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Off-Site Source Recovery (OSR) Project

SUBJECT: MRC Model 24120 and 24112 Special Form Self-Certification

SCOPE

The purpose of this memo is to characterize Monsanto Research Corporation Model 24120 and 24112
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 1975 Monsanto Research Corp. was requested to fabricate AmBe neutron sources of 5 and 16 Ci
nominal activity for Seismograph Services, Birdwell Div.. The special form character of these sources
was analyzed by Dr. Ed Janzow, and USDOT COCA were issued for these models USA/0119/S &
USA/0120/8S, respectively. Another document we have for the special form analysis used by MRC is the
mark up of the Engineered Products Manufacturing Order form No. 3015-9. In this document Dr. Ed
Janzow calculated the critical stress in the model 24120 design and calculates the service life of the source
using internal pressure and the ASME Pressure Vessel code model with a safety factor of 4.

SPECIAL FORM CHARACTER

In May of 1975 Seismograph Services contracted with MRC to build several Pu8Be model 24120 and
24112 well logging sources. These sources were double encapsulated, stainless steel, neutron sources
containing a mixture of beryllium metal and up to 16 Ci of Pu-238 oxide (see attached manufacturing
file). Overall design testing at this stage was ANSI classification testing, special form engineering
evaluation, and high pressure testing. The source was evaluated under ANSI N542-1968 (sealed
Radioactive Source — Classification) standard as meeting a 68E66545. A USDOT Certificate of
Competent Authority (COCA) was issued for the model 24120 source, based upon a 20 Ci Pu-238
maximum activity and a 20 year recommended working life. The COCA was allowed to expire in 1983
and MRC was out of business in 1984. The 5 Ci maximum activity MRC model 24112 was identical to
the 24120 and all aspects except its external length. The model 24112 was proportionally shorter since it
held 25% of the maximum activity of the model 24120. The model 24112 was granted a USDOT COCA
as well (USA/0119/S). COCA USA/0119/S expired about the same time as its higher activity and slightly
longer cousin the model 24120. A comparison of pertinent all dimensions of the model 24120 and 24112
are in Table 1.

The original sources were tested to 25,000 psi external pressure at room temperature, in-order to establish

the robust character of these sources for work in a well logging environment. A single sample of the
model 24120 was even tested at 30,000 psi external pressure without any damage or loss of integrity.
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The problem is that 40 years later we are still disposing of model 24120 and 24112 sources and need to
establish a maximum life-time for shipping these sources as DOT special form radioactive material. The
original engineering design calculations for models 24120 and 24112 were extremely conservative. The
goal of the original calculations was to insure that the sources greatly exceeded service and transportation
requirements. The engineering calculations indicated that the design goal of 20 years of working life
would be readily met. However, 40 years after these sources were fabricated the question is now will they
meet special form requirements? In particular will they survive an 800 degree C fire for 10 minutes?
Since the issue is pressure build up from alpha decay in the source, it is a simple matter to re-examine the
pressure build up in the void volume of the source at the highest temperature and duration required to
meet special form requirements.

Model 24120

The internal pressure of the model 24120 source containing 16 Ci of Pu8Be powder packed to 36% of
theoretical density is 288 psi at 810 degrees C after 40 years of decay. This pressure was based upon the
known dimensions of the source model (see Table 1.), The calculated number of helium atoms generated
from 40 years of decay, a packing factor of 36% (Dr. Janzows Safety Analsis), and the temperature
required for the 10 minute fire simulation of 49CFR173.469 special form testing. These calculations are
done separately for 50% PF and 36% PF in order to demonstrate the difference this one element creates in
the pressure calculation.

The allowable pressure calculation is done exactly as described by Dr. Janzow in his safety analysis, with
one exception. Dr. Janzow derated the 9,900 psi strength of material for 304 SS at 815 degrees C to 7,900
psi for the purpose of MRC corporate risk reduction. This additional risk reduction factor of 20% was not
incorporated in these calculations.

Further since the sources made in 1975 will only be at 69% of the allowable internal pressure (288psi/417
psi) and additional 10 years of DOT special form lifetime is possible. However, since the present
objective is simply to insure that these sources are transported compliantly and dispositioned safely a date
of June 1, 2016 is selected as the arbitrary date for loss of special form character.

Model 24112

The internal pressure of the model 24112 source containing 5 Ci of Pu8Be powder packed to 36% of
theoretical density is 367 psi at 810 degrees C after 40 years of decay. This pressure was based upon the
known dimensions of the source model (see Table 1.), The calculated number of helium atoms generated
from 40 years of decay, a packing factor of 36% (Dr. Janzows Safety Analysis), and the temperature
required for the 10 minute fire simulation of 49CFR173.469 special form testing. These calculations are
done separately for 50% PF and 36% PF in order to demonstrate the difference this one element creates in
the pressure calculation.

The allowable pressure calculation is done exactly as described by Dr. Janzow in his safety analysis, with
one exception. Dr. Janzow derated the 9,900 psi strength of material for 304 SS at 815 degrees C to 7,900
psi for the purpose of MRC corporate risk reduction. This additional risk reduction factor of 20% was not
incorporated in these calculations.

Further since the sources made in 1975 will only be at 88% of the allowable internal pressure (288psi/417
psi) and additional 4 years of DOT special form lifetime is possible. However, since the present objective
is simply to insure that these sources are transported compliantly and dispositioned safely a date of June
1, 2016 is selected as the arbitrary date for loss of special form character.

An Equal Opportunity Employer / Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA



Differences in the Basis of Calculation

The original pressure calculation for the model 24120 was based upon a maximum activity of 20 Ci of
Pu-238 for the model 24120. This model as is presently being considered was only loaded to 16 Ci of Pu-
238. A 20% reduction in source activity and of He atoms accumulating from alpha decay.

Additionally, an adhoc 20% decrease in source cladding material strength was rejected. MRC had
arbitrarily decreased material strength in order to reduce corporate risk. The allowable stress of 9,900 psi
for the 304 SS cladding was originally cited by Dr. Janzow prior to 20% reduction.

Correction of small calculational errors also increased the allowable service life for these sources. This
was associated with the inside diameter of the capsule head.

The biggest change in the calculation was the use of a 36% packing factor for internal volume. This data
was cited in the safety analysis, although Dr. Janzow chose to use a 50% packing factor in order to make
the analysis as much an absolute ”worst case” as was possible. The actual packing factor used is much
more appropriate since the safety factor of 4 used as the basis of the ASME Pressure Vessel calculation is
already very conservative for this calculation.

SUMMARY

Since model 24120 sources were evaluated as special form radioactive material in 1975, leading to the
issuance of USA/0120/8, and continue to meet special form requirements over 40 years later, it is my
engineering opinion that these radioactive sources containing 16 Ci of radioactive Pu-238, packaged for
final disposition, continue to exhibit special form character and may be domestically shipped as USDOT
special form material until June 1, 2016.

Model 24112 sources were evaluated as special form radioactive material in 1975, leading to the issuance
of COCA USA/0119/S, and continues to meet special form requirements over 40 years later, it is my
engineering opinion that these sources 5 Ci of radioactive Pu-238 respectively, packaged for final
disposition continue to exhibit special form character and may be domestically shipped as USDOT special
form material until June 1, 2016.

JAT

Cy: attach
MRC Manufacture Order 3015-9 (TWCP: 07409)
USA/0119/S
USA/0120/S
Dimension Comparison (Table 1.)
Pressure Calculations

Disttibution:

OSR File, MS: J552
N3 File, MS: E541
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DEPARTMENT OF TRANSPORTATION

RESEARCH AND SPECIAL PROGRAMS ADMINISTRATION
* WASHINGTON. D.C. 20890

IAEA CERTIFICATE OF COMPETENT AUTHORTTY
-Special Form Radiocactive Material Encapsulation
Certificate Number USA/0120/S
(Revision 1)

This certifies that the encapsulated source, as described, when loaded with
the authorized radioactive contents, has been demonstrated’ to meet the

regula zequirenmtsforspecialfonnrad.ioactivemta:ialas
mlmgoiyjmusayregulatiasforﬂetransportofradimctivemmials

I. Source Description - The source described by this certificate is
identified as MRC Neutron Source Model Number 24120, which is doubly
encapsulated in stainless steel and measures 0.750" in diameter and 2.957"

in length.

II. Radioactive Contents - The authorized radioactive contents of this
source consist of not more than 20 Curies of Plutonium-238 as oxide.

III. This certificate, unless renewed, expires April 30, 1983.

This certificate is issved in accordance with paragraph 803 of the IAEA
Requlations 1/, and in response to the March 7, 1980, petition by the
Monsanto Research @ofporation, Dayton,:Chio and in consideration of the

Certified by:
Aol heora 27 190D
Richard R. Rawl ' d (Dates)

Chief, Radiocactive Materials Branch
Office of Hazardous Materials Regulation
Materials Transportation Bureau

=

1/ "safety Series No. 6, Regulations for the Safe of Radicacti
Materials, 1973 Revised Edition", Mwmm"e
— -Energy (IAEA) Viemma, Austriaa

2/ Title 49, Code of Federal Regulations, Part 170-178, USA,

Revision 1 issued to extend iration date and reflect conformance
1973 IAEA regulations. by = to the



DEPARTMENT OF TRANSPORTATION

RESEARCH AND SPECIAL PROGRAMS ADMINISTRATION
WASHINGTON. D.C. 20590

IAEA CERTIFICATE OF COMPETENT AUTHORITY
-gecialmnadioactivemta’ialmca@latim

Certificate Number USA/0119/S
' (Revision 1)

This certifies that the encapsulated source, as described, when"loaded with

theautlmizedradicactivecmtetms,hasbeaidemstratedtonee?the tory

@}mmtsforspecialﬁammdioacﬁvemwiaIasprmibedmm_ and
requlations for the transport of radioactive materials.

1. _Source Description - The source described by this certificate is
identified as MRC Neutron Source Number 24112 which is doubly encapsulated in
stainless steel and measures 0.750" in diameter and 1.400" in length. :

ITI. _Radicactive Contents - The authorized radiocactive contents of this source
consist of not more than 5 curies of Plutonium-238 as oxide.

III. This certificate, unless renewed, expires 2pril 31, 1983.

This certificate is issued in accorance with paragraph 803 of the IAEA tions
1/, and i response to the March 7, 1980pet:it::I.c:nl:vyt:l'n=_-!/kmszam:olhsea.gﬂ'a

grpm:atim, Dayton, Ohio and in consideration of the associated information there-

Certified by:

W ' wauzz 1950

Richard R. Rawl (Date)
Chief, Radiocactive Materials Branch

Office of Hazardous Materials Regulation

Materials Transportation Bureau

1fIL:’(”Safet:y Series No. 6, Regulations for the Safe Transport of Radioactive Materials,

kvisedmitim“,publishedbytlemtematimalawuicmergy(m Viemna,

2/ Title 49, Code of Federal Regulations, Part 170-178, USA.

Revision 1 issued to extend expiration date and reflect conformance to the 1973 IAEA
regulations.
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