be essentially ridged for the magnitude of stresses encoumered here. A:iry lifting would span all 
edges of the drum and thus allow the bottom to be supported and suspended by the edges. As 
such, the ma."<imum stress on the base is: 

CTma:c = l, wr2 /f' 
Where: 

w = 

t = 
r = 
k· = 

The weight of the transport package 127 kg (280 lb)taken as 
a distn'buted load over the base. 
The thickness. of the base plate 1.5 mm (0.06 inches) 
The radius of the baseplate 251 mm (9.9 inches) 
A tabulated factor for tl1is case of :flat plate. 1 

t - Marks Hmdbook, 9111 edition, pp 5-52 - 5-53 

I 
Therefore, the stress generated in. the base is 20,316 psi' With a Safety Factor of3 applied, the 
maximum stress in the drum base is 60,947 psi This is below the ultimate yield strength of the 
stainless steel base which is 70,000 psi. Therefore, the lifting device is capable of supporting 
more th.an three times the weight of the transport package as required by 10 CFR 71.45(a). 

Page2ofll 



. 1-3. Tie-dovm: 
See the listed regulatory requirement for full details. 
* umm.c. 10 CFR 71.45 (b) (I) (2) (3) 

I Not applicable. This package has no tie-down system 

1-4. External Surmce: 

Rev. 0 March, 2004 
AEA 976 Series Type A Packages 

Tl:le external surface, as ~ar as practicable, shall be free from protruding features and easily decontaminated. 
* USDOT, 49 CFR 173.410 (c) 
* lAEA TS-R~l. para. 509 

Comply. Extemal surfaces of this package have no protruding features. Should the barrel 
become contaminated its smooth stainless steel surfaces can be easily decontaminated. 

1-5. Outer Layer: 
Toe outer layer, as far as practicable, shall be :free pockats or crevices where water might collect 
* USDOT, 49 CFR 173.410 (d) 
* IAEA TS-R-1, para. 610 

Comply. The surfaces of this package are flat or cylindrical and contain no pockets or crevices 
where water might collect, except for a slight depression in tb.e lid, which has no holes. 

1-6. Added Features: 
Each feature that is added to the package will not reduce the safety of the package. 
* USDOT, 49 CFR 173.410 (e) 
* IABA TS-R-1, para. 611 

Not applicable. There are no added features to this package which would reduce the safety of 
the package. 

1-7; Vibration: 
The paclcage will be capable of withstanding the effects of any acceleration, vibration or vi'bration 
resonance that may arise under normal conditions of transport without any deterioration in. the effectiveness 
of the closing devices on the various receptacles or in tbe integrity of the package as a whole and without 
loosening or Ullllltentionally releasing the nuts, bolts, or other securing devices ~ven after repeated use. 
* USDOT, 49 CFIU73.410 (f) 
* IAEA TS-R-1, para. 612 

Comply. The shield containers have been used for years as a Type B Package components 
without any detrimental effect being observed due to vibration changes incurred during 
shipment. The addition of the cork inserts and the stainless steel barrel overpack will dam.pen 
vibration. The Model 3015, 3018, 3056 and 3078 have been shipped for years as Type B 
Packages inside an oveipack similar to the 976, but smaller in height and diEµI1eter, without any 
detrimental effect being observed due to vibration changes incurred during shipment. The 
thicker cork inserts in the 976 design will dampen vibration better than the previous overpack. 
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1-8. Seals: 

Rev. 0 March, 200'4 
AEA 976 Series Type A Paclcages 

Incorporates a feature, such as a seal. that is not readily breakable and that, while intact, would be evidence 
that the package has not been opened by tlilalltb.orized persons. : 
•k USDOT, 49 CFR 173.412 (a) 
* USNRC, 10 CFR 71.71 (b) 
• IA.BA TS-R-l,para. 635 

Comply. The barrel clamp band is sealed with. wke at the time of shipment. Breakage of this 
wire would be evidence that the package may have been opened by unauthorized persons and 
would imply 1he need to initiate special handling precautions to ensure the .integrity of the 
paclcage contents. 

1-9 E."Ctemal Radiation Levels: 
Each. package must be designed so that, under conditions non:nally incident to transportation, the radiation level 
does not eJCCeed 200 mR/hr at any point on the external surface of the package and the traDSport index does not 
exceed 10, unless shipped exclusive use. 
* USNRC, 10 CFR 71.47 (a} . 
* USDOT, 49 CFR 173.441 (a) 
* IA.EA TS-R-1, para. 531, 532 

I Comply. Each package is surv~yed before shipment 

2. Additional Requirements. 

2-1. Overall Size: 
Smallest overall dimeDSion must oe 4 inches (10 cm) or greater. 
* USDOT, 49 CFR 173.412 (b) 
"' USNRC, 10 CFR 71.43 (a) 
* IAEA TS-R·l, para. 634 

Comply. The package inner dimensions are 019"1D by 21" deep. 

2-2. Tie-down: 
Tie-down attachment ttiat is a structural part of the package, under both normal and accident conditions, 
shall not impair the apility of the package to meet other reqwements of the governing regulations. 
* USDOT, 49 CFR 173.412 (i) 
* IAEA TS-R-1, para. 636 

Not applicable. There are no tie-down attachments that are a structural part of this package. 
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2-3. Containment: 

Rev. 0 March, 2004 
AEA 976 Series Type A Packages 

Containment and shielding is maintained dnrlng transportation and storage In a temperature range of -40"C 
(-40°F) to 70°C (158"F). The design oftb.e package will take into account ambient temperatures and 
pressures that are likely to be encountered in routine conditions of transport. For radioactive material 
haviD.g other dangerous properties, the package design shall take into accounttbO!le properties. 
"'USDOT, 49 CFR 173.412 (c) 
* IAEA TS-R-1, para. 637, 615, 616 

Comply. The primary containment are the welded stainless steel sources. All sources in th.is 
package must meet a minimum BS/ISO/ANSI N 43.6-1977 Pressure Classification of 3. They 
have complied with external temperatures of-40°C~(-40"F) to 80°C (176°F). The capsules are 
shielded within one of the previously mentioned shields, ·inside the cork inserts inside the 
stainless steel barrel. This temperature range will have no adverse affect on the integrity of the 
source or the shielding and package materials, with the exception of the carbon steel jacket on 
the Model 855 Source Changer. While carbon steel is suscepb.ole to brittle fracture at -40°C, 
the Model 855 has served for years as a Type B Package on its own without .fracture. In TP90; 
the 976 Package, containmg the Model 855 chilled to -40°C was subjected to several drop tests. 
The Model 855 suffered no damage. See Test Plan/Report TP90 

Containment system securely closed by a positive fastening device that cannot be opened unintentionally or 
by. a pressure that may arise within the package. 
"'USDOT, 49 CPR 173.412 (d) 
* USNRC, 10 CFR 71.43 (c) 
*. IA.BA TS-R-1, t>ara. 639 

Comply. The primary containment are the welded stainless steel sources. No pressures will be 
generated within the sources or the package that could adversely affect the containment system. 
See Type B SAR lvfodel 976 Series package for further assessment· 

. If the oontaimnent system fomis a separate unit of the package, it shall be capable of being securely closed 
by a positive fastening device which is independent of any other part of the packaging. 
* USDOT, 49 CPR 173.412 (d) 
* IAEA TS-R-1, para 641 

Comply. The primary containment is fue welded stainless steel sources. 

Componeots of the containment system shall take into account, where applicable, the radiolytic. . 
decomposition of liquids and other vulnerable materials and the generation of gas by chemical reaction and 
radiolysis. 
•) USDOT, 49 CFR 173.412 (e) 
* IA.EA TS-R-1, para. 642 

Not applicable. No reactions !mown and no liquids. 
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The containment system shall retain its radioactive contents under a reduction of ambient pressure to 60 kPa 
(8.6 psi) (25 kPa for USDOT). 
* USDOT, 49 CFR 173.412 (f) 
• IAEA TS-R-1, para. 643 

· Comply. The primary containment are the welded stainless steel sources. All sources .in this 
package must meet a minimum BS/180/ANSIN 43.6-1977 Pressure Classification of 3. They 
have complied with external pressure of 25 1Y1N/m2 abs. (290 lbs/in2 abs). The rest of the 
package is unaffected by pressure. · 

Packages containmg liquids will be capable of withstanding, without leakage, an internal pressure that 
produces a differential of .not less than 95 kPa (13 .8 lb/in2). 
* USDOT, 49 CFR 173.410 (i)(3) 

I Not applicable. No liquids. 

Packages containing liquids will either provide sufficient absorbent material to absorb twice fue volume of 
the'liquid contents oi: be provided with a containment system composed of primary inner and secondary 
.outer containment components clesigned to ensure retention of the liquid contents within the secondary 
containment even if the primary containment leaks. 
* IAEA TS-R-1, para. 648(b) 

I Not applicable. No liquids. · j 

Packages contairung liquids will provide for ul1age (the amount of liquid within a contmner that ia lost, as 
by leakage, during shipment or storage) to accommodate variations in the temperature of the contents, 
dynamic effects and filling dynamics. 
* IAEA TS-R-1, para 647 

I Not applicable. No liquids. 

Packages containing gases (excluding tritium or noble gases),shall prevent loss or dispersal of the 
radioactive contents when subjected to the tests specified in para 725. · 
* IAEA TS-R-1, para. 649 

I Not applicable. No gases. 

A:IJ.y radiation shield that encloses a component of the packaging specified as part of the containment system 
shall prevent the unintentional release of that component from tb.e shield. Where the radiation shield and 
such component within it furm a separate unit, the radiation shield shall be capable of being securely closed 
by a positive fastening device which is independent of any other packaging structure. 
* USDOT, 49 CFR 173.412 (h) 
• IAEA TS·R-1, para. 645 
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AEA 976 Series Type A Packages 

Comply. The primary containment is the welded stainless steel sources, which are separate from 
the shields. 
• The Model 855 Source changer has 8 .independent ccri tubes that contain and protect one 

source each and extend into the depleted uranium radiation shield. The top of each J tube has 
a stop mechanism., which captures the stop ball or the telefl.ex cable on the soarce wire. 
These stop mechanisms have key activated locks. If these locks should fail, the Model 855 
cover plate has a cylinder on the underside of it, that prevents movement of the stop 
mechanisms when the cover plate is bolted on for transport. 

• The Model 3 015 Shield has a cavity to contain the sources. This cavity is closed by· a 
shielding plug, which is covered with a cap that bolts to the shield jacket 

• The Model 3018 has 4 independent "J" tubes that contain and protect one source each and 
extend into the radiation shield. The top of each J tube is closed with a threaded cap. 

• The Model 3 056 has 10 independent "J" tubes that co.ntain and protect one source each and 
extend into the radiation sliield. The top of eaoh J tube is closed with a threaded cap. These 
caps are protected by the top cover which is bolted to the shield jacket 

• The Model 3 07 8 Shield has a cavity to contain the sources: Th.is cavity is closed by a 
shielding plng, which is covered with a cap that bolts to the shield jacket. 

24. Chemical Reaction: 
Materials and construction assures no significant chamical, galvanic, or other- reaction among contents and 
components of package, including possible reaction resulting :from in leakage of water. Also consider 
behavior of materials under irradiation. · 
* USDOT, 49 CFR 173.410 (g) 
* USNRC, 10 CFR 71.43 (d) 
* IA.EA TS-R-1, para. 613 

Comply. Package components are §tainless steel, depleted aranium, which is separated from all 
carbon steel by copper spacers and poured foam, tungsten, lead, cork and carbon steel. Based 
on the low level of radiation emitted from the shield, no adverse effects to the cork inserts or 
the stainless steel barrel will occur. These materials will have no significant chemical, galvanic 
or other reactions among the contents and components of the package. 

2-5. Valves: 
All valves, other 1han pressure relief valves, shall be provided with an enclosure to retain any leakage from 
the valve. If valve failure allows release of radioactive contents, then valve shall have protection from 
unauthorized operation. 
* USDOT, 49 CFR 173.412 (g), 173.410 (h) 
* USNRC, 10 CFR 71.43 (e) 
* IAEA TS-R-1, para. 614, 644 

I Not applicable. This package has no valves. 
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AEA 976 Series Type A Packages 

2-6. Jntegrity: . 
Package must be designed, constructed, andprq,ared to ensure; no loss or dispersal of the radioactive 
contents, no more than a 20% increase in ex:temal surface radiation levels, and no substantial reduction in 
the effectiveness of the packaging, when evaluated against the perfomla:ace and test requirements. 
* USDOT, 49 CFR.173.412 G) (1) (2) 
* USNRC, 10 CFR 71.43 (f) 
* IABA TS-R-1, para. 646 I Comply. See Test Plan/Report TP90. _ 

2-7. No Venting: 
A package may not incorporate a feature intended to allow continuous venting during transport. 
* USNRC, IO CFR 71.43 (h) 

Not applicable. This package does not incorporate any feature lnten.ded to allow continuous 
venting during trim.sport. 

2-8. Air Tomsport . . 
Package must be designed, constructed, and prepared for1ransport so that In still air at38°C (100°F) and in 
the :Shade, no accessible surface of a package would 'have a mmperature exceeding S0°C (122oP) :in a 

. nonexclusive use shipment, or 85°C (185°F) in an exclusive use shipment. 
* USDOT, 49 CFRI73.410 (i) (1) 

· * USNRC, 10 CFR 71.43 (g), 71.71 (c)(l) 
* IA.EA TS-R-1, para 617 

Comply. The Specific heat output ofir-192 is 8.6 mW/Ci. The maximum Type A Ir-192 activity for this 
container is 62 Cl. (The output activ:ity is cotrected by a factor of 2.3 to account for source attenuation and 
self..a.bsorption). The Specific heat output of Se-75 is 5.1 mW/Ci. The maximum Type A Se-75 activity for this 
container is 81 Ci The controlling nuclide heat output is for Ir-192 and equals: 

8.6 mW/Ci x 62 Ci= 533.2 mW 

The radiant energy of the shield without addition of the source at 50"C (122aF) is calculated as follows: 
q = crA E(T11-T2.~ Ret: (pg.408) 

where: a,a Stefan-Boltzman constant= 5.669 ;c 10-8 w/m2K4 Ref. (pg.14) 
A= surface area of the b2Il'Bl = ndb. + mJ.2/2 = l.OOm2 (d-d.ia of tbe pot=0.49m; h-height =0.53m) 
E = emmisivity of the bmel material (stainless steel)= 0.3 Re£ (pg.648) 

T1 - so0c cir 323K 
T2 == 330c or 3111< 

Calculating q from the above equation produces the need for a source term of at least 26 W to produce a 
surface temperatur~ on the surface of the bam:l of 50°C. The Tr-192 transported in. shield in th.is package is 
much less than the minimum energy necessary to increase the temperature of the lead to 50°C and therefore the 
surface temperature of the package will remain less than 500C. 
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The integrity of containroeat will not be impaired if the package is exposed to ambient temperatures ranging 
from -40°C (-40°F) to 55°C (131 °F). 
"' USDOT, 49 CFR 173.410 (i)(2) 

· "'USNRC;IO CFR 71.71 (c)(2) 
* IAEA TS-R-1, para. 618 

Comply. The primary containment is the welded stainless steel sources. All sources in this 
package must meet a mimmum BS/ISO/ ANSI N 43 .6-1977 Pressure Classification of 2. The 
capsules are shielded within 1he shield containers, inside the cork .inserts inside the stainless . 
'steel barrel This temperature range will have no adverse affect on the integrity ·of the source or 
the shielding. 

Packages containing liquids will be capable ofwithstancling. without leakage, an internal pressure that 
produces a differential of not less tban 95 kPa (13 .8 lb/in2

) (5 IcPa for IAEA). . 
* USDOT, 49 CFR 173.410 (1)(3) 
3 IABA TS-R-l, para. 619 

I N.ot applicable. No liquids. 

2 .9 Io.creased Extemal PreSSUJ;'e· 
Evaluate the effects of an external pressure of an extemal pressare of i40 kPa (20 psia) on a package at an. initial 
mterna1 pressure at the minimum no:onal operating pressure and at a temperature between -20°F and 1ooap most 
unfavorable to the package. · · 
* USNRC, 10 CFR 71.71 (c)(4) 

Comply .. All sources in this paokagemu.stmeet a minimum BS/ISO/ANSIN 43.6-1977 
Pressure Classificatiou of 3. They have complied with external pressure of 2MN/m2 abs. (290 
lbs/in2 abs). The rest oftb.e package is unaffected by pressure. 

3. Test Requirements. 

3-1. Water Spray Test: 
Subject test specimen to a water spray that simulates exposure to rainfall of approximately 5 cm per hour 
for at least an.hour. The free drop, stacking, and penetration test below are to be preceded in each case by 
the water spray test. Do not allow test specimen to diy before each test 
* USDOT, 49 CFR 173.465 (b) 
* USNRC, 10 CFR 71.71 (c) (6) 
• IAEA TS-R-1, para. 721 
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Comply. The stainless steel barrel is not affected by water and shields the internal components 
from water. The internal components are not affected by water within the time period of this . 
test. Altb.ough the carbon steeljacket on the Model &55 source changer cpuld oxidize over a 
long period of time; years of experience with this source changer as a standalone transport 
package have s~own no decreased structural integrity. See Test Plan/Report TP90. 

3-2. Free Drop Test: 
Subject the test specimen to drop onto a hard, flat, horizontal surface so as to suffer maximum damage· in 
respect ofth.e safety features to be tested. The height of the drop measured from the lowest po.int of the 
specimen to the upper surfuce of 1;he target shall not be less than 1.2m ( 4 ft) for packages less than 5000 kg 
(11,000 lbs). See additiODal regulations for fissile and wood mate.rials. Comer drops ofl ft onto each 
comer of the package for cardboard packages. · 
* USDOT, 49 CFR.173 .465 (c) 
*USNRC, IO CFR 71.71 {c) (7) 
* IAEA TS-R-1, para. 722 

I Comply. See Test Plan/Report TP90. · 

3-3. Stacking/Compression.Test . 
Su~ject the test specimen to a compressive load equal to 5 times the mass of th.e actual package for a period 
of24 hours. 
* USDOT, 49 CFR 173.465 (d) 
"'USNRC, 10 CFR 71.71 (c) (9) 
* lAEA TS-R-1,para. 723 

I Comply. See Test Plan/Report TP90. 

3-4. Penetration Test: 
Place the test specimen on a rigid. flat, horizontal smface wftioh will not move significantly while ~e test is 
being carried out. Drop a bar, 6 kg (13.25 .lb), 3.2 cm (1.26) diameter with hemispherical end, with its 
longitudinal axis vertical, onto the center of the weakest part of the specimen, so that, if it penetrates 
sufficiently far, it will bit th.e containment system. The height of drop measured from the bars lower end to 
th.e Intended point of impact on tile upper surfuce of the test specimen shall be 1 m (39 .37 in). 
* USDOT, 49 CFR 173.465 (e) 
* USNRC, 10 CFR 71.71 {c) (10} 
* IAEA TS-R·l, para. 724 

Comply. See Test Plao/Report TP90. 
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Subject the test specimen to drop onto a hard, flat, horizontal surface so as to suffer maximum damage in 
respect of ihe safety feature11 to be tested. The height of the drop measured from the lowest point of the 
specimen to the upper surface of the target shall not be less than 9 m (3 0 ft). 
* USDOT, 49 CFR 173.466 {a)(l) 
* IAEA TS~R-1,para. 72S(a) 

\ Not applicable. No liqui~ or gases. 

Place the test specimen on a rigid, flat, horizontal surface which will not move significantly while the test is 
being carried out. Drop a bar, 6 kg (13 .25 lb), 3 .2 cm (1.26) diameter with hemispherical end, with its 
longitudinal axis vertical, onto ihe center of the weakest part of the specimen. so .that, if it penetrates 
sufficiently far, it will hit the containment system. The height of drop measured from the bars lower end to 
the intended point of impact on the upper surface ofthe test specimensbajl be 1.7 m (66.93 in). 
* USDOT, 49 CFR 173.466 (a)(2) 
* IAEA TS-R-1, para. 725(b) 

J Not applicable. No liquids or gases: 
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Section 1. Purpose 

Test Plan 163 Report, Revision I 
April 2005 
Page4 of47 

The purpose of this test was to qualify the design of the Model 976 Transport Drum to Type A and Type B transport 
requirements through testing or analysis, either reasoned or calculated. The samples were subjected to the 
Hypothetical Accident Conditions in accordance with 10 CFR Part 71 and IAEA-TS-R-1 (current revisions), the drop 
sequence (9m (30-foot) and lm (-3-foot) puncture). Assessment of the Model 976 Series packages is based on 

• the damage resulting from the testing descnbed in this report, 
• the justification for the drop orientations contained in Test Plan 163 (see Appendix£), 
• evaluation of untested pack.age configurations to the tested configurations and 
• evaluation of thermal testing conducted in the UK to assess the Model 976 Series pack.age response to the thermal 

portion of the test sequence. 

Models 976A specimens TP163(A) and TP163(B), and Model 976F specimen TP163(C) were tested on22 Oct 2004. 
Compliance of the Models 976B, 976C, 976D, 976E and two variations of the 976F with different shielding inserts are 
assessed in this Test Plan Report. No physical testing of these pack.age configurations was performed under this test 
plan. 
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The tests for Normal Conditions of Transport described in 10 CFR 71.71 are the compression test. penetration test and 
1.2m (4-foot) free drop test. These tests were previously completed and documented in Test Plan 90 Report using test 
specimen TP90A (Model 855). The results of those tests are summarized here along with an assessment of how the 
addition of the lid closure bolts would have affected the results. The additional lid closure bolt configuration is shown 
in Figures 1 and 2 and in drawings 20046_LID Rev 1, 20046_DRUM Rev land SCR303 Rev A included in Appendix 
A. 

FIGURE 1. DRUM/LID CLOSURE MODIFICATION FIGURE 2. LID CLOSURE MODIFICATION (NOTE 
FOUR BLOCKS WELDED ON THREE SIDES TO 
BOITOM OF LID- LID SHOWN IS AFTER TESTING) 

Section 2.1.1 Compression Test-Assessed Based on Test Plan 90 Report 

The test specimen was subjected to a weight of 1,465 lbs. for more than 24 hours. This was 5.3 
times the maximum weight of the package as described in TP 90, and accounted for any tolerance 
stack-up in the scales used. No damage was noted to the test specimen. The test specimen was 
profiled prior to testing and at the end of the Hypothetical Accident Transport sequence oftests 
with no significant change in the profile measurements after testing. 

The lid closure bolt modification has no adverse affect on these results. In compression, a 
sufficient load could produce drum deformation which could eventually create a shear load on the 
lid closure bolts from the drum clearance holes. In actual testing described in Test Plan 90 
Report, the lid and dnun did not deform during the compression test. 

Under Test Plan 163, the maximum package weight was increased from 280 lbs to 300 lbs. The 
Test Plan 90 compression test was performed with a compressive load of 1,465 lbs. This represents 
4.88 times the new maximum package weight of 300 lbs. as evaluated under Test Plan 163. Since 
test specimen TP90(A) exhibited no deformation during the compression test, the addition of 35 
lbs. in compressive load to produce 5 times the total package weight is only a 2.3% increase. 
Additionally. the 4 holes drilled for the lid closure bolts reduce the cross sectional area of the drum 
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wall from 3.43 sq" to 3.31 sq". The compressive stress in the drum side waU, tabulated in Figure 3, 
will increase from 405 psi to 453 psi, both negligible compared to the yield strength of stainless 
steel (30,000 psi). The 976 packages with the modified lid closure bolts and the increased package 
weight will comply with the compression requirements of 10 CFR 71.7l(c)(9). 

Test Shield Container Shield Package Package Compressive 
Specimen Model and Container Weight Weight with Stress in Drum 

Serial Number pins added with Overpack Side Wall. 
lead wehzbts Overoack multiplied bv 5 

TP90(A) Model 855 sn 9 207 lbs. 278 lbs. 1390 lbs. 405psi 
TP163(A) Model 855 sn 8 224 lbs. 298 lbs. 1490 lbs. 450 psi 
TP163ffi) Model 855 sn 9 226 lbs. 300 lbs. 1500 lbs. 453 'OSi 
TP163(C) Model 1911 sn 13 184 lbs. 263 lbs. 13 15 lbs. 397 psi 

FIGURE 3: COMPRESSI ON ASSESSMENT TABLE 

Section 2.1.2 Penetration Test - Assessed Based on Test Plan 90 Report 

In Test Plan 90 testing, the penetration bar impacted as intended. The bar bent the lid clamp band 
closure bolt slightly and left a slight impression on the threads. No other damage was noted. There 
was no effect to the integrity of the package. 

Addition of the lid closure bolts will have no adverse affect on these results. The lid closure bolts 
are inserted into the clearance holes in the drum, with only the hex heads exposed. As described 
later in this TP Report, the lid closure bolts were subjected to the hypothetical accident test impact 
force without any failures, so no failures will occur based on the force imparted during the 
penetration test. The 976 packages with the modified lid closure bolts will comply with the 
penetration requirements of IO CFR 71.71(c)(10). 

Section 2.1.3 1.2m (4-foot) Free Drop Test - Assessed Based on Test Plan 90 Report 

In Test Plan 90 testing, the specimen was chilled to at least -40°C as the Mode] 855, being 
constructed of carbon steel, is susceptible to brittle fracture upon shock loading. In addition, the 
cork and its binder resin, as well as any water resident in the cork may exhibit brittle characteristics 
at lower temperatures. The temperatures within the test range (-40°C to 100°C) would have a 
negligible effect on the properties of the stainless steel drum components. 

The test specimen impacted the test pad as intended. Very little damage to the drum was noted. The 
bottom of the drum was scuffed and slightly bowed out . Upon disassembly, the cork liner had 
fractured and separated at the base. The Model 855 was undamaged. The Model 855 was released 
for use in Specimen TP90B, for Hypothetical Accident testing. 

Survey results of TP90B were taken after completion of the hypothetical accident testing. Surveys 
were taken with the Model 855 outside of the drum and cork assembly. This produced dose rates 
higher than would have occurred with the Model 855 placed inside the test drum and cork 
assembly. Using only the inner shield resulted is a more conservative assessment of the Model 
976A package performance as the presence of the drum/cork assembly would have increased the 
survey distance and resulted in even lower package survey results than were used for acceptance of 
the package containment after testing. Profile results of the Model 855 after testing were within 
expected tolerances of the initial shield profile results taken on 7 Mar 96 (See Appendix C for the 
initial shield profile results which are part of the shield manufacturing records.) 
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The addition of the lid closure bolts will have no affect on these results. A possible form of damage 
would be for the drum to deform enough for the clearance holes in the drum to create a shear load 
on the lid c losure bolts. As described later in thls report., the lid closure bolts were subjected to the 
hypothetical accident test impact force (9 m free drop) without any failures, so no failures will 
occur based on the force imparted during the 1.2 m free drop test. 

Under Test Plan 163, the maximum package weight was increased from 280 lbs to 300 lbs. This 
means that the free drop test specimen under Test Plan 90 at 278 lbs .• weighed 22 lbs. less than the 
300 lbs. test unit TP163(B) tested for the hypothetical accident drop test configurations in Test 
Plan 163. Test Plan 90 Report results showed very little damage. As described later in this report, 
the heaviest transport package (976A) was subjected to the 9 m free drop test under the 
hypothetical accident conditions testing without any failures and a rnaximwn package radiation 
dose rate increase of only 27%. Based on the Hypothetical Accident Condition testing, subjecting 
these packages to the less destructive 1.2 m drop testing will cause no significant increase in dose 
rates as a result of the testing. After testing the radiation dose rates still remained within the 
regulatory limits specified in 10 CFR 71.47. The addition of22 lbs., a 7.9% increase in the test 
specimen weight will not adversely affect the results of the package performance during the 1.2 m 
Free Drop Test . The 976 packages with the modified lid closure bolts and increased package 
weight will comply with the free drop requirements of 10 CFR 71.7l(c)(7). 

Test Shield Container Shield Package Weight Weight 
Specimen Container and with Overpack difference with 

added lead TP90(A) 
wei2ht 

TP90(A) Model 855 sn 9 207 lbs. 278 lbs. NA 
TP163(A) Model 855 sn 8 224 lbs. 298 lbs. +20 lbs. 
TP163lB) Model 855 sn 9 226 lbs. 300 lbs. +22 lbs. 
TP163(C) Model 1911 sn 13 184 lbs. 263 lbs. -15 lbs. 

FIGURE 4: NORMAL TRANSPORT 1.2 m FREE DROP SHIELD CONTAINER COMPARISON TABLE 

FIGURE S. NORMAL CONDITIONS DRUM DAMAGE: SPECIMEN TP90A (NOTE: Package as shown 
above does not reflect the package configuration immediately after testing. This package had been 
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disassembled and inspected, then the components re-assembled without engagement of the clamp band bolt at 
the time this photograph was obtained.) 

FIGURE 6. NORMAL CONDITIONS CORK DAMAGE: SPECIMEN TP90A 

Section 2.1.4 The Water Spray Preconditioning 

Not necessary as the Model 976 Transport Drum, in all its configurations, is constructed of 
waterproof materials throughout. The water spray would not contribute to any degradation in 
structural integrity. 

Section 2.1.5 General Package Performance Requirements 

Compliance of the Model 976 Series packages to the general package requirements in 10 CFR 
71.43, 71.45 and 71.47 as well as 49 CFR and IAEA TS-R-1 is contained in the Type A Evaluation 
included in Appendix G of th.is report. 

Section 2.1.6 Normal Condition Transport Summary 

Based on evaluations in Sections 2.1.1-2.1.5, the Model 976 package configurations comply with 
the requirements for Normal Conditions of Transport as specified in IO CFR 71.71, 49 CFR and 
IAEA TS-R-1. 
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Section 2.2 Hypothetical Accident Conditions 

The Hypothetical Accident Tests described in 10 CFR 71.73 are the 9m (30-foot) drop, the lm (-3-foot) puncture 
drop and thermal test. 

The crush test described in 10 CFR 71. 73( c )(2) does not apply and therefore was not performed. Items transported in 
the drum are sources qualified as Special-Form radioactive material or empty devices with depleted uranium, lead or 
tungsten shielding. 

Section 2.2.1 9m (30-foot) Drop Test 

Three (3) tests were performed. The tests are described in Section 5.0. 

Section 2.2.2 1m (-3-foot) Puncture Trop Tests 

Four (4) tests were performed (one specimen was dropped twice). The tests are described in 
Section 5.0. 

Section 2.2.3 Thermal Test 

The response of the package, in its various configurations, to the thermal test of 10 CFR 
71.73(c)(4) is assessed in Section 5.5. This assessment is based on the testing performed on the 
Model 3605B transport container. The Model 3605B is a stainless steel drum of similar size which 
utilizes cork insulation in the same manner as the Model 976 packages. 

Section 2.2.4 Package Assessments 

Compliance for the Model 976 Series packages containing shield container Models 3056, 3078, 
3015 and 3018 are assessed in Sections 5.4 and 5.5. No physical testing was performed on these 
package configurations under this test plan. 

The shield container Models 3056, 3078, 3015 and 3018 have been used in the field for over 
twenty (20) years without incident or problem as part ofUSDOT Type B endorsements of Great 
Britain Type B(U) approved packages. The Model 855 has been used in the field for over twenty 
(20) years without incident or problem as part of a USNRC and USDOT Type B approval. These 
containers and their associated Type B endorsement certifications are listed in Figure 5. 

Inner Shield USNRC Type B(U) USDOT Type B(U) Great Britain Type B(U) Intended Model 
Container Certificate Endorsed Certificate Certificate 976 Package 

DesiS!nation 
855 USA/9165/B(U) USA/9165/B(U) None 976A 

3015 None USA/0590/B(U)-85 GB/3605A/B(U)-85 9768 
3018 None USA/0592/B(U)-85 GB/3605B/B(U)-85 976D 
3056 None USA/0316/B(U) GB/0924BZ/B(U) 976C 
3078 None USA/0250/B(U) GB/0924BP/B(U) 976E 

FIGURE 7 - CROSS REFERENCE TABLE OF INNER SHIELD CONTAINER TRANSPORT 
APPROVAL IDSTORY 
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Section 3. Test specimen Descriptions 

Section 3.1 General Information 

Test 

All specimens were prepared per Test Plan 163 (See Figure 8). Test specimens were fabricated and designed 
using the same materials, methods and quality assurance as the ones to be used in the transportation package. 
Route cards in Appendix C document the materials and methods of fabrication/acceptance of package 
components. All test specimens were subjected to the same design and quality assurance requirements as 
arc required for approved Type B packaging under AEA Technology QSA, Inc. U.S.N.RC. Quality 
Assurance Program Number 0040. Any discrepancies from the criteria specified in Test Plan 163 are listed 
below in the sections specific to the specimens. 

Drawings Referenced Test Condition Comments 
Source Assemblies in Test Specimen 
During Hypothetical Test Conditions' 

Specimen 

TPl63 (A} R976ARcv l Hypothetical Inner Shield Model 855 Eight, Inactive Model 424-9 source 
R85590RevC Accident Sn. 8 wire assemblies. 
R42409RevC 
20046_ LID Rev 1 
20046_DRUM Rev 1 
SCR303 Rev A 

TP163 (B) R976ARcv 1 Hypothetical Inner Shield Model 855 Eight, Inactive Model 424-9 source 
R85590RevC Accident Sn.9 wire assemblies. 
R42409RevC 
20046_LID Rev 1 
20046_DRUM Rev 1 
SCR303 Rev A 

TP163 (C) R976FRev 1 Hypothetical Inner Shield Model Two, inactive Model 87555 source 
20046MRevA Accident 1911 Sn. 013 capsules. Source capsules were loose 
87555RevD in the shield cavity without bracing to 
20046_L1D Rev l produce the worst case condition where 
20046_DRUMRev 1 the maximum source movement during 
SCR303RevA inmact testin2 was allowed. 

1Note: Active radiation sources contained in the test specimens during the pre and post testing radiation profiles are 
identified in Section 6.0 of this report. Inactive sources contained in the test specimens durin& physical testine 
comply with the applicable source drawings referenced above, however, the sources were manufactured without 
the addition oflr-192. 

FIGURE 8. TABLE OF SPECIMEN CONSTRUCTIO~ DAT A 

The Model 855 ' s have been in service for over twenty (20) years as a Type B(U) package without an 
overpack. The Model 855s have been maintained based on the procedures approved under USA/9165/B(U). 
The design has been improved for use in the Model 976 package by replacing the carbon steel cover bolts 
with stainless steel bolts. The 855's used in the Model 976 test specimens were not otherwise modified. 
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The Model 1911 bas been in service for over twenty (20) years as the inner shield container under Great 
Britain approval GB/0924W/B(U). The Model 1911 has received standard shipping maintenance (cleaning, 
replacing worn hardware, etc.). The Model 1911 used in this test has the lead shield encased in a stainless 
steel jacket. When used in the Model 976 Type B package, all Model 1911 shield containers will be encased 
in stainless steel jackets. 

All test specimens were dropped without labels and seal wires. The labels would have no effect on the 
packages ability to withstand the hypothetical accident condition drop testing. Labels that are to be installed 
are of a standard design, which has been shown to pass all physical and thermal testing. Holes drilled in the 
drums to attach the label would perform in a manner similar to the larger holes drilled in the test specimens 
for the thermocouple wires. The omission of the seal wire is a worst case scenario. If installed, the wire 
would only help to hold the lid clamp band together. 

Two (2) thennocouples were attached to each Specimen: one internal to the inner shield container and one to 
the outside of the drum. The drum thermocouple was attached with a small screw threaded into the lid. A 
hole was cut in the lid of the drums to allow access to the internal thermocouple. Any material removed, or 
holes cut into the device will only serve to exacerbate the stresses induced during impact and would 
constitute a worse case scenario for the package. Production packages will not have these holes. 

Section 3.2 Test Specimen TP163(A) 

This test specimen was subjected to the Hypothetical Accidental condition testing (30-ft and puncture drops 
only). It was dropped with the lid oriented down at approximately a 45° angle, with the lid clamp band closure 
bolt down. The lid clamp band closure bolt was also oriented directly above one of the four lid closure bolts. 

The test specimen was tested with eight (8) inactive 424-9 style sources. These sources simulate the maximum 
carrying capacity and are representative of the source wire assembly designs transported in this container. TP 
Report 90 tested the 855 container with two source assembly designs and both variations of the lock hold down 
block assemblies. As was seen in Test Plan 90 Report, there was no source displacement or damage to the 
source assemblies or lock mechanisms of the 855 in the testing. Based on the similarity of function of the 
source/lock block assemblies, and the protection provided to the lock assemblies within the Model 976 
package, the 855 containers used in this test were configured using the standard lock block assemblies and 424-
9 inactive source assemblies. This configuration is representative of the various sources transported in the 855 
so long as no damage to the cover of the 855 is sustained which could be translated to the inner lock 
mechanisms. 

An additional 20 lbs. of lead was added to bring the gross weight of the Model 976 Specimen TP 163 (A) up to 
298 Ibs. The lead was added to increase the package weight only to compensate for any variance in weight that 
might exist in the existing shield containers and this lead was not present when the device was profiled before 
and after testing. Lead sheet was added between the inside cover of the 855 and the outside of the lock block 
mechanisms. Drawings may be found in Appendix A. 
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Lead Sheet was wrapped 
around the inside, inner 
diameter of 855 top but 
outside the lock block 
assembly outer radius. 
Added lead increased the 
package weight by 20 
lbs. 

FIGURE 9. MODEL 855 IN MODEL 976 OUTER DRUM WITH ADDED LEAD 

Secilon 3.3 Test Specimen TP163 (8) 
This test specimen was subjected to the Hypothetical Accidental condition testing (30-ft and puncture drops 
only). It was dropped with the lid oriented down at approximately a 17 .5° angle, with the lid clamp band 
closure bolt up. The impact point was directly in between two of the four lid closure bolts. 

The test specimen was tested with eight (8) inactive 424-9 style sources. These sources were used to simulate 
the maximum carrying capacity and the varied type of sources transported as was descnbed for test specimen 
TP163(A). An additional 20 lbs. of lead was added to bring the gross weight of the Model 976 Specimen 
TPI 63 (B) up to 300 lbs. The lead was added to increase the package weight only to compensate for any 
variance in weight that might exist in the existing shield containers and this lead was not present when the 
device was profiled before and after testing. Drawings may be found in Appendix A. 

Section 3.4 Test Specimen TP163 (C) 

This test specimen was subjected to the Hypothetical Accidental condition testing (30-ft and puncture drops 
only). It was dropped with the lid oriented down at approximately a 17.5° angle, with the lid clamp band 
closure bolt up. The lid clamp band closw-e bolt was also oriented directly above one of the four lid closure 
bolts. The test specimen was tested with two (2) inactive 87555 style source capsules. These sources simulate 
the maximum carrying capacity and the minimum mechanically protective configuration of sources 
transported. 
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An additional 16 lbs. of lead in the form oflead discs was added to bring the gross weight of the Model 976 
Specimen TP163 (C) up to 263 lbs. (see Figure 10). The lead was added to increase the package weight only to 
compensate for any variance in weight that might exist in the existing shield containers and this lead was not 
present when the device was profiled before and after testing. The lead discs were placed directJy above the 
191 1 container (after removal of the eyebolt) and replaced two of the four cork rings that are used in this 
shipping configuration. This modification provides a worst case test unit as the lead discs increased the 
package weight and provided less shock absorption than would be provided if all four cork rings had been 
used. Drawings may be found in Appcnrux A. 

Lead discs were placed on 
top of the 1911 after 
removal of the eyebolt and 
replaced two of the four 
cork rings. Added lead 
increased the package 
weight by 16 lbs. 

FIGURE IO. TP163(C) TEST UNIT COMPONEXTS PRIOR TO ASSEMBLY 
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Section 4. Changes to Test Conditions or Orientations 

Section 4.1 Hypothetical Accident Conditions (71.51 (a)) 

TP163 (A) a. 9m (30-foot) Drop - No variations from plan. 

TP163 (B) 

TP163 (C) 

One lid closure bolt from TP163(C), which was dropped before TP163(A), 
was reused on TP163(A). 

b. Puncture Drop - No variations from plan. 

a. 9m (30-foot) Drop - No variations from plan. 
b. Puncture Drop - No variations from plan. 

a. 9m (30-foot) Drop - No variations from plan. 
b. Puncture Drop - No variations from plan. 
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Section 5. Test Specimen Results 

Section 5.1 Specimen TP163(A) 

The specimen was chi11ed to at least -40°C as the Model 855, being constructed of carbon steel, is suscepttble to 
brittle fracture upon shock loading. In addition, the cork and its binder resin, as well as any water resident in the cork 
may tend to exhibit brittle characteristics at lower temperatures. The temperatures within the test range (-40°C to 
100°C) would have a negligible effect on the properties of the stainless steel outer drum. 

5.1.1 30-ft Drop 
The test specimen impacted the test pad as intended. The closure bolt assembly was crushed, 
shearing the clamp band closure bolt. The 4 lid closure bolts remained intact. The drum lid and 
top rim of the drum side were crimped together and folded under the bolt assembly. Th.is was 
caused by the primary impact. 

FIGURE 11. PRIMARY IMPACT DAMAGE: FIGURE 12. PRIMARY IMPACT DAMAGE: 
SPECIMEN TP163 A CLAMP/LID BOLT SPECIMEN TP163 A DRUM FLATTENING 

Secondary impact, the slap down. caused the side of the drum to be slightly flattened and the 
bottom ring weld to be dented. No rips or tears were noted in the steel. The four (4) lid closure 
bolts were intact. The lid and lid clamp band, although damaged, did not separate from the drum 
even when inverted. The 855 was retained within the drum. 
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5.1.2 

5.1.3 

Puncture Test 
Based on the damage to the clamp band bolt in the 30-ft drop test, it was decided to attempt to 
remove the lid clamp band and lid with the puncture test. The test specimen was angled at 
approximately 45° and dropped to impact on the opposite, undamaged side of the closure bolt. 

The test specimen impacted the puncture bar as intended. Upon impact, the lid clamp band came 
off the drum and the puncture bar further dented the side of the drum. The four (4) lid closure bolts 
remained intact and the lid remained attached to the drum. As before, the Model 855 was retained 
within the drum, even when inverted. 

FIGURE 13. SPECIMEN TPI63(A) DRUM DAMAGE AFTER PUNCTURE TEST 

Post Test Examination 
The lid closure bolts were removed with a normal socket wrench. The lid was then pried from the 
drum. The closure bolts were intact after removal with no shearing or signs of fracturing. The 
threaded blocks on the lid were intact with no weld cracking evident. 

The top cork was cracked into several pieces. Due to the angle of the cracks, however, the first 
few pieces of cork had to be pried out before others could be removed. The bottom cork insert 
sides were fractured into two halves. 

The Model 855 was undamaged. After examination it was determined that the locks were still all 
engaged and the sources had not moved. 
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FIGURE 14. SHEARED LID CLAMP BAND BOLT: SPECIMEN TP163(A) 

FIGURE IS. TOP CORK DAMAGE: SPECIMEN TPI63(A) 
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FIGURE 16. SIDE CORK DAMAGE: SPECIMEN TPI63 A 

FIGURE 17. MODEL 855 WITH COVER REMOVED, SOURCE CAPS ON 
AND LOCKS ENGAGED: SPECIMEN TPI63(A) 
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FIGURE 19. SPECIMEN TP163(A) LID CLOSURE BLOCKS 
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Section 5.2 Specimen TP163(B) 

The specimen was chilled to at least -40°C as the Model 855, being constructed of carbon steel, is susceptible to 
brittle fracture upon shock loading. In addition, the cork and its binder resin, as well as any water resident in the cork 
may tend to exhibit brittle characteristics at lower temperatures. The temperatures within the test range (-40°C to 
100°C) would have a negligible effect on the properties of the stainless steel outer drum. 

5.2.1 30-ftDrop 
The test specimen impacted the test pad as intended. The top edge of the drum was deformed 
similar to TPl 63(A), but to a lesser extent. This was attributed to the shallower angle of impact 
(17.5° versus 45°) transferring less energy directly upon impact. The lid clamp band was 
deformed, but intact and held the lid on the drum. The four (4) lid closure bolts were intact. The 
lid and top rim of the drum were folded and crimped, as with TP163(A). This damage was caused 
by the primary impact. 

The secondary, slap down impact caused the side of the drum to be flattened and the lower comer 
of the drum to be defonned along the angle of impact. Although folded over, the lower flange did 
not tear or split. No rips or tears were noted in the steel. The lid and lid clamp band did not 
separate from the drum and the Model 855 remained within the drum even when inverted. 

FIGURE 20. PRIMARY AND SECONDARY IMPACT DAMAGE: SPECIMEN TP163(B) 
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Based on the damage to the lid clamp band in the 30-ft drop test, it was decided to attempt to remove 
the lid clamp band and lid with the puncture test. The test specimen was impacted at approximately 
17 .5° on the opposite side of the lid from the 9m impact. 

On the first puncture test drop the lid clamp band just missed the puncture bar and the side of the 
drum impacted the puncture bar instead. The specimen was then hoisted again and the crane boom 
was moved laterally. 

On the second puncture drop the lid clamp band impacted the puncture bar as intended. The lid 
clamp band bolt assembly was deformed, but both the lid clamp band and the lid remained secure. 
The four (4) lid closure bolts remained intact Toe puncture bar slightly dented the side of the drum. 
The Model 855 was retained within the drum. even when inverted. 

FIGURE 21. PUNCTURE TEST IMPACT DAMAGE 
CLOSE-UP: SPECIMEN TP163(B) 

5,2.3 Post Test Examjnation 

FIGURE 22. PUNCTURE TEST IMPACT DAMAGE 
SIDE: SPECIMEN TP163(B) 

The lid clamp band and the lid closure bolts were removed with normal socket wrenches. The lid 
was then pried from the drum. The lid closure bolts were intact after removal with no shearing or 
signs of fracturing. The threaded blocks on the lid were intact with no weld cracking evident. 
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r top cork was cracked into several pieces. Due to the angle of the cracks, however, the first few 
pieces of cork had to be pried out before others could be removed. The bottom cork was fractured 

3
. to a few pieces. The side cork insert was fractured. The damage from the three drops ( one 9m and 

•o puncture) drops looked to be slightly less than in TPI63A. This was attributed to the shallower 
gle of impact in the drops (17.5° versus 45°). 

~ le Model 855 was undamaged. After examination it was determined that the locks were still all 
, gaged and the sources had not moved. 

FIGURE 23. TOP CORK DAMAGE: SPECIMEN TP163 (B) 
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FIGURE 24. SIDE CORK DAMAGE: SPECIMEN TPI63 (B) 

FIGURE 2S. SIDE CORK DAMAGE: SPECIMEN TP163 (B) 
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FIGURE 26. SPECIMEN TP163(B) LID CLOSURE BLOCKS 

Section 5.3 Spe,ciman TP163(C} 

The specimen wa chilled to at least -40°C. The Model 1911, being constructed of lead and stainless steel, is not 
particularly su~itible to brittle fracture upon shock loading. The cork and its binder resin, as well as any water 
resident in the cot c. may tend to exhibit brittle characteristics at lower temperatures. The temperatures within the test 
range (-40°C to l 0°C) would have a negligible effect on the properties of the stainless steel outer drum. 

5.3 >-ft Drop 
The test specimen impacted the test pad as intended. The top comer of the drum was deformed 
very similar to TP163(B), but to a somewhat lesser extent. The closure bolt assembly was bent, but 
intact and held the lid on the drum. The lid and top rim of the drum were folded and crimped, as 
with TP l 63(B). This damage was caused by the primary impact. 

Secondary impact, the slap down, caused the side of the drum to be flattened and the lower comer 
of the drum to be deformed along the angle of impact. Although folded over, the lower flange did 
not tear or split. No rips or tears were noted in the steel. The four (4) lid closure bolts remained 
intact. The lid and lid clamp band did not separate from the drum even when inverted. The Model 
1911 was retained within the drum. 

I 
I 

• 
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FIGURE 27. PRJMARYIMPACTDAMAGE: SPECIMEN TP163 (C) 

FIGURE 28. PRIMARY IMPACT DAMAGE: SPECIMEN TP163 (C) 
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5.3.2 uncturc Test 

5.3.3 

B 1sed on the damage to the clamp band in the 30-ft drop test, it was decided to attempt to remove the 
Ii l clamp band and lid with the puncture test. The test specimen was impacted at approximately 
1 '.5° on the same side point on the lid as the 9m impact. Both the lid clamp band and the lid 
r mained secure. The four (4) lid closure bolts remained intact. The pWlcture bar slightly dented the 
silie oftbe drum. The Model 1911 was retained within the drum, even when inverted. 

FIGURE 29. PUNCTURE IMPACT DAMAGE: SPECL\fEN TP163 (C) 

ost Test Examination 
The lid clamp band and the lid closure bolts were removed with normal socket wrenches, then the 
id was pried from the drum. The lid closure bolts were intact after removal with no shearing or 

signs of fracturing. The threaded blocks on the lid were intact with no weld cracking evident. 

1e top cork was cracked into several pieces. Due to the angle of the cracks, however, the first few 
p eces of cork had to be pried out before others could be removed. The bottom cork was cracked into 
a few pieces. The cork spacer rings and the inner cork insert were cracked. The damage from the 

o drops (one 9m and one puncture) drops looked to be slightly less than in TP163(B). This was 
a tributed to the lower weight (263 lbs. versus 300 lbs.) and the thicker cork liner on the sides to 
a ,sorb the impact ( 4 5/8" versus 3 ¥.''). 

Snee test specimen TP163(C) contained a smaller shield container surrounded by more cork, it was 
eorized that the additional drum deformation allowed by the thicker cork liner might allow the lid 

c nnp band to separate from the drum. However, the lid clamp band remained intact after testing. 

e Model 1911 was undamaged. After examination it was determined that there was no damage to 
t e shield, lid, lid bolts, inserts or sources. 
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FIGURE 30. TOP CORK DAMAGE: SPECIMEN TP163(C) 

?JGURE 31. SIDE AND INSERT CORK DAMAGE: SPECIMEN TP163(C) 
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FIGURE 32. SIDE CORK DAMAGE: SPECIMEN TP163(C) 

FIGURE 32. MODEL 1911 SOURCES INTACT: SPECIMEN TP163(C) 
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The shield contain ,rs used in the Model 976 drum assembly are of two general types: ( l) those which use depleted 
uranium for their pj:imary shielding (e.g., 855 and 3078), and (2) those that use lead for their primary shielding with 
supplemental mate ials as part of the inner assembly shielding design (e.g., 3015, 3018, 3056 and 1911). Securing 
mechanisms for th se containers are one or more of the following: 

• Bolted cover Iii or protective cover (Models 855, 3078, 1911, 3056, 3018, 3015, 1911) 
• Source Wire 1 . ck assemblies (Models 855, 3056) 
• Source Wire P ·otective Caps (Models 855, 3056, 3018, 1911) 
• Shielding Cavi ':'/ Plug (Model 3078, 3015) 

Based on the modi ication of the drum/lid securing mechanism (addition of four (4) bolts 5ecuring the lid to the drum 
base) results of the Model 855 and Model 1911 can be used to justify that the lighter package contents will comply 
with the 9M and P mcture test performance requirements. As seen in the Test Plan 90 Report comparisons, and also 
seen in the test spe :imens under this test plan, none of the tested shield containers experienced any damage from the 
drop testing whicbt dversely affected the source containment. In all cases the source securing mechanisms were not 
observably change l after testing and the shield containers were protected from any external damage by the cushioning 
provided by the co ·k drum liners. Since the Model 855 and Model 1911 are representative of the heaviest package 
configurations test • it is reasonable to assess that damage induced to these shield containers will be more extensive 
than would be pro uced in drop testing any of the lighter shield containers. 

Based on the adde lid securing bolts, none of the tested shield containers caused a failure to any of the four (4) lid 
securing bolts and 1one of the test units exited the drum. The tested drums were impacted at 45° and 17 .5° angles to 
assess configurati of greatest impact force and slapdown effects at shallow angles. Using these test units as 
representative oft 1e worst case extremes for this package design, then testing of these package designs with inner 
shield containers )of lesser mass will not induce greater damage than was observed with the Test Specimens. 

From a compariso of the pre and post testing radiation measurements, there was no significant change in the 
packages tested. 'ith no appreciable damage to the source securing mechanisms, no observable damage to the 
externals of the s~ eld containers and the similarities of the comparison shield containers to previously tested 
containers under T !St Plan 90 and this test plan, it is determined that the Models 3015, 3018, 3056 and 3078 will 
perform as well if 1ot better than the tested units under Test Plan 163 Report (e.g., 855 and 1911). Damage induced in 
the test units was i 1sufficient to adversely affect the source containment and therefore the 976 package containing 
either the Model 3 15, 3018, 30156 or 3078 will perform as well if not better than the test specimens when subjected 
to the 9M and Pun ture tests. 

By assessment, th Model 976B (with 3015) package design, the Model 976D (with 3018) package design. the Model 
976C (with 3056) 1ackage design, and the Model 976E (with 3078) package design would perform as well if not 
better than the M lel 976A (with 855) and the Model 976F (with 1911) package designs under the 9 m and puncture 
test requirements. 
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Thermal testing s performed for a similar, but smaller, drum design to support approval of a Type B container in 
Great Britain (See ~igure 33). The tested drum measured 32.S cm in diameter by 40.5 cm tall with minimum cork 
thickness on the ttom of 4 cm, on the top of 4.5 cm and on the sides of 5 cm. In contrast the Model 976 package 
measures 50 cm in diameter by 54 cm tall. The Model 976 Series packages have a minimwn cork thickness, which is 
based on the Mode 976A configuration containing the least cork material, of 5 cm on the bottom, 12.7 cm on the top 
and 8.3 cm on the ides. 

-- - ... "' 
I - - ' 
l -- - t 

• --- I 

• --- ... I 

• -- -- I 

• 
_ _. ----- t 

' --- IIIO , 
• ---- t 

• -0# - • .. IIIO- fUf --- z 

FI :URE 33 - TEST SPECIMEN CONFIGURATION FOR TEST NUMBER 1835 

Test Number 1835 (see Appendix F) documents testing of a Model 3018 inner shield container (lead shielded device) 
inside of a cork Jin• steel drum assembly. The cork used in these test lUlits was purchased to the same specification 
as the cork used fo · the test specimens under this Test Plan Report, however, the overall cork thickness is greater in 
the Model 976 styl ! packages than was used in the specimens tested under Test Number 1835. 

Testing included 9 m drop tests and pW1cture tests in similar orientations as were performed for the test specimens 
under this test pl report. The test specimens under Test Number 1835 were tested at ambient temperature and were 
not cooled to -40° prior to the 9 m and puncture drop tests. 

As was seen with 1e Model 976 style test specimens, the test units described under Test Number 1835 also 
experienced drum leformation but no loss of the lid from the drum base. Though cracking of the cork was not 
specifically refe ced on the sides of the cork liners in the test units from Test Number 1835, cracking of the bottom 
cork inserts was n ted. The bottom of the cork cavity was cracked around the circumference and across diagonals in 
line with the drum reinforcement bars. 

Thennal testing o the specimens Wlder Test Number 1835 placed the specimens into a furnace maintained at an 
ambient temperatu ·e between 800°C - 820°C for a period of 30 minutes. The test specimens did not contain any 
radioactive conten s during the thermal testing performed under Test Number 1835. The test specimens were allowed 
to cool for at least l 8 hours before disassembly and evaluation. 

Upon evaluation it was found that the top cork inserts exhibited slight charring (e.g. 22-25 mm depth) with a 26 mm 
thickness of the in ert remaining intact. In both cases the lead shield container was undamage, exhibiting only the 
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presence of a resin condensate and soot on the lead pot exterior. For both test specimens, the maximum temperature 
recorded by tempe ature strips on the exterior surface of the lead pot was 82°C. This temperature rise was less than 
l/4 of that necessa y to reach the melting point of the lead pot (300°C). Therefore no melting or slumping of the lead 
shielding occurred 

Upon inspection o the test specimens under this test plan it was observed that TP163(C) exhibited the largest cork 
cracking on the sid ~ inserts. This test unit contained jagged cracks up to~,, in width in the sides of the cork inserts 
(see Figures 28 an 29). The presence of these cracks introduces the possibility of a different result in the thermal test 
if perfonned. The hree thermal transport mechanisms are conduction, convection and radiation. Each will be 
addressed in the fo lowing assessment. 

The shield contain s used in the Model 976 drum assembly are of two general typeS: (1) those which use depleted 
uranium for their p ;mary shielding (e.g., 855 and 3078), and (2) those that use lead for their primary shielding with 
supplemental mate ials as part of the inner assembly shie)ding design (e.g., 3015, 3018, 3056 and 1911). AJl shield 
container exteriors are a steel weldment which does not melt below 1,427 °C. The melting point of depleted uranium 
is 1,130°C. 

Section 5.5.1 Conduction Contribution 
A calculation of th · worst case, steady state conduction th.rough the cork insulation that could be created in TP163(C) 
is as follows: 

Where: 

Qx = k 4(T1 -T2 ) 

L 
(Referen e Fundamentals of Heat and Mass Transfer, 5th Edition, by Incropera and Dewitt, page 5.) 

Q,. = the feat transfer rate in Watts 
k = coe cient of thermal conductivity, 0.0314 W/m K for air at 370"K; 0.039 W/ m K for cork' 
A = cros; sectional area of material (-2 cracks, W' wide = 0.00635 m, each 0.5 m long)= 0.00635 m2 

T1 = Dru Wall Temperature (assumed to be thermal test temperature= 800°C or 1,027°1<) 
T2 =$hied Container Initial External Temperature (assumed to be= 97°C or 370°K from 5.5.3) 
L = mini num thickness of the outer and inner cork liners (located on the sides)= 0.08m + 0.04m = 0.12 m 

Referenc · I: Fundamentals of Heat and Mass Transfer, Sib Edition, by Jncropera and DeWitt, Appendix A. 

For the thermal tes , regardless of the cork condition, A, T 2 , TI and L will be the same. The only difference will be 
the variation in the coefficient of thermal conductivity between air and cork. As indicated above, the coefficient for 
air is less than the oeffi.cient for cork, therefore the heat transfer rate in air through the crack will be less than is 
experienced throu the cork. 

Calculation of the ~ imum conduction through the solid cork is based on the maximum outer area divided by the 
minimum cork thic mess. The drum outer surface is 0.52 min diameter and 0.54 m high for a maximum cross 
sectional area of l. l l m2

• The minimum cork thickness at the bottom of the drum is 0.08 m. Therefore the maximum 
heat transfer rate i 420 Watts. 

Section 5.5.2 Convection Contribution 

There is a limited ir gap between the cork and the inner surface of the drum. As such, movement of the air around 
the cork inside the hum to produce convection heating will be insignificant when compared to the conductive heat 
transferred directi . from the drum to the cork. If the crack in the cork is approximated as a solid air volume between 
the inner drums ce and the outer shield container, then a worst case approximation of the conductive heat transfer 
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can be made in thi limited air volume. Similar to steady state conduction, the under steady state conditions, the local 
heat transfer rate c n be calculated as follows: 

qx: ( -T2 ) fh dA
1 

(Referen e Fundamentals of Heat and Mass Transfer, 5th Edition, by Incropera and Dewitt, page 327.) 

Where: q~ = the h;!at transfer rate in Watts 
b =~comlection coefficient for air = 10 Watts/m2 °K (Reference IAEA TS-G-1.1 (ST-2)) 
dA$ = er ss sectional area of material (-1 cracks, W' wide= 0.00635 m, each 0.5 m long) 
T1 = 

1
1 Wall Temperature (assumed to be tbennal test temperature= 800°C or l ,027°K) 

T2 = Shier Container Initial External Temperature (assumed to be= 97'C or 370°K from Section 5.5.3) 

Estimating the air olume between the inner drum wall and outer shield surface as a vertical cylinder produces the 
following equation 

Where: r = the ra ius of the cylinder (crack)= 0.0032 m 
I = len :i of the crack= 0.305 m 

Solving for~ prod 1ces a worst case heat transfer rate from convection of 43 Watts along the inner surface of the cork 
crack. 

Section 5.5.3 Radiant Heat Contribution 

The jagged path o the crack through the cork prevents any radiation from the drum wall directly contacting the shield 
container. Witbou direct contact, the radiative heat transfer to the shield container surface will be insignificant in 
comparison to the ,ther heat transfer contributions. 

Assuming heat con ·bution to the inner shield from the radioactive contents produces a worst case transfer rate as 
follows: 

The Specific heat utput ofir·l92 is 8.6 mW/Ci assuming a decay energy of 1.46 MeV/decay and that 100% of the 
radioactive decay i ; transferred to thennal energy. The maximum source content for the package is 1,000 Ci. Actual 
content to output a :tivity varies based on the capsule configuration as well as variations in isotope self.absorption. A 
factor of 2.3 was .ed to convert output activity to content activity as this factor reflects the worst case variation for 
Jr.J 92 sources tran ;ported in these packages. Therefore the total content activity would be 2,300 Ci and the total 
heat output ass ing a conservative 100% decay during the thermal test is: 

8.6 mW/Ci x 2,300 Ci = 19,780 mW = 19.78 Watts 

Even assuming co plete decay of the Ir· 192 during the thermal test produces a heat transfer rate that is insignificant 
when compared wi h heat transfer from conduction. 

Calculation for the Model 1911 inner shjeld (smallest shield diameter/wall thickness and 
largest source term) based on a thermal analysis from ''Fundamentals of Heat and Mass 
Transfer", F.P. Incropera, 5 lh Edition, 2002 is as follows: 

Q. =Q d. 
1 

d =QJ =19.78watts m ra za e uecay 
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Q radiated = heat radiated = BE Alf, [ (Tw + 273)4 - (Tm +273)4] 

(This equation assumes no conduction or convection from alJ surfaces and radiative heat 
losses from the top and side surfaces only). 

Acs = Area of the top and sides= 0.174 m2 based on: 

zameter . ([d. ]2 J A
13 

= 
2 

K + (diameter)(height)n 

Ta= ambient temperature = 20°C 
Tw = shield maximum equilibrium temperature 
Tm= shield median temperature = (Ta +Tw)/2 
B = Stefan Boltzmann Constant = 5.670 x 10·8 

E = emissivity for rough stainless steel surface between 300 and 400°K = 0.3 

Iteration for T w balancing the heat in to the heat radiated produces a value of 97°C for the 
maximum temperature at the surface of the inner shield prior to the start of the tbennal 
test. 

Section 5.5.4 Thermal Contribution Summary 

To raise the ternpe ature of the 1911 lead shield container to the melting point oflead would require a significant 
amount of energy. The specific heat oflead, Cp = 0.15 kJ/kg-°K. From this relation, calculation of the required heat 
transfer rate is as ,nows: 

Where nput = Minimum heat input to melt the lightest lead container (Model3015) 
Cp = Specific Heat of Lead 
M = Mass of the shield container = 104 lbs or 47 kg for the Model 3015 
T2 = Melting temperature of lead= 573°K (or .300°C, Smithells, Colin J. Smithells Metals 

Reference Book, Seventh Edition, Butterworth-Heinemann Ltd, Oxford 1992) 
T1 ::a Ambient shield temperature= 370°K (see section 5.5.3) 

Therefore the requ red heat transfer rate to cause lead melting in the shield is 1,431 kJ or 1.43 x 106 Watts/sec. To 
achieve this in the O minutes (1,800 sec) of the thermal test requires a heat input of 795 Watts. Even when 
combining all the orst case thennal contribution factors, the required heat input in the most vulnerable area along the 
cork crack is less tan 60% of the actual heat input that would melt the lead shield and will therefore be insufficient to 
degrade the lead s ielding. 

Section 5.5.5 Additional Factors for Consideration 
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In the case of the d :pleted uranium shield containers there was no breach or weld cracking of the shield container 
which would allo oxygen to reach the inner depleted uranium shield. Without the presence of a continuing source of 
oxygen, these shiel ls will remain intact during the thermal test. As seen in testing performed on the Model 650L 
(Reference USNR : CoC USA/9269/B(U)-85, Test Plan 80 Report Revision 1) thermal testing of this device where 
cracking to allow r to the shield had occurred resulted in productio.n of only a small amount of depleted uranium 
oxide. With an air path and air circulation during the thermal test, the radiation dose rate at one meter from this unit 
increases by appro :imately 10% remaining Jess than 3% of the regulatory limit. 

Without sufficient >xygen provided to the interior of the depleted uranium shield containers (e.g., welds intact) there 
will be no appreci :,le oxidation of the depleted uranium shield inside the steel container housings, and the 800°C 
temperature is wel below the melting point of depleted uranium (1,130°C) therefore the shield will retain its original 
shape throughout t te thermal test. 

The thermal test 11 not adversely effect the structural integrity of the shield containers. The Model 855 and Model 
1911 containers w re physically undamaged after the 9 m and puncture drop testing. The other shield containers (e.g., 
Models 3015, 301 , 3056 and 3078) are lighter than the Models 855 and 1911 and would therefore be expected to 
sustain less damag : in the drop configurations than was seen for these package assemblies. For shield containers 
incorporating lead, again the exterior shield temperature will not exceed 82°C. The testing performed under Test 
Number 1835 too drum assemblies at ambient temperature prior to subjecting them to the thennal test condition. In 
actual practice the n6 package assemblies would have been thermally tested immediately after the puncture test and 
would still have vn at a temperature below 0°C introducing a further temperature difference to be overcome before 
the shield containe · would be susceptible to a melting temperature. 

For the Model 976 Series packages, performance of the thennal test would not produce a condition sufficient to 
reduce the shield. g efficiency or containment efficiency of the shield containers within the 976 drum assembly. In 
addition the tempe ature increase in the shield container surfaces will be well below the melting temperature of the 
lead which will p elude any shielding configuration change or lead slumping in the shield containers. By assessment, 
the Model 976 Se es package designs would therefore meet the thennal test requirements. 
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Section 6. P OFILE RESULTS AND COMPARISON ASSESSMENT 

The following tabl : in Figure 35 shows pre and post testing profile results for the test units, along with the amount of 
testing each shield was subjected to and which specimens the shields were used in. Figure 37 includes profile 
measurements for .lternate shielding variations for the Model 1911 shield container which were not directly tested as 
well as for other odel 976 package configurations which were not directly tested under this test plan. This 
information is pro ided to support activity capacities for these alternate package configurations. 

Radiation measure nents included in the Figures 35 and 37 were adjusted to the maximum activity capacity for the 
package (e.g., acti ity correction factor) and the surface measurements were also adjusted to correct for off-set of the 
survey meter pro from the true surface of the package. 

Activity correctio factors (CF A) were obtained by using the following relationship: 

CF = MaximumPackageActivityCapacity (Ac) 
A ActualPRofileActivity (Ap) 

For Example, if Ac = 1,000Ciand Ap = 834Ci, then 

CF = 1,000Ci = 1.2 . 
,. 834 Ci 

Therefore, in this :xample, all original surface and l meter profile measurements would be multiplied by a factor of 
1.2 prior to listing ·he results in the tables. 

Radiation measure nents at the surface of the container included in Figures 35 and 37 were also adjusted to 
compensate for th off-set of the survey meter probe center from the surface of the package. 

Surface correction factors (SCF) were obtained by using the following relationship: 

SCF = dz whered1andd2 aredeterminedasshowninFigure 34. 
di 

For Example, if d 1 = 9inches and dz = 9.5inches, then 

SCF = 9.Sinches = 1.06 
9inches 

Therefore in thee ample shown, all original surface profile measurements located along the side of the drum would 
be multiplied by a factor of 1.06 prior to listing the result in applicable table. 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 liff erent. 
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distance from activity center 
to surface of container. 

distance from activity center 
to surface of container plus 
radius of the survey meter 
probe. 

FIG tE 34. SAMPLE SURFACE CORRECTION FACTOR DISTMCE CRITERIA 

The radiation profilt data showed no increase in radiation dose after testing beyond normal measurement variations. 
All test specimens met the regulatory requirements. 

Figure 35 shows profile results pre and post testing. Figure 36 shows the source information for the pre and post 
testing radiation profiles for the test specimens. The various 976 Type B package specimens are listed along with the 
shield containers they contained, along with the amowtt of testing each specimen was subjected to. The data will 
show, save for normal measurement variations, no increase in dose post-test. All units passed. 

Figure 37 shows pr9file results for each Model 976 Series package configuration rated to the maximum activity to be 
transported under tn1t configuration. For the Model 976F package, results are included for the three different types of 
shield inserts which can be used in this shield container (e.g., depleted uranium, tungsten and lead). The profile 
results in Figure 37 lemonstrate compliance with package survey requirements of 10 CPR. 71.47. 

Radiation profiles ere obtained using either an AN/PDR-27T, sn SM392401 or an ND-SOOP sn 42363, or sn 42365. 
Both instruments ha re Geiger-Mueller detectors that meet the requirements of ANSI N432- l 980. 
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PRE-Tf..ST @SURFACE (milliremlhour) Post-TEST@ SURFACE (inllUrel'Albour) 
PRE-TEST® 1 m (millirtm/bour) Post-TEST ® 1 m (millirem/bour) 

:I ~ lo- ~ ~ "" ! 0.. .ii!; &: = § I>. 

i &: 

~ ~ i 
< 0 ~ w lol t- C lol 

ac .J a: ; .J Ill 

= 
8SS Device Profile (Without 976 dnmvcork 

85.S Device Profile (Without 976 drum'corlt ovcrpack) Used for PO&t Test Rcaults under Test 
overpeck) Used for Poet Test Results under Test 

Plan Report 90 and Pre-Test ResullS under Test 
Plan R.8Don 163 (855 Serial Number 8) 

Plan Report 163 (855 Serial NumbcrS) 

141 38 32 32 38 62 179 33 37 4() 40 83 

1.9 0.3 0.3 0.3 0.3 0.6 2.1 0.6 0.6 0.6 0.6 2.9 

855 Device Profile (Without 976 dnmvcork 855 Device Profile (Without 976 drum'cork overpack) Used for Post Test Results under Test OYOlJBCk) Used for Post Test Results under Test Plan Report 90 and Pre· Test Results under Test 
Plan Rq,txt 163 (85S Serial Number 9) Plan R-,,.t 163 (855 Serial Number 9) 

14 1 32 32 32 38 75 179 43 37 37 46 83 

1.9 0.3 0.3 0.3 0.3 0.8 2.8 0.6 0.6 0.6 0.6 I.I 

976F {1911 w/Depl=d Uranium Insert Device 976F {1911 w/Depleted Uranium l:nsc:rt Device 
capacity Profile with 976 drum'cork overpack) Capacity Profile with 976 drunvcort ovcrpack) 

Performed Before Tcating Under Test Plan 163- Performed After Teatins Uodcr Test Plan 163 -
Test - TP163 C) Test s ...... imen TP16 rn 

11 49 47 47 48 18 9 43 44 43 44 21 

0.7 \.I I.I I.I 1.1 0.7 0.6 I.S I.S I.S 1.5 0.6 

' - Model 855 shield ,, Sn 8 and 9 were profiled outside of the 976 overpack assembly (drum and cork) during the 
profiles. 

FIGURE 35. TABLE OF PACKAGE RADIATION PROFILES 

TP 163 Report Rev 1 doc 
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976 Sbleld Model 
Type B Puka1e 

ModelHd 
CanaHtv 

976A !>lode! 855 
(1 ,000 Ci) 1Sn# 8 

- 976A Wode1855 
(1,000 Ci) Sn # 9 

- 976F MlKlcl 1911 
(1,000 Ci) •. n #013 

Usedlo 
Test 

Specimen 

TP\63(A) 

TPl63(B) 

TP163(C) 
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Page 38 of47 

Pre-Testlag Radiation Pronle Soarces•- Post-Teatiac Radiation Profil~ Sources' .... 

Eight Model 424-9 Source Wire A~blics. Eight Model 424-9 Source Wire Assemblies. 
Total activity of all eight soorces equaled 914.4 Ci Total activity of all eight sources equaled 895.4 
on 29 Apr 02. Source serial numbers and Ci Oil 12 Nov 04. SouTCC $Crlal numbc:rs and 
individual activities as fonows: individual activities as follows: -Source Serial Number Source Activity (Ci) Source Serial Number Soun:e ActivilY (Ci) 
042568 114.5 18098B 112.9 
042S7B 114.5 18097B 11 1.4 
04258B 114.3 180948 108.8 
042S9B 116.4 180938 111.3 
0426013 116.7 180909 116.3 
042618 117.2 180918 11 7.3 
042628 110.7 18096D 108.4 
0426313 110.1 180928 109.0 -
Eight Model 424·9 Source Wire A.c;scmblies. Eight Model 424-9 Source Wire Assemblies. 
Total activity of all eight sources equaled 914.4 Ci Total activity of all eight sources equaled 895.4 
on 29 Apr 02. SOUrcc serial numbers and Ci on 12 Nov 04. Source serial numbers and 
individual activities as follows: individual activities as follows: 
Source Serial Number Source Activity (Ci) Source Serial Number Source Activity (Ci) 

- -
0425613 114.S 180988 112.9 
04257B 114.S 180978 11 1.4 
042588 114.3 180948 IOU 
04259B 116.4 180938 11 1.3 
04260B 116.7 l80Q0B 116.3 
04261B 117.2 18091B 117.3 
042628 110.7 180968 108.4 
042638 110.1 180928 109.0 
Seven Model 87555 Sources. Total activity of all Seven Model 81SSS Sources. Total aclivityofall 
seven so\lJ'Ccs equaled 761.0 Ci on 19 Jul 04. seven sources equaled 826.8 Ci on 16 Nov 04 . 
Source serial numbers and individual activities as Source serial numbers and individual activities as 

..follows: follows: 
Source Serial Number Source Activity (Ci\ Source Serial Number Source Activitv (Ci) 
S686Sl3 108.2 6650$8 117.7 
5693$8 108.9 6663SI3 116.5 
S688SB 108.6 66SISB 116.8 
5689SB 108.8 6669SB 118.0 
S690SB 109.4 6668SB 117.7 
5691$8 108.5 6666$8 121.6 
5692SB 108.6 6664SB 118.5 

I = • "\U,OY.>114 d) I = . .. . . 
Decay oflr-192 calculated based on A1 A$ where t tune m days smce wtial activity. This equates to a decay rate of 

1%perday. 
2The Model 424-9 radioactive source assemblies comply with the specifications of drawing R42409 Rev C. The Model 87555 
source capsules comp! 1 with the specifications of drawing 87555 Rev D. The lr-192 in the sources is a metal. 
3 Model 855 shields, Sa 8 and 9 were profiled outside of the 976 overpaclc assembly (drum and cork) during the profiles. 
'The Model 87555 sources in the Model 1911 shield container were placed loosely into the shield insert cavity. This is 
representative of the l~ading configuration for this container and as was seen in Figure 32, radiation dose rates when loaded to 
c,p,c;ty '"' 25% o< 1T tb,n tho """POrt.tion lumt, in 10 CFR 71.47. 

'?JGURE 36. TABLE OF RADIATION SOURCES USED IN PROFILES 

TP 163 Report Rev l doc 
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916 
TypeB 
Package 

Model and 
Capacity 

Shield Mock 

I 

Profile S•tet Identification 
Radiation Profile So11rces•.1 
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J 
Capadfy Ret111h @ SURFACE 1 

(mllllrem/bour) • 
Capacity Results (al 1 m (mllllrem/11011r) 

-+----------+-------------------... ----1 _ _ ..__ ... __ .., _ _ 

976A 
(IOOO Ci) 

976B 
(350 Ci) 

976C 
(800Ci) 

976D 
(500 Ci) 

976E 
(1,000 Ci) 

9761' 
( 1,000 Ci) 

976F 
(1,000 Ci) 

976F 
(1,000 Ci) 

Model 8S5 
Sn#9 

I 
Model 301S 

Sn# P500l212S 

I 

Model 3056 1 

Sn #P0745.()6f 

Model 3018 S 1 

#P500/20S7 I 

Model 3078 S l 
#3078.04 

Model 1911 S t 
#013 with 
depicted 

uranium in_. 

I 

Model 1911 Su 
#013 with 

tungsten inscr' 

Model 191 1 S 

#OI3i:! lea I 

976A (855 Device Profile wilh 
976 drumlcorlc overpaclc) 

9760 (3015 Device Capacity 
Profile with 976 drum/corlc 

ovcrpack) 

976C (3056 Device Capacity 
Profile with 976 drum/corlc 

overpack) - Perfonno<I Prior to 
Testing under Test Plan 90 -

Tcst Specimen TP90G 

9760 (3018 Device Capacity 
Profile With 976 drum/cork 

overpack) 

976c (3078 Device Capacity 
Profile with 976 <frum'cork 

overpack) 

97 6F (1911 w/Dcpleted 
Uranium lnSffl Device 

Capacity Profile with 976 
drum'cork overpack) 

Performed Before Testing 
Under Test Plan 163 - Test 

S'DCCimcn TPl63(C) 

976F ( 191 1 wfl'ungstcn Insert 
Device Capacity Profile with 

976 drum/corlc overpack) 

9761' ( l 911 w/Lcad Insert 
Device Capacity Profile with 

976 drum'cork OVCfl)ICk) 

Eight Model 424-9 Source Wire AsSffllblies. 
Total activity of all eight sources equaled 874.3 

29 9 7 6 IO 22 

Ci on 30 Jan 02. Source serial numbers and •--+---+--+-- -+---1--­
i.ndivldual activities as specified on the 
referenced profile sheet. 

'l'bree Model 8755S Source Capsules. Total 
activity of all three sources equaled 336.1 Ci on 

I. I 0.3 

11 186 

0.2 0.2 0.3 0.5 

186 186 186 60 

04 Mar 04. Source serial number.; and •1---+---+--+---+-------­
individual activities as specified on the 

referenced profile sheeL 

Eight Model 424-9 Source Wire Assemblies. 

0.5 

72 

6.2 

93 

6.7 6.2 5.7 1.4 

6S 93 182 
Total activity of all ciaht sources equaled 874.3 ia---+---+---+--+---,1--­

Ci on 30 Jan 02. Source serial numbers and 
individual activities as specified on the 

rcfCT'Cllced profile sheet. 

Three Model 424·9 Source Wire Assemblies. 
Tow activity of all three sources equaled 331 .6 

Ci on 26 Feb 04. Source serial numbers and 
individual activities as specified oo the 

referenced profile sheet. 

Nine Model 87S55 Source Capsules. Total 
activity of all nine sources equaled l ,02S Ci on 

03 Mar 04. Source serial numbers and 
individual activities as specified on tho 

referenced profile sheet. 

3.7 

4S 

1.5 

63 

(i.4 

3.3 2.2 

151 134 

3.6 3.5 

15 15 

o.s 0.5 

1.9 3.1 3.5 

• 

134 134 191 

3.6 3.6 3.6 

IS IS 18 

o.s o.s o.s 

Seven Model 8755S Sources. Total activity of 11 4
9 

47 47 48 l8 I 
all seven sources equaled 761.0 Ci on 19 Jul 04. a----t-----t---t-----+----t---i

1 
Source serial numbers and individual activities 
as ~c<I on the referenced profile sheet. 

Seven Model 87555 Sourocs. Tota.I activity of 
all seven soutt:es equaled 791 .1 Ci on 06 Dec 
04. Source serial numbers and individual 
activities as specified on the referenced profile 
sheet. 

Three Model 8755S Sources. Total activity of 

0.7 

63 

4.S 

73 

t. l I .I 

62 S9 

2.0 2.1 

127 127 

I.I I.I 0.7 

l 

S9 60 42 

2.3 2.0 1.3 

127 127 112 

all three sources equaled 349.2Ci on 17 Nov 04. •----t-----t---t-----+----1.------c 
Source serial numbers and individual activities 
as specified on the referenced profile sheet 3.4 5.2 5.2 S.2 5.2 3.4 

10!..'Cay of lr-192 calculated ,ased on ,\,-A-Oe{G.6'.l/)HI• where t - time in days since ini tial activity. This equateS to a decay rate of 1% per day. 
21l!e Model 424·9 r.idioacti re source assemblies comply with the specifications of drawing R42409 Rev C where tho Model 87501 capsule assembly contains lr-
192 as a metal. The Model /7555 radioactive capsules comply with the specifications of drawing 875 Inner Rev A wbcrc the Model 87555 capsules contain Jr. 
192 as a metal. 
l The Model 87S5S sources in the Model 1911 shield containci- were placed loosc:ly into the: shield insert cavity. This is representative of the loading configuration 
for this cootaincr. Radiati dose rate, when loaded to capacity are 65% or les.<1 than the transportation limits in 10 CFR 71.47 

FIGURE 37. TABLE OF 976 SERIES CONFIGURATION CAPACITY PROFll,ES 
TP163 Report Rev l .doc 
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The package perfonoed very well in all testing. None of the test orientations inflicted even minor damage to the 
shield containers w ithin the drum assemblies. All test specimens retained the sources and passed final profile. 

The results oftest specimens TP163(A) and TP163(B) were not in agreement with the results demonstrated by 
Lawrence Livermor! National Laboratory (NUREG/CR-6818; UCRL-ID-149067). In our testing, the lid clamp band 
was only able to be :emoved from the drum when the maximum impact energy was located with the center of gravity 
above the impact pqint (e.g. the drum at a 45° orientation). In the Lawrence Livermore National Laboratory testing, 
the lid clamp band ras most likely to separate from a drum at shallow impact angles due to the differences in 
deformation betwee11 the lid clamp band and the drum. 

Since test specimen TP163(C) contained a smaller shield container surrounded by more cork, it was theorized that the 
additional drum def;,rmation allowed by the thicker cork liner might allow the lid clamp band to separate from the 
drum. In actual test ng, the lid clamp band remained intact and the bolts which secured the lid to the drum body 
remained intact as ell. 

The reason for the discrepancy between our results and those obtained by Lawrence Livermore appears to be that our 
drum defonned less than those tested by Lawrence Livermore. This may be due to differences in cork density, drum 
strength, and/or the ncreascd rigidity created by the interface between our four (4) lid closure bolts, the welded lid 
blocks and the drum wall. 

The shield containeJs Models 855 and 1911 were obtained from the population of our existing shipment fleet, 
providing worst c~: scenarios. All passed testing without damage. Each test specimen could be returned to field 
service without re]ir or modification. 

The Model 976 pacl:aging was assessed for compliance to the Type A requirements of 10 CFR 71 and IAEA TS-R-1. 
This assessment is· icluded in Appendix G. 

From the test data, ind the analysis contained within this report. we conclude that the Model 976 with shield Model 
855, Model 3056, ~odel 3015, Model 3018, Model 3078 or Model 1911 (all three insert variations): 

1. Complies with the requirements for the Nonnal Conditions of Transport. 
2. (:Omplies with the requirements for the Hypothetical Accident Conditions of Transport. 

TP163 Report Rev .doc 
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NOTES: 
1. ALL PERSONNEL QUALIFICATIONS, WELDING AND EXAMINATION PROCEDURES ARE IN 
ACCORDANCE WITH THE REQUIREMENTS OF. THE AWS WELDING CODE OR EQUIVALENT 
INTERNATIONAL STANDARD CURRENT AT THE TIME OF FABRICATION AND .INSPECTION. 
2. NOTES APPLY TO ALL PAGES. 
3. TORQUE CLAMP BOLT TO 10FT*LBS (+2/- 0). THIS IS EQUIVALENT TO A .75-1.25" 
GAP BETWEEN THE CLAMP BAND SIDES. 
4. MAXIMUM PACKAGE WEIGHT - 300 lbs. 

5 4 3 

6 
5 
4 
3 
2 

ITEM-NO. 
APPROVALS 

STEEL FIREPROOF lYPE B LABEL 
SEAL WIRE 

1 CLAMP. SS BAND 
1 BOTIOM OUTER CORI< INSERT 
1 TOP OUTER CORK INSERT 
1 20 GAL 16GA SS BARREL 

RWNG NO. QlY. DESCRIPTION 
DATE 

2 

DESCRIPTIVE 
DRAWING A 
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C 

s· 
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5 4 

. ·Ji) 
·cJ .: NOTES: •.. 

1. All -PERSONNEL QUALIFICATIONS, WELDING AND EXAMINATION PROCEDURES ARE IN 
ACCORDANCE WITH THE REQUIREMENTS OF THE AWS WELDING CODE OR EQUIVA1£NT . 
INTERNATIONAL STANDARD CURRENT AT THE TIME OF FABRICATION AND INSPECTION. • 
2. NOTES APPLY TO ALL PAGES. 
3 . . TORQUE CU.MP BOLT TO 10FT*LBS {+2/- 0). THIS IS EQUIVALENT TO A .75-1.25" 
GAP BETWEEN THE CLAMP BAND SIDES. 
4. MAXIMUM PACKAGE WEIGHT - 300 lbs. 

5·. 4 3 
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ITEM NO. 
APPROVALS 

NA 1 SEAL WIR6 
RCLM009 1 CLAMP SS BAND 
R97616 1 BOTTOM OUTER ·coRK INSERT 
RS7615 1 . TOP OUTER CORK INSERT 
20046:....U 1 20 GAL, 1 BGA SS BARREL 
R2004Slwl 1 MODEL 1911 SHIELD CONTAINER 
RWNG NO Q"fY. DESCRIPTION. 
DATE 

DESCRIPTIVE 
DRAWING 
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· ..• , 

D 

C 

B 

A 



2. ALL PERSONNEL QUALIFICATION, WELDING AND 
EXAMINATION PROCEDURES ARE IN ACCORDANCE 
WITH THE REQUIREMENTS OF THE WELDING CODE 

· CURRENT AT THE TIME OF FABRICATION AND 
: INSPECTION. NEW FABRICATIONS WILL BE IN 
ACCORDANCE WITH THE AWS WELDING CODE •. 

ERF # 798 

ASKET 
SEE SHEET 6 FOR DETAILS 

PART NAME QTY MATERIAL QESCRIPTION 

HOUSING WELDMENT 1 SEE SHEET #3 SEE SHEIT #3 

COVER 

EYEBOLT 

NAMEPLATE . 

RIVET 

COVER SCREW. 

·1 SEE SHEET #2 

1 SEE SHEET. #_2. 

1 STAIN. STEEL 

4 STAIN. STEEL 

8 STAIN. -STEEL 

SEE SHEET #2 

SEE SHEET #2 

Ja D POP RIVET 

3/8-16 x34 LG 

DESCRIPTIVE 
DRAWING 

'ftTLE MODEL 855 SOURCE CHANGER 
SIZE DWG. NO. 

A 
.. 
SCALE: OF 6 

REV 

C 
R85590 
t,JONE SHEET · 1 



. : . 

ERF ·# 798 
,,.... .., ~- .,..,-c ,o,-, ......, n: 

OJMENSIOJIIS IN INCHES 
TOI.ERANCES: 

FRACTIONS :i:1/6 
X :I: 0.1 

)()( :i: 0.05 
)()()( :!: 0.005 

·:; 

···: ,• ;. 

DESCRIPTIVE 
DRAWING 

TITLE MODEL 855 SOURCE CHANGER 
SIZE DWG. NO. R85590 REV 

A SCALE: NONE SHEET 2 OF 6 C 



DESCRIPTIVE 
DRAWING . 

nrLE MODEL. g·55 SOURCE CHANGER 
R85590 ~v 
NONE . SHEET 3 OF 6 C 



·STANDARD 
LOCK ASSEMBLY 

ERF # 795 

DU4ENS10NS IN INCHES . 
TOU!'RANCES: 

FRACTIONS :1:1/8 
X :la o.f 

xx ± o,o:; 
XXX :I, 0 .005 

DESCRIPTIVE 
DRAWING 

TITLE MODEL 855 SOURCE CHANGER 
SIZE DWG. NO. R85590 R£V 

A SCALE: NONE SHEET 4 OF 6 C 



ERF # 798 

llfLfENS10NS IN INcHES 
TOLEIWJCES: 

FRACTIONS :1:1/11 
X :I: o.1 

)()( ,i, O.D5 
Xl(l( :: 0.005 

~ Q. •. . . ., . . ·- ,,t 
DESCRIPTIVE 

DRAWING 

TITLE MODEL 855 SOURCE CHANGER 
SIZE DWG. NO. R 8 55 go REV 

A SCALE: . NONE S1·IE£T 5 OF 6 C 



-------------·---· . 

• ~ ! 

ERF # 798 

DIMENSIONS IN INCHES 
TOLEIWICl:5! 

FRACTIONS ±1/B 
X * 0.1 xx ± 0.05 

XXX ± 0.005 

DESCRIPTIVE. 
DRAWING 

, ·- .<TIT[E MOD.EL. 855 SOURCE CHANGER 
SIZE OWG. I.JO. R85590 REV 

A i----_.;;__:___;;...,------1 C 
SCA!-E: . NO"'E. S!-fEf:T 6 OF 6 



5 4 

UNLESS OlHERl'llSE SPECIFIED; 
I.D.1IIDISION$AIIE l/l lNllllG.. 
!I. IJII SJRf'ACE 'l1!XIIIII£, ~ 

J . OIJIJISIDNS APN *lel flNISlt. 
,+, IEMO'II: BUIIIS ANO SHARP l!l)Cl;!1, 

s.. no Nar SCA!.£ DRAYfMD. 

. ti •• Tll!f'IWl1:f5I " • * ll..l 
. ffl.lllllmU ~ 1/11~ JOI ·* DJf1 

NIGLa : 1· J(Jl( • oa 

SEE SOM 

1--~-------.t,:;:;:;:;-;:;:---~-D-:NDRlll_"':-";._YE,"'--B-llRU_NGTDN.:---""--:Dl_llOJ_--:-:-"1 A 
DRAWN Tl~EAD POT DESIGN 19 11 1---1-- ------1 
CIIEllkl!D . IN ST.ST. JACKET 
Ai'l'R. • 

2 . 

20046M 
REV 
A 

SHEET 1 OF 1 

1 



FORME001 RsvB 

Rav. ERF Date Ckd Appvd 

l 843 

' 

Item Qty PIN 
1 1 A21042 
2 1 20046-3 
3 · 1 20046-2 
4 1 20046-1 

, . 
.. ..., 

•, 

. 

; 

.. .. 

.. . . 
.. •, 

.. ., ., 
: 

.. .. 

Rev. ERF 

I 

I 

. . . .. 

Part No.: _20_046M ____________ -.:_ 

Bill of 
Materials 

Title: LEAD POT DESIGN 1911 IN ST ST JACK 

Rev.: A Page 1.of l 

Date I Ckd Appvd. Rev. ERF Dare I Ckd I Appvd 

I 

Descril)tion ' 

LEAD POT DESIGN 1911 
JACKET BODY 
JACKET TOP PLATE 
JACKET BOTTOM PLATE 

.. .. 
.. , . 

I 

. 



REVISIONS 
81. ERF.. # DESCRIPTION APPROVALS DATE 

1 843 INITIAL RELEASE ·sEE ·TITLE BLOC K 

US ORAWING . IS THE EXCLUSIVE PROPERTY OF />EA TECHNOLOGY QSA. IT MAY ONLY BE USED FOR lHE PURPOSE FOR WHICH rr W>S ISSUED •. 
MAY NOT Be: .DUPLICATED IN /.Nf WAY, NOR TRANSMITTED TO mY 1HIRO PARTY WITHOUT 1HE EXPRESS PERMISSION OF AFA TECHNOLOGY OSA. 

6-TERIALS: 

~OTECTIVE FINISH: 

JNLESS OTHERWISE SPECIFIED; 
DIMENSIONS ARE: IN INCHES. 
MIN SURrACI;: TEXTURE: ~ 
DIMENSIONS APPLY AFTER FINISH. 

REMOVE BURRS AND SHARP EDGES. 

DRAWN 

CHECKED 

TITLE: 

,_. ... ·. ·. ·:, . ·. . • . . - . . . .., . .I 

. ·AEATECHNOLOGY : 
QSA· ; ' ·.·. ·,. _ .. ·,·;,,'· 

40 NORTH AVE. BURLINGTON, MA 01 BOJ 

DU· INSERT ·PLUG 
MODEL 19 11 

DO NOT SCALE DRAWING. APPR. 
10L£RANcE:s: .x :1: 0.1 -----~..,._-....-_...__ __ s1zE DWG. No. 
FRACTIONS :!: 1/64 .xx .:!: 0.01 -E3:t- .w QUALITY CLASS A 20046.-1 0 

. AN.Gt.ES .:!;. 1~ . . .... ·- . • XlG< .. :!:._Q.()Q~ ... ~ !_R!)-~ CU: ... .. .. -A·· ·· ·· ,..,._A, r- . .,,..,.. ,.....,,....~ 

REV 
l . 



REVISIONS 
'01. ERF # DESCRIPTION APPROVALS DATE 

843 INITIAL RELEASE SEE ·TITLE B LOC K 

i DRAWING JS lHE EXCLUSIVE PROf'ERlY OF /IEA TECHNOLOGY ClSA. IT MAY a.LY BE USED 'FOR THE PURPOSE FOR WHICH IT W>S ISSUED. 
IAY NOT BE DUPUCAlEO IN Afl'f WAY, NOR TRANSMl11EO lD Afl'f THIRD PARlY Wl11iOUT THE EXPRESS PERMISSION OF AEA TECHNOLOGY QSA. 

TERIALS: 

OTECTIVE FINISH: 

ILESS OTHERWISE SPECIFIED; 
IIMENSJONS AR£ IN INCHES. 

40 NORTH AVE, BlJRUNGTON, MA 01BOJ 

MN SURFACE TEXTURE: 6~ DRAWN TITLE: DU INSERT BOTIO~I 
IIMENSIONS APPLY AFTER ANISH. -----------:EMOVE BURRS ANO SHARP EDGES. CHECKED MODEL 1911 
10 NOT SCALE DRAWING. 
'OLERANCES: 
'RACllONS :I, 1 /8+ 
.NGLES :!: 1" .. . . 

. .x :I: 0.1 
.xx :I: 0.01 

. .xxx :1: a.cos 

------------._AF_PR_. __. _ _,__..-___. ______ SIZE OWG. NO. 

-~ N<~-$. .. QUA~ ~LASS .• .A. _ ... .. -.2.0.0_ 4 ~)_, ~: \:_ 
REV 
1 



-· RC (\l7l(l[Clil?5) • sc.\1.£ "' t) CIENI 

CHeCICED 
1>CS Olldvle IS "I--- ISSUE 
WJJtonmm · Clll"1WIS~T0BSlD4 POT INSERr ASSEMBLY 
""'"""""""' ~ lllllrRUI <> l,fCO llo. @ »·~®'l 0A .v>PIUMD ........... ..... _ REMD'le HJ. BUIIIIS ,;JO NOT SCALE Ml£ 2B/117/U 

0.,. APP.ffll\.'ED 
ISO 'IHRrADS: SH Gg .... i!IOIS - ~A3 DRO J8018/001 SIi" I 

llllt.fSS O~'E SI/JEI Utl/lS Ml.I ij ~o. Of 1 



!. 
1 
I 

j 

' ITEM DESCRIPTION. MATERIAL DRAYltNG NO. 

NOTE: 1 PLUG 95% MIN. PURE 1.£AD THIS 

2 STRAP BRASS THIS 
ITEMS 2 AND 3 MAY BE .. OBTAINED FROM: 3 DEE RING BRASS THIS 

PARl<ER {TOGGLES) LTD 
PATCH PARK FARM 
ONGAR ROAD 

4 SCREW - Nt>.2 x 12 LG. PAN HEAD SB.F ,:AP STAINLESS STEEL THIS 

ROMFORD 
ESSEX RM4 1AA · 

2 MATERIAL OF ITEMS 2 AND 3 MAY ALSO 

DRAWN RC (MIIIICATES) 

'DalQAo.wlf«IG 

,Of,o K U$O 
t----+------1 ntnlWU'IOMIC --1----1------~ ~_,_ 

TOUl!Al!l:£S • !Sl.lflFACE; 'lfXIIIJ!E Rll1S!f 
It 111.5 ... ~ 

XJC :0..1 
ltJQ' ,t0,L'3 • ·eyt 

Mll:W U 

-~ fCU.C,.0 mc.c:ur.ai:rMl!DI lliUDaQMC ~crtRI nz311CU11,"'f 
-.ceaua. • "'1GU'kUIO,..IICNOIIDCllll~ • --t,.cn,. ff Mt'M:f'.W. 

l---4-----l*'co::ll••.u.111111W11WO IIW tlllll l'&Dt""°" WCPml f'OlrrimDf rr 
1:1 

"JKll'O ~ ~ ISSUE A , .. ,___,._ua. 
---1T 10 BS JOII 'llllE MOlllflED PLUG' 
IIIIDlfD.llotlS ,roll:AIED O ..,,..,_o_ Ho.-+----t 
DO NOT SCALE DAJE: 26/07 /04 

. uu ~m JDDul/ooi ~A3 ~~~ JB018/002 

OTY 

2 

SliT 1 
Of I 



'QCS JIWtJO S 
Hal 10 IIE um ,_ ____________ __, ""~ 
"""""""" 1-----1---------1 /,S-



.... . 

DltAWJI RC ('#Hll&\TD) Al'""""'1. ~ 1ni.aw,,ce; SUAfAt£ matJII£ FINlSII ~ = hi Tl•IIIDAOlr"NlblNJM-.orftCl'OCIS IIC 00,lnC'ftCffla • JIIQellD~ 

" 
m.-rauu. • • ou-~mtftll 1!1C...-utnt11111:11 r ~.GQO rur,arsc 

1.£111 " -,; ""' Cl.ENI ~.lltf ..... MlD1M1e1'ACllttlll•MISHlft't.,.,, 1IC.orc,:t;tf'OIQ.roll flr 

Clla:Kfll 
1Jltl~IS 

951' UIH. 1'1111£ JU &11.1 • lll!RO A/ICU, PACIBlllllM •. ISSUE A 1•1 UDfOa:IC' sraaco um. 
Jt11r1Dacmm IUX .fAOS n&f CONFDJUIO COl£lWLY 10 8S lOI CUP c Kfiiil. .... .....,_ V 

' --,.,,_ 0 
MO!> tla. 

DA Al'PRD~fD IJJil!SS!XlltD UICUS 4$ ,..,_ ADIO\'£ AU. BIIID1S • 00 NOT SCAlE O.\lE 2.8/117/0+ 
DA APPAO'IED 

ISO Tlill£l\DS: 6H 6 AIIO SHA11P m:!S UScD JBOIB/Olll ~A:S- DnG JBOl B/004" 
...,., 

Ulll.!SS DlllEJIYIISE SfAlEI> UNIB MIi ON 110. or , 



ERF # 836 

D IMENSIONS IN INCHES 
TQLEAANCES: 

FRACflONS :I: I /32 
X ± 0.1 

xx ± 0.05 
XXX ± 0.005 

Q . . 
,to NORJH AVE. BURUNCTOH. 1!.\ 01BD3 

DESCRIPTIVE 
DRAWING 

TITLE MODEL 424-9 SOURCE ASSY 

SHEET 1 Of 1 
SIZE DWG. NO. R 4 2 40 g 
A SCALE: NONE 

REV 
C 



NOTES: 
l. MATERIAL: 304L STAINLESS STEEL 
2. INTERNAL 'VOID VOLUME TO BE 0.010 ml,. OR GREATER. 
3. INNER CAVITY DIMENSIONS MAY VARY. METALLIC SPACERS. 

SPRINGS AND GUARDS WHICH SECURE AND/OR LOCATE THE 
RADIOACTIVE MATERIAL WITHIN THE CAPSULE MAY BE USED. 

4. MINIMUM WALL THICl<NESS TO BE 0.019. 

INITIAL RELEASE ~P,.4··,"'1~ 
.25~,L! .:?$ 

DESCRIPTION APPROVALS DATE 

REVISIONS . 

A 

LTR 

UNLESS OTHERWISE SPECIFIED: ALL DIMENSIONS ARE REFERENCE 

SEN'!IN.EL DESCRIPTIVE 
Amersham Corporatio_n DRAWING 

40 NORTH . AVE, BURLINGTON, MA 01 B03 

TITLE 875 SERIE$ INNER CAPSULE 
SIZE DWG. NO. R-875 
A SCALE: NONE 

11\INER REV 

SHEET 1 Of 1 A 



AEA TECHNOLOGY QSA INC. 
Burlington, Massachusetts 

Section 9. APPENDIX B - TEST DATA SHEETS 

TP 163 Reoort Rev l .doc 

Test Plan 163 Report, Revision 1 
April2005 
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lillA Technology QSA Inc. 
Bmlin.:,aton, Massachusetts 

TestPlan 163 
10/19/04 

. p.~~~ 
Checklist 0: Specimen Preparation and Inspection 

Step TP163(A) TP163(B) .. TP163(C) . 

1. Record serial number of shield 
container. 8 5.S- .Sr,J 8 855" SN 9 {Cj ,·, Sr,1 of3 

2. Record serial number of the :3- f • Bof . .:,"18 'i -1 .·11.rz · . 7l/O . . 
simulated source(s) g_-z. . . 7'1' • 7'-1(.,, . 7-Z .7 "'e, :71 f I 

8-s;~~~-- &'-.3 .73(,:. .. 73':" " ~-> .7T} 777 z. . ~ . 

Ce:,.J""~ ~ IN~ 8-Lf . ~&.ti .IDIPfo 9..-tf .823 . 9'35 
'1-S . 7/i·f .T.10 

~&,.6,CINS ~ '"TC P o:;:: 8-~ -78"!: :1~, 9-'- 7-1-t .741 
~~IOc; ,,;: ~f! ~-" .?f3 ,73'6 C,-7 . • 718 .. 72,S ... ' ' ,~I :7.sf :-/2..7 

"1t) . -n>f' ~ S,O...,,Ut:i' ~~~ .'7lf .,47 7-8 . 7Cz; . :1c¥-r J 

3. Record shield container weight. 
2-0L1 lb.s. .z_oC;, l bs t ?:,8 lb.s 

4. Record overpack weight. 74 ibs. 7Lf. l bs · 7ti (b.s 

5. Record added lead w~ight. 
1..b lbs .7-o I bs lb lbs; 

6. Record total package weight. 
2'i8 l!o.s 300 I h~ 2b3 /bs 

7. Axe all fabrication and inspection . 
records documented in 
accordance with the ABAT Q.A. 
Program (at the time of 

"'/6S V t=:.S YE=s. 
manufacture)? 

8. Does the test unit comply with 
the requirements of Drawing? Yt=.s v~s. Yes. 

9. Has the radiation profile been 
recorded in accordance with AEA 
TECHNOLOGY QSA INC. ·yts Y/3 Y~s 
Standard practice method? 

l 0. Is the package prepared for 
Y1:;s Y2=-s transport? y~~ 

Witnessed and verified by: Print Name: Date: 

Engineering: ~~ ..s 71$.Plfc,v ~,,_ +-.·re I-I "Z.I oc:r 2~4-

Regulatory Affairs: '1'~ 
laa-1 t'1' t> 'I} LA t.: c!). ( D 0/~ 6f 

. Q.A.: c. {lo?,~ C4.+hl{,"' Ruv3hu, a'\ I /Jlt oi/ 

\\-,....,.ffly , , ,. '"'n ,-.,,.t. rt'l'A\,-,,""''"' ·- .. "nt ·;. 'n . - ... . ,mn , ~-. ,nr,,,,.n,, . 'P"I '*°" 



AEA Technology QSA Inc. 
Burlington, Massachusetts 

Test Plan 163 
10/19/04 

Page28 of 50 

Equipment List 1:9 m (30 foot) Drop Test Equipme11t List 

Description 

1. ~ (-t:.k 'C" 

2. 
tHi:.~D.JPL-c v.J,f $-;iE. ._ 

3. (o - 2.:: Fl=/t...~":J:.) 
,-t::R..IQ.vc , • .) P-,@'-C...(-f 

J 
6-·Z..SO /r.k:.tfht!.S. 

4. 

5. 

Signature 

Completed by: S~t --, tz ~ ·W.'l...ar- .. ~ 

Model Number 
·.::bul,f-'"\ :tJ 
e ,i.,p. f'"f., ,9c:J # 

&r"7~A 

W' '"'"-' .4-l'V\S 
·g.,w . I 1"...C... 

Print Name 

3Ti5Rt~-...J ~~re 

Serial Number 
F\ t &, g,'i?3 

cN6··1"!... 

"1 '2oZ-S7'7 
S,•.J 18 Z. 

· Date .. 

I J ..:r/'-1N ""2..00£ 

,.· 

:: .... 

. ; .. , 
: .... 

. .·: 
:' · . 

. . · .. : 

. .. . . . . 
K:\TestPlans & Reports\TP163 (976 Type B Overpackfor redesi211ed;l911)\TP 163 DRAFT' Ii T.KP.rlnc 



AEA Technology QSA Inc. 
Burlington, Massachusetts 

Test Plan 163 
10/27/04 

Page29 of46 

... 

Checklist 1:9 m (30 foo_t) Drop Test 

Step Test Spe~en TF163(A) 

1. Chill the test specimen to a temperature at or below -40°C. 

· 2. Measure and record the ambient temperature. 11°c cs2°F) 

3. Lift and orient the test specimen as shown in the· 
referenced figure. Inspect the orientation set-up and 
verify the droi:, height. 

Figure 8.6.2.1 

4. Record thei.mocouple readings: 
The oater drum thermocouple reading was above -40°C prior 
to the drop test. Due to the thin material thickness of the steel 
it was not possible to keep the outer drum at or below -40°C. 
Th.e drum, lid i;lamp and drum bolt components are 
manufactured from stainless steel (plus a brass component in 
the lid clamp). These materials are notsusceptible to brittle 
fracture at cold temperatures, 1herefore the drum temperature 
above -400C will not adverse! affect the test results. ·.. '·· · 

6. ~ecord any damage to the tes~ specimen. 

Drum: Shield Container: 

. : ·:;·· 

. . 
The drum impacted as intended onto the clamp ring bolt directly above a side bolt. The bolt.on the clamp 
ring broke on impact. The drum lid and bottom rim -yvere crimped together and deformed inward slightly 
on Impact. The drum side bolts were intact. Minor scuffing and flattening of the drum side impacted. 
Drum thermocou le broke in dro • 

7. Engineering, Regulatory Affairs and Quality Assurance to make a preliminary assessment 
relative to 10 CFR 71. Record the assessment on a separate sheet and attach. Determine what 
changes, if any are necessary in package orientation for the puncture test to achieve ma'lcimum 
·dama • · 

Test witnessed by: Signature Print Name Date 

En~eerillg: -S' ~ ~ · 
Regalatory Affairs:A?O~ 

./'.w-.-/! 
Quality Assurance: !fj /~~'U7 

Sns?/hUv n,(U0.4,-ef 

L..~, 'POpiJL4,/:... 

Jl!nZY2.y lsc1tucf/.J:1i21P 

1 I J°-'IN '2-oo.S­

~ fJ.. ocf-CJ'{ 

/I Je:n 0~ 
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AEA Technology QSA Inc. 
Burlington, Massachusetts 

Test Plan 163 
10/27/04 

Page30 of46 

Data Sheet 1: 9 m (30 ft) Drop Test 

. . . 
Test Unit Model and Serial Number: Test Specimen No.: TP163(A) 

855 serial number 8 

Test Date: 22 Oct 04 Test Time: -12:15 pm Test Location: Valley Tree, Groveland, MA 

Describe set up: 

Package oriented'·as described in Test Plan.. Package orientation 45.5° _angle. Impact on lid.side. Impact on 
clamp ring bolt. Clamp ring bolt oriented ~hove lid bolt on the side .of the ~ marl~ed. "Left". . . · ·: · 

. . .... . . . • , . ·, .. '.·: . . .. .. · 
..... .. ·· 

• 'l : • :· • ' • • • ~ 

..... , 

On-site assessment: 
... ., . ! 

The bolt on the clamp ring broke on impact. · The drum lid and bottom rim were crimped together and 
deformed inward slightly on impact. The drum si_de bo~ts .we~e intact. Minor scuffing ;ind flattening of the .. 
drum side impacted. Driun"Thermocouple broke in drop. 

Basei on· dam~ge, determined to impact package on lid side, opposite the clanip tiolt for the puncture test. 
Intent to force the clamp ring off th~ drum in puncture drop. · 

,: · .. , ' ... . · •.: 

; . ··~.- . ..... . . '.·· .. ·. . ·:. •':' . 

·· . . .. ·. 

Descdbe anypost-te_st.clis~s~~mbly ~~d)nJjx{~tl~~: .. : 
\ •• : • ... : '/ • • ' • : : • • .. .. . : · • ::" ~ :· 1, • • = .. ~. 

Not ~pplicable, n.o disnss~l_y or inspediQn beyotJ,d Yisual. 
. . · .. · .. <-:-i<: . :_:·<.·<" .. . :\."_" ·.-. :· / ·:, : ·: ' ; .: . . 

: . ' •, .. : :· . .. .. :· ·.: : : :• : :. :: . . 
. ·~ 

•• •, 1". • : ;;. 
' ' •, . ·. 
~' . : : :··: · ... · - . 

·: • J 
. .· ·. . . -.,: ··. 

1s: i. . ·• 
• i.· • 

. '··:.::·. \ ..... ... : . . 
• i ·. . •• .. 

• • ... . . • .. :· ~ ·, :· • • • •• •,i- ' • • 

. ;:. :: : .... . ·~. ·-;: · .. : .:· 

' . . . . \ . . .. 
D~cn~e any ·change ·in so:wve p~sitiim: . Not ~e~.e~ Pack.age rem~ed in~ct for.Pµn~~e test;. ·'. ·· · 

. _·.-:,· __ .:· ·.,":,- ·>:. ::_./:":: . ···.:.· / ·:'·:\ '. ·;: :- ·. :. :; .':: .:\('./_:·_-... '.,·'.: \:_:.\<·"'\_)~:::· ··,. 

Descnoe results of.any pre- or post-testr.adiography: Not ~ppllcable, no interim radiography performed. 

Completed by: . .. , -7 ~-~ · 
S t:-r?-~- -f1''St;:; . ., 

Date: 

. T:\REGULATE\Old Regulate\WP\WORD\TypeB\976\TP l63 Test"Sheets·;doc . 

' . 



AEA Technology QSA Inc. 
Burlington. Massachusetts 

Checklist 2:9 m (30 foot) Drop Test 

Test Plan 163 
10/27/04 

Page31 of46 

Step Test Specimen TP163(B) 

1. Chill the test specimen to a tempera~ at or below -40°c. 

2. Measure and record the ambient temperature. 

3. Lift and orient the test specimen as shown in the· 
referenced figure. Inspect the orientation set-up and 
verify the drop height. 

4. Record thermocouple readings: 

5. Release the test specimen. 
6. Reco_):'d any damage to the test specimen. 

Drum: 

11°C (52°F) 

Figure 8.6.3.1 

Shield Container: 
_ggoc 

· The drum impacted as intended 180° from clamp ring bolt directly between two of the four side bolts. 
The drum and clamp ring bolts were intact. Some scuffing and flattening of the drum on the side 
impacted. Drum Thermocouple broke in drop. 

Based on d~e, determined to Impact package on . .lid.-~de, on· th~ ciiuiip ~~lt f~r th~-~-~~~-t~. , .... , . 
Intent to force the clamp ring off the drum in puncture drop. · · . · · 

'zl • •. • • I 1 , • • ' • I ', .' ; '• . i , , : ~ 

7. Engineering, Regulatory Affairs and Quality Assura.uce to make a preliminary assessment 
relative to 10 CFR 71. Record the assessment on a separate sheet and attaoh. Detennme what 
cbahges, if any are necessary in package orientation for the·pUtU?,ture te,!lt to. a~~w..max:imt.µn 
damage. · · · · ,·· · · · · · · · · · · · · · · · ,. 

Test witnessed by: Signatbre PrintName Date 

Lcn21" fo'l)t,<-4~ ~ acf-,.,y 

Quality Assurance: Je'r~ /3e<,uch.dn-.,,p JI ~'n a~ 



AEA. Technology QSA Inc. 
BUI!ington, Massachusetts 

Test Plan 163 
10/27/04 

·Page 32 of46 

Data Sheet 2: 9 m (30 ft) Drop Test 

Test Unit Model and Serial Number: 

855 serial number 9 

Test Specimen No.: TP163(B) 

Test Date: 22 Oct 04 Test Time: : ... 11:15 am Test Location: Valley Tre,, Groveland, MA .· . .. . . .. 

Describe set up: 

Package oriented as described in Test Plan. Paclmge orientation 17.5° angle. Impact on lid side . 

. , ... . 

On-site 'asse.ssment: 
.· . ·.' .. . · .. 

The drum impacted as intended. The drum and cl;unp rfng bolts were Intact. So.~!! scuffing and ~att,ening ~f 
the drum on the side impacted. Drum Thermocouple broke in dr~p. .. · · · · · · 

Based on damage, determined to impact package on lid side, on the clamp bolt for the puncture test. Intent to 
force the clamp ring off the drum in puncture drop. · 

.... . ~ : . . . 

. . .. . . ..... , . . 
Descnoe any .post-~~st di~a~~eF!~ly an~ in~ctio~:. . : ; ' :,<·' .. / . .... 

: • ' • • • ' • • '•• ' • • • •:,, .'.i•,;, :, ·,,, • I .... • • '.'• : 

Not applicable, no Qisa;B~embly .o:r ~pect:Jo.n bey~n~ ~sua(.:· .· ,.: .. · · · ~· . . .. . • .:. ..ff . ..• ... .. . .. . . .. .. 

. ... . . . . ,• ... ... . ..:· . .'· ' .:·: ·. :, \: 
. ... . ;. : : . . 
. . . . : 

. : ·:· 
-~ ... :;.·· ';_:\ :.· ... \. ·_.: .. : :· ·: . 
·.:-,, "> • 't j ::' ' ', I ' ' : •' \ .. .:, ,: 

...... ~. \ .' ' . . . .: .. .. · .. ·· .· 
: . . '•: : ~ 

Describe atiy change in source position: Not assessed. Package remained .intact for Puncture test. 

Describe results of any pre- or post-test radiography: Not applicable, no interiilfradiography per formed. 

Completed b~~~ -~ 
oJ 

Date: 

T:\REGUIATE\Old Regulate\ WP\WO~\TypeB\976\TP 163 Tes~ Sh~~ts.d~c 
. ... . .. . .. ... .... .. . ... ...... .. ...... ....... -··· ... 
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Step . Test Specimen TP163(C) 
. .:_. . . 

1. Chill the test specimen to a temperature at or below -40°C. 

2. · Measure and record the ambient ~empera~. . : .. . . . 

3. Lift and orient tj:l,e te;st specimen as shown in the 
referenced figure. Inspect the orientation set-up and 
verify the drop height. 

4. Record thermocouple readings: 

5. Release the test specimen. 

6. Record any damage to tjle t!'.St specimen. 

Drum: 
-72°C 

11°C (S2°F) 

Figure 8.6.3.1 . 

Shield Container: 
-85°C 

The drum impacted llS Jntended 180° from clamp ring bolt directly onto a ~de bolt. The drum and clamp 
ring bolts were· intact. Some scuffing and fiatteningl:if the drum ·on the si~~ im.pacted. D~ · ·· ·· · 
Thermocouple broke In drop. ._::.·· :•· ·.·: · · .. .-,,. ,,.,; !' ·.: · .. , .. ;,, ·, ·' ' · :·, ·· ' ·· 

7. Engineering, Regulatory Affairs and Quality Assurance "to make a prelinrinary assessment 
relative to 10 CFR 71. Record the assessment on a separate sheet and attach. :betemrine what 
changes, if any are necessary in package orientation for th~ puncture test to acbieve.~um . 
damage. . . · · . · ,.,, · · · · · , . · · · · 

Test witnessed by: Si~atur~ 

Engineering: S.- .:~,f;: . 

Rego.Iatory Affairs: ~ ~ . 

Quality Assurance: {IJ,/!;,1a. 

Print Name 

I 

c/e~ .&~lA~"f 

Date 

. I I :;:J71,,.l·~ ... t-::;-

d-G- 0 c-f-o i 
11Ja.11 oi;" 
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Data Sheet 3: · 9 m {30 ft) Drop Test 

Test Unit Model and Serial Number: 

1911 serial number 013 

. Test Specime~ ~o.: TP163(C) 

Test Date: 22 Oct 04 Test T.ime: - 11:45 am Test Location: Valley Tree, Groveland, MA 

Desonbe set up: 

Package oriented as described _in Test Pla11. Pa~_ge orientation .i 7.5°. angle. Impact on lid side • 
. ;' :.: \: . 

; ,• , ' t •,, •.• 

.. ·~· 
On-site assessment: 

The drum impacted. as intenqed. 'fl:le drum and cl~p r.ing b~lts were int:tct. Some scuffing nnd flattening of 
the drum and clamp band on the side impacted. · · · ·' · 

Based on damage, determined ~o impact package on lid side, on the clampJ>olt .for the puncture test. Intent to 
force the clamp ring off the drw;ri iJ1 pun~tur~ dri,p. . . ; · · : ·. · :, · 

.· . . ': ... · .. :.:: · .. '. .' : . .. ~ ... . .. . . .. . . ,: . ·. ; .. ,, . . .. :.~-.· .. ~. 
. . . :.,> . . ·.: . . · '. :' · .. ··· .:: .... ~ i ~ :. • • i , ! ··. ~. . : • ··, 

,. ,' i({:':\<£:'};;-.\.~;'. • t : > i>. i·:· ·??c, -: .·· ·· ···· · · . 
i . . . . -; /.' : < ; : :\. ' ··.·· . ' >} 

Tu~·-g· -~-_:; :,;-.. ~;Lf,~;~~,:-.. ~~ .. ;.f1$ 
I {J ••• 7 

Descn'be any post-test disassembly and ~ctio~: 
• , " 1 

. .... . . ·. 
Not applicable, no disassembly or inspection beyond visual •. 

. •. ' r ,. 

Describe any change in source position: Not assessed. Package remained intac~ for Puncture test. 

Descdbe results of any pre- or post-test radiography: Not applicable, no interim radiogr~pl:ty performed •.. 

Completed by: -S ~~ ~t::;:,·. Date: 

f:\REGULATE\Old Regulate\WP\WORD\T.yp~~\976\TP 163 Test Sheets.doc .. '. : · .... '' .. .. .... . ' ... " .. .... ' .... ...... .... - ....... ... ... -~ 
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Checklist 4:Puncture Test 

Step Test Specimen TP16~(.~) 

1. Chill the test specimen to a temperatur~ at or below -40°C. . 
The outer drum thermocouple reading was not measurable prior to this test but was above -400C based 
on its temperature prior to the. , m dr9.p t~. Due to the thin material thiclmess of the steel it was not 
possible to keep the outer drum at or below -40°C. The drum, lid clamp and drum bolt components are 
manufactured from stainless steel (plus a brass component in the lid clamp). These materials are not 
susceptible to brittle fracture at cold temperatures? therefore ~e drum temperatur.e above -40°C will not 
adversel affect the te t results. · · · · · · · · · ' 
2. Measure and record the am~ient temperature. 11°C (52°F) 

3. Lift and orient the test specimen as shown in the 
referenced figure or as determined following the · 
previous test. Inspect the orientation·-set-up and 
ve · the dr height. 

Figure 8.7.1.1 

4. Record thermocqup~e ~eadings: ... ,, ,, .. .-. . : ·v . 

5. Start video recorder. 
:' 6. Release the test s ecim.en. 

7. Record any damage to the test specimen. 

Drum: . 
Unable to Me~e, 
thermocouple broke 
in 9 m dro test. · 

Shield C9ntainer: 
. • .. -&3.~.~~ · . . 

Upon impact the clamp ring came off the drum. The bolts holding the drum lid to the drum base 
remained intact and the lid remained In contact.with the drnm base after the drop. The shield container 
tem erature after the dro was -82.2°C. · 

8. Engineering; Regulatory ~s ari'd Q~ty . .Assuranc.~ ~ preliminary asses~~ relative, to 
10 CFR 71. Record the assessment on a·separate sheet and $ch. Petern:J.ihe. w.hat_c~ges, if 
an are necess · to the Test Plan. 

Test witnessed by: Signature Print Name Date 

.Engineering: S'.~-µ 
Regulatory Affairs: ~ V ~~ 
Quality Assurance: /Jj~ >(J 

~ I f>1, ei:> t_ A ie_: . · Jd- Def-. O'j 

~e~ l3ea_ucha~ /:J.J;n ~b--

..... .. .. ·- ... . - .. .... . . ... . ... .. . .. .. -...... ·- .. ' ;,.:,n-6roTT ,i "M:1\1"\t:.a n~-·1 ...... \'tllrtl\Tlrl"\Ol"'\\'T'.-0'0\ 0'7.c\'T'D ,.c::i 'T'M• l;Tl., __ ... ~--
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Test Specimen No.: T.P163(A) 

Test Date: 22 Oct 04 Test Time: ... 12:30 p.m Test Location: Valley Tree, Groveland, MA 
) . . ~ .. 

Descnoe se; up: · .. ::. 

Package orientation 45.So angle. Impact on lid side opposite·the clamp ring closure. 

, ... 

•:. 

On-site assessment: 
. . 

The clamp ring was removed from the drum on impact. The bolts holding the drum lid to tb.e drum base 
remained intact and the lid remained in contact with the dmm base after the drop. The shield container 
temperature after the drop was ~2.2°C. · : 1 • • · 

· ... . . . . .. . . ... . 
.· :,.· :. . . . '• .:.: 

' • , , I • . . : ; . .. . .. . . ..... ' . . . .. . 
. l: '' ;, ·. . : : . . .' . J • • '. ~ ••• ! . 

. ... . . .. . ,'. \ 

. . ; •. ~. . · : 

. ~ .. 
: ' , . • 1 ': . . ... ,. 

Engineerinil: ,§.~ ,; ; ' , ~~\~ 282~ :,' ; QA.,··~· ... ,::. · 
. • :, • • ' '•, ... . • : : :, ·~ .•• • ~ •:•. . • •• • • \:: '±<.: .. • ·/ • '' - • . 

.QescnlJe im~;~~:-test_di~~~~l; ?lldhlsp~~~~: . .. . : :.:,,/;.:;;;.::_:: .. \ ,'._ .. \ .· '. · ·, )'.: ·..:" .'·_.:!.' ···:· (./... :;.;· :: .:./'. . . 
. . . . . . . .. ·: : · .. . ,.· .. . . . . . :: . . .. 

The top of the drnm was lndent~d 1 % inches deep by. J.1 Y3 i.Qc~~s "Wtde.. The bottom of the drum.·;~s · ~ .. 
indented less, only 7 in.ches wide. The drum was _intact without ~!1-Y ~ir gap. (See TP163 Pre ~d ];'ost T~st 
Specimen and Source Measurement). · :' · ·: · :·: · · .·.(:1 .' • 1· ·: · .... :· .: .. · · ! · ·· · · : · . . . . . . , . . . . . :.. . .·: : ' ·.. . . 

. . ~ ;' ' .. : . · . 
. ·. ·· .. 

•• ,t.. ••• • • • 
! .. 

. ·. . ·\ ~·:.:.: .. . ,.:. : ·.,. 
Describe any'cbange.in somce.positj.on.: .. , ... :· ·.; .,.. ·.'; · 

All of the soUl'ces ;i~:~·:~:~~~: otjginal positions. Th:~,~easured source movement was 0.001 
inches to 0.011 inches (See TP163 Pre an<I; Post Test Specimen and ~onrce Measurement). 

: .. : ., ... . ' . . 

Describe results of anr _?,re- or post-test radiography: 

No radiography was performed. 

Completedby: .S~ ~ Date: 

T:\REGULATE\OldRegu.J:ate\WP\WOR.P~':typeB\9.76\TP.163 Test Sheets;doc· · ....... ·· · ··· 
, ... , , , . .. . . ......... .... . .. ..... ........ . . 

.. . .. . ...... .. . .. . . ' -·· .. ' ... 
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.. 

Checklist 5:Puncture Test 

Step Test Specimen TI'163(B) 

1. . Chill.the test specimen to a temperature at or below -40°C. 
The outer drwn thermocouple reading was not measurable prior to this test but was above -40°C based 
on its temperature prior to the 9 m drop test. Due to the thin material thickness of the steel it was not 
po,ssible to keep the outer drum at or below -40°C. The drum, lid clamp a.nd ~rum bolt components are 
manufactured from stainless steel (plus a brass component in the lid clamp). These materials nr.e not 
susceptible to brittle fracture at cold temperatures, therefore the drum temperature above -40°C will not 
adverse affect· the test results. · 
2. Measure and record the ambient temperature. 11 °C (52°]) 

3. Lift and orient the test specimen as shown in the 
referenced figure or as determined following the 
previous test. Inspect the orientation set-up and 
veruy·the drop height. 

4. Record thermocouple readings: 

5. Start video recorder. 

6. Release the test specimen. 

Drum: 

7. Record any damage to the test specimen. . 

-1.S°C 

Figure 8.7 .1.1 

Shield. Container: 
-89°C 

· First drop hit slightly below the bolt. Re-dropped 11. second time, same orientation. Second drop hit as 
desired. Side Indent to drum. No break 'in cla bolt or side bolts. ~~=~=-------------1 

8. Engineering, Regulatory Affairs and Quality Assurance make preliminary assessment relative to 
10 CFR 71. Record the assessment on a separate sheet and attach. Determine what changes, if 
any are necessary to the Test Plan. 

Test witnessed by: Signature 

C-'. '--:7. _,!; 7 Engineering: ::::::,. ,~'-e. 

Regulatory Affairs: ~ ,;;,LJ?,..,,,{J_ 

Quality Assurance: . fj'4~ 0 

Print Name Date 

.. • O O O > • > <>• .. " ~ · • • > MO • • ' 0 " ' ' ' 
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Test Unit Model and Serial Number. 

855 serial number 9. 

Test Specimen No.: T.Pl63(B) 

Test Date: 22 Oct 04 Test Time: -11:30 a.m. Test Location= ValleyTree, Groveland, MA 

Describe set up: 

Package orientation 16°_angle. _Impact on lid.side on the cl~ ring ~olt. 

On~site assessment 

. . . . .... 

. ' -. . . .. 

• ,• '1 , 

.... .. 

.. ' . .. .. 
l .. .. . . 

,·; .. :.\" . 

The clamp ring bolt. and the bolts holding the drnin lid to the drum base remained intact. . 

• • •• •• • • ': .:. : • • t • 

-.~ .. · . . . .. . ' 

.. • . ; · .: ... .. ·· . .,.; _: . : ·:., .. . . ' ', .. .. . : . . . • ! ·t: 

· .. : .. '· . / '·. ·. ·, : .. · . . ..... . : .~::: ·;: .':: .:.:.· .. ::,>:.-~ ..... . · 

Engineering: S.~ 

: ;· ·~ ... : ··.-~·:···:_: · . •.. . . '· ·. .. . ... ·:: ·. ·.' : _!: •· 

Re~rory: LQpt~~ , Q~01~;:,;:~;{I 
~ ........ r,:, ... ... ·· /.I _, •. , '• 

·V. . . , ... , ·// ' .• . •. , . . .. . 

Descnbe anyposMest disassembly and inspection: '. ·:: · .. ·_:.:.· < /\V._ .. :<~.\·:/:;::·:: : .. 
The top of the drum was indented% inch deep by 9 inches wide. The b(!ttom ofthe .. dr~.1r~s ,· . ;, _'. 
indented similarly. The drum was intact without any air gap. (See TJ.>.1.?3 Pr:~ aii~ J,>Q~t '.l;tl.~t.\/: · ··:..:· · 
Specimen and Source Measurement). . _:. :: <"· ._:- ·· . .- · .:. \;{:,-:, .,, ··/ :/ .. ·,·_: ·. · 

. :: \?\/ ·i ... · .. :. ,, :::: ::_;,:_··.'. \-;'.;:-'·/\.:;': :t' . 

Describe any change in source position: 

All of the sources remained in their original positions. The measured source movement was 0.001 
inches to 0.013 inches (See TP163 Pre aJ1,d Post Test Specimen and Source lVIeasm·ement). · 

Describe results of any pre- or post-test radiography: 

No radiography was. performed. 

Completed byL-...... J _ ___, --7 .;:-, s~,_- ~- Date: 

T :\REGULATE\Old Regg.late\~\W.Q@\'fypc$\976\TP 163 .TestSheets.doc . . . " ....... . ... ...... .. .. .... .. ... . .. . . . 
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.•. 

Checklist 6:.Puncture Test 

Step Test Specimen TP163(C) 

1. Chill the test specimen to a temperature at or below -40°C. · 
The outer drum thermocouple reading was above -40°C.- Due to the thin material thiclmess of the steel it 
was not possible to keep the outer dnun at or below ~0°C. The drum, lid clamp and drum bolt 
components are manufactured from stainless steel (plU$ a brass component in the lid clamp). These 
materials are not susceptible to brittle fracture at cold temperatures, therefore the drum temperature 
above -40°C will not adverse! affect the test resnlts. · 
2. Measure and record the ambient temperature. 11 °C (52°F) 

3. Lift and orient the test specimen as shown in the . 
referenced figure or as determined following the 
previous test. Inspect the orientation set-up and 

· the dro hei 
4. Record thermocouple readings: 

5. Start video recorder. 
6. Release the test specimen. 
7. Record any damage to the test specimen. 

-22°C 

Figure 8.7.1.1 

Shield Container: 
-89°C 

Hit as desired. Side indent to· drwn and rim. ~o break in clamp bolt or side bolts. Final temperatures: 
855: -85°C; Drum: -3.2°C . · 

8. Engineering, Regulatory Affairs and Quality Assurance make preliminary assessment relative to · 
10 CFR 71. Record the assessment on a separate sheet and attach. P~rmine what changes, if 
any are necessary to the 'l'est Plan. 

Test witnessed by: Signature 

Engineering: S, ··-7i,~Q. 

Regulatory Affairs: /9 A-.f?.& 

Quality ASmrance: fJ&,:u;, 0 

Print Name Date 

S11!-P 1-fiYJ fi,,tlts.rc:. -

(__0-(1..1 :Pou'l)l-4~ 

J~x, a~kattp 
;J.;;>._ 0 ,:f-0 1 

) 1JcP-n ·tJ ~ 

. .. ... . . .... . ·- ... ' ... ... . ..... . . 
:\REGULATE\Old ReEulatci\WP\WORD\TvrieB\.976\T.i?. 163 Test ·sheet.c::ii,:;~ .. 

' . .... ... .. ....... . 



ABA Technology QSA Inc. 
Burlington, Massachusetts 

Test Unit Model and Serial Number: 

1911 serial number 013 

Data ~eet 6: Puncture Test 

Test Plan 163 
01/11/05 

Page 41 of46 

Test Specimen, No.: TP163(C) 

Test Date: 22 Oct 04 Test Time: -12:00 p.m. Test Location: Valley Tree, Groveland, MA 

Describe set up: •• • ! '• 

.. . ~ 
Same orientation as 30 ft drop. 

.. ..... 

On-site assessment: 

The cl:unp ring bolt and the bolts holdiD~ ~~~Ii~ .~o th~ dr~ ba.se r~~QJ.ed. intact. ... 

• · · : i •• 

,, •. : 

. .. .. .. :, 
. . . . 

• •••• ,. , •• i , 

:· : . 
. .. .. 

.. . . . . '. .... •. . . 
. ·:· .: ·. . . . . . . :·. : , ; · ·· .. ··.:- : 

. . ,:. ~ . . : ' . ·: .··· . .... . . 
. . '. ·. . : . .... : .. '·.: .'·... . . . . ,• ... . : . 

. .. ·. · 

. . . : . • 

. ~ . 

! .· . • .. 

\• :· 

. :·.:· ·. . :. -.;' . .. ... :: " ... "/:: _··::.-·.-'.·:'/ ·. ·~· : 

~: ·s ~-:~<'i~;.~: .. Q.' 'l:,:~lf·iJ iflt-::vfl'I: . · .) 
. . ~ ·. . . 

V .• 

Describe any post-te~~ ~sa_~etajlly and.inspection:. . 
. . · .. ' . : ·. . •:. -::-. . •, :··: ·. . ., ... 

···:. : . . · .. . 

The 'top of 'the drum was inden~e~ %° inch deep by 10 % inches .wide. The bQttO~ or 'the drum was 
inden~d less, only 9 Inch.es wid.e. The shield container cover was unbolted, removed and.the insert 
plug was re~oved. .. The_~d~g~p:so'!]l"~~ .~~tive) were P.hotographed ~ th~ ~damage~ sbi~d 
cavity. . . .; · · ' · ·, · · · · .... ·. · - · ... · . . · ·. · 

Deson'be any change in source position: 

None. The sources w.ere still c~mtained within the shield cavity. 

Descn"be results of any pre- or post-test radiography: 

No 1·adiography was performed. 

Date: 

T:\REGULATE\OldRegulate\WP\WORD\TypeB\976\TP 163 Test Sheets.doc .. ... ............ . . ··- " " ,_ ................ "--·······" ........ .. ··- ... ... ., ...... ···- _,, .. .... ... . . ...................... -........... .... . 



Test Plan 163 Pre and Post Test Specimen and Source Measurements 

Sources positioned in Model 855 Source Changer with connector grooves turned inward . 
. Measurements in inches, from the top of the lock funnel on the outside,· 

to the top ot the source connector. 

Model 855 Serial Number 8; TP163(A) 
Source & Pre Test Height Measurements 

Lock# First Second Average Post Test Height Difference 
1 0.801 0.798 0.800 0.789 -0.011 
2 0.746 0.746 0.746 0.745 .-0.00"1 
3 0.736 0.739 0.738 0.733 -0.005 
4 0.664 0.666 0.665 0.669 0.004 
5 0.785 0.791 0.788 0.777 -0.011 
6 0.743 0.738 0.741 0.731 -0.009 
7 0.732 0.727 0.730 0.729 -0.001 
8 0.745 0.747 0.746 0.741 -0.005 

Model 855 Serial Number 9; TP163(8) 
Source & Pre Test Height Measurements Post Test Height Measurements 

Lock# _First Second Average First Second Average Difference · 
1 0.742 0.740 0.741 0~741 0.741 0.741 0.000 
2 0.708 0.711 0.7"10 .0.70"1 0.711 0.706 -0.004 
3 0.777 0.777 0.777 0.779 0.774 0.777 -0.001 
4 0.823 0.835 0.829 0.807 0.820 0.814 -0.016 
5 0.764 0.770 0.767 0.760 0.759 0.760 -0.007 
6 0.741 0.747 0.744 0.745 0.740 0.743 -0.002 
7 0.718 0.725 0.722 0.724 0.727 0.726 0,004 
8 0.791 0.794 0.793 9.,676 0.683 0.680 -0.113 

Model 1911 Serial Number 13; TP163(C), sources placed loosely in shield container cavity. 
Source #·Pre Test Post Test · 

1 Located in shield container cavity Located in shield container cavity 
2 Located in shield container cavity Located in shield container cavity 

976 Type B Package Overpack Drum deformations: 

TP163(A) 
TP163{8) 
TP163(C) 

Pre-Test Post-Test Post-Test Post-Test 
Top Tap Top Bottom 

original ·indentation indentation indentation 
diameter depth width width 

19.25 1.75 .11.50 7.00 
19.25 0. 75 9.00 9.00 
19.25 0.50 10.50 9.00 

TP163 Manufacturing Records.xis 1 i -Qi -05 
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This document describes the mechanical test plan for the Model 976 Transport Package 
with the Model 855 and Model 1911 Shield Containers to meet NRC requirements for 
Type B (U)-96 packages as described in the Code of Federal Regulations, 10 CFR Part 
71. ·The test plan also covers the criteria stated in the IAEA Regulations for the Safe 

. Tr~spori;! pf Ra~oactiv.e.,1\tiateri~, N,:~- _'~S.-R :-1, 1996 :Editi.on, ~evised) . . . 
. · ,: . '• ··.:•i. . . . .. 

Th!:l Modei_ .976 Tr~port Drum is. designed to transport various famili,es of projectors, 
changers and transport casks. These include the Mod~l 85.S: Source Changer, Models 
3018 and 3056 Source Changers, Models ~015 and 3078 Shield Containers and the 
Model 1911 shield container. · 

The Model 976 Transport Package has been tested previously in Test Plan 90. During 
the test several 976 Transport. Pac~ge!l,. were .. ~9pped.co¥t~g JY.!:dclel 855s, and a 
Model 3056. ·. : · · ·· · ·' . . ... · .. ·' · · · ... ·. · 

.. · ·:.. .. . .-:"'ii .·· . . . 

.... This test pl~ ~co~b~at~s a':in~dtiication:t~.the:~~-lid atta.cinnent method (e.g.\dded 
bolt attachments). Though the Models 3015, 3018~ 3056 and 3078 will riot be retested in 
the modified package, their use in the modified package will be assessed in Test Plan 
Report 163. · · . · . · . · ,. · .. ·, . : · · 

This Test Plan 163 will expand on the Test Plan 90 testing. The Model 855 will be re­
dropped at a 45° angle which was the most damaging under Test Plan 90. In addition 
the Model 855 and the Model 1911, which was not tested·previously, will be dropped at 
a 17.5° angle based on information. contained.in NUREG/CR-6818. '· 

This document describes the test package specification,· testing equipment, testing 
scenario, justifies the package orientations for the different test specimens, and provides 
test checklists to record essential steps in the testing sequence . 

. :' ',,: 

. : .. .... : : .... '. · .. · . 
.=. · .. 

.:.: 

, } :1 .• : 'i : 

.J 
... 
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• JA?'A TS-R'..J, paragraph 220 & 807) . ··:· 
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: . . 

~ ·. :: ... . : . :'. 
· . . i: :· .. 

The 976 Transport Drum consists of an open head staiDless steel c1rtiiri with a high 
density cork liner. The lid is secured with a stainless steel band clamp as well as 4 bolts 

· ... ,·, throu,gh the side of the drum _into ~eaded'bl.ocks welded to the lid The 'ilrrangement of 
the ·cork liner will vary with respect to the type ·of package being transported withln the 
drum. Specifics on the base container follow: .. : : · · .. · · · 

. DRUM 
· • Manufactured of 16 gauge 304 stainless steel. ···.· 

• All seams seaj welded against ingress of fluids. 

. . . . . ... 

• . ~ides re-enf()fced.wi1h)Y(O (2) % t9 1-inch outwarq. side ribs. · . 
• . , In accordance \vi~ (JAW) R97608 Rev B (see S~tion 10· f9.r;,:~fe~;nced drawing). 
~ 20 gallon qapacity: · ·. · · .. ;, ·:' .. ; . ·:, · 
• Lid modified with 4 bolt blocks and drum modified with 4 bolt holes to secure the lid 

(in addition to the clamp band.) · .: · .. 

. . , ... : .. ; :;_ : .' . : .. 

'i ... ··: ·.r. . .. : j; •. •. ! . · . •. 

CLOSURE BAND ' . : . . .. .. :.· .·. 
• All stamless steel construction. 
• Stainless steel closure bolt. 
• Brass swivel nut. , · . 
• IAW dra~ RCLM009 R,ev B(see Section lO for referenced. ~~wing). 

•' . i·: 

LINER 
• Medium-high density cork (17 lbslft3) manufactured from medium size granules with 

a· resin binder and bonded with mea formaldehyde resin. 
• The liners are formed and cut to block and brace the various packages within the 

drum. 
• The standard liner is designed for the Model 855 family. This liner is present in all 

drums and is :manufactured to R97615 Rev B and R97616 Rev B. The remaining 
families of devices have supplemental liners that provide additional blocking and 
bracing within the cavity formed by the standard liner. 

• The supplemental liners for Model 1911 are manufactured to R97623A Rev 1 and 
R97637 Rev A. 

• (See Section 10 for referenced drawings). 
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The source changers and shield containers. to be tested. within the .97 6 follow: 

Model 855 Family Source Changer 
• The units ma,nufactured comply with R~5590 Rev G (See Section 10 for referenced 

draw~ng). · . · · .· 
• The maximum capacity Qf the device is 1000 Ci of Ir 192. 
• The·max.imum weight of the unit is 225 lbs. 
~ . 'I'.h~ depleted uranium shield is saucer shaped and contains eight (8) titanium source 

tubes. The tubes are welded at the distal, end into a titanium.. disk imbedded in the . . .. . . .. .. . . . 
shielq . 

. • The shield J.S encased by a welded, carbon steel cylindrical ~hell. Smaller cylinders 
support the shield. within the outer weldment. The interstitial space is filled with 1S­
lbs./ft3 Polyurethane foam. All depleted uranium/steel interfaces are separated by 
copper sheeting to prevent formation of. the eut.ectic, dupng ~xtreme thermal 
conditions. .. 

• ·The sources are retained within the device by a sliding lock assembly. The lock plate 
directly actuated by the plunger type lock, captures either the spiral wrap of the 
teleflex wire or the stop ball, depending on the source design bell!-g transported. The 
plunger lo9k-is constructed of brass, the locking body and. sli4e are carbon steel. The 
lock assembly is secured ta the top plate of the weldment by four C 4) steel screws. 

• · The cover of the container, which is bolted to a ring. welded to the top of the 
cylindrical weldment drirlng transport, consists of a plate with a small cylinder 
welded to its underside. During transport, this cylinder stops the slides from 
withdrawing by preventing horizontal movement of the locks. Additionally, the 
~ources are retained by a cap, which threads onto the lock assembly over the 
proximal end ~ the source. 

Model 1911 Shield Container 
• The maximum.capacity of the device is 700 Ci ofir192 or 350 Ci af Irl92 depending 

upon the inserts used: · 
· 700 Ci: Depleted Uranium inserts, 20046-10 Rev land 20046-11 Rev 1 (ma..x 

weight 12 lbs) used to transport sealed sources. This heavier set of inserts will 
be used in the drop test. 
350 Ci: Lead inserts, JB018/001 Rev A (max weight 9 lbs) used to transport one 
sealed source inside a source holi:ier. 

• The units manufactured comply with 20046M Rev A (See Section 10 for 
referenced drawing). 

• The maximum. weight of the unit is 184 lbs. 
a The unit is a lea,d shielded, steel encased cavity into which sources and/or additional 

shielding inserts can be placed. 
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The purpose of th.is plan, which was developed in acc9rdance with AEA Technology 
QSA Inc. Engineering Work Instruction Document Number E-1808, is to demonstrate 
_that the Model 976 Transport Drum, meets the Type R transport package test 
requirements of 10 CFR 71 and the IAEA Safety Series No . .TS-R-1. 

The tests for Normal Conditions of Transport (10 CFR 71.71), the compression test, 
penetration test, and 1.2 m (four-foot) free drop test, will not be performed. due to 
previous ~esting in TP90 of this overpack design conta:inmg the Model 85~, the largest, 
heaviest shield container to be transported in the 976 Type B Package. Compliance for 
the modified pa~age will be assessed in the Test Plan R:eport. 

Water spray preconditioning of the package-is not performed. The Model 976 Transport 
Drum is constructed of waterproof ma,terials throughout and while it contains cork liners, 
no damage or degradation is expecte.d in the short term from exposure to water . 

. . : 

··The Hypothetical Accident Tests (10 CFR 71.73) to be performed are the 9 m (30 foot) 
free drop test, puncture ~est ~d the thermal test•will be assessed if needed. 

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 immersion test and all other conditions specified in 10 CFR 71 will be separately 
. evaluated in. the Test Plan Report. 

:: 

:• •. 

: . . 

I• 

; ., . 
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Section 4 Discussion on System Failure Modes of Interest 

,. 

4.1 ~neral 
The location of the source relative to its stored position in the shield is an 

. important safety element. Displacement of th~ source from its original stored 
position or damage to the shiel(~ould elevate .. the dose at the surface of the 

· package above regulatory limits. · · · · ' · · · · · · · ..... ·0 ; 

• • • • : • • t • # . 

The 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. · · · . . . . . . . 

, There are three possible mecbanjs~~ to ca~e ~ese typea of failµres: 
:• .. '. . ,• . ·. ·: . . : 

a) The shield container could 11hift withm the ~verpack drum if the cork inside 
is crushed and/or burned away allowing the shield container to move within 
the drum overpack, increasing radiation intensity to one side of the drum. 

b) The shield container could leave the overpack droin if the drum clamp band 
broke and the lid retention bolts broke and the drum lid came off. 

c) The shield container co~ld be affected by the thermal test (particularly if the 
overpack drum breaks open during drop testing). 

These ~e meclumi~ms descn'bed above may occur lim:tultaneously. 
' ' . ~ . . : . . . . . 

4.2 Normal Conditions of Transpo~~ 

4.2.l To be assessed in the TP163 Report by comparison of the .revised drum lid 
.closure and .l\J~el 1911 to previous tests µi TP90. 

4.3 · Hypothetical accident Conditions of Transport. 

4.3.1 Failure of the drum to adequately protect the shield container from the shock of 
· the impact thereby causing displacement of the· source and/or shield by 

mechanism 4.l(a), 4.l(b), and/or 4.l(c) res~ting in a dose .rate increase above 
the allowable limit. · · 

4.3 .2 Failure of the drum. to adequately protect the. shield container from the shock of 
the impact combined with failure of the of the unit itself and the failure of the 
drum to remain intact, causing exposure of the either cork or shield containers 

. within the drum. If this happens during the 9 m drop, then the puncture test will 
attempt to inflict damage t~ shield container components to release the source, or 
damage the encapsulation of. the shield. Degradation of the cork and/or 
melting/oxidation of 'the shield in the subsequent frre test co~ld then result in 
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displacement of the source and/or shield as described in 4.l(a), 4.l(b), -and/or 
4.l(c) leading to a dose rate in~rease above the allowable limit. 

4.3.3 Previous testing in Test Plan 90 revealed that the heaviest package configuration 
containing the Model 855 shield container dropped from 9 m at angle of 45 
degrees could impact with enough force to break the drum clamp band spot 
welds. The drum clamp band then separated from the drum. The drum. lid did 
~ot separate from the drum,' however, as it ,wa,1:1. crimped to the drum by 
deformation and the shield co~tainer stayed within the drm;n. Whlle it could be 

. · ~ssessed that this d~ge_d s:onfiguration would still pass the thermal test, it was 
decided to reinforce the.lid attachment. '!'.bis was done by welding four threaded 
·blocks to the underside. of the lid which engage four bolts inserted through holes 
in the .side of tq.e. drum. T,he model 855 with this modified lid design will be 
dropped from 9 m at an angle of 45° (e.g. the same configuration that was drop 
tested :in Test Plan 90). · Both the model 855 and model 1911 package 
configurations will be dropped from9 mat an additional shallow angle of 17.5°, 

. as this .. was d~monl!!trated by Lawrence Livermore · National Laboratory 
(NUREG/CR-6818; UCRL-ID-149067) to be the most likely orientation to 
separa~e .. a ~la.IJ?,ped lid from a ~ . . ·. ,:: .:, · · 

: .. · 

-Section 5 Assess.ment .of Package Conformance 

5.1 Regulatory Requirements 

5.1.1 Normal Conditions of 'Transport'Tests (71.43(f)) 

There should be no lass or. dispersal of radioactive contents, no significant 
increase in ex.temal surface radiation levels and no substantial reduction in the 
effectiveness of the paclai.ging. 

IAEA Safety Series No. TS-R.-lpara. 646 stipulates the same criteria except that 
it states in paragraph 646(b) that the loss of shielding integrity should not result 
in more than a 20%.incre¥e in J:p.e rad_iation lev~l at any e~temal surface of.the 
package. · ·. · · · · · . 

S.1.2 Hypothetical Accident Conditions (71.51(a)(2)) 

5.2 

There should be no escape of rn.dioactive materials greater than A,. in one week 
and no external dose rate greater than 1 R/h at Im from the external surface with 
the.maximum.radioactive contents whic4 the pac}.ca.ge.is qe~igned to carry. 

• I o o O •) 0 • ', o o o o 

,.··. · .. !. 
~ . 1 

Test rackage Contents 
.. 

(Refe1·en.ce: 
• 10 CFR 71.33(b) 
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• IAEA TS-R-1, Section IV &paragraph 807(a)) .. 
The Model 976 Transport Drum is designed to carry Special Form Sources. 

I ', .~ • 

· Containment of the 3:a~oactive source is tr?sted ~t manufacture. The source 
capsule designs have been certified by the Competent Authority in accordance 
with the performance requirements for Special Form as specified in 10 CPR Part 
71 and 49 CFR. 
(Reference: 10 CFR 71.33( a)(lj,); IAEA TS-R-1;.paragraph 213 and 501 (f)) 

This ~est plan therf)fore do!;ls not discuss/specifyte.sts of the containment of.the 
radioactive source. The pµrpose of the tests 1s·· to:demonstrate that.the shielding 
remains effective within the limits specified by the regulations. 
(Reference: 10 CF]?. 71.33(b); IAEA.TS-R-1, Section IV Ql. paragraph 807( a)) 
• • ' ' I ' 

Simulated, sources will be used during testing of the packages. These simulated 
sources·. are ;lllallUfactured in the same mf)t,l;J.od as radioactive sources, with the 
exception that they do not contain ra¢!.i9active material and may have a hole 
drilled through them ta visually identify.fuem as simulated sources . 

. ·. Each Madel 855 will contam'.'s source~ ·~~dified from R42409 Rev C. 
• E . • '. '. •, t '· :• !.: ;·,. I • '·: "~ : • • • : • 

':the :ty.[odel ·1911 will contain tw~. sources mo~ed from 87555 Rev D inside 
DU inserts 20046-10 Rev 1 and 20046-11 Rev 1. These 87555 sources will not 
be contain6d in their ~burce hoider~ as they would be for normal shipments· to 
allow gre~ter potential for damage.during the t!;lsts,. Since these spurce holders 

. ·also hold ·the· source ~way from tp.e wall of the DU shield inser~s, or centered. 
·. 'within the lead shield ins~rts. not .q.a.ving !lie ,,sour,ce~ contained within source 
' holders will provid~ sltghtly higher. ~c:ijation .· profil~ re~u,lts than will be 

·.,: obseryedinreg~arsµipp:ing~~- .. · . ... ' ,,,,. 
. . . .· . .·.: .. : :. . . . 

The radiation levels prior to and 'after testing ,will b~ monitore9,_ by replacing the 
simulated somces with active sources. . . . . . . . '. ', '-

': ', 
i,! ·• ',I• 

..... . .. ·· 
. ' ·.· :;· .. · .. 

.:. . :· 
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The test specimens will be Model 976 Transport Drum units constructed in accordance 
withAEA Technology QSAinc. drawing~ as·er;,.umeratedin the Table 6.1. The units will 

'· contain the model 855 or the model 1911 as described in Table. 6.1. 
. . : .. ·. · .. • • • • :. • ' I 

Far the Hypothetical Accident tests, tl:ie test temperature of the package must be at or 
below -40°C at the time of each test, a minimum temp~rature required by IAEA Safety 
Series TS-R-1 and 10 CFR 71. The low temperature represen~s the worst-case condition 
for the package because of the potential· for 'brittle· fracture of any carbon steel 
components of the shield containers.. · :~.· ,.,, : : .... .... ' · ,': · .· 

Every attempt will be made to keep the entire package below -40°C, however, the thin 
,, 'stainless' steel of the drum will quickly 'absorb ambient heat when removed from our ice 
box for the drop. .Since the drum is made entirely of .sta,in],~ss ste.el, -40°C temperature 

. would not affect' the results of the test. As the liner is . constructed of cork, a natural 
fusulator, the shield containers should stay below -40°C dµring a11 ·~ests. 

,•,','•. • 0 • • lo '. :: • ·.: • • ,•": •' • 0 , 
0

' ,••I , .• 0 I • 

Three (3} test specime~s are to be tested. None ;ill be sub)ect to normal condition tests, 
tl;i.e 976 was tested to normal conditions in TP9Q(A)wftii the peavier Model 855 inside. 
·The Three (3) will be subject to the Hypothetic;:al a(?cident tests. Tbe specimens will be 
above the maximum observed field weight ror: ~e .shi_eld container within, achieved by 
placing lead sheets uniformly within the shield container and/or around the body of the 
shield container. Adding .lead will only . iµcreFLse the weight, not the shielding 
performance of the device. All profiles will be performed without the additional lead. 

All shield container units tested will be pulled from the field population. As these units 
have seen years of service in varying conditions, they represent a worst case scenario 
with respect to the drums ability to prevent damage. The Model 1911 has been 
reworked to drawing 20046M Rev A to encase the old lead shield container within a 
stainless steel jacket. This was done to allow handling of the shield container without 
directly contacting lead. The Model 1911 used for this test .will contain the heavier 
depleted uranium inserts for the most rigorous test. 
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Sample 
Number Drawings Referenced 

TP163 (A) R976ARevA 
R85590RevC 

TP163 (B) R976ARevA 
R85590RevC 

TP163 (C) R976FRev A 
20046MRevA 

Test Condition 

Hypothetical 

Hypothetical 

Hypothetical 

Comments 
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Model 976 A transport package 
With a Model 855 shield container 
·Model 976 A transpo~ package 
With a Model 855 shield container 
Model 976 F transport package . 
With a Model 1911 shield container 

Table 6.1: Mo~el 916 Test Variations 

Note: See· Section 10 for all referenced drawing. 
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The test checldists in S~ction 9 list the equipment to the. specification required by 10 
CFR 71 and all other neces·sacy equipment and measuring instruments n~eded to perform 
~~- .... 

Additional :plll.t~rial~ ano. equipment may be used to facilitate the te~_ts. 
. . . . . . · .... ' . . . !. . .: . . :· : . : . ,. 

: .• 

\\BtJRLMAIN\DAT A\CAD\Test Plnns & Reports\TP163 (976 Type B Overpack for redesigned 1911)\TP 163 Rev 
O.doc 



AEA Technology QSA Inc. 
Burlington, Massachusetts 

Section 8 Test Procedure 

8.1 General 

(Reference: 
• USNRC, 10 CFR 71.73 
• IAEA TS-R-1, paragraph 726) .. 

Test Plan 163 
10/21/04 

Page 11 of46 

Three (3) specimens are to be tested ~o determine the transport integrity of the package. 
The test sequence is presented below with testing focusing on three areas. 

• Disruption ~f the containment of the drum such that the device is caused to exit after 
the 9mdrop. · 

• The ability . of the drum an9- liners to absorb the impact energy, and substantially 
protect the shield container in the 9 m drop test. ,. 

• To inflict damage to shield container components within. th~ drum . 
. . . . ,:;. 

Should· the overpack fail resulting in «:ixposure of the sbield container inside, further 
testing will concentrate on d~ging or removing the cover. bolts, disrupting the 
container integrity or attempting to add to previous damage, whichever is considered 
mar~ appropriate. Furthermore, if the drum has failed and damage has occurred to the 
inner container such that the cork surrounding the shield or the sbie1d itself is exposed as 
described in Section 8.8, the package will be evaluated to see if thermal test will be 
necessary. 

The 976 Transport Drum packages are not band held items and there is no requirement to 
"condition" a package by subjecting it to normal condition of transport prior to the 
hypothetical accident conditions of transport testing. For this reason, the specimen will 
be subjected to the hypothetical accident conditions of transport in the orientation shown 
in Section 8.6 

The tests have the following sequence: 

1. Test specimen preparation and inspection. 

Hypo.thetical Accident Conditions Tests. (Specimens TP163 (A) 

2. 9 m (30-foot) free drop tests (10 CFR 71.73(b),· IAEA TS-R-1, paragraph 727). 

3. Puncture tests (10 CFR 71.73(c)(3); 1AEA TS-R-1, paragraph 727). 

4. Intermediate test inspection. 

5. · Thennal tests (if applicable) (10 CFR 71.73; IAEA TS-R-1, pai·agraph 728). 
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6. Final test inspection. 

8.2 Roles and Responsibilities 

The responsihilities of the groups identified in this plan are: 

Test Plan 163 
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• Engineering executes the tests according to the test plan and sllIDIIlllri.zes the test 
results. Engineering also provides technical input to assist Regulatory Affairs and 
Quality Assurance as needed. · 

• Regulatory Affairs monitors the tests and review~ test reports for compliance with 
regulatorY,requirements and 10 CFR 71. .. · ' 

• Quality Assurance oversees test execution and test report generation to assure 
complianc~ with the AEA Technology QSA Inc. ·Quality A~_s1tfance Program. 

• Engineering, Regulatory Affairs and Quality Assurance are jointly responsible for 
assessing test and specimen c·onclitions relativ~ to 10 CFR 7L . _. 

• Quality Control, a function that reports directly to Quality Assurance, is responsible 
for .measuring .and recording test a~d specimen dat~ throughout the test cycle. 
Engineering, R~gulatory Affairs ~d Quality 'A.ssuraµ~~ may also :i;-ecord data if 
ne~essary. · ._.:: .. · ·. ·=··.. · i. ,:. · ·.,.. . . · ._· · · .. · · · . · 

I• • .,' 

· 8.3 Specimen Te11;1:perature fy.Ie~~ment 

The Hypothetical Condition drop tests will be ca:r.r:i.ed out at or below -40°C. 
Temperature measurements ·will be ~e by positioning thermocouples on the shield 
container as well as on the drum. · 
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8.4 Test Sp'ecimen Preparation an~ Inspection 

Use. c;1zecklists 0: ~pecimen Prep a.ration and Inspection. 

To prepare the test units: 
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··' .: 

1. Manufacture: Three (3) Model 976 Transport Drum units per drawings in Table 
6.1. (See Section 10 for all referenced drawings) 

2. Sec,ure two (2) Model 855 and one (1) Model 1911 shield containers. Measure 
and record the weight of each shield container. 

3. Clearly and indelibly, mark the shield containers, simulated sources, liners and 
drums with unique identification per T.able p. l. 

' .. :·:··· ·. .. 

4. Inspect the shield containers, Sl.lillllated sources, liners and drums to all drawings 
in Section 10 to ensure that all fabrication· and :inspection records are 
documented in accordance with the A.EA Technology QSA Inc. Quality 
Assurance Program in effect at the time of manufacture and comply with test 
plan requirements. 

5. Place the units in the transport drums in accordance with Table 6.1. 

6. Perform and 'record the initial radiation profiles (without the ·additional lead to be 
added for weight) in accordance :with .A:EA l'.l:lcbnology QSA Inc. Quality 
.Assuranc;e Program. .. .. . '.'. · ·:·::· : .. : ":' ·; ·: .. ·:.:. · : . · .: 

7. Measure and record the location of the simulated sources in each specimen using 
appropriate methods. 

8. Add lead sheets to increase the transport package weights up to or above the 
maximum gross weight. Record and photograph all_ weight modifications. 

9. Quality Control, Engineering, Regulatory Affairs and Quality Assurance 
will jointly verify that each test specimens comply with the AEA Technology 
QSA Inc. Quality Assurance Prognu:n. · 

10. Prepare the units for 'l;ransport in accordance with their respective operating 
instructions. . 1 .. • ;, • .. • .. • • • • 

" . . . 

11. Measure and record the weight of .f:laph complete package. . ' 
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8.5 Summary of Test Schedule 
.. 

Accident Conditions Test Parameter Specimen 

' 
9mDrop 71.73(c)(l) TP163(A) 
45° Angle 
(See Sec. 8.6.2) 

..... ... ... · . 

. . 

.. 

9mDrop 7 l.73(c)(l) TP163(B) 
17.5° Angle . .: i •. -'I'Pl63(C) 
(See Sec. 8.6.3) : : 

' 
: 

: . ,·. ' 
... 

'. 

' 

! .. ' . :, 
. , . 

: 

' : 
: ;'., .. 

Puncture 71.73(c)(3) TP163(A) 
(See Sec. 8.7.1) TPI63(B) 

. •··· TP163(C) ·. 

. " ... 

.. ... . . 

.. .. : : 

: .. 

Thermal 71.73(c)(4) TP163(A) 
Will be assessed if needed. TP163(B) 

TPI63(C) 

Diagram .. 
·' 

.~ 
: • ; •• 't •• : i . 

,. .. 

''" 
: 

\ 

; '\0\ 
: : 

Orientations for each 
determined following 
·the 9 .m drop test · . 

!• I 
. 

; 

.:,•. . . 

.. ···-::: i·.· 

. . . ... ~· .. .. 

n 
"- -- " 
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. 

. 

unit are to be 
co~pletion of 

. ' 

Requirement for thermal test to be 
determined following completion of 
drop and puncture tests 

~ 
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8.6 9 m Fre~ Dr.9p Test 

(Refer.enc~: .. 

.·.··· 

•. USNRC, 10 CFR 71.73(c)(l) 
• IAEA TS-R-J, paragraph '727( a)) 

· The firs~·Hypoth~tical Acc~dent +est is the 9 m (~0-foot) free drop test. , , . 

Use Checklist 1, 2 or 3: 9 m Drop Test to ensure that the test sequence is followed. Date 
and initial all action items, and record required data on the .checklist. 

NOTE: The checklist identifies those steps which miist be witnessed by 
Engineering, Regulatory Affairs and Quality Assurance. 

Figures 8.6.2.1 and 8.6.3.1 illustrate the orientations for the test units. 

This test requires that the test specimen be at or below -40°C at the time of the drop. 
Follow the checklist instructions for measuring and recording the specimen temperature · 
before and after the drop. · 

8.6.1 9 m Free Drop Test Set~up 

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

· .,,· 1. Measure the specimen's internal and surface temperature to ensure that the package 
is at or below -40°C. 

2. Place each specimen on the drop surface and position it according to the specimen­
specific orientation described below. 

3. Arrange the lifting mechanism/system such that the package is as shown in Figure 
8.6.2.1 ·and 8.6.3.1. · 

4. Raise each spec~en so that the impact target is 9 m (30 feet) above the drop surface. 

5. Photograph the set-up. 

6. Drop the package. 

7. Record the damage to the specimen and talce a photographic !ecord. 

8. Measure and record the temperature of the package. 
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8.6.2 Specimen TP163(A) Orientation for the ·9 m Drop Test 
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Figure 8.10.2.1 shows the package orientation for Specimen TPI63(A). The ~op will be 
on the top edge, on the lid clamp band bolt, near a lid bolt at about 45° angle to 
horizontal. The intention is tty to shear the lid off by subjecting the drum to the fu 11 
force of a 9 m impact with the ·center of gravity above the impact point · If the clamp 
band were to break and the lid bolts were to break, then the lid could come off. With the 
lid off, the cork and/or shield container inside would be exposed to ~ct targeting from 
the following puncture testing. · · ' 

·: Bigure 8.6.2.1: Specimen TP163(A) Orientation for the 9 mDrop Test 

·.. . . . . ~ 

. ·, ., 

. . . 
' 

Figure 8.6.2.1 

I 

\ 
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8.6.3 Specimen TP163(B) and TP163(C) Orientation for the 9 m Drop Test 

Figure 8.10.2.1 shows the package orientation for Specimens TP163(B) and TP163{C). 
Spe~iinen TP163(B) will be dropped on the top edge, .on .the lid clamp band opposite 
from the bolt, in between the lid bolts-at about 17 .5° angle to horizontal. The intention is 
to determine whether the deformation of the drum will cause the locking ring to come off 
when the opposite. end of .the drum impacts the drop pad: The 17.5° angle has been 
shown in tests by Lawrence Livermore National Laboratory (NUREO/CR-6818; UCRL­
ID-149067) to be the best orientation to separate the clamp band from the drum. This is 
most likely due to the variations ~.plastic and elastic deformation between the drum and 
clamp band. If the clamp band were to come off and the lid bolts were to break, then the 
lid could come off. With the lid off, the cork and/or shie1d container inside would be 
exposed to .direct targeting from the following puncture testjng. 

i: 

If the clamp band stays on the drum, Specimen TP163(C) will be dropped on the top 
edge, on the lid c4mp band opposite from the bolt. near a lid bolt at about 17 .5° angle to 
horizontal. The change ~ _impact point from in between the lid bolts, to near a lid bolt 
will determine which orientation allows for more deformation of the lid and drum. 

Figure 8.6.3.~: Spe;im~ns 1;'Plq3(B) and TP163(q Orientation for the 9 mDrop Test 
.~.: : • : • : .. · ; . • • ••• • • :, i . : . • ' • 

r:"1'!"T>,,,,,,H~,n,ns;,~ .. ;;.;.;,;, 

Figure 8.6.3.1 . 
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8.6.4 9 m Free Drop Test Assessment 

(Reference: 
• USNRC, JO CFR 71.73(c)(J) 
• 1AEA TS-R-1, paragraph 727( a)) . 

-Upon completion of the test, Engineering, Regulatory Affairs and Quality Assurance 
team members will jointly take the foll~wing actions: · · · · 

• Review the test execution to ensure that the test was performed in accordance with 10. 
· CPR 71. , · · . . · .. · · ' · . . 

: .. . :· 

· • Make a preliminary evaluation of the · specimen relative t~ the :requirements of 10 
'CPR 71: . ·= • ... : · ·:· . . . 

· ... 

• Assess the damage to each of the specim~ns and take one of tb.e' following actions 
based on that assessment. 

. ·.~; 
. . 

l If the package re:mams intact, i.e.' the·lid remains in 'place evaluate ~he condition 
of the specimen to determine ·what orientation 9f the package will achieve 
maximum damage for specimen orientation for the puncture test. 

IL If the package is not intact, i.e. the lid has opened or broken away, remove the 
shield container from inside and ~xamine the shield container for damage. The 
puncture test should be arra,nged to add or exacerbate this damage. If there is no 
obvious damage then target its shield cover bolts .. 
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8.7 Puncture Test 

. . . 
(Reference: .···,: 

• USNRC, 10 CFR 71.73(c)(3) 
• IAEA TS-R-1, paragraph 727(b)) 

The 9 m free drop test is followed by the puncture test per 10 CFR 7I.73(c)(3), in which 
a package is dropped from a height of lm ( 40") onto the puncture billet. · 

The billet is to be bolted to the drop surface used in the,drop tests.: · .· .. ',·. 

Use Checklist 4, 5 or 6: Puncture-Test to ensure that the .test sequence is followed:. Date 
and initial all action items and record required data on the checklist. 

NOTE: The checklist identifies those steps which must be witnessed by 
Engineering, Regulatory Affairs and Quality Assu1"ance. · . 

8.7 .1 Punctm:e Test Set-up 

The orientation for each specimen w:i}.1. be determined from assessment of the condition 
of the specimen following the 9 m drop testing 

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-up instructions specific to the specimen are strictly followed. 

This test requires that the test specimen be at or below -40°C at the time of the test. The 
checklist calls ·for measuring and recording the specimen temperature before and after 
the test. 

The test uses the 12" or 16" (as appropriate with respect to orientation) high puncture 
billet. The billet meets the minimum height (8") required in 10 CFR 71.73(c)(3). The 
billet will be selected with respect to orientation of the package so that no projections or 
overhllllging members 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 the specimen's internal and surface temperature to ensure that the package 
is at or below -40°C. 
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2. Position it according to the specific orientation determined from assessment after the 

9 m drop testing. 

3. Raise the package so.that there is 1 m (40") between the impact point on the package 
and the top of the puncture billet. · ·· · '· ·. 

4. Photograph the set-up. 

5. Drop the package. 
.• . . 

. . . . .. • 

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

7. Measure and record the temperature of j:he package. 

· .Figure 8.7.1.1: Specimens TP163(A);TP163(B) and Tfl63(C) 
Typical orientation for the l m Puncture Test . · .. . · · .· · '-

, .. . 

. \ . 

. ·: : : . · .. ',!: 

. ... : .. , 

:·:·:.· ·~ . . . . -. ·· I 
·· · . . ~ IIJ i1 Ml 

.. -. : ·. ·.= .· . . : 

. ' 

. ·.: . .,, ... _: · . 
. ·~· 

Figure 8.7.1.1 
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8.7.2 Puncture Test Assessment 
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Upon completion of the test, Engineering, Regulatory Affairs and Quality Assurance 
team members will jointly talce the following act;ions: 

• Review the test execution to ensure that the test was performed in accordance with 10 
CFR 71. 

• .Make a preliminary evaluation of the specimen. relative to the requirements of 
· 10 CFR 71. . . -. . .,. 

• Assess the damage to the specimen to· decide whether testing of that specimen is to 
continue, if the lid has come off the drum and sufficient damage to the inner container 
has occurred. such that the cork sw:rounding the shield is ex.posed as defmed in 
Section a:s, then the need'for a thermal test will be assessed. 

• If the thermal test needed, evaluate the condition of the spec:imen to determine the 
orientation for. the themial .test to achieve maximum damage and go to sectio~ 8 .9. 

• If, after issessment, it is determined that th~ thermal )est is not n~eded, then go to 
· section 8~10. · ·· · · · · : · ; · , .. · 

., .. : 

...... 
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8.8 Intermediate Test Inspection 

After the puncture test, examine all'specimens as follows. 

1. Measure and record the damage to each of the test specimens. 
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Review .all results after this and each step and decide whether a thermal test is 
needed. 

A. If a therpial test is needed, then reasl'lemble the package using the same 
simulated sources used in the specimen during the first two tests and 
continue with Section 8.9. 

·;B. If a thermal test ii; not nee¢1.ed, .~qntjn:q.e. wil:11 the Intermediate Test 
Ins11ection. 

2. Measure and record the locati~n of the sources usiJ;lg AEA Technology standard 
practice. 

3. Remove and, assess the condition of the simulated sources. 

4. Reassemble the paclc~ge using active sources, 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 the test specimen in accordance with .AEA 
Technology QSA appropriate method. 

If a thermal test is not needed, continue with Section 8.10 
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8.9 Thermal Test 

(Reference: 

·j 

• USNRC, 10 CFR 71.73(c)(4) 
• IA.EA TS-R-1, paragraph 651 through 655, and 728) . 

The oven is to be pre-heated to a temperature of no less than 810°C prior to the test 
commencing. 

The specimen may comprise just an inner container or a 976 Transport Drum with inner 
container witlrin. . 

Thermocouples are to be placed around and inside the spec~en such that the 
· temperature; on all external surfaces of the sp~cimen placed in the oven and the center of 
the shield adjacent to the source, as a minimum is monitored. Other thermocouples may 

. be positioned subject to the damage caused by the impact. _ . . ,. . . . , 
.· ... . :· .. .. ·.· . . . ·.·· . 

Th~ thermocouples shall be positively ·fixed to their suna:ce~: ruicf tli~ external ones shall 
be · shielded from radiation from the furnace such that they measure the surface 
temperature C?f the specim~n. 

When the oven has been pre-heated the package is placed in:si~e and po~itioned centrally 
witltln the oven. When the temperature at the surface of the ·specimen, has risen to no less 
than 810°C the test will start. This temperature, above the required 800°C, includes an 
allowance for measurement ~~ertainty. 

The package will reID.m? in the oven for a period of 30 minutes a;fter ~s point. ..... 

The test environment is an oven operating up to 900°C. There will be ·sufficient airflow 
to allow combustion. 

If the specimen is burning when it is removed; the unit shall be allowed to extinguish by 
itself and then cool naturally. Appropriate measures should be taken to avoid the 
radiological risks associated with this hazard. The final evaluation of the package is 
perfo~ed when the specimen reaches ambient temperature. · · · 

8.9.1 Test Specimen Orienta~on · · 

The selected orientation should be based on an assessment of the test specimen condition 
immediately after the puncture test. Record, justify and approve th~ orientation for this 
test in accordance with .AEA Technology QSA appropriate method. 
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s:9.2 Thermal Test 

To perform the thermal test: 

l.' Document the thermal test package orientation. 
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2. Attach thermocouples to the specimen's internal and ext~rnal measurement 
· locations. 

3. Heat the oven to no less than 810°C and start the airflow. 

4. When the oven temperature is stable at above 810°C place tq.e specimen in the oven 
and close the door. 

5. When the temperature of all surfac~~ of th\'3 specimen ~e ~tor aq9ye 8J0° C, start a 
30-minute timer. · · · · 

. : ... \!: \ . 

6. Throughout the test (5-min. intervals) measure and record the oven temperature, test 
spec;:imen internal and external temperall,lI'es and tbe air flow. rate. Record whether 
there is any combustion. . . . . . . . . . . . 

7. Remove the test specimen from the oven. WARNING if the package is burning, 
appropriate safety measures fil:USt be in place to avoid the risks associated with 
burning or :i;nelted cork, polyureth~~ foaw, lead and/or. deplete.d uranium. Consult 
with the oven operator. · · 

8. Allow the package to self~extinguish and cool. 

. . ~ 

9. Record the damage to the package and make a photographic record and/or X-ray or 
radio graph. 

8.9.3 Thermal 'J'.est Assessmeut 

Upon completion of the test, Engineering, ;Regulatory Affairs and Quality Assurance 
team.members will jointly talce the followjng actions: 

1. Review the test execution to ensure that the test was performed in accordance with 
10 CPR 71. 

2. Make a: prelimina,ry evaluation of the specimen relative to the requ4'ements .of 10 
CFR 71. . . 
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8.10 Final Test Inspection 

(Reference: 
• USNRC, 10 CFR 71.73(a) and (b) 
• IA.EA, T_S-R-1, paragraph 701, 702, 716 and 726). . ··,·: . . - . 
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Perform the following inspections after completion of all required testing; 
If a thermal.test was perfon;:ned, ~ with Step 1. . . ·. ·. : .. . ,: · .. 
If a the~ test was n9t perforIQed, start with St~p 6.. ·.. . . .. ,·. 

' ' . . . . . 

1. Measure and record any damage to each test specimen. 
: .. 

2. Measure and record the location of the so.t?-rces µsll!g.A?,A Technology standard practice 
method. · · · . . ..· . . . , . · · . ; . 

3. Remove and assess the condition of the simulated sources. 

4. Reassemble the packages using an active source, making sure that the source wire 
position, sourc~ wire holder posit;ion and the package:i .. c.onfiguration· ar~ the ,1mme as they 
were immediately after the puncture test. . 

: 5. Measure and record a radiation profile of each test specimen in accordance with .ABA 
Technology QSA Standard practice method. 

6. Assess the significance of any change iri radiation at the surface or at one meter from 
each package. Remove the active sources. 

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

8. If it is decided to proceed with the mspection, 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. 

10. Retain all test components until disposition is authorized by Engineering, Regulatory 
Affairs and Quality Assurance. 

Engineering, Regulatory Affairs, and Quality Assurance team members will make a 
final assessment of each test specimen and jointly determine whether the specimen meets 
the requirements of 10 CFR 71.73. 
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Section 9 Checklists 
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Use the following checklists for executing th~se tests. There are two checklists for each 
test: an equipment list and a test procedure checkli~ · 

. . : .. ·::1·· ·: . 

Use the test equipment list. to record the model number and serial ~uinher 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 e:,cecutecl and record data 
as required.. The Engineering, Regulatory Affairs and Quality Assurance 
representatives must witness all testing to ensure that it is performed in a~cordance with· 
this test plan and 10 ~ 7 L · 

! :. • • • •• •. ·; .· •• .. • • • : • •• • • 

Note: 
! !,'! · ·. ·.· *l ', • •• 

Equipment list 6 and Checklist 7·will only be required if.i is detei:mined that 4~ to 
a specimen is sufficient to warrant a T~ermal Test: · ·· ·.· .; ... · · · · · ·· 

: ... :· . . :: , . \. 
.. : .. 

• • : . • • • • • ..' l • : ; ·.. : ~: ~ . ; 

.... .· .. ~ ... 

.. : •: ; . . .: : . .. .. . ~ .:..... . 
.. : . .. :·: · 

: . . . · . .. 

.. ,, . ., . . . 

. ' ·.':''.:. · 
.. . .. 

.. • : .... , .. 

. .... 
' 
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Step 

1. Record serial number of shield 
container. 

2. Record serial number of the 
simulated source(s) 

3. Record shield container vyeight. 

4. Record overpack weight. 

s .. Record added lead weight. 

6. Record total package weight. 
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Checklist 0: Specimen Preparation and Inspection 

TP163(A) TP163(B) TP163(C) 

... .. 

.. . .. 

.. 

. . . ... 

7. Are all fabrication and inspection 
records documented in 
accordance with the AEAT Q.A. 
Program (at the time of 
man:ufacture )? 

8. Does the test unit comply with 
the requirements of Drawing? 

9. · Has the radiation profile been 
recorded in accordance with AEA 
TECHNOLOGY QSA INC. 
Standard practice method? 

10. Is the package prepared for 
transport? 

Witnessed and verified by: Print Name: Date: 

Engineering: 

Regulatory Affairs: 

Q.A.: 

\\BURLMAIN\DAT A\CAD\Test Plans & Reports\TP163 (976 Type B Overpack for redesigned 1911)\TP i63 Rev O.doc 
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AEA Technology QSA Inc. 
Burlington, Massachusetts 

Description 
l. 

2. 

3. 

4. 

5. 

Signature 

C?,ompleted by: 

Test Plan 163 
10/21/04 

Page 28 of46 

Equipment List 1:9 m _(30 foo_t) Drop Test Equipment List 

Model Number Serial Number 

.. Print Nam~ Date .. 
·' ; 

. .. .. 

. . ,· .. 

• • •• ,l 

·.· .. 

. . .. : 

~ . ' . . .. : 

.:· .. : 
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AEA Technology QSA Inc. 
Burlington, Massachusetts 

Checklist 1:9 m (30 foot) Drop Test 

TestPlan 163 
10/21/04 

Page29 of46 

Step Test Specimen TP163(A) 

1. Chill the test specimen to a temperature at or below -40°C. 

2. Measure and record the ambient temperature. · 

3. Lift and orient the test specimen as ~hown'in the 
referenced figure. Inspect the orientation set-up and 
verify the drop height. 

4. Record thermocouple readings: 

5. Release the test specimen. 

6. Record any..damage to tge test specimen. 

Drum: 

•'•1'•• .; 

Figure 8.6.2.1 

l ~bield Container: 

7. Engineering, Regulatory Affairs and Quality Assurance to make a preliminary assessment 
relative to 10 CFR 71. Record the assessment on a separate sheet and attach. Determine what 
changes, if 8.I!-Y are necessary l,D. package orientation for. the puncture test-to achieve maximum 

.. damage. .. .. 

Test witnessed by: Signature 

Engineering: 

Regulatory Affairs: 

Quality Assurance: 

Print Name Date 

1\BURLMAIN\DATA\CAD\Test Plans & Repor_ts\TP 163 (976 Type B Overoack for'redesie:ned 1911 )\'T'P 1 l'i::I °RP>v n rlnr 



AEA Technology QSA Inc. 
Burlington, Massachusetts 

Test Plan 163 
10/21/04 

Page 30 of46 

Data Sheet 1: 9 m (30ft) Drop Test . . . . 

Test Unit Model and Serial Number: 

Test Date: Test Time: 

Describe set up: 

Test Specimen Nt?.: TP1~3(A) 

Test Location:·'.·.' .. ; . · : !·: · · · 

.:·::!, ·.: l •• ! . : ':- ~-:-.: . 
. ,•, 

' . ~ . : . . . . 
: .:.i' .. : ,:• ·. 

• ••• ,'1 • • ··:·;, :· •• 

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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ABA Technology QSA Inc. 
Burlington, Massachusetts 

Test Plan 163 
· 10/21/04 

Page 31 of46 
Checklist 2:9 m (30 foot) Drop Test 

Step 

2. Chill the test specimen to a temperature at or below -40°C. 

3. Measure and record the ambient temperature. 

4. Lift and orient the test specimen as shown in the 
referenced figure. Jnspect the orientation set-up and 
verify the drop height. 

8. Record thermocouple readings: 

9. Release the test specin;i.en. 

10. Record any damage to the test specimen. 

Drum: 

Test Specimen TP163(B) 
. " 

Figure 8.6.3.1 

· I Shield Contain.er: 

: . ~ ·: .: .. 

•::· •,, 1: ... · 

.. 

11. Engineering, Regulatory Affairs and Quality Assurance to make a preliminary assessment 
relative to 10 CFR 71. Record the assessment on a separate sheet and attach. Determine what 
changes, if any are necessary in package orientation for the puncture test to achieve m.a,"timum. · · · · 
damage. ·· ··· · · ·: 

Test witnessed by: ~ignature 

Engineering: 

Regolatory Affairs: 

Quality Assurance: 

Print Name Date 

... .. : '. 

.,, 

' . 
\\BURLMAIN\DATA\CAD\Test Plans & Reoorts\TP163 (976 Tvne B Ovemaclr fnr rer!RRiP'Tlerl 1 Q 1 11\TP I ti:\ R1w O.rlnr. 
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JillA Technology QSA Inc. 
Burlington, Massachusetts 

Data Sheet 2: 9 m (30 ft) Drop Test 

Test Plan 163 
10/21/04 

Page32of46 

Test Unit Model and Serial Number: . . Test $pecimen No.: l'P163(]l) 

Test Date:· TestTime: · Test Location: 

Describe set up: 

On-site assessment: 

. ' : . •'i •• :. • : . ! 

! . : .. 
. " ....... · .. · . 

. ,• ····:· .. . '. 

Engineering:---------- Regulatory:--------- QA: 

Describe any post-test cii.sassembly, and :inspection: 

. 1: . .. •: .,, • ... 

,··· ·: -~ 
.,. . . 

Describe any change in source position: ·: .· 

Describe results of any pre- or post-test radiography.: 

Completed by: Date: 

\\BURLMAIN\DATA\CAD\Test Plans & Reports\TP 163 (976 Type B Overpack for redesigned 1911)\TP 163 Rev O.doc 



AEA Technology QSA Inc. 
Burlington, Massachusetts 

Test Plan 163 
10/21/04 

Page 33 of46 
Checklist 3:9 m (30 foot) Drop Test· 

St~p 

3. Chill the test specimen to a temperature at or below -40°C. 

4. Measure and record the ambient temperature. 

5. Lift and orient the test specimen as shown in the 
referenced figure. Inspect the orientation set-up and 
verify the drop ·height. 

Test Specimen TP163( C) · 

Figure s·.6.3.1 

12. Record thermocouple readings: Drum: I Shield Container: 

13. Release the test specimen. 

14. Record any damage to the test specimen. 

' 

15. Engineering, Regulatory Affairs and Quality Assurance to make a prelimµlary assessment 
relative to 10 CFR 71. Record the assessment on a separate sheet and attach. Determine what 
~hanges, if any are necessary in package orientation for the puncture test to achieve maximum 
damage. · · 

Test witnessed by: Signature 

Engineering: 

Regulatory Affairs: 

Quality Assa.ranee: 

Print Name Date 

iBURLMAIN\DATA\CAD\Test Plans & Reports\TP 163 (976 Type B Overpack for redesigned 1911)\TP 163 Rev O.doc 
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AEA Technology QSA Inc. 
Burlington, Massachusetts 

Te~t?:P.inn,!J:<5s­
io12 i104 

Page 3{;f46 

Data Sh~et 3: 9 m ( 36 ft) Drop Test 

Test Unit Model and Serial Number: Test Specimen No.: TP163(C) 

Test Date: Test Time: Test Location: . 

Describe set up: 

. ··., 

On-site assessment: 

Engineering:---------- Regulatory:--------- QA: 

Describe any post-test disas_sembly and inspection: 

Describe any change in source position: 

Describe results of any pre- or post-test radiography: 

Completed by: Date: 

. l,;: ... 

'i, · .. 

. ~ ... ~ .. 
'· 

... : ; ·. 

\\BURLMAIN\DATA\CAD\TestPlans & Reports\TP!63 (976 TypeB Overpaclcfor redesigned 1911)\TP 163 Rev O.doc 



AF.A Technology QSA Inc. 
Burlington, Massachusetts 

Description 
1. 

·2 . 

., 

.J. 

4. 

5. 

Signat1;tte 

Completed by:. 

Equipment List 2:Puncture Test Equipment 

Test Plan 163 
10/21/04 

Page 35 of46 

Model Nnmber Serial Number 

PrintName Date 

' I 

\\BURLMAIN\DATA\CAD\Test Plans & Reports\TP 163 (976 Tvoe B Overnack for reclesiPilerl I 9 11 WTP 1 fi."l R1w O.iinr. 



.AEA Technology QSA Inc. 
Burlington, Massachusetts 

Checklist 4:Pimcture Test 

Step 

1. Chill the test specimen to a temperature at or below -40°C. 

2. Measure and record the ambient temperature. 
·-·· 

., 
Lift and orient the test specimen as shown in the .J. 

referenced figure or as determined following the 
previous test. Inspect the orientation set-up and 
verify the·drop height. 

4. Record thermocouple readings·: Drum: 

5. Start video recorder. 

6. Release the test specimen. 

7. Record any damage to the test specimen. 

Test Plan 163 
10/21/04 

Page 36 of 46 

Te~ Specimen TP~63(A) 

.. 

Figl!I"e 8.7.1.1 

I Shield Container: 

.. 

8. Engineering, Regulatory Affairs and Quality Assurance make preliminary assessment relative to 
10 CFR 71. Record the assessment on a separate sheet and attach. Determine what changes, if 
any are necessary to the Test Plan. 

Test witnessed by: Signature Print Name Date 

Engineering: 

Regulatory Affairs: 

Quality Assurance: 

ra URLMAIN\DATA\CAD\Test Plans & Reports\TP 163 (976 Type B Overpack for redesigned 1911)\TP 163 Rev O.doc 



AEA Technology QSA Inc .. 
Burlington, Massachusetts 

Test Plan 163 
10/21/04 

Page 37 of 46. 
Data Sheet4: Pimcture Test 

Test Unit Model and Serial Number: 

Te.st Date: Test Time: 

Describe· set up: 

On,.site assessment: 

Test Specimen No.: TP163(A) 

Test Location: 
: • ;i 

. .... " 

··!: ·:: 
.. : . .. 

',: · .. , 

,·: 

. .. ... 

.. ·. 

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: 

\\BURLMAIN\DATA\CAD\TestPlans &Reports\TP163 (976 TvoeB Overoackforredesiimen 191 IWT'P 16:l Rev 0.r!nr. 



AEA Technology QSA Inc. 
Burlington, Massachusetts 

Checklist 5:Puncture Test 

.. . . 
Step 

2. Chill the test specimen to a temperature at or below ·-40°C. 

., 
Measure and record the ambient temperature . .:,. 

.. .. 

4. Lift and orient the test specimen as shown in the 
referenced figure or as determined following the 
previous test. Inspect the orientation set-up and 
verify the drop height. 

5. Record thermocouple readings: Drum: 

6. Start video recorder. 

7. Release the test specimen. 

8. Record any damage to the test specimen. 

•, 

... 

TestPlan 163 
10/21/04 

Page 38 of46 

Test Sp~cimen TP163(B). 

. .. 

Figure 8.7.1.1 

------·-------··--

.. .. 

I Shield Container: 

··,·:,:·:.·· :, ... "" 

... . . .. .. .. 
. . . . 

9. Engineering, Regulatory Affairs and Quality Assurance make preliminary assessment relative to 
10 CFR 71. Record the assessment on a separate sheet and attach. Dete~e what cha;nges,-if. 
any are necessary to the Test Plan. 

Test witnessed by_: Signature . . Print Name · Date . . . .. ,• .. 
. . 

Enginee~g: 

Regulatory ~airs: 
.. 

'. 
I 

Quality Assurance: 

\\BURLMAIN\DATA\CAD\Test Plans & Reports\TP 163 (976 Type B Overpack for redesigned 19 ! 1}\TP. 163 Rev O.dnr. . 



AEA Technology QSA Inc. 
Burlington, Massachusetts 

Test Plan 163 
10/21/04 

Page 39 of46 
Data Sheet 5: Puncture Test 

Test Unit Model and Serial Number: Test Specimen No.: TP163(B) 

Test Date: Test Time: Test Location: 
:', 

Describe set up: . ', ! ·. .... •, •/ 

.. . ~ .. 
•', ... 

1 ••• /. . . : 

: :· .. ·-: ·;:. ', 

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: 

\\B1JRLIVIAIN\DAT A\CAD\Test Plans & Reports\TP 163 (976 Tvoe B Ovemack fnnl'!r!P.c:i imP.rl IQ I I WrP 1 l'i• ,;, "'" " rl"" 



A'EA Technology QSA Inc. 
Burlington, Massachusetts 

Checklist 6:Pimcture Test 

.. 
Step : 

3. Chill the test specimen to a temperature at or below -40°C. 

4. Measure and record the ambient temperature. 
.. 

5. Lift and orient the test specimen as shown in the 
referenced figure or as determined following the 
previous test. Inspect the orientation set-up and 
verify the drop height. 

6. Record thermocouple readings: Drum: 

7. Start video recorder. . .. 

8. Release the test specimen. 

9. Record any damage ~o the test specimen. 

' 

.. 

' 

' 

-

Test Plan 163 
10/21/04 

Pnge40of 46 

Test Specimen TP163(C) 

. . 
.. 

Figure 8.7.1.1 

[ Shield Container: 

. .... 
.. 

,• 

:.· . . •, .. 

. .. ... . 
O O OR -

.... 

. . 

10. Engineering, Regulatory Affairs and Quality Assurance make preliminary assessment relative to 
10 CFR 71. Record the assessment on a separate sheet and attach. Determine what changes, if 
any are necessa:ry to the Test Plan. 

Test witnessed by: Signature Print Name Date 

Engineering: 
.. ... 

Regulatory .Affairs: 

Quality Assurance: 

\\BURLMAIN\DATA\CAD\Test Plans & ReJJorts\TPl 63 (976 Tvoe B OvAmnr.k fnT rl'lfl,-.q11.,.,..,; to 1 1 WT'P 1 ~':I 'D .. ,, n ,1 ..... 
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AEA Technology QSA Inc. 
Burlington, Massachusetts 

Data Sheet 6: Punctur~ Test 

TcstPlan 163 
10/21/04 

Page 41 of46 

Test Unit Mo~l and Serial Number: Test Specimen No.: TP163(C) 

Test Date: , TestTime: Test Location: 

Describe set up: 

On-site assessment: 

,, : - .: 

Engineering: ------- -- Regulatory:.--------- QA: 

Describe any post-test disassembly and inspection: 

Describe any change in squrce position: 

Describe results of any pre- or.post-test radiography:. 

Completed by: Date: 

; . . . ... : . ': / ' : 

. . :·•.I •.' . ... 

\\EURLMAJN\DATA\CAD\Test Ptans & Reports\TP163 (976 Type B Overoack for redesim1ed 1911 )\TP 16:1 Rev O.rlor. 



AEA Technology QSA Inc. 
Burlington, Massachusetts 

Equipment qst 3: Thernzal Test Equipment 

TestP!an 163 
10/21/04 

Page42 of46 

(Attach inspection repmt or calibration certificate for all equipment) 

Model Number Serial Number 
Descrintion 
Ambient Thermometer. .. 

.. 

· Thermocouple surface ... 

probe. 
. }" 

Thermocouple surface 
probe. J 

Thermocouple surface 
probe. 

Thermocouple recording - . . 

device. 

Oven 

Oven thermostat. 

Record any additional tools used tc:, facilitate the test and attach the appropriate inspection report· or 
calibration certificate. 

.. 
-· 

- . ... 

... 
.. ~- ·. ·' 

... .. .. .. 

.. 

Signature Date .. .. 

Completed by: 

Verified by: 
' 

\\BURLMAIN\DATA\CAD\Test Plans & Reports\TP 163 (976 Type B Overpack for redesigned 1911).\'.l'P 163 Rev O.doc 
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AEA Technology QSA Inc. 
Burlington, Massachusetts 

Checklist 7: Th.enizal·Test 

Test Location; 
Step 

i. Pre-heat the oven to a minimum of 8 lO"C. 

2. Attach the thermocouple(s) to the specimen. Note 
locations on Data Sheet. 

3. Place the package :in the oven and close the door. 
Record time. 

4. When all surfaces of the specimen exceed 810°C, 
Start the 30-min test time. Record time .. 

5. Continually measure the oven temperatµre and the 
specimen's temperatures. 

6. · Monitor the specimen's tempe:ratures throughout 
the 30-minute period to ensure that they are above 
810°C. 

7. At the end of the 30-minute period, remove · 
specimen from oven. Record Time. 

8. Describe combustion when door is opened to 
,., remove specimen. 

TestPlan 163 
10/21/04 

Page 43 of46 

Specimen TP163( 

: 

. . 

) 

.:,NOTE: If specimen continues to burn, let it self-extinguish and cool naturally. 

:-.9. Continue to monitor the specimen's temperature 
during cool down . Allow cooling to ambient. 

.. . ,,lQ. Measure and record the ambient temperature. 

· 11. Photograph the test specimen cqi.d ~y subsequent ... . .. . 
damage. . . 

12. Record the damage to test specimen on a separate . . . .. .. .. , 

sheet and attach. : 

13. Engineering, Regulatory Affairs and Quality 
Assurance make a preliminary assessment relative 
to 10 CFR 71. Record the assessment on Data 
Sheet4 .... ... .. . .. . . .. 

. , .. 

Test Witnessed by: Signature PrintName Date ... 

Engineering: 
. .. 

R~gulatory Affairs: 

Quality Assurance: 

.. 

.. 

. ... 
.. . . 

,. 

.... .. 
, . 

.. 

..... :.• 

.. . . 

IBURLMAIN\DATA\CAD\TestPians &R.eoorts\TP163 (976 TvoeB Overoackfor redesi,zned 19111\TP 163 RevO.dnc 
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.A:EA Technology QSA Inc. 
Burlington, Massachusetts · 

Test Unit Model and Serial Number: 

Te&tDate: Test Time: 

Describe set up: 

On-site assessment: 

Data Sheet 7: The1.mal Test 

Test Plan 163 
10/21/04 

. Page 44 of 46 

Test Specimen No.: TP163( ) 

Test Location; 

.: · . . 

I • •, 

. · . . ;. 

' . . 

• ' 1 . 

' ': 

: ·., ;, . ·· . 
, .': ... 

: : . : • ~ .~ ; . I ' : . .:. ' 

.. .. .. 

. ··- ·; . ,••. :·: . 
·. ~ . . ' ... 

. : : . . . . .. . ·. ;.... :• . ,. · . 

·. \ : 

. • ' ; 

' • • : • • • : ~ : .: • • : ' • • • i : ......... .... 
. ··::. . . : ;· ... . .. . . 

. . ·,. ~· ; . ·.;··: . . • . . 

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: 

I ,BURLMAIN\DATA\CAD\Test PI= & Report,ITP 163 (97J; Type B Ove,pock fo,rede,;gned 1911)\TP 163 Rev O.do, 
·····--.. ·· · ·--



AEA Technology QSA Inc. 
Burlington, Massachusetts 

NOTES ON 

Prepared by: 

Department Signature 

Engineering 

Regulatory ' 

Quality Assurance 

TEST 

I D~te: I Sheet 

Print Name 

Test Plan 163 
10/21/04 

Page45 of46 

Date 

' 

\\BURLMAIN\DAT A \CAD\Test Plans & Reports\TP 163 (97 6 Type B Overpack for redesigned 1911)\TP 163 Rev 
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AEA Technology QSA Inc. 
Burlington, Massachusetts 

Section 1 o Drawing Reference 

. : Test Plan 163 
. . , . 10/21/04 

Page46 of46 
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AEA TECHNOLOGY QSA JNC. 
Burlington, Massachusetts 

Test Plan 163 Report, Revision I 
April2005 
Page46of47 

Section 13. APPENDIX F - NYCOMED AMERSHAM PLC TEST NUMBER 1835 

Test Number 1835 (Submitted to the DOT with Type B(U)-85 Approval Application, Package Design Number 3605B, 
in the UK by Nyconied Amersham plc. USA Competent Authority Certificate USA/592/B(U)-85) 

TP163 Report Rev l.doc 
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I 
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. :,. . :. :· .. • ·:.:.! .. · ... · ,• 
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+---------~---------+ 
Part B: Tests and test procedures 

Bl Regulatory description · 
. : : :: : 

i) UEA .Sa.fety s~riee 6 paxagrc1:ph 62.2 1.2m £ree drop test 
.·. 

ii) IM!:A. Safety Series 6 paragraph 627a - Drop I - 9m free drop . . . ·:.: . . ,~. :. 

iii) IAEA Safet,y series 6 paragraph 627b - Drop II - lm punch test 

iv) l'.AEA Safety S~rias 6 paragz:-aph 

I f .. 
' 

·, 
t. 

·.I ·, . I 

... •. . • ' . .. 628 ~ ~he~ test (~~ae) 
: . . . . • ,l l <·.· .. 

···[ 
. .·. . I 

B2 standard 'e::ooedu.ras :: : ,· .: .· : .. 
.: · :' . . . : · 

i) ~ackaging Group Procedure . PGPlS issue 4. A qu.iok reiease shadtle w'ill 
be used in. place of the parachute release shown in PGPl5. ' The operator 
wi1l stand en a · strong platf o.i:m to measure the l. 2m d.rop· height an,!i to . . "· 
r~1ease the package. 

,;.:, 

ii) Packaging Group Pre:,csdure PGPlS issue 4, amended as above ,uid with a 
drop height of 9m.· A 'steaay' cord may·be attached to ~he · ~oiet or the 
package as an ai~ to elimi~ating,s~ing a.t·height. 

iii y Nb standard· procedure has been written for the Drop I! (punch) tasi;. 
~he foll~wing· procedu.re will ·be followed1 • 

'i. • " • · . : . • 

Safety .As l!?cation .. of imp~ct is as important as · orientiJ,tion in the 
punch test, it is . not practical f or t he shackle release operator. to 
evacuate the test compound. To ens11re his safety and to provide a well 
controlls.d access to the release mechanism to en~ure .;impact as planned, 

.he should stand on a suitable strong platform (an 0924 drum is ideal), 

Follow PGP15 . (as B2(~)),
0 

except;ng paragra.phs 4,3 - 4.6 

While ensuring that there is no chance of an unintentional release , 
hoist the package sufficiently .to set punch · and package in the uiteoded 
iocation and orientation of impact• · 

Attach a piece of weighted string, . . lm long, to the positio~ o.n the 
pac~age it is intended· t'? .:~p~ct the. p1,1I1ch. 

Hoist tbe package ~ntil .the plumb bob.weight hangs on the punch at the 
intended impact position. Do not remove the plumb line. 

r c~ 
·J· 

I 

( 

I 
I 

Ensuring the set alignment remains true by· means of ~~e . plllil,lb line , . 
gently 'twi5~ the release lever of the shackle. · · 

+v) :tPMlOB issue 1 

B3 Maintenance 

No maintenance will be carried out on the packages between tests. 
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+--------------------+ 
E4 Drop test facility 

Drawing 3A24849 shows a schematic layout ~f the Junersharn Laboratory site drop 
test target. PGPlS shows.a schematic view of the superstruc~ure. The punch 
.is a six inch diamete:t° b~; _ fifteen inches high as described in IAEA SS6 
parag.raph 627 (b) , welded vertically on a ba.se plate 445 x 445 x ·12mm. , · 

. . :. . . . . . . : .~. , . 
BS Recording and instrumentation 

B6 

The tests will be recorded on video tape and by Polariod photographs. The 
tape will be available for viewiiig and used for analysing the impact 
orientations, although only the photographs will be appended to this ~eport. 
Photographs will be identified on site by date p·lus a reference number·. 
Each. test package contains a Tinytalk temperature logger, set to reco.rd .. tl;ie. 
last two days temperatures, fresh -data overwriting . previous data. ~O· 

mech~cal .. iD;~~~umen:t.ation is __ installed. .. . · · ' ' · · ·· .-: ·- · : .. ·.: : ,- ' _ _ ., . 

Impact" attitudes 

Aesembl:Jl A 

i)· :i. 2m free drop· test 

ii) Dr!:E 'I ,9m free droli!} 

"' .. 

l835/1 

l835/2 

... 

Centre of gravity above the lid 
at the closure bolt 

. . 

cornel:'· 

.··.: .. .:. 

ante· "the base ii.t · a.b~Ut. ·sa f~c~···:f:l.a'C 

. . ' . 
·:.:' iii) Drop II (Punch test~· 1835/3 ·._ Inverted with impact by the eo,ge of the 

-:. ·· punch on~o t.l:i,e fol.ded druri!, side · 

Assembly B-. 

i) 1 . 2m free drop test· 1835/4: 

i.i) Drop ·_r (9rn free drop) .1835/5 

iii) Drop II .(Punch test) . 1835/6 

B7 Damage assessment criteria 

centre of gravity above. the lid .c~rne_r 
·· at the closure bolt 

.centre of gravity above the· 1:i.c1 corner 
at the closu:i:e bolt .:· ·· 

·1nverted with impact by the edge of the 
· · punc,h onto the f~lded druTfl side 

After each te~t the· container will .. be e.;camined to review the general level 
of mechanical damage, particuia.r attention being given to continued security 
of the drum ·lid and closure clamp. 'No attempt will be made to remove the 

lid 0between tests. 
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EB Pass/ fail criteria· 

i) Following the l.2m free drop te~t: 
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The minimum source to sur:fac:e d.ista.n.ce, established . .qy, examination ·or 
surface distortion, shall be' .. reduceci by not more than 10%. 

ii) and iii).Following the 9m free drop test and the punch test: 

!I.'.b.e drum li.ri shall be retained· on· the drum body for at least one half 
of its circumference 

The out:er sur:faoe o:f the dr!.llll shall be intact to such a;i extent that 
the package compone~ts are securely retained in the des~gn re1ati~nship 

. . 
The damaged assembly shall ,be secure enough that it may be transported 
to the thermal test facility under routine conditions without 
subsequently failing the above criteria. 

iv) F.o"llowing the thermal test:' 

!I'he. assembly shall be essentially intact with the lead pot located 
ap~r~xiroately central in the package 

The .lead pot: shall be · int.a.ct and have risen· to a tempe:i::ature crf no 
greater than 193°c (the maximum temperature strip fitted) 

'1 

r·· 
I 

t··· 

i 

,• 

:·· . 
. i 

! . 

L. 
I 

,·· 

·; 

! . 
I. 

'j 
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Condition .of test eqt.iipment: · Sa.ti ~.f_a.ctory 

.satisfactocy 

.· . . 

Condition of height plumb lines: 1 . 
.. :', .··· 

;nd.icated condition 0£ video battery: ChargE:d . . · 

Ambient weather conditions: Light breeze~ dry, generally sunny 

Persons pres~t: · ·A R Webster, Dep~nt .of Transport ... _. .. , · 
·s T Winfield 

.. : 

· A Lewis· · .. : .... ·. 
:R Campbell~Gr~eve . · .. ' 

. ··.·.-.. 
.. ··: .. , : , , . . .. 

·: : 

.: --:,••,t : :· ·· • • ••• 

: . . • •.::::-. .· ..... • .. ::• : . :~· ; . : .. :-. ' 

.. ;: .. . ·. : ·. · .. 
... : 

. :,·. . . ... 

. . -· ~ 
: . ~. " ,, 

: • ; .i. : . 

···:· 

l 
\ 

\ 
I 
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Test number 1.8·3'5 
page 8 of 28 
Issue 3, Report 
Disc r~ference 
pack40/tctl§3S.hpw. 

,'+: .: .··.--::. i /·.:,:·_~- ·: .; <-- _. .. +. 
. . ·:: . ·~, .-:; .-·· . . . : . ' . : :. 

· -.: · .. ) .... ,.Test ,reJ;erence 1835 / 1 (L2m free drop ~es·t·'· .:iii_~s~ml:lly A).. .;.:.. '· ·. 
• .. :· ... ~.: .: · .. ·:.·: ...... ............. :::;::.:; ;-: .. _.\' . . •'. .: ··- .. ~ ·,.·. ,· ..... :: ·.: . 

h k .· 0 .",'•,t• • ,• ,,·:.~-:~: .. I~:' .. :', ... :;·,'' 
c ec · ; pera ion . :/. ·/:/· '·, . . . · .. _.. _ . ·,·.·. · .. _ ... ~;-" ,_ . Notes 

,._./<_:·:~l~::;~·~~~~''.· . .-~~\~e drpp te.~::.'_;~get and hoist from··,._. 

/, ·-~~~-ba~e.:,..fiaiIQ"~ .~q_.:Lff:i.ng pqitit --~·a achieve a drop _qr.~:~a. . ·. ·.= · .. _.:. 

L '·. : • ..,:~·~7 ~.i:~P,/~~?'.f\->) ·\·\;(<,)._. ::.···., .·i///\·-.··.i.-·:,. . ·. i . <·::.:.·:.: ':- ·.:_ 0: ::::_-_\.-:\·.: •. ;f~/0 . 
· ··~ttach li.ih~~::,\~i .. J.P.~: ·qu~ck,. i~i~.~~~:.· shackle and ·J;cl.{~~ ·:.-·'/?:, ·. _.< .. )1~.:. 

V -f:::he pc\,cka.ge .~or phob;:, :r~cord. qf)orientation .: . : '.·. · ... ·. : · -."::: :. · .. ·. · -. -C.]}(.{,. ' .. , 
_' ·- . ·/· .. :: ... ·.-_.: : . : . ... . ·-:. : __ : .·--:. <'-;:· .:: .. · .':''.;.-:._·,·. . ---.':_' _:.,.:, .. · ... ·. ·-:<--·: .•. / ". : ...... :.-· ·_·.::·:<\-,:)-_·-..,,:.:;-- . 

Mark ·test ·reference 1835/1. ,on video . . . . . · ·_.,. _ _..: :· · ·: -':- · .. · ·· .. :''' ·· 
. ···: · .. :·: ·:. ,.- .'·. ·.: ··. ·;./::";_\::;·.· .· _: ·.:. \\ ... ,:· (:)-.-\ ·: " . ·.-,:,· ....... :, __ ::->:.,_·.=_ <_: .. ,. 

/._:,~:'~_cua~e _the .P-9Il},P9up:d_,_o~:::·~~l -_'·~~"t:- t~'.9 drop op'..{~~c~r-\ . : .··-:;://:··:;./::·_._.i·;././)/ . '/ .. ',: 
V . : -.ai;i.d .. secure !:the .. ga:t:e; ........ -.. , ..... ,.. ....... ,,.:·: _ ·.:: _,,._.. ., , .. . 

/; :.~-~t/.~~~-: v:~~~2·~~~}· :-'·=.\ -.-.:" ·_ >: . .---:::_:·;-:;,y .· ;-. :· 

./ 

Raise the package until the 1._2m· drop height is 
confirmed 

Very gently twist the release lever to release the 
package 

\~ 
Stop video record. Photo record positi?n a£ the ~ 

::~:: ::c::g::: ::1i:~£k~: '~i~i~ ;0~~;1,If 4't \ ) 1erl6 
photo record damage '. .. ·... · · ·. ,. .. · ··.. · :· -·. ·· · · .. ' · · '· ·· · .Q) ·-{< (_:)::·. ·_· ,·:· <: "·:'· ·./,'''···. · .. .. ;::· ... ··.- ·. ·: •·. 
Figures 5 - 7 r~fer ":.:',/···._;' :., : .: ? ·• : >. ·.; :.·.,.'-;..:::-'}. )}:-;.:./'·:·_.;_:.: .. 

• .•" ·.:(\/._.-··. -/ ... ~ ·:/._·\·;_:- :,. .. . :• ! : : '\ . 

Damage report ·-·.-·.·.. _,, .. _ . . . .<::._-:. , 
-~·{: ·:- ~·: . ·.• . . ... • ·.· . ; '• .. 
. . . . ... :. ::\:·.:: . · ... ' ./ 

No significant damage .• _-·.:s1_ig~1; .. i:I.:j.stotj:_iori ·of -drui;n -'·. ·.- ,- ·.- ·. ·. 
• ·:: ! . ) .. 1' • ·, .'."·'i' · ·:. . • : ·.·:' ·.·· ·.' .'· \· ... '.; • ,• 

rim and clamp band. - · .- -·.-:.-. · · ...... :,;,_··, ,.-., ._. · . . . ~· ... :.::.:.>(.-·.-:. :: ·. ',. · 
. ·.: <-:~·:~::--:· ··~-~··~::··':..· ·.:~' ~.: . 

··.:.:. \·.::_ /: ·:. 

Analysis of damage against ·criteria,.:of ES ·, ·' ·:- ;:_: · ... , . 

~ccept. 
Accept. 
Fail 

. :.-:::: : .. : . . ,, . : ·:: :: ·.: ... ;· . :.: .. ,, •: ·. '·· .. :. i .. '. _. .. > -:/ ... ".-: i '\/. ·-.: 
Continue 1:o nE:lXt · te~t as ,planned· . .'··.· ... · . :· . .'. · · ·:,:_.,;. _< . 

o\l \,.' I • • • • • ,•' I• ' ':\ .", • • :, 00 

continue tq , .. ~ext t~.st, rl:!yi~~.c;l .'.,;._..,.,. .':::. ·· . ·. :: , 

..: .. f)\1{\})\'./ ·: ... : .. ·: . ·/ii .. \ :\-)) ,_.: ·:-: .... ~ . .- : :· ·/,. .. ·:: .. .- '::- ~> .. _. . .: '. · .:Y · .. · 

; :: 

L. 
' 

·:;: r 
: ·j 

. ·, 

. !. 

, .. 

.. 
I 

,-
! 
i 

-" ·, 

~-

________ ,, ____ _ 



·, 

-· 
1635/1 

+---------~----------+ .c:omme::oial - ill coufidence Teet. number 1835 
pa.ge 9 oi: 26 
Issue 3, Report 
D·isc reference 

Figure 5 
Prop test cr.i.enta.ti'on . 
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. · :•, 
Figure 6 

. :!,83'5 71 • !,.' 'l~~di~t~;Ly .'.iJ06t 
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Figuria 7 
1835/1 - : Damage 
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J 
Set video runnLng, evacuate the compound and secure 
the gate 

Analysis· of damage against crit_eria of BS 

Accept. 
0ccept. 

. Fa.il 

Continue to next test as plann~d 
Continue to next test, revised 

r-. 

. ·.·, 
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Figur e 8 
1835/..3 - Drop test od.ent.ati.on 

F i gure 10 
1835/3 - Damage 
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Figure 9 

:: · ),835 /3 - .!r:iuPediately· t1ost t~st 
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Figure l1 
18.35/3 - Damage 
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~-~-:!"':'-P~~"':'"'"'"::;·r:-:~~~~-:--:·-+ 

-·~~~'e"sii"!Olfo/erei~B.e!·.::a:.a~s-·t :3 · t~ . ;~~?~':··· . . ·.-·.- ~ ·.:.;f :·.~' '. . .. ·h~ .... : • • 

free; ~~p ont:o 
0

'fm,nlilft:,,,,. B:SSl?mJ;ry-:-i\:·t 
. ... • , .. •l • ~,, •• • • • 

Check "'-l'b~,\, .i-~·· · • . I. ~:12cr a..-..,on ... 
~ ; r 4. ·. ., ;~; .... , 

/ ii'iit sl~g:e .t:~ .')~~ :,arum )1at+!dles to a~hieve a :flat:- .;' · · · '- :.· :.' 
oant.itE1! ~~~.¢ .:gJ.jr9p .~:P.~~ the . . punch : '.:.'·: .~.: ... ·:·;:-.. : · :· .. ·· 

t .:;. . . • • : ', • '. · -: : 

/ Mark t~f4:lf. ;.i=>.i~.!!,'i:!~~7. ~a3S/~ .. ~~~ v~d~Qi , ~e~ye. vf:~eg,, · ; :~. ':, ::~ ... 
runn~ · · · · .· :·; ::·\:·\.·>.._ ·. ·' · ; .. ·: ·.\?.':: ... ;· /./(.·· .:: .. ::~ : ,~::. 
}.l~isebt:~'.3 )?~~~age. uh. ni:.ti.l ~ .cl~f~c~ ... C?,f ~ ·/'·~t;~e~~ ·.::·.·,:' )/ 
drum.~~'?. e.:n~·~~CJ: .. :OJ? v.S P9~ ,.:~tn71'-' .. · .. :/'·\: >-':-'::·.~._: ... .- .... :·,;:,! .. 

·:· ... 

/~~J:Y · g~nt;i,J,,~ :~@.t;.~~~ . t:·he .1;:~~~~~~~?~:-Ej~ , ~~-." :~:°:~i!=:~e .. . : · (i .. : ;i::::\ ·,. 
:it@l~e,S~ ... ·, \:~~ ;\.,. . ·· . ·, ·. :: : ., · . ·, ·. ·,.·:,,,"', .. 

\ ·· :-• ; .. ··1. . . . . ,• 

/St3t. tli~-~~a.ckage to. a .oo~ve~i~~t <f i_ew~ .POE!i~.~o~ :·:a~~ ·,. ,:·-..': -.~. 
V photo record damage .. · ,. . ·.· ; · ,. .. :\·~ · · ,, 

ll'lguree 12 · - l.3 zefer 

Damage report 

No notLceable ,add iti~nal damage 

.. ~·""' 

··' 

. ~.:; !' ~~,.~ ... ·. ·:, 
. i. t 

. .... . . . , ... .. . 
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+------------- ··. ------+ 
. ·.·· ·'...'=-... • :· .; L .. :·· · ... : . .. . :. :· .. · ... · ... . 

free'.·~ drop ;~e.~~, ass~m~~ y_· 'ii_.. . . . ;·, :·:· .. : .. : : .~ :. 
.. \-~~-~~: ·,.:.·~: :·· ... \"~:_:: . .. :.:- .:· . . . .: ' \. 

• , ~· \ • I • ,•; •, • 

,•; :. 

.; . . 

Check ', ?:(( ..... • ' ::: ~~·.>/'•, .:~:. ;:/:,': I 

9Peration 
.. : .. ·. 

Notes 
•. .. . r . : :.i·\. . ~ . 

;··: ,::: ..... .•• :·. :: ·1., ' ',:·· . 
·si;and pa~kage on the drop test target an.!i .. h.?·3i'S~ :!from .. , v . a' ;base flange · :11tt,ing point to .a:cnieve a 4,r&p '9n~o .· ·. ·-< ::. 

· ·: th.e . cb.fe\~,. :~o,t t. · .::: · · · · · · =· ,:-,<: ·· '.:( '.: ·:·~·: ·:::\ ( ·/._::f \ ( .'.·. 
/ Attach, ,sl.~i;,.gs. '!,:c;i ~b:'e ·qpick rel~ij.e shJ1,c:ii;ie ~4 rc1--t-~e. ·.\::,.: . . .. 

t/ · the packai1j'e :f!c;i.:it' .pll:oto :±ecoJ.a of .orient:a.f:lon · .. · :. :,.,/:1
,:-. ·, ,· :·.:-::,i' : · 

' ~I , ' : • ',, ~ 
0

' f , 
,• • • ! , .. 

. 1fb; 
(!9) 

~ ... :::.. 
:• .. ··! 

V ~: ~·~· r¥:renc• 1q~~1-• .~n v~a• .. .> ;;,r·.:.·.i.{{('. :-'.. · ·· ... ··· .. 
. . . . . . .... : . ·.~, .. :_ \ · .. . : .. : -i:. ... . . , ·· 

/ · . ·=~:~:r:~~ll:o;~~:d: ~', ~ll . bt;~ :.:~~~ drop··:··,·io .. :,t i;; .. ~ .. :.·.:.~·:i.a·: .. t:.·:·'.:: .. ;r,.'. .. : ... · ;\~':/·,,:·:,~'.:;~.··.i·;···.··<.:.i,}./ )\ ::,( ·:· .. ~··' · .. ·, .. ( . ; ' 
: •,, . . ·.: ...... ::: ...... ·:~; ·· ... ·: .. : ~ ... : ·~ ... :·:: :; :· · . , .... ~ ·-. ·.:·.. .·.::: 

s·et. 'the ,j;icll:39 :li:i;nning" ><; .;:,, ·,,,.'!' 

./ 

/ 

/ 

Raise the p~ckage until the l.~m drop helght is 
confirmed, 

·_ .. ;·,:: .• . 



C.Cmmerc:iaJ. 
:· . . 

.ir1.gure J.'& 

.183 5 /,4 - I::lrop test 'Or·ientation 
. '\t 

.. 

. • j 

Figure 16 
1835/4 - Damage 

. ·· .. 

1835/4 

+--------------------~ 
~est nwnbe:?: 18.35 
page 15 o f 28. 
Iss11e 3r Report 
Disc reference · 
~ack40/tctlSJS,hpw 

··: .: 

Jrl.gure J.!l 

I~ediately pest ~est 
•, ;, .: . . 

• ' .. 



,, 

Cammercia1 -·in - cgnfidenoe 

' +---------- .. -- . ----+ 
Test number· 18i35 
page ·ui of 28 

,-. 
' 

Issue 3, Report f' 
Disc reference ; 

. pack40/tctl~3~ !,hpw r. 

· ·.. · ·. . ·. ~.. :./. t +7-r.~~t..~~~~~~~-.~r~~~~.~~ . :·· .. :·:r ... 
·.: .·· .... , .. T~st referen'"'e 18 "'5 J "5· ( 9 -.t·. ""''a"'«"'''"""''.l!J """!!l!"''"'·"·' "··..:i..ll::i.:.:·1· "'"B""·~ .... , ., ................ .i,-.. ...... ·• '· "'" .... ., .:. _ m r ee;.. :r:r~p ·c.esl!l; "cJ:SS=,l).J . y · ,.t . . . ... ·.. · ... •: .., · · ··. , 

CheGl.k .:~~~~13.ti~·n . . .. . .... , .. · ·.\_·.· .. ·. ·:· .. ·:'···· ·:~:.·. :: .. :::.:·;~\~ .. ·.:·; .. :.~~;.:·.;._':_· .: .... ;.- ... .... . ........... ·· .. ·. : 
1 

.. . . ' ?T?~ ~~ .. ·. : .. ·:.'.. < ':.i. ) . ·, ,.·:.~~.~'~/.J.~~~age OU t'he ~~]!) ~;.~~ -:~·~get S:~.d lt~'.i~~·:.'. ;r~~· ).' :\ ·... .. I . v .. a ~a~e ·tia~ga· 1.tf~_~g .. _~i·f¥. t9,_}:1?~\eve iq. a:;i[i.c;i~. -~~to·. :.,. . ·::.< .. \ t·· r 

' ,;;;:;:~::~:~_,;c::~,:~i~~~: sh~~· :.:;.:J> ····~ .. ',• ,', 
V :, · .~.pte .'Jila,.'9/}i:.¥1,ge .for ·p~gt:i;, .:i::eq:;t;i~d ... ·· .:. :. :. • .:·· · · ... ·.·. · ·. ·,. <<. .(})!. . · .' ; · · 

.... : • ; ": • • " ,' • • •• • ••• l ••••• ·•'!,. ·.:·: .: ~,·\··:;··: -·: • : .' : ·• •. . . • • '::i '·. . : . ,: .. , 
,f •' ....... ·.;. ·,. • • • :. ·: • • • •• :·. \ • • • •••• :.\.' .. ·/: •• ~ • •• ;: ,.' .'· ••• r.., 

i/ :f~t~ ... ~.?\ Fe~~renoe. t.~~.'~/~\~~._.v~~~~- . ... i ·.i.\.;_.).=._;:; ~··. ::~ . .;\·: :':'°,\<(/ .... ·.. . . .·i ·; .. ·; 
·; . . ~t.;~~.P,, .~J:?.~ . ~m plumb 1:L.n1? :to the ~l;f.t~;S~ ,..... i 9.~. l1:J...ea .·.· , .. -, .. ,..:.,.,;_·:· :· ...... ,-: ·. . .. ( ., . ·-: ··:· C 1 

·. ·:.·· .. :ip.agJ,;;a.gljl,.)ii.nd en~re :1=:nm:t ·.i,.,i;: ,,will ~~/5.~l, fil,~itJ:i;(J :\,:·· ~-\y, ... · .. :: . .'(\:..:;:.. ·.-····: ·· ... · .. ·.·~ .. '1 

1 
}/ .· :t~~~i;ig. · P.i~c.e .:the ,bG>P. .. weight ri),i;i,;;i·~ ~~:tii~!]ii! t.i:n~~rilt 

V pio;i,nt and lay ·the withdraw,ing stri:ri.9" a:nff·'.e'i':ta:·c'.!tl'e · 
· operating string out t'o the compound gate 

set video running, evacuate the compoqnd and secure 
the gate 

Rcl-.~S!= the package until the bob weight is just clear 
C".f the .target. Pull :the plumb line clear of the 
package and tha target 

. ··. ,, ·. ', ,• ... · · .. ·,.··.::'. ~:_:·: .. ,·.,,·.:!,,; .. :·, ·.-·:, ·.·:·.·~.: .. ·.i::.'. . . ·.·: .. >\:'<< .. 
,/. Very gentlj ~i;rsr~4e'~ i$1sJ.ip~ ·.~:\'!· th~ .. #;ii.~~~~ :~i!?f;i._~g., ... · .. 

: ! 

to release t.~?.- ".P,49-ta:ge, . .;; ?,~.s);;-!9. ~(';)l~#f:~~ P~:~.~~~~~ i.~ ·.·. ·: ·, ·· :.". : . . 
stationary ltiim,:;,'i,,f:t;a.t.eJ:,:u: l's;i;ite:s ... #i:r',re~~·\.:',1:je ' .. " ·: ;.: ,' :· ',' .. ' : ...... : / 

7.'fJ'·lr~ .............. :i; .r:.:.. ·:-. r: .""····.:::";·:~· .. \"!?..... • ·.· . · .: ·. .. · . , . ~ 

/ Stop video ;~~;A"~• Fi~~~.~·:··F,:~d;~. ~:~iild;. 'ej;, .ifl~ ·, ··~: . ."-:.:..-: ( \}.)[;} t, 
package as :i.:t l!iame f:c ~e~~ · :. · .,.. · : . ; . . · · · · .·, · · . .'·:-' : 

• \oi' • '• 11 .; .... •.• • ," ', • 0 •, 1 1, ', • •'' • 1 •' l • 

v' set the pa¢~~ t~ a ~9~'AO~ie~t :viewing ')l.ii~l,~J:F/~ ';;,... ,: • ," :: ' -')fp~ 
photo reoo~~ . . ~~iii..-~ · . ·: • .. ' ;/(: . ' • . · .. · · · . · . · \ ::, ::;.? ::, ' • '. ·)< ' · . 'f" 
F ig:ur!3s 1 7 :";' ·.;i.~ tr"~i;'~.r .... : . .: .. : : . · . . ,. . . : . . .. ·, · .... ·. /..,.: .. /:.\.),}.,:. 

. .... ,:· ,,·,·· ·. . ,,' · .. ' .. ·., :··.· ... : ... ;. :• . . : 
'", • • • ,; \ •. ' • ',' '• •' I ~ ,' • : ' : • •, 

Damage rapd~~ , . .-::;·,':; · ·, · :; .. ·. . ; ,. , · · ·· ' 
::··· ,..,, .:'~i:., I.,:·,, ,:,Jo ' "•.•.,• • "t' ',,:;' ' 

Extensive distort.tt"ti5.'~~ ~,:nll:ie tlr~ ari.d 0 1:'an\1;·1~1;: ishi:): ;,',,\ 
f i ..,.ti?~ ,·.i..i;/.i.:. -!:i·~ .• ;\':'1a· nd lit,;:}i ·i.!4·,..;·etf · ·· point o mf1 ... S. , , frflf..~ .. t~§· .;: . • roP a . ·.~ ... !:<'I-....~"······, 

~ull"" t · 'rxe"lf! ·c:r·' · 4>-'fff& ·i.:rf"'"" htJ"" • · · · · · '· .., ,l re a.1;, ......... n. .., ,'? ....... ~· .i,,,Y 

Analysis cf da.mage'against criteria of BS 

Accept, 
/Accept: 

Fail 

Continue to next test'as planned 
continue to next test, revised 

..... 
, ... . ', 

I 

i 
··.1 

! 
; .. 
·1 
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~~~5./5 -.Immed.iately .post test 
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COuunercial - ill - -c:b~fidence 
-+~--------------. ---+ 

~est number 1835 
page 18 of 28 
Issue 3, Report 
Disc r f,lference 

· paok40/tct l835.hpw 

+--~----------------+ . .., . ' ,·,,\,.: .. . 
!r'est !"l;Jfe~!:mce ··ta\aa J 6 '(.J.m free clitop ont!6'"'.:':ffetlnch, 0/i'i!sei_rr~ ~- "1fr ··---~ 

~e~ation . . . . - . . ... · .. ·. · .• \ • · · . . ' . •. . •. . ' . ,:>d :;;y,:, Not~ 

:i;nvert the palalk!"=-ge and ,at.range , the g:).~g-s. to achieve :•-..:. · :_ ,:"' · ,_ • 
a -~rep -onto ~he ~~g~ ---~·f .,~.he:. ~~~ch,_b~ cl~p c_l ost.tre _;·: .. / ··:-/-;7¢}6 
bGJl,t. Ph~"!;o . .;~c;9rd ·:, ·: ., i;-, -: :!: ·.: ·; ... . . _.. · .. :.--. , ;•: -. {Y 
M;~_aeb. ·.a· 1m p1.~ M--i~---~-~\ ~~-:~·~~~t.~~-pq~nt .o; .. ; _ _.:._'}( 

• • • •. .. ·.t,; 
,i.rn~acj: 'o~ :th$ dr\wf ·.::._:. ·. ' .. '/::_ · . ·. . > · _;'.'/-· )·/· .. :_ . .' ... : .· ·· 

i~;~/.6 ~~ \ide~.' . Lea~-~ ;idea .- .~:-. :- . · . . ·.,:, 

-·- ·:: . i.~t' :· .- -'//.:-~::.:,_:_._;_-~ ••. • : __ -: ·-.: ~;_ · .' . .. : :: ... ,,:::·:: ....... .{l 
-~:', ·.:.~ ·:---·.· .} 

Fi.~_:ifl$ ·i;J:!:~ ,t!<!'.g~!'¥-g;e tmt;i~ -th.e bob ~~'t~h; 3:-~ .::;us:t: aJ.aa.r 

of ~~: ~fmcp . -.- :.-· -i-'\)?.i,/>; .. :· .. :·_;\;.··,\ .. ~-:~<:_·.;.: < :: . 
Whi le keeping the bob wetght ~t,the ·4~~i.r"~d P?int of 
i.ropact on the punch, .-Jrery · ge_ntly ~bt·a~e the release 
lever to achieve release · ., . 

/
Set t he package to a conve~ient view;i.ng position and 
photq r e cord damage , . ''Y~ (!]/) 
F±gures · 20 - 21 refer 

,Damage reeort 

b"al sia of El•am9- e a 
Accept. Cont;.riue"" to 
Fail 

. :1 . . . ·.,, 
• ' · •• _1 • • 

.. ~ i . . . . · ·· .:{ . 
... . . • .. 

.. :, .. . 
•: .. . 
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Teet number 1835 
page 20 of 28 
Issue 3, Report 
Disc reference 
pack40/tctl835 .hpw 

+----------- --------+ 
Part D Thermal :test ·'sahedul.e '. .. ( :._'· .::::·. : _·. ; :- .. 

Test site: 

is ';? Jifr· /{\ 'i :';.) .· .. \: ; .. :: t~\f ;. : 1 

Wa.t...r.in:~on 'Fire .. Jiasear.oh Ca'Yitre . .:::: :·· . : ~= ... ::: / ... 
. . . :·.·:'·.~:~-::-.t~·.'··.=~· .. ;·/./f\ .;·\ ... ·::·_:'~:.:::~ < \:·:~=··:·/:;~::{·:::· .. :·// .·.\·\:·'.::~: .... ·:.:: ... ·. 

Persons present: A lf ~1,-~~~, · Dep~t:~e~t:_.i~f .i,;i~,~~~ki·>\ ·:c; :.:-. .' ::·.,. .. ·: 
- • •1 .. ... ~ .. :· ,J, · : ' • • ' • • ' • • ' ••• ,' J ' ,• ... ~· ~ · ···· • ' : i •• ' '. 

Check 

/ 

i/ .. 

·.J;l W:l;:';I,'1;-,i~.sP. ... wai:r~gton, ~t.re. ~es.~~R~· 9~~tre .' ·· 
.· ~- 11 w~~~eli;l . . > /· : : .-; ....... ·:'.. ·--,~/::~.,:/: :,:)' (;- :. r. ·. :' 

Test j;~j:e rence 1835 °/ 7 · (The~al ~~~t, ·--~~~:~r~=~:)_.< /.: 
.. ..,:.;: • • • . f..C • -

Operation .. . . } . ' ;, : . ' ' .. J \ · > < .' <, : . · ; '. ~: ?'.'.t ,: ; Notes 

Position B1iPtf9r't. pl9~k·~;~tj .~ient .',ther!'!,eqouplee .l;.a. i::h.e · ::.· .\ 
furnace · :': :.:_::,~···:· ·. · .. : · '.; · · :. ··:_: .. :::(:>. '. ···,.\;::/ ,:; ·. _.::,-'_;·_· .. : _ _-_·:_i{\·,:,;. 

t. • •, • ' • • • • • ·~: . :: • : • : • : JI : • • 

organise li~~ing equi~~~qt tq ~iiow ac~ess for tQe 
pac~age thrmugh the ftu'hac~ roof · 

Light the furnace burne~s and allow the furnace to 
achieve a steady temperature of 820°C 

·open tl?,e furnace roof and. insert the. package. · .Replace 
the roof s ection with the minimum of delay, a.nd start .the 
test timer whan the ambLent temperature shows a. minimum 

:.:::c pro-·· e,··· ;t:~I,J~~;I~t~t~t;•(~~l"'>f-' 
records of ,~tie ~wp,. .. :§AA.tlll! ·~~ '!:Ile. ··a.JAAl.h~t:· -~.!1.eim.oc(;)~ple13 :- :·:. ·. 
output: . Ma:ifttt,a.i)'l. ·a:n·· ~ien:t . tff. 'J:100 - . ll!20 ~.c , . '> . .-: : .: ·. : '· .. ·:._,. · · 

. .. .. "•, .. '"<··\.:-': :):·:·~ _-:/_-· . ._-;._: . ':. .• ··· .. ; . .:, · ...... : <./ ·.' ·. . . _.·y > 
After a test .µU-ri3:t.i.on 91; · 3_q;·\'lli;nl!t~s, remove the paqkag\= 

·from the f~FMse ~~- g~~g~. P:1.:-#~~ ;l~o~a~ocy t~:?'1~ _.t~ -.. ;:·:;\.:,_ . 

cool : .. __ .-_.:)/ :,·.:: . .-._..;_<_i; __ ·;.i./·.·;· ·_-,.:, .. :. ·i _- .: ·-: : ··.:·:.: '-(:'./ (\/,\ 
After not le.s~ :!::h~ .. 9-e ~O.tl.t'~, qpen t he ·.package and· che<;:k ,.,.; · 
the indicat~t:i,'tl op tll,~ t .~mp~rat~_re SQt'\SQr str,ips . . Phi;>tp , .. . : ;=,.: 
record the l;~tm;,ip~t:~ ,.ailc:i ·th~ ·et.rj,ps ; · . ::· · · : . .-. : -.: < · .. ·.:: · ··. ·' · 
Figures 22 ·~~ 2.3 r~,~-~:f ···.-_:_ .. ·.} ·:.} _·;.\·: [.(., < ···:: :·_.·/.-:\/·:.· :·.. ·· ·':. 

:·· ... ; ::! ·:,: 

Confirm some ·olr '!;:!;le :i~.mper~.;!:µf~ s~~~p..~·, ,;;g¢st;d.~ ·t:1¥ ,.·,.·:. · 
.heating until '!,;lt~ ~~ big!)'P.:11' ·;1.,.;11.~',i::l';};~:ir B~~tiofi l?l;i.~ges • . \'. .. . -~ _ .. 

'.Cest c ommentary 

'I'he furnace temperature dropped back to 650°C, returning to soo0 c after one 
minute. C~l?ious ' f l aming -.observed throughout test, reducing as the t est 
progressed. Minor flaming still in avidence from t

0

he ba.se as the 'drum· was 
lowered to the l ab floor, 
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Figure 23 
1635/7 Assembly A exterior post-thepnal test 
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Teet number 163°5 
paga 22 of 2B 
Issue 3 , Report 
Disc referenc·e 
pack40/tctl835 , hpw 

+ ------------------+ 
Test reference 1835 / a· (Thermai test; ·~ssemblv B) _.: · 

Operation , \' :(:::'::;,:;:;-~\',\i '\;d:'.:/.'.,'S'<:•::. Note, 

Allow the furnace t.Q: a.c~ieve a· ··st~d.y teinperat;ure .ol ~·· ·:.'·:•:.: ... 

s2aac . ::· . . :. ; .. /~\ }'::,.:'_/. ::.·>.:\. :'.;.t}):·.<:~rrf .. =.::,;/.:>/:i_}/i·;:·/(; 
Open the furnace roof ·.an~ i~E!.ert . tli.e., ,:E_>a.c31iige. · ·:.Rejplac;1·e : 
the roof section w·~:t};l 'bhe ~5nillJ!,im. ot .. '!ielay, and e:tar~· th.e .; ·.:; 
test timer when t •he· -~+ent 't~rat,u.rl;! sh~ws ·.~· ~tli~·i~m . . :·.=/. 
of 800°C .. -'.··:)/' \:,,::,.· :.-; .:;:,; : .... //;;:_i' :.:·,; ... , ... . \ .{ . .'.,:-

' Ob aarve· progress cf th~ teat with interau.tt.e.nt -~i.dep · ... : · .. \-;:> 
r ecords of the drum st.9-te 'and th.a ambient i:;·he~coµpt~s·. , ·., ::.k : 
output. Ma.i:ntain an ambient of BOO..: 820°0 :: :··J· · ;".:;·:.:t ·: . :-;:·:. ~=r t~}'::n!::•;~~~:~~~~d£~~~!:~;}. \ ;:: ~ 
cool 

/ After not less than 18 hours , . open the package and check 
V the indication on the temperatur e s~nsor strips , Photo 

record the components .and the st.rips. 

Figures 24 ,- 25 refer 

confirm some cf the temperature strips' recc;,rµs by. . .. 
heating. until ·the n~ :l!.ig~~.r ... ~~-~~~tor .i':l~Jt+qn;'!;:.h~e~ .. ::/ 

Tes t commentary :· / \ ~- .'-_:_, \:; ;,. -= . . ·; : · · .. : \ '. :. ::··.'·: : ): ·.·•. '.:.~. -~· .. <;::~- ·, -:;_ .. ·:~:~:. :·;; ·:_: 
:. . ! .~: . ·' .. :· . . : · .. :, , .. .·· . . . ~ .. · 

t''. ; . • 

Tha furnace temperature dropped back t o 685°C, returni ng to · ·aOQ"C after l ess 
than one minute . · Copious _fla,ming. ·6bsefved · .throughout. test, J::~qµcing as the 
tea t progressed. .Minor flaming ···l!ltill in .. evi4ence ~s :the -drum·, W'!:l,.s lowered to 

the lab floor. ' :{·'_.\tr\: ': : ' ·. .• \ i'./f \i 
: • • !· . .. • • • 

. • . • • . . • ';• : .. \ ~- ; , i •t . ·: • • • • • ·?:: . 
. · :·, ... · \ ·. ·. . } ' ~ ~-:--

' .. ~ ...... ·• . .··.= . .. :_ .. '• . . .. ··. : · . .. : . ' . . \ . . ... . 
, ~ .... . • • 4 

• : .... !. ••• ?:.:· .: . . \ 
'-\,., ·:·' 
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.. :·: .. . ; .... ·. ·. : : 
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Figure 25 
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Co111lile1:c.ial in - aonfideace 
+----- . __ -----------+ 

Teet number 1835 
page 24 of 28 
J:.~ sue 3, Report 
Disc reference 
pack40/tctl835.hp~ 

+-------~--~-------+ 

The clamp bolt sheared despite its being oiled before u.nscrewing. The cork 
spacer showed: cb.a.I:ring to 22mm depth· {using a flat ended probe lOxlmm). The 
11pper edge of ,the oor~ . insert had 26mm q:E thickness remaining · intact, 
.bldicating .a char ·depth. of l 7mm.. · The bottom. of the cqrk cavity was cri;icked 
a.rcun.d th'e ci.rcwnference a.nd across diagonals . in· line with the drum 

,-
' I 

' ( 
( ( 

reinforcement bars; tfiare ,~ I!! ,c;:!.~.Y. m~~ . .-i.;Q .:I? l;ly th;~ pot cradle . f 
Th ' d: ···a··'•.-;•~ ·c ~Fi:' .- " . '·c.. . ., ;. . . . . .: , . ,: . . b . . . (:.-':.' , .'· . 

straps. · ~ si ~,.t'=·l'f«'· . ..,;~,.,.g:,.,.i~~· · .. ,. :~. ,, . , -~-~-, ,,C?.: .. i;h~ the a.7e. ·. '. ' · ·: l · · . > 
The ~e¥l,d P!=>:C was ·~~~}~:\. . Si~ . ;!;.~. ~d .. ~o«?t ·extending ,.. · ·. 
down 'to the .era ··-~}1.,::~~1·.: :: ~r,ixi!l,tu.t'j!, •',• .~:on top . . Cf'i;, ., t~e, .. lead 
insert showed a. W~~-f~~ij~~e idf_'.betw~~h ~ ',Jµ,."C {the :int~fV~n;l~g 
three ip.dicators. ··.~~ ''qfi~:,~~}g;~,l to whether t.h..~t\ -~~~e.d,. p1l'ly) • : Two :: sets i·i 
of indioators wi'll~);I. ~~- · .' ,.~.n the insert•§. •''rq,~~um .temperature .. of , 
between 65~C ~0:·.'.~'9p~ ·)!_.,,.. t:', .~.k ,.te.cqr~!3r h~/.;;:~~Ji_. .· ·.··.... ...... .. ·:·· .. :·.; _:,:· ; ( ·: .·, 

E2 Ass-ly. B '~~~f ~J.'£~,;~.~~: · ... / ' · .;,' tlf: :/.' / t ,?::: ... ·· • :; .... ')!:,; ::;i , 1 

. 

'l'he clamp b~lt. :~~!~~\~· ~{lJ(~i .b,;;.eaking. The li~),:)tt:~);~q~~d ·.~· c·har .depth .01: ·· ' ; :.·: 
25mm (using a ,tl .. '.·!ifj!11l?~ · ;LQ~llt\111):. The~ ·••· .. dt~~\a ~f ·.the-·cork· insert 
showed 26mm inta: ~~ · '·. a ~h~:r ,.. ·de:gt;h . ~~ ·. ,, ... '··J~-~he cork cavity . was 
sootier than ass · ~-i' ··~:la, _w~s\g~'hera*:*:f '\ although one ipser:t 
tube nut was b~nt !:it(ff.l;ia. ~~s ~ h:~'h.~~ ·,ri::~l °'?~dens~te and s.oot 
On tn.e· 'pot than <wtt.~, i;'\!!l\lpe;',a;j:~)j~. -. ,Li»~ top O:t . the insert 
Lndioat:ed a max /::. ·:r/1 .~e"t:~~-~ ··77.!!:f,·;., ./~-~.l:,.,l;lt;rlps o~ the insert 
withi.n the pot c~~i maxima .,~f between 71°C and 82.;·c {upper }?.Ortion of 
pot cavity) and ,between ?7°C and B2°C (lower portion of pot cavity). All the 
st:z:ips were in · good condition and easily. raad. The Tiny-talk recorqer had 
fa.iled. 

. .. " . ": 
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Figura 26 
l83S/7 - Un~!=r . dr\1~ .~.id , 
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F.i.gu.re 2a 
1835}7 Damage to lead pot 
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. 'Figure 27. 

. .·~· . . . 

. . . ... .. . 
·1835/7 ·- ·.char ·. d!l.!ll.a.g~ .t? spacer. :· ::, . . ·. 
·. : .. ' " ·. . ... · . ..... : ....... - ·:· . 

··: .· 

Figure 29 

'• . : .... ,;· : .. ; . 

1835/7 Lead pot, cover removed 
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Commerc:fa:l 

Figure 30 
3435/7., - Ooi:k oa.vity 

Figure 32 
1935/8 - Under dr~m lid 
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Figure 31 

18~5/7. - Cork section 

Figure ~3 
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183S/8 Char damage to spaaer 
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P'igure · 34 
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Damage to ' l ead pot 
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F.tgure 36 
1835/8 - cork cavit y 
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Figure 35. 
~ e e.d po.t; . cover removed· 

Figure 37 . 
1835/8 - Cork section 

-· ·. ·.: 
. .:., . . : . ~:· : . \.: 

:· .· 

·,: :: .. .... . 

:· .. :· .. :: 

. .. 
•;, .. 



Commerc.:ia.1 - in confid.ence 

..... . 
. . . 

+----- ·--------. ----+ 
Test number 183'5 
page 2B of 28 
Issue 3, Report 

·Disc referancl? 
pack,40/tctl835.hpw 

+--~---:----~--------+ 
•, . .. ..... . 

ijb'f;~ . .?-.~fll~~j;:.~s ;e~~s~d tp~ ,sl?~9 . .5,.~iea t1;1st ei~gµen.~ ')'(i:th !!l ti~A:t'', 'ji'{FP£gj,,~ i;># 
E!'.~~e~~. . ~lWly · ·s ~howe~ ~;-~inai'ly more- Y'))..neii!l:ii:.:U~:ty to t}fj ~~\1 ;.f.~:s.~ l;n 
.i~~~~· t;C!J €!;il¥Tf.a dAAi,5T~, ~;!-~~~~gh the tempe:~tui;e ~.t~*~~~ sJ1,.9~~d ·e/'1._~.f:.J.,.¥3}; .. ~@s-~.~t~~ ... 

·It ·~?!;:J'.l 1~p.d J?oi:~ ' ~~-~e ~µpst;anf?~~P-x undamaged .!tild wofrtd h~ve · 'cqq},+.n~~a t~ ;r;>'f\b'.v.:~~i 
. · i~eq,.;a;1ii,e ~.~t;i.l~t~~:m sl:J.;iel:Iiiig · 'for any · $ource in. tl!.e t.uh.l:ls. A ~.~,l..:«ii:i\11 

·· ·. :·· ···~~tt\~~'.~~i{~ ·o~. ~ass · ~]?:?-~ l~ ~~ ,;f:.;ti 9onsideral;:i~y le~s t l}~~ .. t.~ :~.9-l,.i~us .:i9fAµ~ 9f 
.· ~~e 4\ ap~~Q11J.al le~d rt>.~· ~~·e p.9t construq~ion (252°'c;!): 'ghle di:um c1,s'~'i::!ilt>l,i.e.s 

· t~ct\iJ..n§~··Mg;;::1:- and clQ~].d 'j?,~ ~~d.lE?q. with sa:f~i;y. '}t'; . .·· . . . ... ~, . . 
,, .. : . 

.• •, t 
t· .. ,_ 

·- . ~J.:{:, .?:art .F Conclu!:!i,Qn~ : ··?. l .::\"" .. ~· - ••• ,,,_, - . ---"'--...,.,...,,.,.,. 

P~tl;~ag~:\iE¥s.l;gX\ ~Wj$.E!:t;" ~·q!'.J~j·:~s :peen shown 1;0 co!,IIPly with ' the ll'eqtti,r.e.m~q:p.s o.f 
I~~ : .:S,t='f§i~y : :ait~l! 6 ·j,,n ttegard to drop -test seg:uenc·es, in two opposing 
orientat:.ioµs, comprisi.ng · a l. 2m f.ree drop teat (paragraph 622), . a Drop I . (9m 
free drop) test (paragraph 627 (a}) and a Drop II '(1rn ptmch.) test (.:paragraph 
627 · (b)) . These mechanical tests weJ:e· followed by· thermal tests (paragraph 
628) in which the packages remained essentially undamaged. 

Test carried ou~ by S T 

! 
i I 

! 
i 

I 



AEA TECHNOLOGY QSA INC. 
Burlington, Massachusetts 

Section 14. APPENDIX G - TYPE A CHECK LIST 

TPI63 Report Rev 1.doc 

Test Plan 163 Report, Revision 1 
April2005 
Page47 of47 



:~· . 
: ... l '•;' 

..... ·. 
. ·: . : ·. ~ .. · . 

·t ·. 

Rev. 1 December, 2004 
AF.A 976 Series Type A Packages 

TYl'E A Pac.kage Evaluation Checklist . 
Use 1his checklist as a guide for evaluating a device or package to the following Type A regulations: · 

(1) USDOT, 49 CFR Part 171, et al, dated Thursday, September 28, 1995. 
(2) USNR.C, 10 CFR Part 71, dated Tlmrsday, September 28, 1995. . 
(3) IAEA, Regulations for the Safe Transport of Radioactive Material No. TS-R-1~ 1996 Edition (Revised).· 

Product Model/Description: Model 976 Series P~ckages. . . 

Package Specifications/Limitations: 976 Seri~ Packages, co~sists of a· source shleld insid~ of cork inserts~ 
inside of a stainless steel drum. The drum ls closed with a lid held ·on by 4 lid bolts and a clamp band. 
tightened with a stuinless steel MS x 1.25 -130 .. mµi Lo~ b~It lllld 11. f!llDPer evident.~eaI ;!Vir~ Qne of. 6 . .. . 
dffl'erent source shield models will be_ shippe4 in eacl!,.paekage •. The:v.. are: . · : .... : · , : . ; · .. · . ·. ,· . 

• • ,: •; • .•. : • • I • ' '• ': ,, ., :,' • , • •• • • t' • • ' •, ' • • • • 

Model 8SS (rnaxin;mm weight 2~5 lbs). 
·: , · ··":. .. ..... , ... : ..... ... : '. .· . .. • .. . . . . . :·:·:. ' ' !' ·.:' 

G :: .. ' .· . · .. ... - . . . . . . : •'! . . .. 
• Model 3015 (maxtm~1m :v,:ejJht 104 lbs). : . . . .. ...... . . : .... .. Model 3018 (maximum weight 104 lbs). · .. .... .. : . \ . . : 

• Model 3056 (maximum weight 104 lbs). : : ~ : . .. ,• 

Model 3078 (maximum weight 126 lbs). : ~ 
.. . . . . 

• . . ' : : - : . 

• Model 1911 (maxim.nm we:ight 163 lbs). .. 
' 

.. ... ...... . . 
I 

· S11eeial Form Source Assemblies Anthor!ze~ifo; Trp.osport . 
. .. . . J:: .. 

' ... . • ' . .. " . . . 

Type A Approved 
ActMtv iMax.)1 

Isotope ·So~ce Assembly ~oi:lel Nnmber 
.. 

27 Ci Ir-192 Various, special fonn. °Minimum ANSI pressure classification of 3. 
81 Ci · Se-75 Sources in the Ivrodol 855, 3018 and 3056 Illll$t be attached to flexible 

· source wire assemblies comoatible with'the shield assemblies. 

References: Test :Pian 90 Report and Test Plan 163 Report; Type B SAB. lRey.islon ! Model 976 Series 
package; DWG's R976A, R976.B, R976C, R976D, R976E, R976F, R97608, RCLM009, R.97615, R97616, 
R97623, R97623A, R97637, R85590, :R301S, R3018, R30S6, R3078, and Rl.911. .. 

Max Weight of Package 300 lbs .. 

1 MaximnmActivityforir-1~2 is defined as output Curles asrequirqd in ANSIN432 and 10 CFR 34.20 
and in line with TS-R-1 and R'ule:maki:ng by the USNRC and the U~D9T published in the Federal 
Register on 26 January 2004. 

Regulatory Signature 

~ tik:. # ----;.,,-rri -0:~ ,,,. ·~-
.. Bngmeenng Signature · 

. . . - ·Date 
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:=:.-:.r-.. ~ . . QSA' .· . . • . :.· , ·: . '• .. 
Rev. 1 December, 2004 

AEA 976 Series Type A Packages 

.. •: :· .· · .. . . •,, : .' · ·.· ·: . 
1. General Reqnirements. i : • •• t :: • :"_. • ' .. : 

· .,·. ! • .. : •• 
-~ .. : .. 

1-1. Handlin.g: . .. , · . : ; . 
The package must be easilr handled and proplll'ly secured in or on a conveyance during transport. 
"'USDOT, 49 CFR 173..410 (a) 
*·IAEA TS~R-1, para. 606 

Comply. Drum is' cylindrical. and can. be secured and handled u~ing ~clard ti;ansportation .. !I ... •. . . . . . 
. ,. ... .... . 

1-2. Lifting Attachment . . . . . . . . . 
Each lifting attachment t1w: is a structural part of the pac~ge must~ de.~igned. with a minirnam safety 
factor of three (3) agamst yielding when used td lift the package in the intended manner, and it must be 
designed so that failure of any lifting attachment under eiccessive load would not impair the abµj,ty of the 
package to meet other requirements. Any·other structural part of the packag~ which cquld be used to lift the·_ 
package must be capable of being rendered moperable for lifling during tr,msport. o-,: must be designed witl!. 
strength equivalent to that required for lifting attachments. · ' · · · · · · · · · · · ·. · ·: ·: ·' · · . 
* USDOT, 49 CFR 173.410 (b) . · 1 

... • : ·. • : ··C i 

+ USNRC, 10 CFR 71.45 (a) ' '' ,.: . · ,: 
* IAEA TS-R-1, para. 607,608 ' · .. ·,; .. . · 

Com.ply. The Model 976 Series ~ckages ¥C designed~ ~I? lµte4 by th~ base ~g a hand 
truck or other suitable mechanical means. For this analysis; the base is the bottom surface of 
the drum inside the rolle4 ed~. SS811J!led to be a flat, circular plate 181/8 inches ( 459 mm) in 
diameter and 0.06 inches (LS mm) thick, fixed about iq3 outer edge. We take the supporting 
cylinder (the walls and bottom welded rim of the drum) to. be essentially rigid for the 
magnitude of stre$es encount~d h~re. Any lifting would span all edges of the drum and th.t1s 
allow the bottom to ~~ ~pported and-suspended.by th~ ~dge~ ... ~ such, the maximum stress on 
the base is: · · · ... · .. . . . , ·, 

Where: 

• • • ". • • •• 1. •• 

er = kwr/t'" max . 

k . = 
w = 

r = 
t = 

. . . · :. : 

A tabulated factor for this case of flat plate, 0.75. 1 · 

The weight of the transport package 136 kg (300 lb) taken as 
a distributed load over the base 8.02 k'Pa (1.16 ps~). 
The radius of the.base plate 244 mm (9.6 in~hes) 
The thickness of the base plate 1.5 mm (0.06 inches) 

1 - Maries_' Handbook, glh Edition, pp5-52 - 5-53 

Therefore, the stress generated in the base is 19,840 psi. With a Safety Factor of 3 i:gJplied, the 
maximDm stress in the drum base is 59,500 psi. This ·is below the tensile strength of the 
stainless steel base, which is 70,000 psi. Therefore, the lifting device is capable of supporting 
more than three times the weight of the transport package as required by 10 CFR 71.45(a). 

Page 2 of 11 
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1-3. Tie-down; 
See the listed regulatory requirement for full details. 
* USNRC, 10 CFR 71.45 (b) (-1) (2) (3) 

I Not applicable. Tb.is package has no tie-down system 

.. • •••• t~ . ·. •': ·. • ... 
: ·. •. :. ·. ·:·.· : . .. :· 

. . ·:· . 

I 
Rev. 1 December, 2004 

A.EA 976 Series Type A ·Packages 

I • "', • ! , ••: t • • • • 

.: t· . .. , 

: . ·- . . 
1-4. External Surface: 

The external surface, as far as practicabie, shall be free fro~ pro~ fe$1res ~d easily decontaminated. 
*USDOT, 49 CFR 173.410 (c) . ·.. :- ·.,. :· '· .. . . . . ... . . . . 
* IAEA TS-R-1, para. 609 . . . . . . . . . . . . . . 

.. 
.. • ,. !.:·· .. , 

Comply. External surfac.es qf tbis p~lpige have no protruding features. Should the drum 
become co.ntaminated its smooth stainless steel sur.filces can be easily decontaminated: 

· l 
• . . ' ;J .,i... . . :. • : • . . . . ·.... t • ' • • • · '· 

1-S. OuterLayai: :;·,. : ::i, · ·:: .. · . . · . : = · · \: : • 

The outer layer, as far as practicable, shall be free pockets or crevices where water migl;i.t collect · ·.' ! · ·. :. • ·:: : 

,, USDOT, 49 CFR 173,410 (d} . . . -; . ' . . · . . . 
. : .. * IAEA TS-R-1, para. 610 '·' 

~amply. The surfaces of.this.pac~e are :flat or cylindrical and co~ no pockets or crevices 
where water might collect, except for a slight depression in the lid, which has no holes. 

1-6 .. '.A.dded Features: 
Each featw:e that is added to the package will not reduce the safety of the package. 
*USDOT, 49CFRl73.410(e) 

. -:.'. ·.:·, .. 

* IABA TS-R-1, para. 611 

Not applicable. There are no added features which would ;~duce th~ safety .of the package. . . . . I 
. . ·. ' • . '. 

1-7. Vibration: ·· · . . 
The package will be capable of withstanding the effects of ~ Y. ~cceJ.eration, VIbration ot Vlbration 
resonance that may arise under notmal conditions of transport without any deterioration .in the effectiveness 
of the closing devices on the various receptacles or in the integrity of the package as a whole and without 
looseiring or umntentionally releasing the IllltS, bolts, or other securmg devices even afyir rep~ted use: 
*USDOT, 49·CFR173:410 (f) · . ··· : . . ··' •. ' : =.<.:. ·-:.· . ·, .. · 
* IABA TS-R-1, para. 612 . · 

Comply. The 855 shield containers have been used for years as a Type B Package without any 
detrimental effeot being observed due to vi'bratiori changes incurred during. shlpment. 'The 
addition of the cork inserts and the stainless ·steel bariel ovaj,ac.k will dampen vibration. The 
Model 3015, 3018, 3056 ,3078 and 1911 have been shipped for years as TypeB Package 
components inside an overpack similar to the 976, but smaller in height and diameter, without 
any detrimental effect being observed due to vibration changes incurred during shipment. The 
thicker cork inserts in the 976 design will dampen vibration better than th~ previous oveypack. 

Page 3 of 11 
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AEA 976 Series Type A Packages 

1-8. Seals: 
Incm:porates a feature, such as a seal, that is not readily break.3.ble and that, whµe mtact, would be evidence 
that the package has not been opened by unauthorized parsons. · · , · · -~ · , , , 
* USDOT, 49 CFR.173.412 (a) - · .. .. . .. . . . . . . . 
* USNRC, 10 CFR 71.71 (b) .. · . ...... : .. ·, . ' 
• I!\El\ rs-R-1, para. 635 

Comply. The barrel clamp band is s~!!,led with wire at the tim1:t _of shipment. Breakage of this· 
wire woUld be evidence that the package may have been opened by unauthorized persons and 
would imply the need to initiate special handling precautions to ensure the integrity o£the . 
package contents. · 

1-9 ExtemalRadiationLevels; · · ··· · .. ·· :, · .,_.., 

Each. package IIl1lSt be designed so that, under conditions noao.ally incident to transportation, the radiation level 
does not_ exceed 200 mlVht at any point on the extema.1 surfilce of the package and tho ttaDsport index does not 
exceed 1 O, unless shipped exclusive use. ·' . · · .... ·: · r . · "· .. : ·: ·, · . · . , · · : ·· . 
* USNRC, 10 CFR 71.47 (a) · ., · (l: ,, . · · .. 1 :·:, 'f .. . · , . 
* USDOT, 49 CFR 173.441 (a) :.: , .. ' ·. . .. 
l(I IA.EA TS-R-l;·p~. 531,532 " · . · .. ······ . ' 

I Co~ly: Eac~ packag~-is surveyed before ~bipment. 
' . .. ·.· .. _._ I 

. . . . 

:, :• ...... -·: .. . :, .. . : . , 

2. Additional Requirements. . . · . .. . . : . .... . : . ~:. . ' . .. .. 

2-1. Overall Size; 
Smallest overall dimension must be 4 inches (10 cm) or greater. 
* USDOT, 49 CPR 173.412 ('o) · ... 

· * USNRC, 10 CFR 71.43 (a.) 
* IAEA TS-R-1, para. 634 .. 

Comply. ~e p~_cµge ~~-~ensi~-~e 019"ID by21" deep._ 
! • • : • • • • . •• • •• ' • 

· . . ,' . . .. . . 
i , . ,.; · 

. .. . . :' ~ 

2-2. Tie-down: . . . : ·· . · · · 
Tie-down attachment thlll is a structural part of the package, under both nomml and accident conditions, 
shall not impair the· ability of the package to meet other reqwrements of the goveming regulations. : ·· · · 
* USDOT, 49 CFR 173.412 (i) . . : : : '· 
* IABA TS-R-1, para. 636 

· Not applicable; ~~e are no tie-down a~c~~ts ~at are a structural pa.rt of this package_ 

·. ,•. • , . . . .. :t · . . : . 4-: . 

. . . : . . . .. :: 
• : ' 't • ... . .. ·. : :: !! ·: .. . 

. .. : .. 
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Rev.1 December, 2004 
AEA 976 Series Type A Packages 

2-3. Contsforoent . .:· · ' : · · ·· 
Containment and shielding is maintained during transportation and storage in a temperatme nmge qf -40°C 
(-40°F) to 70°C (158°F). The design oftbe package will take into account ambient temperatures and 
pressures tbat are likely to be en.countered in routine conditions of tmosport. For radioactive material 
having other dangerous properties, the package design shall take into acciowt those properties._ ·. . · 
* USDOT, 49 CFR 173.412.(c) : .. . · . ' . . . : . .. , ,· · ". ·., ··· 

· * IA:EA TS-R-1, para. 637, 615, 616 · · · ; ·· · · · 

Comply. The primary containment are the welded stainless steel sources. All sources· in this 
package must meet a minimum.BS/ISO/ANSI N 43.6:.1977 Pressure \:la&sification of 3. They 
have complied with external temperatures of-40°C (40°F) tq 80°G (176°F) . . Th~ ~apsules are 
sbielded within one of the previously mentioned shields, inside the cork ~rts- inside th~ . · 
stainless steel barrel This temperature :range will have no adverse affect on the integrity of the 
source or the shielding and package materials, with the exception of the cai-bon steel jacket on 

, the Model 855 Source Changer. While carbon steel is susceptible to brittle fracture at -40°C, 
the Model 855 has served for years as a Type B Package on its own without fracture. The 976 
·package, contajn:ing the Model 855 chilled to -40°C was subjected to several drop·tests. The 
Model 8SS ~:fferecino damage .. See Test Plan 90 Report and TestPla:n.163·Report. ·:· . · _.· : . 

. ,Go:ntainrnent systemsecurely·cJosed by a positive fastening device that cannot be ~p.eq, llllD;lte~tio~y or 
.by a pressure that may arise within the package. . .. . ... .. . ... .. .. . . . : ... ~-..... . · · .: · : . . . . . . 
·*·USDOT, 49 CFR 173.412 (d) 
* USNRC, 10 CFR 7.1.43 (c) 
* lAEA TS-R-1. nara. 639 

. :. : . !· 

Comply. The primary contaimnent are the welded stainless steel sources. No pressures will be 
generated within the sources or tb.e package that could advei;sely affect the containment system. 
See Type B SAR Model 976 Series package for further assessment. . 

If the oonta:inmellt system forms a separate ,mit of the P.~kage, it shall be capable of being securely closed · 
by a positive mstemllg device which is independent of IIJl.Y other part of the packaging. ., · · . . . . · 
* USDOT, 49 CFR 173.412 (d) 
* IAEA TS-R-1, para. 641 

Comply. The primary containment is the welded stainless steel sources. 

Components of the containment system shall take into account, where applicable, the radiolytic 
decomposition of liquids and other vulnerable materials and the generation of gas by chemica.1 reaction and 
mdiolysis. · 
* USDOT, 49 CFR 173.412 (e) 
·~ IAEA TS-R-1, para. 642 

· j · Not applicable. No reactions known and no liquids. 
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The oomaimnent system shall retain its radioactive contents under a reduction of ambient pressure to 60 kPa 
(8.6 psi)(25 kt>a far USDOT). ... · .-· , . ·: : · · · · · . ' ·· 
* USDOT, 49 CFR 173.41~_(£) · · · ,. · · , ' .. ·. · . ' · · .; · .. 

· • ~A TS-R-1, para. 643 .-. ·· · · .. . . 

Comply. The primary containment are the welded stainless steel sources. All sources in this · 
package must meet a minimum BS/ISO/ANSI N 43.6-1977 Pressure Classification of 3. They 
have c_omplied with external pressure of 25 MN/m,2 abs. (290 lbs/in.2. abs). Toe rest of the .... · 
package is una:ff.ected.bypr~sµre. .··: · 

Packages containing liquids will be capable of withstanding, without lel\kage, an inte~ pressure that .. 
produces a differential. of not less than 9.~ ~a (13:8Jb/~~. · .' . ... : · .. · .. :· . . . . : ·.: . ·· 
* USDOT, 49 CFR: 173.410 (i)(3) · .. , .. .. . ·, 

j .Not app~able. No_li~s. 
.. : 

Packages containing liquids will either provide sufficient absorbent material to absorb twice the volume of 
the liquid contents or be provided -with a contaimneut system composed of primary inner and secondary · 
outer containment components designed to enmre retention of the liquid contents withui fue seconda:ry 
contaimnent even if the primary contamment leaks •.. 
* IAEA TS-R-1, para. 648(b) I Not applicable. No liquids. .. 

I , ,. .. ' .. :.i. 

Packages containing liquids will provide for ullage (the amount of liquid wilbin a container that is lo!!t, as 
by leakage, during sllipment or storage) t<;i accc:>mmotf$ varuµions in. the tempm.ture .of the contents, 
dynamic effects and filliDg dynamics. .. · · . · 
* 1ABA ~R-1, para. ~47 . . ... 

I Not ap~licable. N~ J!.~uids. .! · ·· 1 · 

Packages conta:iJ:mlg gases ( e:xchu:ling tritium or noble gases) shall prevent loss or dispersal of the 
radioactive contents when subjected to the tests specified m para 725. · · · 
* IA.BA TS-R-1, para. 649 

I Not applicable. No gases. 

Any rapiati.on shield that encloses a component of the packaging specified as part of the containment system 
shall prevent the mrlntentional release of th.at component from the shield. Where the radiation shield and 
such component within.it fonn a $eparate unit, the radiation shield shall be capable ofbe_ing sei:;urely closed 
by a positive fastening device which· is independent of any other packaging structure. · · · · · : · 
* USDOT, 49 CFR 173.412 (h) . . . ·.· · 
• l;AEA TS-R-1, para. 645 . . . . . . 
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Comply. The primary containment is the welded stainless steel sources, which are separat.e from 
the shields. .. 
• The Model: 855 Source changer has 8 7,Il.dependent.J~J" tubes fuat contain and protect OJJ.e · ·, 

source ·each and extend into the depleted uranium radiation· shield. The top of each J tube ·bas 
a stop mechanism. which captures the stop ball or the tele:flex cable on the some~ wire. . 
These stop mechanisms have key activated locks. If these locks should fail, the Model 855 
cover plate has a cylinder on the underside of it, that prevents move~~t of.~. stop 

· mecbanisms when the cover plate is bolted on for transport. .. . 
• The Model 3015 Shield has a cavity to contain the sources. This cavity is closed by a 

shielding plug, which is covered with a cap that bolts to the shield jacket · 
• The Model 3018 has 4 independent "J" tubes that contam and protect one source each and 

extend into the radiation shield. The top of each J tube is closed with a threaded cap. · · . · . · 
o The Model 3056 has 10 independent "J" tu.bes ~at contain and protect one source each ·and. 

ex;tend into the radiation shield. The top of each J tube is closed with a threaded pap.,. Theslil 
•· i: caps are protected by the top cover, which is bolted to the shield jacket.· · '· · ; 
·. j 
.,• The Model 3078 Shield has a cavity to contain the S(?Ul'Ces. This cavity is closed by a ., 
,.. shielding plug, which is covered "With.a captbat bolts to the shield jacket._ · · 
11 The Model 1911 ~bield has a cavity to C(?ntain_ l;he ~t;>:\ll"COS. Thi~ cavity is closed by a 

shieldjng plug, which is ~overed with a cap that b.91t$_ int_o threaded~-in the slµel~ . 
••", . . . 

2-4. Chemical Reaction: 
. . ·. :· : . . . . •, .. · . . . .. .... ·. 

Materials and collStrllction assures no sigm:ficant chemical, galvanic, or other reaction among contents and 
components of package, including possible :reaction resulting from in leakage of water. Also' consider 
behavior of materials under irradiation. 
* -USDOT, 49 CFR. 173.410 (g) 
* USNRC, 10 CFR:71.43 (d) 
* IABA TS-R.-1, para. 613 

. · · . . 

. . 

. .. . : .. : ·. . . . .. ..., . 

Comply." Package components are stainless steel, depleted uranium, which is separated :from all 
carbon steel by copper spacers and poured foam, tungsten, lead, cork and carbon steel Based 
on the low level of radiation emitted from the sbield, no adv~e effects to the cqrk inserts or 
the stainless steel barrel will occur. These ma.terials will have no significant chemical; galvanic 
or other reactions among the contents and compone~ of the package; 

2-5. Valves: 
All valves, other than pressure relief valves, shall be provided with an enclosure to retam any leakage from 
the valve. If valve failure allows release of radioactive contents, t1um valve shall have protection from 
unauthorized operation. 
* USDOT, 49 CFR.173.412 (g), 173.410 (h) 
* USNR.C, 10 CFR 71.43 (e) 
* IAEA TS-R-1, para._ 614, 644 

Not applicable. This package has no valves. 
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2-6. Integrity: . 
Package must be designed , constructed, and prepared to ensure; no loss or dispersal of the radioactive 
content$, no more tl).an a 20% increase in external smface radiation levels, and no· substantial red-iiction in 
the effectiveness of the packaging,. when evaluated against tbe perfoµnance and test requirements. 
·* USDOT, 49 CFR 173.412 (j) (1)(2) . . .. . · · ... _ ; .. ·,. . '. · · ,, · : ; . , · . 
(• US$C., 10 CFR 71.43 (f) . 
(• IAEA TS-R-1, para .. 646 . .. 

Comply. See Test Plan 90 Report and TestPl?D-1.63 Report . 
. i . . . 

.·.•· . . : . 

2-7. No Venting: . 
A package may not incorporate a feature intended to allow continuous venting during tr~ort 
* USNRC, 10 CFR 71.43 (h) .. : . 

Not applicable. This package !foes not incorporate any feature intended to allow continuouS' 
venting during transport. . . . . · ·, · , . , · · · · · 

2-8. Air Transport ... . 
Package must be designed, coDBtructed, and prepared f~rtransport so thatiD.~t11 air at 38°C (100°F) and in 
the shade, no. accessible surface of a package would have a temperature exceeding sooc (lf2°m in~.. . ·. · .... 
nonexclusive use shipment, or 85°C (185°F) in an exclusive use shipment. · · 
"'USDOT, 49 CFR 173.410 {i) (1) 
* BSNRC, lQ 9FR. 71.43 (g), 71.71 (c)(l) 
* IABA TS~R-1, para. 617 . 

' .. ·.·· .· : 

Comply, The Specific heat output ofh-192 is 8.6 mW/Ci. The max:hnum Type A Ir-192 activity for this 
container is 62 Ci. (The output activity is corrected by a factor of 2.3 to account for sou;ce attenuation and 
self-absorption). The Specific heat output of Se-75 is S .1 mW /Ci. The maximum Type A Se-7 5 activity for this 
container is 81 Ci. · The controlling nuclide heat output is for I:r-192 and equals: · · · · 

. · .. 
. 8.Q mW/Cix 62 Ci= 533.2 mW. · . .· .. 

. . . 
The radiant energy of the shield without addition of the sa,µ:ce at 50"C (122°F) is calculated as follows: 

q = aA e(T1~-T24) Ref. (pg.408) 
where: c,= Stefan-Boltzman constant= 5.669 x 10·8 w/m2K4 Ref. (pg.14) 
A..,; surface area of the drum= rrdb. + rr.d2/2 = l.00m2 (d-dia offue drum=0.49m; h-'beight=0:53m) I 
e = emmisivityoffue drommaterial (stainless steel) =03 Ref. (pg.648) . 
Ti== sooc or 323K . . :. . . . 

T2. = 3goc or 311K 

Calculating q from the above equation produces the need for a source tenn of at least 26 W to p~oduce a 
smface tempe:cature on the surface of the drum of 5QDC. The lr-192 transported in shield in this package is I 
much less than the minimum energy necessary i:o increase the temperature of the lead to 50°C and therefore the 
surface temperature' oftpe package w.illremai:o. less than sooc. 
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':!,'he ~giit,J ofcon'tcinment will nqt be impaired if the package is exposed to ambient temperatures ran~g 
:from-40.°C (-40°F) to 55°C (131~F). . .... " .. . . . · ... . .. ·,:· ·. ·. . .. ., .- . .. : ..... .. ,: ; i· 
* USDOT, 49 CFR 173.410 W(2) .. .. : .. ·= , .. ·• · .. • ... : • · .. ., · · · · • . 

*USNRC, 10.CFR 71.71 (c)(2) , . .. .. . · 
* IABA TS-R-1, pai:a_. 618 ' . · ,.-, 

Comply. Comply. The primacy containment is the welded stainless steel sources .. All sources · 
m this package must ~eet a nrinimum BS/ISO/ANSI N 43.6-1977 Pressure Classification of 2. 
The capsules are shielded witbm the shield containers, inside the_ cor~ inserts inside the 
stainless steel drum. This temperature range wj)l 1;,.ave _no adverse affect. OJ:). th.fl ±ntegrity of the . 
source or the shielding.- · :- . ... ·· ~ · ·. · .. · ::····:· / · . · · · · · .. · -~ .. ·· '.. .· . · 

. . . .. .. . . . . ' . . . 
·. : .' : 

Packages containing liquids will be capable of withstanding, without leakage, an interiial pr~~i;: that , · · ·.' 
"'ill'oduces a differential ofnot less than 95 kPa (13.8 lb/in2

) (5 kPa for IAEA). .. · · .. · 
',;+ USDOT, 49 CFR 173.410 (i)(3) 
.~ ·IAEA TS-R-1, para. 619 · 

T Not applicable. No liquids. 'r 
.. . . 

2.9 Incr~ased Extemal Pressure . . ... .. .. --.. . 
.. .-.Evaluate the effects of en extemal pressure of an ~ma1 pressure of 140 kPa. c20 psia}on a pacJ.cage at~ .initial 

mtemal pressure at tlJe mimmumnom:ml operating pressme and at a temperature between -20"1" and 100°F. :n;iost 
unfavorable to the package. , ·. · ... -1 . • •• .. 

* USNRC, 10 CFR 71.71 (c)(4) 

Comply .. All sources in·tbis package must ID;eet aminimum.BS/!SO/Af-J'SIN 43.6-1977 . 
Pressure Classification of 3. They have complied with e.."tternal pressure of 2MN/m2 abs. (290. . 
lbs/in2 abs). The rest oftb.e package is unaffected bypressm:e.' · .. 

I,•' , • 

: : . . · 
3. Test Requirements. · 

· : · • • 1. 

·.: . . • 

• . ':: .. . ' ! 

3-1. Water Spray Test: . . . : . . . 
Subject test specimen to a water spray that simulates exposure to rainfall of approximately 5 cm per hour · 
for at least an hour. The free drop; stacking, and penetration t~st below are to be preceded in each ~ase by . 
the water spray test Do not allow test specimen to dry before each. test. · · · 
* USDOT, 49 CFR 173.465 (b) 
* USNRC, 10 CFR 71.71 (c) (6) 
• IA.EA TS-R-1 , para. 721 
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Comply. The stainless steel drum is not affected by water and shields the internal coµ:iponents 
:from water. The internal components are not affected by water witbm t1J.e time period of tbis : 
test. Although the carbon steel jacket on the Model 855 source changer could oxidize over a . 
long period of time, years of experience with this source changer.as a standalone transport 
package have shown no decreased structural integrity. See Test Plan 90 Report'°and Test Plan 
163 Reoort. . . .. . . . . . , . . . ,\ . 

3-2. Free Drop Test: . . .: /i · · • 

S1lbject the test specimen. to drop onto a fW.!d, flat, horizontal surface so as to suffer maximum damage hi 
respect of the .safety features .to be tested. The height of the drop measured .from 1he lowest point of the 
specimen to the upper smface of the target shall not be less than 1.2m ( 4 ft) for packages less. than SOOO kg 
(11,000 lbs). See additional reanh.-tio~ _:!.o:r fi$sile and wood materials. .Comer .drops of 1 ft onto each. 
comer of the package for cardboard pack:a,:,aes.. · 
* USDOT, 49 CFR 17~.~65 (c) . L·., .. , . ::, :: ·. : · : , • · ·,. :, ;: . ,· ;~ •. ·, ·.• . · 

,. USNRC, 10 CFR 71.71 (c) (7) .': . · .. . ! : :., :· 
* IA.EA TS-R-1, para:. 722 ... ·., ' , : 

I Compiy. s~.-~est Plan 90 Report and Test Plan 163 Rep_ort. .. . . . : . .. , ...... ·.- .. 1 

' " 

3-3. Siacking/Compression Test: · · · · · 
Subj~~ test_spe~ to a compressive load equal tQ 5 $:les thelIJ?.Ss ofth~_actualpackage for a.period 
of24 hours. .. . . . . . . . , . . _- · : .::·: · . · ·.- . , . · · · ··: . ,, . -:· · 
* USDOTJ 49 CFR 173.465 (d) · · 
* USNRC, 10 CFR 71.71 (c)(9) , .. < . 
·* IAEA TS-R-1, para. 723 . . - ·. 

I Comply. ~ee Test Plan ~O Rep~ and T~P).an 163 ~port:_,:, -: _-;·.·. ... ··1 ·1 
.. . . . ... 

3-4. Penetrati.ou Test 
Place the test specimen on a rigid, flat, horizontal surface which will not move significantly wb:ile the test is 
being carried.out Drop a bar, 6 kg (13.25 lb), 3.2 cm {1.26) diameter with hemispherical end, with its 
longitud.i?al axis vertical, onto the center of the weakest part of the specimen, so that, if it penetrates 
sufficiently far, it will hit the coniamment system. The height of drop measured from the bars lower end t<;i ·,.. · 
the intended point 9f nnpact on the upper surf.ace of~e test spec~~_shall b,e 1 m (39 .37 in). · ,.: · ;·· 
*USDOT, 49 CFR 173.465 (e) . . , . . . .. _' ·. . .. . ,. ·:: ·· .. 
* USNRC, 10 CFR 71.71: (c) (10) Y . . .. . 

* IAEA TS-R-1, para. 724 

Comply. See Test Plan 90 Report and Test Plan 163 Report. 
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Subject the u:st specimen to drop onto a hard, flat, horizontal SUiface so as to suffer maximum damage in 
respect of the safety features to be tested. The height of the drop measured from the lowest point of the 
specimen to the upper SUtface of tbe target shall not be less than 9 m (30 ft). 
* USDOT, 49 CFR 173.466 (a)(l) 
* IAEA TS-R-1, para. 725(a) 

I Not applicable. No liquids or gases. 

Place the test specimen on a rigid, flat, horizon1al surface which will not move significantly while the test is 
being cani.ed out. Drop a bar, 6 kg(B.25 lb), 32 cm(l.26) diameterwithhemispherica1 end, with its 
longitudinal axis. vertical, onto the center of the weakest part of the specr:imen, so that. if it penetrates 
S1l:ffi.ciently far, it will hlt the containment system The height of drop measured from the bars lower end to 
the intended point of impact on the upper sur.face oftbe test specimen shall be 1.7 m(66.93 in). 
* USDOT, 49 CFR 173.466 (a)(2) . . 
* IABA TS-R-1, para. 72S(b) 

I Not applicable. No liquids or gases. 
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U.S. Department IAEA CERTIFICATE OF COMPETENT AUTHORITY 
of Transportation SPECIAL FORM RADIOACTIVE MATERIALS 

Pipeline and CERTIFICATE USA/0392/S-96, REVISION 12 
Hazardous Materials 
Safety Administration 

East Building, PHH-23 
1200 New Jersey Ave, SE 

Washington, D.C. 20590 

This certifies that the sou rce described has been demonstrated to meet the 
regulatory requirements for special form radioactive material as prescribed 
in the regulations of the International Atomic Energy Agency1 and the United 
States of Arnerica 2 for the transport of radioactive material. 

1 . Source Identification - QSA Global , Inc. Model 875 Capsule . 

2 . Source Description - Cylindrical single encapsulation made of Type 
304 or 304L stainless steel and tungsten inert gas or laser welded. 
Approximate exterior dimensions are 5 . 2 mm (0.205 in.) in diameter 
and 7.84 mm (0 . 309 in.) in length . Inside dimen sions vary , but 
minimum wall thickness is 0 . 482 mm (0 . 019 in.). Construction shall 
be in accordance with attached QSA Global , Inc . Drawing No . R87 5 
INNER , Rev . C. 

3 . Radioactive Contents - No more than either 8 . 9 TBq (240 . 0 Ci) of 
Cobalt-60 or 14 . 8 TBq (400 . 0 Ci) of Iridium-192 in the form of 
metallic wafers or pellets. 

4 . Management System Activities Records of Management System 
activities required by Paragraph 306 of the IAEA regulations shall 
be maintained and made available to the authorized officials for at 
least three years after the last shipment authorized by this 
certificate . Consignors in the United States exporting shipments 
under this certificate shall satisfy the requirements of Subpart H 
of 10 CFR 71 . 

5 . Expiration Date This certificate expires o n October 31, 2022. 
Previous editions which have not reached their expiration date may 
continue to be used . 

1 "Regulations for the Safe Transport of Radioactive Material , 2012 Edition , 
No . SSR- 6" published by the International Atomic Energy Agency (IAEA) , 
Vienna , Austria. 

2 Title 49 , Code of Federal Regulations , Parts 100-199 , United States of 
America . 



(- 2 ·) 

CERTIFICATE USA/0392/S-96 , REVISION 12 

This certificate is issued in accordance with paragraph (s ) 804 of the IAEA 
Regulations and Section 173 . 476 of Title 49 of the Code of Federal 
Regulations , in response to the October 13 , 2017 petition by QSA Global , 
Inc . , Burlington, MA, and in consideration of other information on file in 
this Office. 

Certified By: 

William Schoonover 
Associate Administrator for Hazardous 
Materials Safety 

Revision 12 - Issued to extend the expiration date . 

November 03, 
2017 

(DATE ) 



NOTES: 
1. MATERIAL: 304L STAINLESS STEEL. 
2. INTERNAL VOID VOLUME TO BE 0.010 ml OR GREATER. 
3 . INNER CAVITY DIMENSIONS MAY VARY. METALLIC SPACERS, 

SPRINGS AND GUARDS WHICH SECURE AND/OR LOCATE THE 
RADIOACTIVE MATERIAL WITHIN THE CAPSULE MAY BE USED. 

4. MINIMUM WALL THICKNESS TO BE 0.019. 

ERF If 1739 

UNLESS OTHERWISE SP£C1Fl£D 
DIMENSIONS IN IHCH£S 
l0l£RANC£S: 

FRICT10NS :t 1/8 
lC.X :t 0.12 

lC.XlC :t 0.1)6 
)(.XlC)( :t 0.020 

DESCRIPTIVE 
DRAWING 

TITLE 875 SERIES INNER CAPSULE 
SIZE owe. NO. 

A 
R875 INNER 

SCALE: NONE SHEET 1 OF 1 

REV 

C 
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East Building, PHH-23 
1200 New Jersey Ave, SE 

Washington, D.C. 20590 

U.S. Department IAEA CERTIFICATE OF COMPETENT AUTHORITY 
of Transportation SPECIAL FORM RADIOACTIVE MATERIALS 

Pipeline and CERTIFICATE USA/0335/S-96 , REVISION 12 
Hazardous Materials 
Safety Administration 

This certifies that the sources described have been demonstrated to meet the 
regulatory requirements for special form radioactive material as prescribed 
in the regulations of the International Atomic Energy Agency1 and the United 
States of America 2 for the transport of radioactive material . 

1 . Source Identification - QSA Global , Inc . Model 875 Series . 

2 . Source 
with 

Description Cylindrical 
the outer capsule made of 

single or 
Type 304L 

double encapsulations 
stainless steel and 

tungsten inert gas or laser welded . Approximate outer dimensions 
are 6 . 35 mm (0 . 25 i n. ) in diameter a nd either 19 . 05 mm (0 . 75 in.) or 
24 . 2 mm (0 . 954 in . ) in length . Inner capsules , when present , are 
made of stainless steel or titanium. Construction of the outer 
capsule shall be i n accordance with attached QSA Global , Inc . 
Drawing No . R875 OUTER , Rev . C. Construction of any inner capsule 
shall be in accordance with attached QSA Global , Inc . Drawing No . 
R875 INNER , Rev . C, or QSA Global , Inc . Drawing No. R87527-40 , Rev. 
A . 

3 . Radioactive Contents - No more than either 14 . 8 TBq (400 Ci) of 
I ridium-1 92 as a so l id me t al ; 8 . 1 4 TBq (220 Ci) of Cobalt - 60 as a 
solid metal ; 5 . 56 TBq (150 Ci) of Selenium-75 as an encapsulated 
solid metal ; 1 . 11 TBq (30 Ci) of Cesium- 137 as encapsulated CsC1 2 ; 

1. 85 TBq (50 Ci) of Thulium-170 as Tm20 3 ; or 7 . 4 TBq (200 Ci) of 
Ytterbium- 169 as Yb 20 3 . 

1 " Regulations for the Safe Transport of Radioactive Material , 2012 Edition, 
No . SSR- 6" published by the International Atomic Energy Agency (IAEA) , 
Vienna , Austria . 

2 Title 49, Code of Federal Regulations , Parts 100-199 , United States of 
America . 



CERTIFICATE USA/0335/S-96 , REVISION 12 

4 . Management System Activi ties Records of Management System 
activities required by Paragraph 306 of the IAEA regulations shall 
be maintained and made available to the authorized officials for at 
least three years after the last shipment authorized by this 
certificate . Consignors in the United States exporting shipments 
under this certificate shall satisfy the requirements of Subpart H 
of 10 CFR 71 . 

5 . Expiration Date This certificate expires on June 30 , 2018. 
Previous editions which have not reached their expiration date may 
continue to be used . 

This certificate is issued in accordance with paragraph(s) 804 of the IAEA 
Regulations and Section 173 . 476 of Title 49 of the Code of Federal 
Regulations , in response to the September 6, 2017 petition by QSA Global, 
Inc ., Burlington, MA, and in consideration of other information on file in 
this Office. 

certified By : 

William Schoonover 
Associate Administrator for Hazardous 
Materials Safety 

Revision 12 - Issued to extend the expiration date . 

September 28 , 
2017 

(DATE) 



ERF # 1739 

NOTES: 

UNLESS OTHERWISE SPECIFIED 
DM£NS10NS IN INCHES 
l0l£RANCCS: 

f'RACTIOHS :I: 1 /8 
x.x :I: 0.12 

x.xx :I: 0.06 
x.xxx :t 0.020 

1. INTERNAL VOID TO 8£ 0 .010 ml OR GREATER. 
2. MATERIAL: 304L STAINLESS STEEL. 

DESCRIPTIVE 
DRAWING 

TtTL£ 875 SERIES SSOR OUTER CAPSULE 

S~E OWG. HO. R875 OUTER 
A SCAL£: NONE SHEET 1 Of' 

REV 
C 



NOTES: 
1. MATERIAL: 304L STAINLESS STEEL. 
2. INTERNAL VOID VOLUME TO BE 0.010 ml OR GREATER. 
3. INNER CAVITY DIMENSIONS MAY VARY. METALLIC SPACERS, 

SPRINGS AND GUARDS WHICH SECURE AND/OR LOCATE THE 
RADIOACTIVE MATERIAL WITHIN THE CAPSULE MAY BE USED. 

4. MINIMUM WALL THICKNESS TO BE 0.019. 

ERF /I. . 1739 

UNl£SS OlHERWISE SP£CIF1ED 
DNENS10NS. IN INCHES 
TOl.EIWJCtS; 

fRACT10NS * 1/9 
x.x * 0.12 

x.xx * 0.06 
X.lOOC * 0.020 

DESCRIPTIVE 
DRAWING 

TITLE 875 SERIES INNER CAPSULE 
SIZE OWG. NO. R8 7 5 INN ER REV 

• A SCALE: NONE SHEET 1 OF C · ., 



ERF # 1739 

1. MATERIAL: 316L STAINLESS STEEL OR EQUIVALENT, 
OPTIONAL MATERIAL: COMMERCIALLY PU.RE TITANIUM, GRADE 4. 

2. INNER CAVITY DIMENSIONS MAY VARY. METALLIC SPACERS, 
SPRINGS AND GAURDS WHICH SECURE AND/OR LOCATE THE 
RADIOACTIVE MATERIAL WITHIN THE CAPSULE MAY BE USED. 

3. MINIMUM WALL THICKNESS TO BE 0.009. 

UNl.£SS O'TH£RWIS£ SPECIF'E> 
DIMENSIONS IN INCHES 
TOLERANCES: 

fRACTlONS :I: 1 /8 
x.x :t: 0.12 

x.xx :t: 0 .06 
x.xxx :I: 0.020 

DESCRIPTIVE 
DRAWING 

TITLEX540N CAPSULE ASSEMBLY 
SIZE OWG. NO. R87527-40 REV 

A SCAL£: NONE SHEET 1 or A 
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East Building, PHH-23 
1200 New Jersey Ave, SE 

Washington, D.C. 20590 

U.S. Department IAEA CERTIFICATE OF COMPETENT AUTHORITY 
of Transportation SPECIAL FORM RADIOACTIVE MATERIALS 

Pipeline and CERTIFICATE USA/0502/S-96, REVISION 11 
Hazardous Materials 
Safety Administration 

This certifies that the sources described have been demonstrated to meet the 
regulatory requirements for special form radioactive material as prescribed 
in the regulations of the International Atomi c Energy Agency1 and the United 
States of America 2 for the transport of radioactive material. 

1. Source Identification QSA Global, Inc. Model Nos. X54 
(Manufactured before January 1, 1998), X540 (Manufactured on or 
after February 17, 1981), and X540/l (Manufactured on or after 
September 27, 2000) . 

2 . Source Description Tungsten inert gas or laser seal welded 
The outer 

and the inner 
cylindrical single or double encapsulations . 
encapsulation is made of titanium or stainless steel 
encapsulation, if used, is made of titanium, stainless steel , or 
aluminum. Approximate exterior dimensions are 5. 15 mm ( 0. 2 in.) 
maximum diameter and 15. 15 mm (0.6 in.) in l ength (Model X54) ; and 
5 . 16 mm ( 0. 2 i n. ) in diameter and 7. 65 mm ( 0. 3 in . ) in length 
(Models X540 and X540/l) . Construction sha l l be in accordance with 
attached Amer sham Drawing No. Al0639 , Issue C (Model X54) or QSA 
Global Inc. Drawing No . R87527, Rev. H (Models X540 and X540/l) . 

3 . Radioact i ve Contents - No more than 17.0 TBq (459 . 5 Ci) of Cobalt-60 
(Model X54); or no more than either 20.0 TBq (540.5 Ci) of Cobalt-
60, 17.0 TBq (459.5 Ci) of Iridium-192, or 5.56 TBq (150.3 Ci) of 
Selenium- 75 (Mode l s X540 and X540/l). The Co - 60, Ir-192, and Se-75 
are in the form of a metal. 

1 "Regulations for the Safe Transport of Radioactive Material, 2012 Edition, 
No. SSR-6 " published by the International Atomic Energy Agency (IAEA), 
Vienna , Austria . 

2 Tit l e 49 , Code of Federal Regulations, Parts 100-199, United States of 
America. 



(- 2 -) 

CERTIFICATE USA/0502/S-96, REVISION 11 

4 . Management System Act ivities Records of Management System 
activi ties requi red by Paragraph 306 of t he I AEA regul ations s hall 
be maintained and made available to the authorized officials for at 
least three year s afte r the last shipme nt aut horized b y this 
certificate . Consignors in the United States e xporting shipment s 
under this certificate shall sat i sfy the requirements of Subpart H 
of 10 CFR 71 . 

5 . Expiration Date This certificate expires on June 
USA/0502/S-96 Rev is i on 10 may be u sed until February 28 , 
other revisions are not authorized for use . 

30 , 2018 . 
2018 . All 

This certificate is issued in accordance with paragraph(s) 804 of the IAEA 
Regulations and Section 173 . 476 of Title 49 of the Code of Fede r al 
Regul ations , in response to the December 4, 2017 petition by QSA Global , 
Inc . , Burlington , MA , and in consideration of other information on f i le in 
this Office . 

Certified By : 

Will iam Schoonover 
Associate Administrator for Hazardous 
Materials Safety 

January 11 , 2018 
(DATE) 

Revision 11 - Issued to update QSA Global Inc . Drawing No . R87527 . 



DRG A10639 Item Description 
NO. Material Drawing No. No.off 

1 BODY STAIN.STL A10636 ITEM.1 
2 PWG STAIN.SIL A10638 

~ 3 ACTIVE MATERIAL 

TOI.EJWiCES MATERIAi. GENERAL NOlES SCALE C MS1211 4.1 .95 M.A. 

TIMD NfQI£ l'llOJEC1lClf {f)-E3- 10:1 ISSUE MOD No. MTE DRAWN 

IIODlf!Cl,TIOHS lNOD\m> IIY ISSUE If <) -------·----,,--Rt:. © 
THIS W,111111 C01R1a1S TO IS30L -11<.•-G11Y•--•-,.-rr--•--•--• ____ '111 _______ 1//F ___ 

lN!SS AU. oo.t!liSIOHS IN lllillETRES Ull.m TITLE ASSEMBLY OF CAPSULE X54 OHRWISt STAm> OTIIEIIWISE STA'IEI>, 

SURFACE FlNISH DO NOT 5CAL£ 
TEXTURE 

APPROVAL USED ON SHT. 
A3 

DRG 
A10639 

SHT l 
UNl.£SS 'l'Nll_ll.,.1111WlaafW- SIZE NO. Of 
DnDWISE SrATm RDQIE AU. IIURllS ,._IIUDIQUM- SHTS 1 



NOTES: 
1. MATERIAL: SEE TABLE 

ERF # 3726 

NOTES: 
1. INTERNAL VOID TO BE 0.010 ml OR GREATER. 
2. MATERIAL: SEE TABLE 

3. INNER CAVrTY DIMENSIONS MAY VARY. METALLIC SPACERS, 
SPRINGS AND GUARDS WHICH SECURE AND/OR LOCATE THE 
RADIOACTIVE MATERIAL OR INNER SOURCE CAPSULE 
WITHIN THE CAPSULE MAY BE USED. 

4. MINIMUM WALL THICKNESS TO BE 0.22. 

5. DIMENSIONS ARE IN MILLIMETERS 

UNL.£SS OTHERWISE SPEQFlED 
DIMENSIONS IN INCHES 
TOLERANCES: 

FRACTIONS :i: 1 /8 
x.x :I: 0.12 

x.xx :i: 0.06 
x.xxx :I: 0.020 

DESCRIPTIVE 
DRAWING 

40 NORTH AVE. BUAI.JNCTON, MA 01803 

TITLE X540 CAPSULE SERIES 
SIZE DWG. NO. 

A 
R87527 

ALE: NONE SHECT or 
REV 
H 
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U.S. Department 
of Transportation 

Pipeline and 
Hazardous Materials 
Safety Administration 

IAEA CERTIFICATE OF COMPETENT AUTHORITY 
SPECIAL FORM RADI OACTIVE MATERIALS 

CERTIFICATE USA/0179 / S- 96, REVISION 12 

East Building, PHH-23 
1200 New Jersey Ave, SE 

Washington, D.C. 20590 

This certifies that the source described has been demonstrated to meet the 
regulatory requirements for special form radioactive material as prescribed 
in the regulations of the International Atomic Energy Agency1 and the United 
States of America 2 for the transport of radioactive material. 

1. Source Identification - QSA Global , Inc. Series 900 Iridium Capsule. 

2. Source Description - Cylindrical single encapsulation made of Type 
304L stainless steel and tungsten inert gas or laser welded . 
Approximate exterior dimensions are 5.2 mm (0.205 in.) in diameter 
and 15 . 5 mm (0.611 in.) in length. Inside dimensions vary , but 
minimum wall thickness is 0.71 mm (0.028 in.). Construction shall 
be in accordance with attached QSA Global, Inc. Drawing No. 900 CAP, 
Rev. B. 

3. Radioactive Contents - No more than 8.88 TBq (240.0 Ci) of Iridium-
192 in solid, metallic form . 

4. Management System Activities Records of Management System 
activities required by Paragraph 306 of the IAEA regulations shall 
be maintained and made available to the authorized officials for at 
least three years after the last shipment authorized by this 
certificate. Consignors in the United States exporting shipments 
under this certificate shall satisfy the requirements of Subpart H 
of 10 CFR 71. 

5. Expiration Date This certificate expires on October 31 , 2022. 
Previous editions which have not reached their expiration date may 
continue to be used . 

1 ttRegulations for the Safe Transport of Radioactive Material , 2012 Edition, 
No . SSR-6" published by the International Atomic Energy Agency (IAEA) , 
Vienna, Austria. 

2 Title 49, Code of Federal Regulations, Parts 100-199, United States of 
America. 

------, 
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CERTIFICATE USA/0179/S- 96, REVISION 12 

This certificate is issued in accordance with paragraph(s) 804 of the IAEA 
Regulations and Section 173 . 476 of Title 49 of the Code of Federal 
Regulations, in response to the October 6, 2017 petition by QSA Gl obal, 
Inc., Burlington , MA, and in consideration of other information on file in 
this Office . 

Certified By: 

William Schoonover 
Associate Administrator for Hazardous 
Materials Safety 

Revision 12 - Issued to extend the expiration date . 

November 03 , 
2017 

(DATE) 



NOTES: 

1. INTERNAL VOID VOLUME TO BE 0.010 ml OR GREATER 

2. MATERIAL: 304L STAINLESS STEEL 

3. INNER CAVITY DIMENSIONS MAY VARY. METALLIC SPACERS, SPRINGS AND GUARDS WHICH 
SECURE AND/OR LOCATE THE RADIOACTIVE MATERIAL WITHIN THE CAPSULE MAY BE USED 

4. MINIMUM WALL THICKNESS TO BE 0.028 

ERF # 1739 

IJ"ILESS OTHC:RWISE 'SPEC ll" tEO 
('IWHISICNS 'N INC HE~ 
TO .. r:RANC£$: 

•RA(. TION'S :1: 1 /8 
X.X :I: 0 . 12 

,:, J( X :,: O.Oo'\ 
,_;()()( :!: o.o:::o 

40 NCRTH AVE. BU"'Ll\vTO~ • • WA O' oU;, 

DESCRIPTIVE 
DRAWING 

TITLE 900 SERIES CAPSULE 

SIZE DWG. NO. 900 CAP 
A SCALE: NONE SHEET 1 or 1 

REY 
B 
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0 East Building, PHH-23 
1200 New Jersey Ave, SE 

Washington, D.C. 20590 

U.S. Department IAEA CERTIFICATE OF COMPETENT AUTHORITY 
SPECIAL FORM RADIOACTIVE MATERIALS of Transportation 

Pipeline and 
Hazardous Materials 
Safety Administration 

CERTIFICATE USA/0497/S-96 , REVISION 6 

This certifies that the source described has been demonstrated to meet the 
regulatory requirements for special form radioactive material as prescribed 
in the regulations of the International Atomic Energy Agency1 and the United 
States of America 2 for the transport of radioactive mater.ial . 

1 . Source I dentification - QSA Global , Inc . Model X. 444 . 

2. Source Description - Cylindrical single or double encapsulation made 
of Type 316 or 316L stainless steel and tungsten inert gas or l aser 
seal welded. Approximate maximum exterior dimensions are 5 . 6 mm 

(0 . 22 in . ) in diameter and 15 . 0 mm (0 . 59 in . ) in length . Minimum 
wall thickness is 0 . 63 mm (0 . 025 in . ) . Any inner encapsulation 
shall be made of stainl ess steel, aluminum, or titanium. 
Construction shall be in accordance with attached QSA Global, Inc . 
Drawing No . R87522 , Rev . B. 

3 . Radioactive Contents - No more than 10 . 92 TBq (295 . 0 Ci) of Iridium-
192 or Cobalt - 60 in solid metal form . 

4 . Management System Activities Records of Management System 
activities required by Paragraph 306 of the IAEA regulations shall 
be maintained and made available to the authorized officials for at 
least three years after the last shipment a uthori zed by this 
certificate . Consignors in the United States exporting shipments 
under this certificate shall satisfy the requirements of Subpart H 
of 10 CFR 71 . 

5 . Expiration Date This certificate expires on January 31, 2023 . 
Previous editions which have not reached their expiration date may 
continue to be used . 

1 "Regulations for the Safe Transport of Radi oact ive Material , 2012 Edit i on, 
No . SSR-6" published by the Internat i onal Atomi c Energy Agency (IAEA) , 
Vienna , Austria . 

2 Title 49 , Code of Federal Regulations, Parts 100-199, United St ates of 
America . 
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CERTIFICATE USA/0497/S-96, REVISION 6 

This certificate 
Regulations and 

is issued in accordance with paragraph(s) 804 of the IAEA 
Section 173 .476 of Title 49 of the Code of Federal 

in response to the January 2 , 2018 petition by QSA Global, Regulations, 
Inc., Burl i ngton, MA, and in cons i dera t ion of other information on file in 
this Office . 

Certified By : 

William Schoonover 
Associate Administrator for Hazardous 
Materi als Safety 

Revis ion 6 - Issued to extend t he expirat i o n date . 

January 19 , 2018 
(DATE) 



ERF II 1739 

1. INTERNAL VOID TO BE 0.010 ml OR GREATER. 
2. MATERIAL: 316L STAINLESS STEEL OR EQUIVALENT. 

3. INNER CAVITY DIMENSIONS MAY VARY. METALLIC SPACERS. 
SPRINGS AND GUARDS WHICH SECURE AND/OR LOCATE THE 
RADIOACTIVE MATERIAL WITHIN THE CAPSULE MAY BE USED. 

4. MINIMUM WALL THICKNESS TO BE 0.025. 

DESCRIPTIVE 
DRAWING 

UNL£SS OlHERWISE SPEClflEO 
DKNSIONS IN INQ£S 
TOl.ERIHC£S: 

TITLE X444 CAPSULE ASSEMBLY 
FRACT10NS t: 1/9 

x.x z 0.12 
x.xx z o.oe 

x.xxx z 0.020 

SIZE OWG. HO. 

A SCALE: NONE 
R87522 

SHEET 1 OF' 

REV 

8 
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0 
U.S. Department East Bulldlng, PHH-23 

1200 New Jersey Avenue Southeast 
of Transportation IAEA CERTIFICATE OF COMPETENT AUTHORITY Washington, D.C. 20590 

Pipeline and 
Hazardous Materials 
Safety Administration 

SPECIAL FORM RADIOACTIVE MATERIALS 
CERTIFICATE USA/0805/S-96, REVISION 0 

This certifies that the source described has been demonstrated to meet the 
regulatory requirements for special form radioactive material as prescribed 
in the regulations of the International Atomic Energy Agency 1 and the United 
States of America 2 for the transport of radioactive material. 

1. Source Identification - QSA Global, Inc . Model X9103. 

2. Source Description Cylindrical single encapsulation made of 300 
series stainless steel and tungsten inert gas or laser seal welded. 
The radioactive material may be inside an inner assembly made of 
vanadium, titanium, titanium alloy, or zirconium alloy. The capsule 
may also contain stainless steel, titanium, titanium alloy, or 
vanadium spacers or springs to secure the radioactive material or 
inner assembly within the capsule. Approximate outer dimensions are 
6 . 86 mm (0.27 in.) in diameter and 26.92 mm (1.06 in.) in length. 
Construction shall be in accordance with attached QSA Global, Inc. 
Drawing No. R90017-1, Rev. A. 

3. Radioactive Contents - No more than 7.4 TBq (200 Ci) of Selenium-75. 
The Se-75 is in the form of a physically inert and stable 
metal-selenide compound. 

4. Ouali ty Assurance - Records of Quality Assurance activities required 
by Paragraph 310 of the IAEA regulations 1 shall be maintained and made 
available to the authorized officials for at least three years after 
the last shipment authorized by this certificate. Consignors in the 
United States exporting shipments under this certificate shall satisfy 
the applicable requirements of Subpart Hof 10 CFR 71. 

5. Expiration Date - This certificate expires on November 30, 2019. 

1 "Regulat ions for the 
Edition (Revised), No. 
International Atomic Energy 

Safe Transport of Radioactive Material, 1996 
TS-R-1 (ST-1, Revised)," published by the 
Agency(IAEA), Vienna, Austria. 

2 Title 49, Code of Federal Regulations, Parts 100-199, United States of 
America. 
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CERTIFICATE USA/0805/S-96, REVI SI ON 0 

This certificate is issued in accordance with paragraph 804 of the IAEA 
Regulations and Section 173.476 of Title 49 of the Code of Federal 
Regulations, in response to the October 24, 2014 petition by QSA Global, 
Inc., Burlington, MA, and in consideration of other information on file in 
this Office . 

Certified By : 
' 

~ Dr. Magdy El-Sibai e 
~~· Associate Administrator for Hazardous Materials Safety 

Revision O - Original issue. 

Dec 09 2014 
(DATE) 



4 

3 

2 

ITEM QTY 

X9l 03 Se LINK BODY STAINLESS STEEL 

X9103 Se LINK SHANK ST A IN LESS STEEL 

ACTIVE CAPSULE/ TARGET 

INNER CAPSULE ASSEMBLY (OPTIONAL) 

TITLE MATERIAL 

ERF# APPROVALS 

' ' OR VANADIUM SPACERS OR SPRINGS TO 
SECURE AND/OR LOCATE THE ACTIVE INNER 
SOURCE CAPSULE OR TARGET (MADE USING 
VANADIUM, TITANIUM, TITANIUM ALLOY, OR 
ZIRCONIUM ALLOY COMPONENTS) WITHIN 
THE SOURCE LINK MAY BE USED. 

UNlfSS OlHERWISE SPECIAEO: 

ALL DIMENSIONS ARE INCHES, TOLERANCE ± 1/16 

QSA GLOBAL 

40 NORTlf AVE. BURLINGTON, MA 01803 

DESCRIPTIVE 
DRAWING 

DATE TITLE X9103 
t-----.----.------r-----t 

u~~~~_J~oa~lf~ SIZE DWG. NO. R90017• 1 
A SCALE: NONE SHEET 1 OF l 

3160 
REV 

A 
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This plan tests the Model 976 transport package without the lid closure clamp, CLM009, to the 
requirements of 10 CFR Part 71, revised as of January 26, 2004 and the IAEA Regulations for the 
Safe Transport of Radioactive Material, No. TS-R-1 (2005 Edition). Lid closure for the package will 
depend solely on the four radial lid closure bolts during the tests. 

If the Model 976 package can pass the transport tests of 10 CFR Part 71 without the clamp, then the 
clamp can be designated as optional and will not be required for the Type-B transport package. 

The plan describes the test package, testing equipment, testing scenario, justifies the package 
orientation, and provides test worksheets to record key steps in the testing sequence. 

Roles and Responsibilities 

The responsibilities of the groups identified in this plan are: 

• Engineering executes the tests to this test plan and summarizes the test results. Engineering also 
provides technical input to assist Regulatory Afrairs 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 QSA Global Quality Assurance Program. 

Section 2 Transport Package Description 

The Model 976 consists of three transport package versions, the Model 976A, 976C and 976F. These 
are described on the currently approved descriptive drawing R97600 Revision B. 

More infonnation about the Model 976 package can be found in the original transport Test Plan 90 
and Arnersham Test Number 1835. Figure 2.1 is a cross-sectional view of the 976A transport 
container. The Model 976A version is selected for testing because it is the heaviest package 
configuration and is made with the least amount of cork impact absorbing material. 
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The test specimen shall first be subjected to the required nonnal conditions of transport tests of 10 
CFR Part 7I.71followed by the hypothetical accident condition test sequence of 10 CFR Part 71.73. 
The complete testing order is given in section 8.1 of this plan. 

3.1 Normal Transport Condition Tests 

The water spray preconditioning of 10 CFR 71.71 (c)(6) will not be perfonned as the package is 
constructed of waterproof materials throughout. Water spray would not degrade the structural 
integrity of the Model 976 transport package. 

The Model 976 package shall be subjected to the 1.2-meter free drop test per 10 CFR 71.71 (c)(7). 

The compression test of 10 CFR 71.71 (c)(9) will not be performed since the clamp band does not 
contribute significantly to the structural integrity of the package during the compression test. Results 
of the test as performed under Test Plan 90 demonstrated the drum body and lid along with the four 
radial lid closure bolts maintained the package integrity under this test condition. Testing is not 
expected to change for a Model 976 package without the lid closure band. 

The penetration test of 10 CFR 71.71 (c)(lO) will not be performed since the penetration test results 
given in the plan 90 is not expected to change for a Model 976 package without the lid closure band. 

Without the clamp band, the drum outer surface and any one of the four lid closure bolts would be the 
only other external items available to be damaged by a dropped penetration bar. The following 
assessment indicates these items will remain intact with minimal damage and any damage that does 
occur will not reduce the overall safety of the transport package. 

The maximum impact force generated by the 13-pound penetration bar dropped from 40-inches is 
equal to about 600 pounds (rounded up) if we conservatively assume the bar stops at about 0.01 
seconds on impact. The maximum impact force calculation: (((WIG) x (2 x G x H)1'2) / T), where W 
is 13-pounds, G is 32.2 feet/sec2, His 3.33 feet, and Tis 0.01 seconds. 

A quick and conservative calculation of the maximum piercing force required to breach the outer 
surface of the 0.054-inch thick stainless steel drum with a 1.25-inch diameter bar is about 12,000 
pounds. The piercing force is calculated using (Pix D x t x S), where Pi is 3.14, Dis 1.25-inches, tis 
0.054-inches, and S is 57,000 lb/in2 (See reference #1). Compared to the minimum 57,000 pierce 
strength of the drum material, the pierce stress is about 1/5 of the allowable piercing strength. 
Therefore, the penetration bar will not pierce through the drum outer surface when dropped from 40-
inches on any external surface of the drum. 

Toe penetration bar dropped onto one of the lid closure bolt heads will be assessed in two different 
orientations, the first orientation is a hit applied axially onto the flat surface of the bolt head and the 
second is a hit applied radially onto the side of the bolt head. 

A 600-pound axial load applied to the flat surface of the bolt head is not expected to compress or 
deform the 3/8 bolt head enough to cause the bolt to fail. The impact generates a maximum 
compressive stress of 777 lb/in2 based on the load acting on the stress area of the bolt. The 
compressive stress is equal to (W / Ah), where Ah is the area under the bolt head, 0.772 in2 • 
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Compared to the minimum 30,000 lb/in2 yield strength of the drum and bolt material, the 777 lb/in2 

impact stress is insignificant and not expected have any effect. 

The drum geometry does not allow the entire 600-pound load to be applied radially to the side of the 
bolt head. The contact point on the bar is about 37 degrees from the axis of the bar. This means only 
about 80% or 480-pounds of the load is applied radially. The radial impact generates a maximum 
direct shear of20,645 lb/in2 based on the load acting on the end of the 0.3-inch long head. The shear 
force is equal to (W / Ab x L), where Ab is the stress area of the 3/8-16 bolt thread, 0.0775 in2, and L 
is the unsupported length of the bolt head, 0.3-inch. Compared to the minimum 61,500 lb/in2 (0.82 x 
75,000: See reference #2) shear strength for the bolt material, the maximum direct shear stress is only 
1/3 of the allowable strength. 

Therefore, a 13-pound penetration bar dropped from 40-inches onto any external feature of the Model 
976 package .will not reduce the integrity or overall effectiveness of the package. 

References: 

1. Mark's Standard Handbook for Mechanical Engineers, Tenth Edition, Page 13-14,13-15 & 
Table 13.2.2. 

2. Machine Design, Theory and Practice, Macmillan Publishing, Copyright 1975, page 89. 

3.2 Hypothetical Accident Condition Tests 

The crush test in 10 CFR 71. 73 ( c )(2) will not be performed because the package contents are 
qualified as Special-Form radioactive material and therefore this test is not required. 

The Model 976 package shall be subjected to the 9-meter free drop test as described in 10 CFR 
71.73 (c)(l), and then the puncture test in accordance with 10 CFR 71.73 (c)(3). 

The thermal test in 10 CFR 71.73 (c)(4) will be assessed and will not be perfonned. The assessment 
shall be based on the cumulative damage to the test specimen immediately after the puncture test. 

The immersion test in 10 CFR 71.73 (c)(6) will not be performed. Only the source capsule 
(containment vessel) is sealed and able to pressurize in SO-feet of water depth. The source capsule is 
designed and tested to withstand external pressures over 22-lbf/in2• 

3.3 Free Drop Height Adjustment 

All free drop test heights specified in 10 CFR Part 71 will be adjusted higher because the actual test 
specimens are expected to weigh less than the maximum allowable package weight. 

Individual adjusted drop heights will be detennined after each test specimen is weighed and just 
before the drop tests. The adjusted heights will provide each test specimen with the same impact 
energy as a package weighing the maximum transport package weight. The maximum weight for any 
Model 976 transport package is 300 pounds. 

The impact energy is equal to the total potential energy just before the package is dropped. The 
potential energy (PE) is simply equal to the weight (W) of the package multiplied by the height (H) of 
the drop. 
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In the potential energy equation, the weight (W) is directly proportional to the height (H). A lighter 
test specimen can be dropped from a higher drop height to produce equivalent impact (potential) 
energy of a heavier test specimen dropped at a lower height. 

The ratio of the maximum package weight over the actual specimen weight times the required drop 
height equals the adjusted drop height. As an example: 

Maximum package weight= W1 = 300 lbs 

Actual test specimen weight = W2 = 250 lbs 

Required drop height= H1 = 30-feet 

Adjusted drop height= H2 = (W1/W2) x H1 = (300/250) x 30 = 36-feet 

The adjusted drop height shall be recorded on the test worksheets. 

Section 4 Discussion on System Failure Modes of Interest 

The primary failure mode of interest in all tests is to attempt to dislodge the inner shield container, in 
this case, the Model 855, from the drum assembly enough to cause damage, failure, and/or 
malfunction to the inner shield and/or source securing features. 

All test specimens are to be built with a Model 855 inner shield container which is relatively fire 
resistant compared to the other Model 976 inner shield containers made with lead. The condition of 
the drum assembly and the location of the inner shield container relative to the drum assembly shall 
be evaluated to ensure all three versions of the Model 976 package will continue to meet the NCT 
and RAC test requirements of IO CFR Part 71. 

The thermal test assessment discussed in this report shall rely heavily upon the state of the drum lid 
after being subjected to all the drop tests in the sequence. 
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Figure 4.1: Safety co~poneiits affected by t~e drop tests . 

Section 5 Assessment of Package Conformance 

5.1 Normal Conditions of Transport (71.43 (I)) Pass Criteria 
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After being subject to any of the normal conditions of transport tests, the specimen shall be 
assessed to the following pass criteria. 

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

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

5.2 Hypothetical Accident Conditions (71.51 (a)(2)) Pass Criteria 

After being subjected to the hypothetical accident conditions test sequence, the specimen shall be 
assessed to the following pass criteria. 

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 Im from the external surface with the maximum radioactive 
contents which the package is designed to carry. 

5.3 Transport Package Contents 

The Model 976 transport package is designed to carry multiple special form radioactive source 
capsules certified to 10 CFR Part 71 and IAEA TS-R- 1. The source capsules have already been 
tested to the special form test requirements and their welds verified during manufacturing. 
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This test plan does not address any additional tests associated with radioactive source 
containment except to demonstrate that the source remains shielded within the limits specified by 
the regulations. 

Since source integrity has been demonstrated through special fonn 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 radiation measurements will 
then be compared with the pre-test measurements to evaluate the source shielding capability of 
the package after testing. 

Section 6 Construction and Condition of Test Specimens 

The test specimens shall be constructed in accordance with QSA Global engineering drawings and 
Quality Assurance Program. The drawings accurately depict the design intent and the quality 
assurance program ensures the specimen are built and inspected in a manner consistent with the 
actual transport package. The general assembly drawing for the test specimen and the test specimen 
build documents shall be included in the test report. 

6.1 Test Specimen Justification 

A total of six test specimens (See Table 6.1.) will be built to test three different methods for 
attaching the drum lid to the drum. Four of the six will be built to drawing TP214-NCB which is 
identical to the currently approved Type-B package but without the CLM009 band. One of the six 
will be built to drawing TP214-ASB which is identical to TP214-NCB except the CLM009 band 
is replaced by the standard band supplied by the manufacturer with the 20-gallon drum. Another 
one of the six will be built to drawing TP214-FSB replaces the fixed nuts welded on the lid with 
floating nuts retained in square tubes welded to the lid. 

.. 
Table 6.1. Test Specimen top level assemblies 

Dwg.Name Dwg.Number Revision Quantity TMI# 

Model 976A as approved but 
TP214-NCB A 4 976 

without CLM009 band 

Model 976A as approved but 
TP214-ASB A 1 983 

with a standard band 

Model 976A floating fasteners 
TP214-FSB A I 984 

without a band 

The reason for testing the TP214-NCB specimens is to allow the flexibility of transporting the 
Model 976 package without the CLM009 band currently required for the approved Type-B 
package. 

TP214-ASB will be tested to allow the Model 976 package to be transported with the clamp band 
provided with the drum from the manufacturer. 

TP214-FSB is to be tested to allow the package to be transported with an improved lid bolting 
system in place of the current lid bolting system. The improved system allows the lid nut to float 
within a square tube welded to the lid. The floating nut provides position adjustment to help 
reduce the potential for the bolt binding in the drum hole during assembly. 
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The object is to have all test specimen keep the drum lid attached to the drum and the inner shield 
container inside the drum during the entire test sequence. If successful, then the currently 
specified clamp band will no longer be required for the transport package and one of the other 
options could be used instead if they can also keep the lid attached. 

There are only a small number of Model 855 inner shield containers available for testing and use. 
Therefore, just one Model 855 container will be used and reused for each orientation specific test 
specimen. 

After the puncture test, the specimen will be fully examined and photographed to assess the test 
damage and then the Model 855 inner shield container will be transferred into the drum assembly 
of another test specimen for testing in a different drop orientation. This process will be repeated 
until the last test orientation has been tested. 

The final radiation profile inspection shall be performed on each orientation specific specimen 
with the common Model 855 container loaded with active sources unless it is deemed unsafe to 
do so. 

6.2 Test Specimen Structural Materials 

The structural components of the lid assembly and drum are type 304 series stainless steel. This 
material was selected for its corrosion protection properties, but more importantly for its 
toughness over a wide temperature range when subjected to an energy limited event like any of 
the three transport drop tests (l.2-meter, 9-meter, & I-meter puncture). These components are 
expected to bend but not break upon impact. 

6.3 Temperature Conditions 

The mechanical properties of the drum and lid assemblies do not change significantly over the 
temperature range of-40°F to +100°F (-40°C to +38°C). The test results oftest plan 90 show the 
976 package inner shield containers, including the welded carbon steel Model 855 inner shield 
container is not adversely affected by the low temperatures down to -40°C. Therefore, the test 
specimen temperature shall be ambient to the surrounding environment at the time of the test. 

6.4 Pressure Conditions 

Except for the source capsule, the transport package is open to the atmosphere and therefore in 
equilibrium with the outside pressure of the package. The internal operating pressure of the 
containment system, namely the source capsule, has been successfully tested to withstand a 
pressure range of at least 3.6 PSI absolute to 290 PSI absolute. This was based on Class 3 
pressure test requirements of ANSI/HPS 43.6-2007. The tests will therefore be performed at 
atmospheric pressure. 

6.5 Vibration Conditions 

Vibration normally occurring in transport has been addressed under the existing 976 SAR 
Revision 8 Section 2.6.5. The elimination of the lid closure band is not expected to change the 
vibration performance of the Model 976 transport package since the four lid closure bolts are 
sufficient to ensure the lit remains secured to the drum body during transport. 
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Section 7 Material and Equipment List 

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

Section 8 Test Procedure 

The test specimen shall follow the planned sequence presented below. Any change to the planned 
sequence or drop orientations shall require pre-approval by Engineering, Regulatory and Quality 
Assurance based on a documented justification and description for the new orientation. 

8.1 

8.2 

Overall Test Sequence 

1. Test specimen preparation and inspection. 

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

3. Optional test inspection (radiation profile) 

4. 9m (30-foot) free drop test (IO CFR 71.73(c) (1)) 

5. Puncture test (IO CFR 71.73(c) (3)) 

6. Test inspection including radiation profile. 

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

8. Final test inspection and/or assessment. 

9. Test specimen storage. 

Test Specimen Preparation and Inspection 

1. Manufacture the test specimens using TMI #976, 983, & 984. 

2. Inspect the test specimens to ensure that: 

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

• The test specimen complies with the requirements of the drawing. 

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

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

5. Prepare the test specimens for transport. 

8.2.1 1.2m & 9m Free Drop Test Set-up 

To set up a package for the specified drop test: 

I. Place the specimen on the drop surface and position it to the planned orientation. 

2. Measure and record the ambient temperature. 

3. Raise the package slightly and photograph the set-up. 

4. Start the video recorder. 
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5. Raise the package so that the impact target is at the weight adjusted specified height above 
the drop surface. Ensure the center of gravity is over the impact point 

6. Drop the package. 

7. Stop the video recorder. 

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

8.2.2 Drop Test Orientations 

There are essentially only six possible drop orientations for a drum style transport package. 
Figures 8.1 through 8.4 show the four orientations evaluated in this test plan. 

The other two orientations not tested in this plan are the side impact and the bottom comer 
impact orica1tation:s. Thc:sc arc not expected to damage or remove the lid assembly more than the 
four orientations to be tested. 

The shallow-angle orientation shown in Figure 8.4 is not expected to generate high impact loads 
but is expected to cause the drum lid to buckle outward on the first impact and then possibly 
separate the lid from the drum on the second impact. 

f 
DROP HEIGHT DROPHBGHT 

Fi ure 8.1 Bottom Sur ac, Orimta.ion Fi: ure 8.2 To Corner Orimtation 
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DROPHEIGHT 

Fi ure 8.4 Shallow A le Orientation 

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

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

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

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

• Evaluate the condition of the specimen after the free drop test to determine what changes, if 
any, are necessary in package orientation to achieve maximum damage in the next drop test. 

8.3 Puncture Drop Test 

The package is dropped from a height of at least lm (40-inch) onto the puncture billet. This test 
uses the 12-inch high puncture billet. The billet meets the minimum height (8-inch) required in 10 
CFR 7I.73(c) (3). The specimen has no projections or overhanging members longer than 12-inch 
which could act as impact absorbers, allowing the billet to cause the maximum damage to the 
specimen. The billet is to be bolted to the drop surface used in the drop tests. 

The justification for each puncture orientation is the same as the orientation for the 30-foot drop 
test (Figures 8.1 thru 8.4). 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 as 
compared to the planned orientation. 

8.3.1 Puncture Test Set-up 

To set up a package for the puncture test: 

1. Position the test specimen in the test orientation. 

2. Measure and record the ambient temperature. 
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5. Raise the package so that the impact target is the weight adjusted equivalent to lm (40") 
between the impact point on the package and the top of the puncture billet. 

6. Drop the package. 

7. Stop the video recorder. 

8. Do not move the test specimen until a photo is taken. 

9. Photograph and record any damage to the package. 

10. Unless testing the last orientation, transfer the inner shield container into another 
specimen and secure the drum lid. 

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

8.3.2 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, IAEA TS-R-1, and this test plan. 

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

8.4 Post Test Inspection 

Perform the test inspection after the puncture tests. 

1. Measure and record the damage and signs of any permanent strain to the test specimen. 

2. Remove and assess the condition of the simulated source(s) including comparing the 
source position after testing to its position prior to testing. 

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

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

5. Assess the significance of any change in radiation at the surface and at one meter from 
the package. 

6. Determine whether it is necessary to radiograph the test specimens for inspection of 
hidden component damage or failure. Record any damage or failure found in radiograph 
of the test specimens, if performed. 

8.5 Thermal Test Assessment 

Refer to Test Plan Report 90 for details pertaining to the thermal test results of the currently 
approved Model 976 package design. 

The final resting position of each test specimen after the puncture drop shall be used to 
evaluate and assess the package to the thermal test conditions of 10 CFR Part 71.73 (cX4). 
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The assessment will also be based on an examination of the cumulative damage to the test 
specimen up to that point of the test sequence. 

Experience from previous thennal tests perfonned on the Model 660 & Model 680 transport 
packages has found the depleted uranium (DU) shield will oxidize and diminish its ability to 
block radiation only after the foam fill surrounding the shield combusts, chars, and then falls 
away from the shield. 

Charred foam or in this case cork provides enough thermal insulation to prevent the shield 
from oxidizing if the charred foam or cork remains in place before and during the thennal 
test. A large tear or hole in the encasement of the Model 855 inner shield container would 
need to be assessed to determine whether the transport package would pass or fail the thennal 
test. 

And since the Model 976 also includes lead shielded inner containers, any opening in the 
drum large enough to allow heated air and/or thermal radiant energy to access the lead shield 
would also need to be assessed against the pass criteria of section 52. 

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

8.6 Test Specimen Storage 

Place the test specimen in an appropriate storage location. Engineering and Regulatory 
approvals are required before disposing of 976 drum body and lid assembly test specimens. 
Model 855 inner shield container, if not evaluated and justified for continued use as a Type B 
transport container component, should be stored in the appropriate low level activity area 
because it contains DU. 

Section 9 Worksheets 

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

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

Test Specimen 

Weight Attach 
Model# Drawing Number Serial Number 

(lbs.) TMI/RC 

Tools & Equipment 

1, Enter the Model and Serial Number 
Tool Description 

Mark NA when not used. 

Drop Surface Tl0740, SIN 001 

Puncture Billet T10119, SNOI 

Signature/Date . 

TestPlan214 
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Attach Attach 

IIR NCR 

Attach Inspection 
Report or Calibration 

Certificate 

Yes 

Yes 

Engineering: Regulatory: Quality Assurance: 
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1.2-Meter Drop Test Data Sheet 
-

Step Instruction Test Data 

1 Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: I Time: 

3 Record test specimen serial number. 

4 Record Model 855 serial number. 

5 Measure test specimen weight. Scale SIN: 

6 Measure the ambient temperature (°C): Instrument SIN: 

7 Record actual drop height. 

8 Place the specimen on the drop surface and position it in the planned drop orientation. 

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes. 

10 Begin the video recorder 
. ,· 

11 Release the test specimen. 

12 Stop the video recorder. 

13 Was the point of impact achieved? Yes or No 

14 Photograph the test sp~cimen immediately after the drop. 

15 Record the damage to the test specimen. 

"" 

Was the test performed in accordance with 
Yes or No 

Engineering, Regulatory Affairs and 
10 CFR 71, IAEA TS-R-1, and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned 
assessment relative to 10 CFR 71. drop orientation? If yes, then explain. Yes or No 

Can testim~ continue for this specimen? Yes or No 

Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: Quality Assurance: 
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9-Meter Drop Test Data Sheet 

Step Instruction Test Data 

1 Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: I Time: 

3 Record test specimen serial number. 

4 Record Model 855 serial number. 

5 Measure test specimen weight. Scale SIN: 

6 Measure the ambient temperature (0 C): Instrument SIN: 

7 Record actual drop height. 

8 Place the specimen on the drop surface and position it in the planned drop orientation. 

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes. 

10 Begin the video recorder 

11 Release the test specimen. 

12 Stop the video recorder. 

13 Was the point of impact achieved? Yes or No 

14 Photograph the test specimen immediately after the drop. 

15 Record the damage to the test specimen. 

Was the test performed in accordance with Yes or No 
Engineering, Regulatory Affairs and 

10 CFR 71, IAEA TS-R-1, and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned 
assessment relative to 10 CFR 71. drop orientation? If yes, then explain. Yes or No 

Can testing continue for this specimen? YesorNo 

Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: Quality Assurance: 
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. 
. Puncture Drop Test Data Sheet 

Step Instruction Test Data 

I Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 
.. I Time: 2 Record test date & time. Date: 

3 Record test specimen serial number. 

4 Record Model 855 serial number. 

5 Measure test specimen weight. Scale SIN: 

6 Measure the ambient temperature (0 C): Instrument SIN: 

7 Record actual drop height. 

8 Place the specimen on the drop surface and position it in the planned drop orientation. 

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes. 

10 Begin the video recorder 

11 Release the test specimen. 

12 Stop the video recorder. 

13 Was the point of impact achieved? Yes or No 

14 Photograph the test specimen immediately after the drop. 

15 Record the damage to the test specimen. 

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

Engineering, Regulatory Affairs and plan? 
16 Quality Assurance make a preliminary Were there any changes in the planned 

assessment relative to 10 CFR 7L drop orientation? If yes, then explain. Yes or No 

Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: Quality Assurance: 
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Test Specimen Serial No.: 

Post Test Inspection Data. Sheet 

I Last Test Performed: 

Test Plan 214 
Jul 2017 

1. Describe and measure (if appropriate) any damage, permanent strain, deformation and/or broken parts, 
etc.: 

2. Describe the condition and position of the simulated source wire assembly. 

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

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

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

6. Is a radiograph required to inspect for hidden component damage or failure? Yes or No 

7. If radiography is performed, describe any damage or failures found. 

Completed by: Date: 
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Section 2.12.11 Appendix: Test Plan Report No. 214 dated March 2018 (minus Appendices C 
&D). 
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This report documents the test results performed on the Model 976 transport package in three 
special configurations to the tests in Test Plan 214. The results confirm the Model 976 
transport package in any one of the three proposed configurations passes all the transport test 
requirements specified in Test Plan 2 14, the Code of Federal Regulations, IO CFR Part 71 , 
revised as of January 26, 2004 and criteria stated in the IAEA Regulations for the Safe 
Transport of Radioactive Material, No. TS-R-1 2009 Edition. 

Three alternate configurations proposed for the Model 976 package tested under test plan 214 
are as follows; 

• The package in its currently approved configuration but without a closure ring (clamp 
band). In this configuration, the cover relies solely on the four radial bolts to keep the 
cover on and contents in the drum. 

• The package in its currently approved configuration but without a clamp band and with 
the four fixed cover nuts on the approved configuration replaced by four floating cover 
nuts as a proposed alternate configuration. This configuration is proposed to help 
increase the life of the cover nuts and bolts. 

• The package in its currently approved configuration but clamp band CLM009 is 
replaced by a standard steel clamp band supplied with the drum. This configuration 
allows the package to use a Jess expensive and readily available clamp band. 

The sequence of the testing began with the 1.2-meter free drop test required under the normal 
conditions of transport (NCT) as a worst-case preconditioning of the package followed by the 
9-meter free drop and then the I-meter puncture drop, both required under the hypothetical 
accident condition (RAC) tests of l O CFR Part 71. The final test in the sequence, the thermal 
test, is an assessment of the specimen in its position and condition immediately after the 
puncture drop test. 

To satisfy the IAEA Regulations, the 9-meter free drop and I-meter puncture drop tests are 
also assessed in reverse order. 

The following transport tests were not covered in the test plan and therefore not conducted. 
• The water spray preconditioning is not required since the exterior of the package is 

constructed of waterproof materials. 
• The compression test is not performed because the cover retaining system is not 

adversely affected by the compress ion test as found in the results of Test Plan 90. 
Both test plan 90 and the recommended transport configuration for these packages 
specified in Section 7 require use of a clamp band with similar material 
strengths/properties. Therefore, results of the compression testing under TP 90 are 
representative of the package configuration recommended under Section 7. 

• The penetration test is not performed based on the assessment in Test Plan 214 and 
previous results in Test Plan 90. These demonstrate that the package integrity is not 
adversely affected by the penetration test. 

---, 
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• The crush test was not performed because the package is used to transport special 
form radioactive material only which is excluded from the testing under 10 CFR 
71.73(c)(2). 

• The immersion - fissile material test is not required since the Model 976 package 
does not transport fissile material. 

• The immersion - all packages test is not needed since the materials of construction 
used in the Model 976 transport package are impervious to water and are not 
structurally affected when immersed in water of at least 15 meters (50 feet). 

Section 2 Construction and Condition of Test Specimens 

2.1 Test Specimen Construction 

The test specimens were constructed in accordance with QSA Global engineering drawings 
and Quality Assurance Program. The drawings and manufacturing documents accurately 
depict the intended design at the time of testing along with methods for building and verifying 
the finished product. There were no significant deviations and/or changes to the test specimen 
configuration before testing. The only modifications were the addition of holes and hoist 
rings, and the attachment of a strip of duct tape used to secure the height measure to the 
specimen prior to drop testing. These minor changes were made to aid in test specimen 
orientation setup. The added holes, hoist rings and piece of duct tape used during testing did 
not aid in the ability of the specimens to pass any of the tests . See Appendix C. 

The same Model 855 shielded unit, serial number 10, was transferred into each test specimen 
drum/cork assembly before the sequence of drops. The four cover bolts were tightened to five 
foot-pounds as specified on each test specimen drawing. All specimens were weighed just 
before testing at the drop pad using the hanging weight scale, serial number QSA215. 

The test specimens built for this test were made in the Model 976A configuration. Table 2.1 is 
a summary of the build documentation. Shipping labels and nameplates were not attached for 
testing. 

Table 2.1: Test Specimen Manufacturin2 Documentation 
Test Specimen Drawine:No. TMI Serial No. Weight 
Model 976A TP214-NCB 976 TP214-NCB-l 274.5 
Model 976A TP214-NCB 976 TP214-NCB-2 274.5 
Model 976A TP214-NCB 976 TP214-NCB-3 274.5 
Model 976A TP214-NCB 976 TP2 l 4-NCB-4 274.5 
Model 976A TP214-ASB 983 TP214-ASB-l 279.5 
Model 976A TP214-FSB 984 TP214-FSB-l 276 

Figure 2.1 a schematic diagram of the Model 976 transport package. The nomenclature used 
in Figure 2.1 is referenced throughout this report. 
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Test specimens TP214-NCB-1 through -4 were built to the currently approved design, but 
without the clamp band (closure ring), CLM009. 

Test Specimen TP214-ASB-1 was the same as the currently approved design but replaced the 
currently approved clamp band with the standard carbon steel clamp band supplied with the 
drum. See Appendix E. The clamp band, hex bolt, and hex nut tested was painted/plated 
carbon steel. The bolt was tightened to 10 +/- 2 ft-lb. 

Test specimen TP214-FSB-1 replaced the four weld-on nuts fixed to the cover in the currently 
approved design with four floating stainless steel nuts captured inside hollow stainless steel 
retainers welded to the cover. The clamp band was not included or tested with this specimen. 

The primary containment system consists of each seal welded source capsule assembly held 
securely in the shield unit. The capsule assembly, tested to a minimum ANSI/ISO Class 3, or 2 
MPa pressure test requirements, is manufactured at atmospheric pressure and ambient 
temperature and therefore does not need to be adjusted for the test assessment. The secondary 
containment system consists of the shield unit. 

The materials of construction used in the Model 976 transport packages have sufficient 
mechanical and physical properties between -40°C (-40°F) and +38°C (+100°F). The test 
results from Test Plan 90 and 163 indicate the cork inserts wi II crack but remain intact when 
dropped at temperatures at or below -40°C. We can expect the cork inserts to crack and 
remain in place so long as the cover remains on the drum. Therefore, final test assessments 
shall consider cracked cork inserts without having to lower the specimen temperature for the 
testing. 

2.1 Test Specimen Modification 

There are no deviations or changes to the test specimens except for lifting point holes and duct 
tape use to attach drop height measures to the specimens prior to testing. All build data is 
recorded on the temporary manufacturing instructions (TMI) for each test specimen presented 
in Appendix C. 
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The primary failure mode of interest in all tests attempted to completely remove or damage the 
package cover enough to cause one or more of the following: 

• Loss or dispersal of radioactive material or contents. 

• A significant increase in external surface rad iation levels after NCT testing. 

• A substantial reduction in the effectiveness of the packaging after NCT testing. 

• Damage to the package which could indicate it would not pass the HAC Thermal 
Testing if performed. 

• External radiation dose rate exceeding I 0-mSv/h (1-rem/h) at 1 m (40 in) from the 
external surface of the package. 

• Escape of other radioactive material exceeding a total amount A2 in I week. 

The condition of the drum assembly and the location of the inner shield unit relative to the 
drum assembly are evaluated and assessed to ensure all three versions of the Model 976 
package will continue to meet the NCT and HAC test requirements of 10 CFR Part 71. Refer 
to Section 6.4 for this assessment. 

The thermal test assessment which is included in the hypothetical accident condition test 
assessment of Section 6.2 relies heavily upon the condition of the package immediately after 
being subjected to the puncture test. 

Each of the test orientations, shown in Table 3.1, target specific areas on the package to either 
remove the cover, create significant gaps in the cover/lid seal that could adversely impact the 
package during the HAC Thermal test, or cause enough damage to elevate post-test radiation 
measurements. 

3.2 Test Orientations 

Table 3.1 shows the planned orientation for test specimens TP214-NCB-l through -4. The 
post-test visual examinations of all four specimens were used as the basis for justifying the 
test orientations for the last two specimens, TP214-FSB- l and TP2 l 4-ASB- l. Initially the 
shallow-angle or slap down orientation was expected to be selected, but the insignificant 
damage to the package after the series of tests shifted the selection to the cover edge 
orientation. 

All orientations attempt to exploit the fai lure modes discussed in Section 3.1. The same 
orientation was used for the entire series of drops, 1.2-meter, 9-meter, and puncture, for each 
specimen. 
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Table 3.1: Planned Oro Test Orientations 

DROP HEIGHT 

Figure 3.1.A. Bottom Surface Impact. 
Planned for TP2 14-NCB-l 

DROP HEIGHT 

Figure 3.1.C. Cover Surface Impact. 
Planned for TP214-NCB-3 
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DROP HEIGHT 

Figure 3.1.B. Cover Edge Impact. 
Planned for TP214-NCB-2 

DROP HEIGHT 

Figure 3.1.D. Slap-Down Impact. 
lanned for TP214-NCB-4 
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The drop test heights specified in 10 CFR Part 71 were adjusted higher in all drop tests. The 
adjusted drop height allows for future Model 976 transport packages built heavier than the 
actual test specimens, but less than the maximum allowable weight specified for the 
transport package configuration to comply with 10 CFR Part 71. 

The lightest weight of any of the test specimens built for Test Plan 214 was 274.5 pounds. 
The maximum allowable transport weight for any Model 976 package is 300 pounds 
Therefore, the weight ratio used for the height adjustment of all test specimens was 300 lb / 
275 lb= 1.09. 

The adjusted minimum drop heights were as follows: 

• Adjusted 1.2-meter drop test height = 1.3-meters 

• Adjusted 9-meter drop test height = 9.8-meters 

• Adjusted I-meter puncture drop test height= 1.1-meters 

The impact energy produced by the adjusted height in all drop tests was equal to or greater 
than the impact energy produced by the transport package built to its maximum weight and 
dropped at the required drop height specified in 10 CFR Part 71. 
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4.1 Test Specimen TP214-NCB-1 Test Results 

Table 4.1A: 1.2-meter Dro Test #1. 
S ecimeo serial number. 
Specimen configuration. 

Figure 4.lA.1: 1.2-meter Drop Test #1 -
0rientation View #1. 

TP214-NCB-1 
Same as the currently approved package, but 
with no clam band included. 

Figure 4.lA.2: 1.2-meter Drop Test #1 -
Orientation View #2. ------------! 

Test. 
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Table 4.IB: 9-meter Oro Test #1. 
S ecimen serial number. 
Specimen configuration. 

Figure 4.IB.l: 9-meter Drop Test #1 -
0rientation View #1. 

Figure 4.1B.3: TP214-NCB-l 
immediate after 9-meter Oro Test. 

TP214-NCB- l 
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Same as the currently approved package, but 
with no clam band included. 

32-feet 9-inches 9.9-meters 

Figure 4.1B.l: 9-meter Drop Test #1 -
Orientation View #l. 

Figure 4.1B.4: TP214-NCB-l 
immediate after 9-meter Oro Test. 

Damage: Slight compression dent on outer side wall & base of drum. Cover on. Bolts 
intact. No lid/base a s. 
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S ecimen serial number. TP214-NCB-l 
Specimen configuration. 

Figure 4.IC.1: Puncture Test #I -
Orientation View #1. 1-------------------

Same as the currently approved package, but 
with no clam band included. 

Figure 4.IC.2: Puncture Test #1 -
TP214-NCB-1 Orientation View #2. 

Figure 4.IC.3: TP214-NCB-1 Figure 4.IC.4: TP214-NCB-1 
immediate after Puncture Test. immediate after Puncture Test. 
Damage: No additional damage found. Cover on. Bolts intact. No lid/base aps. 
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4.2 Test Specimen TP214-NCB-2 Test Results 
Table 4.2A: 1.2-meter Oro Test #2. 
S ecimen serial number. 
Specimen configuration. 

Figure 4.2A.3: TP214-NCB-2 
immediate after 1.2-meter Oro Test. 

TP214-NCB-2 
Same as the currently approved package, but 
with no clam band included. 

None. See Figure 3.1.B. 
52-inches 1.3-meters 

Figure 4.2A.4: TP214-NCB-2 
immediate after 1.2-meter Oro Test. 

Damage: Slightly crushed cover and drum edge about 0.5-inch. Cover on. Bolts intact. No 
lid/base a s. 
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Table 4.28: 9-meter Dro Test #2. 
S ecimen serial number . 
Specimen configuration. 

TP214-NCB-2 
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Same as the currently approved package, but 
with no clam band included. 

Figure 4.2B.2: 9-meter Drop Test #2 -
Orientation View #2. 

t-----------------1--"'..;;.;:. •;;::----;ir;1111--

Figure 4.2B.3: TP214-NCB-2 
immediate after 9-meter Dro Test. 

Figure 4.2B.4: TP214-NCB-2 
immediate after 9-meter Dro Test. 

Damage: Significantly crushed cover and drum edge. Cover on. Bolts intact. No lid/base 
a s. 
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Table 4.2C: Puncture Test #2. 
S ecimen serial number. 
Specimen configuration. 

TP214-NCB-2 
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Same as the currently approved package, but 
with no clam band included. 

Figure 4.2C.3: TP214-NCB-2 Figure 4.2C.4: TP214-NCB-2 
immediate after Puncture Test. immediate after Puncture Test. 
Damage: No additional damage found. Cover on. Bolts intact. No lid/base gaps. 
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4.3 Test Specimen TP214-NCB-3 Test Results 

Table 4.3A: 1.2-meter Dro Test #3. 
S ecimen serial number. 
Specimen configu ration. 

Figure 4.3A.1: 1.2-meter Drop #3 -
0rientation View #1. 

TP214-NCB-3 
Same as the currently approved package, but 
with no clam band included. 

Figure 4.3A.2: 1.2-meter Drop #3 -
Orientation View #2. ----------! 
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Table 4.38: 9-meter Dro Test #3. 
S ecimen serial number. 
Specimen configuration. 

S ecimen wei ht. 
Chanoes to orientation. 

Figure 4.3B.1: 9-meter Drop #3 -
Orientation View #1. 

Figure 4.38.3: TP214-NCB-3 
immediatel after 9-meter Dro 

TP214-NCB-3 
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Same as the currently approved package, 
but with no clam band included. 

Figure 4.3B.2: 9-meter Drop #3 -
Orientation View #2. 

Figure 4.3B.4: TP214-NCB-3 
immediate after 9-meter Dro 
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Table 4.3C: Puncture Test #3. 
S ecimen serial number. 
Specimen configuration. 

Figure 4.3C.1: Puncture Test #3 -
0rientation View #1. ------------------+-

TP214-NCB-3 
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Same as the currently approved package, but 
with no clam band included. 

44-inches (I. I-meters 
6.6 °C 44 °f 

Figure 4.3C.l: Puncture Test #3 -
Orientation View ##2. 

Figure 4.3C.3: TP214-NCB-3 Figure 4.3C.4: TP214-NCB-3 
immediate after Puncture Test. immediate after Puncture Test. 
Damage: None found. Cover on. Bolts intact. No lid/base gaps. 
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4.4 Test Specimen TP214-NCB-4 Tes·t Results 

Table 4.4A: 1.2-meter Dro Test #4. 
S ecimen serial number. 
Specimen configuration. 

TP2 l 4-NCB-4 
Same as the currently approved package, but 
with no clam band included. 
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Table 4.4B: 9-meter Dro Test #4. 
S ecimen serial number. 
Specimen configuration. 

Figure 4.4B.3: TP214-NCB-4 
immediate after 9-meter Dro Test. 

TP214-NCB-4 
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Same as the currently approved package, but 
with no clam band included. 

32-feet 9-inches 9.9-meters 

Figure 4.4B.4: TP214-NCB-4 
immediate after 9-meter Dro 
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Table 4.4C: Puncture Test #4. 
S ecimen serial number. 
Specimen configuration. 

TP214-NCB-4 
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Same as the currently approved package, but 
with no clam band included. 

Discussion on possible orientat ion change: Based on damage to TP214-NCB-2, an impact 
on the cover or bolts is ex ected to cause onl ne Ii ible dama e. 

Figure 4.4C.3: TP214-NCB-4 
immediate after Puncture Test. 

8.1 °C 47 °F 

Figure 4.4C.2: Puncture Test #4 -
Orientation View #2. 

Figure 4.4C.4: TP214-NCB-4 
immediate after Puncture Test. 

Damage: Imprint of puncture billet on drum. Cover on. Bolts intact. 
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4.5 Test Specimen TP214-FS8-1 Test Results 

Table 4.SA: 1.2-meter Dro Test #5. 
S ecimeo serial number. 
Specimen configuration. 

S ecimen wei ht. 
Orientation selected. 

TP214-FSB-1 
Same as the currently approved package, but 
with no clamp band included and fixed nuts 
re laced with floatin nuts welded to cover. 
276 ounds 
Figure 3.1.B based on damage to TP2 I 4-
NCB-2. 
52-inches 1.3-meters 
9.4 oc 49 °F) 

Dama e: Minor crushed cover and drwn ed e. Cover on. Bolts intact. No lid/base a s. 
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Table 4.SB: 9-meter Dro Test #S. 
S ecimen serial number. 
Specimen configuration. 

S ecimen wei ht. 
Orientation selected. 

Figure 4.SB.3: TP214-FSB-I 
immediatel after 9-meter Dro Test. 

TP214-FSB-1 
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Sarne as the currently approved package, but 
with no clamp band included and fixed nuts 
re laced with floatin nuts welded to cover. 
276 ounds 
Figure 3.1.B based on damage to TP2 14-
NCB-2. 
32-feet 9-inches (9.9-meters) 

Figure 4.SB.4: TP214-FSB-I 
immediate after 9-meter Dro Test. 

Damage: Two gaps between cover and drum. Each one about 0.3-inch wide maximum 
then tapering down to no gap. Total length for each gap is about 6 inches. Cover on. Bolts 
intact. 
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Table 4.SC: Puncture Test #S. 
S ecimen serial number. 
Specimen configuration. 

S ecimen wei ht. 
Orientation selected. 

TP214-FSB-1 
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Same as the currently approved package, but 
with no clamp band included and fixed nuts 
re laced with floatin nuts welded to cover. 
276 ounds 
Figure 3.1.B based on damage to TP2 l 4-
NCB-2. 
44-inches I. I -meters 
9.4 oc 49 Of 

Figure 4.SC.1: Puncture Test #S- Figure 4.SC.2: Puncture Test #S -
Orientation View #1. Orientation View #2. !------------------+~ 

Figure 4.5C.3: TP214-FSB-1 Figure 4.5C.4: TP214-FS8-1 
immediate after Puncture Test. immediatel after Puncture Test. 
Damage: No additional damage found. Cover on, with 2 gaps - 180° apart. Bolts intact. 
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4.6 Test Specimen TP214-AS8-1 Test Results 

Table 4.6A: 1.2-meter Dro Test #6. 
S ecimen serial number. 
Specimen configuration. 

S ecimen wei ht. 
Orientation selected. 

Figure 4.6A.l: 1.2-meter Drop #6 -
0rientation View #1. 

TP2 14-ASB-1 
Same as the currently approved package, but 
with clamp band CLM009 replaced by a 
standard carbon steel clam band. 
279.5 ounds 
Figure 3.1.B based on damage to TP214-
FSB-l. 
52-inches 1.3-meters 
9.7 "'C (49 "'F) 

Figure 4.6A.2: 1.2-meter Drop #6 -
Orientation View #2. 

Dama e: Minor crushed cover and drum ed e. Cover on. Bolts intact. No lid/base a s. 
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Table 4.6B: 9-meter Dro Test #6. 
S ecimen serial number. 
Specimen configuration. 

S ecimen wei ht. 
Orientation selected. 

Figure 4.6B.3: TP214-ASB-1 
immediate after 9-meter Dro Test. 

TP2 l 4-ASB-1 
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Same as the currently approved package, but 
with clamp band CLM009 replaced by a 
standard carbon steel clam band. 
279.5 ounds 
Figure 3.1.B based on damage to TP214-
FSB-I. 

9.9-meters 

Figure 4.6B.4: TP214-ASB-1 
immediate after 9-meter Dro Test. 

Damage: Significant cover and drum edge crushed. No gaps. Cover on. Bolts intact. No 
lid/base a s. 
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Table 4.6C: Puncture Test #6. 
S ecimen serial number. 
Specimen configuration. 

S ecimen wei ht. 
Orientation selected. 

TP214-ASB-1 
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Same as the currently approved package, but 
with clamp band CLM009 replaced by a 
standard carbon steel clam band. 
279.5 ounds 
Figure 3.1.B based on damage to TP2 I 4-
FS8 -1. 
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Radiation measurements were taken before and after the testing for each specimen adjusted to 
the maximum Ir-192 capacity for the Model 97 6A transport package. The maximum radiation 
values found on the surface and at one meter from the surface of each specimen is given in 
Tables 5.1 and 5.2 respectively. The results show all measurements are significantly lower 
than the normal transport limits of 200 mR/hr at the surface of the package and 10 mR/hr at 1-
meter from the surface of the package. In addition, there is essentially no change between the 
before and after test measurements. 

Table 5.1 Radiation measurements at surface. 

Test Specimen 
Maximum Dose Measured (mR/br) 

Before Test Location After Test Location 

TP214-NCB-1 32 Bottom 29 Bottom 

TP214-NCB-2 30 Bottom 32 Bottom 

TP214-NCB-3 28 Bottom 30 Top 

TP214-NCB-4 47 Bottom 31 Bottom 

TP214-ASB-1 34 Top 34 Bottom 

TP2 l 4-FSB- l 30 Bottom 32 Top 

Table 5.2 Radiation measurements at 1-meter from surface. 

Test Specimen 
Maximum Dose Measured (mR/br) 

Before Test Location After Test Location 

TP214-NCB-l 1.3 Top 1.2 Top 

TP214-NCB-2 1.1 Bottom 1.5 Bottom 

TP214-NCB-3 1.6 Bottom 1.4 Top 

TP214-NCB-4 1.2 Top 1.4 Bottom 

TP214-ASB-l 1.4 Bottom 1.4 Bottom 

TP2 l 4-FSB- l 1.1 Bottom 1.5 Bottom 

Section 6 Test Assessments 

6.1 Normal Conditions of Transport Test Assessment 

All 1.2-meter free drop tests were performed in accordance with the test requirements of this 
test plan, 10 CFR part 71 , and IAEA TS-R-1 2009 Edition. 

Visual examination and radiation measurements taken after testing confirms all specimen had: 

• No loss or dispersal of radioactive material or contents. 
• No significant increase in external surface radiation levels. 
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The lack of damage and the low levels of radiation on and around the package after testing 
confirms the package meets the normal conditions of transport requirements of 10 CFR 71 and 
IAEA TS-R-1 2009 Edition. 

6.2 Hypothetical Accident Condition Test Assessment 

All 9-meter free drop and puncture tests were performed in accordance with the requirements 
of this test plan, 10 CFR part 71, and IAEA TS-R-1 2009 Edition. 

Visual examination and radiation measurements taken after testing confirms all specimen had: 

• No loss or dispersal of radioactive material or contents. 
• No external radiation dose rate exceeding 10-mSv/h (1-rem/h) at 1 m (40 in) from 

the external surface of the package. 
• No escape of other radioactive material exceeding a total amount A2 in 1 week. 

The most significant damage to the package resulted when it was dropped from 9-meters in 
the cover edge orientation. Three test specimens each configured slightly differently were 
dropped in this same orientation. These specimens are identified as, TP214-NCB-2, TP214-
FSB-l , and TP214-ASB-1. All sustained pronounced deformation at the cover edge, but all 
covers on all test specimen remained attached to their drums and the source assemblies 
contained within the Model 855 shielded container were unaffected and fully secured. 

An interesting observation was found in testing the three specimens dropped in the cover edge 
orientation. It appears the alignment of the cover bolts in relation to the impact point directly 
affects the crumple bend in the cover caused by the primary impact when dropped at 9-meters. 
The reason for the affect is explained below with a description of each of the three specimens. 

• Test specimen TP214-NCB-2 was tested with the cover bolts aligned at 90 degrees 
from the impact point on the package. In this case, the deformation produced no gaps 
between the cover and drum opening. 

• Test specimen TP214-FSB-l was tested with the cover bolts aligned at 45 degrees 
from the impact point on the package. In this case, the deformation produced two small 
gaps between the cover and drum opening, one on each side of the impact point. 

• Test specimen TP214-ASB- l was also tested with the cover bolts aligned at 45 degrees 
from the impact point on the package. But in this case, the deformation produced no 
gaps between the cover and drum opening. In this configuration, the steel clamp band 
provided enough compressive resistance to limit the lid bending thereby preventing the 
gap formation. 

The thermal test is assessed based on the condition and position of all the test specimens 
immediately after the puncture test. The thermal test assessment already given in the Test Plan 
163 test report will be used to support this assessment. 

The condition of the all the test specimens, except for TP214-FSB-l , had damage identical to 
the specimens tested under Test Plan 163. With TP214-FSB-1, the two small gaps between the 
cover and drum could increase the heat load into the top layers of the cork inserts during the 
fire test. This condition is not included with the thermal assessment given in the Test Plan 163 
report. Since the two gaps in the cover could affect the lead shielding of the other Model 976C 
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and 976F packages, and since no additional thermal testing was perform, a clamp band, 
meeting the minimum coverage area and strength requirements as the one tested on specimen 
TP214-ASB-1, will be required for Type B shipments for these package designs. However, the 
clamp band no longer needs to be the special version currently approved for the package (Ref: 
RCLM009 Rev C). A standard carbon steel clamp band and hardware, possessing the 
dimensions and material construction important to safety as the one tested in specimen TP214-
ASB-l and shown in Appendix E, will be sufficient to prevent the two gaps in the cover and 
match the thermal assessment as given in Section 5.5 of Test Plan 163 report Revision 1 (See 
Appendix F) 

Based on the above assessment, the Model 976A using either the fixed or floating nut cover 
configurations, in conjunction with the standard steel clamp band/hardware criteria, will meet 
the hypothetical accident conditions transport requirements of 10 CFR 71 and IAEA TS-R-1 
2009 Edition. 

6.3 Reverse Sequence of 30-Foot Free Drop & Puncture Assessment 

If the test sequence were reversed and performed with the puncture test before the 9-meter free 
drop, the Model 976 transport package would continue to meet the HAC requirements of 10 
CFR Part 71. The test results show no obvious opportunity for the puncture billet to pierce 
through the package, remove the cover from the drum, increase the size of the two gaps found 
on one specimen, or affect the source location and security within the package. 

Based on this assessment, the Model 976 transport package successfully meets the 
hypothetical accident conditions transport test requirements of IAEA TS-R-1 2009 Edition. 

6.4 Other Model 976 Configuration Assessments 

The test assessments below are given for the other two untested Model 976 configurations, 
Models 976C and 976F. The assessments are based on the test results and a comparison of the 
differences between key features of the tested model and the untested models. 

6.4. 1 Model 976C Configuration Assessment 

Table 6.4.1. shows the key (features) differences between the tested Model 976A and the 
untested Model 976C as well as the effect these differences may have on the untested model if 
it had been tested. 

Table 6.4.1. Model 976C Assessment. 

Feature 

Maximum Package Weight 

Maximum Shield Weight 

Cork Insert Volume 

Shielding Materials 

Model976A 
(Tested) 

3001b 

225 lb 

3,486 in3 

Depleted 
Uranium 

Model 976C 
(Assessed) 

190 lb 

114 lb 

4,266 in3 

Lead 

Effect on results 

Less impact damage 

Less impact load 

More impact absorption 

No impact if using 
configuration with 

clamp band 
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The Model 976C weighs about 37% less and contains 18% more cork than the Model 976A. 
Table 6.4.1. indicates significantly less damage and better test results compared to the tested 
Model976A. 

6.4.2 Model 976F Configuration Assessment 

Table 6.4.2. shows the key (features) differences between the tested Model 976A and the 
untested Model 976F as well as the effect these differences may have on the untested model if 
it had been tested. 

Table 6.4.2. Model 976F Assessment. 

Feature 
Model 976A Model 976F 

Effect on results 
(Tested) (Assessed) 

Maximum Package Weight 300 1b 263 lb Less impact damage 

Maximum Shield Weight 225 lb 184 lb Less impact load 

Cork Insert Volume 3,486 in3 4,129 in3 More impact absorption 

Depleted 
No impact if using 

Shielding Materials 
Uranium 

Lead configuration with clamp 
band 

The Model 976F weighs about 12% less and contains 16% more cork than the Model 976A. 
Table 6.4.2. indicates slightly less damage or equivalent test results compared to the tested 
Model 976A. 

Section 7 Final Test Assessment 

The Model 976 transport package configured with a standard clamp band and with either the 
fixed or floating nuts for cover bolt down meets the requirements of 10 CFR Part 71. 

The package configured without a clamp band with just the bolt down cover may not meet the 
requirements of 10 CFR Part 71. Additional thermal testing would be required to make a full 
assessment of the no clamp band package configuration. This configuration will not be 
requested for Type B approval unless a determination is made to perform additional thermal 
testing to support its compliance. 

The results and assessments in this report confirm the Model 976 transport packages, with a 
standard clamp band/hardware and with either the float ing or fixed cover nut arrangement, 
meet the test requirements of Test Plan 214, 10 CFR Part 71 , and IAEA TS-R-1 2009. 
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Initial Build Profile Results Post Test Profile Results 
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TP214-NCB-3 Radiation Profile Insoection 
Initial Build Profile Results Post Test Profile Results 
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Test Specimen & Equipment Documentation 

Test Specimen 

Weight Attach Attach Attach 
~odel# Drawing Number Serial Number 

(lbs.) TMIIRG IIR NCR 

q7(,.~ 'T?2. 14- ~i-..l .:-8, 'Tf>Z !'T- f.JG3 - \ '2.,4.S 9,-,(;, NA. \-JJ.I... 

"i7,l A -C?:Z..t4-t-..)C$ 'l?Z 14- i.Jc:.t:;- 2 274.5 4., i NA. \..lA 

"'\1.I. A -r(-'2. t4- i-,1c.§; T?2 t4 - µc:.',>- 3, -Z.74,S q,t:, N ts. !\\A 

"17.I:. /~ -rP2.14-NC-£5 Tf"2 14 - )UC~ -4 274,S <'\.,-1:, ~~ !,.}~ 

q,6 I:,.. T{?;;?.t4-A~~ T?:2.14--A>&-I 27'9,S 453 ~~ NA 
"17£ A '"t"P.214- 'F.SZ 'TPz14 -Fs.<>-1 '2. 7{, qe4 ~~ N'A 

Tools & Equipment 

Enter the Model and Serial Number 
Att~ch Inspection 

Tool Description Mark NA when notused: 
Report or Calibration 

Certificate 

Drop Surface T10740, SIN 001 Yes 

Puncture Billet Tl0119, SNOl Yes 

'\,.,).)€-l"',l,+ ~le. Q<;h... 2.lS Ye: S. 

T ~ Pe.JZ/.>,·+..,.....e.., -S t:><.P~ \So \.l 3 y~,J. 

Signature/Date 

Engineering: Regulatory: Quality Assurance: 

>-~ LZ/\.6?)iJ v.v~ {l;t3 
s//b/!'I, () lr' 3 -d. \-18' 

, 
I 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

1.2-Meter Drop Test Data Sheet 

Step Instruction Test Data 

l Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: l z /19 / z.0 17 I Time: '1. '. D/ A~ 

3 Record test specimen serial number. -rPz.14- (l,....:)C..o- I 
4 Record Mo.de! 855 serial number. ID 

5 Measure test specimen weight. 274 . .:; u3. Scale SIN: Qsi:,. 2.1s 

6 Measure the ambient temperature (°C): 6 .4 Instrument SIN: t SO \ b °3 

7 Record actual drop height. 4 'FT 4 , ..... c.l.., 

8 Place the specimen on the drop surface and position it in the planned drop orientation. r/ 

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes. / 

10 Begin the video recorder ,,,,-

11 Release the test specimen. / 

12 Stop the video recorder . .,,-,-· 

13 Was the point of impact achieved? @::brNo 

14 Photograph the test specimen immediately after the drop./ 

15 Record the damage to the test specimen. ~o,~e.. 

Was the test performed in accordance with 
®)orNo 

Engineering, Regulatory Affairs and 
10 CFR 71, IAEA TS-R-11 and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned . 

assessment relative to 10 CFR 71. drop orientation? If yes, then explain. Yes or@ 

Cail testing continue for this specimen? ~orNo 

Test witnessed by (Signature/Date) }~~/// 12--/f:--/7 
Engineering: 

~~ 1(:t'!r s .~ l2... /1c,i),7 . ,'eA---

cJ.. \ _rvA.(2.. lg 
~)tt,(f'i 



SENTINEL Test Plan 214 
Jul 2017 QSA Global, Inc 

Burlington, Massachusetts 

9-Meter Drop Test Data Sheet 

Step Instruction Test Data 

1 Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: t z / t ci / 2-o l , I Time: q : l f) A\'7\ 

3 Record test specimen serial number. "TP z.. 14 - NC:.c- ( 

4 Record Model 855 serial number. to 

5 Measure test specimen weight. '2. 74.-; ~ Scale SIN: Gl SA.. 2( S 

6 Measure the ambient temperature (0 C): 6 ,2... Instrument SIN: l'So\l:.3 

7 Record actual drop height. 3,Z. FT q /r,.J 

8 Place the specimen on the drop surface and position it in the planned drop orientation. v 

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes . .,...-

10 Begin the video recorder v 

11 Release the test specimen . ./ 

12 Stop the video recorder. 
./ 

13 Was the point of impact achieved? ®)>rNo 

14 Photograph the test specimen immediately after the drop. 
.,,-

15 Record the damage to the test specimen. 
e;.c..c.e. L '"" PP<c. T ~ J<:.r---Ace.) P 1.1 S/riv.:. vp 
~ I. ,-;.-7 ..., 1--J - 5oHov" oF Dl'.2.v.,,.., t.lcA-S. "" ,\., , ~ 

C .. l t u ·";,v, 

Was the test performed in accordance with 
@)orNo 

Engineering, Regulatory Affairs and 
10 CFR 71, IAEA TS-R-1, and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned 

assessment relative to 10 CFR 71 . drop orientation? If yes, then explain. Yes or@ 

Can testing continue for this specimen? tY~rNo 

Test witnessed by (Signature/Date) •/.v-/!~.l IZ-ll---11 
Engineering: Regulatory Affairs: Q 

lity(~c2, 
.,;. .~ 12 / /'7 / tr7 ~ 

::. J Jip I rg- JI fv'A,/( I~ 



SENTINEL Test Plan 214 
Jul 2017 QSA Global, Inc 

Burlington, Massachusetts 

Puncture Drop Test Data Sheet 

Step Instruction Test Data 

1 Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: i.2.. / l°t / 2-o q I Time: °i ·--~D AC?\ 

3 Record test specimen serial number. -r?2t4- t--..)C.. t3,-\ 

4 Record Model 855 serial number. lO 

5 Measure test specimen weight. 2~,"'71$ Scale SIN: QS.0-2.cs 

6 Measure the ambient temperature (0 C): c;. '1. Instrument SIN: tSo lb> 

7 Record actual drop heig;ht. 44 c,-...,c-c...~s 

8 Place the specimen on the drop surface and position it in the planned drop orientation. v 

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes./ 

10 Begin the video recorder v 

11 Release the test specimen."' 

12 Stop the video recorder'."' 

13 Was the point of impact achieved? ~rNo 

14 Photograph the test specimen immediately after the drop . ./ 

("5o /+() f/\ c;, !F' Dev""' '?h°'-' S. A Sl~ ">T 
15 Record the damage to the test specimen. 4>,..., pR-t!t;.kJ> AR..e.<>. AT /.,o W ""+- 'X:> • 

Was the test performed in accordance 
~rNo with 10 CFR 71, IAEA TS-R-1, and this 

Engineering, Regulatory Affairs and plan? 
16 Quality Assurance make a preliminary Were there any changes in the planned 

assessment relative to 10 CFR 71. drop orientation? If yes, then explain. Yes or<No) 

Test witnessed by (Signature/Date) 4v-f1_/~ /2---(f-l) 
Engineering: Regulatory Affairs: °j!l--;Jr;r ~-6~ l'2/ lq/ Lt 

~~IJ'i ~\ ~C?-,\~ 



SENTINEL Test Plan 214 
Jul 2017 QSA Global, Inc 

Burlington, Massachusetts 

Post Test Inspection Data Sheet 

Test Specimen Serial No.: 
"TP 214- I Last Test Perfonned: ?v ,-,c..-fv R.c! NC::(5- \ ~ 

1. Describe and measure (if appropriate) any damage, permanent strain, deformation and/or broken parts, 
etc.: 

t>~v.lV' ov-r~ 'C>,A...,,..~-t-<!~ S \w::, \..i ~'-f C.~v~:> l~v.>A2-D AT~ 

Low·e..t C IM(?D. c:r) e+-i""=> 0~ ft>-c.-~. 

Alt t:,)l)O::. \Sol-t:S l~~ A.....D Sec.v r.?.e . 

t-)o ~1'<? ~ -h . .....iU-...J Cov~ ~ D~..M /Y'IA -f •:....:, ~~~~ -

2. Describe the condition and position of the simulated source wire assembly. 

~(.) v'-' A~~ Con..pAR.w -tv ?P---f-e' S,. i" ~ ..... t;> • t\ ~ ,._. A-,-S;, Pt:»..-+,'Q1v. 

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

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

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

6. ls a radiograph required to inspect for hidden component damage or failure? Yeso(J§) 

7. If radiography is performed, describe any damage or failures found. 

NA. 

Completed by: Date: 
1..2-)1q/z.o1"7 S - ~ 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

1.2-Meter Drop Test Data Sheet 

Step Instruction Test Data 

l Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: t 2- / 1."' / z..o L, I Time: q ·.4"1 A~"\ 

3 Record test specimen serial number. tP2. L4- NC.~ - ~ 

4 Record Model 855 serial number. ro 

5 Measure test specimen weight. '.2.74. 5 lU Scale SIN: Q5.A 2l5 

6 Measure the ambient temperature (0 C): b Instrument SIN: \'50 lb3 

7 Record actual drop height. -4 c=-r 41.,.._) 

8 Place the specimen on the drop surface and position it in the planned drop orientation.,/ 

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes ...... 

10 Begin the video recorder v 

11 Release the test specimen. 
./ 

12 Stop the video recorder . ./ 

13 Was the point of impact achieved? ~rNo 

14 Photograph the test specimen immediately after the drop . .,--

15 Record the damage to the test specimen. ('..)6,-.:>e. 

Was the test performed in accordance with 
~rNo 

Engineering, Regulatory Affairs and 
10 CFR 71, IA.EA TS-R-1, and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned 

assessment relative to 10 CFR 71. drop orientation? If yes, then explain. Yes or<fiv 

Can testing continue for this specimen? (YesorNo 

Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: ;fl:X2 ~~ LZ/t°'l/17. ~~ 
3)/~(/t ~t~\S 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

9-Meter Drop Test Data Sheet 

Step Instruction Test Data 

1 Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: tz (l G\ / Zen I Time: °t ',S7 AC-"\, 

3 Record test specimen serial number. -"t""P2. 14-- c,Jc.. (3 -"'s 

4 Record Model 855 serial number. to 

5 Measure test specimen weight. 2.74 .s U> Scale SIN: Q.SA '2.lS 

6 Measure the ambient temperature (°C): '5 ,9 Instrument SIN: t.S o \ {,~ 

7 Record actual drop height. '?>2. FT q t ,-:> 

8 Place the specimen on the drop surface and position it in the planned drop orientation. v 

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes . ..-

10 Begin the video recorder .....-

11 Release the test specimen. -

12 Stop the video recorder . .....--

13 Was the point of impact achieved?· k§)rNo 

14 Photograph the test specimen immediately after the drop~ 

15 Record the damage to the test specimen. 
f'V'\1,-:,()f?:.. ?o'°"' p.1#-.s,;. vo...J or DR:"'"" t>iA""let-v,, 

A<" 1-0w e.-iz. "4.,.b C i ""'-f "<(; -r e-,-,'!::, ') 

Was the test performed in accordance with 
~rNo 

Engineering, Regulatory Affairs and 
10 CFR 71, IAEA TS-R-1, and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned 

assessment relative to 10 CFR 71. drop orientation? If yes, then explain. Yes oi®J 

Can testing continue for this specimen? (Yes)rNo 

Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: 

7l!:''J)1:d ~ -~ 1.2.J v=;/ t7 ~Q~ 
"'"3 )11,(11 a-. \ rv-A {Z I f?' 



. -

SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

Puncture Drop Test Data Sheet 

Step Instruction Test Data 

1 Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: l 2 / l q / 2.0 t 7 I Time: l O : il AC°:'\ 

3 Record test specimen serial number. TP.2..14 -NC..8-~ 

4 Record Model 855 serial number. to 

5 Measure test specimen weight. 2?4.s LJ3. Scale SIN: QSA 2.tS 

6 Measure the ambient temperature (°C): 6.\ Instrument SIN: \.Sotb3 

7 Record actual drop height. -44 lt-1 

8 Place the specimen on the drop surface and position it in the planned drop orientation. <---

...,. 
9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes. 

10 Begin the video recorder..,-

11 Release the test specimen.----

12 Stop the video recorder. 
./ 

13 Was the point of impact achieved? ~rNo 

14 Photograph the test specimen immediately after the drop~ 

15 Record the damage to the test specimen. ~o C"'A-..,,s.R- APT~ '4-/\1\,!:,,I.,.., 'D~if>. 

Was the test perfonned in accordance 
@)>rNo with 10 CFR 71, IAEA TS-R-1, and this 

Engineering, Regulatory Affairs and olan? 
16 Quality Assurance make a preliminary Were there any changes in the planned 

assessment relative to 10 CFR 71. drop orientation? If yes, then explain. 
Yeso~ 

Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: ~A,p 5-Gu.__:_ 1z/1a,/,7 ~V0----
""J J )~ / 1 'l 

~ l rv-AR.. \ ,g, 



SENTINEL Test Plan 214 
Jul 2017 QSA Global, Inc 

Burlington, Massachusetts 

Post Test Inspection Data Sheet 

Test Specimen Serial No.: -c-P214--
~C:..~-3 j Last Test Performed: ?vi..ic..-fv~ v!aof" 

I. Describe and measure (if appropriate) any damage, permanent strain, deformation and/or broken parts, 
etc.: 

-or- ... ,,..,. Ou1 ex:. "t>t AIVl-e+~ Shows. .IVJ,' ,-.,oe. °t>~~,v-A....'.l-J ,...J '°'T 
+""-e k.w.e.iz. (, '""'('Ac..f ') "2+J't::> OF '50" ' ~c:.-.m......,, 

.All ~uvt.. & {~ l t-.J kc..-l- AN> Sec.vRe,. 

)..JO "'5 A{:> Be.~ 4u~ Av-s:, ~VI'\,-\,, 

2. Describe the condition and position of the simulated source wire assembly. 

NO c...\-i.._.,sa- ~ l'h(? NU.b -ft> Yke.--t.-.>-t ~I 'Noµ A-,>.\> (?i:::, !:'.,--\yuµ. 

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

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

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

6. ls a radiograph required to inspect for hidden component damage or failure? Yeso(® 

7. Ifradiography is performed, describe any damage or failures found. 

NA 

Completed by: Date: \z./ 11 / 17 ~-~ 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

1.2-Meter Drop Test Data Sheet 

Step Instruction Test Data 

1 Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: t '2./ tq / 2-e:> n I Time: LO : ·s \ ~I:?\ 

3 Record test specimen serial number. °TP2.. ( 4 - t--)c.. \S - Z-

4 Record Model 855 serial number. {O 

5 Measure test specimen weight. '.2.. 74.5 Ll.5 Scale SIN: &.SA 2.lS 

6 Measure the ambient temperature (0 C): G,S Instrument SIN: \.So lt>3, 

7 Record actual drop height. 4?-r 41,-...J 

8 Place the specimen on the drop surface and position it in the planned drop orientation . .--

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes:-' 

10 Begin the video recorder...-

11 Release the test specimen. -
.......... 

12 Stop the video recorder. 

13 Was the point of impact achieved? ~rNo 

14 Photograph the test specimen immediately after the drop . ....,.-

\ rnpAc.c' e.l>$L or t:::>12.vN"\ D~~\~ 
15 Record the damage to the test specimen. 

A'?o_.1-C >/4 I 1'.1 l,\-- . 

Was the test performed in accordance with 
~No 

Engineering, Regulatory Affairs and 
10 CFR 71, IAEA TS-R-1, and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned 

assessment relative to 10 CFR 71. drop orientation? If yes, then explain. Yeso@ 

Can testing continue for this snecimen? (Yes11rNo 

Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: 0itiA~ 
~-~ L2-/t"j/t7. /;?Qt/'- v-

~ )I~) li o2 t vvvAfZ V? 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Step Instruction 

I Record test location. 

9-Meter Drop Test Data Sheet 

Test Data 

Test Plan 214 
Jul 2017 

QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: l.2/t"1 /2-on I Time: 10 : .::ft At-?\ 

3 Record test specimen serial number. -n_::;, 2..t4- t--J cg, - '2-

4 Record Model 855 serial number. to 
5 Measure test specimen weight. Z 74 .S c.g, Scale SIN: QSA2tS 

6 Measure the ambient temperature (0 C): b,-S Instrument SIN: \So i63, 

7 Record actual drop height. 32.. F--r q,,-.J . 

8 Place the specimen on the drop surface and position it in the planned drop orientation. -

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes. 
......-

10 Begin the video recorder" 

11 Release the test specimen./ 

12 Stop the video recorder. / 

13 Was the point ofimpact achieved? ~rNo 

14 Photograph the test specimen immediately after the drop:-"-

' 
l rnpA. c-(" e~ c.F VIZV>N'\ C.R. 1..,.:;. \....v::, j ,-.J 

15 Record the damage to the test specimen. 
Ak:ov-r' 2 - s liv~h~~-

Was the test performed in accordance with 
<fib,rNo 

Engineering, Regulatory Affairs and 
10 CFR 71, IAEA TS-R-1, and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned 
Yes or<N£: assessment relative to 10 CFR 71. drop orientation? If yes, then explain. 

Can testing continue for this specimen? (Yes~rNo 

Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: 71;~~ 5-Gu-:. tz/ M /r7 ~~ ,2l ~\.g 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

Puncture Drop Test Data Sheet 

Step Instruction Test Data 

1 Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: L2- J l '1 ) 2,o q I Time: 10 :sz 11;.H'\ 

3 Record test specimen serial number. TP214- 1'-Jc.@; - '2-

4 Record Model 855 serial number. w 
5 Measure test specimen weight. 2. 74, S I.[!, Scale SIN: QS.A 2.!S 

6 Measure the ambient temperature (°C): 6 .6 Instrument SIN: ,c::;o lb3 

7 Record actual drop height. 44 IN. 

8 Place the specimen on the drop surface and position it in the planned drop orientation . ......-

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes:-' 

10 Begin the video recorder._..,. 

11 Release the test specimen . ..,. 

12 Stop the video recorder:......-

13 Was the point of impact achieved? @:,orNo 

14 Photograph the test specimen immediately after the drop . ./ 

15 Record the damage to the test specimen. Mi:vvR- Ai::.od-.'11-f.>c'I t)A...,-K .11) Dev,-. 

Was the test performed in accordance 
~rNo with 10 CFR 71, IAEA TS-R-1, and this 

Engineering; Regulatory Affairs and plan? 
16 Quality Assurance make a preliminary Were there any changes in the planned 

assessment relative to 10 CFR 71. drop orientation? If yes, then explain. 
Yeso~ 

Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: 

~~ ;; .~ i2/1,:;;/11 

~~1~117' ;z,t -~RI ~ 



-- -·----- ----------- - --------------------

SENTINEL Test Plan 214 
Jul 2017 QSA Global, Inc 

Burlington, Massachusetts 

Post Test Inspection Data Sheet 

Test Specimen Serial No.: 
1 P'2.14 -
NC::.l.:S-2.. 

I Last Test Performed: ?ut->C--hi P-e. ~ 

I. Describe and measure (if appropriate) any damage, permanent strain, deformation and/or broken parts, 
etc.: 

~"'"" &(>\)~ e.vse-, C$2:.t.,7 h4..> \;vi....,r,..RD .L><'°::>w+ Z+., '3, l>-->C-'\v,$ 

All Cov~ f.s.u l -f-s l,._.1'J>..c,. + ,A-i'3> ~~-

ND 'j~ ~~~ Co.JV'\ AN> "bP-v,,,._, /h,o.-t·,~ ~.v~~>. 

2. Describe the condition and position of the simulated source wire assembly. 

~ C-h~ 0MfNZ&!> -C-c, rr~ --le:s-f 4,_.~ ,-No"-' 1'<-,S,> Fbs,+.2.>.v. 

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

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

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

6. Is a radiograph required to inspect for hidden component damage or failure? Yes or&o> 

7. If radiography is performed, describe any damage or failures found. 

}JA 

Completed by: Date: 
L2-/ fo, / 17 e;._~ 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

1.2-Meter Drop Test Data Sheet 

Step Instruction Test Data 

I Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: l2. /Lo.. /2 c:,t, I Time: \ l', l~A-0\ 

3 Record test specimen serial number. TP2.l4- N C. "is.- 4 

4 Record Model 855 serial number. (o 

5 Measure test specimen weight. 274, S Scale SIN: & S.A '2.. l 5 

6 Measure the ambient temperature (0 C): 7 ., 4- Instrument SIN: tso \b 3 

7 Record actual drop height. 4 Ft 4 trJ -

8 Place the specimen on the drop surface and position it in the planned drop orientation.~· 

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes._.,. 

10 Begin the video recorder·-

11 Release the test specimen. 
.,,... 

12 Stop the video recorder .......... 

13 Was the point of impact achieved? @,rNo 

14 Photograph the test specimen immediately after the drop . ....-, 

15 Record the damage to the test specimen. f-....) 0 µ ~ 

Was the test performed in accordance with 
®)orNo 

Engineering, Regulatory Affairs and 
10 CFR 71, IAEA TS-R-1, and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned 
Yes o!(Nn) assessment relative to 10 CFR 71. drop orientation? If yes, then explain. 

Can testing continue for this specimen? ~es.:OrNo 

Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: 

~'}J'l$' S:, -~ c.z /t'°i / c7 ~~ ~l ~ l~ 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

9-Meter Drop Test Data Sheet 

Step Instruction Test Data 

1 Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: (Z./ 1'1 /2,01 7 I Time: I (~ZS At->\. 

3 Record test specimen serial nwnber. TP214 - f\.JC ~ -4-

4 Record Model 855 serial number. lo 

5 Measure test specimen weight. "2. 74 .S ~ Scale SIN: Q<;A '2.1$ 

6 Measure the ambient temperature (0 C): 7-r Instrument SIN: L5o tb°1 

7 Record actual drop height. '3,2 FT '1 IN 

8 Place the specimen on the drop surface and position it in the planned drop orientation:--

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes. 
/ 

10 Begin the video recorder v-

11 Release the test specimen . ....--

12 Stop the video recorder . .......-

13 Was the point ofimpact achieved? ~rNo 

14 Photograph the test specimen immediately after the dror,' 

15 Record the damage to the test specimen. 
t rn pr.,..c.-r- >vl'ZM(e. C::,e:.1,,<,, ~ LN r-,.1...:,,,NI 

~- 4 1...,c-~ . 

Was the test perfonned in accordance with 
~rNo 

Engineering, Regulatory Affairs and 
10 CFR 71, IAEA TS-R-1, and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned 

assessment relative to 10 CFR 71. drop orientation? If yes, then explain. Yes or~ 

Can testing continue for this specimen? (Yes)orNo 

Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: ;t:iit~ ~ -~ LZ/1°)tr t/L_ . 
s I,~ 11 i c;:2 L vv,.M \ ~ 



. -

SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

Puncture Drop Test Data Sheet 

Step Instruction Test Data 

1 Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: t 2 / l°'I / zo n I Time: \ l \?,4 Aq 

3 Record test specimen serial number. T'PZ-L4 - ~C.\5,- 4 
4 Record Model 855 serial number. lO 

5 Measure test specimen weight. 274 .S Lt> Scale SIN: QSA 2tS 

6 Measure the ambient temperature (0 C): 8,( Instrument SIN: \So \h3 

7 Record actual drop height. 44 Ir-.., . 

8 Place the specimen on the drop surface and position it in the planned drop orientation. -

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes.,...-

IO Begin the video recorder 

11 Release the test specimen:-' 

12 Stop the video recorder . .,, 

13 Was the point of impact achieved? ~No 

14 Photograph the test specimen immediately after the drop . .....--

15 Record the damage to the test specimen. 
:>vp~~'z:V>l 1;),2µ T Oo"t'l-.,\.,e, oF Pu~ize.. 

Js,t\eT 01v OIZ-v.,....... 0 t::> . 

Was the test performed in accordance 
~rNo with 10 CFR 71, IAEA TS-R-1, and this 

Engineering, Regulatory Affairs and plan? 
16 Quality Assurance make a preliminary Were there any changes in the planned 

assessment relative to 10 CFR 71. drop orientation? If yes, then explain. 
Yes or~ 

Test witnessed by (Signature/Date) 

Engineering: RegulatoV.rr" J)?-A,Jll:e 
S-Gv~ c:z. / 1°'1/ 1"7 ci<1·. ~ . d!L 

~111o(1i c0 l VV\frPv ~ q 



SENTfNEL Test Plan 214 
Jul 2017 QSA Global, Inc 

Burlington, Massachusetts 

J,>ost Test Inspection Data Sheet 

Test Specimen Serial No.: 
-tP2.14- I Last Test Performed: ? V ,-)C. -fvfG!_ 'C)~p 
\vC..~-4 . 

I. Describe and measure (if appropriate) any damage, permanent strain, deformation and/or broken parts, 
etc.: 

"'(::>~VIV\ ov-r-S,"X... "t>l'AN"\~ 'FLA ft ... -f'JeJ:> Ale.>~ -fhe lo~ I +v "E> )N~l 

L....,.._."1 }IA • -P ~AN\ e-k-, "I;) ... q::-.:, )Z: IV\ w \i,.11...vJ\P-b Alcov 1 ~-4- 1,-,vh,5._ 

Al{ t'.;,u eA. R,() 1-n. , ,_,~+ ~. S,e,t,..;~& 

µo -SAf> P.cf~6z..,-) kue.., Als:> t>12::1..1th. • 

2. Describe the condition and position of the simulated source wire assembly. 

t,..)£> c,\..,~p 4::>,,.,_ f A/1....d> ID ?~-../.::1.1 Q.>µb,../..ht-J l'\-t-0 ~.s,-J..;oi,..j, 

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

4. Measure and record a radiation profile of the test specimen in accordance with QSA Global'WorR 
Instruction WI-Q-1806. 

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

6. Is a radiograph required to inspect for hidden component damage or failure? Yeso&w 

7. If radiography is performed, describe any damage or failures found. 

1-JA. 

Completed by: Date: 
i.2,,/ <.., I i7 4- -~ 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

1.2-Meter Drop Test Data Sheet 

Step Instruction Test Data 

1 Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: IZ./L'9 / 2-011 I Time: \\ ·. So l>...t,\ 

3 Record test specimen serial number. -rP214 - ~se;-( 

4 Record Model 855 serial number. lo 

5 Measure test specimen weight. 2.7b Scale SIN: Q<;.A Z.lS 

6 Measure the ambient temperature (°C): cq,4 Instrument SIN: l-5o \b3 

7 Record actual drop height. 4 f"-r 41t0 

8 Place the specimen on the drop surface and position it in the planned drop orientation. --

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes. ---
IO Begin the video recorder -

11 Release the test specimen . ./ 

12 Stop the video recorder . ./ 

13 Was the point of impact achieved? &orNo 

14 Photograph the test specimen immediately after the drop./ 

15 Record the damage to the test specimen. 
l ""{' l'--l -r' c:.-r:x;.e. Crc;,,&;, l,,-0 \iu .o.-'.x,. ·r l ( h.>V~. 

Was the test performed in accordance with <Jg or No 
Engineering, Regulatory Affairs and 

10 CFR 71, IAEA TS-R-1, and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned 

assessment relative to 10 CFR 71. drop orientation? If yes, then explain. Yeso(@) 

Can testing continue for this specimen? (Yes)>rNo 

Test witnessed by (Signature/Date) 

Engineering: ;v~ ~ssuran~ 
s, .~ 1z/1~/r7 . )Jl,, 

""3. )11ol\~ ,:1 l vvvj~,p, I g' 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

9-Meter Drop Test Data Sheet 

Step Instruction Test Data 

1 Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: 12 / t9 / Zo 17 I Time: I I·. <;4 At?\ 

3 Record test specimen serial number. tPZ.l4- +:"<;;~- I 

4 Record Model 855 serial number. to 
5 Measure test specimen weight. 27(::; Scale SIN: Q S.A ztS 

6 Measure the ambient temperature (0 C): 10 Instrument SIN: \Sei 1£ > 
7 Record actual drop height. 32-FT q/N. 

8 Place the specimen on the drop surface and position it in the planned drop orientation.·_...., 

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes:" 

IO Begin the video recorder ./" 

11 Release the test specimen./ 

12 Stop the video recorder . ./ 

13 Was the point of impact achieved? ~orNo 

14 Photograph the test specimen immediately after the drop.,....----

I m('.:>J:..Ct' e~ c::::.e~ir.-u:> (µ 4L;;,,, .. v, ?.-4 
15 Record the damage to the test specimen. 

(.._,l,\.-..t S,? >/4 INC-In '3~ ~-4-IMZv 'D-z.fi;,~ 
1-, v..., A--l::> -r-,,._(21""" 1-;r.>.o:...-rwo Si:-~-"1 1,-.t: 

Was the test performed in accordance with 
~rNo 

Engineering, Regulatory Affairs and 
10 CFR 71, IAEA TS-R-1, and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned 
Yeso@ assessment relative to IO CFR 71. drop orientation? If yes, then explain. 

Can testing continue for this specimen? <Yes qr No 

Test witnessed by (Signature/Date) 

Engineering: 

~ra ~-~ ~-~ l2/1q/,7 c/'--__ 
~ZK.. 

3 )l \,\l't .;2. \ 1/'V'Afl. \ g 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

Puncture Drop Test Data Sheet 

Step Instruction Test Data 

I Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: tz.. / fq / zo1, I Time: l 2 : 08 P'i'-7\ 

3 Record test specimen serial number. tP2t4- -F'St5 - I 

4 Record Model 855 serial number. to 

5 Measure test specimen weight. 2- 7(:, Scale SIN: QSA 215 

6 Measure the ambient temperature (0 C): .q,4 Instrument SIN: \Sul,b~ 

7 Record actual drop height. 44-tr-.J . 

8 Place the specimen on the drop surface and position it in the planned drop orientation . ..--

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes. ,,., 

10 Begin the video recorder._,,, 

11 Release the test specimen~ 

12 Stop the video recorder:-"' 

13 Was the point of impact achieved? 6ix>rNo 

14 Photograph the test specimen immediately after the drop .......... 

15 Record the damage to the test specimen. t,.:>O CJR "h ; ivo-je AC01+<'c? /VJ,A 'D-..··r~ -+o 
O"-"'""""'· 

Was the test performed in accordance 
~rNo with 10 CFR 71, IAEA TS-R-1, and this 

Engineering, Regulatory Affairs and plan? 
16 Quality Assurance make a preliminary Were there any changes in the planned 

assessment relative to 10 CFR 71. drop orientation? If yes, then explain. 
Yeso~ 

.. 
Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: ,;~ .;.~ 12./14 /17 /.{;)~ 
-; '''°/ \i o( \ ~,~ 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Specimen Serial No.: 

Post Test Inspection Data Sheet 
-n.., .2.L4- I Last Test Performed: ':f'v M::-~ ~s~-, 

Test Plan 214 
Jul 2017 

->P--oF 

I. Describe and measure (if appropriate) any damage, permanent strain, deformation and/or broken parts, 
etc.: 

Dev"" 4v..-. ~ ~'-"?~~ iµt,v~ /P<~()v/ "3:, <'fl> 4 I ~l,y >. 
Alf q;,v~ &1-f;S. l µf A-vi AvJ> Se?vee,. 

-nvo Siv•A-l( ".)ApJ r-lf()~ 63.e..-~,-.J ~u.u.. ~f.> D~v""' - Oµe o,.._, e.Ad, 
S i,~ OF i;v,pACT Po;i>t-. ~$.T j~ l~ :3/4 11'-1(;./t\ w ~C>.e.., (~ A-,...D 

·~~s. ~....,.._; -fo 1--)c> 7 .Llf> , Tbk{ ·~(,, OF~~ L~ '3, ,~~$ .. 

6-t'vle, '5 AP t '> s;JV1;.k.e_ Bo-r >n,Jlrll-" ... . 

2. Describe the condition and position of the simulated source wire assembly. 

ND G-hA-t->~ 4>n-r~ w Fke.-kT 4,-,,:.,1-N&-N ANt> PosrH,1,-...; , 

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

4. Measure and record a radiation.profile of the-test specimen 'in accordance with QSA Global Work 
Instruction Wl-Q-1806. 

5. Compare the pre-test dose levels with. post-test dose levels at the surface of the.package and at I meter 
from the surface.ofthe,package. 

6. Is a radiograph required to inspect for hidden component damage or failure? Yes o(@) 

7. If radiography is performed, describe any damage or failures found. 

"-)A 

Completed by: Date: 
l2/#q/f'1 ~ -~ 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

1.2-Meter Drop Test Data Sheet 

Step Instruction Test Data 

I Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: )2- / l '1 / 2-0 n I Time: t Z: ~4 P'C7\ 

3 Record test specimen serial number. 'TP 2.l4- A~"Ys - { 

4 Record Model 855 serial number. to 

5 Measure test specimen weight. 2.,Cf..5 Scale SIN: Q<;A"2..1 S 

6 Measure the ambient temperature (0 C): °t.1 Instrument SIN: l So \4, 3 

7 Record actual drop height. 4 e=--r 4 tr-J 

8 Place the specimen on the drop surface and position it in the planned drop orientation. 
/ 

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes:' 

IO Begin the video recorder 
./ 

11 Release the test specimen. 
./ 

12 Stop the video recorder. 
,./ 

13 Was the point of impact achieved? ~rNo 

14 Photograph the test specimen immediately after the drop:---

/Vl ; 1-,><,2,. 'C:>4--T P-.-C t.:: I ,._,"i l °"'PAC1' fbc' t..JT . 
15 Record the damage to the test specimen. 

Was the test performed in accordance with 
~rNo 

Engineering, Regulatory Affairs and 
10 CFR 71, IAEA TS-R-1, and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned 
Yes or&fci) assessment relative to IO CFR 71. drop orientation? If yes, then explain. 

Can testing continue for this specimen? (Yes)orNo 

Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: F~~ t; ... ~ t2 /Lt:t /17 
~~\I'& c2 I v'V'Ji-P,J 8' 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Plan 214 
Jul 2017 

9-Meter Drop Test Data Sheet 

Step Instruction Test Data 

1 Record test location. QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: l2../10,/ 2-ot, I Time: L 2 ; 44- P'l""T\ 

3 Record test specimen serial number. -C-Pz_.14 - AS'.3-/ 

4 Record Model 855 serial number. lo 

5 Measure test specimen weight. -:z. ,1.s lg Scale SIN: QS./~ 2.1$ 

6 Measure the ambient temperature (°C): q,9 Instrument SIN: LSD lb S 

7 Record actual drop height. 32.. F-c- ~lN, 

8 Place the specimen on the drop surface and position it in the planned drop orientation . .-

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes. 
;--

10 Begin the video recorder ./ 

11 Release the test specimen . ...,,. 

12 Stop the video recorder~ 

13 Was the point of impact achieved? ~rNo 

14 Photograph the test specimen immediately after the drop . .--

15 Record the damage to the test specimen. 
Cov.L... CJ"c:.ve,,,/,,<t:, 1.v Alovvc ~-41~'-,.,.J.. 

Was the test performed in accordance with 
d2.brNo 

Engineering, Regulatory Affairs and 
10 CFR 71, IAEA TS-R-1, and this plan? 

16 Quality Assurance make a preliminary Were there any changes in the planned 
assessment relative to 10 CFR 71. drop orientation? If yes, then explain. Yes or<No) 

Can testing continue for this soecimen? tYesorNo 

Test witnessed by (Signature/Date) 

Engineering: Regulatory airs: ~~~ 5,: _6~ l2..)t,q/t1 .~ ' c2 ~~g ""3)\\,\(7 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Step Instruction 

1 Record test location. 

Puncture Drop Test Data Sheet . 

Test Data 

Test Plan 214 
Jul 2017 

QSA Global, Inc. 40 North Ave, Burlington, MA 

2 Record test date & time. Date: tz/1q /2-o1, I Time: l 2 : s Z Pt7\ 

3 Record test specimen serial number. LP '2 14 - AS~-( 

4 Record Model 855 serial number. ID 
5 Measure test specimen weight. '.2. t4 .~ Us. Scale SIN: Q~A 2.1$ 

6 Measure the ambient temperature (0 C): u. \ Instrument SIN: LSO \{,3 

7 Record actual drop height. 4 4 lN. 

8 Place the specimen on the drop surface and position it in the planned drop orientation.-

9 Raise the specimen slightly and photograph the set-up in at least two perpendicular planes. 
,/ 

10 Begin the video recorder 
r' 

11 
. · / 
Release the test specimen. 

12 Stop the video recorder._. 

13 Was the point of impact achieved? ~rNo 

14 Photograph the test specimen immediately after the drop. 
_ _. 

15 Record the damage to the test specimen. 
C)JJL,-7 """ (uc,P- ~D, i-'11' ,._,A' [ ~TS 1D 

t::,(2 v'/V\ • 

Was the test performed in accordance 
(§prNo with 10 CFR 71, IAEA TS-R-1, and this 

Engineering, Regulatory Affairs and plan? 
16 Quality Assurance make a preliminary Were there any changes in the planned 

assessment relative to 10 CFR 71. drop orientation? If yes, then explain. 
Yeso~ 

Test witnessed by (Signature/Date) 

Engineering: Regulatory Affairs: '11:: Ass;p:=g 
~~ 

. ,YI 

~-~ tZ / /&:}/t7 
()l \. ,fflfZ ~ f, 



SENTINEL 
QSA Global, Inc 
Burlington, Massachusetts 

Test Specimen Serial No.: 

Post Test Inspection Data Sheet 
"'TP'Z.t4- I Last Test Perfonned: ?'u,-,c.-.lv~ A':7(3-1 

Test Plan 214 
Jul 2017 

v~ 
1. Describe and measure (if appropriate) any damage, pennanent strain, defonnation and/or broken parts, 

etc.: 

'DR.~ ~V-~ ~~ c.ev<..'1 <r-:. \ µ I;., I\R.C ~..Nl ~ 1'l> <f ,...,cl,v, 5 , 

Prl( 4v.L. l3t.> H-<:. (,-J {Ac.,-f AvS> 'x.Cvr2'e, . 

t,...)c) '5Ap ~-+l,J,u.....) .::::Ova., ~~ "t>e.v""" 

Rt,...,,s l IV 1\A-C...-r • 

2. Describe the condition and position of the simulated source wire assembly. 

\v() c::..-hAyse 4>1'>'\f~ 1D ?ne.-- .f.e.'> \ 'V>-'..1>1 i-bµ ~<:::, '<os., iv"l-J . 

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

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

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

6. Is a radiograph required to inspect for hidden component damage or failure? Yeso@ 

7. If radiography is performed, describe any damage or failures found. 

~t:,._ 

Completed by: 

.>-~ 
Date: 

\2, I 1,,, I 1, 

: 
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UNLESS OTHERWISE SPECIAED: 

ALL DIMENSIONS ARE INCHES, TOLERANCE ± l /16 

40 NORTH AVE, BURLINGTON, MA 01803 

DESCRIPTIVE 
DRAWING 

CLAMP BAND 
DWG. NO. RCLM011 REV 

SCALE: NONE SHEET 10F 1 A 
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Appendix F: Reference - Test Plan 163 Thermal Test Assessment 



AEA TECH~OLOGY QSA DIC. 
Burlington. Massachusetts 

Section 5.5 Thermal Assessments 

Test Plan 163 Report. Revision I 
April 2005 
Page 30 of 47 

Thermal testing was performed for a similar, but smaller, drum design to support approval of a Type B container in 
Great Britain (See Figure 33). The tested drum measured 32.5 cm in diameter by 40.5 cm tall with minimum cork 
thickness on the bottom of 4 cm, on the top of 4.5 cm and on the sides of5 cm. In contrast the Model 976 package 
measures 50 cm in diameter by 54 cm tall. The Model 976 Series packages have a minimum cork thickness, which is 
based on the Model 976A configuration containing the least cork material, of 5 cm on the bottom, 12.7 cm on the top 

and 8.3 cm on the sides. 

-- ,_ , ... "' 
• .... 11111. I I 

2 

__ ,_ 
I 

J -- - I 

• -- - I ,_ 
• -- -- I _ _. -- I • ~-, --- I 

• ---- I 

• ... "" - • .. .,, caa ~ -- 2 

FIGURE 33 -TEST SPECIME~ CO:SFIGt:RATION FOR TEST NUMBER 183S 

Test Number 1835 (see Appc:ndix F) documents testing of a Model 3018 inner shield container (lead shielded device) 
inside of a cork lined steel drum assembly. The cork used in these test units was purchased to the same specification 
as the cork used for the test specimens Wlder this Test Plan Report, however, the overall cork thickness is greater in 
the Model 976 style packages than was used in the specimens tested under Test Number 1835. 

Testing included 9 rn drop tests and puncture tests in similar orientations as were performed for the test specimens 
under this test plan report. The test specimens under Test Number 1835 were tested at ambient temperature and were 
not cooled to -40°C prior to the 9 m and puncture drop tests. 

As was seen with the Model 976 style test specimens, the test Wlits described under Test Number 1835 also 
experienced drum deformation but no loss of the lid from the drum base. Though crackmg of the cork was not 
specifically referenced on the sides of the cork liners in the test units from Test Number 1835, cracking of the bottom 
cork inserts was noted. The bottom of the cork cavity was cracked around the circumference and across diagonals in 
line with the drum reinforcement bars. 

Thermal testing of the specimens under Test Number 1835 placed the specimens into a furnace maintained at an 
ambient temperature between 800°C - 820°C for a period of30 minutes. The test specimens did not contain any 
radioactive contents dunng the thermal testing performed under Test Number 1835. The test specimens were allowed 
to cool for at ]east 18 hours before disassembly and evaluation. 

Upon evaluation it was found that the top cork inserts exhibited slight charring (e.g. 22-25 mm depth) with a 26 mm 
thickness of the insert remaining intact. In both cases the lead shield container was undarnage, exhibiting only the 

TP 163 Report Rev I .doc 



AEA TECHNOLOGY QSA 11\C. 
Burlington. Massachusetts 

Test Plan 163 Report, Revision 1 
April 2005 
Page 31 of47 

presence of a resin condensate and soot on the lead pot exterior. For both test specimens, the maximum temperature 
recorded by temperature stTips on the exterior surface of the lead pot was 82°C. This temperature rise was less than 
1/4 of that necessary to reach the melting point of the lead pot (300°C). Therefore no melting or slumping of the lead 
shielding occurred. 

Upon inspection of the test specimens under this test plan it was observed that TP 163(C) exhibited the largest cork 
cracking on the side inserts. This test unit contained jagged cracks up to V." in width in the sides of the cork inserts 
(see Figures 28 and 29). The presence of these cracks introduces the possibility of a different result in the thenna] test 
if performed . The three thermal transport mechanisms are conduction, convection and radiation. Each will be 
addressed in the following assessment. 

The shield containers used in the Model 976 drum assembly are of two general types: ( l) those which use depleted 
uranium for their primary shielding (e.g., 855 and 3078), and (2) those that use lead for their primary shielding with 
supplemental materials as part of the inner assembly shielding design (e.g., 3015, 3018, 3056 and 1911). All shield 
container exteriors are a steel weldmcnt which does not melt below 1,427 °C. The melting point of depleted uranium 
is 1, 130°('. 

Section 5.5.1 Conduction Contribution 

A calculation of the worst case, steady state conduction through the cork insulation that could be created in TP163(C) 
is as follows: 

Qr= k A(T; -T2 ) 

l 
(Reference Fundamentals of Heat and Mass Transfer, 5th Edition, by Tncropera and Dewitt, page 5.) 

Where: Q, = the heat transfer rate in Watts 
k = coetlic1ent of thermal conductivity, 0.0314 W/m K for air at 370°K: 0.039 WI m K for cork1 

A = cross sectional area of material (-2 cracks, W' wide = 0.00635 m, each 0.5 m long) = 0.00635 m2 

T 1 = Drum Wall Temperature (assumed to be thennal test temperature = 800°C or 1,027°K) 
T2 = Shield Container Initial External Temperature (assumed to be= 97°C or 370°K from 5.5.3) 
L = minimum thickness of the outer and inner cork liners (located on the sides) = 0.08m + 0.04m = 0.12 m 

Reference 1: Fundamentals of Heat and Mass Transfer, 5111 Edition, by Tncropcra and DeWitt, Appendix A. 

For the thennal test, regardless of the cork condition, A, T2, T 1 and L will be the same. The only difference will be 
the variation in the coefficient of thermal conductivity between air and cork. As indicated above, the coefficient for 
air is less than the coefficient for cork, therefore the heat transfer rate in air through the crack will be less than is 
experienced through the cork. 

Calculation of the maximum conduction through the solid cork is based on the maximum outer area divided by the 
minimum cork thickness. The drum outer surface is 0.52 min diameter and 0.54 m high for a maximum cross 
sectional area of 1.31 m2

• The minimum cork thickness at the bottom of the drum is 0.08 m. Therefore the maximum 
heat transfer rate is 420 Watts. 

Section 5.5.2 Convection Contribution 

There is a limited air gap between the cork and the inner surface of the drum. As such, movement of the air around 
the cork inside the drum to produce convection heating will be insignificant when compared to the conductive heat 
transferred directing from the drum to the cork. If the crack in the cork is approximated as a solid air volume between 
the inner drum surface and the outer shield container, then a worst case approximation of the conductive heat transfer 

l'P l 63 Report Rev I .doc 



AEA TECHNOLOGY QSA ThC. 
Burlington. vtassachusetts 

Test Plan 163 Report, Revision I 
April 2005 
Page 32 of 47 

can be made in this limited air volume. Similar to steady state conduction, the under steady state conditions, the local 
heat transfer rate can be calculated as follows: 

q x : (~ -T2 ) fhdA, 
(Reference Fundamentals of Heat and Mass Transfer, 51

h Edition, by lncropera and Dewitt, page 327.) 

Where: q, = the heat transfer rate in Watts 
h = convection coefficient for air = 10 Watts/m2 °K (Reference IAEA TS-G-1.1 (ST-2)) 
dA, = cross sectional area of material (- 1 cracks, V.." wide = 0.00635 m, each 0.5 m long) 
T1 = Drum Wall Temperature (assumed to be thermal test temperature= 800°C or 1,027°K) 
T2 - Shield Container Initial External Temperature (assumed to be - 97°C or 3700K from Section 5.5.3) 

Estimating the air volume between the inner drum wall and outer shield surface as a vertical cylinder produces the 
following c'luation. 

Where: r = the radius of the cylinder (crack)= 0.0032 m 
I = length of the crack = 0.305 m 

Solving for q~ produces a worst case heat transfer rate from convection of 43 Watts along the inner surface of the cork 
crack. 

Section 5.5.3 Radiant Heat Contribution 

The jagged path of the crack through the cork prevents any radiation from the drum wall directly contacting the shield 
container. Without direct contact, the radiative heat transfer to the shield container surface will be insignificant in 
comparison to the other heat transfer contributions. 

Assuming heat contribution to the inner shield from the radioactive contents produces a worst case transfer rate as 
follows: 

The Specific heat output of Ir-192 is 8.6 mW /Ci assuming a decay energy of 1.46 Me V /decay and that l 00% of the 
radioactive decay is transferred to thermal energy. The maximum source content for the package is 1,000 Ci. 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 to convert output activity to content activity as this factor reflects the worst case variation for 
Ir-192 sources transported in these packages. Therefore the total content activity would be 2,300 Ci and the total 
heat output assuming a conservative 100% decay during the thermal test is: 

8.6 mW/Ci x 2,300 Ci = 19,780 mW= 19.78 Watts 

Even assuming complete decay ofthc lr-192 during the thermal test produces a heal transfer rate that is insignificant 
when compared with heal transfer from conduction . 

Calculation for the Model 1911 inner shield (smaJJest shield diameter/wall thickness and 

largest source term) based on a thermal analysis from "Fundamentals of Heat and Mass 
Transfer". F.P. Incropera, 5•h Edition, 2002 is as follows: 

Q. =Q . = Q = l9.78watts m radtated decay 

TP 163 Report Rev I .doc 



AEA TECHNOLOGY QSA £NC. 
Burlington., .Massachusetts 

Where: 

Test Plan 163 Repon, Revision l 
April 2005 
Page 33 of 47 

Qradiatoo.,,. heat radiated == BE A~ [ (T w + 273)4 (Tm +273)4
] 

(This equation assumes no conduction or convection from all surfaces and radiative heat 
losses from the top and side surfaces only). 

Ats= Area of the top and sides= 0.174 nl based on: 

([
diameter]

1 
) . . A

19 
= 

2 
rr + (dzamerer)(he1ght)1r 

T3 = ambient temperature= 20°C 
T w = shield maximum equilibrium temperature 
Tm= shield median temperature= (Ta +T w)/2 
B = Stefan Boltnnann Constant = 5.670 x 10·8 

E = emissivity for rough stainless steel surface between 300 and 400°K = 0.3 

Iteration for T w balancing the heat in to the heat radiated produces a value of 97°C for the 
maximum temperature at the surface of the inner shield prior to the start of the thermal 
test. 

Section 5.5.4 Thermal Contribution Summary 

To raise the temperature of the 1911 lead shield container to the melting point of lead would require a significant 
amount of energy. The six.-cific heat of lead, Cp = 0.15 kJ/kg-°K. From this relation, calculation of the required heat 
transfer rate is as follows: 

Where Oinpui = Minimum heat input to melt the lightest lead container (Model30 L 5) 
CP - Specific Heat of Lead 
M = Mass of the shield container = 104 lbs or 47 kg for the Model 3015 
Ti= Melting temperature oflead = 573°K (or 300°C. Smithells. Cohn J. Smnhells Metals 

Reference Book, Seventh Edition, Butterworth-Heinemann Ltd. Oxford 1992) 
T1 = Ambient shield temperature = 370°K (see section 5.5.3) 

Therefore the required heat transfer rate to cause lead melting in the shield is l .431 kJ or 1.43 x I 06 Watts/sec. To 
achieve this in the 30 minutes (1 ,800 sec) of the thermal test requires a heat input of795 Watts. Even when 
combining all the worst case thennal contribution factors, the required heat input in the most vulnerable area along the 
cork crack is less than 6()0/o ofthe actual heat input that would melt the lead shield and will therefore he insufficient to 
degrade the lead shielding. 

Section 5.5.5 Additional Factors for Consideration 

TP 163 Report Rev 1.doc 
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In the case of the depleted uranium shield containers, there was no breach or weld cracking of the shield container 
which would allow oxygen to reach the inner depleted uranium shield. Without the presence of a continuing source of 
oxygen, these shields will remain intact during the thermal test. As seen in testing performed on the Model 650L 
(Reference USNRC CoC USA/9269/B(U)-85, Test Plan 80 Report Revision 1) thermal testing of this device where 
cracking to allow air to the shield had occurred resulted in production of only a small amount of depleted uranium 
oxide. With an air path and air circulation during the themial test. the radiation dose rate al one meter from this unit 

increases by approximately 10% remaining less than 3% of the regulatory limit. 

Without sufficient oxygen provided to the interior of the depleted uranium shield containers (e.g., welds intact) there 
will be no appreciable oxidation of the depleted uranium shield inside the steel container housings, and the 800°C 
temperature is well below the melting point of depicted uranium ( 1, 130°C) therefore the shield will retain its original 

shape throughout the thermal test. 

The thermal test will not adversely effect the structural integrity of the shield containers. The Model 855 and Model 
19 I I containers were physically undamaged after the 9 m and puncture drop testing. The other shield containers (e.g., 
Models 3015. 3018, 3056 and 3078) are lighter than the Models 855 and 19 l l and would therefore be expected to 
sustain less damage in the drop configurations than was seen for these package assemblies. For shield containers 
incorporating lead, again the exterior shield temperature will not exceed 82°C. The testing perfonncd under Test 
Number 1835 took drum assemblies at ambient temperature prior to subjecting them to the thermal test condition. In 
actual practice the 976 package assemblies would have been thermally tested immediately after the puncture test and 
would still have been at a temperature below 0°C introducing a further temperature difference to be overcome before 
the shield container would be susceptible to a melting temperature. 

For the Model 976 Series packages, performance of the thermal test would not produce a condition sufficient to 
reduce the shielding efficiency or containment efficiency of the shield containers within the 976 drum assembly. In 
addition the temperature increase in the shield container surfaces will be well below the melting temperature of the 
lead which will preclude any shielding configuration change or lead slumping in the shield containers. By assessment, 
the Model 976 Series package designs would therefore meet the thermal test requirements. 

TP I 63 Report Rev 1.doc 
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Section 3 - THERMAL EVALUATION 

3.1 Description of Thermal Design 

The Model 976 Series transport packages are completely passive thermal devices having 
no mechanical cooling system or relief valves. All cooling of the transport package is 
through free convection and radiation. The maximum output activity for this package is 
1,250 Ci of Ir-192. Accounting for source absorption, this equals a maximum content 
activity of 2,875 Ci of Ir-192. The corresponding decay heat generation rate for the 
content activity is approximately 25 Watts (See Table 1.2d). 

3.1.1 Design Features 

The Model 976 is a series of transport packages based on a previously designed, tested 
and approved Type B(U) transport package. The package design was approved in the 
United Kingdom under Type B certificate GB/3605B/B(U)-85 and was revalidated by the 
USDOT for Type B(U) import and export under certificate USA/0592/B(U)-85. the 
Model 976 Series packages are described in Section 1. The United Kingdom package 
design was thermal tested and the results of that testing are contained in Appendix F of 
Test Plan 163 Report in Section 2.12.3. The thermal tested drum measured 32.5 cm in 
diameter by 40.5 cm tall. In comparison, the Model 976 packages measure 50 cm in 
diameter by 54 cm tall. Features uniquely relevant to thermal performance are detailed 
below. 

3 .1.1.1 Cork Inserts 

The inserts serve as a thermal insulator during the fire test (Hypothetical 
Accident). Although the cork chars during the test, due to the 
composition of this cork, the rate of charring is relatively slow. During an 
actual thermal test, the maximum depth of charring was 1 inch (25 mm) 
(See Appendix F of Test Plan 163 Report in Section 2.12.3). 

The drum configuration which was thermal tested as described in 
Appendix F of Test Plan 163 Report (Section 2.12.3) had a minimum 
cork thickness on the bottom of 4 cm, on the top of 4.5 cm and on the 
sides of 5 cm. In contrast the Model 976 packages have minimum cork 
thickness, based on the Model 976A configuration which contains the 
least cork material, of 5 cm on the bottom, 12. 7 cm on the top and 8.3 cm 
on the sides. 

In all dimensions, the cork present in the Model 976 packages and 
surrounding the inner shield containers is greater than the cork that was 
present in the container design that was thermal tested as described in 
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Appendix F of Test Plan 163 Report in Section 2.12.3. 

3.1.1.2 Thin Walled Stainless Steel Drum, Lid, Lid closure band and Lid Closure 
Bolts 

The thin walls of the drum components exhibit almost no thermal 
gradient. During a fire test, the entire drum will very quickly heat to a 
uniform temperature, eliminating stresses induced by thermal differentials 
within the material. Further, the drum will move and flex easily, thus 
relieving any thermal expansion stress without rupture. 

3 .1.1.3 Un-gasketed Lid 

Upon charring of the cork, gasses evolve. This drum design does not use a 
gasket under the lip of the lid. This permits these gasses to escape and not 
significantly increase the pressure within the package. 

3 .1.1.4 Shield Containers 

All shield containers are retained within the drum/cork overpack assembly, 
thus limiting their temperature to well below the shield container material 
melting points. Those shield containers using depleted uranium shielding 
have the depleted uranium fully enclosed in a welded steel structure. This 
construction prevents oxidation by severely limiting oxygen from reaching 
the depleted uranium shield. 

3.1.2 Content's Decay Heat 

From Table 1.2d, a maximum of 25 Watts of energy is available to be absorbed by the 
package. 
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3.1.3 Summary Tables of Temperatures 

T bl 3 13 a e . . a: s ummary T bl fT a eo 
Surface Temperature Model 976 Series Cork insets 

Condition Packages 

Insolation 90.3°C 90.3°C to I 09.4°C 
(38°C in full sun) (I 95°F) (I 95°F to 229°F)3 

Decay Heating 42.7°C 42 .7°C to 109.4°C 
(38°C in shade) (I 09°F) ( I 09°F to 229°F)3 

Fire Test 90.3°C to 800°C4 109.4°C to 800°C5 

During (195°Fto 1,472°F) (229°F to l ,472°F) 
Post-Fire 

800°C1 800°C1 
(Maximum 

(I ,472°F) (l ,472°F) Temperature) 
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t empera ures 
Shield Container Comments 

Models 

109.4°c Sections 3 .4. 1.1. 
(229°F) & 3.5.2.4 
109.4°c Sections 3.4.1.2 
(229°F) & 3.5.2.4 

109.4°C to I59°C2 
Section 3.5.2.4 

(229°F to 318°F) 

159°C2 

(3 I 8°F) 

1 - From actual testing of similar packages. Reference Section 2.12.2 and Section 2.12.3. 
2 - Maximum temperature based on thermal increase of 50°C seen in actual package testing (See section 5.5 of Test 
Plan 163 Report - Section 2.12.3). 
3 - Temperature of Cork Inserts assumed to be bounded by the external surface reading of the Model 976 package 
and the exterior surface temperature calculated for the Shield Container within the package. 
4 - Maximum initial temperature of the package assumed to be bounded by the external surface reading of the Model 
976 package in full sun (insolation). 
5 Maximum initial temperature of the cork inserts assumed to be bounded by the calculated external surface 
temperature of the shield container for the package. 

3.1.4 Summary Tables of Maximum Pressures 

Package 
Configuration 

976A 

976C 
976F 

All outer drum components are vented to atmosphere. As such, no pressure will 

build up in the units under e ither Normal or Hypothetical Accident conditions. 

However, the Model 855 shield container does have a small gasketed cavity. As 

noted below, it will not develop sufficient internal pressure to detrimentally effect 

the device. 

T bl 3 1 4 a e . . . a: s ummary T bl fM a eo ax1mum p ressures 
Normal 

Fire Conditions 
Void Conditions 

800°C (l ,472°F) Volume 88°C (190°F) Comments 
IN3 Pressure 

Pressure 

Developed 
Developed 

285 8 psi2 14 psig1•2 
Y., ' welded steel sides for cavity. Cover retained 

with (8) 3/8" bolts 
0 0 psig2 0 psig2•3 J-Tubes without sealed cover 

21 0 psig2•3 0 psig2•3 4 mm steel cover retained by (4) M8 bolts 
1 - Pressure at l 77°C (350°F). After which the gasket wi ll burn and allow release of any pressure. 
2 - Initial temperature taken to be -40°C as a worst case scenario. 
3 - No gasket to seal void, pressure equal to ambient. 
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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 Properties of Principal Transport Package Materials 

Material Density Melting/Combustion Thermal Source 
(lb/in3) Temperature Expansion 

Depleted 1,130°C Reference # 1, p. 6-11 
Uranium 

0.68 
(2,066°F) 

8µin/in°F 
and Reference #2 

Copper 0.32 
1,082°c 

9.2µin/in°F 
Reference # 1, p. 6-7 

(1 ,980°F) and 6-11 

Steel 
0.28 

1,510°C 
6.3µin/in°F 

Reference # 1, p. 6-7 
(nominal) (2,750°F) and 6-11 

Stainless Steel-
0.29 

1,427°C 
9.9µin/in °F Reference # 1, p. 6-11 

Type 304 (2,600°F) 

Tungsten 0.70 
3,370°C 

2.4µin/in°F Reference # 1, p. 6-51 
(6,098°F) 

Cork 0.01 
- 230°C 

NA Reference #3 
(- 450°F) 

Lead (4% Sb)' 0.40 
300°c 

15.4 µin/in°F Reference #4, p. 11-420 
(572°F) 

1Note: 4% Sb Lead is used in subsequent thermal calculations in thi s Section as its melting point 
is lower than pure Lead which melts at 327°C (622°F)- ref: www.matweb.com for "Lead, Pb". 

Resource references: 

1. Eugene A. Avallone and Theodore Baumeister ill, Mark's Standard Handbookfor 
Mechanical Engineers, Tenth Edition, New York: McGraw-Hill, 1996. 

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

3. Amersham International plc RMR 214 Issue C. 

4. Smithells, Colin J. , Smithe/ls Metals Reference Book, Seventh Edition, Butterworth­
Heinemann Ltd, Oxford., 1992 

3.2.2 Component Specifications 

All components are specified and described on the Descriptive drawings included 
in the Section 1.3. 
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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 documents contained in Appendix 2.12 and 
5.5 

3.3.2 Evaluation by Test 

Evaluations by direct testing are documented in the testing documents contained 
in Appendix 2.12 or are described in the section they apply to in this Safety 
Analysis Report. 

3.4 Thermal Evaluation for Normal Conditions of Transport 

3.4.1 Heat and Cold 

3.4.1.1 Insolation and Decay Heat 

This analysis determines the maximum surface temperature produced by 
solar heating of the Model 976 Series transport package loaded at 
maximum activity in accordance with 10 CFR 71.71(c)(l) and IAEA No. 
TS-R-1. This will be compared to the Normal Transport test conditions 
temperature range to determine which is the most onerous for thermal 
stress considerations. 

The model consists of taking a steady state heat balance over the surface of 
the transport package. In order to assure conservatism, the following 
assumptions are made: 

a. 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 and sides, as airflow to the bottom of the package 
will most likely be blocked by the ground and/or a pallet. 

c. To maximize the temperature of the stainless steel drum 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 
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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, 19 % inches (0.52 m) in diameter (conservatively using 
the maximum lid diameter - the drum diameter is only 18 3/1 6 inches 
(0.46 m) except where it has stiffening ribs) and 21 V4 inches (0 .54m) 
high. 

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 (25 Watts) is added to the solar heat 
input load. 

g. The emissivity coefficient of the stainless steel transport package is 
assumed to be 0.3 , while the absorptivity coefficient is assumed to be 
0.8. 

The maximum surface temperature is computed using the steady state heat 
balance relationship; heat input (Qin) equals heat output (Qout). 

Qin =Qout 

Heat Input: 

The solar heat input is the combined solar heating of the top horizontal 
surface and the vertical side surface. The insolation data, provided in 10 
CFR 71.7l(c)(l), is found in Table 3.4.la. 

Table 3.4.1.a: Insolation Data 
Surface Insolation for a 12 hour period 

( !!-cal/cm2 or W /m2) 

Horizontal base None 
Other horizontal flat surfaces 800 
Non-horizontal flat surfaces 

Curved surfaces 

Top surface heat input: 

Side surface heat input: 

Decay heat input: 

200 
400 

QIT = 800 W/m2 x 0.212 m2 = 170 W 

Q,s = 400 W/m2 x 0.880 m2 = 352 W 

QDT = 25 W 
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Absorptivity coefficient: A: = 0.8 

The total heat input is the sum of the solar heat input multiplied by the 
absorptive constant (Ac) for the material plus the decay heat input. 

Total heat input: QCN = Ac (Qrr+ Q is )+ QoT = 443 W 

Heat Output: 

The total heat output is the sum of the radiation and convection heat 
transfer (Reference: Fundamentals of Heat and Mass Transfer, F. P. 
Incropera, 4th Edition, 1996, p. 9-10). 

Radiation heat transfer: QR = BE ATs {(Tw + 273)4 
- (TA+ 273)4} 

Where: 

B = 
E = 
A rs = 
Tw = 
TA = 

Therefore: 

5.67 x 10·8 W/m2 K4 (Stefan-Boltzmann Constant) 
0.3 (Emissivity of rough stainless steel @ 300°K) 
1.048 m2 (top and side surface area) 
The maximum surface temperature of the package (0 C) 
38°C (ambient temperature, per 10 CFR 71.7l(c)(I)) 

QR= 1.78 x 10·8{(Tw + 273)4 
- (311)4} = 1.78 x 10·8 (Tw + 273)4 

- 166.76 (Equation 1) 

Top surface convection: QT = HTAT (Tw - TA) (Equation 2) 

Where: 

= 0.1976 m2 (the top surface area) AT 
HT The free convection coefficient for a flat horizontal surface 

For a heated plate facing up, the free convection coefficient for laminar 
flows is (Reference: Fundamentals of Heat and Mass Transfer, F. P. 
Incropera, 4th Edition, 1996, Ch. 9). 

HT= 0.54 [(g l3 (Tw- TA) L3) / (v a)t4 (K / L) 

Where: 

g = 9.8 m/s2 
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~ 
L 
V 

a 
K 

Therefore: 

0.003215 (1/(TA +273)) 
0.13 m (Area / Perimeter) 
18.9 x 10-6 m2/s 
26.9 X 1 o-6 m2/s 
28.52 X 10-3 W /mK 

Side surface convection: 

QT = 0.450 (Tw- 38)1.25 

Qs = Hs As (T w - TA) 

Where: 

0.8506 m2 (the total surface area of sides) 

(Equation 3) 

(Equation 4) 

As 
Hs The free convection coefficient for a flat vertical surface 

As stated in "Heat Transfer", Fourth Edition by Alan J. Chapman (1984), 
in the case of a vertical cylinder, calculations for a vertical plate may be 
applied to the case of the vertical cylinder as long as the circumferential 
curvature of the cylinder is not great, basically that: 

D 35 
->--
L Gr 114 

L 

Where: 

D = Diameter of cylinder= 0.50 m 
L = Characteristic Length = Height cylinder= 0.54 m 
GrL = Grashof number for the plate length which is equal to: 

Gr - L3 g /3 ~t 
L -

Where: 

g = 9.8 rn/s2 

~ = 0.003215 (1/(TA +273)) 
~t = (ts - tf) = 40°C ( 40°K) 

V 

v2 = 18.90 x 1 o-6 @ tm from Chapman Appendix Table A.6. 
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For the Model 976 drum assemblies, this calculates to the following: 

D 35 
->-­
L Gr 114 

l 

0.93 > 0.22 

Therefore in the case of the Model 976 drum assemblies, vertical plane 
calculations are acceptable for use in convection calculations for a vertical 
cylinder as used in the following calculations. 

For a vertical plate, the free convection coefficient for laminar flows is 
(Reference: Fundamentals of Heat and Mass Transfer, F. P. Incropera, 4th 
Edition, 1996, Ch. 9). 

Hs = [0.68+0.67 {gf3(Tw-TA)L3/va} 114/ { 1 +(0.492/v/a)9/1 6} 419](KJL) 

Where: 

L 0.201 m (Area/ Perimeter) 

Therefore: 

Qs = 0.082 (Tw - 38) + 1.65 (Tw - 38)125 (Equation 5) 

Total heat output: QouT = QR + QT + Qs 

Total heat input: Q[N = QR+ QT + Qs + QoT = 443 W 

Substituting for QR from Equation 1, QT from Equation 3, and Qs from 
Equation 5: 

443 Watts = 1.78 x 10-8 (Tw+ 273)4 + 0.082 (Tw - 38) + 2.101 (Tw - 38) 125 - 166.76 

Iteration of this relationship yields a maximum wall temperature (Tw) of 90.3°C (195°F). 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. 
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3 .4.1.2 Still Air (shaded) Decay Heating 

This analysis calculates the maximum surface temperature of the Model 976 
Series Transport package in the shade (i.e., no insolation effects), assuming an 
ambient temperature of 38°C (100°F), per 10 CFR 7I.43(g). 

The same assumptions from Section 3.4.1.1 are used: 

Using these assumptions, the maximum wall temperature (Tw) is found using the 
following steady state heat balance: 

Where: 

Qo 
QR 
QT 
Qs 

= 
= 
= 
= 

(Equation 6) 

25 Watts ( decay heat deposited on the surface) 
Heat radiated from surface of package 
Heat convected from top of package 
Heat convected from side of package 

From Section 3.4.1.1, 

QR= BE ATs {(Tw + 273)4 - (TA+ 273)4} 

Where: 

B = 
E = 
ATs 
Tw = 
TA = 

Therefore: 

5.67 x 10-8 W/m2 K4 (Stefan-Boltzmann Constant) 
0.3 (Emissivity of rough stainless steel @ 300°K) 
1.048 m2 (top and side surface area) 
The maximum surface temperature of the package (°C) 
38°C (ambient temperature, per 10 CFR 71.43(g)) 

QR= 1.78 x 10-8{(Tw + 273)4 - (311)4 } = 1.78 x 10-8(Tw + 273)4 - 166.76 (Equation 7) 

Also from Section 3.4.1.1, 

QT= 0.54 [(g f3 (Tw- TA) L3) / (v a)]114 (K / L) AT (Tw-TA) 

Where: 

g 9.8 m/s2 
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L 
V 

= 

= 
= 

Therefore: 

0.003215 (1/(TA + 273)) 
0.13 m (Area / Perimeter) 
18.9 X 10·6 m2/s 
26.9 X 10·6 m2/s 
28.52 x l 0·3 W /mK 
0.1976 m2 (the top surface area) 

QT= 0.4497 (Tw - 38)125 

Also from Section 3.4.1.1, 
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(Equation 8) 

Qs = [0.68+0.67{gl3(Tw-TA)L3/va} 114/{l+(0.492/v/a.)9116}419](K/L) As (Tw -TA) 

Where: 

L 
As 

= 

Therefore: 

0.201 m (Area/ Perimeter) 
0.8506 m2 (the total surface area of sides) 

Qs = 0.082 (Tw- 38) + 1.651 (Tw- 38)1-25 

Substituting Equations 7, 8, and 9 into Equation 6: 

(Equation 9) 

25 Watts= 1.78 x 10·8 (Tw+ 273)4 + 2.101 (Tw- 38)'25 + 0.082 (Tw- 38)- 166.76 

Iteration of this relationship yields a maximum wall temperature (Tw) of 42.7°C 
(I09°F), which is Jess than the maximum 50°C (l22°F) allowed by 10 CFR 
7 l .43(g). 
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3.4.1.3 Cold Effected Materials 

The carbon steel components of the Model 976 Series (internal shields on the 
976A and 976C) are most affected by the low Normal Transport temperature (-
400C). During testing, shock induced stresses could cause the steel to fail in brittle 
fracture. As such, all shock inducing testing (i.e. drops, punctures and 
penetrations) was carried out at the lower temperatures. Outer drums and cork 
inserts absorbed the majority of the energy and the carbon steel was not damaged 
during testing. 

Cork used for the drum inserts also exhibits some brittle tendencies at lower 
temperatures. Again, all cork inserts were kept at or below (-40°C). The inserts 
exhibited cracking to varying degrees, but provided adequate protection for all of 
the specimens tested. 

All materials exhibit some contraction due to lower temperatures. However in this 
limited temperature range, the Model 976 was not adversely effected as all 
specimens passed the Normal and Hypothetical Accident drop, puncture and 
compression testing. 

3.4.2 Temperatures Resulting in 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 pressures calculated are insufficient to cause package failure. 
It its therefore concluded that the Model 976 transport package will maintain its 
structural integrity and shielding effectiveness under the normal transport thermal 
stress conditions. 

3.4.3 Maximum Normal Operating Pressure 

All outer drum components are vented to the atmosphere. As such, pressure will 
not build up in the packages during Normal Transport conditions. This condition 
is not time dependent once steady state is achieved. However, the Model 855 
shield container does have a small gasketed cavity. If the cavity is sealed under the 
lowest temperatures (-40°C) and then allowed to heat up to the highest (88°C 
from Section 3.4.1.1) a small pressure differential will be created. 

Using the Ideal Gas Law and equating for two standard scenarios we get: 

(Equation 13) 

Where:P1 = Ambient pressure at sealing = 14.7 psi 
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P2 = Pressure at temperature (88°C) (361 °K) 
T2 = 88°C (361 °K) 

Substituting into Equation 13 we get a pressure of: 

P2 = 22.8 psi 

Which is a pressure differential of 8 psi. Containers with no gasket sealed cavities 
will exhibit a pressure differential of O 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 Thermal Evaluation Under Hypothetical Accident Conditions 

3.5.1 Initial Conditions 

Frequently it is difficult to determine which damaged container would be the 
worst case. As such multiple containers were tested. This was also the case for 
the fire tests performed on the Models 3605B and Model 650L (See Section 
2.12.3 for Test Plan 163 Report and reference section 5.4 for an assessment of the 
Model 976 Series containers based on the testing performed on the Models 3605B 
and 650L). 

Since the Model 976 Series container is symmetrical along its axis, orientation 
would have little effect on the thermal response of the package. Additionally, all 
thermal gradient calculations assume a starting temperature of -40°C, as this is the 
worst case scenario for gas pressure build up. 

3.5.2 Fire Test Conditions 

The response of the package, in its various configurations, to the thermal test of 
10 CFR 71.73(c)(4) is assessed from previous satisfactory thermal tests performed 
on the Model 3605B and the Model 650L (See Section 2.12.3 for Test Plan 163 
Report and reference section 5.4). 

Damage to the test units under Test Plan 163 Report (Section 2.12.3) was 
external. All test specimens retained closure between the lid and drum base and 
no air gaps were created that could allow charring of the cork greater than was 
observed in the thermal tests performed on the Model 3605B (Test 1835 located 
in Appendix F of Test Plan 163 Report in Section 2.12.3). No damage was 
induced in any of the inner shield containers and there was no cracking of any 
welds in the inner shield containers after the Hypothetical Accident drop testing. 
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3.5.2.1 General Considerations 

Thermal testing was performed for a similar, but smaller, drum design the 
Model 3605B (See Figure 3.5.2a). The tested drum measured 32.5 cm in 
diameter by 40.5 cm tall with minimum cork thickness on the bottom of 4 
cm, on the top of 4.5 cm and on the sides of 5 cm. In contrast the Model 
976 package measures 50 cm in diameter by 54 cm tall. The Model 976 
Series packages have a minimum cork thickness, which is based on the 
Model 976A configuration containing the least cork material, of 5 cm on the 
bottom, 12. 7 cm on the top and 8.3 cm on the sides. 
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FIGURE 3.5.2a - TEST SPECIMEN CONFIGURATION FOR TEST NUMBER 1835 

Test Number 1835 (see Appendix F of Test Plan 163 Report in Section 
2.12.3) documents testing of a Model 3018 inner shield container (lead 
shielded device) inside of a cork lined steel drum assembly. The cork used 
in these test units was purchased to the same specification as the cork used 
for the test specimens under Test Plan 163 Report, however, the overall cork 
thickness is greater in the Model 976 style packages than was used in the 
specimens tested under Test Number 1835. 

Testing included 9 m drop tests and puncture tests in similar orientations as 
were performed for the test specimens under Test Plan 163 Report. The test 
specimens under Test Number 1835 were tested at ambient temperature and 
were not cooled to -40°C prior to the 9 m and puncture drop tests as were 
the drop test units under Test Plan 163 Report. 
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As was seen with the Model 976 style test specimens, the test units 
described under Test Number 1835 also experienced drum deformation 
but no loss of the lid from the drum base. Though cracking of the cork 
was not specifically referenced on the sides of the cork liners in the test 
units from Test Number 1835, cracking of the bottom cork inserts was 
noted. The bottom of the cork cavity was cracked around the 
circumference and across diagonals in line with the drum reinforcement 
bars. 

Thermal testing of the specimens under Test Number 1835 placed the 
specimens into a furnace maintained at an ambient temperature between 
800°C - 820°C for a period of 30 minutes. The test specimens did not 
contain any radioactive contents during the thermal testing performed 
under Test Number 1835. The test specimens were allowed to cool for at 
least 18 hours before disassembly and evaluation. 

Upon evaluation it was found that the top cork inserts exhibited slight 
charring (e.g. 22-25 mm depth) with a 26 mm thickness of the insert 
remaining intact. In both cases the inner lead shield container was 
undamaged, exhibiting only the presence of a resin condensate and soot on 
the lead pot exterior. For both test specimens, the maximum temperature 
recorded by temperature strips on the exterior surface of the lead pot was 
82°C. This temperature rise was less than Y4 of that necessary to reach the 
melting point of the lead pot (300°C). Therefore no melting or slumping 
of the lead shielding occurred. 

Upon inspection of the test specimens under Test Plan 163 it was observed 
that TP163(C) exhibited the largest cork cracking on the side inserts. This 
test unit contained jagged cracks up to W' in width in the sides of the cork 
inserts (see Figures 28 and 29 in Test Plan 163 Report contained in 
Section 2.12.3). The presence of these cracks introduces the possibility of 
a different result in the thermal test if performed. The three thermal 
transport mechanisms are conduction, convection and radiation. Each will 
be addressed in the following assessment. 

3.5.2.2 Conduction Contribution During Fire Test 

The shield containers used in the Model 976 drum assembly are of two 
general types: (1) those which use depleted uranium for their primary 
shielding (e.g., 855), and (2) those that use lead for their primary shielding 
with supplemental materials as part of the inner assembly shielding design 
(e.g. , 3056 and 1911). All shield container exteriors are a steel weldment 
which does not melt below l ,427°C. The melting point of depleted 
uranium is 1,130°C. 
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A calculation of the worst case, steady state conduction through the cork 
insulation that could be created in TPI63(C) is as follows: 

Qx = kA(T1 -T2 ) 

L 
(Reference Fundamentals of Heat and Mass Transfer, 5th Edition, by 
Incropera and Dewitt, page 5.) 

Where: 
Qx = the heat transfer rate in Watts 
k = coefficient of thermal conductivity, 0.0314 W /m°K for air (at 

370°K); 0.039 WI m °K for cork (Reference: Fundamentals of 
Heat and Mass Transfer, 5th Edition, by Incropera and De Witt, 
Appendix A) 

A = cross sectional area of material (- 2 cracks, W' wide= 0.00635 m, 
each 0.5 m long)= 0.00635 m2 

T, = Drum Wall Temperature (assumed to be thermal test temperature = 
800°C or 1,027°K) 

T2 = Shield Container Initial External Temperature (assumed to be= 97°C 
or 370°K from Section 3.5.2.4) 

L = minimum thickness of the outer and inner cork liners (located on the 
sides)= 0.08m + 0.04m = 0.12 m 

For the thermal test, regardless of the cork condition, A, T2, T, and L will 
be the same. The only difference will be the variation in the coefficient of 
thermal conductivity between air and cork. As indicated above, the 
coefficient for air is less than the coefficient for cork, therefore the heat 
transfer rate in air through the crack will be less than is experienced 
through the cork. 

Calculation of the maximum conduction through the solid cork is based on 
the maximum outer area divided by the minimum cork thickness. The 
drum outer surface is 0.52 m in diameter and 0.54 m high for a maximum 
cross sectional area of 1.31 m2. The minimum cork thickness at the 
bottom of the drum is 0.08 m. Therefore the maximum heat transfer rate 
from conduction is 420 Watts. 

3.5.2.3 Convection Contribution During Fire Test 

There is a limited air gap between the cork and the inner surface of the 
drum. As such, movement of the air around the cork inside the drum to 
produce convection heating will be insignificant when compared to the 
conductive heat transferred directing from the drum to the cork. If the 
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crack in the cork is approximated as a solid air volume between the inner 
drum surface and the outer shield container, then a worst case 
approximation of the conductive heat transfer can be made in this limited 
air volume. Similar to steady state conduction, the under steady state 
conditions, the local heat transfer rate can be calculated as follows: 

q X = (Tl -T2 ) I h dAS 

(Reference Fundamentals of Heat and Mass Transfer, 5th Edition, by 
Incropera and Dewitt, page 327.) 

Where: 
qx = the heat transfer rate in Watts 
h = convection coefficient for air = IO Watts/m2 °K (Reference 

IAEA TS-G-1.1 (ST-2)) 
dAs = cross sectional area of material (- 1 cracks, W' wide = 0.00635 m, 

each 0.5 m long) 
T , = Drum Wall Temperature (assumed to be thermal test temperature= 

800°C or 1,027°K) 
T2 = Shield Container Initial External Temperature (assumed to be = 97°C 

or 370°K from Section 3.5.2.4) 

Estimating the air volume between the inner drum wall and outer shield 
surface as a vertical cylinder produces the following equation. 

Where: 

r = the radius of the cylinder (crack) = 0.0032 m 
I = length of the crack = 0.305 m 

Solving for qx produces a worst case heat transfer rate from convection of 43 
Watts along the inner surface of the cork crack. 

3.5.2.4 Radiant Heat Contribution During the Fire Test 

The jagged path of the crack through the cork prevents any radiation from the 
drum wall directly contacting the shield container. Without direct contact, 
the radiative heat transfer to the shield container surface will be insignificant 
in comparison to the other heat transfer contributions. 

Assuming heat contribution to the inner shield from the radioactive contents 
produces a worst case transfer rate as follows: 
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The Specific heat output of Ir-192 is 8.6 mW /Ci assuming a decay energy of 
1.46 MeV/decay and that 100% of the radioactive decay is transferred to 
thermal energy. The maximum source content for the package is 1,250 Ci. 
The maximum decay heat for Ir-192 in table 1.2d 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 to convert output activity to content 
activity as this factor reflects the worst case variation for Ir-192 sources 
transported in these packages. Therefore the total content activity would be 
2,875 Ci and the total heat output assuming a conservative 100% decay 
during the thermal test is : 

8.6 mW/Ci x 2,875 Ci= 24,725 mW = 24.73 Watts 

Even assuming complete decay of the Ir-192 during the thermal test produces 
a heat transfer rate that is insignificant when compared with heat transfer 
from conduction and convection. Calculation for the Model 1911 inner 
shield (smallest shield diameter/wall thickness and largest source term) based 
on a thermal analysis from "Fundamentals of Heat and Mass Transfer", F.P. 
Incropera, 5th Edition, 2002 is as follows: 

Q. = Q d. d = QJ = 24.73 watts m ra zate uecay 

Where: 

Qradiated = heat radiated = BE Ats [ (Tw + 273)4 - (Tm +273)4] 

(This equation assumes no conduction or convection from all surfaces and 
radiative heat losses from the top and side surfaces only). 

Ats = Area of the top and sides= 0.174 m2 based on: 

zameter . . ([d. ]2 J A15 = 2 1r + (dzameter)(hezght)n 

Ta = ambient temperature = 20°C 
T w = shield maximum equilibrium temperature 
Tm = shield median temperature = (Ta +Tw)/2 
B = Stefan Boltzmann Constant = 5.670 x 10-8 

E = emissivity for rough stainless steel surface between 300 and 400°K = 0.3 

Iteration for T w balancing the heat in to the heat radiated produces a value of 
109 .4 °C (229°F) for the maximum temperature at the surface of the inner 
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To raise the temperature of the shield containers with lead to the melting 
point of lead would require a significant amount of energy. The specific heat 
of lead, Cp = 0.15 kJ/kg- 0 K. From this relation, calculation of the required 
heat transfer rate is as follows : 

Q 1npu1 = CP M(T2 -'Fi.) 

Where 
Qrnput = Minimum heat input to melt the lightest lead container (Model 

3015) 
Cp = Specific Heat of Lead 
M = Mass of the shield container = 114 lbs or 52 kgs for Model 3056 

(Lightest shield) 
T2 = Melting temperature of lead= 573°K (300°C, see Table 3.2a) 
T1 = Ambient shield temperature = 370°K (See Section 3.5.2.4) 

Therefore the required heat transfer rate to cause lead melting in the shield is 
1,569 kJ or 1.569 x 106 Watts/sec. To achieve this in the 30 minutes (1 ,800 
sec) of the thermal test requires a heat input of 872 Watts. Even when 
combining all the worst case thermal contribution factors, the required heat 
input in the most vulnerable area along the cork crack is less than 60% of the 
actual heat input that would melt the lead shield and will therefore be 
insufficient to degrade the lead shielding. 

3.5 .2.6 Additional Factors for Consideration During the Fire Test 

In the case of the depleted uranium shield containers, there was no breach or 
weld cracking of the shield container which would allow oxygen to reach the 
inner depleted uranium shield. Without the presence of a continuing source 
of oxygen, these shields will remain intact during the thermal test. As seen in 
testing performed on the Model 650L (Reference USNRC CoC 
USA/9269/B(U)-85, Test Plan 80 Report Revision 1) thermal testing of this 
device where cracking to allow air to the shield had occurred resulted in 
production of only a small amount of depleted uranium oxide. With an air 
path and air circulation during the thermal test, the radiation dose rate at one 
meter from this unit increases by approximately 10% remaining less than 3% 
of the regulatory limit. 

Without sufficient oxygen provided to the interior of the depleted uranium 
shield containers (e.g., welds intact) there will be no appreciable oxidation of 
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the depleted uranium shield inside the steel container housings, and the 
800°C temperature is well below the melting point of depleted uranium 
(1, l 30°C) therefore the shield will retain its original shape throughout the 
thermal test. 

3.5.2.7 Thermal Assessment Summary 

The thermal test will not adversely effect the structural integrity of the shield 
containers. The Model 85 5 and Model 1911 containers were physically 
undamaged after the 9 m and puncture drop testing. The 3056 shield 
container is lighter than the Models 855 and 1911 and would therefore be 
expected to sustain less damage in the drop configurations than was seen for 
these package assemblies (See Section 5.4 of Test Plan 163 Report in Section 
2.12.3). 

For shield containers incorporating lead, the exterior shield temperature will 
not exceed I 09.4°C. The testing performed under Test Number I 835 took 
drum assemblies at ambient temperature prior to subjecting them to the 
thermal test condition. In actual practice the 976 package assemblies would 
have been thermally tested immediately after the puncture test and would still 
have been at a temperature below 0°C introducing a further temperature 
difference to be overcome before the shield container would be susceptible to 
a melting temperature. 

For the Model 976 Series packages, performance of the thermal test would 
not produce a condition sufficient to reduce the shielding efficiency or 
containment efficiency of the shield containers within the 976 drum 
assembly. In addition, the temperature increase in the shield container 
surfaces will be well below the melting temperature of the lead which will 
preclude any shielding configuration change or lead slumping in the shield 
containers. By assessment, the Model 976 Series package designs would 
therefore meet the thermal test requirements. 

3.5.3 Maximum Temperatures and Pressure 

All outer drum components are vented to the atmosphere. As such, pressure will 
not build up in the packages during Normal Transport conditions. This condition 
is not time dependent once steady state is achieved. However, the Model 855 
shield container does have a small gasketed cavity. If the cavity is sealed under 
the lowest temperatures (-40°C) and then allowed to heat up until the gasket is 
burned away allowing release of any pressure build up at a temperature of 177°C a 
small pressure differential will be created. 
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Using the Ideal Gas Law and equating for two standard scenarios we get: 

Where:P1 = Ambient pressure at sealing= 14.7 psi 
T 1 = -40°C 
P2 = Pressure at temperature (177°C) 
T2 = 177°C 

Substituting into Equation 13 we get a pressure of: 

P2 = 28 psi 

(Equation 13) 

Which is a pressure differential of 14 psi. Containers with no gasket sealed cavity 
will exhibit a pressure differential of O psi as they are vented to the atmosphere 
with no means for creating a pressure differential. No other contributing gas 
sources are present. See Section 2.7.4.3. 

3.5.4 Temperatures Resulting in Maximum Thermal Stresses 

The temperature and pressure variations described in Sections 3.4.1 and 3.4.3 will 
not adversely affect the transport package during normal transport since the 
melting temperatures of all safety critical components are well above these 
temperatures and the package will experience no pressures sufficient to cause 
package failure. The thermal stresses introduced under the hypothetical accident 
condition criteria were evaluated in Section 3.5.3 and again demonstrated to be 
insufficient to cause package failure. It is therefore concluded that the Model 976 
Series transport packages will maintain their structural integrity and shielding 
effectiveness under the hypothetical accident condition transport thermal stress 
conditions. 

3.5.5 Fuel/Cladding Temperatures for Spent Nuclear Fuel 

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

3.5.6 Accident Conditions for Fissile Material Packages for Air Transport 

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

3.6 Appendix 

Not Applicable. 
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The containment system consists of the Model 976 Series transport packages and the 
radioactive source capsule(s ). See Section 1.2.1.4 and Table 1.2c for details related to 
source securement in the Model 976 Series packages. The source capsule(s) shall be 
qualified as Special Form radioactive material under 49 CFR 173 and IAEA No. TS-R-1 
(2009). 

4.1.1 Special Requirements for Damaged Spent Nuclear Fuel 

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

4.2 Containment Under Normal Conditions of Transport 

As demonstrated in Test Plan 90 Report and assessed under Test Plan 163 Report 
(Sections 2.12.2 and 2.12.3 respectively), 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 976 Series packages meet the requirements 
of this section. 

4.3 Containment U oder Hypothetical Accident Conditions 

As demonstrated in Test Plan 90 Report, Test Plan 163 Report and Test Plan 214 Report 
(See Section 2.12), after performance of the hypothetical accident conditions of transport 
testing, the radiation level at one meter from the surface of the package did not exceed 1 
R/hr. The Model 976 Series packages therefore meet the requirements of this section. 

4.4 Leakage Rate Tests for Type B Packages 

The primary containment for the radioactive material in the Model 976 Series transport 
packages are the radioactive source capsules. All source capsules authorized for Type B 
transport in the Model 976 Series packages are certified as special form radioactive 
material under 10 CFR Part 71 , 49 CFR Part 173 IAEA No. TS-R-1 (2009). 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 µCi 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. 
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Section 5 - SHIELDING EVALUATION 

5.1 Description of Shielding Design 

5.1.1 Design Features 

The principal shielding in the Model 976 Series transport packages are depleted uranium, 
tungsten or lead shield assemblies used in the shield containers. Dimensional information 
for the individual shield containers is contained in the shield drawings included in Section 
1.3. Table 3.2a lists the material densities of the packaging. 

5.1.2 Summary Table of Maximum Radiation Levels 

Table 5.la includes radiation profile data obtained from the 976 Series package 
that was tested to the Normal Conditions of Transport under Test Plan 90 (see 
Section 2.12.2). 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.la: Model 976A with 855 sn 9 - TP90A 
Summary Table of External Radiation Levels Extrapolated to Capacity of 1,000 Ci Ir-192 

(Non-Exclusive Use) After Normal and Hypothetical Accident Transport Condition Testing 
Under Test Plan 90 Report 

(Ref: Profile Sheet "855 Device Profile (Without 976 drum/cork overpack) Used for Post Test Results under 
Test Plan 90 Report and Pre-Test Results under Test Plan Report 163". Copy of profile sheet located in 

A endix D of Test Plan 90 Re ort Section 2.12.2 and A endix D of Test Plan Re ort 163 Section 2.12.3 
Nonna! Conditions of Packa e Surface mSv/h mrem/h I Meter from Packa e Surface mSv/h mrem/h 
Transport Side Bottom To Side Bottom 

0.019 1.9 0.003 0.3 0.008 0.8 
10 1000 10 1000 10 1000 

1Transport Index may not exceed 10. The Transport Index is equivalent to the 1 meter reading in mRem per hour 
(i.e., 5 mRem per hour at I meter = a Transport Index of 5.0). 
2AII packages accepted and released for shipment under this Model designation will have a Transport Index less than 
or equal to I 0. 

NOTE: Survey results in Test Plan 90 Report both before and after hypothetical 
accident conditions were obtained from the Model 855 outside of the drum 
and cork components. This produced dose rates which would be higher 
than the Model 855 if it had been placed inside the test drum and cork 
components. Values after hypothetical accident conditions are measured I 
meter from the surface of the Model 855. 



Safety Analysis Report for the Model 976 Series Transport Package 

QSA Global Inc. 
Burlington, Massachusetts 

March 2018 - Revision 9 
Page 5-2 

Tables 5.1 b through 5.1.d includes radiation profile data obtained from the 976 
Series packages that were tested to the Hypothetical Conditions of Transport 
under Test Plan 163 (see Section 2.12.3). Notes 1 through 3 apply to Tables 5.1 b 
through 5.1.1. Note 4 applies to Tables 5.1.b and 5.1.c only. 

Note 1 :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). 

Note 2:All packages accepted and released for shipment under this Model 
designation will have a Transport Index less than or equal to I 0. 

Note 3:Dose rates under exclusive use conditions for the package identified in the 
Table will not exceed the maximum package surface dose rate on the 
vehicle surface. In addition, the maximum dose rate in the Occupied 
Position of the vehicle will not exceed 0.02 mSv/hr (2 mrem/hr). 

Note 4:Survey results in Test Plan 163 Report both before and after hypothetical 
accident conditions were obtained from the Model 855 outside of the drum 
and cork components. This produced dose rates which would be higher 
than the Model 855 if it had been placed inside the test drum and cork 
components. Values after hypothetical accident conditions are measured 1 
meter from the surface of the Model 855. 

Table 5.lb: Model 976A with 855 sn 8 -TP163(A) 
Summary Table of External Radiation Levels Extrapolated to Capacity of 1,000 Ci Ir-192 
(Non-Exclusive Use) After Hypothetical Accident Transport Condition Testing Under Test 

Plan 163 Report 
(Ref: Profile Sheet "855 Device Profile (Without 976 drum/cork overpack) Used for Post Test Results 

under Test Plan Report 163 (SN 8)". Copy of profile sheet located in Appendix D of Test Plan 163 Report 
(Section 2.12.3)) 

Hypothetical Accident 1 Meter from Package Surface mSv per hour 
Conditions (mrem per hour) 

Radiation Top Side Bottom 
Gamma 0.021 (2.1) 0.006 (0.6) 0.029 (2.9) 
Neutron NA NA NA 

Total 0.021 (2.1) 0.006 (0.6) Q.029 (2.9) 
10 CFR 71.51 (a)(2) Limit 10 (1000) 10 (1000) 10 (1000) 
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Table 5.lc: Model 976A with 855 sn 9-TP163(B) 
Summary Table of External Radiation Levels Extrapolated to Capacity of 1,000 Ci Ir-192 
(Non-Exclusive Use) After Hypothetical Accident Transport Condition Testing Under Test 

Plan 163 Report 
(Ref: Profile Sheet "855 Device Profile (Without 976 drum/cork overpack) Used for Post Test Results 
under Test Plan Report 163 (SN 9)". Copy of profile sheet located in Appendix D of Test Plan 163 
Report Section 2.12.3)) 

Hypothetical Accident 1 Meter from Package Surface mSv per hour 
Conditions (mrem per hour) 

Radiation Top Side Bottom 
Gamma 0.028 (2.8) 0.006 (0.6) 0.010 (1.0) 
Neutron NA NA NA 

Total 0.028 (2.8) 0.006 (0.6) 0.010 (1.0) 
10 CFR 71.51(a)(2) Limit 10 (1000) 10 (1000) 10(1000) 

Table 5.ld: Model 976F with 1911 sn 013 - TP163(C) 
Summary Table of External Radiation Levels Extrapolated to Capacity of 1,000 Ci Ir-192 
(Non-Exclusive Use) After Hypothetical Accident Transport Condition Testing Under Test 

Plan 163 Report 
(Ref: Profile Sheet "976F (1911 w/Depleted Uranium Insert Device Capacity Profile with 976 

drum/cork overpack) Performed After Testing under Test Plan 163 - Test Specimen TP163C". Copy 
of profile sheet located in Appendix D of Test Plan 163 Report (Section 2.12.3)) 

Hypothetical Accident 1 Meter from Package Surface mSv per hour 
Conditions mrem per hour) 

Radiation Top Side Bottom 
Gamma 0.006 (0.6) 0.015 (1.5) 0.006 (0.6) 
Neutron NA NA NA 

Total 0.006 (0.6) 0.015 (1.5) 0.006 (0.6) 
10 CFR 71.51(a)(2) Limit 10 (1000) 10 (1000) 10 (1000) 

Tables 5.le through 5.11 include radiation profile data used to demonstrate that all shield and 
package configurations will meet the external radiation level requirements for non-exclusive use 
transport when loaded to capacity for that package configuration. 
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Table 5.le: Model 976A with 855 sn 9 -
Summary Table of External Radiation Levels Extrapolated to Capacity of 

1,000 Ci Ir-192 (Non-Exclusive Use) 
(Ref: Profile Sheet "976A (855 Device Profile With 976 drum/cork overpack)". Copy of profile sheet located 

in Appendix D of Test Plan 163 Report (Section 2.12.3)) 

Normal Conditions of Package Surface mSv/h (rnrem/h) l Meter from Package Surface mSv/h (rnrem/h) 
Transport Top Side Bottom Top Side 
Total (Gamma Only) 0.29 (29) 0.10(10) 0.22 (22) 0.011 (1.1) 0.003 (0.3) 
10 CFR 71.47(a) Limit 2 (200) 2 (200) 2 (200) 0.1 (10) 0.1 (10) 
Hypothetical Accident Conditions 
Total (Gamma Only) 0.019 (1.9) 0.003 (0.3) 
10 CFR 7I.5l(a)(2) Limit 10 (1000) 10(1000) 

Table 5.lf: Model 976C with 3056 sn P0745-060-
Summary Table of External Radiation Levels Extrapolated to Capacity of 

1,250 Ci Ir-192 (Non-Exclusive Use) 

Bottom 
0.005 (0 .5) 

0.1 (10) 

0.008 (0.8) 
10 (1000) 

(Ref: Profile Sheet "976C Modified Insert Configuration - Performed 11 Jan 06. Copy of profile sheet 
located in Section 5.5.2 

Normal Conditions of Package Surface mSv/h (mrem/h) 1 Meter from Package Surface mSv/h (rnrem/h) 
Transport Top Side Bottom Top Side Bottom 
Total (Gamma Only) 0.78 (78) 1.46 (146) 1.69 (169) 0.046 (4.6) 0.053 (5 .3) 0.055 (5 .5) 
10 CFR 71.47(a) Limit 2 (200) 2 (200) 2 (200) 0.1 (10) 0.1 (10) 0.1 (10) 
Hypothetical Accident Conditions 
Total (Gamma Only) 0.046 (4.6) 0.053 (5.3) 0.055 (5.5 ) 
IO CFR 7 l.5 l(a)(2) Limit 10 (1000) 10(1000) 10(1000) 

Table 5.lg: Model 976F with 1911 sn 013 with Depleted Uranium Insert 
Summary Table of External Radiation Levels Extrapolated to Capacity of 1,000 Ci lr-192 

(Non-Exclusive Use) 
(Ref: Profile Sheet "976F (1911 w/Depleted Uranium Insert Device Capacity Profile With 976 drum/cork 

overpack) Performed Before Testing under Test Plan 163 -Test Specimen TP163C". Copy of profile sheet 
located in Aooendix D of Test Plan 163 Re port (Section 2.12.3)) 

Normal Conditions of Package Surface mSv/h (rnrem/h) 1 Meter from Package Surface mSv/h (mrem/h) 
Transport Top Side Bottom Top Side Bottom 
Total (Gamma Only) 0.11 (11) 0.049 (49) 0.018 (18) 0.007 (0.7) 0.011 (1.1) 0.007 (0 .7) 
10 CFR 71.47(a) Limit 2 (200) 2 (200) 2 (200) 0.1 (LO) 0.1(10) 0.1 (10) 
Hypothetical Accident Conditions 
Total (Gamma Only) 0.007 (0.7) 0.011 (1.1) 0.007 (0 .7) 
10 CFR 71.5l(a)(2) Limit 10(1000) 10(1000) 10(1000) 
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Table 5.lh: Model 976F with 1911 sn 013 with Tungsten Insert -
Summary Table of External Radiation Levels Extrapolated to Capacity of 

1,000 Ci Ir-192 (Non-Exclusive Use) 
(Ref: Profile Sheet "976F (1911 wffungsten Insert Device Capacity Profile With 976 drum/cork overpack)". 

Copy of profile sheet located in Appendix D of Test Plan 163 Report (Section 2.12.3)) 
Normal Conditions of Package Surface mSv/h (rnrem/h) 1 Meter from Package Surface mSv/h (rnrem/h) 
Transport Top Side Bottom Top Side Bottom 
Total (Gamma Only) 0.63 (63) 0.062 (6.2) 0.042 (4.2) 0.045 (4.5) 0.023 (2.3) 0.013 (1.3) 

10 CFR 71.47(a) Limit 2 (200) 2 (200) 2 (200) 0.1 (10) 0.1 (10) 0.1 (10) 
Hypothetical Accident Conditions 
Total (Gamma Only) 0.045 (4.5) 0.023 (2.3) 0.013 (1.3) 
10 CFR 71.5l(a)(2) Limit 10 (1000) 10(1000) 10 (1000) 

Table 5.li: Model 976F with 1911 sn 013 with Lead Insert -
Summary Table of External Radiation Levels Extrapolated to Capacity of 

1,000 Ci Ir-192 (Non-Exclusive Use) 
(Ref: Profile Sheet "976F (1911 w/Lead Insert Device Capacity Profile With 976 drum/cork overpack)". 

Co of rofile sheet located in A endix D of Test Plan 163 Re ort Section 2.12.3 
Normal Conditions of 
Transport 
Total Gamma On! ) 
10 CFR 71.47 a) Limit 

Packa e Surface mSv/h 

2 200) 
H othetical Accident Conditions 
Total (Gamma Onl 
10 CFR 71.5l(a)(2) Limit 

mrem/h 
Bottom 

1.12 112 
2 (200 

To Side Bottom 
0.034 3.4 0.052 5.2 0.034 3.4 

0.1 (10 0.1 (10 0.1 (10 

0.034 3.4 0.052 5.2 0.034 3.4 
10 (1000) 10(1000) 10 (1000 

Tables 5 .1 a through 5. Ii include radiation profile data used to demonstrate that the Model 97 6 
style package configurations will meet the external radiation level requirements for non­
exclusive use transport when loaded to capacity for Ir-192. 

The photon energies and quantities from both Se-75 and Yb-169 are less than lr-192. The 
materials providing effective shielding for contents in the 976 style packages are lead, depleted 
uranium and steel. An evaluation of transmission factors for Se-75 and Yb-169 when compared 
to Ir-192 in these materials is shown in Table 5.lm 

Table 5.lj: Radionuclide Transmission Shielding Assessment 

Nuclide Calculation r Transmission Ratio Transmission Ratio Transmission Ratio 
Activity (R m2/hr Ci) Steel Relative to Lead Relative to Depleted Uranium 

(Ci) lr-192 lr-192 Relative to lr-192 
lr-192 1 0.48 I 1 1 
Se-75 1 0.203 0.422 0.088 0.019 

Yb-169 1 0.125 0.160 0.006 5.SE-4 
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Transmission exposure rates were determined using Microshield V5 (See Section 5.5.3). 
Transmission values were calculated through a unit material thickness of 1 cm for each of the 
shielding materials and were calculated for a unit activity of 1 Ci of each radionuclide. The 
shielding material densities used in the Microshield calculations were as follows: steel (7 .86 
g/cm3), lead (11.34 g/cm3) and depleted uranium (18.7 g/cm3). 

The relative shielding reduction per shielding material for each radionuclide confirms that for a 
unit quantity of I Ci oflr-192, the dose rate from an equivalent unit quantity of 1 Ci of either Se-
75 or Yb-169 will allow a significantly lower transmission ofradiation through the material for 
both Se-7 5 and Yb-169 when compared to Ir-192. In addition, the relative radiation rate in air 
for Se-75 and Yb-169 are over Yi that which would be expected from the same activity of Ir-192. 

Since each shielding material will effectively shield Se-75 and Yb-169 to a greater extent than it 
will shield Tr-192 and since the maximum activity of Se-75 or Yb-169 does not exceed the 
maximum rated capacity for the package when loaded with Ir-192 for any 976 package, the 
package radiation dose rates for each Model 976 design can be bounded by results performed to 
demonstrate the package shielding is effective to shield the maximum capacity of Ir-192 
authorized in the package design. 

Also, since all shielding materials will effectively shield Se-75 and Yb-169 to a greater extent 
than they will shield Ir-192, any combination of sources containing either Ir-192, Se-75 or Yb-
169 will also not exceed the maximum package surface and 1 meter radiation dose limits 
specified in the regulations if the contents of a package loaded with multiple isotopes meets the 
fol lowing condition: 

I - q'-s 1, 
Qcoe., 

Where qi is the amount of radioisotope i loaded in the Model 976 Series package and 

Qcoe,i is the maximum amount of radioisotope i allowed in the Model 976 Series package as 
specified in the Certificate of Compliance (CoC). 

Since the content activity for both Se-75 and Yb-169 are equal to or less than the content activity 
oflr-192 in all cases, by the preceding assessment the Model 976 package configurations will 
also meet the external radiation level requirements for non-exclusive use when loaded to capacity 
for Se-75 or Yb-169 or when loaded with more than one different radionuclide so long as the 
sum of the activity ratios as described above is :S 1. 
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5.2 Source Specification 

5.2.1 Gamma Source 

The gamma sources allowed for transport in the Model 976 Series transport package 
specified in Sections 1.2.3 and 2.10. 

5.2.2 Neutron Source 

Not Applicable. The Model 976 Series transport packages are not used for the 
transportation of neutron emitting sources. 

5.3 Shielding Model 

DU Insert 

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. However, a estimate of the calculated 
shielding efficiency for the Model 976C package configuration was performed using 
Microshield V5.05 (see Section 5.5.1). Comparison of the estimated shielding results for 
the bottom of this package configuration against the measured radiation dose were in 
good agreement ( calculated dose rate of 141 mR/hr versus measured dose rate of 169 
mR/hr). See Table 5.3.la 

Table 5.3.la: Microshield Comparison Calculations for the Model 976C Package 

Lead on Bottom of Steel strap of 3056 Inner Cork Insert Outer Cork Insert Drum Bottom Microshield 
3056 (This Gap is Bottom Bottom Calculated 

Assumed to be air Surface Dose 
for worst case Rate 
Assessment) 

Density= 18 glee Density = I 1.34 glee Density = 0.00 122 Not Included in Not Included in Not Included in 
Th ickness= I in Thickness= 1.4 in glee Calculation. Dose Calculation . Dose Calculation. Dose 1,6 14 mR/hr 

Thickness= 0.1 in Calculated on Surface Calculated on Calculated on 
of3056 Surface of 3056 Surface of 3056 

Density = 18 glee Density= I 1.34 glee Density= 0.00 122 Assumed to be Air Assumed to be Air Steel 
Thickness= I in Thickness = 1.4 in glee Density = 0.00 122 Density = 0.00 122 Density= 7.82 glee 141 mR/hr 

Thickness= 0.1 in glee glee Thickness= 0.06 in 
Thickness= 1.25 in Thickness = 2 in 

The surface reading at the bottom for the Model 976C package from Table 5.1.g is 169 
mR/hr. If the distance and shielding provided by the drum and cork inserts are not 
considered in the calculations, a significantly higher dose rate is obtained using 
Microshield. However, Microshield produces a calculated dose rate very close to the 
value listed in Table 5.lg if the shielding model incorporates the actual distance from the 
Model 3056 shield to the drum surface, and if it accounts for the presence of the cork. As 
shown in test Case 2 in Table 5.3.la, a surface dose rate of 141 mR/hr is calculated for a 
package which assumes the dose rate is measured on the surface of the drum and the cork 
has a density equivalent to air. 
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Not Applicable. A shielding model was not used in the justification for these packages. 
Shielding justification was based on direct measurement. 

5.4 Shielding Evaluation 

5.4.1 Methods 

Shielding justification was based on direct measurement. See Test Plan 163 Report (see 
Section 2.12.3) for results ofradiation surveys of the 976 Series transport packages. Note 
there was no physical testing of the package configuration using the Model 3056 under 
Test Plan 163 Report (Ref: Section 2.12.3). Radiation survey information for this 
package configuration in Test Plan 163 Report (Ref: Section 2.12.3) was performed to 
document shielding capacity of this package configuration. Assessment of this package 
configuration under the normal and hypothetical accident condition testing is provided in 
Test Plan 163 Report Sections 5.4 and 5.5 (See Section 2.12.3). 

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: 

CF = MaximumPackageActivityCapacity (Ac ) 

A Actual ProfileActivity (Ap) 

For Example, if AP = 834 Ci and Ac = l,OOOCi, then 

CF = l,OOOCi = 1.2 . 
A 834Ci 

Therefore all original surface and 1 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 the following relationship: 
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d 
SCF = - 2 where d 1 and d 2 are determined as shown in Figure 5.a. 

di 

ForExample, ifd1 = 9inches and d2 = 9.5inches, then 

SCF = 9.5inches = l.06 
9inches 

Therefore in the example shown, all original surface profile measurements located along 
the side of the drum shown in Figure 5.a would also be multiplied by a factor of 1.06 to 
account for surface correction of the detector to the drum. Different SCF's would be 
calculated for the any dimension of the container where the minimum distance from the 
center of the activity to the center of the radiation probe is different. 

d2 

d 1 = distance from activity center 
to surface of container. 

d2 = distance from activity center 
to surface of container plus 
radius of the survey meter 
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. 
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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 976 Series configurations showed maximum surface and 1 meter 
radiation levels from the transport packages within regulatory limits. Radiation surveys 
of 976 Series transport packages after undergoing normal and accident condition transport 
testing were also well within the regulatory limits. 

5.5 Appendix 

5.5.1 Microshield VS.OS Calculations for the Model 976C with 3056, 
1,250 Curies oflr-192, Profile of Bottom, Case 1 and Case 2 

5.5.2 Profile Sheet "976C Modified Insert Configuration - Performed 11 Jan 06. 

5.5.3 Microshield VS.OS Transmission for Various Nuclides and Materials 
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Microshield VS.OS Calculations for the Model 976C with 3056, 
1,250 Curies oflr-192, Profile of Bottom, Case 1 and Case 2 



Jage 1 
)OS File : 3056 . MS5 
lun Date: May 4, 2005 
lun Time: 2:12 : 36 PM 
)uration: 00 : 00: 00 

MicroShield vs.as { 5.05 - 00160 ) 
AEA Technology QSA, Inc. 

Case Title: Model 3056 Shield 

File Ref: &.se...... ( 
Date : 

By: 
Checked : 

Description: 800 Curies of Ir-192, Profile of Bottom of 3056 Shield Only 
Geometry: 1 - Point 

Energy 
MeV 

0.0615 
0 . 063 

0.0651 
0.0668 
0.0714 
0.0757 
0.1363 
0 . 2013 
0.2058 
0.2833 
0 . 296 

0 . 3085 
0.3165 
0 . 3745 
0.4165 
0 . 4231 
0.4681 
0 . 4846 
0 . 4891 
0 . 5886 
0.6044 
0.6125 

# 1 

Dose 
K 

6.1214 cm 
2.4 in 

Points 
y 
0 cm 

0.0 in 

Shield Name 
Shield 1 
Shiel d 2 
Air Gap 

Source Input 

Shields 
Dimension Material 

2.54 cm Uranium 
3. 556 cm Lead 

Air 

z. 
0 cm 

0 . 0 in 

Density 
18 
11 .34 
0.00122 

Grouping Method: Actual Photon Energi e s 
Nuclide curies becquerels 
Ir-192 8.0000e+002 2 . 9600e+013 

Buildup 
The material reference is Shield 1 

Results 
Activity Fluence Rate Fluence Rate Ex12osure Rate Ex12osure Rate 

Qhotons/sec MeV /cm2 /sec MeV / cm2 / sec mR/hr mR/hr 
No BuilduQ With BuilduQ No BuilduQ With BuilduQ 

3.352e+ll 8.414e-189 4 . 217e-19 1 . 622e-1 91 8 . 129e-22 
5 . 788e+ll 2 . 031e-176 7 . 507e-19 3.807e-1 79 l.408e-21 
7 . 800e+ll 5 . 633e-161 l . 054e-18 l . 02le-1 63 1 . 91 0e-21 
l . 338e+12 l . 164e-149 l.867e-18 2.059e-1 52 3.302e-21 
2 . 486e+ll 2 . 462e-125 3 . 766e-19 4.134e-128 6.324e-22 
5.824e+l l 3 . 775e-106 9.483e-19 6.123e-109 1.538e-21 
5.346e+10 1.835e-98 5 . 978e-05 2.949e-1 01 9.61 0e-08 
l . 383e+ll 2.933e- 33 9 . 690e-19 5 . 184e- 36 l . 713e-21 
9 . 730e+ll 2.49le- 30 6 . 813e-18 4.424e-33 l . 210e-20 
7 . 740e+l0 l . SOle-11 2 . 813e-11 3 . 390e- 14 5.294e-14 
8 . 588e+12 9 . 447e-08 l.480e-07 1 . 789e-10 2 . 802e-10 
8 . 785e+l2 2 . 530e- 06 3 . 997e-06 4.81 5e-09 7 . 609e-09 
2 . 452e+13 4.574e- 05 7.285e-05 8.733e-08 1. 3 91e- 07 
2 . 150e+ll 6 . 279e- 03 l . 080e-02 l . 21 8e-05 2 . 096e-05 
1.967e+ll 4.472e-01 8.112e-01 8 . 733e-04 1. 584e-03 
2 . 359e+l0 9.361e-02 1.711e- 01 1.830e- 04 3 . 343e- 04 
1.422e+i.3 1 . 293e+03 2.462e+03 2.537e+OO 4 . 830e+OO 
9.362e+l l 2.134e+02 4. 1 10e+02 4.189e- Ol 8.067e-Ol 
1.179e+ll 3.393e+Ol · 6.55le+Ol 6.659e- 02 1.286e-01 
l.354e+l2 l.777e+04 3.579e+04 3.472e+Ol 6.993e+O l 
2.428e+12 4.932e+04 9.995e+04 9.622e+Ol 1.950e+02 
l.579e+1 2 3.954e+04 8.04 l e+04 7.709e+Ol l .568e+0 2 



)age 
)OS File: 
tun Date: 
tun Time: 
)uration: 

Energy 
MeV 

0 . 8717 
0 . 8845 

TOTALS: 

2 
3056.MS5 
May 4, 2005 
2:12:36 PM 
00:00:00 

Activity 
photons/sec 

2.918e+1 0 
8.927e+l 0 

6.820e+l3 

Fluence Rate 
MeV/cm 2 /sec 
No Buildu:g 
4.290e+04 
1.483e+05 

2.994e+05 

Fluence Rate Exposure Rate Exposure Rate 
MeV/cm 2 /sec mR/hr mR/hr 
With Buildu:g No Buildu:g With Buildu:g 

9.527e+04 8.074e+Ol 1.793e+02 
3.302e+05 2.786e+02 6.202e+02 

6.446e+05 5.704e+02 l.227e+03 



?age 1 
)OS File : 976C . MS5 
lun Date: May 4, 2005 
lun Time: 2 : 14 : 11 PM 
)uration: 00:00 : 00 

MicroShield vS.05 (5.05-00160 ) 
AEA Technology QSA, Inc. 

Case Title: 976C with 3056 

File Ref: {!e,,gg d::: 
Date : 

By : 
Checked : 

Description: 800 Curies of Ir-192, Profile of Bottom of 976C with 3056 
Geometry: 1 - Point 

y 

z 

Energy 
MeV 

0.0615 
0.063 

0 . 0651 
0.0668 
0 . 0714 
0 .0757 
0.1363 
0 . 2013 
0 . 2058 
0 .2833 
0.296 

0 .3085 
0 . 3165 
0 .3745 
0.4165 
0 . 4231 
0 .4681 
0.4846 

X 

# 1 

Dose 
X 

14 . 7828 cm 
5.8 in 

Points 
X 
0 cm 

0 . 0 in 

Shields 
Shield Name Dimension Material 

Shield 1 2 . 54 cm Uranium 
Shield 2 3.556 cm Lead 
Shiel d 3 . 254 cm Air 
Shield 4 3 . 175 cm Air 
Shield 5 5 . 08 cm Air 
Shield 6 .152 cm Iron 
Air Gap Air 

Source Input 

z 
0 cm 

0 .0 in 

Density 
18 
11.34 
0.00122 
0.00122 
0.00122 
7.82 
0.00122 

Grouping Method: Actual Photon Energies 
Nuclide curies becquerels 
Ir-192 8.0bOOe+002 2.9600e+013 

Buildup 
The material reference is . Shield 1 . 

Results 
Activity Fluence Rate Fluence Rate Ex12osure Rate E~osure Rate 

12hotonsLsec MeV Lcm 2 Lsec MeVLcm 2 Lsec mRLhr mRLhr 
No Buildu:12 With Buildu:12 No BuilduQ With Buildu:12 

3 . 352e+ll 4 . 070e-190 7 . 232e-20 7.845e-193 1. 394e-22 
5.788e+ll 1.062e-177 l. 287e-19 1 . 991e-180 2.413e-22 
7 . 800e+ll 3.247e-162 1.807e-19 5.884e-165 3.275e-22 
1.338e+12 7.197e-151 3.201e-19 1 .273e-153 5.662e-22 
2 .486e+ll 1 . 779e-126 6 . 457e-20 2.987e-129 1.084e-22 
5 . 824e+ll 3.059e-107 l . 626e-19 4 . 961e-110 2.637e-22 
5 . 346e+10 2 . 456e-99 l. 025e-05 3 . 949e-102 1.648e-08 
l . 383e+ll 4 . 263e-34 1.662e-19 7.536e-37 2.937e-22 
9 . 730e+ll 3 . 631e-31 l . 168e-18 6.448e-34 2.075e-21 
7 . 740e+10 2. 707e-12 4 . 228e-12 5.094e-15 7.958e-15 
8 . 588e+12 1 . 424e-08 2 .232e-08 2.697e-1 1 4.226e-11 
8 . 785e+12 3 . 824e-07 6 . 045e-07 7.279e-10 l . lSle-09 
2 .452e+13 6 . 926e-06 1 . 104e-05 1.322e-08 2.107e-08 
2 . 150e+ll 9.605e-04 1 . 654e-03 1.863e-06 3 . 208e-06 
l.967e+ll 6 . 879e-02 l . 249e- 01 1.343e-04 2 . 440e-04 
2.359e+l0 l . 441e-02 2.637e-02 2 . 817e-05 5 .153e-05 
1.422e+13 2 . 001e+02 3 . 816e+02 3.92 5e-01 7 . 485e-01 
9 . 362e+ll 3 . 308e+Ol 6 . 381e+Ol 6.493e-02 l . 252e-01 



?age 2 
JOS File: 976C.MS5 
Zun Date: May 4, 2005 
Zun Time: 2:14:11 PM 
Juration: 00:00:00 

Enerav Activity Fluence Rate Fluence Rate Ex12osure Rate E292osure Rate 
MeV 12hotonsLsec MeVLcm 2 Lsec MeVLcm 2 Lsec mRLhr mRLhr 

No Buildu:12 With Buildu:12 No Buildu:12 With Buildu:Q 
0.4891 l.179e+ll 5.260e+OO 1.017e+Ol l.033e- 02 1.997e-02 
0.5886 l.354e+l2 2.778e+03 5.608e+03 5.428e+OO l.096e+Ol 
0.6044 2.428e+l2 7.719e+03 1.568e+04 l.506e+Ol 3.059e+Ol 
0.6125 l.579e+12 6.193e+03 1.262e+04 l.207e+Ol 2.46le+Ol 
0.8717 2.918e+10 6.814e+03 l.519e+04 l.282e+Ol 2.859e+Ol 
0.8845 8.927e+10 2.357e+04 5.269e+04 4.427e+Ol 9.895e+Ol 

TOTALS: 6.820e+1 3 4.731e+04 1.022e+05 9.012e+Ol l.946e+02 



?age 
)OS File: 
tun Date: 
tun Time: 
Juration: 

1 
976C.MS5 
May 4, 2005 
2 : 13:08 PM 
00 : 00:00 

MicroShield vS.05 (5.05-00160 ) 
AEA Technology QSA, Inc. 

Case Title: 976C with 3056 

File Ref: 
Date: 

By: 
Checked : 

Description: 800 Curies of Ir-192, Profile of Bottom of 976C with 3056 
Geometry: 1 - Point 

y 

z 

Energy 
MeV 

0.0615 
0 . 063 
0.0651 
0.0668 
0.0714 
0.0757 
0 . 1363 
0 . 2013 
0 . 2058 
0 . 2833 
0 . 296 
0.3085 
0 . 3165 
0.3745 
0 . 4165 
0.4231 
0 . 4681 
0 . 4846 

X 

# 1 

Dose 
X 

14 . 7828 cm 
5.8 in 

Points 
X 
0 cm 

0.0 in 

Shields 
Shield Name Dimension Material 

Shield 1 2 . 54 cm Uranium 
Shield 2 3.556 cm Lead 
Shield 3 .254 cm Air 
Shield 4 3.175 cm Air 
Shield 5 5.08 cm Air 
Shield 6 .152 cm Iron 
Air Gap Air 

Source Input 

z 
0 cm 

0 .0 in 

Density 
18 
11 . 34 
0.00122 
0 . 2 4 "" C.er Jc. 
0 .24,...Cork 
7.82 
0.00122 

Grouping Method: Actual Photon Energies 
Nuclide curies becquerels 
Ir-192 8.0000e+002 2.9600e+013 

Buildup 
The material reference is . Shield 1 . 

Results 
Activity Fluence Rate Fl uence Rate Ex2osure Rate Ex2osure Rate 

2hotonsLsec MeV Lcm 2 Lsec MeV Lcm 2 Lsec rnRLhr rnRLhr 
No Buildu2 With Buildu:i:2 No Buildu:Q With Bui ldu:Q 

3.352e+l l 2 . 870e- 190 7.232e-20 5.532e-193 l.394e-22 
5.788e+l l 7.513e-178 1.287e-19 l.409e- 180 2.413e-22 
7.800e+11 2.308e-162 1.807e-19 4.182e-165 3.275e-22 
1.338e+12 5.132e-151 3 . 201e-19 9.077e- 154 5.662e-22 
2.486e+11 l.278e-126 6 . 457e- 20 2.147e-129 1.084e- 22 
5.824e+11 2.213e-107 1 . 626e-19 3.589e- 110 2.637e-22 
5.346e+10 l.872e-99 l . 025e-05 3.009e-102 1 . 648e-08 
1.383e+11 3.351e-34 1 . 662e- 19 5.922e-37 2 . 937e-22 
9.730e+ll 2 . 858e-31 1 . 168e-18 5 . 077e-34 2.075e-21 
7.740e+10 2.185e-12 3.416e-12 4.113e-15 6.428e-15 
8 . 588e+12 1 . 154e-08 1 . 809e-08 2 . 185e-11 3.426e-11 
8.785e+12 3.108e-07 4.916e- 07 5.916e-10 9.358e-10 
2 . 452e+13 5 . 640e-06 8 . 993e-06 1.077e-08 1.717e-08 
2.150e+ll 7 . 922e-04 1 . 366e-03 1 . 537e-06 2.649e-06 
l.967e+ll 5 . 719e-02 1 . 041e-01 1.117e-04 2.032e-04 
2.359e+10 1 .200e-02 2. 1 99e- 02 2.344e-05 4 . 298e-05 
1 . 422e+13 1 . 678e+02 3.208e+02 3.291e-01 6.292e-01 
9 . 362e+11 2 . 781e+Ol 5.379e+Ol 5.458e-02 1.056e- 01 



'age 2 
)OS File: 976C.MS5 
tun Date: May 4, 2005 
tun Time: 2:13:08 PM 
)uration: 00:00:00 

Energy Activity Fluence Rate Fluence Rate Ex12osure Rate Ex12osure Rate 
MeV 12hotons/_sec MeV /_ cm 2 /_ sec MeV/_cm 2 /_sec rnR/_hr rnR/_hr 

No Buildu12 With Buildu12 No Buildu12 With Buildu12 
0.4891 1.179e+ll 4.425e+OO 8.583e+OO 8.685e-03 l.685e-02 
0.5886 l.354e+12 2.368e+03 4.798e+03 4.626e+OO 9.375e+OO 
0.6044 2.428e+12 6.591e+03 1.344e+04 l.286e+Ol 2.623e+Ol 
0.6125 l.579e+12 5.293e+ 03 1.083e+04 l.032e+Ol 2.112e+Ol 
0.8717 2.918e+10 5.961e+03 1.338e+04 l.122e+Ol 2.518e+Ol 
0.8845 8.927e+10 2.064e+04 4.646e+04 3.876e+Ol 8.726e+Ol 

TOTALS: 6.820e+13 4.105e+04 8.930e+04 7.817e+Ol l.699e+02 
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Microshield V5.05 Transmission for Various Nucl ides and 
Materials 



MicroShield v5.05 (5.05-00161) 
AEA Technology QSA, Inc. 

>age 1 File Ret: 
>OS File: IRDU . MS5 Date : 
:un Date : May 23, 2007 
:un Time : 9 : 09:15 AM 
>uration : 00:00:00 

By : 
Checked: 

Energy 
MeV 

0.015 
0 . 06 
0.08 
0.1 
0.15 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 8 
1 . 0 
1. 5 

TOTALS : 

Case Title: Ir-192 Transmission 
Description: 1 Ci Ir- 192 thru 1 cm Depleted Uranium 

Geometry: 1 - Point 

y 

z 

Activity 
Ehotons7sec 

2.032e+09 
3 . 958e+09 
1 . 093e+09 
4.265e+07 
6.682e+07 
1.405e+09 
5.248e+10 
5.900e+os 
1.900e+10 
6 . 689e+09 
1.13 7e+08 
2.115e+07 
4.598e+OS 

8 . 749e+l0 

# 1 

Dose 
X 

1 cm 
0.4 in 

Points 
y 
O cm 

o. o in 

z 
0cm 

0.0 in 

X 

Shield Name 
Shield 1 
Air Gap 

Shields 
Dimension Material 

1.0 cm Uranium 
Air 

Density 
18 . 7 
0 . 00122 

Source Input 
Grouping Method: Standard Indices 

Number of Groups : 25 
Lower Energy Cutoff: 0.015 
Photons < 0.015 : Included 

Library: ICRP-38 
Nuclide 
Ir- 192 

curies becguerels 
1.0000e+OOO 3.7000e+010 

Buildup 
The material reference is Shield 1 

Results 
Fluence Rate Fluence Rate ExEosure Rate 
MeV7cm 2 7sec MeV7cm 2 7sec mR7hr 
No BuilduE With BuilduE No Buildu:e 
O. OOOe+OO 2 . 124e-20 O. OOOe+OO 
3 . 778e-4 6 l . 810e-19 7.504e - 49 
l.037e-18 1 . 214e-18 l.64le-21 
3.514e-09 4 . 343e-09 5 . 376e-12 
6 .lOOe-15 4 . 90le-06 l . 004e-17 
2.292e- D3 4 . 116e-D3 4 . 045e-06 
1 . 382e+05 l . 878e+D5 2 . 621e+02 
1.128e+os 1 .570e+os 2.199e+02 
2 . 360e+D7 3 . 350e+D7 4.632e+04 
2 . 317e+07 3.291e+07 4.522e+04 
1 . 189e+06 1 . 694e+06 2 . 261e+03 
4.087e+OS 5.76De+05 7 . 533e+o2· 
1.986e+04 2 . 647e+04 3 . 34le+Ol 

4 . 863e+07 6.905e+07 9 . 507e+04 

ExEosure Rate 
mR7hr 

With Buildu:e 
1 . 822e-21 
3. 596e-22 
1 . 921e-21 
6 . 645e-12 
8 . 07De-09 
7.264e-06 
3.562e+02 
3. 060e+02 
6.575e+04 
6 . 425e+04 
3 . 222e+03 
1.062e+03 
4.454e+Ol 

1 . 350e+05 



•age 1 
10S File : SEDU.MS5 
:un Date : May 23, 2007 
:un Time : 9 : 10: 49 AM 
1uration : 00 : 00 : 00 

MicroShield vS.05 (5.05-00161) 
AEA Techno logy QSA, Inc. 

File Ret : 
Date: 

By: 
Checked : 

Case Title: Se-75 Transmission 
Description: 1 Ci Se-75 thru 1 cm Depleted Uranium 

Geometry: 1 - Point 

y 

Energy Activity 
MeV Ehotons7sec 

0 . 015 2 . 093e+10 
0 . 02 9 . 45le+06 
0 . 06 4 . 088e+08 
0 . 08 3 . 077e+06 
0 . 1 7 . 84 6e+09 

0 . 15 2 . 242e+10 
0.2 5 . 567e+08 
0 . 3 3 . 178e+1 0 
0. 4 4. 2 03e+09 
0 . 5 2.086e+OS 
0.6 1.560e+07 
0 . 8 4.835e+04 

TOTALS: 8.817e+10 

# 1 

X 

Dose 
X 

1 cm 
0 . 4 in 

Points 
y 
O cm 

0 . 0 in 

Shields 

z 
O c m 

0. 0 in 

Shield Name Dimension Material Density 
Shield 1 1 . O cm Uranium 18. 7 
Ai r Gap Air O. 00 12 2 

Source Input 
Grouping Method: Standard Indices 

Nwnber of Groups : 25 
Lower Energy Cutoff : 0.015 
Photons< 0.015: Included 

Library: ICRP-38 
Nuclide curies becguerels 

Se - 75 1 . 0000e+OOO 3 . 7000e+Ol0 

Buildup 
The material reference is Shield 1 

Results 
Fluence Rate Fluence Rat e Ex12osure Rate 
MeV7cm2 7sec MeV7cm 2 7sec mR7hr 
No BuilduE With Buildu12 No Bui ldu:e 
O. OOOe+OO 2.188e-19 O. OOOe+OO 
O. OOOe+OO 1. 317e-22 O. OOOe+OO 
3 . 902e-4 7 l.870e-20 7 . 750e-50 
2 . 919e-21 3 . 417e-21 4 . 618e-24 
6 . 465e-07 7.99l e-07 9 . 891e - 10 
2 . 046e-12 l.644e - 03 3 . 370e-15 
9 . 084e-04 l .631e-03 l . 603e-06 
8 . 367e+04 l .137e+OS 1 . 587e+02 
8.039e+OS l. 119e+06 1 . 566e+03 
2 . 590e+02 3 . 677e+02 5 . 084e-Ol 
5 . 4D5e+04 7.67Be+04 1.055e+02 
5.054e+02 7 . 2D2e+02 9.612e - Ol 

9 . 424e+05 1.31De+06 1 . 832e+03 

Ex12osure Rat e 
mR/hr 

With Buildu:12 
l . 876e - 20 
4 . 562e-24 
3 . 714e-23 
5 . 407e-24 
1. 223e -0 9 
2 . 708e -0 6 
2.879e- 06 
2 . 157e+02 
2 . 180e+03 
7.218e -01 
l . 499e+02 
1.370e+OO 

2 . 547e+03 

~ 



?age 
)08 File : 
lun Date : 
lun Time : 
)uration : 

Ener9y 
MeV 

0 . 015 
0.02 
0.05 
0 . 06 
0 . 1 

0.15 
0 . 2 
0 . 3 
0 .4 
0 . 5 
0 . 6 
0 . 8 

TOTALS: 

1 
YBDU.MSS 
May 23, 2007 
9 : 09 : 58 AM 
00 : 00 : 00 

MicroShield vS.05 {5.05-00161) 
AEA Teclmology QSA, Inc. 

File Ret : 
Date : 

By : 
Checked : 

Case Title: Yb-169 Transmission 
Description: 1 Ci Yb-169 thru 1 cm Depleted Uranium 

Geometry: 1 - Point 

y 

z 

Activity 
Ehotons7sec 

1.678e+10 
8.767e+07 
5.399e+l0 
2 . 927e+l0 
8 . 105e+09 
4 . 254e+09 
2 . 159e+10 
4.280e+09 
6.509e+05 
2.326e+06 
3 . 617e+06 
9 . 564e+04 

1. 384e+ll 

# 1 

X 

Dose 
X 
1 cm 

0 . 4 in 

Points 
y 
O cm 

0.0 in 

Shields 

z 
O cm 

0 . 0 in 

Shi eld Name Dimension Material Density 
Shield 1 1. O cm Uranium 18. 7 
Air Gap Air O. 00122 

Source Input 
Grouping Method: Standard Indices 

Number of Groups: 25 
Lower Energy Cutoff: 0.015 
Photons< 0.015: Included 

Library: ICRP-38 
Nuclide 
Yb-169 

curies becguerels 
1 . 0000e+OOO 3 . 7000e+010 

Buildup 
The material reference is . . Shield 1 

Results 
Fluence Rate Fluence Rate ExEosure Rate 
MeV7cm 2 7sec MeV7cm 2 7sec mR7hr 
No BuilduE With BuilduE No BuilduE 
O. OOOe+OO 1.754e-19 O.OOOe+OO 
o . oooe+oo l.222e-21 O.OOOe+OO 
1.662e-77 1. 979e-18 4.429e-80 
2.794e - 45 1. 339e-18 5.549e-48 
6 . 678e-07 8.255e-07 1 . 022e-09 
3.883e-13 3 . 120e-04 6 . 394e-16 
3 . 523e-02 6 . 325e-02 6.217e-05 
1.127e+04 l . 532e+04 2.137e+Ol 
l.245e+02 l . 733e+02 2.426e-Ol 
2.888e+03 4.100e+03 5.670e+OO 
l . 253e+04 l.780e+04 2.445e+Ol 
9 . 996e+02 l.424e+03 l .901e+OO 

2.78le+04 3 . 88le+04 5.364e+Ol 

ExEosure Rate 
mR7hr 

With BuilduE 
1. 504e-2 O 
4 . 232e-23 
5. 27le-21 
2.659e-21 
1.263e-09 
5.137e-07 
1 .116e-04 
2.905e+Ol 
3.376e-Ol 
8.049e+OO 
3 . 474e+Ol 
2 . 709e+OO 

7.488e+Ol 



MicroShield v5.05 (5.05- 00161 ) 
AEA Technology QSA, Inc. 

'age 1 Fi le Ret : 
tOS File : IRSTL. MSS 
.un Date : May 23, 2007 
.un Ti me : 9 : 0 8 : 1 7 AM 
1uration : oo : oo: oo 

Date : 
By: 

Checke d: 

Energy 
MeV 

0.015 
0.06 
0 . 08 
0.1 
0.15 
0 . 2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0.8 
1. 0 
1.5 

TOTALS: 

Case Title: Ir-192 Transmission 
Description: 1 Ci Ir-192 thru l cm Steel 

Geometry: l - Point 

# 1 

X 

Dose 
X 

1 cm 
0.4 in 

Points 
y 
0cm 

O . O in 

Shi elds 

z 
O cm 

0. 0 i n 

Shield Name Dimension Material Densi ty 

z 
Shield 1 1 . o cm Iron 7 . 86 
Ai r Gap Ai r O. 00122 

Source Input 
Grouping Method: Standard Indices 

Nwnber of Groups : 25 
Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP-38 
Nuclide 
Ir- 192 

curies becguerels 
1 . 0000e+OOO 3 . 7000e+010 

Buildup 
The material reference is Shield l 

Results 
Fluence Rate Fluence Rate Activity 

:ehotons7sec MeV7cm 2 7sec MeV7cm2 7sec 
Ex:eosure Rate 

mR7hr 
Ex:eosure Rate 

mR7hr 
No Buildu:e With Buildu:e No Buildu:e With Buildu:e 

2 . 032e+09 6 . 701e-187 2.145e-20 S.748e-188 1.840e-21 
3 . 958e+09 2. 604e+03 3 . 656e+03 5 . 173e+OO 7 . 261e+OO 
l . 093e+09 9 . 157e+04 1.460e+05 1 . 44 9e+02 2.310e+02 
4.265e+07 2 . 299e+04 3 . 974e+04 3 . 517e+Ol 6.079e+O l 
6.68 2e+07 1 . 894e+05 3 . 602e+05 3 . 119e+02 5 . 932e+0 2 
1.405e+09 7 . 539e+06 1 . 454e+07 1 . 331e+04 2.566e+04 
5 . 248e+10 5 . 428e+08 9 . 909e+08 l.030e+06 1.880e+0 6 
5 . 900e+08 9.112e+06 1.564e+07 1.776e+04 3.047e+04 
1.900e+10 3.943e+08 6.401e+08 7.740e+ 05 1.256e+06 
6.689e+09 1 . 756e+OB 2 . 722e+08 3 . 428e+05 5.313e+O S 
1.137e+08 4 .294e+06 6.222e+06 8.16Be+03 1 .183e+04 
2.115e+07 1.054e+06 1 . 454e+06 1.942e+03 2.680e+03 
4 . 598e+05 3 . 745e+04 4.764e+04 6.301e+Ol 8. 015e+Ol 

8 . 749e+10 l . 135e+09 1 . 942e+09 2 . 188e+06 3.739e+06 



MicroShield v5.05 (5.05-00161) 
AEA Techno l ogy QSA, Inc. 

?age 1 File Ret : 
)08 File : SESTL.MSS 
iun Date : May 23, 2007 
(Uil Time : 9:06:32 AM 
)uration: 00 : 00 : 00 

Date: 
By : 

Checked : 

Energy 
MeV 

0 . 015 
0.02 
0 . 06 
0 . 08 
0 . 1 
0.15 
0 . 2 
0 . 3 
0 . 4 
0.5 
0 . 6 
0.8 

TOTALS: 

Case Title: Se - 75 Tran smission 
Description : 1 Ci Se- 7 5 thru 1 cm Steel 

Geometry: 1 - Point 

# 1 

X 

Dose 
X 
1cm 

0.4 in 

Points 
y 
Dem 

o.o in 

Shiel ds 

z 
O cm 

0.0 in 

Shield Name Dimension Material Density 

z 
Shield 1 1 . O cm Iron 7 . 86 
Air Gap Air O. 00122 

Source Input 
Grouping Method: Standard Indices 

Number of Groups: 25 
Lower Energy Cutoff: 0.015 
Photons < 0.015: Included 

Library: ICRP- 38 
Nuclide 

Se-75 
curies becguerels 

1 . 0000e+OOO 3 . 7000e+010 

Buildup 
The material ref erence is : Shiel d 1 

Results 
Fluence Rate Fluence Rate Activity 

:ehotons7sec MeV7cm 2 7sec MeV7cm 2 7sec 
Ex:eosure Rate 

mR/hr 
Ex:eos ure Rate 

mR7hr 
No Buildu:e With Buildu:e No Buildu:e With Buildu:e 

2.093e+10 6 . 903e-186 2 . 210e-19 S . 921e- 187 1 . 895e-20 
9 . 4Sle+06 1 . 223e-82 l . 568e-22 4.236e-84 S.432e-2 4 
4 . 088e+08 2 . 690e+02 3 . 776e+02 S . 343e-01 7 . 499e-Ol 
3 . 077e+06 2 . 577e+02 4 . 108e+02 4 . 078e-01 6 . SOOe-01 
7 . 846e+09 4.230e+06 7 . 311e+06 6.471e+03 1.119e+04 
2 . 242e+10 6.355e+07 1.208e+08 1.047e+OS l.990e+05 
5 . 567e+D8 2 . 988e+06 5.762e+06 5.274e+03 1. Ol 7e+04 
3 . 178e+10 3 . 288e+08 6.002e+08 6.237e+OS 1 .138e+06 
4 . 203e+09 6.491e+07 l.114e+08 1.265e+OS 2.17le+OS 
2 . 086e+OS 4.328e+03 7.026e+03 8.496e+OO l . 379e+Ol 
l . 560e+07 4.096e+05 6.350e+OS 7 . 995e+02 1 . 239e+03 
4 . 835e+04 l.826e+03 2.645e+03 3 . 473e+OO 5. 032e+OO 

8 . 817e+1 0 4 . 649e+08 8.46le+08 8.673e+05 1 . 577e+06 



MicroShield vs.as (5.05-00161) 
AEA Technology QSA, Inc. 

?age 1 File Ret : 
)OS File : YBSTL.MS5 
iun Date : May 23, 2007 
tUil Time : 9 : 07:19 AM 
)uration: 00:00:00 

Date : 
By : 

Checked : 

Energy 
MeV 

0.015 
0.02 
0.05 
0 . 06 
0.1 

0 . 15 
0 . 2 
0.3 
0.4 
0 . 5 
0 . 6 
0 . 8 

TOTALS : 

y 

Case Title: Yb-169 Transmission 
Description: 1 Ci Yb - 169 thru 1 cm Steel 

Geometry : 1 - Point 

z 

# 1 

Dose 
X 
rem 

0 . 4 in 

Points 
y 
O cm 

0 . 0 in 

X Shields 
Shield Name Dimension Material 

Shield 1 1 . O cm Iron 
Air Gap Air 

Source Input 
Grouping Method : Standard Indices 

NUltlber of Groups : 25 
Lower Energy Cutoff: 0.015 
Photons< 0 . 0 1 5 : Included 

Li br ary: ICRP-38 
Nuclide curies becquerels 
Yb-169 1.0000e+OOO 3.7000e+Ol0 

Buildup 
The material reference is Shiel d 1 

Results 
Fluence Rate Fluence Rate 

z 
O cm 

0 . 0 i n 

Density 
7. 86 
0.00122 

Activity 
12hotons7sec MeV7cm 2 7sec Mev7cm 2 7sec 

Ex2osure Rate 
mR]hr 

Ex2osure Rate 
rnR7hr 

No Buildu2 With BuilduE No Buildu2 With BuilduE 
l.678e+l0 5.534e-186 1. 771e- 1 9 4 . 747e-187 1. 519e-20 
8 . 767e+07 1.135e-81 1 . 455e-21 3 . 930e-83 5 . 039e-23 
5.399e+10 1.008e+02 1 . 307e+02 2.684e-Ol 3 . 482e- Ol 
2 . 927e+10 1 . 926e+04 2 . 703e+04 3 . 825e+Ol 5 . 370e+Ol 
8 . 105e+09 4 . 369e+06 7 . 552e+06 6.684e+03 1.155e+04 
4 . 254e+09 l . 206e+07 2 . 293e+07 1 . 986e+04 3. 776e+0 4 
2.159e+10 1.159e+08 2.235e+08 2 . 045e+05 3 . 944e+05 
4 . 280e+09 4 . 428e+07 8 . 082e+07 8 . 399e+04 1.533e+05 
6 .509e+05 1.005e+04 1.725e+04 1 . 959e+Ol 3 . 362e+Ol 
2.326e+06 4 . 826e+04 7 . 835e+04 9.474e+Ol l . 538e+0 2 
3 . 617e+06 9.495e+04 1 . 472e+05 1.853e+02 2 . 873e+0 2 
9 . 564e+04 3 . 612e+03 5 . 233e+03 6 . 870e+OO 9 . 953e+OO 

l . 384e+ll l . 768e+08 3 . 350e+08 3 . 154e+05 S.975e+0 5 



MicroShield vS.05 (5.05-00161) 
AEA Technology QSA, Inc. 

>age 1 File Ret : 
>OS File : YBTRANS . MSS 
~un Date : May 23 , 2007 
~un Time : 9:12:41 AM 
>uration : 00 : 00 : 00 

Date : 
By : 

Checked : 

Energy 
MeV 

0 . 015 
0.02 
0.05 
0.06 
0 . 1 

0.15 
0.2 
0.3 
0.4 
0.5 
0.6 
0 . 8 

TOTALS: 

Case Title: Yb - 169 Transmission 
Description: 1 Ci Yb-169 thru 1 cm Lead 

Geometry: 1 - Point 

# 1 

X 

Dose 
X 

1 cm 
0.4 in 

Points 
y 
0cm 

o.o in 

Shields 

z 
0cm 

0.0 in 

Shield Name Di men s i on Material Densi t y 

z 
Shield 1 1. 0 cm Lead 11. 34 
Air Gap 

Source Input 
Grouping Method: Standard Indices 

Number of Groups: 25 
Lower Energy Cutoff: 0.015 
Photons< 0.015 : Included 

Library: ICRP-38 
Nuclide 
Yb-169 

curies becguerel s 
1.0000e+OOO 3.7000e+010 

Buildup 
The material reference is Shield l 

Results 
Fluence Rate Fluence Rate 

Air 0.00122 

Activity 
2hotons7sec MeV7cm 2 Lsec MeV7cm2 7sec 

ExEosure Rate 
mR7hr 

Ex2osure Rate 
mRLhr 

No BuilduE With BuilduE No Bui lduE With BuilduE 
l . 678e+10 O. OOOe+OO 1 . 754e-19 O. OOOe+OO 1 . 504e-20 
8.767e+07 O. OOOe+OO 1 . 222e-21 O. OOOe+OO 4 . 232e-23 
5 . 399e+10 5 . 751e-29 2 . 0SOe-18 1 . 532e-31 5 . 462e- 21 
2 . 927e+10 4 . 71 0e - 15 5 . 340e - 15 9 . 356e-18 l.061e-17 
8.105e+09 2 . 733e-19 2 . 294e - 02 4. 182e - 22 3.509e-05 
4 . 254e+09 1 . 758e-02 S . 322e-02 2 . 894e-05 8.764e-05 
2 . 159e+10 7 . 779e+03 1 . 052e+04 1 . 373e+Ol 1.857e+Ol 
4 . 280e+09 l.418e+06 1 . 851e+06 2 . 690e+03 3 . 512e+03 
6.509e+OS 1 . 765e+03 2 . 367e+03 3 . 438e+OO 4 . 612e+OO 
2 . 326e+06 1 . 662e+04 2 . 250e+04 3 . 263e+Ol 4.417e+Ol 
3.617e+06 4 . 54le+04 6 . 11Be+04 8 . 863e+Ol 1. 194e+02 
9 . 564e+04 2 . 330e+03 3 . 094e+03 4.43le+OO 5 . 885e+OO 

l.384e+ll l.492e+06 l.951e+06 2.833e+03 3.704e+03 



MicroShield vs.OS (5.05-00161) 
AEA Technology QSA, Inc. 

>age 1 File Ret: 
>OS File : IRTRANS.MS5 
~un Date: May 23, 2007 
~un Time: 9 : 11: 22 AM 
>uration: 00: 00 : 00 

Date: 
By: 

Checked : 

Energy 
MeV 

0 . 015 
0.06 
0.08 
0.1 

0 . 15 
0 . 2 
0 . 3 
0 . 4 
0.5 
0.6 
0.8 
1. 0 
1.5 

TOTALS: 

y 

Case Title: Ir-192 Transmission 
Description: l Ci Ir-192 thru 1 cm Lead 

Geometry: 1 - Point 

# 1 

X 

Dose 
X 
1 cm 

0 . 4 in 

Points 
y 
0cm 

0 . 0 in 

Shields 

z 
O cm 

0.0 in 

Shield Name Dimension Material Density 
Shield 1 1. O cm Lead 11. 34 

z Air Gap Air O . 00122 

Activity 
Ehotons7sec 

2 . 032e+09 
3.95Be+09 
l.093e+09 
4 . 265e+07 
6 . 682e+07 
l .405e+09 
5.248e+l0 
5 . 900e+08 
1 . 900e+10 
6 . 689e+09 
l.137e+08 
2.115e+07 
4.598e+05 

8 . 749e+l0 

Source Input 
Grouping Method: Standard Indices 

Number of Groups: 25 
Lower Energy Cutoff: 0.015 
Photons< 0.015: Included 

Library: ICRP-38 
Nuclide curies becquerels 
Ir- 1 92 l . OOOOe+OOO 3 . 7000e+Ol0 

Buildup 
The material reference is : Shield 1 

Results 
Fluence Rate Fluence Rate ExEosure Rate 
MeV7 cm 2 7 sec MeV7cm2 7sec mR7hr 
No BuilduE With BuilduE No Buildu:e 
O. OOOe+OO 2.124e-20 O.OOOe+OO 
6.370e-16 7.222e-16 l.265e-18 
2 . 128e-04 2.564e-04 3.367e-07 
1 . 438e-21 l.207e- 04 2 . 200e-24 
2 . 76le-D4 B. 36De-04 4 . 546e-D7 
5 . 061e+02 6 . 846e+02 B.933e- 01 
1 . 739e+07 2 . 270e+07 3.298e+04 
1 . 600e+06 2 . 146e+06 3.117e+03 
1.358e+08 l . B38e+08 2.666e+05 
8 . 398e+07 l . 132e+OB 1.639e+05 
2 . 770e+06 3.679e+06 5 . 26Be+03 
7 . 745e+OS l.006e+06 l.42Be+03 
3.077e+04 3 . 763e+04 5.177e+Ol 

2 . 423e+OB 3 . 265e+OB 4.733e+05 

ExEosure Rate 
mR7hr 

With BuilduE 
1. 822e-21 
l . 434e-18 
4 . 057e - 07 
l.847e-07 
l.377e-06 
1.208e+OO 
4.305e+04 
4.181e+03 
3.608e+05 
2.209e+05 
6.997e+03 
1. 854e+0 3 
6.330e+Ol 

6.378e+05 



MicroShield vs.Os (5.05-00161) 
AEA Technology QSA, Inc. 

>age 1 File Ret: 
>OS File : SETRANS . MSS 
tun Date : May 23, 2007 
tun Time : 9 : 12:08 AM 
>uration : 00: 00: 00 

Date : 
By : 

Checked : 

Ener9y 
MeV 

0 . 015 
0.02 
0.06 
0.08 
0 . 1 
0.15 
0.2 
0 . 3 
0 . 4 
0 . 5 
0 . 6 
0 . 8 

roTALS : 

Case Title: Se-75 Transmission 
Description: 1 Ci Se-75 thru 1 cm Lead 

Geometry: 1 - Point 

# 1 

Dose 
X 
1 cm 

0 . 4 in 

Points 
y 
0 cm 

0.0 in 

X Shields 

z 
0cm 

0 . 0 in 

Shield Name Dimension Material Density 
Shield 1 1.0 cm Lead 11.34 

z Air Gap Air O .00122 

Activity 
Ehotons?sec 

2.093e+10 
9.451e+06 
4.088e+08 
3.077e+06 
7 . 846e+09 
2 . 242e+10 
5 . 567e+08 
3 . 178e+10 
4 . 203e+09 
2 . 086e+05 
1 . 560e+07 
4 . 835e+04 

8 . 817e+10 

Source Input 
Grouping Method: Standard Indices 

Number of Groups: 25 
Lower Energy Cutoff: 0.015 
Photons< 0.015: Included 

Library: ICRP-38 
Nuclide 

Se-75 
curies becquerels 

l.OOOOe+OO O 3 . 7000e+010 

Buildup 
The material reference is Shield 1 

Results 
Fluence Rate Fluence Rate ExEosure Rate 
MeVZcm 2 ?sec MeV7cm 2 7sec mR?hr 
No BuilduE With BuilduE No BuilduE 
O.OOOe+OO 2 . 188e-19 O.OOOe+OO 
O.OOOe+OO l.317e-22 O.OOOe+OO 
6.578e-17 7 . 458e-17 l .307e-19 
5 . 989e-07 7 . 216e-07 9 . 477e-10 
2 . 646e-19 2 . 221e-02 4.048e-22 
9.263e-02 2.805e-01 1.525e-04 
2 . 006e+02 2 . 713e+02 3 . 540e-01 
1 . 053e+07 1.375e+07 1 . 997e+04 
l . 139e+07 1.528e+07 2 . 220e+04 
l.49le+03 2 . 018e+03 2 . 926e+OO 
1 . 959e+05 2.639e+05 3 . 824e+02 
1 . 178e+03 1.564e+03 2 . 240e+OO 

2 . 212e+07 2.930e+07 4 . 256e+04 

ExEosure Rate 
mR/hr 

With BuilduE 
1.876e- 20 
4. 562e- 24 
1 . 48le-19 
l . 142e-09 
3 . 397e-05 
4 . 619e-04 
4 . 789e-Ol 
2. 608e+04 
2 . 978e+04 
3.96le+OO 
5 . 152e+02 
2.975e+OO 

5. 638e+04 



Safety Analysis Report for the Model 976 Series Transport Package 

QSA Global Inc. 
Burlington, Massachusetts 

Section 6 - CRITICALITY EVALUATION 

March 2018 - Revision 9 
Page 6-1 

All parts of this section are not applicable. The Model 976 Series transport packages are not 
used for shipment of Type B quantities of fissile material. 
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Operation of the Model 976 Series transport packages must be in accordance with the operating 
instructions supplied with the transport package, per 10 CFR 71.87 and 71.89. 

7.1 Package Loading 

7.1.1 Preparation for Loading 

The Model 976 Series packages must be loaded and closed in accordance with the 
following 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 976 Series packaging is in accordance with the requirements specified in Section 
7.1.1.2. 

7.1.1.1 Authorized Package Contents 

Table 7.1.la: Model 976 Series Package Information 

Identification Inner Nuclide Form Maximum Maximum 
Shield(s) Capacity1•2 Weight 

Ir-192 1,000 Ci 
976A 855 Se-75 Special Form Sources 1,000 Ci 136 kg (300 lb) 

Yb-169 865 Ci 
Ir-192 1,250 Ci 

976C 3056 Se-75 Special Form Sources 1,250 Ci 86 kg (190 lb) 
Yb-169 1,000 Ci 
Ir-192 1,000 Ci 

976F 1911 Se-75 Special Form Sources 1,000 Ci 119 kg (263 lb) 
Yb-169 1,000 Ci 

1For Iridium-192, the maximum capacity is based on the output curies which are determined by measuring 
the source output at 1 meter and expressing its activity in curies derived from the following: 0.48 R/hr-Ci 
Iridium-192 at 1 meter. (Ref: American ational Standard 432-1980, "Radiological Safety for the Design 
and Construction of Apparatus for Gamma Radiography."). For Selenium-75 and Yb-169 the maximum 
capacity is based on the content curies contained in the radioactive source(s) . 
2 For shipments of multiple radioisotopes in a single package, the sum of the ratios of the curie quantity of 
each loaded isotope to the maximum allowed curie quantity of that isotope (were that isotope the only 
contents of the package) must be less than or equal to unity. 
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7.1.1.2 Packaging Maintenance and Inspection Prior to Loading 

7.1.1.2.a 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

Instructions for the 855 Shield Container 

Ensure all markings are legible. 

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. 

Ensure the lid eyebolt is straight and undamaged, and that the seal 
gasket is present and intact. 

Ensure that the 3/8 inch cover bolts are present and there is no 
visible signs of damage to bolt heads. After removal of the cover, 
examine the external surfaces of the cover bolts for any signs of 
fatigue cracking or thread damage. The bolts must be replaced 
prior to further transport, if they are no longer fit for use ( e.g., 
threads stripped, unable to fully thread, signs of cracking, etc.). 

Inspect the lock holder assemblies and ensure these are securely 
attached to the container body and that the seal wires on the lock 
holder mechanisms are present and intact. Ensure the lock 
plungers operate from the lock to the open positions using the lock 
plunger key. 

Insert the source check gauge into the source tubes and ensure the 
gauge can be fully inserted, without obstruction, to the mark on the 
source check gauge for all source tubes. 

If the container fails any of the inspections in steps 7 .1. l .2.a.1-6, 
remove the container from use until it can be brought into 
compliance with the Type B certificate. 
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Instructions for the 3056 Shield Container 

1. Ensure all markings are legible. 

2. 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 bracing. Examine the lead and ensure 
the shield pot has not been damaged in a way that significantly 
reduces the container shielding. 

3. Ensure the source tube caps can be fully threaded onto the source 
tubes. 

4. Ensure that the M12 x 1.75 mm retaining nut can be fully threaded 
onto the container threaded rods and secure the lid to the container 
without gaps. Ensure that the Ml O x 20 mm socket head screws 
can be full threaded onto the container. Examine the external 
surfaces of the screws/retaining nut for any signs of fatigue 
cracking or thread damage. The hardware must be replaced prior 
to further transport, if they are no longer fit for use ( e.g., threads 
stripped, unable to fully thread, signs of cracking, etc.). 

5. 

6. 

Insert the source check gauge into the source tubes and ensure the 
gauge can be fully inserted, without obstruction, to the mark on the 
source check gauge for all source tubes. 

If the container fails any of the inspections in steps 7.1.1.2.b.1-5, 
remove the container from use until it can be brought into 
compliance with the Type B certificate. 

7.1.1.2.c Instructions for the 1911 Shield Container 

1. 

2. 

3. 

4. 

Ensure all markings are legible. 

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. 

Ensure the lid eyebolt is undamaged and that it threads freely into 
the shield container lid. 

Ensure that the M8 cover bolts engage in the container threaded 
holes and secure the lid to the container body. Examine the cover 
bolts for any visible signs of damage. After removal of the cover, 
examine the external surfaces of the bolts for any signs of fatigue 
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cracking or thread damage. The cover bolts must be replaced prior 
to further transport, if they are no longer fit for use ( e.g., threads 
stripped, unable to fully thread, signs of cracking, etc.). 

5. Inspect the shield insert plug and ensure that it inserts freely over 
the lower shield insert and allows attachment of the shield 
container lid after insertion. Inspect the lower shield insert and 
ensure that the insert cavity is free of foreign objects, sources and 
obstruction. 

6. If the container fails any of the inspections in steps 7.1.1.2.c.1-5, 
remove the container from use until it can be brought into 
compliance with the Type B certificate. 

7.1.1.2.d Instructions for the Drum and Cork Inserts 

I. 

2. 

3. 

4. 

5. 

Ensure all markings are legible. 

Inspect the drum, lid and lid closure band for signs of significant 
degradation. Ensure all welds are intact, the container is free of 
heavy rust and cracks/damage to the steel. 

Ensure the cork inserts are intact and no damage that would allow 
significant shield container movement during transport. 

Ensure that lid closure band hardware is undamaged (e.g. there is 
no visible signs of damage to bolt/nut). Examine the external 
surfaces of the bolt for any signs of fatigue cracking or thread 
damage. The bolts must be replaced prior to further transport, if it 
is no longer fit for use (e.g. , threads stripped, unable to fully thread, 
signs of cracking, etc.). Ensure the lid closure band can fit around 
the lid and drum when these components are assembled. 

After removal of the drum I id, ensure the four 3/8-16 x % inch long 
lid closure bolts are present and there are no visible signs of 
damage. Examine the external surfaces of the lid bolts for any 
signs of fatigue cracking or thread damage. The bolts must be 
replaced prior to further transport, if they are no longer fit for use 
(e.g., threads stripped, unable to fully thread, signs of cracking, 
etc.). Ensure that the lid bolts can be inserted through the drum 
body sides into the lid closure blocks/floating nuts (as applicable) 
and that the bolts fully thread into the lid closure blocks/floating 
nuts (as applicable). 
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If the container fails any of the inspections in steps 7.1.1.2.d.l-5 , 
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. None of 
the shield configurations for the Model 976 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(s) are secured into place in the storage 
positions in accordance with the following requirements. 
Compliance with the following requirements ensures that the 
sources are securely locked in position before shipment. 

1. Removal and installation of radioactive material contained 
within the shield containers must be performed in a 
shielded cell/enclosure capable of holding the maximum 
isotope capacity of the container, or by using remote 
transfer operations for wire mounted sources. Container 
loading can only be performed by persons specifically 
authorized under an NRC or Agreement State license (or as 
otherwise authorized by an International Regulatory 
Authority). 

All necessary safety precautions and regulations must be 
observed to ensure safe transfer of the radioactive material. 

2. Model 855 Shield Container 

1. Using remote handling techniques, load the source 
assemblies so that they are fully inserted into the 
source tubes with the active end of the source 
assembly inserted first. Once loaded ensure the 
plunger lock(s) are depressed, the key removed and 
the source hold down cap(s) installed. 
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Secure the shield cover to the container using eight 
3/8-16 by % inch long hex head screws. Tighten the 
screws so that no gap exists between the screw 
heads, lid or container. 

3. Model 3056 Shield Container 

1. Using remote handling techniques, load the source 
assemblies so that they are fully inserted into the 
source tubes with the active end of the source 
assembly inserted first. Attach the tube caps over 
the source assemblies by fully threading the caps 
onto the source tubes. Tighten the tube caps by 
light finger pressure only. 

II. Secure the shield cover lid to the container using the 
Ml2 x 1.75 mm retaining nut. Tighten the retaining 
nut so that no gap exists between the retaining nut, 
lid or container. 

4. Model 1911 Shield Container 

1. Identify the shield insert configuration required for 
shielding of the sources to be loaded into the 
container ( contact the manufacturer if unsure on the 
appropriate shield insert configuration for use with 
the special form sources to be transported) and 
confirm that the shield container is configured with 
the proper shield insert ( e.g., depleted uranium, 
tungsten or lead). 

11. Using remote handling techniques, load the 
source(s) within the shield cavity. 

111. Insert the shield plug fully into the shield cavity so 
that the bottom of the shield plug rests on the top of 
the shield insert. 

1v. Secure the shield lid to the container using the four 
M8 x 25 mm long hex head bolts. Tighten the hex 
head bolts so that no gap exists between the bolt, lid 
or container. 
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7 .1.2.1.d 

7.1.2.1.e 

7.1.2.1.f 

Load the shield into the 976 drum and applicable bottom cork 
inserts. See drawings for the applicable cork inserts for the 
specific shield container to be transported in the 976 drum. 

Insert the applicable top cork inserts into the 976 drum. See 
drawings for the applicable cork inserts for the specific shield 
container to be transported in the 976 drum. 

Place the drum lid onto the drum. Insert the four 3/8-16 x % inch 
long lid closure bolts through the drum body sides into the lid 
closure blocks/floating nuts (as applicable). Tighten the lid closure 
bolts so that no gap exists between the bolt and the drum. Secure 
the lid to the drum using the drum lid closure band. 

7.1.3 Preparation for Transport 

7.1.3.1 

7.1.3.2 

7.1.3.3 

Ensure that all conditions of the certificate of compliance are met. 

Perform a contamination wipe of the outside surface of the package and 
ensure removable contamination does not exceed 0.0001 µCi when 
averaged over a wipe area of 300 cm2• 

Survey all exterior surfaces of the package to assure that the radiation level 
does not exceed 200 mR/hr at the surface. Measure the radiation level at 
one meter from all exterior surfaces to assure that the radiation level is less 
than 10 mR/hr. 

7.1.3.4 Ship the container according to the procedure for transporting radioactive 
material as established in 49 CFR 171-178. 

NOTE: The US Department of Transportation, in 49 CFR 173.22(c), requires each 
shipper of Type B quantities of radioactive material to provide prior 
notification to the consignee of the dates of shipment and expected arrival. 

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. 
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7.2.1.2 Upon receipt of a transport package of radioactive material: 

7.2.1.2.a 

7.2.1.2.b 

7.2.1 .2.c 

7.2.1.2.d 

7.2.1.2.e 

7.2.2 Removal of Contents 

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 m.R/hr at a distance 
of 1 meter from the surface. 

Record the actual radiation levels on the receiving report. 

If the radiation levels exceed these limits, secure the 
container in a Restricted Area and notify the appropriate 
personnel in accordance with 10 CFR 20 or applicable 
Agreement State regulations. 

Inspect the outer container for physical damage or leaking. 
If the package is damaged or leaking or it is suspected that 
the package may have leaked or been damaged, restrict 
access to the package. As soon as possible, contact the 
Radiation Safety Office to perform a full assessment of the 
package condition and take necessary follow-up actions. 

Record the radioisotope, activity, model number, and serial 
number of the source and the transport package model 
number and serial number. 

7.2.2.1 Unload the Model 976 in accordance with the applicable licensing 
provisions for the user's facility related to radioactive material handling. 

7.2.2.2 Remove the inner shield container from the Model 976 drum and cork 
inserts. 
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7.2.2.3 Place the shield container in a shielded cell/enclosure capable of holding 
the maximum isotope capacity of this container. (Note: Transfer of 
source wire assemblies for the Model 855 and 3056 style shields may be 
performed outside of shielded cells/enclosures using radiographic controls 
and guide tubes if authorized under the approval of a licensing authority.) 

7.2.2.4 Individual Container Instructions for Unloading 

7.2.2.4.a 

7.2.2.4.b 

7.2.2.4.c 

Model 855 Shield Container 

1. Remove the eight 3/8-16 by % inch long hex head 
cover screws and remove the cover lid from the 
container. 

2. Use remote handling techniques to unload each 
source tube and transfer the source to an alternate, 
shielded storage location. Prior to source transfer, 
remove the source hold down cap and unlock the 
plunger lock on the lock block assembly for the 
source tube to be unloaded. 

3. Repeat Step 7.2.2.4.a.2 for all sources in the shield 
container. 

Model 3056 Shield Container 

1. Remove the Ml2 x 1.75 mm retaining nut from the 
container lid. Remove the MIO screws. 

2. Use remote handling techniques to unload each 
source tube and transfer the source to an alternate, 
shielded storage location. Prior to source transfer, 
remove the source tube cap for the source tube to be 
unloaded. 

3. Repeat Step 7.2.2.4.b.2 for all sources in the shield 
container. 

Model 1911 Shield Container 

1. Install the M 10 eye bolt into the lid. Remove the 
M8 x 25 mm hex head lid screws and remove the 
container lid. 
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Use remote handling techniques to remove the 
shield plug from the container cavity. Remotely 
unload each source and transfer the source to an 
alternate, shielded storage location. 

7.3 Preparation of Empty Package for Transport 

In the following instructions, an empty transport package refers to a Model 976 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 For Model 191 I 

7.3.1.1.a 

7.3.1.1.b 

7.3.1.1.c 

Place the shield container in a shielded cell/enclosure 
capable of holding the maximum isotope capacity of this 
container. Remove the cover. Remove any shield plugs 
used in that shield container and visually inspect the 
container for any source capsules. 

Use remote manipulators, mirrors, and radiation monitors if 
necessary, inspect the container to verify that it is empty. 

Once the shield cavity is determined to be empty, place all 
shield plugs/inserts back into the container and install the 
cover. 

7.3.1.2 For Models 855 and 3056 

7.3.1.2.a 

7.3.1.2.b 

Remove all source tube caps and visually inspect the source 
tubes for the presence of a source assembly. 

For the Model 855, unlock the lock plungers and insert the 
source check gauge into each source tube. If the source 
check gauge cannot be inserted past the indicator mark on 
the gauge, the source tube may not be empty. Contact QSA 
Global, Inc. for further assistance after securing the source 
tube. 
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Once the source tubes are determined to be empty, place all 
shield caps back onto the source tubes. For the Model 855, 
engage the plunger lock assemblies. Install the shield 
container covers on all model containers. 

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 ofremovable 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 976 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 µSv/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 

Persons transporting the Model 976 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 µSv/h is detected on any 
conveyance or equipment surface, then remove the affected item from use 
until decontaminated or decayed to meets these limits. 
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In the event of a transport emergency or accident involving this package, follow 
the guidance contained in "20 16 Emergency Response Guidebook: A Guidebook 
for First Responders During the Initial Phase of a Dangerous Goods/Hazardous 
Materials Incident", or equivalent guidance documentation. 

Reference: "2016 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 New Fabrication 

a. Visually inspect each transport package component to be shipped to assure 
the following: 

1. The transport package was assembled properly to the applicable 
drawing. 

11. Evaluate each shield container for shielding integrity when used in 
the applicable Model 976 Series assembly to ensure the transport 
dose rate requirements are met when the container is loaded to 
capacity. 

111. All fasteners as required by the applicable drawings are properly 
installed and secured. 

1v. 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. 

b. Visual inspections and measurements will be performed in accordance 
with QSA Global, lnc.'s USNRC approved Quality Assurance Program 
No. 0040. 

8.1.1.2 Dedication of Pre-existing Shield Components 

a. Evaluate all 855, 3056, and 1911 shield containers prior to first use in a 
Model 976 Series package to assure the following: 

1. Shield containers comply with the applicable drawing. (This 
evaluation will be performed to assess all components not 
requiring disassembly of the shield container such as external 
construction, overall dimensions, hardware compliance, weld 
integrity, etc. All items critical to safety are specified under the 
QSA Global, Inc. USNRC approved QA Program.) 
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Evaluate each shield container for shielding integrity when used in 
the applicable Model 976 Series assembly to ensure the transport 
dose rate requirements are met when the container is loaded to 
capacity. 

b. 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. 

8.1.3 Structural and Pressure Tests 

Prior to first use as part of a 976 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 decrease 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 IS09978: l 992(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. 



Safety Analysis Report for the Model 976 Series Transport Package 

QSA Global lnc. 
Burlington, Massachusetts 

8.1.6 Shielding Tests 

March 2018 - Revision 9 
Page 8-3 

The radiation levels at the surface of the transport package and at 1 meter from the 
surface are evaluated prior to first transport. In the case of the Model 976A 
container (which uses the 855 inner shield assembly), these surveys were 
performed in a low background area and involved a slow scan survey of the entire 
surface area as well as one meter from the surface of the 855 inner shield 
container. In the case of the Model 976C and 976F packages, these surveys are 
performed in a low background area and involved a slow scan survey of the 
dedicated 3056 or 1911 inside its respective Model 976 style drum/cork assembly. 
Survey measurements are taken at the surface and one meter from the surface of 
the Model 976 style drum/cork assembly with the appropriate 3056 or 1911 
container inside the package. This survey is used to identify any significant void 
volumes or shield porosity which could prevent the finished Type B(U) transport 
package, from complying with the dose limits in 10 CFR 71.4 7. 

The radiation profile survey is made with the radiation detector housing in contact 
with the surface of the device/package (as applicable). The maximum radiation 
levels, when extrapolated to the rated capacity of the transport package, can not 
exceed 200 mR/hr at the surface, nor 10 mR/hr at 1 meter from the surface of the 
transport package. 

Failure of this radiation profile tests for any assembly identifies the potential of 
significant shielding porosity which causes the rejection of the inner shield 
container. Inner shield containers which do not comply with the construction 
requirements on its respective drawing (e.g., R85590, R3056 or Rl 911) or any 
inner shield container which does not comply with the radiation profile 
requirements described in this section are not distributed and are therefore 
prevented from use as part of a Model 976 series Type B(U) package. 

8.1.7 Thermal Tests 

Not applicable. The source content of the Model 976 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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Not applicable. Material certification is obtained for Safety Class A components 
used in the transport package prior to their initial use. Based on the construction 
of the design, no additional structural testing during the life of the package is 
necessary if the container shows no signs of defect when prepared for shipment in 
accordance with the requirements of Section 7 of the SAR. The 976 Series 
packaging system is not designed to require increased or decrease 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 source J-tubes of the Model 855 and 3056 
shields whenever the shield is returned to the manufacturer (typically the shield is 
shipped to a customer with new sources and 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 976 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 7 l. l 7(b) are provided in Section 7. 

8.3 Appendix 

Not applicable. 
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All component fabrication (including assembly) is controlled under the QSA Global, Inc. 
Quality Assurance program approved by the USNRC (approval number 0040) and ISO 
9001 . 

9.2 Canada Quality Assurance Program Requirements 

Not applicable. This package is originally submitted for certification in the United States 
and complies with the criteria in Section 9 .1. 




