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ABSTRACT 

Three prototypes the ORNL-SFC-W-1 special form capsules (SFCs) of the same design were evaluated to 
determine if the requirements of Title 49, Code of Federal Regulations (CFR), Part 173.469, Tests for 
Special Form Class 7 (Radioactive) Materials, were met. The results of the special form tests are 
documented in this test report. 

This report describes the special form testing activities performed on the three ORNL-SFC-W-1 capsules. 
The test units were designated as TU-1, TU-2 and TU-3. TU-1 was subjected to leak testing, impact 
testing and percussion testing. TU-1 was leak tested using the leak rate test specified in 49 CFR 
173.469(a)(4)(i). The impact test was conducted according to the requirements in 49 CFR 173.469 (b)(1). 
The percussion test that was carried out on TU-1 was conducted in accordance with 49 CFR 173.469 
(b)(2). Both TU-2 and TU-3 were subjected to a leak rate test as specified in 173.469(a)(4)(i) and a heat 
test as specified in 49 CFR 173.469(b)(4). Each test unit was leak tested before and after these respective 
tests.  

The leak rate tests performed were helium back-pressure tests and bubble tests as specified in American 
National Standards Institute (ANSI) N14.5-2014.The measured leak rates were converted to standard 
condition leak rates as specified in American Society for Testing and Measurement (ASTM) E 493. The 
determined standardized leak rates obtained from the test and the calculations for all the test units met the 
requirements for special form certification.  

The testing was performed under the direction of the Oak Ridge National Laboratory (ORNL) Package 
Testing Program (PTP). 

1. INTRODUCTION 

This test report describes the special form testing activities for the ORNL-SFC-W-1 special form capsules 
(SFCs) tested to demonstrate compliance with the requirements of Title 49, Code of Federal Regulations 
(CFR), Part 173.469, Tests for Special Form Class 7 (radioactive) materials.  

 
All testing was performed under the Oak Ridge National Laboratory (ORNL) Package Testing Program 
(PTP) quality assurance plan outlined in NTRC-PRF-QAP-001, Rev. 3, “Quality Assurance Plan for the 
Package Testing Program.” 

 
The empty weight of the sealed capsule is 0.42 kg. (0.92 lb), and the volume of the metal of the empty 
capsule is 51.6 cm3 (3.15 in3). The interior volume of the empty capsule is 102.0 cm3 (6.20 in3). 
 
Figure 1-1 illustrates the ORNL-SFC-W-1 SFC. The test specimens, which are designated as TU-1, TU-
2 and TU-3, were fabricated for testing purposes. One specimen (TU-1) had a stainless steel round bar 
1-inch in diameter and 2 inches long as a surrogate inner container (content) for percussive testing. This 
bar is a conservative representation of the mass for the inner containers of all three specimens. The bar 
weighs 0.21 kg (0.46 lb). The total weight of TU-1, with surrogate inner container included, is 1.38 lb 
(0.63 kg). The volume of the TU-1 surrogate is 25.7 cm3 (1.57 in3). The internal void volume of TU-1, 
with surrogate, is 75.9 cm3 (4.63 in3). The other two specimens will each encapsulate an inner container 
having nonradioactive surrogate solid material within, which will be used to simulate Class 7 radioactive 
material. TU-2 has a nonradioactive surrogate (ZrO(NO3)2) for thorium oxide inside a stainless-steel inner 
container. TU-3 has a nonradioactive surrogate (La(NO3)3) for actinium nitrate inside a Zircalloy 
container. The internal void volume of TU-2 and TU-3, with the inner container, is 81.1 cm3 (4.95 in3). 
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Figure 1-1. Top view of the ORNL-SFC-W-1 SFC. 
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All test units were tested for leak tightness (leak test) before and after each test outlined in the test plan, 
“Test Plan for the Special Form Qualification Testing of the Mark 42 Pu Powder Special Form Capsule” 
(ORNL/NTRC-084). The testing requirements for each test unit are described below. 
 
Specimen TU-1 was subjected to leak testing, impact testing, and percussion testing. After each specified 
test, a leak test of the specimen was performed. See Table 1.1 for the TU-1 test sequence.  
 

Leak Test - 49 CFR 173.469 (a)(4)(i): The leak test performed was to demonstrate a leak tightness of  
10-4 torr-1/s (1.3 × 10-4 atm-cm3/s) based on air at 25°C (77°F) and one atmosphere differential for 
solid radioactive content. 

Impact Test - 49 CFR 173.469 (b)(1): The specimen was dropped onto a target from a height of 9 m 
(30 ft) or greater. This target met the requirement specified in Sec. 173.465(c)(5). According to 49 
CFR 173.469 (a)(2), the specimen may not break or shatter when subjected to the impact test.  
 
Percussion Test - 49 CFR 173.469 (b)(2)(i). The specimen was placed on a sheet of lead that was 
supported by a smooth solid surface and was struck by the flat face of a steel billet so as to produce 
an impact equivalent to that resulting from a free drop of 1.4 kg (3 lb) through 1 m (3.3 ft). 

(ii) The flat face of the billet was 2.5 cm (1 in.) in diameter, with the edges rounded off to a 
radius of 3 mm ±0.3 mm (0.12 in. ±0.012 in.). 
 
(iii) The lead had a hardness number with values within the range of 3.5 to 4.5 on the Vickers 
scale and a thickness of 2.5 cm (1 in.) or greater, and it covered an area greater than that covered 
by the specimen. 
 
(iv) The specimen was placed on a fresh surface of lead for the impact test. 
 
(v) The billet struck the specimen so as to cause maximum damage.  

  
49 CFR 173.469 (a)(2) specifies that the specimen may not break or shatter when subjected to 
the percussion test.  

 
Specimens TU-2 and TU-3 were subjected to leak testing and heat testing. Leak tests of TU-2 and TU-3 
were performed before and after the heat tests per the criteria described in 49 CFR 173.469 (b)(4). See 
Table 1.1 and Table 1.2 for the TU-2 and TU-3 test sequences.  
 
The ORNL-SFC-W-1 SFC was fabricated from an ASTM A511/A269 stainless-steel liner (body) – a 
right cylinder with an outside diameter of 2 in. and wall thickness of 0.065 in. welded at the top and 
bottom to plugs made from 304L/304 stainless-steel bar. Details of the dimensions can be found in 
APPENDIX A, Figure 1-1, and Figure 1-2. The isometric view of the test unit is shown in Figure 1-3 with 
sample identification markings. 
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Figure 1-2. Side assembly view. 

 

 
Figure 1-3. ORNL-SFC-W-1 SFC test unit. 

1.1 DESCRIPTION OF QUALITY ASSURANCE ACTIVITIES 

The ORNL Quality Assurance Program Description (QAPD) addresses the criteria requirements 
identified in DOE Order 414.1D, Quality Assurance, and 10 CFR 830.122, Quality Assurance Criteria. 
Quality principles and methodologies are integrated and flowed down by management systems within the 
ORNL Standards Based Management System (SBMS).  
 
ORNL’s PTP Quality Assurance Program is under the direction of the Reactor and Nuclear Systems 
Division. All testing performed by the PTP is conducted under the PTP Quality Assurance Program Plan, 
PTP-QA-001/NTRC-PRF-QAP-001, Rev. 3., Integrated Document Management System ID 018050.  

49 CFR 173.469, “Special Form Performance Testing,” is documented by ORNL’s test plan, Test Plan 
for the Special Form Qualification Testing of the Mark 42 Pu Powder Special Form Capsule 
(ORNL/NTRC-084, Rev.0, available upon request).  

The safety aspects of the activities described in this test plan are controlled by ORNL’s Research Hazard 
Assessment and Control (RHAC) Research Safety Summary (RSS), General Use and Package Testing 
Activities Conducted in the NTRC Packaging Research Facility (1082).  
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1.2 ORNL-SFC-W-1 SFC TEST MATRIX 

All three specimens were tested following the sequence listed in Table 1.1 and Table 1.2. 

Table 1.1. Sequence of tests and processes for the ORNL-SFC-W-1 SFC TU-1 

Sequence Test title Reference / 
Acceptance 

Procedures or test 
forms(s) 

Comments 

1 Leak test 49 CFR 
173.469(a)(4)(i) 

NDE-70 Rev.7 10-4 torr-1/s (1.3 × 10-4 atm-cm3/s) 
based on air at 25°C (77°F) and one 
atmosphere differential pressure for 
solid radioactive content. 

2 Impact test  49 CFR 
173.469 (b)(1) 

PTP-PRF-10, Rev. 5 
Procedure Checklist and 
PTP-PRF-10, Rev. 5 
Data Sheet 

Drop from a height of 9 m (30 ft) or 
greater.  
Vertical top down. 

3 Leak test 49 CFR 
173.469(a)(4)(i) 

NDE-70 Rev.7 10-4 torr-1/s (1.3 × 10-4 atm-cm3/s) 
based on air at 25°C (77°F) and one 
atmosphere differential pressure for 
solid radioactive content. 

4 Percussion 
test 

49 CFR 
173.469 (b)(2) 

NTRC/ORNL-084 Rev. 0 
Test Form 1 

Free drop of 1.4 kg (3 pounds) 
through 1 m (3.3 ft). Vertical top up. 

5 Leak test 49 CFR 
173.469(a)(4)(i) 

NDE-70 Rev.7 10-4 torr-1/s (1.3 × 10-4 atm-cm3/s) 
based on air at 25°C (77°F) and one 
atmosphere differential pressure for 
solid radioactive content. 

 

 

Table 1.2. Sequence of tests and processes for the ORNL-SFC-W-1 SFC TU-2 and TU-3 

Sequence Test title Reference Procedures or test 
forms(s) 

Comments 

1 Leak test 49 CFR 
173.469(a)(4)(i) 

NDE-70 Rev.7 10-4 torr-1/s (1.3 × 10-4 atm-cm3/s) 
based on air at 25°C (77°F) and one 
atmosphere differential pressure for 
solid radioactive content. 

2 Heat test 49 CFR 469(b)(4) NTRC/ORNL-084 
Rev. 0 
Test Form 2 
Test Form 3 
Test Form 4 

ORNL-SFC-W-1 SFC held above 
825°C (1517 °F) for 10 min See 
Figure 3-6 
 
See APPENDIX B 

3 Leak test 49 CFR 
173.469(a)(4)(i) 

NDE-70 Rev.7 10-4 torr-1/s (1.3 × 10-4 atm-cm3/s) 
based on air at 25°C (77°F) and one 
atmosphere differential pressure for 
solid radioactive content. 
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1.3 TEST DATA RECORDS 

This report documents the tests performed and measurements observed from the ORNL-SFC-W-1 SFC 
testing. The general data types for these tests are (1) manually derived measurements and observations, 
(2) digital still photography, and (3) video recording of the drop and percussion tests. 

The primary recording media for each of the general types of data are (1) procedure checklists, data sheets 
and test forms for data, measurements, and observations; (2) computer files (JPG format) of the digital 
photography; and (3) computer files (MPG format) of the video recordings. 

The completed data sheets and procedure checklists have been scanned into a digital format and are 
available upon request. Photographs are presented in the main body of this document as appropriate. 

1.4 DEVIATIONS FROM THE TEST PLAN 

Per the test plan (ORNL/NTRC-084), 3 test units were subjected to the pre-testing leak test. TU-1 was later tested as 
originally specified in the test plan (see Table 1.1). TU-2 and TU-3 were tested as specified in the original test plan 
(see Table 1.2). There was no deviation from the original test plan. 

 

2. PRE-TEST ACTIVITIES 

The test units were delivered in a ready-to-test condition, so there were no specific pretest activities. 

 

3. SPECIAL FORM TESTS 

Calibrated equipment was used when required. Calibration controls were per PTP-QA-13, Control of 
Measuring and Test Equipment. The test equipment calibration IDs and calibration due dates were 
recorded on the test data sheets as applicable. 
 
Test Equipment: 
 
Drop pad: The-outdoor drop pad facility located at the NTRC was used for the impact test. This drop pad 
facility consists of a massive steel plate set on top of rebar and concrete. The mass of the outdoor drop 
pad has a steel impact surface and mass in excess of 140 tons. The documentation of the pad construction 
and suitability for use is provided in Design and Certification of Targets for Drop Testing at the NTRC 
Package Research Facility Rev. 0, May 2003 (ORNL/NTRC-001).  
 
Billet: The billet for the percussion test is made of 1-inch diameter steel according to the requirements 
stated in 49 CFR 173.469(b)(2). The diameter and weight of the billet were verified and recorded in the 
test record forms (see Appendix B) before testing using a calibrated caliper and scale. The billet has a 
threaded hole at one end into which a screw-eye is attached for rigging purposes. 
 
Platform scale: A Mettler-Toledo scale (property number A000593, model number XP32001LDR, serial 
number 1129350702) was used to measure the mass of the percussion billet.  
 
30 ft plumb bob: The 9 m (30 ft) measurement wire was used to establish the height of the test unit for 
the impact test. Its length was verified to be in excess of 30 ft before the tests using a calibrated tape 
measure.  
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1 m aluminum rod: The 1 m aluminum rod (property number A001146) was used to verify the minimum 
height of the test unit above the impact surface (lead sheet) prior to the percussion test. This rod’s 
calibration is current until 6/30/2021. 
 
Rigging: All standard rigging used includes a current inspection sticker. 
 
Helium leak test: Helium leak test and pressure test equipment were provided by the ORNL Level III 
leak test and ORNL Facilities and Operations personnel. Calibrated leaks were used to calibrate leak test 
equipment as part of the leak test procedure. 
 

Furnace: The furnace used for the heat test was located in the ORNL High Bay Core Facility, Room 131, 
Bldg. 4508. The furnace used was a RAD-O-GLOW Global Furnace (Model #RG-3010G-2, Serial No. 
R2-717, ORNL property number X183717), as shown in Figure 3-4. The furnace controller thermocouple 
was calibrated prior to testing. The calibration record was recorded in the test form.  

 
Thermocouple data system: The thermal data system used was the PTP Compact Data Acquisition 
(cDAQ) system (property number M303131). Furnace temperature readings were automatically recorded 
every 5 seconds. The calibration records of the cDAQ thermal data system and thermocouples were 
recorded on the test forms, and copies are included in the APPENDIX F.  
 

3.1 9 m (30 ft) IMPACT TEST 

The impact test was performed using the outdoor drop pad at the NTRC north parking lot next to L110. 
This test was performed according to Procedure PTP-PRF-10, Rev. 6, dated 1-31-19.  
 
TU-1 was raised to a minimum height of 9m (30ft) using a man lift. A drop test fixture was used to set the 
drop orientation of the capsule (see Figure 3-1). The drop orientation of TU-1 was vertical top down, as 
stated in the test plan. Engineering judgement was used to choose the vertical top down orientation, which 
will cause direct damage to the threaded joint between the lid and body of the test unit. This joint is the 
most vulnerable feature of the design for the impact test. This orientation ensures that the impact causes 
maximum damage to the test unit. The test unit was released and allowed to free fall and impact onto the 
outdoor NTRC drop pad. The impact resulted in minor scuff marks on the impact area of the capsule. The 
capsule met the acceptance criteria of not shattering or breaking as a result of the impact.  
 
After the 30-ft impact test, TU-1 was subjected to a leak test using 49 CFR 173.469 (a)(4)(i). Results of 
this leak test are documented in the leak rate test procedure in Section 3.3.  

After a successful leak rate test, TU-1 was subjected to a percussion test per the test plan. This test was 
performed on the indoor drop pad at the NTRC, room L110. The procedure (ORNL/NTRC-084) for the 
percussion test can be found in the approved test plan. The setup was as shown in Figure 3-2. 
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Figure 3-1. TU-1 9 m (30 ft) impact test. 

 
 

 

 

 

 

 

 

 
 

 
 
 
 

 
 
 

(a)                                                                                   (b) 
Figure 3-2. Percussion test setup. 

When released, the billet impacted TU-1 squarely on the top surface of the capsule. There was no 
discernible deformation or damage to the capsule as a result of the percussion test, though there was an 
impact scuff mark. Figure 3-3 photos show TU-1 before and after the percussion test.  

Man-lift at 30 ft height 
determined using the plum bob 

Drop apparatus set up, 
horizontal level within 2° 

TU-1 impact point 
and imprint on pad 
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Figure 3-3. Before and after percussion test of TU-1 (note billet impact point above letter “T”). 

After the percussion test, TU-1 was subjected to a leak test according to the test plan using 49 CFR 
173.469 (a)(4)(i). Results of this leakage test are documented in the leak rate test procedure in Section 
3.3. 

3.2 HEAT TEST  

The 49 CFR 173.469(b)(4) heat test was performed on TU-2 and TU-3. This heat test was performed in 
ORNL Bldg. 4508 in accordance with the test procedure detailed in the test plan (ORNL/NTRC-084 Rev. 
0). The results are recorded on Test Forms 2, 3, and 4 in Appendix B of this test report.  

The safety aspects of activities for this heat test are controlled by ORNL Research Hazard Analysis and 
Control System (RHACS) RSS 336.22, Materials Processing/Refining at Bldg. 4508. The furnace used 
was a RAD-O-GLOW Global Furnace (Model #RG-3010G-2, Serial No. R2-717, ORNL property 
number X183717), as shown in Figure 3-4.  

The furnace has a temperature range of 648.89 – 1537.78 °C (1,200 - 2,800 °F). The furnace has two 
calibrated controllers: over-temp and temp control. Two calibrated (calibration date: 11-12-2018) Type K 
thermocouples (TCs) (ID: Delta M. Corp Type K) were inserted into the furnace—one at the top of the 
furnace to the center, and the other through the front of the furnace. These thermocouples were then 
connected to an ORNL-developed thermal data acquisition system (cDAQ model # M303131 calibration 
due date: 11-12-2019) shown in Figure 3-5. 

 

 

 

 

 

 

 

 

Figure 3-4. The RAD-O-GLOW furnace used for ORNL-SFC-W-1 capsules thermal test. 

 
The PTP computer-based thermal monitoring system was used to monitor the furnace environment during 
the test. This system provides 48 data channels that can be continuously logged to a data file (Figure 3-5); 

Furnace 
Furnace controllers 



 

 20 

only two of these channels were used as specified in the test plan. The TCs were then connected to the 
PTP DAQ, which transferred temperature data to the laptop via an ethernet cable. During the test runs, the 
system was set to log data every 5 seconds from each data channel. The TCs used for TU-2 and TU-3 
thermal testing were calibrated 0.062-inch diameter Type K TCs that were 50 ft in length. These 
lightweight TCs provided a very rapid response to changes in temperature, which in turn provided a very 
accurate picture of the furnace and test unit thermal behavior. 

 
 

 

 

 

 

 

 
Figure 3-5. ORNL cDAQ system. 

The furnace was preheated to a temperature above 850°C (1562 °F) for three hours. After a three-hour 
heat soaking period at a constant temperature above 850°C (1562 °F), the furnace door was opened, and 
TU-2 was inserted into the furnace cavity. The furnace door was closed, and when both TCs reached a 
furnace reading above 825°C (1517 °F), the 10-minute thermal test was started (Figure 3-6). TC1 was at 
the center of the furnace, and TC2 was near the front door. The DAQ system provided continuous 
monitoring of the temperature profile, as shown in Figure 3-6. The temperature profile represents four 
distinct activities: (1) the furnace pre-heat period, (2) the TU-2 heating period, (3) another pre-heat period 
between TU-2 extraction and TU-3 insertion, and (4) the TU-3 insertion period. After a 10-minute period, 
the door was opened, and TU-2 was removed from the furnace and allowed to cool naturally. TU-3 was 
inserted into the furnace after the furnace temperature had been allowed to reach a temperature greater 
825°C (1517 °F). The furnace door was closed, and when both TCs reached a furnace reading above 
825°C (1517 °F), the 10-minute thermal test for TU-3 was started. Figure 3-7 and Figure 3-8 show the 
units before and after the heat tests. After the thermal tests, the test units were subjected to the helium 
leak test and the bubble test.  

 
 
 
 
 
 
 
 
 
 
Figure 3-6. TUs were carefully loaded into the furnace. 
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Figure 3-7. Pre-heat and heat test temperature profile. 

 
 
 
 
 
 

 
 

 

 

 

 

 
 

 

 

 

Figure 3-8. TU-2 and TU-3 post-heat test results. 
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3.3 LEAK RATE TESTING 

3.3.1 Evacuated Envelope (with Back Pressurization) 

Leak rate tests that met the test requirements of 49 CFR 173.469 (a)(4)(i) were performed individually on 
each test unit before and after each special form test. The leak rate tests were performed according to 
ANSI N14.5-2014 American National Standard for Radioactive Materials – Leakage Tests on Packages 
for Shipment, Table A.1, Test Description A.5.5, “Evacuated Envelope (with back pressurization)” and 
Test Description A.5.6 “Gas bubble techniques.” The ANSI document states that the back-pressure 
method  
“. . . is ideal for welded capsules from very small sizes up to the sizes limited by the dimensions of the 
pressurizing chamber,” and that the “nominal test sensitivity = 10-3- 10-8 ref-cm/s” and the bubble test 
method are used for hermetically sealed test specimens.  

Section A.5.5 of ANSI N14.5-1997, Evacuated Envelope with Helium Back Pressure references ASTM 
E 493, Standard Test Methods for Leaks Using the Mass Spectrometer Leak Detector in the Inside-Out 
Testing Mode. This standard provides the method for converting a measured leak rate using the evacuated 
envelope with the helium back-pressure method into the standardized leak rate that must be compared to 
the pass/fail criteria specified in 49 CFR 173.469(a)(4)(i), which is 10-4 torr-l/s (1.3 × 10-4 atm-cm3/s). 

The equation provided in Section 11.1.9 of ASTM E493 is as follows: 

Sl = (Pe/Pa) × (1- e(-3600*a*T)) * (e(-a*t)) × L (1) 

where: 

Sl  = indicated (measured) leak rate (cc/s), 
Pe = bombing pressure of helium (absolute), 
Pa = atmospheric pressure (absolute), 
T  = bombing time (hours), 
t = waiting time between bombing and testing (s), 
L  = actual (standardized) leak rate (atm-cc/s), 
a = L/V (where V = internal volume), and 
e  = 2.71 (natural logarithm). 

 

Since Sl is being measured and the objective is to solve for L, an iterative solver is required to find the 
solution. The equation was solved using Microsoft Excel. Note that the ASTM standard uses the term 
bombing, while the ANSI standard uses the term back-pressure. These terms are synonymous and are 
used interchangeably in this report. 

TU-1, TU-2, and TU-3 were leak tested at ORNL by certified American Society for Nondestructive 
Testing (ASNT) Level II and Level III nondestructive testing (NDT) leak testing personnel using the 
NDE-70 R.7 procedure. See Appendixes D and E for documentation of leak tester certifications and the 
leak testing procedure. The test units were leak tested before and after each special form test. The test 
apparatuses used for these tests employed a spectrometer tuned to detect helium, a calibrated helium leak 
to calibrate the system, and two separate vessels—one vessel for helium back pressurization, and another 
vessel for the subsequent helium leakage rate testing under vacuum conditions. Figure 3-9 provides a 
schematic of the system used for helium back pressurization, and Figure 3-10 shows a schematic of the 
system used for the helium leakage rate test. Leak rate test variables and results for TU-1, TU-2 and TU-3 
are shown in Table 3.1. A temperature correlation was performed to determine the measured leak rate at 
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25°C (77 °F), and per the requirement, the standardized leak test result was less than the 1.0 × 10-4 
requirement for all the test units. 

 

 
 

Figure 3-9. Diagram of helium back pressurization test. 

 

 
Figure 3-10. Diagram of helium leak testing system. 

3.3.2 Gas Bubble Techniques 

The gas bubble test was performed using the methods described in ANSI N14.5-2014, American National 
Standard for Radioactive Materials – Leakage Tests on Packages for Shipment, Table A.1, Test 
Description A.5.6 (b), “Vacuum Bubble.” The method involves immersing the test unit in a liquid and 
then producing a vacuum above the liquid (e.g., water/glycol or isopropyl alcohol) in which the test item 
is submerged (see Figure 3-11). A leak is indicated by a stream of bubbles. This method applies to welded 
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capsules. The nominal test sensitivity is 10-3 ref-cm3/s (10-4 Pa-m3/s). Test units TU-1, TU-2 and TU-3 
were bubble tested, and the results are presented in Table 3.2. See Appendixes D and E for documentation 
of leak tester certification and the leak testing procedure. While the sensitivity of the bubble test does not 
meet the minimum leak rate per 49 CFR 173.469 4(i), this test is needed because it is possible that a leak 
area is large enough that the helium inside the component may have evacuated out before the test unit is 
placed in the vacuum chamber for helium detection.  

 
Figure 3-11. Vacuum bubble test. 

 
Table 3.1. Leak rate test variables and results for TU-1, TU-2 and TU-3 

        

Parameter 

Test unit 

TU-1 TU-2 TU-3 

Test 1 Test 2 Test 3 Test 1 Test 2 Test 1 Test 2 

Void space –  
V (cc) 75.9 75.9 75.9 81.2 81.1 81.2 81.1 

Bombing pressure –  
Pe (psig) 30 30 30 30 30 30 30 

Atmospheric pressure –  
Pa (psia) 14.69 14.69 14.69 14.69 14.69 14.69 14.69 

Bombing time – T (hr) 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Time between bombing and testing –  
t (s) <3,600 <3,600 <3,600 <3,600 <3,600 <3,600 <3,600 

Measured leak rate (cc/s) –  
Sl (atm-cc He/s) <5.0×10-7 <5.0×10-7 <5.0×10-7 <5.0×10-7 <5.0×10-7 <5.0×10-7 <5.0×10-7 

a = L/V (s-1) 1.56×10-6 1.56×10-6 1.56×10-6 1.50×10-6 1.50×10-6 1.50×10-6 1.50×10-6 

Standardized leak rate –  
L (atm-cc He/s) <1.18×10-4 <1.18×10-4 <1.18×10-4 <1.22×10-4 <1.22×10-4 <1.22×10-4 <1.22×10-4 

Allowable leak rate –  
(atm-cc He/s) <1.3×10-4 <1.3×10-4 <1.3×10-4 <1.3×10-4 <1.3×10-4 <1.3×10-4 <1.3×10-4 

Table 3.2. Bubble test results for TU-1, TU-2 and TU-3 

Parameter 

Test unit 
TU-1 TU-2 TU-3 

Test 1 Test 2 Test 3 Test 1 Test 2 Test 1 Test 2 

Bubble test pass/fail pass pass pass pass pass pass pass 
 



 

 25 

4. CONCLUSION 

Three prototype ORNL-SFC-W-1 SFCs were subjected to the tests specified in 49 CFR 173.469. All the 
units were subjected to a pretest leak test. One unit was subjected to the impact test followed by a leak 
rate test and a percussion test, followed by another leak test. The other two units were subjected to the 
heat test followed by a leak rate test. Each unit met the leak rate criteria of 1.3 × 10-4 atm-cm3/s following 
each test. None of the test specimens broke or were shattered when subjected to the impact and percussion 
tests, and the specimens did not melt or disperse when subjected to the heat test. This testing process has 
shown that the design of the ORNL-SFC-W-1 SFC meets special form criteria per 49 CFR 173.469 and 
International Atomic Energy Agency (IAEA) special form requirements. 

The ORNL-SFC-W-1 capsules welds (see APPENDIX C) were also examined after the completion of 
series of tests described above. 



 

 

 

 



 

 

APPENDIX A. ORNL-SFC-W-1 SPECIAL FORM CAPSULE DRAWINGS 

 
 

Please note that the capsule named “Mark 42 Pu” in the test records was renamed “ORNL-SFC-W-1” at 
the time of report writing. 
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Figure A.4-1. ORNL-SFC-W-1 special form capsule engineering drawing. 



 

 

 

 



 

 

APPENDIX B. TEST FORMS FOR ORNL-SFC-W-1 SPECIAL FORM 
CAPSULE 

 
 
Please note that the capsule named “Mark 42 Pu” in the test records was renamed “ORNL-SFC-W-1” at 

the time of report writing. 
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APPENDIX C. WELD INSPECTION REPORT 
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APPENDIX D. LEAK TEST NDT EXAMINER TECHNICIAN 
CERTIFICATION 
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APPENDIX E. LEAK TESTING PROCEDURE 

ORNL Leak Test Procedure (NDE-70 R.7) IS not available for public release.  
  



 

 

 



 

 

APPENDIX F. CALIBRATION RECORDS 

  



 

 

 



 

F-3 

 
 
 



 

F-4 

 



 

F-5 

 
 



 

F-6 

 
 



 

F-7 

 
 



 

F-8 

 
 



 

F-9 

 
 



 

F-10 

 
 



 

F-11 

 
 



 

F-12 

 
 



 

F-13 

 
 



 

F-14 

 



 

F-15 

 
 



 

F-16 

 
 



 

F-17 

 
 



 

F-18 

 



 

F-19 

 
 
 
 
 



 

F-20 

 
 
 
 



 

F-21 

 
 
 



 

F-22 

 
 
 



 

F-23 

 



 

F-24 

 



 

F-25 

 



 

F-26 

 



 

F-27 

 



 

F-28 

 
 
 



 

F-29 

 
 
 



 

F-30 

 
 
 



 

F-31 

 
 



 

 

 


	REVISION LOG
	APPROVALS
	CONTENTS
	FIGURES
	TABLES
	ACRONYMS AND ABBREVIATIONS
	ABSTRACT
	1. INTRODUCTION
	1.1 DESCRIPTION OF QUALITY ASSURANCE ACTIVITIES
	1.2 ORNL-SFC-W-1 SFC TEST MATRIX
	1.3 TEST DATA RECORDS
	1.4 DEVIATIONS FROM THE TEST PLAN

	2. PRE-TEST ACTIVITIES
	3. SPECIAL FORM TESTS
	3.1 9 m (30 ft) IMPACT TEST
	3.2 HEAT TEST
	3.3 LEAK RATE TESTING
	3.3.1 Evacuated Envelope (with Back Pressurization)
	3.3.2 Gas Bubble Techniques


	4. CONCLUSION
	APPENDIX A. ORNL-SFC-W-1 SPECIAL FORM CAPSULE DRAWINGS
	APPENDIX B. TEST FORMS FOR ORNL-SFC-W-1 SPECIAL FORM CAPSULE
	APPENDIX C. WELD INSPECTION REPORT
	APPENDIX D. LEAK TEST NDT EXAMINER TECHNICIAN CERTIFICATION
	APPENDIX E. LEAK TESTING PROCEDURE
	APPENDIX F. CALIBRATION RECORDS


		2020-11-18T14:44:34-0500
	Abiodun Adeniyi


		2020-11-18T15:40:59-0500
	Oscar A. Martinez, Ph.D.


		2020-11-23T11:12:11-0500
	Michael B. Houston


		2020-11-23T11:32:49-0500
	Rose Montgomery




