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A New Shipping Container for an Intense Neutron Emitter

J. E. Bigelow, C. W. Alexander, J. V. Pace, III, and C. M. Simmons

ABSTRACT

Californium-252 is an intense neutron emitter (2.34 x 10 t2 n/s. g) used in medicine, research,

and industry. The western world's sole source of this rare radioisotope is the Californium Facility at

Oak Ridge National Laboratory's Radiochemical Engineering Development Center (REDC). A

project has been initiated at the REDC to design a new Type B Californium Shipping Container.

This effort is essential for future transportation of californium to meet the needs of users all over the

world. The shipping container must meet all requirements for transport by motor freight, air, vessel,

and rail, both domestic and foreign. There are unique problems in the design, fabrication, and

licensing of a new Type B shipping container that will accommodate up to 60 milligrams of
californium-252.

One of the first challenges in the design phase of the project is the selection of a material to

shield the high neutron flux. The more stringent safety precautions of today's world impel us to

consider more exotic materials for such a purpose. The candidate materials must be examined not

just for their neutron shielding properties, but also in conjunction with other properties such as

thermal and structural requirements to withstand the hypothetical accident conditions.

The design and building of such a container is a formidable task requiring much planning. The

licensing process, with the complex, interactive federal codes, is a special challenge and may be the

biggest constraint on the project in terms of time and money.
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A New Shipping Container for an Intense Neutron Emitter

J. E. Bigelow, C. W. Alexander, J. V. Pace, III, and C. M. Simmons

I. INTRODUCTION

The RadiochemicalEngineeringDevelopmentCenter(REDC) and theHigh FluxIsotope

ReactorattheOak RidgeNationalLaboratorytogetherproducea veryremarkableradioisotope,

2S2Cf.Thismaterialwasfirstdiscoveredinthedebrisfromthe"Mike"thermonucleartestatEniwetok

in1952.Itisproducedbya processofmultipleneutroncapture.Thisprocesscanalsobecarried

outina highfluxreactorwithmuch bettercontrolbutata much slowerratethanina hydrogen

bomb. During the twenty-eight years since the Oak Ridge facilities were put into operation, a total

of about 8 grams has been produced, although, because of its relatively short half-life (2.6 y), most

of the ZS2Cfever produced has decayed, leaving slightly less than 2 grams total inventory in existence.

Two grams doesn't sound like much, but this material is extremely costly - the current US price

is $50.00 per microgram, or $100,000,000 for the entire 2 grams. It is also extremely radioactive. The

isotope has two modes of decay: (1) 97% by ct emission, producing long-lived Z4SCmas a daughter,

and (2) 3.1% by spontaneous fission. Spontaneous fission is similar to the neutron-induced fission

of 23SU,producing fission products, gamma rays, and neutrons. There are minor quantitative

differences between ZS2Cfand 235Uin the distribution of the fission products and the spectrum and

number of emitted neutrons. However, the major difference is that no incident neutron is required

to trigger the fission process in ZS2CL It takes place entirely independently of its surroundings and

the rate is controlled by the inexorable first-order reaction rate of the radioactive decay process.

What are the implications of this phenomenon? You might as well ask when is a nuclear reactor

no...._ta nuclear reactor? Some answers might be: When you can lower it down an oil well; when you

can set it up on the science lecturer's bench; when you can drag it along the ocean bottom; when you

can dangle it above the wing of an airplane, when you can fly it to the moon. The last example has

not yet happened, but it could, one of these days. Why would you want to put a reactor in these

weird places? Because neutrons can do things that can't be done any other way, or would be more

difficult to do any other way. And ZS2Cfcan supply neutrons reliably and affordably and in a small

package; a package without control rods, emergency cooling supplies, or reactor operating licenses.

(See Fig. 1)
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Consider an analogy: light produced by a flashlight costs more than the same amount of light

emanating from a light bulb connected to the local utility. Why then are flashlights so common?

There are times when you just don't have a long enough extension cord.

Since this meeting is a transportation meeting, let's relate what I have been saying to

transportation. The obvious answer is that our customers need the 2SZcfat thei......_rpremises in order

to do all these marvelous things. Over the past decade, we have averaged about 25 shipments of

252Cfper year. Typically, 75% of these have been made as Type A Special Form shipments. For

zsh2f, the A l quantity is 2 Ci (3.7 mg of ZS2Cf).This size neutron source (8.6 x 10 9 n/s) is more than

ample for most commercial applications. In some cases, the Type A shipping container can also serve

as a storage container, a collimator, or other device that serves as part of the operating setup. There

are at least 3 manufacturers in the U.S. that make Type A shipping containers for 2S2Cf.

The subject of our paper, then, is the shipment of quantities of 2S2Cfin excess of 3.7 mg in Type

B shipping containers.

II. EXISTING TYPE B SHIPPING CONTAINERS

There are two existing package designs for transporting Type B quantities of 252Cf that we refer

to familiarly as the Cannonball and the Snowball.

A. "I'he Cannonball"

The Cannonball, formally known as the ORNL Californium Shipping Container, USA/5740/B(),

was placed in _;ervieeon July 15, 1969, with shipment of a 900-#g 2S2Cfneutron source to the Los

Alamos National Laboratory (Fig. 2). Since that time, it has been used successfully for ---140

shipments. The shipping record for FY 1986 through January 31, 1991, is presented in Table 1.

During this period, 18 shipments were made, an average of 3.4 per year, with no mishap more serious

than a flat tire. Only movements involving loaded capsules are shown. The majority of return trips

were made empty.

The Cannonball is a stainless steel clad approximately 66-in.-diam (1.68 m) sphere, designed and

built at ORNL. It uses as neutron shielding material concrete containing limonite ore (a hydrous iron

oxide) as aggregate (Fig. 2). This cask was initially intended to be used LCL (Less than Carload

Lot), but when a skid was designed for the 10-ton concentrated load, it turned out to be so big and

expensive that it was decided instead to modify a dedicated trailer with appropriate load-bearing and
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Table 1. Shipments of _2Cf in the ORNL Californium Shipping Container

(85/10/01 to 91/01/31)

File Date 2S2Cf Capsule
Number Shipped From To (mg) Identification

1293 86/01/08 ORNL SRL 37.838 C-86
1318 86/02/06 ORNL SRL 39.689 C-89
1342 86/08/24 ORNL SRL 49.095 D-8
1343 86/09/14 ORNL SRL 48.294 D-9
1344 86/10/21 ORNL SRL 51.715 D-10
1345 87/03/02 ORNL SRL 21.905 D-11
1347 87/04/10 ORNL NBS 4.458 NSD-87& NSD-107
-- 87/05/25 NES ORNL 4.364 NSD-87 & NSD-107
-- 88/01/11 Idaho NRF ORNL 16.829 NS-114,115,117,118

1367 88/05/05 ORNL NBS 3.030 NBS-130
-- 88/06/20 NBS ORNL 0.0037 SR-Cf- 127,29,31,33

1376A 88/07/29 ORNL McClellan AFB 52.618 SR-Cf-3020,1,2
1376B 88/09/19 ORNL McClellan AFB 55.421 SR-Cf-3023,4,5
1347C 89/04/21 ORNL Onsite 1.985 NSD-107
1382A 89/10/17 ORNL NIST 3.450 NSD-101& NSD-115
-- 90/01/15 NIST ORNL 3.231 NSD-101& NSD-115

1451 90/10/19 ORNL McClellan AFB 49.910 SR-Cf-3027,3028
-- 90/10/22 McClellan AFB ORNL 13.599 SR-Cf-3022,3025

Note: The majority of return trips were made empty.
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tiedown points and use that instead. The completed package weighed 23,500 lb (10,700 kg). It is

fairly easy to load onto the dedicated trailer and complete the tiedown process is less than 2 hours.

The package design is very flexible and can accommodate single or multiple inner containers, top or

bottom unloading, dry or underwater, although not necessarily in every combination. While Table 1

shows only 5 destinations, there were at least that many additional ones in earlier years, but primarily

at DOD and DOE sites.

B. '_The Snowballn

The first of two SRL 4.5-Ton Californium Shipping Casks [USA/6642/B( )] was placed in service

on October 3, 1972, with shipment of a 2.47-mg 2S2Cfneutron source to Brookhaven National

Laboratory. Since that time, these containers have been used successfully for nearly 100 shipments.

The shipping record for FY 1986 through March 31, 1991, is presented in Tables 2 and 3. During

this period, 24 shipments were made with no significant problems, an average of 4.2 per year. Only

movements involving loaded capsules are shown. The majority of return trips were made empty.

These packages were designed and built at Savannah River in a mild-steel clad approximately

66-inch-diam (1.68 m) sphere (Fig. 3), incorporating WEP (Water-Extended Polyester) as a new,

high-teeh neutron shielding material. Boron was also incorporated to depress the thermal neutron

flux and minimize the hydrogen capture gammas that are so hard to shield. This design was well

optimized so that as much as 46 Ci (85.8 rag) of ZS2Cfcan be transported as an exclusive use

shipment. The gross weights of the two packages are 9500 lb (4300 kg) and 9750 lb (4400 kg) thus

greatly simplifying the tiedown to a commercial fiat-bed trailer and making LCL shipments possible.

However, when ORNL assumed the Californium-252 Industrial Sales/Loan Program and began

making shipments using the Snowballs, tiedowns meeting the ORNL criteria were so complex that,

as with the Cannonball, essentially all shipments had to be "exclusive use" as a matter of practicality,

whether or not the radiation readings required it. Loading the package onto the trailer and attaching

all the required paraphernalia as well as drilling holes in the truck bed required a rigger crew 6-8

hours. Tables 2 and 3 show seven destinations but again, probably twice that many were served

throughout the entire career of the Snowballs. Because of the division of labor between ORNL and

SRL, most of their customers were other than DOE sites, thus primarily NRC or Agreement State

licensees or overseas destinations.
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Table 2. Shipments of _2Cf in the SRL 4.5 - Ton Californium Shipping Cask

Serial No. L-23353

(85/10/01 to 91/05/31)

File Date 252Cf Capsule
Number Shipped From To (mg) Identification

-- 87/01/13 SRL Amersham, Int'l. 17.200 SR-Cf-1237,
-1238

1341B 87/06/15 ORNL IRT Corp. 43.225 OR-Cf-3017
1341D 87/07/20 ORNL IRT Corp. 48.808 OR-Cf-3019
-- 88/06/29 SRL ORNL 4.930 35 Misc. Sources
1405A 89/01/19 ORNL Amersham, Int'l. 3.583 SR-Cf-1247
1429A 89/07/21 ORNL Amersham, lnt'l. 7.048 SR-Cf-1256
1389 89/10/27 ORNL EG&G Mound 51.234 SR-Cf-3026-OR
-- 89/11/30 EG&G Mound ORNL 14.006 SR-Cf-3013Z
1429B 90/02/21 ORNL Amersham, Int'l. 5.412 SR-Cf-1262
1455 90/06/22 ORNL GE-Vallecitos 7.344 SR-Cf- 1265
1431B 90/09/24 ORNL SRS 33.180 SR-Cf-346-OR,

-347-OR,
-3013Z

1453B 91/03/05 ORNL Amersham, Int'l. 5.679 SR-Cf-1270

Note: The majority of return trips were made empty.
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Table 3. Shipments of 252Cf in the SRL 4.5 - Ton Californium Shipping Cask

Serial No. L-234i3

(85/10/01 to 91/05/31)

File Date 252Cf Capsule
Number Shipped From To (mg) Identification

-- 86/03/06 SRL Amersham, Int'l. 15.250 SR-Cf-1220,
-1221

-- 86/10/28 SRL GE-Vallecitos 12.800 SR-Cf- 1232,
-1233

-- 87/03/26 SRL HEDL 68.314 SR-Cf-3014Z
-3015Z

1341A 87/06/15 ORNL IRT Corp. 47.655 OR-Cf-3016
1341C 87/07/20 ORNL IRT Corp. 50.072 OR-Cf-3018
-- 88/06/29 SRL ORNL 9.754 40 Misc. Sources

1347B 88/08/31 ORNL ORNL-DOSAR 0.761 NSD-87
1405B 89/02/24 ORNL Amersham, Int'i. 5.176 SR-Cf- 1251
1428 89/07/13 ORNL GE - VaUecitos 5.451 SR-Cf- 1255
1449 90/03/30 ORNL GE - VaUecitos 7.149 SR-Cf-1263
1431A 90/04/25 ORNL SRS 20.030 SR-Cf-344-OR,

-345-OR
1453A 90/07/13 ORNL Amersham, Int'l. 6.241 SR-Cf- 1266

Note: The majority of return trips were made empty.



9

C. Licensure Status of the Existing 2S2Cf Shipping Packages

1. DOE Certificate of Compliance USA/5740/B( ) (DOE-OR), Rev. 3 was scheduled to expire on

September 7, 1988. Beginning in 1986, we undertook to prepare a new SARP (Safety Analysis

Report for Packaging) meeting the latest interpretations of the regulations governing shipment

of radioactive materials. This SARP was submitted on a timely basis and a memo was issued by

DOE saying so and granting continued use of the packaging while the new SARP was being

reviewed. There followed a series of review questions (Q0 and Ql) and unresolved issues arising

from the evaluations of the responses, all of which were answered.

There was also an NRC Certificate of Compliance USA/5740/B(), Rev. 2 that was due to expire

April 30, 1991. Again, we requested extension on a timely basis. Since we are a DOE

contractor, this request was made through the DOE, because the entire DOE becomes in effect

the licensee. The DOE chose not to send forward the revised SARP mentioned above, which

is still under review, but instead supplied the previous SARP on which the DOE certificate

expiring September 7, 1988, was based. Apparently to legitimatize this action, the DOE issued

a 1-year certificate of compliance expiring May 31, 1993. A later renewal extended the

expiration to May 31, 1994. The NRC accepted this SARP and DOE's endorsement and after

requesting upgraded information on Operation and Maintenance requirements (which had

already been prepared for the SARP discussed above) issued a new certificate of compliance

good for five years expiring June 30, 1996. We need an NRC CoC because there are several

non-DOE customers that we serve and have served, such as the NIST (National Institute of

Standards andTechnology) (formerly the NBS), Purdue University, and the McClellan Air Force

Base in Sacramento, CA, that must use the NRC certificate. Additionally, the DOE Office of

Naval Reactors has sometimes taken the stance that they will accept only NRC-approved

shipping packages.

2. In the case of the Snowballs, Savannah River had been responsible for all licensing actions.

They possessed a DOE certificate that expired December 31, 1988, and an NRC certificate that

expired August 31, 1991. Apparently no effort was made to renew the DOE certificate because

Savannah River saw no further need for these packages and when we assumed responsibility for

the SR programs and these cxmtainers, there was not sufficient time to prepare an upgraded

SARP for use in renewing either certificate. However, when we learned that NRC was willing

to issue a grandfather certificate for the Cannonball, we applied for a similar renewal of the
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Snowball certificate based on the SARP prepared at Savannah River in 1974 and revised in 1976.

NRC accepted this SARP, again requesting updated operating and maintenance procedures, and

issued a new certificate expiring October 31, 1996.

III. REPLACEMENT PACKAGING

As we began to appreciate the difficulties of getting a modern SARP approved, especially one

for a 20-year old packaging, we began to request funding for a modern replacement container. We

initially predicted this request on the need for a replacement for the Snowballs, since we were quite

unsure that the NRC renewal would be forthcoming on a 15-year old SARP.

Some of this gloom and doom was based on the hard questions that had been asked about the

Cannonball during the DOE review process. For instance, we could no longer locate fabrication

x-rays or mill certs on materials used to fabricate the container. Also, the use of concrete was

unfamiliar to the analysts and they asked detailed questions about its behavior during a 9-m drop and

also during an 800"C fire. We did not have data to produce definitive responses and had to rely on

assumptions and data on similar materials. While the designers had provided thermal protection for

venting the shielding material space, upon questioning we had to agree that the vent was inadequate

and that pressure relief would occur when the weld on the cover plate over the concrete fill hole

failed, thus providing a large cross-section for venting. Possibly the most difficult question to answer

was to prove that after an accident, the concrete would not fracture so as to prt.vide a streaming path

for the neutrons, thereby exceeding the 1000 mrem/h at 1 m limit for accidents. We know that

toncrete does not fracture in straight lines, we don't know how to prove that it could never happen.

In the case of the Snowballs with their WEP fill, we aren't much better off. We admire the

lightness and shielding efficiency, but we do not have mechanical property data on this material and

intuitively feel that concrete could do a better job of withstanding the hypothetical accident sequence.

By the time money became available to design, license, and fabricate a new Californium shipping

container, both of the existing designs had been relicensed to 1996. So we decided to take the time

to design the replacement to replace both the Cannonball and the Snowballs, if possible, providing

features so that all of our customers could use the new cask. At the same time, one cask would be

barely sufficient for all our needs, so we will try to maintain the existing certificates in effect as long

as possible.
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IV. DESIGN REQUIREMENTS

Preliminary design requirements for the new container were worked out by first employing a

"brainstorming" session using the in-house staff of shipping cask users and experts from the REDC.

The next phase of the development of the design requirements was the formulation of a

questionnaire sent out to poll our customers.

The "brainstorming" session held with the REDC facility experts used the ORNL Californium

Shipping Container (commonly known as the "Cannonball") as a preliminary design concept for the

new cask. The features of the Cannonball that are essential from a safety, handling, and regulatory

viewpoint were listed. The list was then expanded to accommodate features that experience and

more stringent regulations indicated.

This preliminary list allowed the construction of a customer survey form (Appendix A). The

customers polled were those identified as having had "Type B" quantities of _2Cf shipped to them

in the past, plus a few that had already approached us about obtaining some large sources in the

future. Fourteen sites responded to the survey and the results were used to establish a list of

preliminary design requirements for the proposed new container. Seventeen preliminary requirements

were established, as enumerated in Table 4.

V. SELECTION OF A NEUTRON SHIELDING MATERIAL

Shielding 252Cfin the amounts required poses a challenge different from those faced by any other

Type B package. The primary component of the total unshielded dose rate is the neutron dose rate.

The primary gamma dose rate from the spontaneous fission and fission product decay is a fraction

of the neutron dose rate. However, as neutron shielding is added, the dose rate from the neutrons

is suppressed and then the primary gamma dose rate may be controlling, unless gamma shielding is

also present. The secondary gamma dose rate is a function of the reaction of the spontaneous fission

neutrons with the shielding material and can be a significant component of the shielded dose rate.

The secondary dose rate is composed of gamma rays that are primarily from inelastic scattering and

neutron capture. These gamma rays are generally not produced at the source of the spontaneous

Fusion but in the shielding material itself.

Shielding of neutrons is accomplished by two processes: moderation and capture or absorption.

Moderation, which is a degradation or reduction in the initial neutron energy, is accomplished most

effectively by elastic scattering by low atomic weight isotopes such as hydrogen.
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Table 4. PreliminaryDesign Requirements

1. The design loading should be greater than or equal to 60 milligrams of 2S2Cf.

2. It must meet all requirements for a '_TypeB" shipping container.

3. It must be capable of being licensed for motor freight, rail, water, and air transport.

4. The cavity must be designed for alternate and/or multiple sources; It should hold one SR-Cf-
1000 capsule or six SR-Cf-3000 capsules.

5. For the preliminary design, it should be less than or equal 66 inches (1.68 m) in diameter.

6. The weight should be less than 15 tons.

7. It must have top and bottom loading/unloading capability, at least for some combinations of
loads.

8. It should have underwater loading/unloading capability, at least for top loading/unloading.

9. It should have the capability of having the sources unloaded semi-remotely. This means much
of the preparation and bolt loosening should be done directly.

10. The source container (inner capsule) should have the capability of having a handling fixture
attached remotely while within the shipping container.

11. The shipping container should have lifting attachments to accommodate cranes as well as fork
lifts both longitudinally and transversely).

12. It should have enhanced decontamination capability (electropolished stainless steel, perhaps).

13. It should have built-in thermal shield and impact limiter capability.

14. It should be as mechanically simple as possible.

15. It must be capable of being tied down to a dedicated trailer in such a way as to meet all DOT
and ORNL tie-down requirements.

16. The package-trailer combination must fit into the REDC Building 7930 truck lock such that the
package may be directly lifted from the trailer by the 50-ton building crane.

17. The possibilityof having retractableor detachable wheels for ease of movement off trailershould
be considered.



13

Capture or absorption is not as easily described as being a function of atomic weight (A) or

atomic number (Z). Some isotopes or elements that are good neutron absorbers are boron, lithium,

and some of the rare earth elements. Shielding is enhanced if capture has no or minimal prompt

capture gammas (such as boron or lithium). The impact of prompt capture gammas can be mitigated

by the use of relatively high-Z absorbers (such as hafnium).

Currently, there are two Type B packaging designs capable of transporting large quantities of

z2Cf. These are the "Snowball"cask and the "Cannonball"cask. The "Snowball"cask uses a borated

water-extended-polyester (WEP) for its neutron shield. A lead insert and the boron additive control

the primary and secondary gamma dose rate, respectively.

The "Cannonball" cask employs a hydrous iron ore concrete shield for both the neutron and

gamma shield. The limonite ore has a number of waters of hydration for neutron shielding. No

boron or lead are used but the iron in the ore provides for both primary and secondary gamma

shielding.

As pointed out earlier, questions about the survivability of these two casks under accident

conditions has led to an effort for a new cask design. In the selection of a shield material for a new

cask, the ideal material would have a high density of a low A material, a neutron absorber that emits

no or few prompt capture gammas, is lightweight, has good thermal properties, and has a high impact

resistance. These characteristics led to an initial selection of materials that are somewhat exotic by

shielding and fabrication standards. The initial list of materials included those in Table 5.

Table 5. Candidate Shield Materials

Borated water-extended polyester (WEP)
Hydrous iron ore concrete (goethite and hematite)
Hambergite (Be-B ore)
HfI-I2
ZrHI.6
B4C
B4C + Zr
YI-I2
YI-I3
B_B
Be4B
ZrB2
Polyethylene-B
Polyethylene-B-Pb
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One-dimensional coupled shielding analyses were made for each of the shield materials using the

ANISN l computer code. As a result, two different concepts evolved. The first of these was to use

a single spherical shield. The shielding material should be capable of withstanding the accident

conditions or must be capable of being fitted with thermal shields or impact limiters.

The second concept was a combination shield made up of two individual shields in which the

second, outer shield would be regarded as a sacrificial shield under accident conditions.

The radii and weights of the different materials for the single shield concept are given in Table 6,

assuming a 60 mg ZS2Cfsource and dose rate requirements of 150 mrem/hr at contact with the cask

surface and 7.5 mrem/hr at 2 meters from the surface. Table 7 gives the radii and weights for the

second shield concept in which it was assumed that the outer shield (sacrificial shield) was not

present, a 60 mg 2s2Cfsource, and accident dose rate requirements of 1 rem/hr at 1 meter from the

cask surface. Table 8 gives the dose rates using the data in Table 7 for the inner shield and

combining with it the hydrous iron ore concrete or the borated WEP as a sacrificial shield. It was

assumed that the source would be a 60 mg 2S2Cfsource and limiting dose rate requirements would

be 7.5 mrem/hr at 2 meters from the cask surface. In all cases, the secondary shield was assumed to

have an external radius of 82.55 cm, the same as the Cannonball.

VI. FUTURE DIRECTIONS

Preliminary evaluations of shield material costs, commercial availability, fabricability, and

engineering judgement have narrowed the curr.,dt investigation to the use of the borated WEP (using

a small primary gamma shield) for the single shield concept and to ZrHl6 (70% of theoretical

density), HfH2 (70% of theoretical density), and B4C + Zr (50 vol % each) for the primary shield

in the two-shield concept. The sacrificialshield will consist of either the borated WEP or the hydrous

iron ore concrete. We are now ready to begin structural analysis of the reduced list of candidate

materialswhile we attempt to obtain additional physical properties and fabrication data on the more

promising ones.

VII. REFERENCF_,S

1. Engle, W.W., Jr., "A Users Manual for ANISN - A One-Dimensional Discrete Ordinates
Transport Code With Anisotropie Scattering," Oak Ridge Gaseous Diffusion Plant, Oak Ridge,
TN, Report K-1693, 1967.



15Table 6. Calculated Radius and Weight for a Spherical Shield
of Various Materials to Reduce the Total Dose Rate

from 60 mg of _2Cf to 150 mrem/h at the Surface

Radius Shield Weight
Material (era) (g)

HfI'I 2 41.92 3.50E+6
YH s 50.23 2.09E +6
YH 2 53.43 2.72E+6
ZrHt._ 53.82 3.66E +6
Poly-B-Pb" 53.97 2.76E+6
HfI'I2b 54.39 5.37E+6
YI-I3b 65.21 3.20E + 6
Hambergite 67.03 2.96E + 6
YI-I2b 69.82 4.26E + 6
ZrHI.6b 70.31 5.71E+6
Hydrous iron
Ore concrete 70.44 5.03E+6
Be2B 71.64 3.12E+6
B4C 71.65 3.05E+6
B4C + Zrc 72.26 5.13E+6
Be4B 73.45 3.18E +6
ZrB2d 74.94 9.64E +6
Poly-B' 76.28 2.66E+6
B4C + Zre 77.40 8.74E +6

'Poly is defined as polyethylene.
bMaterial is at 70% of theoretical density.
cB+Cis 80 vol % and Zr is 20 vol %.
JMaterial is at 90% of theoretical density.
eB4Cand Zr are each 50 vol %.
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Table 7. Calculated Radius and Weight for a Spherical Shield
of Various Materials to Reduce the Total Dose Rate from

60 mg of 2S2Cfto 1000 mrem/h at 1 m from the Surface

Radius Shield Weight
Material (em) (g)

HfH2 20.80 4.17E + 5
Poly-B' 21.80 6.05E+4
YH 3 24.37 2.35E + 5
Poly-B-Pb I 26.23 3.13E+5
YH2 27.29 3.59E + 5
HfI-I2b 27.33 6.73E + 5
ZrHt.6 27.46 4.80E + 5
YI-I3b 32.52 3.95E + 5
Hambergite 33.76 3.76E + 5
Be2B 36.19 4.01E+5
YH2b 36.74 6.18E+5
BemB 36.94 4.03E + 5
ZrHi.6b 37.00 8.29E + 5
B4C 37.48 5.48E + 5
Hydrous iron

ore concrete 37.61 7.63E + 5
B4C + Zr c 39.60 8.41E+5
ZrB2a 43.89 1.93E+6
B4C+Zr e 44.97 1.71E+6

'Poly is defined as polyethylene.
bMaterial is at 70% of theoretical density.
'BmCis 80 vol % and Zr is 20 vol %.
eMaterial is at 90% of theoretical density.
eB4C and Zr are each 50 vol %.
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Table 8. Dose Rate Calculations for a Two-Layer Shield Consisting
of a Primary (Inner) Shield as Given in Table 7 and an Outer

(Sacrificial) Shield of Either Hydrous Iron Ore Concrete
or Borated WEP with an OuWr Radius ,_f82.55 em

Dose Rate
Primary Shield Sacrificial Shield (mrem/hr) f

HIH2 Hydrous iron ore concrete 0.27
Borated WEP 0.49

HtH_ Hydrous tron ore concrete 0.53
Borated WEP 0.81

ZrHt. 6 Hydrous Iron ore concrete 0.58
Borated WEP 6.32

ZrH_._" Hydrous Iron ore concrete 1.62
Borated WEP 9.48

B4C+Zr b Hydrous iron ore com_rete 1.44
Borated WEP 6.39

B4C+Zr' Hydrous iron ore concrete 1.76
Borated WEP 2.18

B4C Hydrous iron ore concrete 1.39
Borated WEP 6.83

YH 2 Hydrous iron ore concrete 0.52
Borated WEP 4.25

YI-I_ Hydrous iron ore concrete 1.45
Borated WEP 6.35

YH 3 Hydrous iron ore concrete 0.46
Borated WEP 6.64

YI-I3' Hydrous iron ore concrete 1.07
Borated WEP 8.94

Be4B Hydrous iron ore concrete 1.00
Borated WEP 10.25

Be,zB Hydrous iron ore concrete 0.98
Borated WEP 4.42

ZrB2d Hydrous iron ore concrete 1.28
Borated WEP 1.49

Poly-B" Hydrous iron ore concrete 0.52
Borated WEP 17.66

Poly-B-Pb e Hydrous iron ore concrete 0.68
Borated WEP 3.43

Hambergite Hydrous iron ore concrete 1.18
Borated WEP 9.68

'Material is at 70% of theoretical density.
t'BiC is 80 vol % and Zr is 20 vol %.
_B4Cand Zr are each 50 vol %.
dMatefial is at 90% of theoretical density.
ePoly is defined as polyethylene.
fDose rate is for normal conditions of transport at 2 meters from cask surface.
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APPENDIX A

April 30, 1993

(Name)
(Address)

Dear Sir:

New Shipping Container For Californium-252

Oak Ridge National Laboratory (ORNL), specifically the Radiochemical Engineering Development
Center (REDC), is in the process of establishing the requirements for a new shipping container
suitable for transporting quantities of Californium-252 greater than 2 Ci, the A l special form limit.
This shipping container would serve as a replacement for either the Cannonball or the Snowballs if
we are unable to renew their certification in 1996.

You have been identified as a "Type B" quantity user, past, present, and hopefully, the future and
as such may benefit from the new cask. We would like to incorporate your wants and needs into our
new shipping container design. We request, therefore, that you fill out and return the enclosed
questionnaire to us by May 15, 1993. Also, if you have colleagues who might have input, please feel
free to give them copies of the questionnaire, or have them contact us and we will send a copy. Any
comments, suggestions, and ideas you have are welcomed. Thank you very much for your re_;ponse.

Very truly yours,

C. M. Simmons
New Cask Project Coordinator
Radiochemical Engineering Development Center
(615) 574-7071

CMS:ems

Attachment

ee/att: C. W. Alexander
J. E. Bigelow
E. D. Collins

R. K. Genung
J. B. Knauer
S. D. Moses

R. E. Stamps
R. M. Wham
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SURVEY FORM

Name Date
Telephone

Organization Fax
Address E-MaU

Present Inventory of _Cf

1. What is the maximum quantity of =Cf (mg) that you are likely to request, per capsule? Per shipment?

2. What physical and chemical forms do you normally require for your HCf? (Cf_O,___., Cf_O_S04........,Pd-Cf_Ox..._.._,
Wire_..._, Pellet...__., Other_...., (supply details).

3. What neutron source capsule design(s) do you require?
(SR-Cf-1000__.., SR-Cf-100.._.., SR-Cf-3000., NSD..._, NSS___, NBS , Other_.._____(attach sketch).

4. Do you need a cask that has a top loading, bottom loading, or both top and bottom loading capability?

5. Will you require the shipment of single, multiple_.._, both, sources?

6. What physicaldimensions would limit your ability to handle a cask? Height 0Width _ , Length of
exclusive use trailer

7. What weight limitations apply7

8. What types of mechanical devices do you use to manipulate casks? (cranes, horizontal track-type fuctures, etc..).

9. What devices, attachments, etc. do you require to load/unload, and handle sources at your facility?

10. Do you require the ability to load/unload under water?
Yes.._, No.._.

11. What features should the source capsule and/or shipping container have to enable ease of handling on your part?

12. What on-site dose limits for surface-of-cask and one-meter-from-cask are you subject to if different from DOT/NRC limits?

13. Would you like to review our conceptual design when it is developed? Yes _.._, No ---.--
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Fig. 1. Full-Size Mockup of a _2Cf Neutron Source Containing 25 mg of Z_2Cf.

Fig. 2. ORNL Californium Shipping Container ("Cannonball") Mounted on Its Dedicated
Trailer.

Fig. 3. SRL 4.5-Ton Californium Shipping Cask Tied Down to a Carrier-Owned Flatbed
Trailer.
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Figure I. Full Size Mockup of a

252Cf Neutron Source Containing 25 mg
of 252Cf.
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Figure 2. ORNL Californium Shipping Container ("Cannonball") Mounted
on Its Dedicated Trailer.
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Figure 3. SRL 4.5-Ton Californium Shipping Cask Tied Down to a Carrier-
Owned Flatbed Trailer.
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