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Department of Energy
Washington, D.C. 20545
OCT 07 1983

Mr. Steven Baggett
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Baggett:

This 1s in reference to ycur meeting with Thomas Anderson of my staff on
October 6, 1983, regarding Nuclear Regulatory Commission (NRC) registry of
cesium-137 capsules produced by the Department of Energy at the Hanford
Reservation Waste Encapsulation and Storage Facility (WESF). We request
that evaluation of the generic capsule for registry be undertaken by your
office.

As discussed at the October 6 meeting, these capsules are of the same
?encric design, which is designated as the Model A WESF capsule
certification package enclosed). Also, two copies of the detailed :
information regarding registry of this capsule were provided at the meeting :
and this information should be used as the basis for the evaluation. Please
contact Tom Anderson, 353-5560, 1f you have any questions or require further
information regarding registry of the Model A WESF capsule.

Your expeditious response will be appreciated.

Sincerely,

John J. Jicha, Jr., Director
R&D and Byproducts Division

0ffice of Defense Waste
and Byproducts Management

Enclosure

9003210194 900312
PDR  FiiA _
QILBERT90-29  FDR
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M NRC FOR U.8. NUCLEAR REGULATOR
Sk CERTIFICATE OF COMPLIANCE oo ey
 Badaiekd FOR RADIOACTIVE MATERIALS PACKAGES |
o CERTIFICATE NUMBER . b HEVISION NUMBER T PACKAGE IDENTIFICATION NUMBE R U PAGE NUMBER [ o TOTAL NUMBER PAGES 5
\ 5939 10 USA/5939/B( )F 1 3
) B 2 PREAMBLE
. & This cenificate is saued (0 certily thel the DECKAGING KN CONMENTE Jescr(bea Inltem & below mects Ihe ap plicable aately slandarde set forth in Titie 10 Coae of
3 : Federal Reguistions, Pert 71 “Packaging of Radioactive Materials for Transport and Transporiation of Ragoactive Meteral Under Certain Congitions
b This certificate does not relieve the consignor from complience with any requirement of the regulations of the U § Depariment of Transporiation or other
A Applicable reguistory agencies. including the government of any country through of into which the package will be transporied K
. i
Ll 3 THI8 CERTIFICATE 18 IBSUED ON THE BASIS OF A SAFETY ANALYSIS REPORT OF THE PACKAGE DESIGN OR APPLICATION K
. & PREPARED BY (Neme ang Address) b TITLE AND IDENTIFICATION OF REPORT OR APPLICATION !
4| General Electric Company General Electric Company application dated ]
§ P.0. Box 460 February 21, 1980, as supplemented. |
| Pleasanton, CA 94566 , '
1 IERONER PR . I | 1
L[ ¢ CONDITIONS
This cedificate is conditional upon fultitling the requirements of 10 CFR Part 71 as applicable. and the conditions specified below
g ¢ (a) Packaging ™~ ) ¥
; (1) Model No.: GE-1550 -
g . (2) Description t
J . A stee) encased lead ig%:egi cask. The cask is a double- t
1 2 walled steel circu de diameter by 48 inches high .
with a central 7-inch diamnter inches high. e diameter .
is reduced fr inches to 17-1/2 inche cone construction at

the top 7-1 nches of the cask. Approximaf®ly 11 inches of lead E
surround tHcentral cavity. The cask is ed with a cavity drain X
1ine and ftfhg\device Closure is accemplished by a gasketed and K
bol ted s le iled plug. A protective jatKet consisting of an 5
upright Mrcular dm and alrotruding box section .
d1ametr*!ally acr c&lly downytbe sides attaches to g
a squarCpallet. tective jhcket are 60-7/8

inches dulgh by*49-3/ ¢ross the, box &8ction. The outer 5

vvlind efa1 ngmeten. sdhnd'the pangt is 59-1/2 inches

squ., e,

4 % R

w$3¢¢da¢u e
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Page 2 - Certificate No. 5939 - Revision No. 10 - Docket No. 71-5939
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U.S. NUCLEAR REGULATORY COMM
CONDITIONS (continued)

L AN

(a) Packaging (continued)
(3) Drawings
The packaging is constructed in accordance with the following General
Electric Company Drawing Nos.: 12904748, Rev. 3; 12904749, Rev. 3;
and 12904750, Rev. 3.

Lifting and/or tie-down devices which are a structural part of the
package must be in accordance with the above drawings.

(b) Contents
(1) Type and form of materia)
(1) Byproduct material and special nuclear material meeting the

requirements of special form radiocactive material and antimony
pins encased in stainless steel; or

7
(11) Byproduct material in the form of 9°SrF2 or 13 CsCl,

(2) Maximum quantity of materia)= pe: ge
BT,
Not to excooﬁ\a}d!dfy heat gencration1;¢;3,120 watts and
(1) Item {Oﬂ(l)(ﬂ above: @)

Plutgnidi\inxexcoss of twenty (20, §§§1es,¢er package must be in

the form of ‘metal, metal alloy or’reactor fuel elements, and

500, grams U-235, equivatent sg&i;(?uz35 equivalent mass equals
me ma

U-235 mass plus 1,66 s. Q
> o KRR ,.&L‘:.. ?'}‘rl)
(11) Item S(bJ(1)(11) above: [’ «, &
. g By tt 13 ‘mib»,," o At
458,000 &1, ;WJ & 2
R \_- ¢ S E8 ¥ ! “_..)." : Pt '\
() Fissile Class .« .o W oyt oy
Maximum number of packages per shipmeﬁt"a: (L?;" 22
For the contents described in Item S(b)(l)(iiz above:

90SrF must be encapsulated in iétordiqce;\ﬁtﬁ Vitro Drawing Nos. H-2-66759,

Rev. 8; and H-2-66758, Rev. 0; or.

]37C5C1 musgwbe“encgg§ulatedqig_g;cgpdancp with Vitro Drawing Nos. H-2-66760,
s.and H-2-66761, Rev. 0.

The 90SrF and ]37C5C1 capsules after fabrication must be leak tested using a

method haéjngmggff¥t73nt sensitivity to detect a leak rate (air at standard

128
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NRC FORM 6184 U.S. NUICLEAR REGULATORY COMMISS ON
oI CONDITIONS (continved) :

Page 3 - Certificate Ro. 5939 - Revision No. 10 - Docket No. 71-5939

temperature and pressure leaking to lo'2 atm) of 10'8 atm cc/sec. Any capsule
with a detectable leak may not be delivered to a carrier for transport.

7. The package authorized by this certificate is hereby approved for use under the
general license provisions of 10 CFR §71.12,
8. Expiration date: December 31, 1987.

REFERENCES

General Electric Company application dated February 21, 1980.
Supplement dated: September 8, 1982, '

Oak Ridge National Laboratory Yettér dated April 3, 1980.
Supplement dated: May 7, 1980.

,FQ&I{yE'U.S. NUCLEAR REGULATORY COMMISSION

T 1 , & .f
s 2
qb;m C;45l~46Z4:r?22clts
N Charles E. MacDonald, Chief
o’ - Transportation Certification Branch
et Vol L Division.of .Fuel Cycle and
- £ T L;—ggatfr)a1'Safety. NMSS
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REGISTRY OF RADIOACTIVE SEALED SOURCES A
SAFETY EVALUATION OF SEALED SOUR

NO.: NR -S=- DATE: June

. -

.
SEALED SOURCE TYPE: WESF °~ 'Cs Capsule.

MODEL:

Serial Numbers C-1 through C1500 etched onto top end cap of outer
capsule.

MANUFACTURER/DISTRIBUTOR:

Marufacturer: Waste Encapsulation and Storage Facility (WEET),
Rockwell Hanford, Richland, WA.

Distributor: DOE, Oak Ridge Operaticns, Oak Ridge, TN.

Applicant: Department of Energy, Albuguerque Operations,
Albuguergue, NM,

ISOTOPE: MAXIMUM ACTIVITY:

19"

Cesium=137 (**'Cs) 80 kCi

LEAK TEST FREQUENCY:

Six (6) months

PRINCIPAL USE:

Gamma Ray Scurce for Gamma

CUSTOM REVIEW:

DESCRIPTION:

Approximately 6 kg of CsCl, contalining a maximum of 80 kCi
melt-cast at 740° C into a 316L stainless steel (SS) capsule having
one end cap welded in place by a tungsten/inert gas arc welding
process (TIG). The top end cap is welded in place by TIG and,
after a helium leak check to certify the weld, this inner capsul

is cleaned and placed into an outer capsule made of 316L SS which
has one end cap already welded in place. The top end cap is welded
on by TIG and the weld is verified by ultrasonic inspection. Th
dimensions in inches are: inner capsule, 2.2530 and

19.725 long; outer capsule, 2.625 o.d., and 20 g. Both
capsules have wall thicknesses of 0.136 2 .01 s The ANSI
classification is Group B-~1 (medium toxicity), y 111

(sealed
source, wet storage).
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SEALED SOURCE

LABELING:

Each inner capsule has an identification number etched on it, A
wnigue serial number is etched on the top end cap of every outer
capsule. This latter is used for identification of each WESF
capsule. 1Individual capsules need not be marked, "RADIOACTIVE",
because the capsules will be securely mounted in a source plague
contained within an irradiation fac ty. The facili
labeled as a radiation zone and mar! accerding to N
ments,
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RECISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES
SAFETY EVALUATION OF SEALED SOURCE

NO.: NR «§e - DATE: June 1, 1982 Page 3 of 7
13

SEALED SOURCE TYPE:  WESF '°’Cs Capsule.

CONDITIONS OF NORMAL USE:

The source capsules are to be used as gamma-ray sources in facili-
ties designed to irradiate sewage sludge, food commodities, medical
products or other products. The objective of sewage sludge irradia-
tion is to reduce harmful pathogen populations to levels allowing
unrestricted reuse of the sludge as a soil conditioner. Irradiation
of fnod commodities would destroy pests of guarantine significance
and could also eliminate parasitic organisms such as Trichinella
spiralis in pork. Irradiation of medical products woulid be used to
sterilize these items pricr to use,.

Any potential non-DOE users of cesium=137 sources in irradiation
facilities would design, build, operate and maintain their facili-
ties and would be responsible for obtaining a license for each
specific facility from NRC or the appropriate state autherity in
agreement states,

Within each facility, the cesium source capsule: would be arrayed
and held securely in place in a source plague. For instance, in
the pilot sludge irradiator at Sandia Naticnal Laboratories (SNLA)
Sandia Irradiator for Dried Sewage Solids (SIDSS), 1% of the WESF
capsules are arranged horizontally in an open source plague. Such
a design permits heat dissipation by air convection assisted by
forced air flow. The only physical contact made by the sources is
with the source plague. No contact takes place with the material
being irradiated. Exterior surface temperatures of the source
capsule have been estimated to be 200-220°C and centerline tempera-
tures will be ca. 450°C, However, recent experiments conducted by
SNLA on the SIDSS source plague indicate much lower outer capsule
surface temperatures. Contact thermocouple temperatures were
measured across four of the WESF capsules in the SIDSS source
plaque in air and were found to be from 30°C to 80°C depending upon
location along the capsule length (30°C was measured near the
capsule end where a cesium chloride shrinkage void is created
during sclidification of the material). A similar outer capsule
surface temperature of 104°C was measured by Oak Ridge National
Laboratory (ORNL) in a hot cell on the WESF capsule removed from
SIDSS for destructive analysis.

In some irradiator designs using numerous capsules, ambient tem-
peratures could be higher than those measured in SIDSS. Design of
these facilities will include appropriate ventilation schemes to
cool the capsules and will provide backup water storage options in
case of air circulation system failure. The goal of these cocling
mechanisms is to keep centerline cesium chloride temperatures below
450°C thus preventing any sclid-solid phase transformation of the
cesium chloride,




REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES
SAFETY EVALUATION OF SEALED SOURCE

NO.: NR o= - DATE: June 1, 1982 Page 4 of 7

SEALED SOURCE TYPE:  WESF >°'Cs Capsule.

CONDITIONS OF NORMAL USE: (cont)

The expected useful lifetime of a capsule as a gamma source is
about one half-life of cesium-137, i.e. 30 years,

Capsule integrity has been verified under the applicable abnormal
physical conditions specified by ANSI N542 for Category III
irradiators. This includes being subjected to temperatures of
00°C (1470°F) for up to 90 minutes, conditions similar to those
experienced in a fire environment. Category III is the appropriate
category for irradiators using cesium WESF capsules. This category
of irradiator has a self-contained, wet-storage source. The cesium
WESF capsules are self-contained in a double steel encapsulation
and would be isclated in a controlled-access area within the
irradiators., Some irradiator designs could utilize a water=-pool
for storage of the sources when not in use (as is common with
current cobalt-60 medical product irradiators). Other designs such
as SIDSS, would allow retraction of the source plagues into a dry
storage area behind a shield. Even in these designs, though,
initial loading and periodic recharge of the sources would take
place under water.

Therefore, in most irradiator designs, it is probable that the
sources will be intermittently exposed to a water environment,
Category III, as a more stringent condition than dry source
storage, is thus appropriate for these irradiator designs. DOE is
proceeding with design of a TransPortable Cesium Irradiator (TPCI)
which involves only dry storage of the cesium WESF capsules. This
irradiator would be classified as a Category I - self-contained,
dry source storage irradiator.

Diversion of a capsule from its intended use would not be of
concern from a weapons standpoint because cesium=137 is not a
fissionable material., From a radioclogical health viewpoint, theft
of a capsule is a remote threat because of the very high radiation
level from an unshielded capsule. Tc¢ further ensure that the
probability of theft was small, facilities would have to be
designed to make access to the source area by unauthorized
personnel very difficult.
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PROTOTYPE TESTING

Studies during the past 10 years have demonstrated that the WESF
capsule will maintain its integrity after being subjected to the
adverse physical test conditions specified for Ca:egcry 111 gamma
sources in ANEI N542. Details are provided in the attached SAND
document (Exhibit 1). Compatibility of CsCl with 316L stainless
steel has been investigated to ensure that corrosion is not a
problem. Studies are ccatinuing using a capsule taken from SIDSS.
This capsule was fabricated by DOE/ Rockwell-Hanford in 19‘5 and was
used in the SIDSS for 2 years from 1979 to 1981, It was removed in
1981, sent to Oak Ridge National Laboratory and dest*u***ve..
analyzed. Chemical analyses of the gaseous environments in the
inner and outer capsules, detailed meta;;ographly study of the
capsule surfaces and mechanical tests of capsule parts were con-
ducted. Results indicate no notable corrosion occurred which would
jeopardize capsule integrity over a 30-year life and that the
capsule basically was immune to the presence of the CsCl. Detailed
results are given in SANDB83-0928., Cesium WESF scurces were
certified as special form material for shipping by ERDA in
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REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES
SAFETY EVALUATION OF SEALED SOURCE

NO.,: NR «S- DATE:

SEALED SOURCE TYPE: WESF “°'Cs Capsuie.

LIMITATIONS AND/OR OTHER CONDITIONS OF USE:

The WESF *°’
ments which:
1) will produce temperatures >800°C (>1470°F),

2) will produce external pressures >47 atm or internal pressures
>7000 psi (48C atm),

Cs gamma source capsule should not experience anviron-

s

I1f any of these environments are experienced, the capsules affected
will be removed from service immediately and thoroughly inspected
for any compromise of their integrity.

QUALITY ASSURANCE:

The guality control standards for maintaining source design spec
fications are the oper~tional procedures and Quality Assurance
Program implemented by Rockwell~Hanford. These pertain to the
three major operations, viz. transfer of cesium solution to the
conversion area, conversion of cesium carbonate to cesium chloride
with subsequent drying/melting, and finally the casting/encapsulati
Each of these has a QC procedural form which must be checked and
signed as the process continues. Procedures are outlined in

various Rockwell-Hanford operation specifications as follows:

HWS~-8835 - Procurement/acceptance criteria for 316L stainless
steel tubing

H2~-66760, H2-66761 - Fabrication criteria, procedures for
capsules from 316L tubing

SDWM-0CD~003 - Capsule welding procedures,

PSD-B=-257-00053 (Rev. D~0) - Cesium chlo
process specifications (including purit n
chloride feed which regquires molar ratio of conbined
amounts of Na, K, Rb to be less than .15. Weight percent

e

ampurities would thus range from <4 - 6% depending upon
which atoms were present,
PSD=-B=-257=-00054 (Rev. D=0) - Capsule handling, welding, leak
checking, decontamination and calorimetry procedures.
B=257-000

'
85 (Rev. D=0) -~ Capsule pool storage procedures.




REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES
SAFETY EVALUALION OF SEALED SOURCE

NO.: NR “f- - DATE: June 1, 1982 Fage 7 of 7

SEALED SOURCE TYPE:  WESF 2°'Cs Capsule.

SAFETY SUMMARY EVALUATION:

The accompanying SAND document (Exhibit 1) provides the details of
the safety studies which have been perforned on the WESF capsule.
The results can be summarized by stating that these tests have
shown that the WESF capsule meets or exceeds the reguirements for a
Category 111 gamma source as described by ANSI N542, There are
numercous applicable referencer anéd they are given in Exnibit 1.

MANUFACTURER'S RECOMMENDATIONS:

The manufacturer makes no recommendations for leak testing,
unpacking, or handling of these sources. These matters will be
addressed in facility license applications., The guestion of
disposal has not been addressed ac of this time. However, arrange-
ments for ultimate disposal of WESF Cs capsules will be made with
DOE or whatever successor agency has responsibility for the
remaining WESF capsules at the time disposal is sought.

Pertinent radiclogical safety and operating instructions for the
sources will be developed by the AGE firm which designs the
irradia‘.ion facilities in which the sources are to be used. These
items will be developed pursuant to NRC guidelines to allow
facility licensing.
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GUIDELIM 3 FOR APPLICATIONS FOR
REGISTRATION OF SEALED SOURCES

This guide has been prepared to assist manufacturers/cistridbutors in the
preparation of applications for registration of the design for sealed sources
containing ragicactive material. The objectives are:

© To identify and explain the elements of an application that
dre necessary to demonstrate the adcquaC{ of the sealed
source design from the standpoint of health and safety.

© To facilitate the consistent, effective and timely review

of applications by the U.S. Nuclear Regulatory Commission
(NRC) and Agreement States.

0 To facilitate the preparation by nnwin? agencies, NRC or
n

Agreement States, of registration sheets d prescribed
format.

Applications for registration of sealed sources should contain

_ the fo”om'ng
three sections:

0 A, Summary ", a
0 B. Descriptive Data
© C. Health and Safety Data

Guidelines for these three sections are presented below and

are followed
by Section D -~ Specifications and Style.

Av SUMARY DATA

This section can normally be preseanted on one page and should contain key
summary data as follows:

. [Date: Give the date of submission.
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3 ] rce Tyoe: Insert the short name commonly used by the
manyfacturer/distridutor to 1dentify the source.

3. Model: Insert the mode! number(s) or series number(s) used by
the vendor to identify the sealed source.

§. Applicant: Give the name and complete mailing address of the organi-
zation submitting the application and indicate whether it is the manue
facturer or g¢istributor or both. Also give the name, title and telephone
number of the person to be contacted for further information,

S. Other ngyu [n!glv“: Give the name and address of any other

companies directly involved in the manufacture or gistribution of this
sealed source. For example, if the applicant distributes a device many-
factured by the XYZ Company list the Xy2 Company, Mfr., and give the
mailing adaress. i

6. L i Activity: List the isotope(s) approved for use
in a sealed source and the maximum acceptable activity level in terms of
curies or millicuries for each approved isotope. If depleted uranium

1S used for shielding, show the number of grams of depleted uranium used.

7. sesk Test Frequency: State the recommended frequency for testing

the sealed source for possible leakage of radicactive material. (More
detailed testing information will be presented in Section C.)

8. Principal Use: Select from the attached list of principal uses (Exhi-
DIt 1) the term which most accurately describes the principal or predominant

Jse intended for the sealed source or device.

9. (Custom Source: Indicate by a "Yes" or “No" whether the sealed source
s a custom source. If the answer 1s "Yes", present the basis for this
determination. Sealed sources specifically designed and constructed ac-
cording to the personal order of a single specific license applicant may
e constdered "CUSTOM" sealed sources for the purpose of a review tailored

2
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1o the single applicant. Sealed sources designed and constructed as off.
the-shelf ftems or for yuse Oy more than a single 1icense applicant shal)

not be deemed applicadble to Custom reviews and shall not e considered
for & custom review and registration.

10. Custom User: If this is a custom source, give the name and address
of the custom user.

ESCRIFTIVE DATA

This section should incluce the following:

1. Summary Description: Provide a precise, yet concise, description of

the sealed source, including information on the chemical and physical form
of the ragicactivity, the materials used in the capsule construction,
capsule dimensions and the methods for fabrication ang sealing of the
capsules. State the American Nationa) Standards Institutes (ANSI) classi-
fication designation of the source. Do not include information which has
been determined to be "proprietary data." (See Exnibit 2, “Proprietary
Data," for sefinition and guidance on the handling of proprietary cata.)

2. Ladbeling: Describe the information to be engraved, etched or ime-
printed on a sealed source and the type of location of warming labels,

The label for a sealed source should include the words: "CAUTION - RADIO-
ACTIVE MATERIAL," manufacturer's name or trademark, mode! number or ungqive
serial number, radionuclide, activity, 4553y date, and the radiation Syme
bol. Where labeling the source is impracticanle,
information should be dttached to the source, unless the attachment of such
& tag is also impracticadle. when a sealed source is permanently mounted

in a device, source labeling is not required, provided the device is labeled
as specified above.

& tag containing the above



3.  Diagram: Insert a smal) drawing of the sealed source showing the
materfals of construction, dimensions, method of sealing, and relation-

ships of major components. Do not :n¢)ude information which has been
determined to be “proprietary data." The diegram should be no larger tnan

4" by 6" and should be suitable for reproduction for use in 2 registration
sheet.

4. Conditions of Normal Use: Descride the planned use of the sealed

source and identify the environment and operating conditions expected

~ Quring normal use. Include descriptions of the types of users, location

of use, possibilities of use as a component in other products, and cire
cumstances of normal use. Indicate the expected useful )ife of the
sovrce. Describe also the probable effects of severe condi tions, in-
cluding accidents and fires, and possible diversion from intended use.

5. in il: Provide adaitional descriptive information which
may be helpful in conveying to the reviewer a clear understanding of the
sealed source and its detailed characteristics. This should include Fl
design package containing engineering drawings of the sealed source,
identifying all methods of construction, dimensions, methods of fabri-
cation and method of sealing the source capsule(s).

[f the information presented in the application contains data which

the applicant considers to be proprietary data, such data should be clearly

marked so that it can be handled appropriately. In addition, the letter
transmitting the application should call attention to the inclusion of
proprietary data. See Exhidit 2, “Proprietary Data," for definition and
guidance on the handling of proprietary data.

Provide references to other pertinent documents, including previous
applications and registration sheets.
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This section should include the following:

L, f lysis : Provide a paragraph which summarizes the
important facts pertaining to safety and the results of the safety

analysis performed by the manufacturer/distributer. Include references

t0 the appropriate ANSI, NBS or NRC standards used in the safety analy.

$1s.

&.  Manufactyring and Distribution fontrols: Describe the manufacturing

and distribution controls applicadble to the sealed source, giving atten-
tion to the following:

a. Quality Assurance and Control: Describe the Quality control

procedures to be followed in the fabrication of production lots of
the sources, as applicable, and the quality control standards for

maintaining source design specifications.

dcscﬂbo the assay method used to determine the radioactive
content of the sealed source. This method shall be traceable to
4 national standard.

- Each manufacturer, assembler, or-distributor shall perform
. @ leak test on each source by applying procedure(s) in the current
ANS] Standard entitled, “Classification of Ssaled Radioactive Sources."
Acceptability of source leakage shall be indicates by removal of less
than 0.005 microcuries.

b.  Description cf Manufacturer's Recommended Maintenance, Ser-
vicing, and Testing Requirements for Use: Descride the manyfacturer's
recommendation for leak testing, unpacking, handling and disposal
of the sealed source and specify availability of these services.

The normal leak test interval is six months. In the event the
manufacturer, assembler, or distridbutor requests that a sealed source,
upon transfer to the user, be considered for a leak test interval

§
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greater than six months, sufficient information shal) be submitted
0 demonstrate that such a longer intarval 1s Justified as a result
of operating experience with fdentically sealed sources or similarly
designed and constructed sealed sources used in similar conditions.

€. Manufacturer's Instructions to Users: Manyiacturers or dise
tridutors of sealed sources distributed under these registration
procedures should provide users with a copy of pertinent radio-
logical safety and operating instructions for the source.

ggngf!g;uggr'; Safety Angll;1; of Sealed source Review: Each appli-
cation for a sealed source review shall include a section which contains

s the manufacturer's Safety Analysis Report. This report shall contain, but
2 not be 1imited to, the following information

X 8. Safety Analysis: The analysis should determine the ability

s of the final design to withstand the normal condition of handling,
use, and storage including such factors as abrasion, corrosion,

vibration, impact, puncture. and the probable effects on contain-

ment of abnormal conditions such as fire or explosion.

. Prototype Testing and Evaluatjon: Submit the following infor-
mation:

0 Maximum radiation levels at § and 30 centimeters from
any extemal surface of the source averaged over an
area not to exceed 100 square centimeters, and the
method of measurement or calculation.

0 Results of tests performed on prototype sources that

y establish the integrity of the source construction

3 and seal under the most adverse conditions of use to

2 which the source is likely to be subjected. These
prototype tests should, insofar as possible, reflect
the actual conditions of use énd, as a minimum, sha)l
meet the designated usage classification according to
the current ANSI standard entitled “Sealed Radicactive
Sources, Classification," provided the means for as-
signing such a classification is described.
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¢.  Additiomal Informetion: Submit ény acditional information, ine
cluding results of experimenta) stucies and tests . which will facilie
tate & determination of the safety of the sealed source.

SPECIFICATIONS AND STYLE

Review, handling and filing of applications can be facilitated by obser
of the following guidelines on specifications and style.

1. Physical i f1 ion

A1l pages in an application should be numbered consecutively., Text

pages should preferably be printed on two sides with the image printed
head to head.

If revisions are necessary subsequent to submission of an applicatior,
revised pages should be submitted. Each revised page should dbe numbered
and show the date of revision. The revised portion of the page should be
marked by a bold verticle line in the margin opposite the binding margin,
[f supplemental pages are submitted as part of the revision they may be
numbered 13a, 13b, etc.

The preferred paper size is 8% x 11 inches. If a larger size is
used, the sheet, after reduction, should not exceed 11 x 17 inches,
including a 2-inch margin at the left for binding. The finished copy
when folded should not exceed 8% x 11 inches.

A margin of no less than one fnch should be maintained on the top,
bottom and bdinding side of each sheet.

A1l drawings should have a drawing number, revision number, company
name, title, date, and sheet number,

Type of paper, color of paper and ink, type'font and style, and
printing or reproduction method should be suitadle for microfilming.



2. 1e and Compositi

The applicant should strive for clear, concise presentation of the
information provided in the application. Confusing or amdiguous state-
ments and unnecessarily vervose descriptions do not contridbute to expe~
ditious technical review, Claims of adequacy of cesigns or design methods
should de supported by technical bases, i.e., by an appropriate engineering
evaluation or description of actual tests. Terms as defined in the NRC
regulations and American National Standards guides must be used.

Appendices may be used to include detailed information omitted from
the main text for clarity. Examples of such information are summaries
of the manner in which the applicant has treated matters addressed in NRC
regulatory guides, supplementary information regarding caiculational
methods or design approaches used by the applicant or its agents, and
1ists of references mentioned in the text.

A1l physical tests of sealed source and devices should be supported
by photographs in the appendices.

where numerical values are stated, the number of significant figures
given should reflect the accuracy or precision to which the number is
known. Where possible, estimated limits of error ur uncertainty should
be given. >ignificant figures should not be cropped or rounded off if,
by doing so, subsequent conclusions are inadequately supported.

Abbreviations should be consistent throughout the application and
should be consistent with generally accepted usage. Any abbreviations,
symbols, or special terms unique to the proposed sealed source or device
not in general usage should be defined in each section of the applica-
tion where they are used.

Orawings, diagrams, sketches, and charts should be used where the
information can be presented more adequately or conveniently by such
means. Due concerm should be taken to ensure that all information pre-
sented in drawings is legible, symbols are defined, and drawings are
not reduced to the extent that visual aids are necessary to interpret
pertinent items of information presented in the drawings.

8.
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STANDARD L1IST
PRINCIPAL USES OF SEALED SOURCES AND OEVICES

Industrial Radiography

Medical Radiography

Medical Teletherapy

Gamma Gauges

Beta Gauges

011 well Logging

Portadble Moistyure Density Gauges
General Neutron Source Applications
Calibration Sources (Activity greater than 30mCi)
Gamma [rradiator, Category |
Gamma rradiator, Category 1
Ga.ma Irragiator, Category 111
Gamma [rradiator, Category IV

lon Generators, Chromatography
lon Generators, Static Eliminators
lon Generators, Smoke Detectors
Thermal Generator

Gas Sources

Foil Sources

Other

X-Ray Fluorescence

General Medical Use

EXHIBIT 1
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DEFINITIONS FOR STANDARD LIST
PRINCIPAL USES OF SEALED SOURCES AND DEVICES

éngggsrall g;giogr!gnﬁ == The examination of the structure of materials

Y nondestructive methoas, utilizing sealed sources of ragdioactive

material,

;!Slill.ﬁlﬂlﬂle!?! == The process of producing x-ray or gammna-ray
mages tO assist 1n the determination of medical diagnoses.

;’glg;l_lglg;?¥;§g; == The treatment of disease with gamma radiation
rom & controlied source of radiation located at a distance from

the patient.

gg%!a_iggggé == The use of gamma radiation to measure or contro)
thickness, density, levels, interface location, radiation leakage,
or chemical composition.

g;;;_ﬁgag;g == The use of beta radiation to measure or control thick-
nesss, density levels, interface location, ragiation leakage, cor

chemical composition.

Oi] Well Logging == The lowering and raising of measuring devices or
tools which may contain radicactive sources into well bases or cavie
ties for the purpose of obtaining information about the wel) and/or

adjacent formations.

Portabl == Portable gauges which use a
ragioactive sealed source to determine/measure moisture content or
density of material. This includes hand-held or dolly-transported
devices/sources.

neral our lications -~ All appifcations, excluding
reactor start-up, which use a neutron source.

Eﬁlibrggion Sources (Activity greater than 30mCi) -- Sources of a
Own pumity and activity which are used to determine the variation
in accuracy of a measuring instrument and to ascertain necessary
correction factors.

SXHIBIT 1 (continued)
10
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5‘ggl_%;§1§1‘;g;‘T§‘;*gg;;_L =« An irradiator in which the sealed
source(s) 1s completely contained in a dry container constructed of
solid materials, the sealed source is shielded at all times, ang
human access to the sealed source(s) and the volume(s) undergaing

irradiation is not physically possible in its design configuration.

rradi -= A1l applications which are panoramic

and u?c Fy source storage fer irradiation of biologic or other ma-
terials. ;

Maj_r;!mmm_x_u == Applications which are self con-
tained and use a wet source storage for irradiation of biologic and

other materials.

Camme [rr;gig;gr, gg;ggg:; IV =~ Applications which are panoramic and
use a wet source storage for irradiation of biologic and other ma-
terials,

lon r raphy -- Process of using an ion generating
soyrce to determine the chamical composition of material.

liminators -- Process of using ion generating
sources to eliminate static electricity on a surface or a surrounding

3
=

lon Gefer smoke Detectors -~ Process of using fon generating
Qurces to detect gases and particles created by combustion.

Thermal Generator -- Process of using the heat of a radioisotope to
produce energy.

%g;_;ggiggg == Sealed sources containing radicactive gas such as
rpton-83 or hygrogen-3.

Fﬁil §§¥rg!g == Sources which are constructed using thin metal foil.
e radicactive material may be secured to the foil in a number of

ways, for example: plating, laminating, or cold welding.

Other -~ All other uses or applications not covered in other categories.

EXHIBIT 1 (continued)
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;. v -Ray Fluorescence -~ Sources and/or devices utilizin radio-
r{ active materia fch excitas the atoms of samples which, in
¢

turn, emit characteristic A=rays and theredy provide a means
for sample analysis.

4 v ical == This category includes giagnostic sources
1] &nd cevices such as bone minera) analyzers and therapeutic

} sources and devices such as interstitia) needles, therapeutic
}: seeds, and opthaimic applicators.

EXHIBIT 1 (continued)
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c.

PROPRIETARY INFORMATION

Proprietary Information includes:
l.  Trade secrets.

2. Privileged or confidential research, development, commercia)
or financia) information exempt from mandatory disclosure
under 10 CFR Part 2, "Rules of Practice for Domestic Licensing
Froceedings," Sectfons 2.740 and 2.790 and under 10 CFR Part
9, "Publfic Records," Section 9.5, “Exemptions.”

Access

Access to proprietary {nformation or information claimed to be
proprietary will be given only to those persons who need the infermaion
in the conduct of official business. Functions of the proposed
recipient should be considered. Access to proprietary information

or information claimed to be proprietary in documentation centers

will be given to NRC personnel on the basis of NRC access authorization.
Such persons shall attempt to obtain this access only in connection
with their duties. If any doubt exists &s to whether it 1s proper

to furnish information in any particular case, the NRC orfice which

has programmatic responsibility for the information (e.g., the

Office of International Programs for foreign information) shall be
consyl ted.

Marking of Documents

l. On Origination or Submission Documents which contain trade
sccrof! oF other privileged or confidentia) commeércial or
- financial information as set forth above, shall he marked to
indicate that fact. Markings shall be placed on the document
on origination. Documents claimed to bde proprietary shall be

S0 marked subject to an NRC determiration that they contain
proprietary information.

2. The words "PROPRIETARY INFOWTION' shall be placed conspicuously

at the top and bottom of each page containing claimed proprietary
{nformation.

The wording set forth below shall be placed at the bottom of
the front cover and title p2ge, or first page of text if there
s no front cover or title page:

"TRADE SECRET OR PRIVILEGED OR CONFIDENTIAL COMMERCIAL OR
FINANCIAL INFORMATION

EXHIBIT 2
13




This document contains information submitted to the NRC by

[Name of Company) (Name of Submitter)

which 1s claimed to be proprietary in accordance with (10 CFR 2.790(d))
(10 CFR 9.5) (10 CFR Part 21) and is exempt from mandatory
public disclosure to 10 CFR Part 9.

WITHHOLD FROM PUBLIC DISCLOSURE

(STgnature and T1cie) (urrice) [Ul!‘j

3.  The NRC requests, whenever possible, that al! information
submitted under the claim of “"Proprietary Information® be
extracted from the main body of the application and submitted
as A separate annex Or appendix to the application. This
procedure will facilftate the processing of the application,

Determination of Proprietary Status by the NRC

A1l {nformation submitted under the claim of “Proprietary Information®
as part of an application becomes the property of the NRC and may

not be returned even upon request by the applicant. The claim by an
applicant that certain information submitted with the application

fs in fact "Proprietary" {s merely a rebuttable presumption which

will be reviewed by the NRC upon submission and an initial determination
will be made as to the adequacy of the claim. Upon a finding that

the submitted information 1s not "Proprietary” the applicant will

be s0 notified and granted an opportunity tu amend his application
accordingly.

However, in the event a "Freedom of Information Act Request" 1s
filed pertaining to "Proprietary Information® the requester may
appeal an initial determination in favor of the applicant by filing
an appeal in writing with the Executive Director for Operations
(Ebog. V.S, Nuclear Regulatory Commission. If the EDO finds in
favor of the requester, then such materfals inftially marked “Proprietary”
will be deemed nonproprietary and made available to the public. It
should be noted, however, that upen a ruling by the EDO a judicial
review 1s available in a district court of the United States. See
Title 10, CFR Part 9 for a detafled dfscussion of the rights of the
parties.

EXHIBIT 2 (continued)
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ULTRASDONIC TESTED M) REWD  c GAS TUNGSTEN ARC WELD
ULTRASONIC TESTED M)

REMOTE GAS TUNGSTEN ARC WELD
WL LES X CHECKED

FIGURE 1. WESF Capsule

TRBLE 1. &ESF Desium Chioride Capsule Characteristics

DIMENRSIONS

Imer Capsile: 316l stainless stee)
0.085-. w11 thickness
2.250-m, ovtside diameter
18.725-tn. ot Tength
0.40D-1n., total cap thickmess

Dwter Capsule: 316-L stainless stee!
D.105-1n. sal) thickness
2.625-1n, outside diameter
20.775-1n. total length
0.400-1n. total cap Thickness

DENSITY D) 2.47 g/’
! oumTTTY OF ¥es 4849 w23

IWPURITIES 6 vt

HEXT SEWERKTION 300 watee

RADIDACTIVITY 70,000 1 127cs
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Compliance with the tests shall be deter-
mined by the ability of the sealed source 10
maintain its integrity after each test is per
formed. Methods of testing sources for in-
tegrity after testing are set out in Appendix A.

A source with more than one encapsulation
shall be deemed to have complied with a test if
it can be demonstrated that at least one encap-
sulation has maintained its integrity after the
test

1.1.2 Classification of Radionuclides Accord-
ing to Radiotoxicity (Table 2). This Table,
taken from a current ICRP report, classifies
radionuclides into {four groups according to
relative radiotoxicity

If the radionuclide is not listed in Table 2,
the source shall be considered on &n individual
basis by the supplier, the user, the regulatory
authority, or gox'ernmemal advisory agency.

1.1.2. Activity Level (Table 3). This Table
establishes a maximum activity of sealed
sources for each of the four radiotoxicity
croups in Table 2, without further evaluation.
Sources containing more than the maximum
activity shall ve subject to further evaluation
of the specific usage and design. The activity
shall be determined at the time of manufacture
of the sealed source.

Table 8 also defines the properties of the
redioactive material within the sealed source as
“leachable and ‘or reactive” and “non-leachable
and nonreactive.” The physical and chemical
form and the geometrical shape of the radio-
active material used to determine these prop-
erties shall be the same as the physical, chemi-
cal and geometrical form of the radioactive
material within the sealed source.

4.1.4 Sealed Source Performance Require-
ments for Typical Usage (Table 4). Table 4 is
based on current practice and typical environ-
ments in which a sealed source or source-device
will be used. Average environment includes
normal and abnormal use (taking into account
reasonable accidental rigks), but does not in-
clude exposure to fire or explosion. For gealed
sources normally mounted in devices, consider-
ation was given to the additional protection
afforded the sealed source by the device when
the Class number for a particular usage Was
assigned. Thus, for all usages shown in Table

4. the Class numbers specify the tests to which
the sealed source shall be subjected, except that
for the category ion generators, the complete
source-device combination may be tested.

Obviously, Table 4 does not cover all source
usage situations. 1f the particular average en-
vironment differs from the values shown, or if
the source usage is not shown, the specifications
of the source shall be considered on an indi-
vidua! basis by the supplier, the user, and the
regulatory authority. The numbers shown in
Table 4 refer to the Class numbers used in
Table 1.

4.1.5 Leak Test '}lelhods (Appendix A). Ap-
pendix A lists currently acceptable leak test
(integrity test) methods.

4.1.6 Quality Assurance and Control (Appen-
dix B). To assure that production sources will
have performance characteristics equal to the
tested prototypes used in classifying the
sources, a good Quality Assurance and Control
program is necessary. Appendix B is included
as a guide to aid a manufacturer in establishing
a specific program.

4.1.7 Summary of ANSI N44.1-=1973. Integ-
rity and Test Specifications for Selected
Brachvtherapy Sources (Appendix C).

4.1.8 Summary of ANSI N540-=1975. Clas-
sification of Self-Luminous Light Sources (Ap-
pendix D).

4.1.9 1AEA Tests for Special Form Radio-
active Material. Excerpts from IAEA Safety
Series No. ¢—Regulations for the Safe Trans-
port «. Radioactive Materials, 1973 Revised
Edition (Appendix E).

4.2 Fire, Explosion or Corrosion. Table 4 does
not consider exposure of the source-device to
fire, explosion or corrosion. In the evaluation of
sealed sources and source-device combinations,
the manufacturer and user must consider the
probability of fire, explosion and corrosion and
the possible results, Factors which should be
considered in determining the need for actual
testing are:

(1) consequence of loss of activity

(2) quantity of active material contained in
the source;

(8) radiotoxicity:




t4) chemicul and physical form and the geo-
metrical shape of the radioactive mate.-
rial;

(d) unuunmen! in which it is used; and

(61 protection afforded the source or source-
device combination

1.3 Rndiulo\icih and Solubility, Except as re-
1 Section 4.2 radiotoxicity of the radi-
(»nuc..de shull be considered only when the
activity of the sealed source exceeds the valve
snown in Table 3. If the activity exceeds this
value, the specifications of the source must be
onsidered on an individual basis, If the activity

. not exceed the values shown in Table 8,
Table 4 muy be used without further consider-

ation of either radiotoxicity or solubility,

guired

’

5. Procedure To Establisk Classification
and Performance Requirements

e

.1, Establish radiotoxicity group from Table 2.

5.2 Determine amount of activity allowable
from Table 8

5.3 If the desired quantity does not exceed the
”o\\ 1ble quantity of Table 8, an evaluation of

e, explosion, and corrosion probabilities shall
be mudc. If no significant probability with re-
spect to fire, explosion, and corrosion exists, the
required classification for the source (per-
formance requirements) may be taken directly
from Table 4. If a significant probability does
exist, the factors listed in 4.2 shall be evaluated
with particular attention to the temperature
and impact requirements.

i 1f the desired quantity exceeds the allow-
ubl( quantity of Table 8, an evaluation of fire
explosion or corrosion probability and a sep-
arate evaluation of the specific source usage
and source design shall be made

5.5 After the required classification of the
source for the particular application or usage
has been established, the performance test con-
ditions can be obtained directly from Table 1.

5.6 Alternatively, the source may be tested, the
source Class determined from Table 1, and some
suitable application selected from Table 4.
Sources of an established classification may be
used in any zs;\p!icatmn having less severe spe-

- -
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¢ific performance requ

numbers)

irements (classification

6. ldentification

The designation according to section 8 shall
be marked on the sealed source or source con-
tainer or source holder or accompanying docu.
ment

7. Testing Procedures for Table 1

7.1 General. The testing procedures given in
this section present acceptable procedures for
determining performance classification num.
bers. All the test environments provide the
minimum requirements. Procedures which can
be demonstrated to be at least equivalent are
also acceptable. All tests, except the temper-
ature tests, shall be carried cut at ambient tem-
perature.

7.2 Temperature Test

7.2.1 Equipment. The heating or cooling
equipment shall have a test zone volume of at
least five times the volume of the test specimen.
If a gas or oil-fired furnace is used for the tem-
perature test, an oxidizing atmosphere shall be
maintained throughout the test

7.2.2 Procedure. All tests shall be performed
in air except in the low temperature test, when
an atmosphere of carbon dioxide is permitted.
All test sources shall be held at the maximum
(or minimum, for low temperature tests) test
temperature for a period of at least 1 h.

Although Table 1 specifies a low temperature
of =40°C, “dry ice” may be used as the cooling
material, Thus, the low temperature may ap-
proach =75°C.

Sources to be subjected to temperatures be-
low ambient shall be cooled to the test temper-
ature in less than 45 minutes.

Sources to be subjected to temperature above
ambient shall be heated to the test temperature
at least as rapidly as indicated by the follow-
ing time-temperature table.

' Part of this test for Class 6 is similar in principle
to the heating test piven in JAEA regulations for the
safe transport of radiocactive materials

&
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Addendum to
SAND 82-1492

WESF CESIUM-137 GAMMA RAY SOURCES

The following information is provided to amplify and clarify
material presented in SANDB82-1492 and is based, in part,
upon data obtained since the publication of the document,

Irradiator Classification Category:

As discussed in the Registration Application, most contem=
plated cesium-137 irradiator designs require intermittent
exposure of the cource capsules to a water environment
during (1) initial loading, (2) periodic recharging and/or
(3) operation where source is not in use. However, some
facilities such as the TransPortable Cesium Irradiator
(TPCI) will not require such exposure to water and will
operate as self-contained, dry source storage systems.

Because most irradiator designs require source exposure to
water, Category III of ANSI N542 is appropriate for these
facilities., In these systems, the cesium=-137 is self~-
contained within the double encapsulation of the WESF
capsules and, through irradiator design, is isclated from
the environment in an irradiation chamber. The sources are
occasionally exposed to water so Category III -
self-contained, wet source storage is appropriate even
though in most designs the sources will only be exposed to
water for a small fraction (less than 1 percent) of their
useful lives in these facilities. 1In a facility such as
TPCI, Category I, self-contained, dry source storage is the
appropriate classification. It should be noted that the
ANSI N542 performance test requirements are identical for
sources used in Categories II, III and IV irradiators.

Puncture Test Regquirement:

The ANSI N542 requirement for puncture testing for sources
in Category III irradiators is Class 4 (50 gms from 1 m).
Paragraph 3.2.5 on page 25 incorrectly cites 10 gms in the
first line. However, note that the test conducted and
survived by the WESF capsule involved dropping the capsule
itself (approximately 7,600 gms) onto a steel rod from
4.57 meters.

Vib~.tion Test Regquirement:

Currently contemplated irradiator designs will restrain the
WESF capsules rigidly in a source plague which is housed in
a massive concrete structure or an approved shipping cask

> AT



(as in TPCI). 1In these environments, vibration of the
sources is extremely unlikely. During shipment to the
facilities, the sources will be transported in approved
regulatory containers and would experience only those
low-level vibrations experienced by a truck on a highway
which can be transmitted through the cask to the capsules.
However, SNLA has conducted a vibration test of a WESF
capsule (loaded with non-radicactive CsCl) according to the
Category III ANSI N542 requirements (30 min, 25-500 Hz @ 5 g
peak amplitude). Preliminary visual results indicate no
effect of this loading on the capsule integrity. Helium
leak checks of the welds are currently being ccnducted
(Phone conversation = McMullen/Kenna - 8/4/83).

Temperature Test Requirement:

The static temperature test requirement for Category III
irradiator sources is =-40°C for 20 minutes. As noted on
page 22, due to the internal heat generation through decay
of the cesium=137 within the WESF capsule (approximately

300 watts), it is very difficult to achieve a -40°C condi-
tion on the external surface of the outer capsule. 1In fact,
with a doubly encapsulated WESF cesium chloride capsule
generating 300 watts of decay heat, an external still air
temperature of =200 to -400°F is required to cool the outer
capsule surface to =-40°C,

Quality Assurance:

Fabrication of the WESF cesium chloride sources is accom=-
plished by Rockwell-Hanford Operations under strict pro-
cedures. The 316L stainless steel capsule tubing is
procured according to Rockwell specification HWS-8835
outlining physical, chemical, mechanical and dimensional
parameters which must be met. Rockwell specifications
H2-66760 and H2-66761 outline procedures for inner and outer
capsule fabrication while Rockwell document SDWM=0CD=003
establishes welding criteria for capsule welds. With regard
to encapsulation of the cesium chloride at WESF, Rockwell
has published an "Operating Specifications Document for

B Plant and WESF." Three pertinent specifications are
PSD-B-257~00053 (Rev., D-0) which defines process parameters
and purity levels for preparation of the molten cesium
chloride; PSD-B-257-00054 (Rev. D=0) which outlines pro-
cedures for capsule welding, leak checking, decontamination
and calorimetric analysis; and PSD=-B-257-00055 (Rev. D=0)
which establishes procedures for storage of the capsules in
the WESF pool.

Capsule Destructive Analysis:

As discussed on page 26, ORNL did destructively analyze a
cesium WESF capsule. This capsule was produced and filled




with cesium chloride by DOE/Rockwell-Hanford in 9/75, was
stored in the WESF pool from 9/75 to 8/78, was shipped in an
NREK 43 cask to SNLA in 8/78, was stored in a SNLA pool from
8/78 to 5/79, was lcaded and used in the Sandia Irradiator
for Dried Sewage Sclids from 5/79 to 8/81 and was shipped to
ORNL for destructive analysis on 8/8l1. During the 2 years
of use in the SIDSS, the capsule was one of 15 arranged in a
source plaque and resided in air for the major part of the
time. The results of the ORNL analysis are presented in
SANDE3-0928. The measured inner capsule outer surface
temperature upcn opening at ORNL was 127°C (Table II,
page 15). The outer capsule exterior surface temperature
was 104°C. The source contained about 60,000 Ci of
cesium=137 (page 24). Moy ttiin

3 surface
temperatures are in °F and not °C as stated, and (g inner
capsule contained 61.8 kCi cesium=-137, not 71.8 kC1i.
Metallographic, SEM, microprobe, gas analysis and mechanical
tests were conducted on thé sectioned capsule and, as the
report states on page 26, "the cesium chloride appears to be
a benign resident within the capsule to this point in time."
In effect, no notable corrosion phenomena were observed and
no effect on mechanical properties due to any contact with
CsCl was discovered after 8 years in various operational
environments,

Recycle of Cesium:

The comments on page 32, paragraph 4.1 referring to
recycling of cesium chloride pertain to operating procedures
at Rockwell-Hanford by which newly encapsulated sources can
be reopened, the CsCl remelted and reintroduced into the
process for subsequent filling of another capsule. These
procedures would be followed if, typically, one of the weld
tests (leak check or ultrasonic test) indicated a sub-
standard weld on one of the capsules.




Product Irradiators in Non-Agreement States

A1l of the irradiators listed below are wet storage type. All of the

irradiators contain cobalt-60.

~N Oy v >

o o

10.
1.
12,
13.

Licensee

Radiation Sterilizers

Radiation Sterilizers

Appliant Radiant Energy
Corp.

Radiation Technology

I somedix

Isomedix

Isomedix

Isomedix

Isomedix

I somedix

Ethicon

Becton-Dickinson

Permagrain Products

Location

of Irradiator

Schaumberg, IL

Westerville, OH

Lynchburg, VA
Rockaway, NJ
Northborough, MA
Vega Alta, PR
Groveport, OH
Morton Grove, IL
Whippany, NJ
Parsippany, NJ
Somerville, NJ
North Canaan, CT
Karthaus, PA

Product Irradiators in Agreement States

A1l c¢f the irradiators listed below are wet storage type. All of the

irradiators contain cobalt-60.

n‘(
Quality (Ci)

5,000,000
5,000. 000

400,000
2,000,000
2,000,000
3,000,000
2,000,000

500,000
2,000,000
2,000,000
2,000,000
1,500,000
2,J00,000

Use

Medical products
Medical products

Materials
Products, wood
Materials, food
Medical products
Materials
Products
Materials
Materials
Medical products
Medical products

Products

The specific products which may be irradiated

Al
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were not specified except for food irradiation.

-, ‘
il TR 2 &'

Location

. License of Irradiator Quality (Ci) Food

B 14. Process Technology West Memphis, AR 2,500,000 Yes for export
15. Sherwood Medical Northfolk, NE 3,000,000 No
16. Becton-Dickinson Broken Bow, NE 3,000,000 No

;E 17. Ethicon San Angelo, TX 1,500,000 No

3; 18. Johnson & Johnson Sherman, TX 3,000,000 No

i 19. American Convertors E1 Paso, TX 10, 000,000 No

é 20. Surgikose Arlington, TX 4,000,000 . No

'§ 21. Sherwood Medical Commerce, TX 3,000,000 - No

}: 22. Neutron Products Dickinson, MD 750,000 Yes - R & D

i 23. Neutron Products Dickinson, MD 1,500,000 Yes - R&D
24. COBE Laboratories Lakewood, CO 5,000,000 No

¥ 25. Radiation Sterilizeis Tustin, CA 3,000,000 Yes

; 26. Becton-Dickinson Oxnard, CA 3,000,000 No
27. International Nutronics Irvine, CA 1,250,000 No
22. International Nutronics Palo Alto, CA 750,000 No
29. Buckeye Cellulose Huntsville, AL 3,000,000 No

30. Sherwood Medical Deland, FL 3,000,000 No
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31. Radiation Sterilizers Decatur, GA 5,000,000 No
(under construction)

32. Ilsomedix Columbus, MS 2,000,000 No
33. Process Technology Haw River, NC 1,200,000 No
34, Isomedix Spartanburg, SC 4,00,000 NO
35. Becton-Dickinson Sumter, SC 3,000,000 NO
Accidents

At the lsomedix facility in Parsippany, NJ, & worker entered a hot cell

irradiation facility while the radiation source was in an unshielded configuration.
The licensee's procedure required surveys to be made prior to entering the hot
cell. In addition, a radiation alarm was supposed to be activated if the door

was opened and the sources were in an unshielded configuration. The alarm was
not automatically engaged if the door was opened; the radiation monitor which
would activate the alarm was external to the cell. The procedures also reguired
that a visual check be made through the hot cell viewing window to determine that
the radiation source was in a shielded position prior to entering into the cell.
Because of fatigue and human error, the worker failed to follow the procedures,

entered into the cell, and received a dose of about 300 rem.

At the Radiation Technology facility in Rockaway, NJ, the interlock system which
was intended to sound an alarm if the door was opened while the radiation source
was in an unshielded configuration was inactivated by removal of the door. The
licensee continued operations even though the safety system had been rendered
inoperable. A worker, unaware trat the radiation source was unshielded, entered

into the irradiation source while the radiation source was exposed. The worker



failed to make a2 survey because he thought the radiation source was in the

shielded position. The worker received a dose of about 300 rem.

Fires

At the Becton-Dickinson facility in Broken Bow, Nebraska, the source rack was
prevented from returning to the shielded position by product carrier boxes

which had bent out corner edges and flaps that extended into the trave)

path of the source rack. After about 10 ﬁours. several fires occurred in the
product and nroduct boxes. The first were extinguished by the sprinkler system

in the irradiatior room. After approxiinately 24 hours, the source rack was
successfully lowered to its shieleded position. There was no damage to the source
pencil; there was some dumage to the source pass conveyor that caused severa)

days of down time.

An event similar to the Broken Bow event occurred at the Becton-Dickinson

facility at North Canaan, Connecticut.

Contamination

A spill and release of water contamination with cobalt-60 occurred at the
International Nutronics facility in Dover, New Jersey. A pump malfunction
caused pool water, which had been contaminated due to a leaking source, to
be released into the facility and into areas adjacent to the building.

The licensee discontinued all irradiator operations. The facility

and surrounding area are in the process of decontamination pursuant

to an NRC order,



.5.

Physics-chemical Character of ’37Csc1-316L Stainless Steel

A.

Currently-used WESF capsules were designed for water storage,

not as gamma radiation sources.

Chromium-nicke%’steels perform best under oxidizing conditions, since
resistance (to corrosion) depends on an oxide film on the surface of

the alloy. Reducing conditions, and chloride ions, destroy this film
and bring on rapid attack. Chloride ions, comhined with high tensile

stresses, will cause stress-corrosion cracking. This is true in

aqueous solution and needs to be studied in the dry system at elevated
temperature.

The effects of loss of capsule integrity can be significant due to
the high.solubility of CsCl and the specific activity of '3/Cs. For

instance:

1. At about 30°C. the solubility of CsCl is 200 grams per 100 grams
of water,

2. Less than 0.003 mg of 137Cs wou'd contaminate a 30,000 gallon
storage pool to levels beyond those permitted for release to an
unrestricted area.

3. If a resin column is considered & point source, aiout 4 mg. of
absorbed '37Cs would result in a gamma radiation level of 1 R/hr,
at 1 meter.

A long-term (=5 years) compatability testing program on WESF capsules

is underway a2t PNL.




The chloride 4s about 90% Cs and 10% chlorides of potassium.
rubidium, sodium, calcium, and barium.
Theoretical considerations indicate that certain impurities in
CsC1 could have 2 significant effect on corrosion rate.
Early results (=6 months aging) at 450°C interface temperature
show 316L corrosion rates of about 0.008 inches/year.
Definite conclusions must await the results of the longer-term
tests.
These tests are more indicative of effects in dry-storage,
dry-irradiation facilities.
A Cesium-137 demonstration at Sandia (dry-storage, dry-irradiation)
has operated for more than five years irradiating grapefruit, mangoes,

and sewage siudge. This experience will be factored into licensing

decisions.

The use of WESF capsules in wet-storage, dry-irradiation would impose

thermal cycling effects.

1. The CsCl-stainless interfacial termperature undergoes about a
140°C change between water storage and use in air.
This temperature differential causes an expansion (and contraction)
of about 0.014 inches of the circumference at the interface.
If a capsule is used fcr 1 half-1ife of Cs-137 (=30 years), and
is cycled daily between water storage and dry irradiation, 10,000

cycles are imposed.

The effects of therma)l cycling on capsule integrity are not known,

The anknown effects include:
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a. The effects of thermal (expansion and contraction)
cycling on corrosion rate at the inner capsule-CsCl interface.
b. The effects of thermal cycling and pool water purity, e.g.
chloride content, on the outer capsule.
¢c. The effects of temperature and/or thermal cycling om

capsule physical stability, swelling, etc.

Safety Precautions

The uncertainties that accrue with long-term use of capsules containing

137

operation.

CsCl may be offset to a degree by constraints on facility design and 3

These constraints must be based on the propertics of the

material being irradiated as well as the mode of irradiator operation. For,

A. Dry-Irradiation/Wet Storage, constraints may include:

1.
2.

S.
6.

Periodic sampling and destructive testing of capsules.
Specification of 1imits on storage pool water quality for both
radioactive and non-radiocactive constituents.

Water impervious storage pool liners.

Shielded cleanup systems for removal of radiocective
contaminants in storage pool water.

Approved plans for operation of cleanup systems.

Approved plans for disposal of radicactively-contaminated resins.

B. Dry-Irradiation/Dry-Storage, constraints may include:

{ I
&
3.

Periodic sampling and destructive testing of capsules.

Ventilation leakage control.

Specification of 1imits on radioactive constituents in ventilation
off-gas.

High efficiency filtration system requirements.
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5. Approved plans for operation of filtration systems.

6. Approved plans for disposal of radioactively contaiminated

filters.
C. Commodities, the constraints would be determined by the properties

of the commod‘ty, which may vary widely. For example, irradiation of:

1. Fruits, Nuts, and Field Crops may cause imposition of cleanliness
standards to prevent stems, leaves, dust, and dirt from impeding
transport through the irradiator or movement of the source racks.

¢. Bulk Grains may require that the dust loading of air be controlled
to prevent explosion.

3. Crated or Boxed Commodities may require no constreints other than

those currently imposed on medical product irradiators.



HE IRRADIATION THAT ZAPPED
g the apples in my pie at the Nationsl

Preas Club lest month could bave
killed me many timea ovar. ’g’mtho
pionndthomddtbeb:‘m
and chicken kebsb in & bad of nce—
tastad perfectly normal. The chicken
was 20 tendar you could cut it with a

tive zapping by casiura 137 or cobslt
60, two elemewn.s that are waste prod-
ucts of the nuclear weapons and
energy industries—is said by its pro-
moters to kill hazardous germs and
pests, to prevent oy at lmt.gghy
ilage without refrigeration, to
MfMMumanbo
after other preserving procesess.
The atmosphere in the conference
rooms where lunch wes served was
like a restaurant gleaming white
tablecloths, clinking tableware and
animated chatter by a crowd of 150,
including members of the pews
madia, officiale dfozﬂmmm'
tions, congressional ars rep-
resentatives of Third Woeld
embessica and the Inter-Amaerican

Rep. 8id Morrison (R-Wash.) and
Sen. Slade Gurton (R-Wash.). On this
January day Morrisor had for the
third time introduced his bill to pro-
mote irradiation as a food preservs-
tion procass.

Garton explained to guests that ir-
radiation could supplant dangerous
pesticides like EDB, which th. Envi-

[rradiation could als> eliminate sal-
monella in red mes » poultry and
fish. Gorton said. High .-ees of ir-
radiation can actuslly ster ze meat
eo that, vecuum-packed, it =ill keep
for wears at room temperatw 2. Seven
years ago, Sen. Tom Harkir (N-lows)
told lunch guests, be had bsen served

David Holzman is a« Washington

FU$BY DAVID HOLZMAN

ndnuon would eliminate the trichi
noais worm.

Morrison made a point of introduc
ing Rep. Melvin Price (D-IL), forme
chairman of the Houss Armad Ser
vicas Committee. Price, aaid Morvi
son, was one of irradiation's oides
friends, a man who for years ha
“pushed for what we call beneficis

use . . . of some of wets o
the defense estahlishment.
The “byproducts” Mosrison wa

ing, specifically cesium 137. Morri
eon's district includes the Hanforc
Foderal Nuclear Resarvation, wher
much of the nation's nuclesr weap
onry is manufactured and where 1n
creasing quantitiss of redioa:tiv.
trash are piling up. “Every cong ress
man who has ever come out of tha
district has wantsd to do sometain
with that nuclear garbage,” says Ro
bert Alvarez of Jn Environments
Policy Instituia,

ALMOST ANYTHING the
would the quell the pork-borne thres
of trichinaais, which lodges painfull
and incurably in human muscle tis
sue, would probably ceem a great ide
to those at the National Pork Pro
ducers Council Dave Maisinger, th
Pork Producars’ director of researc!
and education, says trichinosis is rar
in this country but when it strikes
the headlines are grabbers. The nam
of pork becornes mud.

early 1982, just after the Por
Pmd&jmhadmngmlb;fmgz
ing the trichina parasite by 1987, Bil
McMullen of the Department o



vade the farm, said Dr. George Wil
son of the American Meat Institute.
Infected slaughterhouse scraps in
feed spread the parasite farther. Wil-
son said & new immunological tech-
nique named ELISA (Enzyme-Linked
Immuno-Sarbed Assay), which si

out infected carcasses, has a num

of advantages over irradiation
Among other things, off farms
can be traced and forced up
their operations. Moreover, ELISA is
cheaper, an estimated 10 to 15 cents
per hog or less, a distinct saving from
the 27 to 95 cents per nog that De-
partment of Energy experts project
irradiation might cost.

Nevertheless, the Pork Producers
endorsed Morrison's food irradiation
bill, and continue to testify favorably
on it. Why? Irradiation may do more
than fight trichinosis, says Uay
Hankes, chairman of the Pork Pro-
ducers’ trichina-safe pork task force.
“Even at triple the cost, if we can ex-
tend shelf life and cut down on refrig-
eration, there may be some merchan-
dising techniques that we are not
even aware of that this may allow us
10 ezplore.”

Meisinger concedes, though, that
irradistion is less promising than

tion system

method. “Those | feel a lot more
strongly about bscause they have
been shown to work economically and
effectively,” he says.

SOME TECHNOLOGIES catch
fire in the private sector and blaze
their way into the homes of America.
Food irradiation, however, has simol-
dered for 30 years in various federal
umd.witbﬁttkinm:bownpy

related activities, but in the so-called
byproducuuﬁliutionpmgmoft.bo
Department of Energy. How it got
thougndwhmitisgoin(iach-ic

for Peace Program. The Army of that
day hoped to convince the Food and
i byndhﬁmwuaufo.'ﬂd-
ternative to C-rations, but much of
the research was flawed and in 1968
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shortly after Jack Sivinski
paid a visit to his boss. His
peared. “My close association
with the wisdom of Jack
Sivinski helped persuade
| me,” he says. “. .. | have




irradiation is @ waste of money.

- To others, it’s only one of several
technologies, in most cases not the
best of them. And to most experts
on Third World hunger, it’s just
the latest in a series of high-tech
solutions that always fail. -

travelod with Jack, and bave
been in cloze contact with
DOE since April 1982."

Again end again the same
namés show up in the unfold-
ing irradistion story. Re-
cently AID gave $100,000 to
the National Food Processors
Asscciation, an industry ir-
redietion backer, w invesd-
gate the role food irradiation
might play in President Rea-
gan's Caribbean Baain Initie-
tive. Now DOE is i
CH2M Hill's Sivinald to b
up the study.

IN THE PAST, despits
the best efforts of Morrison,
Gorton and their like-minded
colleaguss, food irrediation
never generated much enthu-
siassm on Capitol Hill. One
staffer from a relevant com-
mittee says that Morrison is
the only congresaman who
ever called about it. Nor did
the FDA show much incling-
tion to legalize irradiation for
genaral use on food.

Then, in 1983, a series of
events helped launch & new
gy b

aret , & i

, becamne secrstary of
bealth apd bhuman esrvices,
the agency that oversess
FDA. (Heckler had for 16

my's original irradiation re-
ssarch. “She dragged me to
the Natick labe in 1979, look-
ing desperataly for & way to

penad,” recalls

tal Protsction Ageacy
pared to ben ita we. Lreadie-
tioa's proponents csized the
ity %o promote ir-
isticn a3 2 substituta. In
Novembsr, Morrison intro
g&wd&hoﬁxumionofhh
i Bt
pregsing 0 i
uradiation. “Now is the time

ﬁmquuhnfmAndwhm
and if it doss, that doean't

Holly Farma hes this to say:
“Why should multimillions of
dollara b2 spant to solve a
problam that's eagily solvable
o anyone's idtchen? Salmo-
nells i destroved by heating o
140 degrees for five minutss.”

For fruit and vegetables,
irredintion dosan't alwvays
WOrk and has stioug competi-
tors, says Agriculture's Dr.
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CESIUM-137 DATA SHEETS

I. FUEL FORM §u grogundz FEFERENCE COLLMN
A. CESIUM CHLORITE (CsCl) HALF-LIFE: 30.0 ¥ 1 |

4 1. Composition
' s. Redionuclidic Abundance

The cesiunm product conteins >99% cesium
and <l rudbidium.

: lsotope % _Abdundance WALE &\ 2, 3
. 1330g A" SrARe Coucs FeoM
138 [ "\";b‘) ‘;MNG"
Cs 6.5 3o, 2 ve. oF TP, xedew,
These values were cbtained from a mess $
spectrametric analysis of fission product
cesium. 1

The above isotopes are produced in sbout equal
quantities during fission, but *3%Xe, which is 4
—the precursor of **Cs, has & cross section of
2.7 x 10° barns and & considersble amount of
this isotope burns up during reactor operation.

b. Radiochemical Purity 2, 3

The grincipﬁl redionuclide other than *37Cs

is 234cy (7,2 = 2.1 y), vwhose content increcses
with increasing irrsdistion dose, as shown in
the following table.

Calculated Ratios of 334¢s/*37Cs
Activities ‘as & Function of Irradiation
. _Dose to the Fuel in Megswatt-Days per Ton

Irrediation dose, Ratio of

Mvd/ton ' 13405 /2370
1,000 0.0%8

2,000 0.072

) 4,000 0.145

6,000 0.218
8,000 0.29

10,000 0.36

15,000 0.54

20,000 .72
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GAMMA RADIATION LEVELS FOR ONE CURIE OF SOME RADIONUCLIDES®

RS ﬂ

Nuclide re Nuclide re¢ Nuclide re
Actinium-227 ~2.2 Gold-198 2.3 Potassium-43 5.6
Antimony-122 2.4 Gold-199 ~.9 Radium-226 8.25
Antimony~124 9.8 Hafnium-17% “.1 Radium-228 3.1
Antimony~125 2.7 | Hefnium-181 3.1 Rhenium-186 ~.2
Arsenic-J72 10.1 Indium-1lém ~.2 Rubidium-86 0.5
Arsenic-74 4.4 | Todine-124 7.2 Ruthenium-106 1.7
Arsenic-76 2.4 | Todine-125 0.7 | Scandium-46 10.9
Barium-131 ~3.0 lIodine-126 2.5 Scandium-47 0.56
Rarium-133 ~2.4 | lodine~130 18.2 Selenfum-75 2.0
Barium-140 12.4 lodine-131 2.2 Silver-110m 14.3
Beryllim ° 0.3 [ lodine-132 11.8 || Silver-111 0.2
Bromine«~b. 14.6 Iridium«192 4.8 Sodium-22 12.0
Cadmium~1]5m ~0.2 Iridium~194 1.5 Sodium-24 18.4
Calcium-47 5.7 | Iron-59 6.4 Strontium-85 3.0 ¢
Carbon-11¢ 5.9 | Krypton-85 0.04 || Tantalum-182 6.8 1
Cerium-141 0.35 || Lunthanum-140 11.3 Tellurium-121¢ % BB
Cerium-144 ~0.4 Lutecium-177 0.09 || Tellurium-132 2.2
Cesium~134 8.7 Magnesium-28 15.7 Thulium-170 0.025
Cesium-137 3.3 Manganese-52 18.6 Tin-113 “1.?
Chlorine-384 8.8 Manganese-54 4.7 Tungsten-185 0.5
Chromium-51 0.16 || Manganese-56 8.3 Tungsten-187 3.0
Cobalt~56 17.6 Mercury-197 ~0.4 Uranium-234 ~0.1
Cobalt-57 0.9 Mercury-~203 1.3 Vanadium-48 15.6
Cobalt-58 3.3 Molybdenum-99 ~1.8 Xenon~133 0.1
Cobalt-60 2.2 Neodymium~147 0.8 Ytterbium-175% 0.4
Copper-64 1.2 || Nickel+-65 ~3.1: || Yetrium-88 14,1
Europlum-152, 5.8 § Niobium-95 6.2 Yetrium-91 0.01
Europium-154 ~6.2 || Osmium-191 ~0.6 Zinc-65 2.7
Europium-155 . ~0.3 Palladium-109 0.03 || Zirconium-95 4.1
Gallium-67 ~1.1 || Platinum-197 ~0.5
CGallium-72 11.6 1.4

Potassium-42

* Jaeger, R. G., et al.,

(New York:

t_L* R-ca®/hr-aCt or r/
$

No. 80 (Washington, D.C.:

Nov. 1961) ], Appendix A, pp. 137-140,

“

Supt. of Docs., U.S. Governmen

Engineering Compendium on Radiation Shielding, Voi. 1,
Springer-Verlag, 1968), pp.

21-30,

10 = R/hr at | w/Ci
(National Bureau of Standards Handbook
t Printing Office,

131



SPECIFIC ACTIVITY

dionvelide | Half-Life ’:':':::. Radionuclide | Half-Life pf:':::.
Hydrogen-3 12,3y 9.64x10° | Molybdenum-99 67h 4. 72x10°
Carboa-14 5730y 4.46 Technetium-99m 6.0h 5.28x10°
Nitrogen-16 7.2 9.79x10*° | Ruthenium-106 367d 2,36x10°
Sod{um-22 2.60y 6.25x10° | lodine~-125 60d 1.74x10%
Sodium-24 15.0% 8.71x10° Todine~130 12.4h 1.96x10°
Phosphorus-32 14.3d 2.85x10° | Todine-131 8.054 1.24x10°
Sulfur-3$ 88d 4. 24x10 Barium-13) 7.2y 374
Chlorine-36 3.1x10%y 3.21x107% | Cesfum-134 2.05y 13000
Argon -4l 1.83h £.18x10" | Cesium-137 30.0y 82.0
Potassium-42 12.4h 6.02x10° | Barium-140 12.84 7.29x10%
Calcium-4$ 1654 1.76x10* | Lanthanum-140 40.22n 5.57a0
- Chromium=51 27.84 9.21x10* | Cerium-141 33 2.81x10%
Manganese-54 303d 7.98x10° Cerium-144 284d 3. 1o ‘
Iron-59 2.6y 2.50x10° | Prasecdymium-144 17.3m 7.55x107
Manganese-56 2.576h 2,170’ Promethium-147 2,62y 929
C  1e-$? 2704 8.48x10° | Tantalum-182 1154 6.24x10°
Iron-$9 45d 4.92x10* | Tungsten-18% 75d 9.41x10°
Nickel-59 8x10%y 7.58x10°% | Irtdium-192 74.24 9.17x10°
Cobalt-60 5.26y 1.13x10° | Gold-198 64 . 8h 2,44x10°
Nickel-63 92y 61.7 Gold-199 75.6h 2,08x10°
Copper -64 12.8h 3.83x10° | Mercury-203 46.9d 1.37x10*
2inc-65 2454 8.20x10° | Thallium-206 3.8y 462
Gallium+72 14.1h 3.09x10*° | Polonium-210 138.4d 4.49x10°
Arsenic-76 26, 5h 1.56x10° | Polonium«212 304ns 1.75x10*?
Bromine-82 35,340 1.08x10° | Radium-226 1602y  0.988
Rubidium-86 18.664 8.16x10* | Thorium-232 1.41x10*%  1.09x107"
Strontium-89 524 ° 2.82x10* | Uranium-233 1.62x10°y  9.48x107°
Strontium-90 28.1y 141 Thorium-234 24,14 2.32x10%
Yttrium-90 64h 5.66x10° | vUrantum-23§" 7.1x10%y 2.14x107*
Yttrium-91 58.84 2,44x10* | Uranium-238 “.51x0y  3,33x1077

Plutonium-239 2.44x10'y  6.13x10°°
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REFERENCE COLUMR

The ratio of *3%Cs to 37Cs activities will
decrease by a factor of ~2.0 every two years
after discharge of the fuel from the reactor.

Specific Power (9 vears Arree E~CAPSWATION) 2, 3, 4

a. 0.120 watt/g of pure CsCl

S€F e, Oa) REVERIY
0.119 watt/g of 99% CsCl-1% RbCl

b, 725.1 curies of *37Cs per gram of pure CsCl SA¥ AL, tw TACWO PAGE.
24.85 curies of *37Cs per gram of 994 CsCl-1% RbCl

Radiation
&. Alpha particles - None

b. Beta particles ; b

Max E, Avg E, Abundance,
Nuclide Mev  Mev [ w/kilocurie Particles w™* gae™?

137cs 1.8 0.k 8 1.2% 0.619 x 10M@ .
0.52 0.19 92 T.11 x 1032

Energy, Abundance,
Nuclide Mev [ w/kilocurie Particles w™d sec™?
137pa  0.662 83.5 3,61 6.46 x 10722

Total gamma power 3,61
Total beta pover 1.2%

Total gamme and beta power L84

BEremsstrahlung

Bremsstrahlung radiation frc the 1.18-Mev beta

particles is negligidble compared to the shielding
required for the 0.662-Mev gamma photans.

The bremsstrahlung rediation from the 0.52-Mev beta
particles will de similar to that from the 0.545-Mev
beta particles of ®°Sr calculated in Ref. 5. These
values are given in Appendix 1, Tabdble 1. -

The bremsstrahlung radiation f:om the 1.18-Mev beta
particles of *37Cs will be similar to that from the
0.968-Mev beta particles of *7°Tm calculated in Ref. 5.
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ACTI § RELATIONSHIP - SPECIFIC ACTIVITY

The specific activity (SpA) of & radiocactive nuclide (disintegrations per unit
time) /(unit mass), is calculated from the basic equation:

SpA = AN = Qo DN
T
.
Where: N = number of radiocactive atoms per unit mess, and
T~ * half-life.

This besic equation can be transformed as follows:
by definition: N = 6.0225 x 10°%/atomic mass
Sl © 3.7 X 10‘°m¢:~rmnarw~:/3¢cw

. eea « 69315 N _ 0.69315 = 6.0225 x 10°%% %
Substituting : SpA Th (s0c8) B T% Rl s R 377-1}73r5 Ci/gm.

This equation is satisfactory when the half-life of the nuclide is expressed i.
seconds. If, however, the half-life is expressed in other units (such as
minutes, hours, days, or years), & separate time conversion is required for
each., By substituting the appropriate time conversion factors the following
five equations can be obtained.

3

curies/gram or SpA (T§ in secs) = (Tk)(.tonic mass) g
p
curies/gram or SpA (T§ in mins) = (T )(ato;;c mess) @
3
curies/gram or SpA (T, in hrs) (Ti)(ct:uic mass) s

; : 1,306 x 10°
curies/gram or SpA (T§ in days) * 7?;)(aton:c mass) @)

3,578 x 10°
(Ti)(ltontc mass)

curies/gram or SpA (T§ in yrs) (5)

Example: Calculate the specific activity of ***I whose half-life is 8.05d.
Using equation (4) and the mass number as the stomic mass, make the
appropriate substitutions:

SpA = }n%ﬁ§1§1§g1 - 1.24 x 10°
The following specific activities were calculated from the above equations, using
half-lives from Ing_xghlg_gg_xleggg;1.1 Integer mass numbers were used rather
than actual masses,,except for “H where the exact mass was used. (It should be
noted that these np‘cific sctivities are for pure forms of the ruclides only )
More extensive tables of specific activities are :vailable.®

lLedcror. C. M., Hollander, J. M., and Perlman, I., The Table of Isotopes,(6th
ed.; New York: John Wiley & Sons, Inc., 1967).

'Goldotcln, G., and Reynelds, S, A,, "Specific Activities ané¢ Half-Lives of Common
Radionuclides," Nuclear Data A, Vol. 1, No. 5§ (July 1966), pp.435-452,
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These veluet are given in Appendix 1, Table 2.
More accurate velues of the bremsstrahlung
Spectrun can be calculated from the conmputer
program given in Ref. 5.

e. Neutron - none

b, Qriticg Massg

Cesium-137 and *37Ba are not fissionable.

5. Comggtibilitx With Materials of Containment

A CsCl source which was encapsulated in stainless steel 6
and contained 1540 curies of **7Cs showed no signs of
reaction after being opened nine years later. The source
Operated at slightly above ambient room temperature.

€. The sical P rties ¢
&. Density
Density of CsCl versus tempersture T
Temperature, 5 cm®
‘c swble _feoo Liguid
a5 3.999
100 3.952
200 3.897
300 5.827
400 3.758
k69 3:.709 3.153
500 5.181
600 2.095
2 AT
(s . 3.072 (279
Density of molten CsCl in g/cm®
o= 3.4782 «(1.0650 x 10°® ¢) 8

(temperature range £70-905°C)

b. Coefficients of thermal expansion
4.78 x 10°%/°¢c 9
(temperature range 50-150°C)

s e

immdas's §
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Specific heat and enthalpy
(1) Specific heat in cal g™* *c"* 1
CsCl (solid, alpha)
7.59 x 10°% + (7.29 x 10"® 1)
- (2.71 x 10® 7-%)
(temperature range 385.2-740.5°K)

CsCl (solid, bets)
.78 x 10°2 + (1.05 x 10°* 7)
- (5.29 x 107 172)
'(tupantun range 753.7-904.6°K)
CeCl Qiquid) |
8.23 x 107 4+ (2.5 x 10°% 1)
(temperature range 923.6-1168.0°K

(2) Enthalpy in calories/mole 10
CsCl (solid, alphe)
Hp = Havs,as = <3705 ¢+ 12.78 T + (Cub
x 107* T®) 4 (4.56 x 10* 7
(temperature range 385.2-740.5°K, 20.5%)
CsCl (solid, bdeta)
Hp - lig7s,2s = 1365 + 0.805 T + (8.82
x 1072 1) + (8.91 x 10% T73)
(temperature range 753.7-904.9°K, 20.5%)
CsCl (liquid)
Ap - Ha7a,is = =0.69 + 13.86 T + (2.14 x 10°® T%)
(temperature range 923%.6-1168.0°K, 20.5%)

Temperature of phase transformations

(1) Melting point = 6ks°C 1
(2) Boiling point = 1300°C n
(3) Melting temperatures of CsCl-BaCly mixtures 12
Mole % CsCl femperature, °C

50 T25

60 630

T0 614

80 590

90 599

100 657

86-: § §68 EuTeric :

7

37

T semfl Lt TS
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CESIUM CHIORIDE (CsCi) K
REFERENCE COLLMN I4

e. Latent heats ¢” phase transformations g

LH transition (465°C) 1.8 kcal/mole, 7 E

cubic to fec ‘S

OH fusion 4.9 2 0.1 kcal/mole 13 ;

&H veporistion 38.2 ¢ 2.0 keal/mole 13 4

f. Vapor pressure -

1 n3
10g P = 11.346 - ~RCIEXIOT 3 10 420,

m
-

(T is 4n °X) q

€+ Thermal conductivity
gl om*3 gecd °c*d Temperature, °C 15 -
0.001456 L6 fy
0.001365 89 .

Determined on 87.9% theoreticelly dense
pellets of CsCl.

b. Thermal diffusivity

en®/sec Tempereture, °C :
0.0050 L6 |
0.0047 89 =
Celculated by dividing the thermal conductivity ?
by the product of the specific heat and density. g
i. Viscosity E
n, centipoise Temperat.r.: °C 16 [
1.45 667
1.06 . T2
0.84 T
68— - — —— fgpr— -
R Lt .. . :
0.52 897
J+ Surface tension
dyn/cm Temperature, °C 17
89.2 664 - 5
81.9 ™M !
73.7 881 2
66. 4 979 :
61.6 1035 i
56.3 1080 §, \



80

k.

1.

r.

O.

Total hemisphericcl emittance

Spectral emissivity
A value of 0.9 can be assumed.

Crystallography
cubic, body centered
a = ho u} u

Solubilities

£ per 100 g water era M+
162,53 0.7

197.2

229.4 60.2
259.6 89.5
290.0 9.4

Diffusion rates

echan Pr es

b.

Hardness

Crush strength

Chemical Properties

b.

Heat and free energy of formatian, entropy

(1) Heat of formation
OH®p = =106.3 keal/mole
(2) Free energy of formation
OF°p = «99.6 keal/mole

33— toopy——

826 » 2%.9 eu

(1) Oxygen = no reaction
(2) Nitrogen = no reaction
(3) Water = soluble

(k) Inorganic acids - soluble

18

18

O

Chemical reactions and reaction retes (oxygen, 18

nitrogen, water, steanm, hydrogen, liquid
netals, other)
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sC

Biological Tolerances

Maximum permissible body burdens end maximum
permissible concentrations of *37Cs in air and in
water were taken from Ref. 15 and are given in the
table on the following page.

Shielding Data

Gamma dose rates fram **7Cs power sources of 100,
200, 500, 1000, 2000, 5000, 10,000, and 20,000
watts with irom, lead, and uranium shielding are
given in Figs. 1-8. Extre shielding is required
when *34Cs impurity is present in the **7Cs source
because of the higher energy gammr photons of 34(s
compared to **7(s,

REFERFNCE COLUMN

15
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Maximum Permizsible Body Burdens and Maximum Permissible
for Radionuclides in Air amd in Water for Occupational Exposure

*

Concen trai éons

Rauionuclide and

Organ of reference Max. permissible
burden in total

body, gqluc)

(critical >rgen
underscored)

Maximum permissible concentrations, pc/cm®

For 80-hr week

For 168-hr week

type of decay Water Air Water Air
05137 ( Total Body 20 bx10* 6x10° 2x10* 2x10°
(8=, 7,e7) Liver 40 Sx10* 8x10° 2x10* 3x10°®
Spleen 50 6x10* 9x10° 2x10* 3x10°
Muscle 50 Tx10* 1007 2x10* & x 10
“"”{ Bone 100 1073 2x107  S$x10* 7x10®
Kidney 100 1072 2x107 5 x10* 8 x10®
Lung 300 Sx10° 6x107 2x107 2x107
\ 61 (s1)* 0.02 Sx10° 8x10° 2x10°
Lung 107 5 x 10°°
(Inso1) {GI (rrz)* w3 2x1077 b x10* 8 x10°®

"The abbreviations GI, SI, and LLI refer to gastrointestinal tract,
intestine, respectively.

small intestine, and lower large
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C. CESIUM BOROSILICATE GLASS (cio'a!oru.zsioi_).

’ d.
s
3
”
E
f
i
2.
3,
{ b,
; 5

F; 60

Composition
a. Radionuclidic Abundance

The cesium product contains >99% cesium end
<Qf rubidium. The redionuclidic abundances
are given i. Section I.A.l.

b. Rediochemical Purity

Tho principal radiochemicel impurity in the

37Cs fission product is 234Cs (T,/p = 2.1 y),
whose content in aged wastes is 2-5% of “he
437cs activity. The ratio of 234Cs to 137¢,
activities will decrease by a factor of ~2.0
every two years &s & result of decay.

Specific Power

6. 0.06% wvatt/g of pure cesium glass
0.064 watt/g of 99% cesium glass~1$ rudbidium
glass

b. 13%.6 curies of ”’Cl per gram of cesium glass
13.5 curies of *37Cs per gram of 99% cesium
glass-1% rudbidium glass
Rediation
The radistion is given under Section I.A.3.
Critical Mass

Cesium-137 and **7Ba are uot fissionable.

Compatibility With Materials of Containment

Thermophysical Properties
a. Density
3.1 grams/cm® - density of pure cesium glass

3.1 grams/cn® — density of 99% cesiuw glass-1%

rubidium glass

b. Coefficient of thermal expansion

7.0 x 10°%/°C for 1.24 Rbg0-1.08 BgOs-
7.6k 8i02 glass

e 3 &

a4




21
CESIUM BOROSILICATE GLASS (Cs20-Bp0a-4.28405)

¢. Specific heet and enthalpy
(1) Specific heat in cal g=* *c=}
0.148 at 298°C 2s
(2) Enthalpy in calories/mole

FERENCE CO

\ d. Temperature of phase transformations
y (1) Softening point = 1200-1300°C a3
(2) Boiling point

e. Latent heats of phase trensformations

f. Vapor pressure

At 1200°C cesium glass will volatilize at 23
the rate of 35 mg of Csp0'Bg0s per cn®/hr.

€+ Thermal conductivity

cal cm=* gec* °c+? Temperature, °C 26
0.00%67 aad
0.00424 209
0.00600 %2
0.00792 Lu8

These values are for Fyrex glass.

h. Thermal diffusivity
0.0117 cx®/sec at 298°C

This value was calculated by dividing the
the thermal conductivity by the product of
specific heat and density.

i. Viscosity
J+ Surface tension
k. Total hemispherical emittance

1. Spectral emissivity

m. Crystallography
Glass shows no iong-range X-ray structure.

n. Solubilities

The leach rate of cesium glass is 23
0.2 mg em~® day=? of Csz0+B20a.

N Wo* rha i Ay
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§ SILICATE GLASS (Csg0:PeOa:-b.28i05)

7.

10.

©. Diffusion rates

Mechanical Properties

&. Hardness
5-7 on Mohs scale

b. Crush strength
3500-T00kg/cn® &t room tempersture

Chemical Properties
6. Heat and free energy of formation, entropy
(1) Heat of formation of Cep0+B04+4.2810,
AH', = «1317 keal/mole

(estimated fram the AHs's of the individual

oxides and the Ne-B compounds)
(2) Free energy of formation
AF*s = -1237 keal/mole
(caleulated by AF®y « OH'y - TAS®,)
(3) Estropy
S2ee = 95.4 eu
(ntmted. by summing the individual oxides)
b. Chemical reactions and reaction rates

(oxygen, nitrogen, water, steam,
hydrogen, liquid metals, other)

(1) Oxygen = no reaction

(2) Nitrogen - no reaction

(3) Water = 0.2 mg em™® day™ of cesium
(&) Inormi'c acids -~ soluble

Biological Tolerances

Maximm permissidble body burdens and maximum
permissible concenmtration of *®7Cs in air and water
ere given under the CsCl Source Form, Section I.A.G.

Shielding Dat

The shielding requirements are presented under
the CsCl Source Form, Section I.A.10.

27

27 (silicates)

e2, 25

22, 2%
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; Chemistry and Physics,

X _CESIUM (L. casovua, sky blue), Cs; at. wt. 132.908; at. no. 55; m.p. 28.5°C: b.p. 600°C;
ot ‘ sp. gr. 1.873 (20°C) valencs 1. Cesium was discovered spectroscopically in 1860 in mineral
: water from Durkheim, by Bunsen and Kirchhoff. Casium, sn alkali metal, orsum in

A leprdoluie, polluciie (8 hydrated silicate of aluminum aad cesium) and other sources. It is
! ' isolated by electrolysis of the fused cysnide. The metal is characterized by a spectrum

containing two bright lines in the blue along with several othon in the red, yellow and

green. It is siivery-white, soft, and ductile. It i itive and most alkaline
_slement. Cesium, gallium and mercury are the only three mnh that are liquid st room
temperature.

Cesium reacta explosively with cold water, and rescts with ice at tempers- |
tures above ~116°C. Cesium hydroxide, the strongest base known, sttacks giass. Because |
of its grest affinity for oxygen the metal is used &s & '‘getter in radio tubes. 1t is also used
in photo-electric cells, as well as & catalyst in the hydrogenstion of certain organjc |
compounds. The metal has recently found application in ion propulsion systems. Although |
these are 0ot useable in the earth's atmosphere, 1 [b. of cesium in outer space theoretically |
will propel & vehicle 140 times as far as the burning of the same amount of any known
liquid or solid. Its chisf compounds are the chloride snd the nitrate. The present price of
cesium is about 100 dollars to 150 doilars/1b., depending on quantity and purity.

Vice President, Research, Consolidated Natural Gas Scruice Company, Inc.
Formerly Professor of Chemistry at Case [ natitute of Technology

In collaboration with a large number of professional chemists and physicists
whose assistance is acknowledged in the list of general collaborstors and in

§ connection with the particular tables or sections invols »d.
R <
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% THE CHEMICAL RUBBER CO.
3 18901 Cranwood Parkway, Cleveland, Ohio, 44128
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CESIUM~137 SOURCE MATERIAL POR AN IRRADIATOR

=

Eugene Lamb
Oak Ridge National Laboratory
at Oak Ridge, Tennessee

. Large quantities of cesium=137 are being recovered
3 | from fission product waste at the U.S., Department
. of Energy Waste Encapsulation and Storage Facility
‘ (WESF) near Richland, Washington., The recovered

d cesium=137 chloride is doubly encapsulated for

: long-term storage and is available as a rugged,

A reliable source form suitable for use irn gamma

irradiators.
s’ . f‘s 0
: The 30.17-year ha.:i-life, 25 Ci/g specific activity Red w}_’
& and 0,66 MeV gamma rays crmbine to make cesium-137 ARt ﬁ““‘.1
s y o
<

chloride a good gamma ray source material. _Com-
1

X and the rigorous tests
which the WESF capsule has passed give confidence
to the relishility of this source form.

Introduction

Cesium=137 is considered a prime candidate for the gamma source
to be used in sludge irrcdiators because it is a long=lived gamma
emitter and is a by-product of nuclear fission. Large guantities of
cesium=-137 have been present in stored fission product waste since the
initiation of plutonium=239 production during World War II, and much
larger qQuantities are potentially available from the operation of
nuclear power rcactors. An add/tional impetus for the use of cesium=137
is the potentiu. alloviation of the fission product waste disposal
problem ry removing a long-lived isotope from the mixture of radio-
. isotopes resulting from fission.

2 -

!
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The firet significant quantity of cesium=137 used in a gamma
source wa® isclated at Oak Ridge National Laboratories (ORNL) in 19%2.
Since then, about 4.0 megacuries of ceeium=137 in the cesium chloride
source form have been encapsulated in several thousand stainless-steel
capsules at ORNL, These sources have been in use for as much as

25 years in commercially supplied irradiators, teletherapy units, and
radiography units,

Because of the benefits obtained by the reamoval of long=lived
heat-producing radionuclides from high-level waste tanks, the U. S.
Department of Energy (DOE) Hanford site near Richland, Washington,

began isclating and separately packoqinq cesium=137 and strontium=90
for storage in 1974, A tota ‘ ' f

Hanford.

Characteristics of Cesium Chloride Source Form

The nuclear characteristics of cesium~137 are a bane to the was-e
disposers but a blessing to the gamma source users. It has a conve-
niently long half-life (30.17 years) and a reasonably good specific
activity in the chloride form (25 Ci/g}) for use in gamma sources.

Only 35 percent of the cesium proluced in fiseion is the radicactive
cesium-137, and it decays with the emission of beta particles and
0.66 MeV gamma rays to stable barium. A by-product of the decay
process is the a~~eration of radiation energy at the rate of 0,12 w/g
of cesium chloride (4.84 kW/MCi). The radiation energy is converted
to heat by the absorption of the emitted radiation within the source

(2.67 kW/MCi) and in the irradiated material and irradiator structure
(2,17 kW/MCi).




The decay of cesium=-137 assures a Steady replacement market to
maintain the gamma field intensity in an irradiator, The relatively
leng half-life is on the side of the irradiator owner, however, since
he will need to add only 2.2 Percent of the original activity each
Year on the average. An irradiator handling the sludge of a moderate-
sized city would have an initial loading of about § megacuries and
would reqguire an average annuva) addition of 110,000 Ci of cesium=-137,
which is the amount contained in two WESF capsules., The additions, of
Ccourse, can be made less frequently; for example, 500,000 i in eight
WESF capsules every 4.5 years, The or

2222_£2£_ss.l1;ss_9na_Lnllexxn‘_n:_zﬂ_xzszg:

The physical characteristics of cesium chloride are on tha gide
of gamma irradiator utilization for the most part, but there are some
less desirable traits that must be considered in designing the radia-
tion source. Being a monovalent alkali metal, cesium in the chloride
form is quite solub’'y in water, just as sodium chluride is soluble,

The cesium chioride source form is, however, effectively isolated from-
contact with water or other external environment by highly reliable

The theoretical density of cesium chloride is 3.97 g/em?, but the
practical density of cold-p-essed cesium chloride pellets is 3.3 q/cm3.
In practice, cesium chloride is tamped into capsules to achieve a
density of 2.5 g/cl3 to leave free fpace for expansion if the capsule
should be heated above 460°C., The same safety factor is pProvided in
WESF cans since they are filled by pouring molten cesium chloride.

Cesium Chloride wucapsulation

The time-tested technique for highly reliable containment of
radiocactive source material is double eéncapsulation, which is simply
Placing one sealed capsule inside another. The drawing of the Hanford
WESF capsule ihown in Pigure 1 exemplifies this technigue. One end of

" each capsule is inert gas, tungsten-arc welded (GTA), and submitted to
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ultrasonic testing in the shop. After the inner capsule is filled
with cesium chloride, the cap is positioned and a Femote weld by the
GTA process is completed. After this weld is helium leak checked, the
inner capsule is cleaned to remove excessive cesium-137 contamination
and is inserted into the outer capsule. The final seal weld of the
cap to the outer capsule is then made an¢ ultrasonicnlly tested for
the required penetration and freedom from defects, and the capsule is
decontaminated and stored in a water-filled pool.1

@ oy on
e 0 i -
- e ™ [T e
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Figure 1. Hanford waste Encapsulation and
Storage Facility Capsules

These routine Procedures represent, of course, the culmination of
4 great deal of previous development work, design, and testing,

After extensive tests of many alloys, Type 316L stainless steel
was selected as the most resistant to the possible corrosive effects
of cesium chloride. The capsule wall thicknesces were designed for
potential stresses, and the weld joint was carefully designed for good
weld penetration and excel lent weld strength. Many weld tests were
made and specimens sectioned to determine the precise welding para-




meters needed to achieve the reguired weld penetration, 1In addition,
the welding conditions are regularly checked on test specimens during
the actual remcte operations.

These operations zre typically performed in cells equipped with
master~-slave manipulators and high-density glass viewing windows in
shielding walls 3- to 4-feet thick, Operations are segregated as much
48 possible in veparate cells, and the operations of cesium chloride
powder handling, inner capsule welding, and outer capsule welding are
done in Progressively cleaner cells 80 that the final capsule is
Protected as much as possible from exte:..al contamination, The capa-
bility of safely handling megacurie Guantities of dry cesium chloride
hae been demonstrated during the past 25§ years at ORNL and Hanford.
This experience Provides a high degree of confidence in the capability
of irradiator facilities with similar protective features as those on
our remote processing cells to prevent the roloac’ of r. v activity
from rugged, doubly encapsulated sources,

Cesium Chloride Source Safety

The considerations involved in defining source safety are the
Physical characteristics of the source form, compatibility between the
source form and capsule material, compatibility of the capsule with
external environments, and resistance of the capsule to potential
stresses, The ability of the capsule to protect the source form in
the event of eéxposure to unusual stresses must be considered for the
transportation phase as ve.l as the irradiator resident time.

L 9’1::"., z\‘q.
stainless steel srowed no a € 4w9<v
for authentic source material in actual use in 1963 b gectioning a
cesium chloride urce made by ORNL in 54 Photomicrographs of the
interior surface of the caps : revealed ne pitting, cracking, or

change in the crystalline ltructu:o.z =

ikility test of a fully loaded weSP capsule was conducted as ORNL by
holding a capsule containin = :
412 days. The capsule had lo w t
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- the test, wate? ) A ML,

Metallographic examination of the sectioned capsule after the test
revealed a general sttack of 1-3 mil with pitting to 10 mii deep.
These data can be interpreted as good compatibility resistance for an
extended extrecs temperature condition at the interface of the capsule
wall and source material that would not be encountered in expectad use
situations. 779 Javys 6700 hes

/@0 mics = 25% Pa

The WESF cesium chloride capsule has been qualified as a "special
form® for shipping by passing the tests for special form radiocactive
material specified in IAEA Safety Standards, Safety Series No., 6. The
tests consisted of an impact test (drop from 9 m onto an unyielding
surface), percussion test (impact equivalent to a 1.4 kg weight falling
on the capsule from 1 m), bending test, and heat test (heated in air
to 800°C, held for 10 minutes, and allowed to cool). "isuxl inspecticn
of the capsuie after the test series revealed no damag:, and the
capsule showed no leakage when tested by two methods, including a
helium leak test with a sensitivity of <1,2 x 10~8 std caa/lcc.

Cesium=137 sources, because of the large amount of radiocactivity
conta.ned, must be shipped in rugged, heavily shielded containers
which are designated Type B packaging in U, 8. Department of Transpor-
tation regulations, Several shipping casks suitable for tne transport
Oof WESP capsules have been licensed by the U. 8. Nuclear Regulatory
Commission after they were shown to pass the tests specified in CFR 49,
Part 173,398, for Type B packaging. These tests consist of the free
drop test (a free drop from a distance of 9 m onto a flat, essentially
unyielding surface), the puncture test (a free drop of 1 m) onto a
vertical, cylindrical mild steel bar (15 cm diam), and the thermal
test (exposure to a radiant environment of 800°C for 3 min). Either
engineering calculations or tests can be used to show that a cask is
capible of performing satisfacuorily after these tests.

Once the capsules arrive at the irradiator and are installed in
the source rack, the additional protection provided to the capsules
consists of the thick shielding walls and double, high-efficiency
filtration of the exhausted ventilating air. Periodic swipe tests of
the capsules are required by regulations in order to detect possible



small increeses in contaminstion on the capsule surfaces. 1f a stoage
pool is used in the irradiator, the water is monitored for radiocactivity
and muast meet very strict standards before it is discharged.

The ultimate disposal of spent cesium chloride sources used in
municipally owned gamma irradiators is nnt covered by a well-defined
policy at the present time other than by burial in a privately owned
radiocactive waste disposal site. Since the useful resident time of
the or.ginal sources in an irradiator will probably be approximately
30 years, a firm national policy on ultimate waste disposal in a
national disposal site should be in effect by the time these sources
are remover from the irradiator. The WESP, of course, was built for
the long-term storage of the WESP capauio, and it is conceivable that
& policy permitting the return of spent irradiator capsules to that
facility could be worked out.

Conclusions

Cesium=137, because of its availability in large gquantities as &
by-product of fission in nuclear reactors, is an excellent candidate
source for use in sewage sludge irradiators. The capsules used to
store cesium chloride in the WESF embody the technology gained by
extensive development and experience during the past 25 years. The
WESF capsule provides a rugged, well-tested containment of cesium

chloride that has been shown to be resistant to a series of unusual
stresses.,
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DISCUSSION ON PAPER BY LAMB

KENNETH E. ROACH (Southern Science Applications, Inc.): The guestion
I would like to ask is, does the feasibility of the sludge irradiation
program . epend on the reprocessing of commercial reactor fuels, or has
somebody “ooked at the amount of sludge to be irradiated and how much
cesium will be available from all sources for the next 25, 30 years?

EUGENE LAMB (Oak Ridge National Laboratories): Well, it is not depen-
dent on cesium alone. I would say that if it goes gamma, it would be
dependent on two gamma sources, cobalt-60 and cesium. Now, as

Theo Ouwerkerk pointed out, there is beginning to be a crunch in
cobalt-60 and there probably will! be for guite some time. It is
difficult to predict just how much market penetration will be gained
by cesium-137 or even by gamma radiation of lludgi at this point,.

This type of study is underway.

-
1

BART CHEZAR (New York State Power Authority): What would be the
annual production of cesium-137 in a large nuclear plant, and what
percentage of the nuclear waste from the plant would be cesium=137?

LAMB: You just asked me a guestion I probably could have ansvered
about a year ago, but right now it does not come to mind as to how
much is produced in, say, a thousand megawatt reactor. Theo, do you
remember?

- -

THEO OUWERKERK (Atomic Energy of Canada, Limited): I have & few
figures.

LAMB: Okay.

201



OUWEREKERS: In 1980, 200 or 300 megacuries per year of cesium from the

boiling water reactore, and by 1990, 700 to 1,000 megacuries per year
of cesium production,

LAMB: Iz that the total amount?

OUWERKERK: Yes. You know, certain assumptions are made., I do not
know what your power program will do the next couple of years, but if
you wanted to o all your sludge with cesium, I think you would need
more than a thousand megacuries per year. It depends. It is also a
combination of replenishments, although that is only about 2 or 3 per~
cent per year. It is very difficult to predict. On the cobalt side,
we figured that just for medical applications (and a2 you may know,
food is coming up now gquickly, so it is pretty difficult for us to
predict it) 5 years from now we would need about 30 or 40 megacuriea
of cobalt=60, We really have to boost our production because we are .
now at about the 50 megacurie per year level, but I think we can make®
that., If we also have to apply cobalt in the sludge field, we probably

need another 50 or so megacuries of cobalt per year for that applica-
tion.

LAMB: There was another part of your ingquiry. Now, I have forgotten ==

CHEZAR: What percentage of the total high-level waste is cesium=-1377
What is its percentage of the total waste product?

LAMB: Of total activicty?

CHEZAR: Yes.

LAMB: It is so dependent upon the time after discharge from the
reactor. I have not thought in those tarms for so long. I cannot
angwer the question right now.




BILL REMINI (U, s, Department of Energy): An initial loock at the
market panetration based on the available cesium indicated 10~percent
market penetration of all of the sludge. Looking at how much of the
total sludge you would deem aAcceptable for irradiation, that is sludges
that are not heavy metal containing, shows that that percentage would
climb up. I think we indicated that somewhere around 30 to 40 percent
of the good sludges could be immediately handled with the available
cesium,

NEIL CASE {Oak Ridge National Laboratories): After 30 years, you
still have after-cesium that can be recovered by removal of barium, so
there is another source. 1 do not think we have really considered
that very much in all sur source inventory evaluations.

HENRY C. SANDKUHL (Energy Systems): I have been given this afternoon.
three different figures of the ratio of cesium to cobalt, anywhere .
from five to seven. 1Is there any or. specific number or does it have
that range?

LAMB: Well, it depends on the design of the capsule, both the cesium
and cobalt., I believe they are based on the WESF capsule, and the

WESF capsule was designed for waste storage of cesium, not for effi-
ciency of output of the gamma. A more efficient source can be designed,
something in the order of about l-inch diameter rather than 2-inche
diameter. That would probably bring the ratio down, oh, maybe five to
one.

SANDK i, It depends on the capsule?

LAMB: VYes.
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. "9, Physico-cherical Character of 137CuC1-316L Stainless Steel
A. Currently-used WESF capsules were designed for water basin storage,

¥ D.

not as gamma radiation sources.

Chromium~nicked steels perform best under oxidizing conditions, since
resistance (to corrosion) denends on an oxide film o- .he surface of
the alloy. RPeducing conditions, and chloride ions, destroy this film
and bring on rapid attack. Chloride ions, combined with high tensile
stresses, will cause stress-corrosion cracking., This is true in

agueous solution and needs to be studied in the drvy svstem at elevated
tenoerature,

« The effects of loss of capsule integrity cs be lignifica?§7duc to

the high solubility of CsCl and the specific activity of Cs. For
instance:

1. At about 30°. the solubility of CsCl is 200 grams per 100 grams
of water, 137

2. Less than 0,003 mg. of Cs would contaminate a 30,000 gal.
Etorage pool to levels beyond those permitted for release to an
unrestricted area. .

3. 1f a rcl1?3solunm is considered a point source, aovout 4 mg. of
adsorbed Ce would result in a gamma radiation level or 1 R/hr.
at | meter. !

A long~term (5 years) compatability testing program on WESF capsules
is unde-way at PNL.

I. Th. chloride 1s about 90% Cs and 10% chlorides of potassium,
rubidium, sodium, calcium, and barium.

2. Theoretical considerations indicate that certain impurities in
CsCl could have a significant effect on corrosion ratec.

3. Early results ¢~6 months aging) at *50°¢. interface temperature
show 316L corrosic- rates of about 0.008 1. hes/year.

4. Definite conclusions must await the results of the longer-tem
tests,

5. These tests are mor: indicagive of effecte expected- in dry-storage,
dry-irradiation facilities.

E. A Cesium-137 demonstration at Sandia (dry-storauc,dry—irrndia:ion)

has operated for more than five vears irradiating grapefruit, mangoes,
and sewage sludge. This experience will be factored into licensing
decisions,

. The use of WESF capsules in wet-storage, dry~irradiation would impose

thermal cycling effects. &
1. The CsCl-stainless interfacial temperature undergoes about a 140°C.
change between water storage and use in air.
2. This temperature differential causes an expansion (and contraction)
of about 0.014 inches of the circumference at the interface.
3. 1If & capsule is used for 1 half-life of Cs~137 30 years), and
is cycled daily between water siorage and dry irradiatiom, 10,000
cycles are imposed.
4. The effects of thermal cycling on capsule integrity are not known.
The unknown effects include:
a. The erfects of thermal (expansion and contraction) cycling
on currosion rate at the inner capsule~CsCl interface.
b. The effects of thermal cyciing and pool water purity,e.g.
chloride conmtent, on the outer capsule.
c. The effects of temperature and/or tuermal cycling on
capsule physical stability, swelling, etc.



6. Safety Precautions
Tg, uncertainties that accrue with long-term use of capsules containing
CsCl may be offset to a degree by constraints on facilicy design and
operation. These constraints must be based on the properties of the
waterisl being irradiated as well as the mode of irradiator operetion. For,
A, Dry-Irradiation/Wet Storage, constraints may include:
1, Periodic sampling and destructive testing of capsules.
¢, Specification of limits on storage po>l water quality for both
radicactive and non-radiocactive constituents.
3. Water impervious storage pool liners.
4, Shielded cleanup systems for removal of radiocactive contaminants
in storage pool water.
: 5. Approved plans for overation of cleanup systems.
§ 6. Approved plans for disposal of radicactively-contaminated resims.
B. Dry-lrradiation/Dry-Storape, constraints may include:
1. Periodic sampling and destructive testin, of capsules.
2. Ventilation leakage control.
3, Specification of limits on radicactive constituents in ventilation

3 off-gas.
: 4. High efficiency filtration system requirements.
% 5. Approved plans for operation of filtration systems.
6. Approved plans for disposal of radicactively contaminated filters.
F C. Commodities, the constraints would be determined by the properties
y of the commodity, which may vary widely. For example, irradiatiom of-

Soan pa i,

1. Fruit, Nuts, and Field Crops may cause impoeition of cleanliness

standards to prevent stems, leaves, dust, and dirt from impeding

b transport through the irradiator or movement of the source racks. |

i 2. Bulk Grains may require ~hat the dust loading of air be controlled

' to prevent explosion. |

3. Cru.ed or Boxed Commodities may require no constraints other than
those currently imposed on medical product irradiators.




HE COMPARISON OF RADIOACTIVE ISOTOPES
BB COBALT-60 VERSUS CESIUM=137

There are many forms of energy, such as chemical, electri-
cal, or nuclear energy, which if used properly and with
adequate safeguards, p.~mote well-being and prov "e a multi-
tude of benefits. One of Lhese forms .°¢ energy 's emitted

as gamma radiation from radiocisotopes. A major industry in
itself, radioisotopes find applications in tracing, activa-
tion analyses, radiocisotope generators, chemical processing,
medical product sterilization, and in food disinfestation and
preservation. Two well-known radioisotopes are

cobalt-60 (Co-60) and cesium=137 (Cs-137).

The wajority of irradiation facilities in operation world~
wide are using a Co-60 isotope as the high-energy gamma ray
emitting source. There are approximately 130 industrial
irradiation facilities Yith a total installed ca: city of
70 million curies (MCi)®. Only a few of these irradiators
use Cs~137, .

At present usage rates, adegquate amounts of Co-60 can be
produced to meet the demand. However, with the identified
beneficial uses of ir -adiation technology such as steri-
lizing medical prodivc:s, disinfecting sewage sludges, con-
trolling the spread o insect pests including the Caribbean
and Mediterranean fr:it flies, and improving the storage
life of many foods, :2e demand for radicactive isctopes will
increase. To meet t e demand, additional production
capacity for Co-60 ard/or Cs=-137 will be required. This
analysis comparativel; evaluates Co-60 and Cs~137 on the
basis of isotope characterictics, production and supply,
source utilization, isotope demand, and cost.

ISOTOPE CHARACTERISTICS

Cobalt=60

Radicactive Co-60 is produced via a neutron capture reaction
that is initiated by placing the stable isotope Co-59 into a
nuclear reactor. When an atom of inactive Co=-59 assimilates
a low or interm=diate energy ngptron into its nucleus; the
resulting “"compound® nucleus, Co*, is unstable and
promptly emits a gamma ray (or photon) to relieve the insta-
bility:

1 59 60 60
of * 279C0 + 9C0* =+ ..Co + .

lA curie is the amount of radicactive isotope needed to
obtain 37 billion atomic disintegrations per second. A
million curies is denoted as a megacurie or MCi.

lO’}



The rccidu,l nucleus, Co-60, is still radiocactive

(half-life® = 5,27 years) and will subsequently undergo beta
(6 ) decay=--a process in which the charge of a nucleus ig
changed without a change in the total number of nucleons”.
In simple terms, beta decay occurs when one of the neutirnsg
©f Co-60 changes into a proton and an electron, and the 4
Created electron (g particle) is emitted from the nucleus .

60 60 0
27C0 + gNi + _i8

The beta decay of Co=-60 generates a new nuclide, Ni-60, the
nucleus of which initially lies in an excited or energetic
state. As the nucleons in Ni=60 rearrange themselves into a
more stable configuration, two photons of energy or camma
rays are released. It is this final release of gamma ray
energy which finds practical application in product iyradia-
tion. The Ni~60 nuclide is thereafter nonradicactive. The
complete decay scheme of Co-60 is summarized in Figure 1.

Cesium=137

Radicactive Cs-137 (half-life = 30.17 years) is produced as
a fission product of nuclear reactor fuel. Contrary to what
might be r.pected on intuitive grounds, a fissioning nucleus
(i.e., urs~ium=235) rarely splits exactly in half. Instead,
the fissiun fragments tend to fall into two broad groups: a
light group with mass numbers from 80 to 110 and a-heavy
group with mass numbers from 125 to 155. Two of the most

abundant fission fragments from these groups are strontium=9%0
and cesium=137,

Cesium=137 is similar to Co=~60 in that it decays by beta
emission:

137 137 0
5sC8 <+ “ggBa + .8

However, the bcga decay may lead to either of two different
isomeric states” of barium=137 (Ba=137). One beta decay
leads to the ground-state of Ba-137, a stablclnuclide, and

P

Half-life: the time during which'th.-activity or decay
rate falls by a factor of two.

3Nucleons = protons and neutrons in a nucleus.

4A massless particle called an antineutrine is also emitted
during beta decay. It interacts very, very weakly with
nucleli and does not produce ionization.

An isomeric state refers to when a nuclide has the same
mass number and atomic number but possesses different
radioactive properties in cifferent long-lived energy states.

S
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COBALT=80 DECAY SCHEME

.38 tav (100R)

2.5057 Mev

Y 11732 muv (100%)

1.3325 ooy

Y 1.3325 wev (100%)

== 0 EMERCY STATE

GROUND STATE

Figure 1. Cobalt-60 decay scheme

CESIUM-137 DECAY SCHEME

0.6816 eV

Y 0.6616 Mev (90.1%)

£

CROUND STAT

0 ENERCY STATE

Figure 2. Cesium=-137 decay scheme




one leads to the metastable state of barium, Ba=137m, This
last nuclide has its own characteristic half-life

(2,551 minutes) and decpys by two distinct modes:

(1) internal conversion”, denoted by the symbol (e), and

(2) gamma (y) emission, The ratio of the frequency of these
two events, (a/v), is 0.11. The complete decay scheme of
Cs~137 is Presented in Figure 2,

Table 1 below lists some of the salient features of both
Co~60 and Cs~137,

Table 1
ISOTOPE COMPARISON
Ratic of
Co=-60 to
Quantity Co=60 Cs=-137 Cs~-137

Gammas per decay 2.0 0.85 2,35
Energy (Mev) per gamma 1.33,1.17 0.662 1.89
Enercv (Mev) per decay 2.5 0.56
Half-_ ife (years) 5.27 30.17 0.17

Note that while Co=60 has both higher énergy gammas and more
gammas per decay than Cs=13%, it alse has a much shorter

The energy levels of the gammas emitted from Co-60 and
Cs=12" are subctantially below the energy threshold required
for t. .get activation. Therefore, it is Not possible for
the gemmas to generate "radicactive" materials, regardless
©f the total amount of radiation energy absorbed.

Material sensitivity to a radiation environment (e.g., dis-
celora:ion or breakdown of a target material) is dependent
on (1) the total quantity of radiation energy absorbed,

(

materials exhibit little SenSitivies en items (2) and (3)
above. It is the total quantity of radigtion Cneveay

source material and/or the product throughput in a !ac;%ity.
As for item (3), the energy depoasition mechanisms do diiffer
according to the type of radiation (e.g., neutrom, charged-
particle, or gamma~-ray) and the energy spectrum of the

radiation. However, in comparing just those gamma-rays with

Ghn internal conversion Process involves the direct transfer
of energy from the nucleus to one of the orbital electroag
ard the electron is then ejected from the atom.



energies between 1 and 3 MeV, the manner in which the
gamma energy is "ed is very similar. Thus, for a
particular fanil | cth egquivalent amounts of either Cs-137
or Co=60 sach tha. .tems (1) and (2) are satisfied, the
amount of rad.ation enhancement or damage to a product will
be the same regardless of which isotope is used.

ISOTOPE PRODUCTION AND SUPPLY

Isotope production often entails long and arduous manufac-
turing processes, each of which must be covered by extensive
quality control measures to ensure that the final product
meets all of the engineering and safety specifications.
Cobalt and cesium sources are no exception.

Cobalt=60

The procurement and manufacturing process for the cobalt
source pins, as followed by the Atomic Energy of Canada,
Ltd. (AECL), is listed below:

) Cobalt-rich ores are mined, principally, in Zaire,
Canada, and the Soviet Union.

- The ore is refined and purified.

3. The cobalt powder is formed into slug~- or pellet-
form and covered with a layer of nickel .to prevent
oxidation.

4. The Co-59 is welded into zircalloy capsules, the
capsul:s assembled into bundles, and the bundles
formed into long rods for placement into a
reactor. :

$e After a suitable period of neutron activation
(12 to 18 months), the target rodr are removed
from the reactor and dismantled.

6. The cobalt capsules are placed in hot cells for
double encapsulation. The first layer is usually
zircalley, and the second layer is stainless
steel. Each encapsulation is performed separately
with its own set of stringent weld examinations
ard tests.

B These source pins are then wipe-tested, measured
for curie nontent, and transferred to a water pool
for temporary storage prior to shipping. The
total production time required for the source
pins, from activation of the Co-59 through the
encapsulation and shipment, is 15 to 24 months.




The source pin dimensions may vary greatly depending on
their specific application but normally measure greater than
40 cm in length and approximately 1 cm in diameter. The
source pins are kept thin to minimize heat buildup and maxi-
mize efficiency due to the nigh self-absorption of the
cobalt: self-absorption facters (including the encap-
sulatinc material) range from 5 to 9 percent for a 1 cm
diameter source pin. The specific activity of the cobalt is
a strong function of thermal neutron flux and irradiation
time in the reactor but usually varies from 70 to 100 curies
per gram for industrial applications.

The 1983 installed commercial base of Co-60 in the U.S. is
approximately 32 MCi. The current U.S. supply of Co=-60,
monitorad by DOE and produced at the Advanced Test Reactor
farility in Idaho, accounts for only 25 percent of the

annual source replenishment requirement, or about 1 MCi per
year.

Most of the world's demand for Co=60 is being met through
production at a nuclear reactor complex near Pickering,
Ontario, Canada. This facility has the capacity to produce
approxima‘ely 13 MCi/yr. Coupling the current capacity with
the additional propused capacity from seven new reactors
scheduled to be in operation by 1985, and four more
scheduled to be in operation by 1990, the Canadian facili-
ties have & potential annual Co-60 production capacity of
63 MCi. If worldwide demand expands to & point where this
rate of production is inadeguate, three other alternatives
could be expected to contribute to the supply of Co=-60:

(1) the Canadian facilities could increase production an
additional 30 percent by operating at less than optimum
conditions (this would reguire increased fuel burnup and
associated higher prices), (2) Canadian research reactors
and other sources could increment the supply another 3 to

7 MCi', and (3) other reactors in the U.S. and worldwide
could initiate Co-60 production.

Cesium=137

Rockwell International currently encapsulates radiocactive
cesium at the Waste Encapsulation and Storage Facility
(WESF) at Hanford, Washington. The steps in the production
of the WESF capsule are as follows:

The high~-level wastes containing cesium are
removed from the underground storage tanks and
purified by ion exchange.

'q-
‘“raser, F., 1983, ®"Cobalt=-60 Supply, Demand and Price,"
AECL Third Gamma Processing Seminar, Technical
Paper GPS314.




2. Elution of cesium from the ion exchange bed yener-
ates Cs.CO.. This is later converted to CsCl via
an cxotierﬂic reaction with HCl.

3. The purified CsCl sclution is boiled down to a
solid salt. The salt is dried and then brought to
a molten state by induction heating.

4. The CsCl is melt-cast into a stainless steel cylin-
der. After cooling, a sintered disk helium source
is added, a lid ‘s welded on, and the capsule inte~
grity is checked using a heliam leak test and ¢
bubble test.

8. After decontamination of the capsule, it is placed
into another stainless steel cylinder for double
encapsulation and the welds are ultrasonically
inspected.

€. The source capsules are measured for curie content
and placed in storage.

Figure 3 illustrates the physical dimensions and character-
istics of the WESF gamma source pin. The source strength
for the WESF capsule is approximately 25 curies per gram, or
appruximately 70 thousand curies per capsule. A source
plague containing Cs~137 WESF capsules would be four to five
times as large in area, yet contain half as many capsules as
a Co~60 source plague generating an eguivalent flux field.
The size of the plagues and the number of capsules they must
hold are merely facility criteria that are accounted for in
preliminary design.

The WESF capsules were originally designed for pool storage.
Therefore, the efficiency of the capsules is re'atively low
(less than 77 percent) and the thermal heat load is greater
than for the slerder Co-60 source pin. The outer surface
temperature of the WESF capsule (ir air) ha! experimentally
been determined . be on the order »f 100°C". In anticipa-
tion of their use as gamma radiation sources, various parti-
cipating national latoratories subjected the source pins to
a battery of tests, ingludinq free drop, percussion,
heating, and immersion”. This evaluation of the capsule’'s
performance and integrity showed that the welds and thick

B

Kenna, B.T., and Schultz, F.J., "Characterization of an
Aged WESF Capsule", SAND83-0928. See also: Sandia
National Laboratories, Byproduct Utilization Program,
Bimonthly Report, March/April 1983.

Kenna, B.T., "WESF l37Cs Gamma Ray Sources", SANDB2-1452,
See also: Niemeyer, R.G., "Leak Testing Encapsulated
Radicactive Sources", ORNL-~4528%,
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double steel walls provided substantial structural strength.
Corrosion was also shown to be minimal,

The source material in the WESF capsule, CsCl, is soluble in
water (162.3 gm/100 gm water at 0.7°C and 290.0 gm/100 gm
water at 119.5°C). This does not mean that when in contact
with water, the CsCl reacts vigorously or effervesces. In
the unlikely event of a capsule leak, the dissolved or
leached cesium could be removed relatively easily by passing
the solution through ion=exchange columns.

There are approximately 153 MCi of Cs~137 available from
high=level nuclear wastes located at Hanford and the
Savannah River Plant (SRP). Approximately 90 MCi of this
Cs=137 has been encapsulated and is ready for immediate use.

Table Zlﬁhows the estimat 2 Cs=137 inventories from various
sources” .

The recovery, but not packaging, of Cs-137 from spent
nuclear fuels is currently being planned at SRP for waste
nanagement purposes. Assuming that packaging facilities are
utilized at SRP for product form conversion and encapsula-
tion, then the potential cumulative amount cf Cs-=137 avail-
able by 1990 from both Hanford and SRP will be approximately
250 MCi. This quantity of Cs~137 eould be grsatly increased
if the cesium from commercial spent fuel was also scheduled
for recovery. Figure 4 shows the cumulative potential inven-
tory of Cs~-137 available f£rom high-level wastes up t~ the

year 2000 (the graph is taken from the reference in
footnote 10).

Two transportation casks are beinc ‘abricated by the
Department of Energy for use in locauing Cs-137 irradiators
with the WESF capsules. Each cask will contain 16 capsules.
The cask bodies have been forged, machined, and surface
treated. Manufacture of the lids will be contracted
shortly. The half-scale model tests leading to Nuclear
Regulatory Commission, Departmewnt of Tramspeortation, and
International Atomic Energy Agency Type B licensing will
start in December 1983. The estimated completion date for
the full-scale casks, including licensing, is July 1984.

SOURCE UTILIZATION AND DOSE UNIFORMITY

Calculations have been performed to determine the relative
source utilization of Co-60 and Cs-137. The source utiliza-
tion indicates how efficiently the gamma radiation produces

TUWheelwright. E.J., 1983, “Byproduct Inventories”,

Waste Management 'B3, Vol, 2, p. 123-127.




Table 2
ESTIMATED INVENTORIES OF CESiUM-137
FROM VARIOUS ESOURCES

: ' Effective
' Source —aventory Date
: Hanford
f = Cesium chloride
: capsules through 6/82 1/83
. - Cesium chloride a
\ capsules through 10/83 1/83
1 - Stored wastesb 1/83
3 - Future wastes 1/83 to 1/91
Savannah River Plant
= Current wastes 1/83
- Future wastes 1/83 to 1/2001
: Commercial Spent Fuel
: - Accur through 1981 1/83
: - Accum. through 2020 1/2021

MCi

63.6

27.7
26
38.7

102
109

510
11,000

‘chplction date established through personal communication

with I.E. Reep of Rockwell~-Hanford.
b

recoverable.

Cesium contained in current waste but not considered
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a desired effect. It is usually given in terms of dosc11
per unit source (Mrad per MCi). A high value for the source
utilization would indicate a relatively high absorbed dose
for a unit quantity of isotope.

The calculations were performed using a Monte Carlo trans-
port code (MORSE-SGC) for three different case studies:

Case 1: Co=60 versus Cs=-137 (t,ch assumed to be
100 percent efficient”®; no self-absorption).

Case 2: Co=-60 source pins (95 percent efficient)
versus the CsCl WESF capsule (68,61 percent
efficient).

Case 3: Co=60 source pins (95 percent efficient)
versus 2 l-inch diameter CsCl capsule
(86.34 percent efficient).

The 95 percent ef iciency used for the Co-60 source pins in
Cases 2 and 3 was employed to approximate the efficiency of
a staudard AECL source pin. Case 3 was studied to determine
the incremental benefit achieved by optimizing the design
parameters of the WESF capsule for commercial irradiation
rather than pool storage.

The ratio of the source utilization of cobalt to the source
utilization of cesium reaches its maximum value (largest
difference in the benefits from the two isotopes) when all
of the energy available from the nuclides is absorbed in the
target material (reguires essentially an infinite target
mass). These maximum values are shown below in Table 3 for
Cases 1, 2, and 3.

Table 3
MAYIMUM SOURCE UTILIZATION RATIOS
(Co=-60/Cs~137) "
Case 1 Case 2 Case 3 !
et S0t = 445 7.41 5.53

w

-
-

As might be expected, Case 2 has a higher ratio than either

Case 1 or 3 because of the relatively low WESF capsule effi-
ciency. If the diameter of the WESF capsule (2.625 inches)

was decreased, then self absorption would decrease, the

llboso: energy deposited per unit mass; all calculations

were referenced to dose in water.

Efficiency is defined as the number of gammas which escape
from the source geometry per source gamma.

12
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gamma energy spectrum would harden, and the ratio for Case 2
would decrease tn that given for Case 3 (used a l-inch dia-
meter CsCl capsule) and eventually approach that given for
Case 1 (point source). Two interpretations of the values in
Table 3, assuming very large targets and using Case 2 as an
example, are:

(1) a Co-60 irradiator with some specified number of
curies has a plant capacity (or provides an
absorbed dose) 7.41 times larger than that for a
WESF capsule irradiator using the same number of
curies of Cs~137.

(2) a WESF capsule facility requires 7.41 times more
source (curies of Cs=-137) to provide the same
total absorbed dose to a target as a Co=-60
irradiator.

For finite-sized targets, the source utilization becomes
dependent not only on source capsule efficiencies and source
gamma energies but also on how that energy is deposited
along the gamma's track through the target. Figure S shows
a graph of source utilization ratios (dose per unit source)
for the same three case studies, for target depths of 0 to
78 em, and for specific gravities (sp gr) of 1 and 0.1.

Note that the utilization ratio curves decrease initially
from some characteristic value at zero thickness (Case 1 =
4.04, Case 2 = 6,73, Case 3 = 5 02) to a minimum, and then
swing back up to approach the maximum values shown in

Table 3 as the target thickness becomes very large. The
location of this minimum value or dip in the curve will move
to the right (toward larger values of target thickness) as
the density decreases. The reason for the initial decrease
in the utilization ratio curve is twofold: -

The physical observation that gammas interact more
strongly with target atoms as a function of
decreasing energy and increasing density creates a
positive feedback process for the energy deposi~-
tion. Because the source energy spectrum from
Cs~137 lies at a lower energy than Co-60, the
Cs~137 gammas will travel on the average a
slightly shorter distance or path length in the
target before they have an interaction. With each
interaction, they lose energy; this increases
their probability of interaction and decreases
their path length correspondingly. Thus, the
gamma energy spectrum from Cs-137 broadens out
more quickly than the spectrum for Co-60 and the
energy deposition becomes slightly more efficient.

Q. At energies near the source energies of the two
isotopes, backscattering (reflection) of photons

8-13
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is greater for Cs-137 than for Co=60. This holds
true until the energies of the gammas drop low
enough that the dominant interaction is absorpticn
(photoelectric absorption) rather than scattering
(Compton scattering). Since backscattering causes
more energy to emerge into the backward hemisphere,
the energy deposition from the cesium gammas
becomes more efficient.

Thus, Figure 5 shows that for many targets of finite size,
(1) the plant capacity for a Co-60 irradiator ranges from
6.29 to 6.73 times larger than the plant capacity for a
Cs~137 irradiator using WESF capsules, assuming equal source
strength (same number of curies), or (2) the source require~
ment (number of curies needed) for a Cs-137 irradiator
using WESF capsules ranges from 6.29 to 6.73 times larger
than the source reguirement for a Co-60 irradiater, assuming
the same product dose.

In addition to source utilization, another basis for isotope
comparison is the dose distribution as a function of target
depth. Since the energy of the Cs-137 gamma is less than
the energy of the Co-60 gammas, and since the probability of
interaction with the target nuclei generally increases as a
function of decreasing gamma energy, it would seem likely
that the Cs-137 radiation would be attenuated or absorbed
much more guickly than the Co-60 radiation in passing
through a target material. However, a gamma does Mot neces-
sarily dissappear everytime it interacts with matter. Some-
times it just scatters. If such was not the case, it would
be much more difficult to obtain a relatively flat or unie-
form distribution with any isotope. Actually, it has been
noted that in "materials of low atomic number, the diffusion
phenomena are extremely important, and the dose received is
due more to the photons that have been subjected to diffu-
sions, Egthcr than to the photons coming directly from the
source®" ",

For target irradiation from one side only, Figure 6 shows
graphically the necessary target conditions (specifically
thickness and specific gravity) for one isotope to provigs 2
flatter or more uniform dose distribution than the other™ .

3

Eymery, R., 1974, "The Prospects of Using Cesium for
Radiosterilization®, Sterilization by Ionizing Radiation,
Gaughran, E. R. L., and Goudie, A. J., €ds., P. 173-164.
l4pre data base for the graph comes from a Brookhaveu
National Laboratory report (BNL 11194, p. 50) by
F. X. Rizzo, G. E. Cunningham, L. Galanta, and J. H. Cusack.
The graph is intended to provide a rough comparison only
and should not be used for precise interpretation. See
also: Josephson, E.S. and Peterson, M.S., eds., 1982,

Preservation of Food by Ionizing Radiation, Vol. 1,
P. 451=153.
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DEPTH-DOSE DISTRIBUTION COMPARISON

Co~60 versus Cs=137
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From the standpoint of dose uniformity, Cs-137 appears to be
slightly more favorable at low densities and small pene~
trations, and Co-60 appears to be more favorable at high
densities and large penetrations. For two-sided irradia-
tion, however, the differences in depth-dose "are minimized
and both isotopes provide a similar uniformity over a wide
range of target thicknesses and densities" (see footnote 14
for reference).

ISOTOPE DEMAND

The current isotoupe demand in this country consists of
material for new irradiators and replenishment material for
existing irradiators to offset isotope loss through radio-
active decay. With no new irradiators, the demand for
replacement material is approximately 4 MCi/yr of Co-60 plus
0.04 MCi/yr of Cs~137. Any growth in this industry will
produce an immediate isotope demand for the irradiation faci-
lities to be brought on-line, plus an associated increase in

] the long-term demands for source replenishment. The actual

o future demand will be primarily dependent on the amount of

3 new irradiation capacity installed.

The predicted worldwide cumulative Co~60 demand over the

4 next 10 years will be on the order of 400 MCi (see

) footnote 7 for reference) to 500 MCi. This assumes that

: food preservation and waste treatment applicaticons will grow
to the extent of requiring about 88 MCi (or 20 percent of
the total) over the next 10 years. Primary uncertainties in
predicting the supply~-demand relationship are (1) the rate
of growth of the medical products and consumer proaucts
market, (2) the rate of conversion of medical product sterili-
zation facilities from using ethylene oxide (ETO) to using
gamma irradiation (ETO is considered a health hazard by OSHA),
and (3) time delays in the construction or administration of
facilities for the productisn and/or reprocessing of the
required isotopes.

The potential supply of Co-60 over the next 10 years, approxi-
mately 435 MCi, will be adegquate to meet only the less
optimistic of the two demand predictions. If WESF capsules
containing CsCl were to be used to meet the worldwide
demand, at least 2700 MCi of Cs~137 would need to be made
available through reprocessing over the next 10 years. The
previously mentioned potential supply of 250 MCi of Cs-137
satisfies only 9 percent of this requirement. Encapsulating
the CsCl into more efficient capsules (e.g., a one-inch dia-
meter capsule) would provide an increase in the amount of
usable WESF curies and satisfy an additional 3 percent of
the demand. Reprocessing of commercial spent fuel in con-
cert with efficient capsule design could conceivably
increase the total supply of Cs~137 to 650 MCi by 1993 (see
Figure 4) and satisfy 25 percent of the l0-year demand.

8-17
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1SOTOPE COSTS

It is guestionable whether the potentia. production capacaty
of Co=-60 will be sufficient to meet the projected demand.
The use of Cs=-137 could help to offset any shortfalls in
supply which may occur. 1f the recovery and encapsulation
of Cs-137 increases, then to a great extent, the relative
demand for the two isotopes will depend on cost.

The mid-1984 price for Co-60 in the United States is approxi-
mately §1.00 per curie. For comparison, the price set by

DOE for Cs-137 is $0.10 per curie. Taking into account the
lower source utilization, Cs=-137 is still less expensive on
an eguivalent basis.

Cesium-137 also decays at a slower rate than Co-60. As
shown in Table 1, the half lives of Cs-137 and Co-60 are
30.17 years and 5.27 years, respectively. To maintain the
desired level of activity, the gamma-ray emitting source
must have material added on a perioaic basis. For Ce=60,
12.3 percent of the initial charge of isotope must be added
on a yearly basis. Due to its longer half life, Cs~137 eonly
requires a 12.3 percent addition every 5.7 years.

Looking at total source costs, assuming a discount rate of
15 percent, a fixed Co-60 price of $1.00/Ci, and neglecting
shipping and handling costs, 1 curie of Co-60 replenished
annually to maintain the same source strength over a 20-year
period, would have a present value of $1.76. An eguivalent
number of curies of Cs-137 (WESF capsule), with a fixed
price of $0.10/Ci, would have a present value of only $0.73.
Assuming a 40-MCi demand of Co-60, the use of Cs-137 as a
replacement would generate a 20-year present-value eguli~
valent savings of $41 million. The actual first-year
savings would be $13 million. Figure 7 shows graphically
the 20-year present value for the Co-60 source pin, the WESF
capsule, and the l-inch diameter CsCl capsule.

Figure 8 generalizes the comparison in Figure 7 for dif-
ferent source utilization ratios and different initial iso-
tope costs. Assuming an initial cost for either Cs-137 or
Co-60, and using a calculated value for the source utili-
zation ratio (Co-60/Cs=137), one can graphically determine
not only the life-cycle costs for that isotope in terms of
present worth, but alsoc the cost that must be charged for
the alternative isotope to obtain the same present worth.
This is illustrated in Figure 8 for a given source utili-
zation ratio of 6.73 (relating the Co-60 source pin and the
WESF capsule):

a. An initial cost of $0.10 per curie for Cs-137
gives a 20-year present va.iue of $0.73 per curae
(Co-60 curie eguivalent). The price for Co=60
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need only be $0.42 per curie for the two isotopes
to be equal on a present-worth basis.

b. An initial cost of $1.00 per curie for Co-60 gives
a 20-year present value of $1.76 per curie. The
price per curie of Cs-137 may be raised to $0.24
before the costs of the two isotopes are egual on
a present-worth basis.

Transportation/shipping costs were not included in the above
analysis. It is estimated that the transportation cost
contributes one to two cents per curie to the base price of
each of the isotopes, with Co-60 being slightly more expen-
sive than Cs-137 on that basis. However, accounting for the
greater curie load of Cs-137 required to render an eguiva-
lent dose to Co-60, and acknowledging the differences in
source replenishment requirements for the two isotopes, the
total transportation costs for Cs-137 are on the order of
one and a half times the transportation costs of Co-60. It
is important to note that these costs are still only a frac-

tion of the total source COsts.

On the other hand, the costs of shutting down the facility,
opening it up for replenishment, replenishment labor and
time, closing the facility and restarting production are
non-trivial costs that must be incurred on an annual basis
for Co-60 versus the 5.7 year cycle for Cs-137.

With a significantly lower first cost and life-cycle cost,
the use of Cs~137 in new irradiation plants appears finan-
cially feasible.

OTHER CONSIDERATIONS

From a purely economic viewpoint, it is more cost effective
to use Cs~-137 as a gamma-ray source. However, there are
other considerations that must be included in a comparison
between Co-60 and Cs=-137. These include:

° Principal cobalt suppliers are and will probably
continue to be outside the United States. The
cesium supply is domestic and is regulated by the
U.S. government.

° Removing Cs-137 Zrom high-level nuclear wastes and
spent nuclear fuel has the added benefit of
reducing waste disposal costs.

CONCLUSIONS

The projected growth in the irradiation industry will likely
require contributions to the supply by both Cs~137 and Co=-60.
The widespread use of Cs-137 in the irradiation market will



? supplement the Co-60 supply as well as reduce cost, elimi~-
' : nate reliance on foreign suppliess, and help reduce radio-

active waste disposal problems.
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On Monday morning, Radiation Sterilizers, Inc. (RSI) notified the State that they

t;nd st down theie sterilization cperation due to higher than normal radiation levels.
RSI uses rackation from sesled containers to sterilize medical devices and other itemd.

Statf of Ceargls’s Department of Human Resources were immediately dispatched
to the facility. They determined that while the radiation levels were relatively high
sbove the storage pool, this ares was compietely contained and did not pose & danger
to the public.

Wedneedey evening, the Department of Natural Resources and officlals from the
Nuclesr Regulatory Commission visited the facility to determine whother or rot any
risk existed outside the buildng. The leveis found outside the RSI facility were essentially
ot netural beckground ievels and pose no public heaith problem. | have asked both
agencies to work actively with the Nuciesr Regulatory Commission to continue 10 asasre
thare Is no public danger, and that every effort is being made to oxpoditiously correct
the deficiencies discovered on Monday marning.

Since any potential exposure to the public would only ocawr if any of the
radioisotopes leak from the bullding Into the environment, the Department of Natural
Resources will be the lkad State agency in monitoring and coordinating these
investigations. For additional information, the Department of Natural Resources may
be contacted and Mr. Jim Setser at 656-4713 will provide & response.
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Scheduled:

Subject:

Purpose of Briefing:

Items of Discussion:

Handouts:

Attendees:

Additional Distribution:

BRIEFING SHEET

September 26, 1988, Monday
10:00 a.m, - 6-B-11 - White Flint

Leaking Cesium-137 Capsule Incident in Georgia

To discuss with the NMSS Director and Deputy Director
the DOE and Georgia investigations concerning the
Georgia Incident,

1. Current status of DOE and State of Georgia
Investigations

2. Should NRC be taking any additional actions
as follow-up to the incidents?

None

. Thompson

. Bernero
Sjoblom
Hickey

. Lamastra
Baggett
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Lubenau, GPA
Black, AEQD

. Burnett
Knapp
Browning
Austin
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