A

» Los Alamos

NATIONAL LABORATORY To/MS: Cristy Abeyta, OSRP TL, MS: JSSZW
43 ——————— From/MS: J. Andrew Tompkins, Vance Contractor ¢/o OS

The World’s G S g America

Phone/Fax: 770-517-4320, 505-699-0809

Memor andum Symbol: N3-2012-054
Date:  March 5, 2012
Nuclear Nonproliferation Division

International Threat Reduction Group N3
Off-Site Source Recovery (OSR) Project

SUBJECT: MRC Model 24110 Special Form Self-Certification

SCOPE

The purpose of this memo is to characterize Monsanto Research Corporation Model 24110 sealed sources
as US DOT Special Form Radioactive material, with the goal of achieving interim storage at TA-54 and
final disposition at WIPP.

BACKGROUND

In 1972 Monsanto Research Corp. was requested to fabricate an AmBe neutron source of 5 Ci nominal
activity for McCullough Services. Although the special form character of these sources was analyzed by
Dr. Ed Janzow, these sources were never intended for export and thus a US DOT COCA was never issued
for this model.

SPECIAL FORM DOCUMENTATION

One document we have for the special form analysis used by MRC is the mark up of the MRC order
form' . In this document Dr. Ed Janzow compares the model 24110 source to 5 other MRC neutron
source. Using the method of similarity Dr. Janzow compares the size and weight of the neutron sources.
(See Table 1).

MRC models 2722-A, 2724-A, and 2728-A (2720 series) were fully tested and found to be special form
radioactive material (COCA USA/0043/S, expires 5/31/2012). Models 24112 and 24120 were analyzed
by the method of similarity and found to be special form radioactive material (COCA USA/0119/S &
USA/0120/S, exp 1983).

The model 24110 can be compared dimensionally to the other 5 approved special form sources using
Table 1. Note that the materials of construction, primarily 304 SS, are identical or of similar strength for
all of the sources discussed. The issue is how similar to the other sources is the model 241107 A
dimensional analysis of a group of neutron sources, all of which have or had a US DOT COCA for use as
special form radioactive material, will allow an unbiased comparison of the attributes of these sealed
sources to those of the model 24110 source.

WEIGHT

The weight of the model 24110 is bracketed by that of the models 24112 and 24120, and is lower mid
range for the 2720 series sources. This weight is important in quantifying how much energy is dissipated
by the 9 m impact test. Lower weight means less energy to be dissipated as the source impacts an
immovable object after a 9 m fall.

! MRC Engineered Products Division Order no. 1024-5.
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OUTSIDE DIAMETER (0.D.)
The OD of the model 24110 inner and outer claddings is identical to that of the models 24112 and 24120.
Further the OD is mid range for the 2720 series neutron sources.

OVERALL LENGTH (O.L.)

The OL is bracketed by that of the 2720 series neutron sources. While the OL is not bracketed by the
models 24112 and 24120, it is only 0.043 in. greater than the model 24120 source. This difference
represents a 1% increase over the model 24120 and does not represent a significant change in this non
critical dimension. Recall that the Special Form test requirements for sealed sources have a rule for
determining when additional testing is required due to sources being long and slender. The requirement is
that if the length to diameter ratio (L/D) is greater than 10, them a bending test is required. The L/D of the
model 24110 is 4.0. The L/D of the model 24120 is 3.9, a 1% difference and less than the value of 10
which would require additional testing.

WALL THICKNESS (W)

The cladding wall thickness of a neutron source is a key dimension for evaluation of the strength and
durability of a sealed source. The greater the wall thickness of the source the greater the source physical
integrity. The model 24110 has an inner cladding thickness of 0.067 in., which is 0.007 in. greater than
the largest source in this comparison, and 0.019 in. greater than the model 24120. This represents a
substantial increase in integrity of the inner cladding of the model 24110.

The outer cladding thickness of the model 24110 is equal to that of the model 24112 (0.065 in.), which is
greater than all other outer cladding wall thickness in this group of neutron sources, and thus represents
the maximum integrity within this group of sources.

HEAD THICKNESS (Hy)

The model 24110 inner cladding head thickness is identical to that of the model 2720 series sources
(0.100 in.) and is 0.020 in. less than that of the models 24112 and 24120. While 0.020 in. is a significant
change in this parameter, the 0.100 in inner cladding head thickness is equivalent to that of the model
2720 series which has sources much larger in size and weight than the model 24110.

The model 24110 outer cladding head thickness exceeds that of the other sources in this comparison. This
head thickness exceeds that of the models 24112 and 24120 by 0.015 in., which exceeds that of the 2720
series sources by a factor of 3.75. This represents a substantial increase in head integrity.

BOTTOM THICKNESS (By)

The model 24110 inner cladding bottom thickness (By) substantially exceeds that of any other source in
this comparison. The model 24110 source has a bottom head thickness of at least a factor of 1.8 greater
than the other sources in this comparison.

The Outer cladding bottom thickness also exceeds all other sources in this comparison. The model 24110

outer clad bottom thickness of 0.375 in. exceeds that of the models 24112 and 24120 by 0.015 in., a slight
increase. It exceeds the outer clad bottom thickness of the model 2720 series sources by a factor of 3.75.
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40 YEAR OLD SOURCE

Another critical factor in the physical integrity of this almost 40 year old sealed source is self
pressurization from the accumulation of *He atoms from alpha decay within the source. The self
pressurization was examined by Dr. Janzow in his original evaluation for a nominal 5 Ci source. Dr.
Janzow found that the model 24110 source had a recommended working life of 20 years with a safety
factor of 4% during the hypothetical fire event (800 degrees C). The recommended working life is
influenced by potential transportation events and the working environment of a well logging source,
namely a 25,000 psi external pressure, prolonged use at 400 degrees C, and a potentially abusive physical
environment. The source being evaluated is in storage at TA-54 packaged in an acceptable WIPP S-100
POC geometry. A decrease of the safety factor to a factor of 2 would increase the recommended working
life to 40 years. This would indicate that all MRC model 24110 source being self-certified as special form
for OSR Project purposes be repackaged in OSR Special Form capsules after July of 2014.

SUMMARY

The MRC model 24110 sealed source is dimensionally very similar to the models 24112 and 24120 MRC
sources. It exceeds their dimensions in the critical area of inner and outer cladding wall thicknesses, inner
clad bottom thickness, and outer clad head thickness. The model 24110 is dimensionally equivalent all
other significant parameters examined to this set of sealed sources. It is very important in that all other
sources in this group were granted a US DOT COCA, and hence the MRC model 24110 meets the
requirements for US DOT special form radioactive material, as manufactured in 1974, by the method of
similarity.

The age of the MRC model 24110 was also considered with respect to special form character. Using the
original very conservative pressurization calculations of Dr. Janzow it was possible to determine that a
MRC model 24110, 5 Ci AmBe, with packing factor of 50% is still within a 40 year envelope of time
permitting characterization as special form radioactive material.

CONCLUSION

The MRC model 24110 neutron source as documented in MRC Engineered Products Division Order No.
1024-5 can be self-certified as US DOT special form radioactive material by OSR Project, within the
limits and scope of this memo until July of 2014. After July of 2014 all MRC model 24110 shipped by
OSR Project need to be re-encapsulated in OSR Special Form encapsulations.

Encl.:
A. MRC, Engineered Products Manufacturing Order Form No. 1024-5, 2-19-74
B. Table 1., Dimensional Comparison of MRC Neutron Sources

> ASME Boiler and Pressure Vessel Construction Code, 1969 standard
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ENGINEERED PRODUCTS DEPARTMENT

Contract Na. 050-4E0 . Manufacturing Order No. 1024-5
Quantity 5 - Seria) Number(s) - AmBa-1827 thru 1831
Customer: Shipping Address:

Baroid Division ~ McCullough Servies| ‘Baroid Division N L Industries, Inc
KL Industries, Inc. _ McCulTough Services Dept.

P. 0. Box 1675 405 McCarty Drive

Houston, Texas 77001 .o Houston, Texas 770
Purchase Order No. __ H4894 Ship: [JPrepaid. Xcorrect
Date Received __2/19/74 OPrepaid & charge
Delivery Required 5/11/74 FOR: &Kl payton Do.estination
Spec. Form Cert. Req'd. [JYes ~ ONo |ship via 550 ee g ke

License No. [JYes [Ono

Additional Documents Required @ brtes ol RSty

Manufactu ring Instructions:

5 - AmBe neutron sources - Output 1.0 x 107 n/s 2 10 y
3% length x 3/4"* DD tapped for 10/32 thread 1/4% depth as per drawing A24110-

Sources .to be angrav’ed "Radioactive Do Not Handle, llot'li'y Civi Alithor'lt'les'
Their seria) number A-151 thru A-155 '

RepaneE — €7 e . o |

Engineering Notice/Release: Meets: ﬁ,Special Form [JNormal Form
“._Q,;\;{ T\:fj the o el ‘a-m. MRc DW&,“—QA“O-MOO/W..{ .
oacd B LH1-PAOLAans,. Mocde the Sncan pan MRC L
The Souncen To de w»‘wd”m@n Voauk M.Q'ﬁH

By:

Date _4—2~74

Authorized Time and Material:

Nuclear Mfg. Labor: 2 <f " Isotope (Ci or gme)< PR
Nuclear Engrg. Labor: T Outside Jobs:

Shop Labor:’ rt—— - Materfal: -

Released to: - [JEngineering = O manufacturing. .
Issued by: _%/ o Date _Zl/ﬁ'l;/if

ENGINEERED PRODU MANIIFACTIIRING NEDED EnDM .
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pApTHoLy. 6.
ANSI CLASSIFICATION, MODELZ
NEUTRON SOURCE /

1. ANS] Classification

The sealed classification recommended by the American National
Standards Institute for oil-well logging Sources §s ANSI 46515*.
It was shown fn Appendix A that three sources of the MRC 2720
Neutron Source series have been found by test to meet ANSI

C} ssification 64525. The Modely neutron sourcey
ave shown herein to meet the above classification by comparison
to the models tested. Externa) pressure tests on typical
production sourg%s":f Model 24120 are employed to show that the-
Hodets—24Tr2—amwd—24420 neutron sourcey meet ANSI Pressure Classi-
fication 6. The resulting ANSI classification of 66525 for the

Models—ﬂ4++e-!wﬁ-e#%20 exceeds the minimum recommended classfification
for oil-well logging sources. : :

r ANS alification

a. Yemperature Class 6

Elevated temperature test at 1010°C for one hour in air, reduced
temperature test at -57°C for one hour, and thermal shock 1010°C
to 15°C.

It was shown in Appendix A that dummy Models 2722-A, 2724-A, and
2728-R sources were sucessfully tested to Te-perat::j (‘d'ass 6,
and in Appendix B that the Models 241)2 and 24120 sources are
intermediate in size between the three test models, and stronger

than the test models.[finet: 20110 Sy LB wollh, o0&
dan- A P~ T . Bgp s - Bt
% Aq—‘ "Mq‘.. n-' ? =

*.Classification of Sealed Radfoactive Sources, USASI standard
» Published by the American Institute of Chemical

Engineeres. New York, c. 1968.
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Since the Models 2722-A, 2724 A, and 2728-A eac“ﬁggssed the
" test for ANSI Temperature Class 6, the ModeLs-a4113.and-34+20
will also pass the Temperature Class 6 test.

b. External Pressure Class 6

3.4 to 25,000 psi absolute external pressure.

Appendix A shows that-dummy Models 2722-A, 2724-A, and 2728-A

sources were successfully tested to ANSI Pressure gl;is 4, and )
Appendix B shows that the Models 24112 and 24120 are ntermedfate § .
in size between the three models tested, and stronger than the

test modelsT The test for ANSI Pressure Class 4 includes a

reduced pressure test at 3.4 psia. Since the Models 2722-A, 2724-A,
and 2728-A passed the reduced pressure test, the Models 24112 and
24120¢ €25 %150 pass the 3.4 psia test.

Four typical production sources of the Model 24120 neutron source )
were tested to an external hydrostatic pressure of 25,000 psi on

7-17-75. Source serial numbers were PuBSe-384, 385, 386, and 387.

One of these sources, Pu8Be-387, was also tested to an external
hydrostatic pressure of 30,000 psi on the same date. Al tests

were in water, and leak testing was performed by ANSI method

B2.5. No visible damage was evident on any of the test sources, and

all sources'remained sealed after the tests. Test reports are .
on file ar Nonsanto Research Corporation, Dayton, Ohio. X

It is evident from the above that the Mg 13 24120 neutron source

meets ANSI Pressure C - neutron source s ‘
.jdentical in dimensions a als to the 24120, except that

the Model 24112 is shorter n the Model 24120 and the Model 24112

lacks the 0.010 mid de Tiefs present in the welded ends J
of the Model 24120 odel 24112 source is therefore i
somewhat strong » and will also meet ANSI .

Pressdre Class 6.

4— llC.q.. . THIXD o »
> 5-4-.“: Varbrid p-,-’:g;"—a..l%
0232&' R

'm *—-g.. ots Vot aw L. JMW A“ w‘“
§1/60 3ovd MOZNVE VAL Z69GILELEE BE:ET 800z/.0/11
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Drop 20 pound weight onto source from 10 feet.

It was shown in Appendix A that the Models 2722-A, 2724-A, and
2728-A were each qualified to ANSI Impact Class i“:%'testing. and
in Appendix B that the ‘Models 24112 and 24122'are intermediate in
sfze between the sources tested and stronger than the sources
tested.

- X 27T )
The Models B4t d—arnd—24120 neutron sources therefore will pass the
ANSI Impact Class 5 test.

d. Vibration Class 2

Vibration for 30 minutes, 25-500 cycles/sec. at 56 peak amplitude.
It was shown in Appendix A that the Models 2722-A, 2724-A, and
2728-A were each sucesssfully tested 'to ANSI Vibration Class 2,
and in Appendix B that the Models'24112 and 2412%m‘:termediate
in stze between the sources tested and stronger than the sources
tested. '

The Model mm_‘amo neutron sourcs( therefore will pass the
ANSI Vibration Class 2 tests.
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e. Puncture Class 5
Drop source 15 feet onto a 1/8-1inch &iameter pin.

It was shown in Appendix A that the Model 2722-A, 2724-A,

and 2728-A were-each sucessfully tested to ANSI Puncture

Class 5, and in Appendix B that the Models 24112 and 23120 »W/6
are intermediate in size between the sources tested. and
stronger than the sources tested.

The ModelyZH-l-a—am neutron source/-therefore will pass
the ANSI Puncture Class 5 tests.

ST/11 3dVd MOZNVE VARIL Z6959LELEG BE:ET 800C/L0/11



St/21 3ovd

QF

v,

APPENDIX B
SPECIAL FORM ANALYSIS, MODELS
24112 AND 24120 NEUTRON SOURCES

1. Special Form Criteria

It was shown in Appendix A that three sources of the MRC 2720
Neutron source series have besen found by test to mse&‘e SI
Classification 64525. The Models 24112 and 24120 are inter-
mediate in dimensions between two of the models tested, the
Models 2722-A and 2728-A (See Table 1). e gMlscussion which
follows employs .the data from the ANSI tpeks to show that the
Models 24112 and 24120 meet "special Form" cXiteria.

abae bt O@=frop

A free drop throbgh a tance of 30 feet onto a flat essentially
unyielding horizon surface, striking the surface in such a
position as to Sufferwaximum damage.

The weight of a neutron source is the summation of the weights of
the outer capsule, inner capsule and the isotope - target mixture.

The weights of the outer ind inner capsules can be calculated with
the following general formula:

W= [Hdg2-4.2)8 + F(d,2) (¢ + b))

Where do and di are the outside and inside diameters, respectively,
L is the length, t is the thickness of the end plug, b is the
thickness of the bottom and p s the density of the stainless
steel. For the Models 24112 and 24120 the formula must be

modified to inciude the weight of the threaded portion and of
the ‘handling device. '

MOZNVE YASRIL - T69S9LELED BE:ET 8082/L0/11



As a worst case (maximum weight), the threaded portion may be

taken to be solig cylinder at its maximum diameter. Referring
29#0 J
;ﬁhﬁe&nq&o—mﬁmm, the weighty of the uodel/

72 inner and outer capsules are, respectively:
¢ ire
MODEL ~244¥2 o109, ve"
Wre) = 7 (L(0. 61612 (6506 ’Jfa,aoo"h(o soo"P(‘o 86740.095%11 (0.29 1b/1n3)
0.070

€ DRI '
Wioe) = 7 ([ (b.758%12- (0. 650" 12 (1ekag™)+ (0.626")2(0. 4 5*-»0.1151)}(0.29 1b/in?)

awesd
The maximum weight of the active compound in the Model -24HH8 is,

using the maximum loading of 5.0 curies,
’ 5. W *TN

{5.0 ci)(298——82):

W = =
(Puo0z) 1
* ‘ sﬂ Ci’l.gzg) (a@( ¢.9) ,..J;)

= = 0..0009.1b
.00 39

7P
The maximum volume of%‘-:‘ a ,’gs theoretical density of b€

g/cm3 is just V(m = (G4 g) # ( Yl g/cmd) = @= cm3,
1nr, the maximum _inner caps volume V is (w/4)(0. '505")2 x
(2?? -0- 09’:"-&%65- "9 L&:’- or { in3)(16.39 cm3/in3) =

ém3-and the maxfmum fuel/target packing fraction is 50%, the
maximum volume of beryllium at its theoretical density of 1.848 g/cm3

is:
V(Be) = (:(.)..S'I_J,).H—.i;’cﬁ --&fas cmd),

= "0r899 cm3

Whence, the maximum weight of beryll)? is:

(6)s (3.06253) /. 9P _
wee) vs‘%!# = onvlls

Tr? o tpirrs = .0%07% .I?"I‘f—f 003"" .opzlf 4&‘2
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