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"*• * Preparation and Calibration of Cf Neutron Sources

at the Oak Ridge National Laboratory*

John Ealy Bigelow, John E. Van Cleve, Jr., Joseph B. Knauer, Jr.,
and Leonard C. Williams

At the Transuranium Processing Plant pTRU Facility) of the Oak Ridge

National Laboratory (ORNL)» we have recovered a total of 1.5 g of Cf

as of March 31, 1973. Slightly over half of this was recovered from tar-

gets irradiated in the Savannah River Plant reactors, and is being used

252

in a program to explore the market potential of Cf as a neutron source

material. Some of this material is available for sale. The remainder was

recovered from High Flux Isotope Reactor targets, for research purposes.

A portion of this californium has been fabricated into neutron sources

which we have loaned to other USAEC contractors. We wish to retain title

to the californium so that we can recover at a later date the alpha-decay
24S

daughter, Cm, which is valuable in both physical and chemical research.

The fabrication of neutron sources at ORNL begins with a californium-

244

252 feedstock which has been highly purified from Cm. The feed solu-

tion is passed through a bed of ion-exchange resin in a 6.3 mm OD aluminum

tube. After loading, the resin is washed, dried, and pyrolyzcd to remove

volatile constituents. The remaining void space in the tube is filled with
•• • '' r 8

aluminum powder, and the entire column is pressed to a pressure of 1.4 x 10

N/m (1Q tsi). The resulting aluminum pellet (approximately 12 mm long)

contains the californium in a form tvhich is free from dusting and which can

bo handled in the hot cell with relative ease. The pellet is encapsulated
* • . • • •
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in either stainless steel or Zircaloy-2. The source capsule is then trans-

ferred to a decontamination facility where it is cleaned and calibrated.

The source decontamination facility is z cubicle served by 2 master-

slave manipulators, having a working space about 1.2 meters on a side and

shielded with 0.9 meter of water. Two detectors measure fission events in

23S

U caused by absorption of fast neutrons emitted from the cleaned cali-

fornium source. Capture of thermal neutrons is minimized. We found that

the system is excellent for comparing sources and shipping packages with

a standard source assayed during1 the same test period. The reproducibility

is usually better than 0.5%. Scattering from the walls and water shield,

from miscellaneous items- in the facility (such as the manipulator hand),

from moisture in the source container," and from the source container itself

was found to have little effect on the reproducibility. Background cor-

rections are usually 1% or less. The loss of counts at the higher count

rates is the major effect requiring correction. However, corrections for

sources up to 10 ing can be calculated with enough accuracy to introduce
• • . . .

negligible error into' the calibration.



INTRODUCTION

252
Because of its high probability for spontaneous fission, Cf is the

1 2 - 1most intense compact source of neutrons known (2.3 x 10 neutrons sec

g" ). Thus, this nuclide has outstanding potential for providing compact,

portable, and reproducible neutron sources with intensities ranging from a

few neutrons per second up to greater than 10 neutrons/sec. Complete

encapsulation of such sources to give an external surface free of radioactive

contamination is, of course, essential. Several methods of encapsulation

yielding a clean surface have been devised. ~^ The method described here

is currently in use at the Transuranium Processing Plant (TRU Facility) at

the Oak Ridge National Laboratory (ORNL). It is the method that lends itself

best to the target fabrication equipment and ancillaries available at TRU

and provides a wide range of californium loadings, from a few micrograms to

near 20 mg.

CALIFORNIUM SEPARATION

The californium is first separated from irradiated plujfonium or curium

targets in the TRU Facility by a series of processing steps involving solvent

extraction and ion exchange. These steps have been described quite fully

6-7-i's

elsewhere and need not be elaborated here, except to say that in general,

plutonium, americium, and curium are recovered for recycle to the reactor,

and berkeliua, californium, einsteinium, and feraium are purified and shipped

to research workers at many sites in the U.S.A. While most of these materials

are purified and packaged right in the TRU Facility, the californium product

is transferred to the Thoriufc-l'raniua Recycle Facility (TURF) Californium
244Facility for further decontamination from Cm. The further separation from

244 ' - '• \
Cm is required so that the californium may be later processed to recover

isotopically pure 248Cm formed by alphajdecay of the 252Cf.



Figure 1 shows the package used for the californium transfer. The

primary container consists of a 3/8-in.-0D x l-in.-long platinum tube,

which has been filled with cation exchange resin. Porous platinum plugs

are rolled into each end to completely enclose the resin. The method of

loading the package used to transfer the californium between the two

buildings is similar to the manufacture of neutron sources, to be des-

cribed later. After calcination, the package is se&led with tubing fit-

tings and transferred to TURF via a pneumatic rabbit transfer system.

At TURF, the end plugs are removed and the package is connected to

equipment rack 1, as shown in Fig. 2. The small nut package is in the .

lower mid-section of the figure. Greater than 99.8% of the californium

loaded is readily stripped from the nut package with 0.5 H HNO,. Following

dilution to 0.25 M HNO3, the californium is separated from any residual

244/-.

Cm by high-pressure ion exchange, using some of the equipment in the

general-purpose rack shown in Fig. 2. The basic equipment consists of

two high-pressure ion exchange columns, a Bio-Glass extraction chromatography

column, a high-pressure loading column, and the high-pressure puatp and

valving system used to run the columns.
244 10

The overall decontamination factor from Ci is 1 x 10 . Removal
244of the Cm to this low level will permit the eventual recovery of iso-0.40 OKO

topically pure Cm from depleted Cf neutron sources.
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CALIFORNIUM LOADING

The fabrication of the actual neutron source is started after the

purification of the californium just discussed. Figure 3 shows the 6.35-mm-

00 x 25.4-nun-long aluminum can that is the basic container. The bottom of

the can has a series of small holes drilled through it, and a porous aluminum

plug, which acts as a support for the cation exchange resin, is pressed into

it.

To prepare the aluminum can for loading, approximately 250 jul of cation

exchange resin is placed on top of the porous plug, followed by a layer of

aluminum powder, which fills the can to within approximately 3-mm of the top.

Figure 4 shows the components and the assembled fixture for loading the

californium. The aluminum can is placed into a capsule made from two poly-

ethylene fittings sealed together with heat-shrinkable Teflon tubing. A

stainless steel tubing reducer is placed in each end of the capsule. This

unit is then connected to the high-pressure pump. A volume of dilute nitric

acid solution containing the desired quantity of californium is measured

with volumetric glassware and then pumped through the aluminum container.

The resin quantitatively sorbs the californium. The loaded container is

rinsed with dilute acid and absolute alcohol.

SOURCE ENCAPSULATION

The aluminum container is next removed from the loading fixture,

placed in a muffle furnace, and calcined at 450°C for 3 hr in flowing air.

After cooling, the container is removed from the furnace and placed in a

die for pressing. Figure S shows both the disassembled and assembled die.

The assembled die also serves as a holding fixture during transfer to the
! v

pellet press.
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Fig. 4 Components and Assembly of Che
Californium Loading Fixture.
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Fig. 5 Disassembled and Assembled Dies
— - for Pressing Source Pellet.



The interior of the fabrication cell is shown in Fig. 6. The pellet

press is in the center, the welding he&d in the front right, the X-ray tube

in the rear right, and the piping to the helium leak test system in the

7 2
left rear. Using 2.8 x 10 N/m (280 bars) to the press compacts the pellets

to a density approximately 95% of theoretical. After pressing, the bottom

punch and the pellet are ejected and removed.

The pressed pellet is examined with the aid of a telescope, and the

length is measured using the micrometer. Pellets are usually about 0.5-in.-

long, but the length may vary slightly according to the amount of aluminum

powder added to the container.

A pressed pellet and a sectioned view of a pellet are shown in Fig. 7.

The black area near the bottom of the sectioned pellet is the decomposed

resin containing the californium in the form of the oxysulfate. The location

of the californium within the pellet is also visible in the X-ray radiographs

made of each pellet.

The source fabrication is completed by placing the pellet into a stain-

less steel can, inserting a spacer to keep the pellet in position, and welding

the threaded top into the container. Each of the components and the assembled

source are shown in Fig. 8. This produces a singly encapsulated or NSS type

source. To make an NSD type or doubly encapsulated source, the threads are

cut off the primary container, and it is welded into a secondary stainless

steel container.

The welding is performed with a remote-control gas tungsten-arc welding

head, as shown in Fig. 9. The weld integrity is determined by helium leak

testing and X-ray radiography. .
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Fig. 6 In-Cell Source Fabrication
"~~ Equipment.





?i». g Exploded and Assembled View of
a Standard Neutron Source.
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The source is then transferred to the decontamination facility shown

in Fig. 10, where it is decontaminated and calibrated. An ultrasonic cleaner

routinely reduces surface contamination to 200 disintegrations/min or less.

After decontamination and calibration, the source is removed from the

decontamination facility and loaded into the carrier shown in Fig. 11. The

252carrier weighs approximately 12 tons and can adequately shield 40 mg of Cf.

CALIBRATION

238The method we use for calibration is fast neutron counting using If

fission detectors. This method was selected on the basis of being compatible

with our existing decontamination facility, rapid, precise, and highly flexible.

We anticipated the need to cover a range from a few micrograms of Cf up

to perhaps 100 milligrams (2 x 10 n/sec). It now appears that the facility

will be limited to 50 mg by radiation considerations.

Two detectors (Westinghouse Model NL-23076), about 5 cm in diameter by

30 cm long, were placed in a cadium-sheathed box in the water shield just

outside of the working space. A bar was placed inside the work space with

holes to mount a neutron source in a series of fixed locations. Different

holders can be used to suit the size and shape of the source, so that the

active region is always on a line perpendicular to the center of the detectors.

The pulses from the detectors are amplified and counted by high quality,

stable, low noise components supplied by ORTEC Company, Oak Ridge, Tennessee.

This method of neutron detection is not absolute, and the source strength

can only be measured relative to a standardized reference source. Experience

with this system has shown it to be highly reliable and reproducible within 1%.
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Errors caused by scattering from miscellaneous objects within the [j

decontamination facility, have been shown to be small (typically 0.3%),

and care is taken to keep these situations as reproducible as possible. 1

Scattering from the source container is also of the same magnitude and

is usually compensated by mocking up the reference source in the same

configuration as the source being calibrated. Scattering from the walls i

and shielding of the decontamination facility is appreciable with 25-50% •

of the neutrons counted (depending on the geometry) being scattered at ;

least once. However, the dimensions of the box are stable and this is an :

unvarying component of the observed count rate. Background counts are (

primarily due to other sources being stored in a well in the decontamination jj

facility. Backgrounds are kept low and adequately determined. '

The major area of uncertainty in calibrations of larger sources is •

the dead-tine correction. This problem could be avoided by using the fis- \

sion counters as ionization chambers, in the direct-current mode. J v ^ j

However, they are then sensitive to gamma rays. In the pulse mode, as we

use them, there was no detectable sensitivity to the fission product \

gamma rays in a freshly-irradiated sample of 300 ug of Cf. j

The method of determining the dead time was devised by Er. D. M. Levins.

The activity A, which would be detected by a system with an infinitely fast

response, is related to the observed count rate, C, as follows (Fig.

where t is the dead time.

Dr. Levins showed that the ratio of the count rates for the same source

in two different locations was related to the dead time in a linear fashion.

Aii • "i^tcr A2 i-tc2
1
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A -3-
-1 s z(a constant) =

 1"tCl
2 C 2

thus

ZC2

l-tC2

and

g i = tC (1-Z) + Z

Therefore, a plot of C., vs Cj/C, would be a straight line with intercept Z

and slope t(l-Z). Such a plot is shown in Fig. 1^ for our system. Statistical

analysis indicates the dead time to be 9.3 t 0.3 jisec. Thus, at all count

rates of interest, the dead time correction could be made with a standard error

of less than 0.3%.

CONCLUSION

This technique for source fabrication has a number of advantages. First,

this type source can be built in a short period of time with a minimum amount

of in-cell manipulation. Secondly, transfer of the californium from the feed

to the source is complete, thereby eliminating time and effort spent on re-

covery and recycle. Also, the technique is versatile, having been modified

on several occasions to meet special geometry and material requirements.

Finally, the technique generally uses well-known procedures.

Prototypes of the standard TRU source containers were tested, and the

results forwarded to the AEC Division of Material Licensing for cataloging.

The tests were conducted in accordance with the "Source Application Guide
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Based on the ORNL Source Classification System." A singly encapsulated -

source (Model NSS) meets the requirements of a class H I D capsule, and a

doubly encapsulated source (Model NSD) is a class IVD capsule.
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