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(
W- Mr. Steven Baggett )i U.S. Nuclear ' Regulatory Commission

1$ .

. ashington, D.C. 20555 1W.
.

& -

d|- Dear Mr. Baggett:
,

'

n ,

3 This is in reference to your meeting with Thomas Anderson of v staff on
19- October 6,1983, regarding Nuclear Regulatory Connission (NRC) registry of
4 cesium-137 capsules produced by the Department of Energy at the Hanford

iP Reservation Waste Encapsulation and Storage Facility (WESF). We request |

$ that evaluation of the generic capsule for registry be undertaken by your
$.. office.
.

.

k As discussed at the October 6 meeting, these capsules are of the same
h generic design, which is designated as the Model A WESF capsule g
l (gertification package enclosed). Also, two copies of the detailed jj

.

information regarding registry of this capsuTe were provided at the meeting;,
3)L. and this information should be used as the basis fbr the evaluation. Please
si contact Tom Anderson, 353-5560, if you have any questions or require further

7)
infomation regarding registry of the Model A WESF capsule.

[ Your expeditious response will be appreciated.
j

'

. . ..
>

j' Sincerely, I

h
'

0,
-

-

.i f
3 dohn J. Jicha, Jr., Director
"

R&D and Byproducts Division
|

.
,

j Office of Defense Waste |
0 and Byproducts Management |
W l.

1 Enclosure |
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h I U.s. NUCLEAR REGULATORY Commission 'loncponeeis
L. ) I CERTIFICATE OF COMPUANCE 'Iwi
|1 I # C'" " FOR RADIOACTIVE MATERIALS PACKAGES II

' ~

. eAcKAQ4 iD4NiitiCAflON NUWD(a . PAGEPfvM.(n . TOTAL NygggR paggg
. n atvisioN avusta. ctatwicats wuw.en j.

5939 10 USA /5939/B( )F 1 3'

( ji;, I : e. t
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,a in thi. c.' sinc.i. oo not e.n... in. con.iener trom comen.nc. . in .ny r.auir.m.ni of in. r.evi.iion. e in. u s. o.p.rtm.ni tr.n. pori.i.on or ein., il1

'||
3 I .ppac ni. eu'. tory .o.ac'.s. 6aciuciae in. covernm ni et .ny country inrouen or inio -nica in. P.c..g. will b. tr.nsport.d.

IJ l
<i I .g

k I h 'tens centwicats is issuso on ime easis or a sareTv asatvsis necoat or twe eacnaos ocsion on a.eucation
I . raernasoet m ., w .ar a vitLa awo ceutwicatow or aeront on neeucateng

Q i General Electric Ccmpany General Electric Company application dated l
g

5 i P.O. Box.460 February 21. 1980 as supplemented. ;

6 i Pleasanton. CA 94566 I.

I i
a
1 I I

71-5939 ie I ..oocarv uvo.en

N I I. co,emo

g - inn e. rune.= 6. cone.uon.i upon tumn.no m. r quirement. of to era Peri 71. .ppiic ni.. .no in. condition. cin.o ti.iow. II

f | ' , (a) Packaging'' '* -l.
I

't . .,

1 ! (1) Model No.: GE-1500 !
,.

'

.

4~ I I

S I (2) Description |

4 I |
a

k I
; ,i A sleel encased lead r i .de ni a cas.. The cask is a double-

'lwalled steel circul l
%de , i c'hr diameter by 48 inches highe

"{ with a central Aab 7-inch diameter kAS inches high. The diameter |
-

3 I is reduced fr 1 inches to 17-1/2 inchel cone construction at |

A I the top 7-1 nches of the cask. Approxi ly 11 inches of lead I

? I surround t central cavity. The cask is ed with a cavity drain 1

4 line and~ t . evice. Closure is accon$ is d by a gasketed and II

I
O | bolted le 4 ed plug. A pr %j;fve janet consisting of an
/ |

upright, cular n r pe tiom and ap3rotruding box section |
j l diametrmily act t - $11y down e sides attaches to g

- I a squa allet. 10 t etive j et are 60-7/8 g

.i 1 inches ghby$9-1 e etofsthe, box ction. The outer I

1dQmete '' ng.the pa t is 59-1/2 inches Ih I i.ylind
The inefilmuni WarWd |)'

c :[
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ese U.S. NUCLEAR REGULATORY COMMISSION Iy

CONDITIONS (ccwtonued I
1 i

I

h P Page 2 - Certificate No. 5939 - Revision No.10 - Docket No. 71-5939
|

u

M i

i
k I

$lj. 5. (a) Packaging . (continued)iM |

( (3) Drawings I !

I

2 I( l
The packaging is constructed in accordance with the following General i

I4 Electric Company Drawing Nos.: 12904748, Rev. 3; 12904749. Rev. 3; I
|

L I
and 12904750, Rev. 3.

N- | I

I3 | Lifting and/or tie-down devices which are a structural part of the
|J l package must be in accordance with the above drawings.

I
'

i!.

)j. I (b) Contents |
! l i '!
$ | (1) Typ_e,,and_ form of material ~ I i.

l |q
i

Is I (1) Byproduct material and special nuclear material meeting the |

'

A I
requirements of special form radioactive material and antimonyd I i

y I pins encased in stainless steel; or
i

k. - | (ii) _ Byproduct material in the form of 90 I37 i

SrF or CsC1. l. 2
% ! (2) 'MaxiLnu.nLauantity of mate ~riaFir/backagt

|

i

g i
-

g r' - - - u yj -tp NottoexceedadecayheatgenerationNy3 20 watts and
.

f, (i) Item (1)(1)above: O ii [ . .p Idi- i Plutonium irgexcess of twenty (20. ',ur;tes.4er package must be in
|M |

- theJorm ohn(tal, metal allo o.
500. grams d.23h uiva90% , spW. reactor f,u,el elements, and(tk235 equivalent mass equalsf I i

g | U-235massplup 66 me insist.) Q ,, 3

.

i
,

| (ii) It 5( W(1)'(11 - $tfoye:b7
f, / ,, $-| | : n ' . ?.97 T y ,y, y I

d
.

.

| 458,000cif tj ,g 4_ |
~

,

[ '(c) Fissile Class i: -

b|'M h
C.~s[III ||- |

$ | Maximum number of p/ sackagespdky..'f.
c. 'f'

s_ ,-
|hipment'91 X 22 I

''

L i

For the contents described in Item 5(b)(1)(ii{ abole.V
' "

I
:Li - | 6.

. -

|
:

90
Rev. 8;must be encapsulated ih ac' corda'r)cd,s'ith Vitro Drawing Nos. H-2-66759,|

SrF
]-. I and H-2-66758, Rev. 0; or.
M g

|
I37 |M

CsC1 must be encapsulated in accordance with Vitro Drawing Nos. H-2-66760,'1 Rev. 0 shd H-2-667BT. ~ Revj.3
-~ ~ ~ ~ ' -

|N

$l The SrF and90 137

method hafing suTOcie,nt sensit_iv.ity to detect a leak" rat _e (air at stliiidardCsti capsules after fabrication must be leak tested using aN ) ~

b '-

5
^ |,
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j, - _NaC F0mm 4144 U.S. NLICLEAR REGULATORY COMMISS'ON >
* *M CONofTIONS (contsnved
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s o. .i .
>
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]- Page 3 - Certificate Ro. 5939 - Revision No.10 - Docket No. 71-5939 L'
S j- ,

h tem rature and p_r. essure leaking to 10~2 .atm.) of 10-8 atm cc/sec. Any capsule-

g sil, _a detectable leak may not be delivered to a carrier for transport. L ]
q :, ,

g 7. The package authorized by this certificate is hereby approved for use under the !! ,
"

4 general license provisions of.10 CFR $71.12. ; 1

,5 , . |

3 8. Expiration date: December 31, 1987. 4

3
) c

.

b-
hl: REFERENCES

1]
*

is

p; General Electric Company application dated February 21, 1980.
w..
q. Supplement dated: September 8,1982. ..

H

fi: Oak liidge National" Laboratory letter dated April 3,1980.
J
4 Supplement dated: May 7,1980.
m
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REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICESc
M 'S SAFETY EVALUATION OF SEALED SOURCE
., J

DATE: June 1, 1982 Pace 1 of 7
( NO.: NR -S- - ,

y?, SEALED SOURCE TYPE: WESF Cs Capsule.137

:' *

h, '
-

i|
y MODEL:
a
>j . Serial Numbers C-1 through C1500 etched onto top end cap of outer
) ' capsule,
s
5 MANUFACTURER / DISTRIBUTOR:
o
j.j Manufacturer: Waste Encapsulation and Storage Facility (WEEF),
1 Rockwell Hanford, Richland, WA.
1
- Distributor: DOE, Oak Ridge. Operations, Oak Ridge, TN.
.s

il ~ Applicant: Department of Energy, Albuquerque Operations,
;3'.

Albuquerque, NM.
9

ISOTOPE:' KAXIMUM ACTIVITY:
s%

Cesium-137 (13 Cs) 80 kCi
.

LEAK TEST FREQUENCY:
. .y

2- Six (6) months
k
i.. PRINCIPAL USE:
$!'
[

Gamma Ray Source for Gamma Irradiator, Category III
C

CUSTOM REVIEW: Yes X No
c}
i;* DESCRIPTION:

1373-
(!

Approximately 6 kg of CsC,1, containing a maximum of 80 kCi Cs is
melt-cast at 740' C into a 316L stainless steel (SS) capsule having4

.
one end cap welced in place by a tungsten / inert gas arc welding

f' process (TIG). The top end cap is welded in place by TIG and,
)!

after'a helium leak check to certify the weld, this. inner capsule
) is. cleaned and placed into an outer capsule made of 316L SS which
r; has one end cap already welded in place. The top end cap is welded

4 on by TIG and the weld is verified by ultrasonic inspection. The
9 dimensions in inches are: inner capsule, 2.250 o.d. and
1 19.725 long, outer capsule, 2.625 o.d. and 20.775 long. Both

capsules have wall thicknesses of 0.136 0.012 inches. The ANSI
$ classification is Group B-1 (medium toxicity), Category III (sealed
3 source, wet storage).1

a

.

h'4

L

x
.
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? REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES
''

SAFETY EVALUATION OF SEALED SOURCE
,

,

. . .

s: NO.: NR -S- DATE: June 1, 1982 Page 2 of 7-

137
h SEALED SOURCE TYPE: WEST Cs Capsule.

$ *

p.

);
_

LABELING:
c'

,] Each inner capsule has an identification number etched on it. A
O unique serial number is etched on the top end cap of every outer
d capsule. This latter is used for identification of each WESF

f- capsule. Individual capsules need not be marked, " RADIOACTIVE",
y because the capsules will be securely mounted in a source plaque
O contained within an irradiation facility. The facility will be

{f labeled as a radiation zone and marked according to NRC require-
ments.

f;s.<

p

T DIAGRAM:a
t
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REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES-

i SAFETY EVALUATION OF SEALED SOURCE
i-
? NO.: NR -S- DATE: June 1, 1982 Pace 3 of 7-

h:b
.

13SEALED SOURCE TYPE: WESF Cs Capsule.
;.

g
2
5 CONDITIONS OF NORMAL USE:

j$e ->The source capsules are to be used as gamma-ray sources in facili- !
l' ties designed to irradiate sewage sludge, food commodities, medical
'

products or other products. The objective of sewage sludge irradia-
3 tion is to reduce harmful pathogen populations to levels allowing
l' unrestricted reuse of the sludge as a soil conditioner. Irradiation 4

i of food commodities would destroy pests of quarantine significance '

) and could also eliminate parasitic organisms such as Trichinella
.

]T
spiralis in pork. Irradiation of medical products would be used to '

sterilize these items prior to use.
:.
M' Any potential non-DOE users of cesium-137 sources in irradiation
11 facilities would design, build, operate and maintain their facili-

f ties and would be responsible for obtaining a license for each
g. specific facility from NRC or the appropriate state authority in

#a, :-
agreement states,

)

1 Wi' thin each facility, the cesium source capsulea would be arrayed
" and held securely in place in a source plaque. For instance, in

i

j the pilot sludge irradiator at Sandia National Laboratories (SNLA) !
9 Sandia Irradiator for Dried Sewage Solids- (SIDSS), 15 of the WESF
$ capsules are arranged horizontally in an open source plaque. Such
h a design permits heat dissipation by air convection assisted by :

4 forced air flow. The only physical contact made by the sources is

ff with the source plaque. No contact takes place with the material
d being irradiated. Exterior surface temperatures of the source
? capsule have been estimated to be 200-220*C and centerline tempera-
4 tures will be ca. 450*C. However, recent experiments conducted by
| SNLA on the SIDSS source plaque indicate much lower outer capsule

?j surface temperatures. Contact thermocouple temperatures were
.; measured across four of the WESF capsules in the SIDSS source
!F ; plaque in air and were found to be from 30*C to 80*C depending upon
a location along the capsule length (30'C was measured near the

. . .

3 capsule end where a cesium chloride shrinkage void is created i

during solidification of the material) . A similar outer capsule,

C surface temperature of 104*C was measured by Oak Ridge National
d- 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

c, .' cool the capsules and will provide backup water storage options in'
case of air circulation system failure. The goal of these cooling

'

mechanisms is to keep centerline cesium chloride temperatures below
450'C thus preventing any solid-solid phase transformation of the
cesium chloride.a

N - ;- +- .m. w e., w ,< '
t i;, m w n ,: m-
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4- REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES
f, SAFETY EVALUATION OF SEALED SOURCE r

ii

k - NO.: NR -S- DATE: June 1, 1982 Page 4 of 7> -

1'

SEALED SOURCE TYPE: WESF Cs Capsule,
a
Mp -

,

s

@' CONDITIONS OF NORMAL USE: (cont)
$
@ The expected useful lifetime of a capsule as a gamma source is ;

'i 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,

+ 800'C (1470'F) for up to 90 minutes, conditions similar to those

} experienced in a fire environment. Category III is the appropriate
h- category for irradiators using cesium WESF capsules. This category
[j of irradiator has a self-contained, wet-storage source. The cesium
y WESF capsules are self-contained in a double steel encapsulation
6 and would be. isolated in a controlled-access area within the
G- ;irradiators. Some-irradiator designs could utilize a water-pool
E 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 plaques into a dry

'

storage area behind a shield. Even in these designs, though,
h. initial loading and periodic recharge of the sources would take
2, place under water,
y
U
p Therefore, in most irradiator designs, it is probable that the
C- sources will be intermittently exposed to a water environment.

4 Category III, as a more stringent condition than dry source
h storage, is thus appropriate for these irradiator designs. DOE is
3. proceeding with design of a Transportable Cesium Irradiator (TPCI)
// - which involves only dry storage of the cesium WESF capsules. This
0 irradiator would be classified as a Category I - self-contained,
2 dry source storage irradiator.
8
3 Diversion of a capsule from its intended use would not be of
I concern from a weapons standpoint because cesium-137: is not a
Li fissionable material. From a radiological health viewpoint, theft.
't of a capsule is a remote threat because of the very high radiation
( level from an unshielded capsule. To 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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M=> REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES !

] SAFETY EVALUATION OF SEALED SOURCE
..

NO : NR -S- DATE: June 1, 1982 Pace 5 of 7-

V i

h - ' 1SEALED SOURCE TYPE: WESF Cs Capsule,

v.i

;0 PROTOTYPE TESTING:
?
U 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 Category III gamma

P sources in ANSI N542. Details are provided in the attached SAND
y document (Exhibit 1). Compatibility of CsCl with 316L stainless
Q steel has been investigated to ensure that corrosion is not a
st problem. Studies are continuing using a capsule taken from SIDSS.

- This capsule was fabricated by DOE /Rockwell-Hanford in 1975 and was
;j used in_the SIDSS for 2 years from 1979 to 1981. It was removed in
d 1981, sent to Oak Ridge National Laboratory and destructively
)j analyzed. Chemical analyses of the gaseous environments in the
.f inner and outer capsules, detailed metallographic study of the
k capsule surfaces and mechanical tests of capsule parts were con-
1 ducted. Results indicate no notable corrosion occurred which would
y jeopardize capsule integrity over a 30-year life and that the
t capsule basically was immune to the presence of the Cscl. Detailed
y results are given in SAND 83-0928. Cesium WESF sources were
j certified as special form material for shipping by ERDA in 1973.
;

/; EXTERNAL RADIATION LEVELS: !

!

? This information is provided by the reference, K. M. Harmon, BNWL,
e {gyter to R. A. Libby, BNWL, " Source Efficiency Calculations for
e Cr Irradiators," April 29 (1976). This is for an unshielded

{:| -
70 kCi capsule (Exhibit 2).

; Distance from Surface R/hr
of Source (cm) Measured Calculated '

b 5,0 7.7 x 10--

7 5 5,
6.1 x 10

S:.
--

5 520 3.02 x 10 3.0 x 10
W 30 1.69 x 10 1.6 x 10

5 5"
50 0.55 x 10 0.68 x 10

k

') * Extrapolated.
a;

|'|
>
e
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't REGISTRY 0F RADIOACTIVE SEALED SOURCES AND DEVICES
SAFETY EVALUATION OF SEALED SOURCE

o

DATE: June 1, 1982 Pace 6 of 7;c NO.: NR -S__ -

SEALED SOURCE TYPE: WESF Cs Capsule.-
.

,a
;

Y LIMITATIONS AND/OR OTHER CONDITIONS OF USE: -

137y The WESF Cs gamma source capsule should not experience environ-
t _ments which: ,

' 1) will produce temperatures >800'C (>1470'F),-

2) will produce external pressures >47 atm or internal pressures:. .

3 >7000 psi (480 atm),
:.

T- If any of these environments are experienced, the capsules-affected
@- will be removed from service immediately and thoroughly inspected
9: for any compromise-of their integrity.
p.

_ QUALITY ASSURANCE:
w

")f
The quality control standards for maintaining source design speci-.

n fications are the operational procedures and Quality Assurance
b Program implemented by Rockwell-Hanford. These pertain to the
d three major operations, viz. transfer of cesium solution to the
s conversion area, conversion of cesium carbonate to cesium chloride
M with subsequent drying / melting, and finally the casting / encapsulation.

~

W Each of these has a QC procedural form which must be checked and
i, signed as the process continues. Procedures are outlined in
h various Rockwell-Hanford operation specifications as follows:
#

$- 1.- HWS-8835 - Procurement / acceptance criteria for 316L stainless
D steel tubing
Q 2. H2-66760, H2-66761 - Fabrication criteria, procedures for
b capsules from 316L tubing
n 3. SDWM-OCD-003 - Capsule welding procedures, criteria
b -4. PSD-B-257-00053 (Rev. D-0) --Cesium chloride production
kg process specifications (including purity of cesium
f; chloride feed which requires molar ratio of combined
9 amounts of Na, K, Rb to be less than 15. Weight percent
[j impurities would thus range from <4 - 6% depending upon
Q- which atoms were present.
* 5.. PSD-B-257-00054 (Rev. D-0) - Capsule handling, welding, leak
y checking, decontamination and calorimetry procedures.
[ 6. PSD-B-257-00055 (Rev. D-0) Capsule pool storage procedures,-

h
W
g

'
.

a
d
|$
:.t :
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J' . REGISTRY OF RADICACTI\E SEALED, SOURCES AND DEVICES
!! SAFETY EJALUATION OF SEALED SOURCE

', NO.: NR -S- DATE: June 1, 1982 Pace 7 of 7-

SEALED SOURCE TYPE: WEST Cs Capsule.-

N
:

I
<

9' SAFETY SUMMARY EVALUATION:
S
D The accompanying SAND document (Exhibit il provides the details of
a the safety studies which have been performed on the WESF capsule,r
p The results can be summarized by stating that these tests have
jj shown that the WEST capsule meets or excceds the requirements for a.
4 Category III gamma source as described by ANSI N542. There are
6 numerous applicable referencec and they are given in Exhibit 1.
c

MANUFACTURER'S RECOMMENDATIONS:

[ -The manufacturer makes no recommendations for leak testing,
p( unpacking, or handling of these sources. These matters will be

addressed in facility license applications. The question ofj disposal has not been addressed at of this time. However, arrange-
1 ments for ultimate disposal of WESF Cs capsules will be made with
h DOE or whatever successor agency has responsibility for the,

remaining WESF capsules at the time disposal is sought.r; .

. .

". Pertinent radiological safety and operating instructions for the
sources will be developed by the A&E firm which designs the,

irradia+. ion facilities in which the sources are to be used. TheseV

;! items vi.11 be developed pursuant to NRC guidelines to allow
a facility licensing.
n
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g . GUIDELIp 3 FOR APPLICATIONS FOR
i

1

REGISTRATION OF SEALED SOURCES

ik i

1
.: -

b
This guide has been prepared to assist manufactumrs/ distributors in the2 ;

preparation of applications for registration of the design for sealed sources
!j containing radioactive material. The objectives are:

3
g o

,

To identify and explain the elements of an application that3
are necessary to demonstrate the adequacy of the sealed'~

source casign from the standpoint of health and safety.i

i ,

To facilitate the consistent, effective and timely reviewo
5

}: of applications by the U.S. Nuclear Regulatory Commission ,

(NRC) and Agmement States.

y>1 iTo facilitate the preparation by reviewing agencies, NRC oro
:

id Agreement States, of registration sheets in a prescribed
fonnat. '

.I

.9

9" Applications, for registration of sealed sourcas should contain, the following
@ three sections:. *

d
1, o A. Susanary & a
]y o B, Descriptive Data.

a o C.' Health and Safety Data
,

?

!i *

,.; Guidelines for these three sections are pntsented below and are followed
e), by Section 0 -- Specifications and Style,
-y

.. , ,

q
, _

i A. SlJt%RV EATA;s
.

3' This section can nonnally be presented on one page and should contain key
f,' summary data as follows:

p 1. Cate: Give the date of submission.4 .

9/:
N

l..

; -
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4 2. Sealed Source Tvee: Insert the short name comonly used by the

manufacturer / distributor to identify the source.4

'

3. Model: Insert the andel number (s) or series number (s) used byN

the vendor to identify the sealed source.
-| .

J
}; 4. Acolicant: Give the name and complete mailing address of the organi-
f zation submitting the application and indicate whether it is the manu- '

facturer or distributor or both. Also give the name, title and telephone
*

<

j number of the person to be contacted for further information.
,

.

,

S. Other Companies Involved:
3

Give the name and address of any other
,

companies directly involved in the manufacture or distribution of thisj> sealed source. For example, if the applicant distributes a device manu- i
k factured by the XYZ Company list the XYZ Company, Mfr. , and give the
M mailing address.

*

'

]
&

) 6. Isotooe' and Maximum Activity: . List the isotope (s) approved for use
[.j in a sealed source and the maximum acceptable activity level in terms of '

1 curies or millicuries for each approved isotope. If depleted uranium
j) is used for shielding, show the number of grams of depleted uranium used,

'
.

e

(.)
,

7.
Leak Test Frecuency: State the recommended frequency for testing

y the sealed source for possible leakage of radioactive material. (More i3 detailed testing information will be' presented in Section C.)
?,

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

_]. use intended for the sealed source or device.
d
1 9.

Custom Source: Indicate by a "Yes" or "No" whether the sealed sourceI is a custom source. If the answer is "Yes", present the basis for this
) detennination. Sealed sources specifically designed and constructed ac-j

cording to the personal order of a single specific license applicant may
;
i.. be considered " CUSTOM" sealed sources for the purpose of a review tailoned

.

1
p
y .
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M
o to the single applicant.
} Sealed sources designed and constructed as off-

the-shelf items or for use by more than a single license applicant shall(
(.I

not be deemed applicable to custom reviews and shall not be considered
for a custom review and registration.p

.

8
i 10. Custom User: If this is a custom source, give the name and addressd of tihe custom user.1

-

1

II
B. TSCRIFTlW DATA

q
.

?,1
This section should include the following:at .

)!. 1. Sumary Description:
h Provide a pmcise, yet concise, description of .

the sealed source, including information on the chemical and physical form *
~Q.

of the radioactivity, the materials used in the capsule construction.
iM

capsule dimensions and the methods for fabrication and sealing of the
'

r!,$ capsules.
St. ate the American National Standards Institutes (ANSI) classi-3 fication designation of the source.

Do n.ot include information which has
4

3:s been determined to be " proprietary data." (See Exnibit 2, " Proprietarye

f.t
Data." for definition and guidance on the handling of proprietary cata.)>}

ai
jj 2. t.abelino:
d

Describe the information to be engraved, etched or im-

J printed on a sealed source and the type of location of warning labels.

k. The label for a sealed source should include the words:" CAUTION - RADIO-

$ ACTIVE MATf. RIAL." manufacturer's name or trademark, model number or unqiue
serial number, radionuclide, activity, assay date, and the radiation sym-Is g

j bol.
Where labeling the source is impracticable, a tag containing the above

K

$
information should be attached to the source, unless the attachment of such
a tag is also impracticable.

When a sealed source is permanently mounted
in a device, source labeling is not required, provided the device is labeledf as specified above.

. -

k'
s
"
g
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'i 3. Diaoram: Insert a small drawing of the sealeo source snowing the,j materials of construction, dimensions, method of sealing, and relation-
4 ships of major conponents. Do not include information which has been
ff determined to be " proprietary data." The 41& gram should be no larger tnan
', 4" by 6" and should be suitable for reproduction for use in a registration
; sheet.

*j

4. Conditions of Normal Use: Describe the planned use of the sealed
s source and identify the environment and operating conditions expectedfj , during normal use. Include descriptions of the types of users, location ~

S of use, possibilities of use as a compon'ent in other pmducts, and cir-e,

y cumstances of normal use. Indicate the expected useful life of thej source. Describe also the probabIe effects of severe conditions, in-b
[ ciuding accidents and fires, and possible diversion from intended use. i'
.

y- 1
.,

| S. Suoportino Detail: Provide additional de'scriptive infonnation which
#

may be helpful in conveying to the reviewer a clear understanding of the.
-

j sealed source and its detailed characteristics. This should include a '

e

D design package containing engineering drawings of the sealed source,

% identifying all methods of construction, dimensions, methods of fabri-
'

Q . cation and method of sealing the source capsule (s).
3
a
4;r If the information presented in the application contains data which
3 the applicant considers to be proprietary data, such data should be clearlyj marked so that it can be handled appropriately. In addition, the letter
h transmitting the application should call attention to the inclusion ofs,

$.2 proprietary data. See Exhibit 2 " Proprietary Data." for definition and
t

g guidance on the handling of proprietary data,
s
j' Provide references to other pertinent documents, including previous

3 applications and registration sheets,
s
;
k
t,\
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C. HEALTH AND SAPETY DATA L
s

&
'

2 This section should include the following:
2
y
i 1. Safety Analysis Sumarv: Provide 'a p'aragraph which sumari:es the

imporrtant facts pertaining to safety and the results of the safety
s

analysis performed by the manufacturer / distributor. Include references
to the appropriate ANSI, NBS or NRC standards used in the safety analy- i

sis. 'g -

q
v
g 2. Manufacturino and Distribution Controls,: Describe the manufacturing
N
p and distribution controls applicable to the sealed source, giving atten-
3 tion to the following:
d
3 a. Quality Assurance and Control: Describe the quality control
ii procedures to be followed in the fabrication of production lots of I,

j the sources, as applicable, and the quality control standards for
p maintaining source design -specifications. '

Kj Describe the assay method used to determine the radioactive
~

content of the sealed source. This method shall' be traceable to
a national standard.,

i
o
j * Each manufacturer, assembler, or distributor shall perform.

i

r; a leak test on each source by applying procedure (s) in the current.

3 ANSI Standard entitled, " Classification of Sealed. Radioactive Sources." '

Acceptability of source leakage shall be indicated by removal of less.

j than 0.005 microcuries.
m
p -

4 b. Description cf Manufacturer's Recomended Maintenance Ser-
) vicing, and Testing Requirements for Use: Describe the manufacturer'.s<

[ reconmendation for leak testing, unpacking, handling and disposal
'

,.

. of the sealed source and specify availability of these services.

f.3 The normal leak test interval is six months. In the event thea
q manufacturer, assembler, or distributor requests that a sealed source.
- upon transfer to the user, be considered for a leak test interval

5
'

.
,
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greater than six months, sufficient information shall be submitted 1

f) to demonstrate that such a longer interval is justified as a result
t

,$ of operating expertecco with identically sealed sources or similarly
designed and constructed sealed sources used in similar conditions.

,

1
.

Manufacturer's Instructions to Users: Manufacturers or dis-
,. c.
,'

tributors of sealed sources distributed under these. registration '
'

procedures should provide users with a copy of pertinent radio-j logical safety and operating instructions for the source.
,

.
'

3. Manufacturer's Safety Analysis of Sealed Source Review:.
- -

Each appli-j.

cation for a sealed source review shall include a section which containsy
the manufacturer's Safety Analysis Report. This report shall contain, but

g not be limited to, the following information,
c j
% )a.

Safety Analysis: The analysis silould . determine the ability
{ of the final . design to withstand the normal condition of handling,
} use, and storage including such factors as abrasion, corrosion,j

vibration, impact, punctures afd the probabi'e effects on co.ntain- )
.

% ment of abnormal conditions such as fint or explosion.
D,
u.
,
. b.

Prototype Testing and Evaluatjon: Submit the following infor- ,

'

mation:
..

4

Maximum radiation levels at 5 and 30 centimeters from
o

j, any external surface of the source averaged over an
,

area not to exceed 100 square centimeters, and the'

1 method of measurement or calculation.
4

Results of tests performed on prototype sources thatj . o.

j establish the integrity of the source construction
and seal under the most adverse conditions of use toLi -

which the source is likely to be subjected. These.

y prototype tests should, insofar as possible, reflect
$ the actual conditions of use and, as a minimum, shall
9 meet the designated usage classification according to
i the current ANSI standard entitled " Sealed Radioactive
4 Sources Classification," provided the means for as-
1 signing such a classification is described.

.
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( c. Additional Infomation: Submit any additional information, in-
] iluding results of experimental stucies and tests, which will facili-

-

tate a detemination of the safety of the sealed source.
.

t

N{ .

@ . D, SPECIFICATIO4S AND STYt.2

N
O

b:
Review, handling and filing of applications can be facilitated by obser-

.

vance of the following guidelines on specifications and style. '

W
n
g 1. Physical specifications

( All pages in an application should be numbered consecutively. Text,

p
pages should preferably be printed on two sides with the image printedy

', head to head.
,
" i

If revisions are necessary subsequent to submission of an application,
rev'ised pages should be submitted. Each revis'ad page should be numberedn

%
4 and show the date of revision. The revised portion of the page should be
M marked by 'a bold verticle line in the margin opposite the binding margin.

,

$ If supplemental pages are submitted as part of the revision they may be
nuncered 13a,13b, etc.

The' preferred paper size is SS x 11 inches. If a larger size is

$j 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 Sh x 11 inches.

G
|g A margin of no less than one inch should be maintained on the top,t

"J.
. - bottom and binding side of each sheet.

y-
Q All drawings should have a drawing number, revision number, company
G name, title, date, and sheet number.
!
h Type of paper, color of paper and ink, type' font and style, and
;k - printing or reproduction method should be suitable for microfilming.j,.e
').'t

2
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h 2.- Style and comoosition
V

|j The applicant should strive for clear, concise presentation of the l
p information provided in the application. Confusing or ambiguous state-

|

l

?, ments and unnecessarily veroose descriptions do not contribute to expe-
|Y ditious technical review. Claims of adequacy of designs or design methods_

j should be supported by technical basis, i.e., by an appropriate engineering
.

'

j. evaluation or description of actual tests. Tenns as defined in the NRC
? regulations and American National Standards guides must be used.

,

3 '

: 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 calculational'
} methods or design approaches used by the applicant or its agents, and

.

j lists of references mentioned in the text.
f.%

,

j All physical ' tests of sealed source and devices should be supported
N by photogra'phs in the appendices. ,
a ,

b
,

), Where numerical values are stated, the number of significant figures
*

Q given should reflect the accuracy or precision to which the number is
>

p known. Where possible, estimated limits of error or uncertainty should
jj be given, oignificant figures should not be dropped or rounded off if,
) by doing so, subsequent conclusions are inadequately supported.

.

i', '

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

[ Drawings, diagrams, sketches, and charts should be used where the
4 - information can be presented more adequately or conveniently by such
3 means. Due concem 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.
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0 STANDARD LIST

PRINCIPAL USES OF SEALED SOURCES AND DEVICES,t

1 ',,i
_ -

q.
;
4

:

4 '

i! A Industrial Radiography,4

k.3 B Medical Radiography
3,

C
-

Medical Teletherapy .
1, O Gansna Gauges

.

E
-

Beta Gauges

h F 011 Well Logging
G

.

Portable Moisture Density Gauges j; H General Neutron Source Applications '

,

;s 1
Calibration Sources (Activity greater than 30 mci)J J Gamma Irradiator, Category Iz

.

,i K
.

.

Gama Ir: radiator, Category IIA
L

-

Gamma Irradiator, Category III
I, M Gamma Irradiator, Category IVn
; N Ion Generators, Chromatography
E O

,

lon Generators Static Eliminators
f; .

P
'

Ion Generators, Smoke Detectors
[ Q Thermal Generator,

~

R Gas Sourcesx.
5 Foil Sources

"
T Other

I U X-Ray Fluorescence

' . ... V
General Medical use,

,t.
,

f
a
1

.
,

t
3 ,

8 i
.*
s.

EXHIBIT 1
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. DEFINITIONS FOR STANDARD LIST l

PRINCIPAL USES OF SEALED SOURCES AND DEVICESy
,

1

a :.s ;

(.
F)

*
CODE .

3
* -

M A Industrial Radicaraphy -- The examination of the structure of materials
n by noncestructive methods, utilizing sealed sourcas of radioactive,

3 material.

3< B
b Medical Radiooraphy -- The process of producing x-ray or ganna-ray
M images to assist in the determination of medical diagnoses.
$/ C Medical Teletheracy -- The treatment of disease with gamma radiationd

from a controlled source of radiation located at a distance from(1 the patient.
X .

@ 0
ff

. Ganina Gauces -- The use of ganna radiation to measure or control
talckness, censity, levels, interface loc & tion, radiation leakage,(j or chemical composition. .

'

E Beta Gauces -- The use of beta radiation to measure or control thick- ;

& nesss, density levels, interface location, radiation leakage, or
-

j chemical composition. *
'

. *

a
W F Oil Well Loccino -- The lowering and raising of measuring devices or-: tools wnich may contain radioactive sources into well bases or cavi-

ties for the purpose of obtaining information about the well and/or_

U adjacent formations.
D
N G portable Moisture Density Gauces -- Portable gauges which use a~

racioactive sealed source to cetermine/ measure moisture content or''
density of material. This incluces hand-held or dolly-transported.

'

devices / sources.,,

H General Neutron Source Applications -- All appifcations, excluding
p, reactor start-up, wnich use a neutron source.
o

b,
.

I Calibration Sources (Activity greater than 30mC1) -- Sources of a
known pu.-ity and activity which are used to determine the variationr. :

i: in accuracy of a measuring instrument and to ascertain necessary
a correction factors.
|
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W J Gamma irraciator. Catocory 1 -- An irradiator in which the sealed
Fi source (s) is complate'y contained in a dry container constructed of
! solid materials, the sealed source is shielded at all times, and'

human access to the sealed source (s) and the volume (s) undergoing .
1p
4 irradiation is not physically possible in its design configuration. -

0 K Gamma Irradiator. Cateoory 11 -- All applications which are panoramic
C. ana use cry source storage fer irradiation of biologic or other ma-
A.i terials. -

f!
d L Ganrna Irradiator. Cateoory 111, -- Applications which are sel f con-y tainea and use a wet source storage for irradiation of biologic andN other materials.
i

,.y M Gamma irradiator, Catecory IV -- Applications which are panoramic ands use a wet source storage for irradiation of biologic and other ma-I; terials.fy
.

Q N lon Generators. Chromatograohy -- Process of using an ion generatingp source to determ,ine the chemical composition of material.
$
g 0 lon Generetors, Static Eliminators -- Process of using ion generatingM
[;|,

sources to eliminate static electricity on a surface or a surrounding
area.

f.0 ,

fi P
?, ' lon Gefierators, Smoke Detectors -- Process of using ion generating

sources to detect gases and particles created by combustion.,

f,y Q Themal Generator -- Process of using the heat of a radioisotope to
y produce energy.

R Gas Sources -- Sealed sources containing radioactive gas such as,.

q krpton-85 or hygrogen-3.
,.

3 S Foil Sources -- Sources which are constructed using thin metal foil.
?. The radioactive material may be secured to the foil in a number of
it ways, for example: plating, laminating, or cold welding.d
( T Other -- All other uses or applications not covered in other categories,
a. .
w
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h X-Ray Fluorescence -- Sources and/or devices utilizing radio- I

active material which excitas the atoms of samples which, inp;; turn, emit characteristic x-rays and thereby provide a means !
'

for sample analysis.
si

<

5 V
+

i. General Medical Use -- This category includes diagnostic sources
ano devices such as bone mineral analyzers and therapeutic

j sources and devices such as interstitial needles, therspeutic
seeds, and opthalmic applicators.1
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K PROPRIETARY INFORMATION
O
Qj A. Proprietary Information includes: '

e
f

p 1. ' Trade secrets.
e

a
# 2.
3

Privileged or confidential research, development, commercial
or financial information exempt from mandatory disclosure

LA under 10 CFR Part 2, " Rules of Practice for Domestic Licensingy, Proceedings," Sections 2.740 and 2.790 and under 10 CFR Part
t 9 "Public Records," Section 9.5, " Exemptions."y
; B. Accessj

.

3 Access to proprietary information or information claimed to be
9 proprietary will be given only to those persons who need the infomaion
3 in the conduct of official business. Functions of the proposed

.

? recipient should be considered. Access to proprietary information
d or information claimed to be proprietary in documentation centers ,: ',

'

l.r will be given to NRC personnel on the basis of NRC access authorization.
3 Such persons shall attempt to obtain this access only in connection
d with their duties. If any doubt exists as to whether it is properj to furnish information in any particular case, the NRC office which
? has programmatic responsibility for the information (e.g., the
h Office of International Programs for foreign information) shall be.

3
.

consul ted.
s

. C. Marking of Documents

e 1. On Origination or submission Documents which contain trade
A secrets or other priv11eged or confidential commercial or *'

financial information as set forth above, shall be marked to
;j indicate that fact. Markings shall be placed on the document
p on origination. Documents claimed to be proprietary shall be4 so marked subject to an NRC deterwir:ation that they containj. proprietary information,
q
3 2. The words " PROPRIETARY INFORMATION" shall be placed conspicuously

y| at the top and bottom of each page containing claimed proprietary
; information.
a.
il The wording set forth below shall be placed at the bottom of
;! the front cover and title page, or first page of text if there
; is no front cover or title page:
J

'. " TRADE SECRET OR PRIVILEGED OR CONFIDENTIAL COMMERCIAL OR*
l

FINANCIAL INFORMATION"
ss
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a
/ This document contains information submitted to the NRC by
2,

d
u -

j (Name of company) |Mame ,of submitter)
0
{ which is claimed to be proprietary in accordance with (10 CFR 2.790(b))
2 (10 CFR 9.5) (10 CFR Part 21) and is exempt from mandatory
f public disclosure to 10 CFR Part 9.
M .

|9 WITHH0LD FROM PU8LIC DISCLOSURE
, - +

iI .
.

J tstgnature and Title) Lorrice) (Datel *

1

l4
y 3. The NRC requests, whenever possible, that all infomation
M submitted under the claim of " Proprietary Infomation" be
1 extracted from the main body of the application and submitted ;

3 as a separate annex or appendix to the application. This !

{ procedure will facilitate the processing of the application. .
,

$.k D. Detamination of Proprietary Status by the NRC
Li
y All information submitted under ths. claim of " Proprietary Infomation"
K as part of an application becomes the property of the NRC and may
J not be returned even upon request by the applicant. The claim by an
9, . applicant that certain information submitted with the * appi1 cation

.

is is in fact " Proprietary" is merely a rebuttable presumption which '

lij will be reviewed by the NRC upon submission and an initial detemination
/., will be made as to the adequacy of the claim. Upon a finding that
'

the submitted infomation is not " Proprietary" the applicant will'

4 be so notified and granted an opportunity ta amend his application
a_ accordingly.
4
7 However, in the event a " Freedom of Infomation Act Request" is
d filed pertaining to " Proprietary Infomation" the requester may
?? - appeal an initial detemination in favor of the applicant by filing
i an. appeal in writing with the Executive Director for Operations
$ (EDO), U.S. Nuclear Regulatory Commission. If the ED0 finds in

favor of the requester, then such materials initially marked " Proprietary"1 -

3 will be deemed nonproprietary and made available to the public. It
's - should be noted, howcver, that upon a ruling by the EDO a judicial
N review is available in a district court of the United States. See" Title 10. CFR Part 9 for a detailed discussion of the rights of the-

parties.
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! IIIRadiation treatment can be used beneficially in the treatment of food'

IU and medical products.I3If sud the lieptual tettatian af seege shege*

f pstential ammetas sf te81stian inchde electrun accelersters, ko, which'
-

# s, edrich is tecourred tnan the teneter tali I is preo med in teactnes and C

I
* mestas,

e

f .

lia 41aste Entspashtism and Storage Pacility (W) carmently aperated
f tg useine11 ternfore aperatiens produous sealed capsules of either v aio-

active casim chlorite ar strontia fluorida,@) The purpose of the U|

[ _

plant is to encapsulate 19e todianctive casia and strontie which is re-

|
covered insa the W wastas gener32nd tram the vaprocessing of fonctor

*.-
fel elments at the itantere Silba, The encapsulation af thsee elements

}
is an initial step in the senaguarnt af those nuclear fuel eastos,

t The vedicactive caugeunds att placed in capsules designed ter safe
[
) long teve stortga. The assited cistseteristics for the capsule ses good

E _

heat dissipation, thich tapsule walls, and a sia lary enough to reduce
the tusuker af capsules laantad to cantain the vaquited quantity of campound.'

. ;

I 1he casim product term selected was bened an chemical process chatsctaris-

! tics.
,

Since t$a prisinal tati rapamle was designed for storege rather then
,

}
an ittadiater, it ====d pussible that the capsule design could be improved

J
for use as an itTatister. T9m economics af ittediaturs att adpendent en

[
the efficiency of the testation source; hence, a significant increase in
the sovece efficiemcy muuld tesult in a significent improvemamt in its-

radiator ecenwics. Sucesse of this, studies terre nede for the nuclear

[
"y h f 7 Utilizatian pnsgrue sponsorge ty the Dspertpurret af Ensegy,

.

This paper muscrihas the tages of assign changes eaamined and gives the*
;

effect af these changes an the soorte getNciency.
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he teamits af these same stTicies;y calculatians inticate that an
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wash weaprWe ekseqpt, tu the cylinger aimurter and en11 thictsmus,, Ta 70-
N

asce the passibility sf emrirsenswtal toWtustatism ehen the espeules ate.y
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i T NLLE 1 , E5F Desia Chlodde Capsule Characteristics I
o :

d. i
e mfa sIONS
d
; amer Cigule: 3 m sinie ess sine,

*

1 0.DB5-h. es11 thietmess
:) 2.250-h, outside Wiameter .

? 19.725-h, total length
.?, 0.4tD h, total cap thic4 mess -

il Deter Capsule: 316 4. stainless steel
,) 0.109-in, em11 thietmess'

,

a 2.625-in, outside diameterj 20.775-in, tstal length *

a 0.400 in, total cap thietmess

- .! 3
-

j R115nY tsC1 '2,47 g/cm

:f
I3

QL50fT m DF Cs 46-49 erts
..

4 15pultITIES 4-6 wt1
+

'| TDT E1EMTIDN 300 entte
4 137
? MDIDECTWITY 70,000 C1 Cs

s;
:a ,

+,
.j
. ' .- 3
e
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a
A
b
q.
d
:aj Dostuurtry unasurmarris ames performed e une of the EU casia cap-

O sales to asne as a teammmet for the calculations. De emerimental dame
V rates are listad im Dble 2, Dese mensammemts earne made with tferrusle-

minuscuet easiastars (TLD's), TLD-713 (tiF) emps more placed at the sto- 3. .,
,'l plane Wf the cupsala. A 18.34riserte espesure ens made and a centrtl set W 3a s

f.{ TLD's was amed to yise a true 18.3 artavte w .$
fi
h TABLE 1 Itsessent natial Dese Dates Ftsu Desian Chloride Seerte

i

;
+ ,

N
i Distance from
j surface of Dose Date,

h . Segm;e. ga RMrr
Q
g 2D 302,000

..

{j 30 198,900

g 2 Em
,

i
W EH!!!. -

cs
.

fi Da casqweer came used for dose este calculations was QRD-P5A.(5)
1

~

%j
Dis is a * point-4sermal" neem It provides the uncollidad guana t'.m

[ density, done tute, and enstg dupesition vain which tusult frum a point-

] ty-point vapruauntation W a velame distritweed redistion source. * The

A volume sauren is Sivided iman a laelpe summer of point isotrupic savn:es
b
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e'"$E)" = untarial attenuation factor: 1.e., the probability that
a gama of energy E travels a distance R without a

:collision. ...

i k3

1 M = geomtric atsumatian for peint saufta. 9''
..

| Dur versian af IpID-PEA mee the gama iwtsmetion coefficients of ."..

f
NI and Bufger'sI8) energy fluence-to-exposure conversion , ,; qStem and Isme1

?.

k factors.
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*

It is igertent to feelia 1 pat 4(R) % equation (1) is the encollided :
l.

r i
t- flua density, his appreninstes to total flea density only when scatter-

ed pensas am cumpletely tesoved fram the tsdiation been dich is effecti-
(
E ve1y vaalized only for th% sMelas, For thitt sMelds, the probability

?

[
incmasas that multiple callisians will accur with gennes scattering to the

{
moeiver point givite T1am densities higher then thane calculated by

; Equation (1),
i

Calculation of the scattered flea density is cumplex and sc isr

i :
handled tqy %taducing a buildup ta.: tar eMch %ctimases the rlum density

~
s~

to account for scattemd gamma titys. his buildup factor is a function of, n

i .

f
the sMeld asterial, gunma energy, and the quantity (i.e., flux density or

4
anse) being calcalatet. *Hence

Y-

|
g . "h.h of total flea density at R3

,, Sage vie.V of uncellines Tlux censity at RJ
g

r
F 1emw

g(R)*B(vR)$'v(E)R
-

(2)
2:

AwR
:

i.
***

I (un) - n . ity tui,4., t.etor
'

6(R)=totalfleaansity.*
T..

h Similat* techniques am used in ORD-P5A where the builaup factors are
i

based on the Boldste% and Wilkins summents authod of infinite homogeneous1 *

i media.(I) De Boldsteh #ilkins data are fitted by a polynomial expan-
=.

; sien whose simplified tom is
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b source assign, ste these cahelation, emeias:y is erfined as the stic.

k W the auge tete at t$ue espach surhce etS sttunuution in the source ,
,

f vegion and tagamle enll to t$a auge twee at the surface without attunuution
'

F in the saurta testae aus casash enll, Dets arrtwitten aus origtnalb
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[ tien implies that there are im scattemd game Tays. 31 the tarildup
+ 9ector ens iust applied tn On calcalation anon win attunation, t$m mault
I unuh he the effttinut:y fte t$m enca114emd pusun toys, Become the scat-
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u

L flector auch 1st te insouB; 1mensur, changus % efficiency h by andt-

[ ficatiasis in t$m self strieMtig or enll attunuation am angnitted when
the twildup facter is 1st ast. Alan, it stiouh to 1sted that the me W

6 t$e auge tarihup tector any tend to slighth overesttuate the tioTogical

f effectismens sinos 31 emetency is more n1sted to enew tiensaission
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h,h . Due to the toduction in self shielding which 'eight be possible with ;

:i en sunuler vlinder seurte gesmetry, calcuhtions wart also made for an- ,

d' nular cyltadors (2,525-h, 3, 0.3-h, clad); these visults are summeriand

{
in 14b% 5, IggermutV emc9enty is 1em iteteesed ty using an annular

,

]
genustry, 1Wes is Mb aue to an incmage in the absorption in the
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ciency at svy.lacetkan ter an infinim plate sourca, Since svy pesetical!} -

g: ' 1rtssNatur will to ttutta in sian with a liertting distance over which .
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3 as a 10E emeiency iittsaum is possible for smaller 1rtsdiatnes, Campsesd
M.
4 with r,ylindrical sauetus, the efficiencies show no worthukile inctmene,

y,
jj - thus no significant gains att Tsaliand ty suitehtng to a plate source
E genustry, The anb tussen to chstge the musign to a plate snutta wouh tie
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, . ' equigmunt modificatians edrich wouh he tequited.*

$ J

1
|

9
",'r

st

*

?.

13-

.: .w; y >;: 7 .~.: - ,~ w ., , . . , ,
_

,
.- . _, ,, , , ,

_ , _



g w.mw.un.wxx:..amz:a:;a:.; .w;:wm;;.a ; x.i :;,mncr.x ca;a a a.w ,:w. m;w,,:;.;a;.xuux;' ,
t

*

s

i

I
;
j, TRBIL6. Mate Some Efficiency
.

4 348tB
(.; h cm _ EfH eignis 5

? 4.5 m
, ,

L8 55 6
. . ,

;;. 2.8 ~W s
,

.c.h...j.
SenMa Leberstartes $ms am esgutig sm,13e damspremettte of

., .. ,.

.

[
songe slassa astig vamusettua custan. Sitese ce :pesduct form used#

s in elEW (DeQ) tus a Mgh soladdlity in ester (t %g81tsr.), a small leek

f in a stamme cagesle ensig raman tuntertnettua. Samma tus egmessed
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4, the Class numbers specify the tests to which
j.,'f ' "

Compliance with the tests shall be deter. the sealed source shall be subjected, except that
,

]'~ mined by the ability of the sealed source to for the category ion generators, the complete
-

maintain its integrity after each test is per- source device combination may be tested.
,

C
formed. Methods of testing sources for in. Obviously, Table 4 does not cover all sourceN.

p tegrity after testing are set out in Appendix A. usage situations. If the particular average en- U_ . .[ A source with more than one encapsulation vironment differs from the values shown, or if "-7 shall be deemed to have complied with a test if the source usage is not shown, the specifications ?.Tj it can be demonstrated that at least one encap- of the source shall be considered on an indi. T
~

sulation has maintained its integrity after the vidual basis by the supplier, the user, and the '

$ regulatory authority. The numbers shown in
:.s

!

$ test.
4 4.1.2 Classincation of Radionuelldes Accord *Table 4 refer to the Class numbers used in *O

ing to Radiotoxicity (Table 2). This Table, Table 1.g '

taken from a current ICRP report, classifies 4.1.5 Leak Test Methods ( Appendix A). Ap-Ti g
e4 radionuclides into four groups according to pendix A lists currently acceptable leak test

i relative radiotoxielty. (integrity test) methods.
4 If the radionuclide is not listed in Table 2,

-

y
4.1.6 Quality Assurance and Control ( Appen.

,

d the source shall be considered on an individualdix B). To assure that production sources will
_.

<

N
basis by the supplier, the user, the regulatory

have performance characteristics equal to the ;

A -;s

9 authority, or governmental advisory agency.
tested prototypes used in classifying the .

y J.1.3. Activity Level (Table 3). This Table sources, a good Quality Assurance and Control
program is necessary. Appendix B is includeda maximum activity of sealed s.,3

establishes C |Q sources for each of the four radiotoxicity as a guide to aid a manuf acturer in establishing 7
Al groups in Table 2, without further evaluation. a specine program.? Sources containing more than the maximum <

Q- activity shall be subject to further evaluation U.7 Summary M M NU.WE. InW.
rity and Test Specifications for Selected

, ,

?I of the specine usage and design. The activity

3 shall be determined at the time of manufactureBrachytherapy Sources ( Appendix C).N

4.1.8 Sumniary of ANSI N540-1975. Clas-
,

of the sealed source./j Table 3 also defines the properties of the sif cation of Self Luminous Light Sources (Ap- j.9
radioactive material within the sealed source as

,

}g ~ "leachable and /or reactive" and "non-leachable
pendix D).

' t.
and nonreactive." The physical and chemical 4.1.91AEA Tests for Special Form Radio.,

form and the geometrical shape of the radio. active Material. Excerpts from IAEA Safety.;; '

$ active material used to determine these prop. Series No. 6-Regulations for the Safe Trans.
j erties shall be the same as the physical, chemi. port d Radioactive Materials,1973 Revised ,'

q

J cal and geometrical form of the radioactive Edition ( Appendix E).
j'.i ' material within the sealed source. 4.2 Fire, Explosion or Corrosion. Table 4 does

4.1.4 Sealed Source Performance Require. not consider exposure of the source-device to
,

N ments for Typical Usage (Table 4). Table 4 is fire, explosion or corrosion. In the evaluation of
,

>

O based on current practice and typical environ, sealed sources and source-device combinations, '

$ ments in which a sealed source or source-devicethe manuf acturer and user must consider the3 will be used. Average environment includes probability of fire, explosion and corrosion and
normal and abnormal use (taking into account the possible results. Factors which should be |

0
$ reasonable accidental risks), but does not in, considered in determining the need for actual

,c2 clude exposure to fire or explosion. For sealed testing are:
1

S
sources normally mounted in devices, consider- (1) consequence of loss of activity;

;

J
ation was given to the additional protection (2) quantity of active material contained in
afforded the sealed source by the device when the source;
the Class number for a particular usage was

i
,(3) radiotoxicity;d assigned. Thus, for all usages shown in Table

fj
3

t p

~~ ~~ - n-

' ': $5 | - [t
'
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'8m G es et y .m em*
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one performance requirements (classincation
r4

Ni chemical and physical form and the geo-
's metrical shape of the radioactive mate- numbers).

_

u

g. r!al: 1
Q (5; environment in which it is used; and .J.7

. rotection afforded the source or source- 6. Identification ' "

)y (6) 'p

device combination. ',_,

The designation according to section 3 shall 4$- 4.3 Radiotoxicity and Solubility. Except as re-
be marked on the sealed source or source con-,$ quired in Section 4.2 radiotoxicity o'f the radi-

= tainer or source holder or accompanying docu-
3 onuclide shall be considered only when the-

ment.
4 activity of the sealed source exceeds the value ,

f th' awn in Table 3. If the activity exceeds this
d value, the specincations of the source must be

t. Testing Procedures for Table 1.

El considered on an individual basis. If the activity

i 0c3 not exceed the values shown in Tabic 3, 1 General. 'The testing procedures given in4.

. . . ' Table 4 may be used without further consider- this section present acceptaole procedures forj- ation of either radiotoxicity or solubility. ,

2,!

- determmmg performance classincation num. ~' .

3, bers. All the test environments provide the I' '

4 5. Procedure To Establish Classification minimum requirements. Procedures which can ****
~ '

1 and Performance Requirements be demonstrated to be at least equivalent are
4 "'~

O also acceptable. All tests, except the temper.
j 5.1. Establish radiotoxicity group from Table 2. ature tests, shall be carried cut at ambient tem- -

ww

$ 5.2 Determine amount of activity allowable perature.

{pj from Table 3. 7.2 Temperature Test 2

@ 5.3 If the desired quantity does not exceed the 7.2.1 Equipment. The heating or cooling ;;
'

.

& allowable quantity of Table 3, an evaluation of equipment shall have a test zone volume of at
[1 nre, explosion, and corrosion probabilities shall least nye times the volume of the test specimen. ..

.

y be made. If no signincant probability with re- If a gas or oil nred furnace is used for the tem- &
j spect to nre, explosion, and corrosion exists, the perature test, an oxidizing atmosphere shall be

required classincation for the source (per- maintained throughout the test.
;A formance requirements) may be taken directly

$ from Table 4. If a signincant probability does 7.2.2 Procedure. All tests shall be performed

s ex!st, the factors listed in 4.2 shall be evaluated in air except in the low temperature test, when

d with particular attention to the temperature an atmosphere of carbon dioxide is permitted.
_

All test sources shall be held at the maximum
- '

T and impact requirements.
W (or minimum,'for low temperature tests) test I

h' , 5.4 If the desired quantity exceeds the allow. temperature for a period of at least 1 h.
M able quantity of Table 3, an evaluation of nre, Although Table I specines a low temperature
j- explosion or corrosion probability and a sep- of -40'C, " dry' ice" may be used as the cooling
n. arate evaluation of the specine source usage material. Thus, the low temperature may ap-'

j and source design shall be made. proach -75'C.

$ 5.5 After the required classincation of the Sources to be subjected to temperatures be-
low ambient shall be cooled to the test temper-S source for the particular application or usage
ature in less than 45 minutes.$ has been established, the performance test con.

ditions can be obtained directly from Table 1. Sources to be subjected to temperature above*

ambient shall be heated to the test temperature.

(, a.6 Alternatively, the source may be tested, the at least as rapidly as indicated by the follow-
e.- source Class determined from Table 1, and some ing time-temperature table.
i suitable application selected from Table 4.

' .t Sources of an established classincation may be ' Part of this test for Class 6 is sirnilar in principle
,

to the heating test given in I AEA regulations for thela

|| used in any application having less severe spe- safe transport of radioactive rnaterials.
,

4 4
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RIGB- AND I4W-TEMPERATURE MATERIAIA $$-45 |e of s soluuosa, a
used. These are the aluminues-seagnesium and alumi. l,i le and alkalles, espo. L

, aum-magnesium-mansamese materials.
?;. ruettoa. If enSeiset seang posu 3

,

"T i" smen the temperature goes down. However espper's low

ow erystale to forme Copper and Alloys. With few eseeptions the tensile
strength of copper and ite alloys increases quite rapidly as.% dl3tutt to make the Ameno -tal -

e e,ger wood impres- Propano -417 --, Asu L SA 208
A M SA 212 struetwel strength becomes a problem when eenstructing-S0*r---- qg-- - .i large.ecale equipment. Therefore, alloys most be used.' *, e tha e8este of Wh *

' 2 iM % mehet pool One of the most euecessful far low temperatures le silicon-tifr "Carbonri awtaan.y~-i -

bronse. The alloy can be used to -820*F. with eafety,

~

p
---

F8'*98 O- iQ W eonstruction saa i

see conditions, where lasulatloa. Partite, bales wood, cellular glass, and*
I,

briche are made from I het wool can all be used at temperatures down to
Cereen emesse -4093 5 t/2 % niched seeel about -200*F.-

refreetory materials. Acer ione -119.2r -

But still better laeulatione are needed to cope withrs 460*F. because of Dhe's -t27.6 _

". be used tp to 1800*F. liquid hydrogen, oxygen, and helium. Randomly dia-
'5 are used with brick. ,,3gp',,,,,Un,yiene -ISM persed re8ective Bakes are not soc 4 enough. Two very,,,, ,

-

l./ n restan, polyestern. promising insulations have b a developed by Lindau
P. materiela. Carbon- One le a medium-quality variety consisting of to to
o* od against non osidio- 30 layers of aluminum fan per inch. esperated by 3
Q io gined reelne should microm glame-Aber =at. It is a relativelylow-density
W e or Sucailielo acide. g , (2 lbdou. ft.) low eces taoulation with a thermal con-

ductivity of 0.11 x 10-8 B.t.u./(br.)(ft.)('F.) betweenp 4 go0aF.. while resiae ene

f oodiuse milisate based , Coseer
oionees sseel 80" and -297'F. A higher quality variety secelate of
D30 D ese 40 to 80 layers /in. of aluminum foil and submierna slese-% 760*F* '

8'h""a 'D' mas aber peper. This is somewhat heavier than the otherf ( Meehere -2S46 -

lanulation (4.7 lbden. ft.) and more eastly, but it has thef yggg 3ggTuratALa '

5 very low thermal sonductivity of 0.034 X 10-e B.t.u./

|- some unusual problema os -
-

(hr.)(ft.)(*F.) over the sanse temperature range.N he tow 4emperature
High-teraperature BEsterials. Sama===ful appli-

i t.
- -:' estions of metale la high4emperatern proene service

a and impaat strength at 320'F----
gtoegen -5205 - .deportd on an appreciation of eartata =famadaa festars,<

h my iteses yield and ten- 1%e important alloys for service up to 3000"P. an showni

|' wroture goes down. in Tabh 2818.
riate resistaat to ahoek

L. . of 18 ft.-lb. (keyhele 304 eienvees seest Table 8818. Isaportaas Couunnercial ABete for3o46
(e _ tog tesaparature. , Atwn easaises one' Righ tosapenture Pressee ServiceFor nwn eners

D 'e.-Ib, b r,easamonded. 5052,53SA S4 %S005, S006, Neusien unusanne, Sty coesimene olaea Nees -4i07 _
S4SS Fernaie serats:

SIS 4,
J 'mee't istluty. o m n mae

Deven,wn -4t73 -4 Hyore en -423 - cease sessi.. hei.
- ave est up **

M's.t.Learbon and alloy steele zu een *.. zu hei. W.

r. . cation euch as streme ,4$gg,,, Hoewn ,$2,1 -
Tres 302..

k !gN ao thi A.8.M.E. Code ini. Me

| (f these enoys in low- Trse eet. . . . . . . 2h
NT<

hei.A steeksaber of steele an made
'le A 201 and A 212 are w Y2 $ U3 is vi

t t for -60*F. servies. Fie. 381. What sessie to use ao the temperature droen. This im n 'a n d u-
w e n bei 6,

208 Grade A or B for ebart eben sehesistinny the eartene meene used for low eem- m. 3 i, est.. for earttee to -l50*F* p meure appineation is aavtecernente deemed by the aermeel sie.. 25 m bei.L
6 bemas pedans et omrente ugesood some, so 510. . . . . . . . . IS 35 hei.
n m-ni.e m.eis are *- Nieksumes ansre:

F "! r P w'L ' om -300s to -4254*
L? grades used at low tem- Benoittantion er formation of chromium earbidesoost. H s ....

tel. 4 W. Me
bei. 6 We

st popular. N arist" een oeeur la several stajalene steele during welding, and Hemane 16

21S ;r C.. @ g 2)sher than anet.aer met y* thh wiu neest impact arength. However, teste have|: g;'

E i .treatmem and weldlas obown that impact properties of types 804 and 304L are se/s. . .. . . . . Je bei.
C ofeets the higher lattial' not greatly afected by esaattientloa. but he properthe Basumer L 22 hei. 19 gMeof 302 are impaired at -800*F.

Ca$"7|| N k Y eg u nW Nickel 8 teel. Iow.enebea 9 permest oiekel steel la a
I t .and &11eya tor forrette elloy developed for use la eryoganie egeipment

en same

g88e ig' . . . . . . . .
.. g- g C. S. M8N o Servloe* operating as low se -890*F. A.8.T.M. erawa..sa... g,g tC kC

e Ce

g**',Y A 200 and A 8&B eover low.earboa 9 rer cent niekel steel cess seeisime (ACI typah
30 bei.

: [ ,ge Tem (A 900 le the bede spesi8eation forlow teuiperature $. g j gi- ferritte steeh). Bdnaraante la welding and (A.B.M.E.
H 7. m 12 bei.'> ~,

-. se Code approved) elimination of postweld thermal treet-
- a a nei.-M mente make 9 per esat steel ompetitive with many

low cost materiale used at low temperatures. g
- Q ( y-no

.' -$ Alumimuss. Aluminum alloys have an anneual se[e*ssN'" ..( gy, um
gg 's C y) y g Mf

1 tal. 7 n. d Cb- 42s ability to maintain strength and choek restatenee at-38es,,sr temperatures no low as -425'F. Good eoreceien resist.en she pgg aneo and relatively low cost make these alloy very popa- somse H (esat 25 2 to 1 Os tem w
sissien 2tia 27.3 2.s c.4sse wep e,e.

'

'86*h8 g 7 - sie, lar for low 4emoperatore equipment. For most welded
.ese mie awr rar esse se enhe benweiness w med med6mpeller;4 naa*estion the 5000 series aluminum alloye are widely etees.
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Table 88-8. ahamaman Besletanos of Impsetent Plastles .
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ca* aat ytel ames g* g g g ,,% ggy yo cpP

)
Ih le% meo .. [.and, gesd E 'ana. Emm East. W W ' asst. p
| Se% lis00. . a.asd. rear . Raesi. |and. Esad. . Esat. hat- .300 - - '

'* tog Het . . Enest. Eaant. Caed. .

Esse.
: sed. Ense.

;g leg RND .. Esat. M Oest and.
.

Osad
. Enset. and. *

3200
i ., ies amem.. East, osed maid. . samt. Ua. aunt. Eud. M. , sat, h

w. EE ai
vi 100

--

| 2, des Pfa08.. Baat. Fair tamL Osed Fek Fair Esset. Peor tant.
39% N E. . Esset. East. F. sed. Far Peer East. - O'

r! NLO .. East. Easd. Ramt. Pe. Peer tand. Emat O SO |
3 Nec. . . taat. Rand. . tand. Esed. Ramt. Rand, tant. East. EssaL

Esed. East.9 FeCl East. Raad. .

M I?.t i.ed: 1::|t
g. g tant. |

Eaud. and,

9 &e . .c M M M I::tos.4 ca.d. d. a,e ear ,

p ::< ag g .* g a |
? :k: h 2 M 2 E E i::t

g.e. sa.. z t. d. i g is.d. o o us o d.

2::t 3:,ggien. ima.d. o

P |r .ed. sa.o . d. c t.ca e. . ee.r a.r M is.t.

laa.c %.e P.,.o
asem.estie needes IH a e. . re

w.r r r, U,d. D 5 ,4. Mi ca . . . . %., 2 D e inesi.
%k r 4

sene.t, wor,v, a*e.w .
,e res m . 8 son ee,e

g Aleshed . hear Peer Eased. . Eaed. East. - EsuL Essel. . . Te unsettefe890ry
i

.D. Aary6sesares h=aahama Gersas pelrtner
.m, e spese at tseemaanne than MA Chierteet 8-.

L. . Phtyveel ehissin true f.
, a e < 0.000 h osrT'|j i

Oe 0402=0.08 le.
's chemmed sessenen er dema.had pies in sesener to emiredad ames la esas e,6ea-- se Oos-ace la s
j r asene is essab,urpas paeyuese, essama saareseme have mester pasman puesoluNr is maaem 9 o > 006 h per VP. j

p) - a.remot 8
cato

< 000t k per y!

L, brittle and hense do not stand up well under shook and grades serviosabas up to 1600'F. Also, a ductile variety ee a008-408 k
N lapest. Also thees troas are more dHBeult to maakiaa. is available, as well ne a hard verlety (Ni-Hard). Se 048-408 ta i

'r*ha ' men - - A-- 70 -"-N '' * E08 " # F3 Threads must be formed by direet eastias, Welding is "'- "" *

pa 40408 h w y,atarease,f>6 possibia although Durichlor le more dimeult to weld tynna of a-w -*-as an i man. - ' "-- men
aj than Durtros. Special welding rode and heat-treet- steele aso prociused in the wrought form ( A.L8.L types) "g|"taente must be used. and as east alloye (A.C.I.) types. Aa-allt all am -400
H,i Silleen tro&J are very roeistaat to osidising and redue- iron.hamad with 12 ta |hD nor anna ahr- '- O to 22 ner 9 o DOOS h Der vr.
r las environmente, and resistanee depencia on the forma- esat " ' and " asaammaa of wL oolumbium,

Dep,g80, ,,, p,, yf tion of a paeolve Alan. These irone are widely need la co-u= . = mal A:- .. m - - - *--*-'uan. and titaniaan. 0g
p sulfurie acid earvloe, einse they are unafected by sulfurie These alloys are very popular la the praeses industries, e. o.oog.cos le

j at all strengthe. even up to the boiling point. They are heat- and sorrosion-resistaat, noe.conta=laaa- ea 0.ot-0.oe a s
^ The Mo.containing iron is espoeially recommended tag, and semily fabricated into comptes shapaa '* > o.oS A per ye

4 for hydrochlorie acid, although presones of onwn ,e There are thres ____ of _ __. (1) mer-
-

g,,,,,,' ehtorides such as ferrte obloride will cause pittias, w*" G) farrkla- G) - -- ^ ""

|1 Beesues they are very hard, eilicon irone are good for The martoastels alloys soutain 12 to 30 per essa
6 sonsteetery
e genesessary se

|| combined corroeloa. erosion serv 6es. ehreenium with esatrolled amounts of carboa and other To unsetafessary

y To overeome some of the mechaalcal disadvantasse of additivea. Type 410 is a typteal meenbar of this group.
eilicon irona, a number of other east alloys have been These alloye eam be hardened by beat-treatement, srhich Furone Resine'
developed. One. Eastelley D, contains about 83 per can inorseas teeslie stroogth from 90.000 to 200.000 ** SoHsNeferf

,

esat NI,3 per seat Cu. 9 per esat Si,3 per esat Fe. This Ib./eq. ta. g orQee
,

alloy hee superior roeistanee to mechaaleal and thermal Corroelos reonatanee is la!erior to austeattle stataleen
"S shoek over ailleen iroaa. Machiatan is easier than with eteele, and marteasitie steele are gaaerally used in mBuly

suicon irone. The alloy is recommended for sulfurie corrosive enviremotente (atencepherie, fresh water and Glee.ta cacos in. ser ,

acid service, einee it le practically una8eeted by all con- organie esposures). Oo 0.006-0.02 Ir,.

centrations of sulfurie up to and ineluding the boiling Ferritte ses'inlana containe 18 to 30 per esas Cr, wtth se ot~ 8 '""~
Ip oe * Yrpotat. However, it is not m=aadad for ahris or low eerboa content (0.1 per cant). The higher ehromium '

[ ehrosale aside, eentent improves its corrosive ramamaanan Type 430 le a steeeeliev 8
* Another group of east-iron alloys are called hBeelet. typieel example. The stroasth of ferritie stainless een gMygE,h,#,, f

These materiale are related to star eest iroa La that they be ineramaad by eaid working but not by heat-treateosot. ea 0.03-0.06 in.:
have high carbon contente (8 per sent), with See grapidte Fairly destile, ferritie grades can be fabrieeted by au e . > n s in. eer yrc

Gakes distributed throughout the structure. Niehet eaa. etandard methods. They are fairly easy to maahlaa o.

tente very freen 13.6 to as per seat, and soone have with high epeed equiptnent. Welding is no prob!ss, ,,,,,,M, oot in. eer 3a.,

6.5 per eent Cu. although it requires skilled operatore, e o <o.08 In. eer yr
,

Generally, nieke! alloy eastings have seperler tough. Corrosion resistamos is rated good althoush ferrttie eo cat.nos in.,.

aeas and impaet metanee compared with gray irone, alloys are act good against reducing acide such as 501. W e > 0 00 h per yr
[
1 The alskel-elley eastmas saa be welded and meenised. But madly corrosive solutione s.ad osidleing media are pesosessor 0 -

3
Corrosion resistanee of nickel aHoye le superior to cast handled without harm. Type 430 le widely used la ae <6Act in per :

irone, but less than that of pure nickel. There is little nitrie acid plante. In additloa it le very resistaat to' g * Q ,*nos'hP

attack from neutral or alkaliae solutione. Oxidising seelias and high-temperature osidation up to 1500*F,.- ,e >oosin.ser r I
acide such as altrie are highly detrimental. Cold, con- ^"a*a-" tie e**wa= -a ' arm tha raama _.

-

Bund g g yeentrated sulfurie seid esa be handled, w adthe*h== - - e - - a= --) "- to to

Ni-assisi hee .seeuent he.t roeiet. nee. .ith .ome ic a.es . a>
,
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#5 Addendum to
D SAND 82-1492
u-

;

y WESF CESIUM-137 GAMMA RAY SOURCES
V.4

.

3 The following information is provided to amplify and clarify
1

., material presented in SAND 82-1492- and is based, in part, '

.

] upon data obtained since the publication of the document.
u

f'| Irradiator Classification Categorv:.

x

1 As discussed in the Registration Application, most contem-
i plated cesium-137 irradiator designs require intermittent

exposure of the cource capsules to a water environmenta

L during (1) initial-loading, (2) periodic recharging and/or
y (3) operation where source is not in use. However, some
']- facilities such as the Transportable Cesium Irradiator

M;! _
(TPCI) will not require such exposure to water and will

'

- operate as self-contained, dry source storage systems.
%

i
q Because most irradiator designs require source exposure to
y water, Category III of ANSI N542 is appropriate for these
& facilities. In these systems, the cesium-137 is self-

J- contained within the double encapsulation of the WESF .

9 capsules and,.through irradiator design, is isolated from
4 the environment in an irradiation chamber. The sources are
y 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
d. water for a small fraction (less than 1 percent) of their
$ useful lives in these facilities. In a facility such as
4 TPCI, Category I, self-contained, dry source storage is the
g appropriate classification. It should be noted that the
1 ANSI N542 performance test requirements are identical for
i sources used in Categories II, III and IV-irradiators.
q

{ Puncture Test Requirement:
si :
j The ANSI N542 requirement for puncture testing for sources
@ in Category III irradiators is Class 4 (50 gms.from 1 m).
j Paragraph 3.2.5 on page 25 incorrectly cites 10 gms in the
y first line. However, note that the test conducted and
3 survived by the WESF capsule involved dropping the capsule
y; itself (approximately 7,600 gms) onto a steel rod from
i 4.57 meters.
..:
# Vibration Test Recuirement:
4.. -

fi- Currently contemplated irradiator designs will restrain the
y WESF capsules rigidly in a source plaque which is housed in

a massive concrete structure or an approved shipping caska
.:
E'
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(as in TPCI) . In these environments, vibration of the-

;2
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.
J However, SNLA has conducted a vibration test of a WESF
d capsule (loa'ded with non-radioactive CsCl) according to the
h: Category III ANSI N542 requirements (30 min, 25-500 Hz @ 5g
j peak amplitude). Preliminary visual results indicate no
t effect of this loading on the capsule integrity. Helium
g leak checks of the welds are currently being conducted
1- [ Phone conversation - McMullen/Kenna - 8/4/83].

a
1-

.

Temperature Test Requirement:

k - 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. In fact,
with a doubly encapsulated WESF cesium chloride capsule,

{ generating 300 watts of decay heat, an external still air
4 temperature of -200 to -400*F is required to cool the outer
y capsule surface to -40'C.
#
[

Quality Assurance:

3 Fabrication of the WESF cesium chloride-sources is accom-

@|
plished by Rockwell-Hanford Operations under strict pro-

3 cedures. The 316L stainless steel capsule tubing is
f procured according to Rockwell specification HWS-8835j' outlining physical, chemical, mechanical and dimensional
R parameters which must be met. Rockwell' specifications
y, H2-66760 and H2-66761 outline procedures for inner and outer-
c- capsule fabrication while Rockwell document SDWM-0CD-003
) establishes welding criteria for capsule welds. With regard-
y to encapsulation of the cesium chloride at WESF, Rockwell
y has published an " Operating Specifications Document for
j B Plant and WESF." Three pertinent specifications are
3 PSD-B-257-00053 (Rev. D-0) which defines process parameters
d and purity levels for preparation of the molten cesium-
A- chloride; PSD-B-257-00054 (Rev. D-0) which outlines pro-
1- cedures for capsule welding, leak checking, decontaminationj. and calorimetric analysis; and PSD-B-257-00055 (Rev. D-0) ~

which' establishes procedures for storage of the capsules in:
,

the WESF pool.3
d
.

j Capsule Destructive Analysis:
N-
j_ As discussed on page 26, ORNL did destructively analyze a
h cesium WESF capsule. This capsule was produced and filled
?

n

i ,

':
% + m .m ,v , , ,:. myr w < -

_ w: -~ - - . ? =n w.< -



:, -M. o3:.mxa:M 2:MbC n:,mm.:,.:.s. zM: c,x;w. ~e.c:.c :.a.m . :WmW.ww
,
y . .

..,. , .
,

'.g: ..
. -

4 with cesium' chloride by DOE /Rockwell-Hanford in 9/75, was
s 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 loaded and used in the Sandia Irradiator
y for Dried Sewage Solids from 5/79 to 8/81 and was shipped to

ORNL for destructive analysis on 8/81. During the 2 yearsz .

* of use in the SIDSS, the capsule was one of 15 arranged in a
J . source plaque and resided in air for the major part of the

time. The results of the ORNL analysis are presented in
2, SAND 83-0928. The measured inner capsule outer surface -.

N' temperature upon opening at ORNL was 127'C (Table II,
L page 15). The outer capsule exterior surface temperature

h was 104*C. The source contained about 60,000 Ci of ,1
|

y' cesium-137 (page 24). .1. . ..... ___1_ -", ,_, j
* -'

.

d (g surface
{ temperatures are in 'F and not 'C as stated, and (g| innery capsule contained 61.8 kCi cesium-137, not 71.8 kC1.

;

t Meta 11ographic,-SEM, microprobe, gas analysis and mechanical
y tests were conducted on the sectioned capsule and, as the
$l report states on page 26, "the cesium chloride appears to be
d a benign resident within the capsule to this point in time." '

g In effect, no notable corrosion phenomena were observed and
i

% no effect on mechanical properties due to any contact with '

? CsC1 was discovered after 8 years in various operational
S environments,
a '

Recycle of Cesium: I

?y'
The comments on page 32, paragraph 4.1 referring to

i
4 recycling of cesium chloride pertain to operating procedures
% at Rockwell-Hanford by which newly encapsulated sources can
d be reopened, the CsC1 remelted and reintroduced into the
j.t process for subsequent filling of another capsule. These
s procedures.would be followed if, typically, one of the weld
I tests (leak check or ultrasonic test) indicated a sub-
B standard weld on one of the capsules.
g
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g. <Product Irradiators in Non-Agreement Statesr
vi .

:p
.

...

d All of the irradiators listed below are wet storage type. All of the
%

h. - irradiators contain cobalt-60.
v
3: :

.

.s .

N
.,

Location

Licensee of Irradiator QuaTity (C1) Use,

1

i:
q 1. Radiation Sterilizers Schaumberp,' IL 5,000,000 Medical products
f 'J '

j 2. Radiation Sterilizers Westerville, OH 5,000.000 Medical products.
'

3. Appliant Radiant Energy

h Corp. Lynchburg, VA 400,000 Materials
4-j' ,

4. Radiation Technology Rockaway. NJ 2,000,000 Products, wood

[1 < 5. Isomedix Northborough, MA 2,000,000 Materials.- food5-
f 6. Isomedix Vega Alta, PR 3,000,000 Medical products
e

L 7. Isomedix Groveport, OH 2,000,000 Materialsa
h 8. Isomedix Morton Grove, IL '500,000 . ProductsJ

9. Isomedix Whippany, NJ 2,000,000 Materials I;

i
/ 10. Isomedix Parsippany, NJ 2,000,000 Materials !y

lti 11. Ethicon Somerville, NJ' 2,000,000 Medical products:v
.-

{ 12. Becton-Dickinson North Canaan, CT 1,500,000 Medical products )

?
a 13. Permagrain Products Karthaus, PA 2,000,000 Products
i
i
''
) Product Irradiators in Agreement States
,

-- J,

t
') All of the irradiators listed below are wet storage type. All of the

{
.

s
-

,

,
irradiators contain cobalt-60. The s' ecific products which may be irradiated

d

p,

)
;

.
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j, were not specified except for food irradiation,
i:

'

n.
-

2:
i|.1 Location
4.
/: License of Irradiator Ouality (Ci) Food
M

'l. 1.

,

14. Process Technology West Memphis AR 2,500,000 Yes for export

1 15. Sherwood Nedical Northfolk, NE 3,000,000 No

L- .

* 16 .- Becton-Dickinson Broken Bow, NE 3,000,000 No

3.].
.

? 17. Ethicon San Angelo TX 1,500,000 No

h .

No

-

;) .- 18. Johnson & Johnson Sherman, TX 3,000,000

j-
,

(

-a 19. American Convertors El Paso, TX - - 10,000,000 No

j 20. Surgikose Arlington, TX 4,000,000- j No
3
{ 21. Sherwood Medical Connerce, TX 3,000,000 4 No,

a

I-( 22. Neutron Products D'ickinson, MD 750,000 Yes - R & D
w

h 23. Neutron Products Dickinson, MD 1,500,000 Yes - R & D
$ .- .

}-
24. COBE Laboratories .Lakewood, CO- 5,000,000 No

...

25. Radiation Sterilizers Tustin, CA 3,000,000 Yes?j .
B

[ 26. Becton-Dickinson -Oxnard, CA 3,000,000 No

3
li 27. International Nutronics Irvine, CA 1,250,000 No
}
;; - 28. International Nutronics Palo Alto, CA 750,000 No

i'
g* 29. Buckeye Cellulose Huntsville, AL 3,000,000 No

[ 30. Sherwood Medical Deland, FL 3,000,000 No

d
d
ic
;l
.:
:;>

b-
*i
;'! *

1-
,5

s

| I-

|| .

.

%g :,: - n.z . m.y' w ,~ ; - .: <

. ::t:
,m''"' % 3 *<. ~'' .L'', d

' - ~ c
, , ,



m m.w.w;. c. a.n: e.w: w.. : .+ we :.s:w.x n '. wimca , m. wa. . a :a;c.~.m.m.:.w.::m e:a;.m:t:c.+ m
|} _-

7 .4
.-

y . .
-

-

,
A

|| ' -3- ,

[{.
'

a

h --

i 31. Radiation Sterilizers Decatur, GA S,000,000 No

3 (under, construction)
&
19

]] - 32. Isomedix Columbus, MS 2,000,000 No

9 .

$ 33. Process Technology Haw River, NC 1,200,000 No
.

u;

34. Isomedix Spartanburg, SC 4,00,000 No

35. Becton-Dickinson Sumter, SC 3,000,000 No

"'
.

s

d
-

. Accidents |g ,

u
j. At the Isomedix facility in Parsippany, NJ, a worker entered a hot cell {
-l 1

:$ irradiation facility while the radiation source was in an unshielded configuration.
7
f The licensee's procedure required surveys to be made prior to entering the hot

:. cell. In addition, a radiation alam was supposed to be activated if the door

i was opened and the sources were in an unshielded configuration. The alam was !

s

?- not autoinatically engaged if the door was opened; the radiation monitor which
w
:) would activate the alarm was external to the cell. The procedures also required

i

b 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.
j

'a Because of fatigue and human error, the worker failed to follow the procedures, j
,

e
li entered into.the cell, and received a dose of about 300 ram.
:,i

a
4

{|
At the Radiation Technology facility in Rockaway, NJ, the interlock system which

[ was intended to sound an alam if the door was opened while the radiation source
4

3 was in an unshielded configuration was, inactivated by removal of the door. The

k licensee continued operations even though the safety system had been rendered

5 inoperable. A worker, unaware that the radiation source was unshielded, entered |
'

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

1

o
)

~;,
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3 failed to make a survey because he thought the radiation source was in the
R

~
,

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

.

u
Fires .

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

*

M

.'.|. which had bent out corner edges and flaps that extended into the travel
a
4 path of the source rack. Af ter about 10 hours, several fires occurred in the
a

[ product and product boxes. The first were extinguished by the sprinkler system]*
) in the irradiation room. Af ter approximately 24 hours, the source rack was
?!

] successfully lowered to its shieleded position. There was no damage to the source
a
y pencil; there was some d& mage to the source pass conveyor that caused several
y '

days of down time.

a
-

N

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

h facility at North Canaan, Connecticut.
% .

d
;

9
|. Contamination

(
-1

3
3 A spill and release of water contamination with cobalt-60 occurred at the
a

}j International Nutronics facility in Dover, New Jersey. A pump malfunction

h caused pool water, which had been contaminated due to a leaking source, to
:.1

'iy be released into the facility and into areas adjacent to the building,
y

The licensee discontinued all irradiator operations. The facility )
a

|i
and surrounding area are in the process of decontamination pursuant

to an NRC order.
: '

: \
,r.
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[ Physics-chemical Character of I27CsC1-316L Stainless Steel -

,t

1
de
t'i

fj A. Currently-used WESF capsules were designed for water storage,
%
1 not as gama radiation sources.
f

.

v, . .

a

>>. c,
Q B. Chromium-nicked steels perfom best under oxidizing conditions, since !

n i

y resistance (to corrosion) depends on an oxide film on the surface of
. . .

k the alloy. ' Reducing conditions, and chloride ions, destroy this film j

. and bring on rapid attack. Chloride ions, combined with high tensile

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

j aqueous solution and needs to be studied in the dry system at elevated {

temperature.

e -

:.a
,4*

U4

j C. The effects of loss of capsule integrity can be significant due to
,

d the high. solubility of CsC1.and the specific activity of 137Cs. For
fl-

instance:
{e
Un

s:.
4 1. At about 30 0, the solubility of CsC1 is 200 grams per 100 grams0
1,

of water.

[ 2. Less than 0.003 mg of Cs would contaminate a 30,000 gallonI37

A
i storage pool to levels beyond those pemitted for release to an
11

4 unrestricted area.
a

kh 3. If a resin column is considered a point source, about 4 mg. of

$ absorbed 137Cs would result in a gamma radiation level of 1 R/hr.
In

kl at 1 meter.
! .:s .

A long-tem (=5 yearsl compatability testing program on WESF capsules
,

~

) D.

is underway at PNL.
I

fE

e
I. ' -
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{ 1. ;The chloride is about 90% Cs and.10% chlorides of potassium,

rubidium, sodium, calcium, and barium.
'4
j 2. Theoretical considerations indicate that certain impurities in

'

:J
'

.L CsC1 could have a significant effect on corrosion rate.'
-

.

g .

1 3. Early results (=6 months aging) at 450 0 interface temperature0
'

..

4- show 316L corrosion rates of about 0.008 inches / year.
[
.s. 4. Definite conclusions must await the results of the longer-term

4- tests.
?I -

'
f 5. These tests are more indicative of effects in dry-storage,s

l-
^

!3
'

dry-irradiation facilities.
.s

~9 ' E. A Cesium-137 demonstration at Sandia (dry-storage, dry-irradiation) -;-

-q -

9 has operated for more than five years irradiating grapefruit, mangoes',
1

~

]_ and sewage sludge. This experlence will be factored into licensing
,

.t .
"

decisions,i

j[' '

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

j thermal cycling effects.
q

j 1. The CsC1-stainless interfacial termperature undergoes about a

~$ 1400C change between water storage and use in air.
.:

|. 2. This temperature differential causes an expansion (and contraction)
a
J

*-

of about 0.014 inches of the circumference at the interface.

-j 3 If a capsule is used fcr 1 half-life of Cs-137 (.30 years), and
~3

; is cycled daily between water storage and dry irradiation,10,000
.

,j cycles are imposed.

h'
~

4. The effects of thermal cycling on capsule integrity are not known.
y-

i - The snknown effects include:
y .

.

-

,

1?

'i
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'{ '. The' effects of themal (expansion and contraction)a

{ cycling on corrosion rate at the inner capsule-CsC1 interface.
:

I b. The effects of thermal cycling and pool water purity, e.g.
?
j chloride content, on the outer capsule.

'

F i

f< c. The effects of temperature and/or thennal cycling on
4! - .

l'L capsule physical stability, swelling, etc.
ki

1
1 ,

k Safety Precautions
'

,

!!-
T
11

( The uncertainties that accrue with long-tenn use of capsules containing
i 137
f CsC1 may be offset to'a degree by constraints on facility design and j

e

a .
j, operation. These constraints must be based on the properties of the i
n -

.. .

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

j A. Dry-Irradiation / Wet Storage, constraints may include:
4'

1. Periodic sampling and destructive testing of capsules.c

] 2. Specification of limits on storage pool water quality for both
p

j radioactive and non-radioactive constituents. if q

$ 3. Water impervious storage pool liners.
'

()- 4. Shielded cleanup systems for removal of radioactive
'4j contaminants in storage pool water.
y

5. Approved plans for operation of cleanup systems.

p 6. Approved plans for disposal of radioactively-contaminated resins.
,

h B. Dry-Irradiation / Dry-Storage, constraints may include:
u
1- 1. Periodic sampling and destructive testing of capsules,
g-

'

2. Ventilation leakage control,-

h 3. Specification of limits on radioactive cons'tituents in ventilation
H

off-gas, i
o
'

}- 4. High efficiency filtration system requirements. J:
-

6. m j,g._ . .,.c - . :n.;, -n c . w. _ s y 3 ;_y_ x . .7 .
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y 5. Approved plans for operation of filtration systems.
.., .

.

] 6. Approved plans for disposal of radioactively contaiminated.

h- filters.

{ C. - Commodities, the constraints would be determined by the properties

a of the commodity, which may vary widely. For example, irradiation of:
h', 1. Fruits, Nuts, and Field Crops may cause imposition of cleanliness

y standards to prevent stems, . leaves, dust, and dirt from impeding !
!

s

J' transport through the irradiator'or movement of the source racks.- !Y
2. Bulk Grains may require that the dust loading of air be controlled..

:[ to prevent explosion.
.a 4 !aj . 3. Crated or Boxed Comodities may require no constreints other than

G. 4
.

'; those currently imposed.on medical product irradiators.
,.
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( food is a miracle, but itmay' not be smartmvmmwn
.

HE IRRADIATION THAT ZAPPED Rep. Sid Momson (R-Wash.) and radiation would ahminate the trichi
f the apples in my pie at the National ' Sen. Slade Gorton (R.Waab.). On this noais warm.

Press Club last month could have January day Morrison had for the Morrison made a point ofintroduc
.'%~ kiued me many times over. Yet the third time introduced his bill to pro- ing Rep. Melvin Price (D-Ill.), forme
Kj pie and the rest of the lunch it came mote irradiation as a food preserva- chairman of the House Armmi Ser

with-appetizen of beef and pork, tion process. vices Committee. Price, said Morri;

f" and chicken kebab in a bed of rice- Gorton explained to guests that ir- son, was one of irradiation's oldes
R tasted perfectly normal. b chicken radiation could supplant dangerous friends, a man who for years hat

- was so tender you could cut it with a pesticides like EDB, which the Envi. " pushed for what we call beneficia
w fork. ronmental Protecuon Agency banned use . . . of some of the byproducts e'

Irradiation of food-,xg.a - last September. Irr=Aiatiaa. he said, the defense estabhahment."[ meat, vegetables and fruit to rebraw could kill such insect pests as "the co. The "byproducta" Momsen wa
r

.

i tive zapping by coniurn 137 or cobalt dling moth h apples." Washmgton talhng about is the radioactive gar
60, two elemeW.s that are waste prod. state is the nation's leedmg apple base of nudear weapons manufactura

,

!' ucts of the nuclear weapons and grower and, needless to say, the ap- ing. Winally essium 137. Morri-

energy industnes-is said by its pro. pies in the pies at lunch had come son's distnet includes the Hanfort! :
4 . moters to kill hasardous germs and from there. Federal Nudear Reservation, wher
-[~ pesta, to prevent or at least delay Irradiation could almbmmate sal- much of the nation's nuclear weap

I spoilage without refngeration, and to monella in red meu poultry and onry is manufactured and where in. . .

& leave the food tastier than it would be fish, Gorton said. High ,'ses of ir- creasing quantities of radioer.tiv.
: after other preserving processoa. radiation can actually ste:Uze meat trash are piling up. "Every co ress

L
,A h atmosphere in the conference so that, vacuum-packed,it =ill keep man who has ever come out o tha

| $118' rooms where lunch was served was for years at rdom temperatus i. Seven district has wanted to do somethin:
l, T like a restaurant: glammmtr white years ago, Sen. Tom Harkir. (?-Iowa) with that nuclear arbage," says Ro
'

'

tablecloths, ciminng tableware and told lunch guseta, he had been served bert Alvarez of Environments
-

'

ammated chatter by a crowd of 150, 10-year-old irradiated bacon by,the Policy Instrture.
y/ inchwun, members of the news Department of the Army. "I'm still

W4M
maha, dficials of food trade ===acia. here," he joked, "and it tasted like it ALMoST ANYTHING thei

r ..' tiona, +-and staffers and rep. had been produced that day." would the quell the pork borne three
resentatives of some Thud World If the food at the Miramar lunch of trichinosia, which lodges painfullc - '

" '

embasses and the Inter Amancan tasted as if it had been processed or.ly and meurably in human muscle tis
| Development Bank. Only the televi. the day before, howevsr, it may have sue, would probably seem a greatide..

sica crews, the syhan and the dis. been because it had been processed to those at the National Pork Pro-

la of elderly irradaated foodstuffs only the day befcre, most of it at an ducers Council. Dave Meismger, th( next to their decropst irradiation plant in New J Pork Producers' director of researci.

''
no ted counterparts were re- Moreover, the food had received and education, says trichmania is rar

*

y mmders that this was no ordmary af. Iow doses suitable for bilmg insects, in this country but when it strikee
/ ternoon of leisurely lunchmg in pless. not zaps strong enough to extend the ha Alin= are grabbers. % nam

ant surr==Ai= shelflife. of pork bemrnesInud.* % affair was a determined cane. As guests took first tentative bites In early 1982, just after the Por!
bration of a food-processmg method of 2apped strawbornes, nuts and Producers had met a goal of aradicat |

-

that has billed itasif as up-todate dried fruit on the tablea, Mornson ed ing the trmhma parasite by 1987, Bil '
and "tbe last word" for 30 years, but tolled other virtues of irradiation. No McMullen of the Department o '
has yet to win lagninstion or find a longer, he said, would American Energy approached them, promotin; |
significant market. The lunchers were housewives need to cook pork until it food irradiation. "I had never ever '
there as guests of Msramar Industnes resembled "an old army boot"-ir- heard of irradiation," Meisinger says i
of McL4an, a manufacturer of irradi. "I said,'Sure, we're interested.'"

pest. ation equipment, wiuch had staged Damd Holzmanis a Washington Trichinosis breaks out amon; ,

the invitation-only lunch on behalf of s ene m er
swine when infected wild aniog in

g . ,3
- - - - - - - - - - - -
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: Sivinski's plans when he'
*

.tn : banned inorder.

l
i to outofciv8-
: inn A side eSect of the 1

,.
-

1 '

: Carter demian was to lassea
ossium locked in the spent*

N

4 : fust rods. *

>- : Some casiumwas avaushla,
: however,from reprocaming of

{ j nuclear weapons wasta.
M - .

K : Sivinski got his opemtion .

: moved to the weapons and of
j the DOE:thereits mWor soal

.(became food irradiation. %, -

i -
j i byproducts utilisation pro-"

: gram was born.
t
1 ! In 1981, Sivinski left the

jgy&drfgma

i vae Se f. sa D,. aeo,ge wa. reisia activid. but in as .o.caa i ai
J son of the American Meat Institute. byproducts utilization program of the j vironmutal con-

d Infected slaughterhouse scraps in Department of Energy. How it got : sulting Arm
W feed spread the parasite farther. WD- there and where it is going is a classic : stads fu Cornell, Howled,
3 son said a new immunological tech- studyin bureaucracy. :

&#"g ,nd "~y'"""g,',founda ,,jg g,,,
@ nique named ELISA (Enzyme.1Jnkarl Food irradiation research began in i ,,
9 Immuno-Sorbed Assay), which sm' gles earnest under Riaanhower's Atoms : that permed tbs preamt cw- /,
t out infected carcasses, has a number for Peace Program.The Army of that : h). Despu the new /

of advantages over irradiation. day hoped to convince the Food and i ch, Sivinski's role,.

j Among othat things, off farms Administration that meat steri- : Eh, & direen the a
*

i can be traced and forced to up by radiation was a safe, testy al- : Irrdistion mananh, which is
,

# .
their operations. Moreover, ELISA is tornative to C rations, but much of : an under contract to his old
cheaper, an estimhted 10 to 16 cents the research was Gawed and in 1968 | omes at DOE, and be contin-

h- per bog or less, a distinct saving from the FDA resemded its earLY ap. ' :
um 2 trot around the g%lok

[
the 27 to 95 cents per hos that De. provalofirradiated bacon. : preaching irrMindon.

/ partment of Energy experts project Meanwhile, a new irraniiatian pro- : denloping countria, thom
j trradiation might cost. gram hadsprungupin anothe emner are the ones who need to go

1 Nevertheless, the Pork Producers of the bureaucracy. In 1972, Jacek : ina rrdiadon 2 balace
'

d endoned Morrison's food irradiation (Jack) Sivmski had fin =ha,I his work their paymmu, for queu-.
.

1' bill, and continue to testify favorably on irradiation for NASA. Inter that tine regaremata,ad 2 fed
$ on it. Why? Irradiation may do more decade, two spacecraft would land on their hungry," he says.,

$ than fight trichinosis, says Ray Mars and analyse the sod for signs of
'

a Hankes, chairman of the Park Pro. life. ROBERT MORRIS a
y ducers' trichina-safe pork task foros. Sivinski's menignmant had been to postharvest foM +d4

.

N "Even at triple the cost,if we can ex. Investigate irradiation as a method of at the A for Interna-
P, tend shelf life and cut down on refrig- sterilismg spacecraft to ensum that tionalDe opmat,is a pah,

'

R wation, there may be some merchen. Earthhng microbes did not contami* nunse me who can hadly
k dising techniques that we are not nate Martian soil samples. As matters : contain his ethusium for '
i even aware of that this may allow us turned out,- NASA chose another fod irrMation. & can fore-
4 to explars." sterGisation +=ahai==. but Sivinski me his asuncy cod *

Q
Meisinger man'attaa, though, that was loath to disband his team of ir- g-

a irradiation is less promising than r=<ita+ian hialarista & thought he Third tions 2 run
9 ELISA and another trichian=a detec- saw a solution. b Clean Water Act rradiators. This is all still a
9 tion system . called the Sta== char had just been passed, and mountains dnam, because AID m.

R method. " hee I feel a lot more of municipal sludge would soon be I hm no policy on fod
*

-

piling up. U.S. policy at the time |
e

# strongly about because they have tion, but Morris ic doing his
called for reprocessing the spent fuel best to promote it to his su-

J.
been shown to work economically and

4 effectively," he says. rods from nuclear power plants to I pervisors. "I see my role as a

reempture plutonium for use as rene- '|lobbyist for the developingg
tor fuel. But also begins ,,,gri,,, g my,,SOME TECHNOLOGIES catch

' '

3
fire in the private sector and biase to separate out other 've ele. | Morris we intrWued 2

'

3

? their way into the homes of America, ments, including alot of mdio" foodirradiationin Apr01982,
; Food irradiation, however, has smol- active cesium 137. Si * * thought! shortly afte Jack Sivinald

dered for 30 years in various federal up a use for it kiDing the sewage a ysit to his boss. His' -

agencies with little interest shown by pathogens so that sterGe sludge could m tial shpticism som h
,

private food companies, h mWor fertihze the gardens of Arnerica.

A federal program now naides not in h Atomic Energy C w ' peered. "My close associations,
I with the wisdoen of Jack

i the Department of Agriaabe, the now the Department of Energy, Svinsin helped persuade
|, ' usual home of the government's food. Ce=Wonpage2g " me" he says. ". . . I have ,

ww ot 1 . a- , , , ; _ , . , ,
.. y m . . . , ,
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q irradiation is a waste of moneyY ,,# D
.. ..

,

A
.

- -..

1 To~others,it's only one ofseveral J :f J~ ;; ?
'

|.g - .

technologies, in most cases not the fjf+p :.. y.
$

~

-

best of them. And to most experts?
on Third World hunger,it'sjust W G~ T

'

N. the latest in a series of high-tech Q~ .
;,

,

} solutions thatalwaysfail. - - w y y Q4 L[:
.U ,.s-m _..x .o

-- <r- --- ;~ - . . ~ A;. .
gSy,, n .

.;

*
-

6,
,._

c .s< -

.

J traveled with Jack, and have tal Protection Agency pm. ! "' O . .....m- < ...._s

!j been in close contact with pared to ben its use. Irradia . .._

"2%! f WARNINGsigns,
. .

L DOE since Apr01982." tion's proponents seised the u ,, d .p p aboue, posted near3 Again and again the same
Etion a a substituta. In
--- hity to promote ir- e c ,f * l

f 2 . P a8es oli'mdicIted4 Mf names show up in the unfold-
ing irradiation story. Re. November, Morrison intro 1 [ j foodnamedaueste* Jy j orik

-

cently AID gave $100,000 to duced the first version of his - ' .'

the National Food Pws bill.
~

1 ' , y' g:
._

pg ' 88I Association, an industry ir- Meanwhile, Heckler j
I,7 QN

' e..
1 radiation backer, to investi. pressmg the FDA to . . . . samm- r

N gate the role food irradiation irradiation. "Now is the time ?' '' . ~ '+*
" "' * ' ' APPLE famunglay in President Raa. to move forward with this ? .

-

i" Rep.Sid Momeon of l

M
might[aribbean Basin Initia.pramianw technique," Hock. $ . s c; 4 ..-f 4

gan's
5 tive. Now DOE is len ser pre--i to the Na- e * _

Waalimgton,left,

CH2M Hill's Sivmski to L tional Food Processors An- .' E 4 > irrdm'ad'

up the study, sociation when a draft of pro. asgood asus .

1 posed regulations I /8'8h' 8'8ho'de of'

IN THE PAST, despite finally a in the Fed. -

.. c .

sk United State'

d the best efforts of Morrison, eralRegisterin February 1984. ~~~M ~

'N y~,8""MME
'p ^ k

P Gorton and their like-minded . ^.#'

p coueagues, food irradiation A YEAR LATER, though, '

1^ - -
- )e never generated much enthu. the FDA still hasn't issued

, * 'z.,

siasm on Capitol Hill. One final regulations. And when ' '' *
..-,

staffer from a relevant com- and if it does, that doesn't
2 mittee saw that Morrison is mean that Safeway shelves . . -

P the only congressman who will seg under the weight of
d ever called about it. Nor did all that irradated food. To MDton Cuye: dips to kill the tions. "In my opinion it's a
, the FDA show much inclina- some in the food industry,ir- pests, worm detection de- maneuver by the Japana

? tion to legahme irradiation for radiationis a waste of money. vices, biologial put control government to protect their
|

4 general use on food. To othem, it's only one of and fly-free sones such as own apple industry," says )Then, in 1983, a series of several competing tachnala- parts of the Rio Grande Val. Ken Pollard of the Western"

s events helped launch a new in most cases not the ley, where fruit flies beve New York Apple Growers As-
a irradiation drive. First, Mar. of them. And to rnost ex- been wiped out. =aciat=n in one typioni com.

'

9 garet Heckler, a longtune ports on Third World hunger, Irraddian does work well mant. "After World War II,
/ booster, became secretary of It's sim the latest in a on apples. And apples need when MacArthur was there,
" health and hurnan services, series of tech solutions irradiation, ao the story goes, we shipped an awful lot of

'

F the agency that oversees that always fan because the because Washington state apples to Japan and there
J FDA. (Hecklar had for 16 roou of hungerlie in unequal faces a glat and needs new was never any codling moth
3 years represented the Massa. distribution of wealth, not markets abroad. Japan, a problem."
i chusetts congressional dis- agriculturalshortage. major potential a=tamar, Reducing postharvest

'

; trict that was home to the Ar- Regarding salmonella in bars Washington apples be- losses in the Third Worki is
1 my's origmal irradiation re- chicken, Dr. Kenneth May of cause eay the Japanese- still a laudable goal, but ir-

nearch. "She dragged me to Holly Farms has this to say: they are infested by the radiation is not the way to dos

( the Natick labs in 1979,look- "Why should m@=i%a= of codling moth. Morrison, an it, say experts on ga
4 ing desperately for a way to dollars be spent to solve a app 6e farmer, is personaDy in developing countries. The |
5 keep them opened," recalls problem that's eas0y solvable ==a==-1 acale is wrong. To pay far '

h' Carol Tucker Foreman, who in anyone's kitchen? Salmo- This ===== the by- themselves irradiat- must
was an assistant agriculture neDais destroyed by heatmg to products utuizataan program process massive y=4e. of
secretary under Carter.) 140 degrees for five minutes." w01 send a demnnshataan ir- food. But Thnd Wadd farm-

Then the hazards of EDB, For fruit and vegetables, radiator to the orchards of
ers am minuscule bthem

-- %
b; i

s -idely used agricultural irradiation doesn't always Washington. But all for "It's baarre to thin

h- pesticide, came to public at- worm and has etsg cccpeti- naught, amording to of5csals trundhng two tons of grain
tantion and the Environmen- tors, says Agnculture's Dr. of severalapple trade associa- fmm their shack to enirradia-

I ,.
s ~ _ _ _ _
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out af b any, esse Dr. ;
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Ma: / bugs and besteris'

Jean et .

*

i% nutrition at Uni.F vomity, alting Niemagush in. '

a test grain pasaressian tenh-
V noingy:"ver simple starage
a bias made of oonerate plae.
S tared over wenn stenw that
F hold t1. grain of the ground |
C to kasp k dry." .
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E - UwrILyootiirradiation '

-g een aions, enhan m was i

M nothing but a troubissene
,

&y
piece of garbage for the nn- '

einer industry. It h idgi#
%n adioactive, with a |

.
.

3 half-life,and them was
?~ to do with k but bury R
4- the metdthe nuclear wasta.

,

@5 -
Unfortunately, though, the .

.

1 reprocessing that would a-
W tract it from the met of the
sj , garbage is espansive, so ar. [-H- pensive that despite Pasi-) dent Rangan's invitation to
II, private industry to develop

the tanknology, there have>

b; - basanotainsa.Jerr
F af the home aih'=yBrubalar .

=>=h*== a
hi mergycommervation and power
K explans why:"If you take the
Q value of aR the asoovered
t- products, you stG1 can't come
y close to squaling the oost of
g uproosesing."
? That leaves the - nuclear
Y- weapons program as the only
r: . source of the isotope; cur. [
] rently the byproducts utilian-
H tion program, which markets
N it, has none available. Cobalt
y 00, the alternative irradia*ian
ir isotope, comes only from 11
A c.anadian reactors:
3j - like Sivinisid worry - if
r food inediation begins en a
pj large sosis, sobalt wiR be in
K simBar short supply. Maan-
f while, the ensima
h' shortage, price the by.
7 products utnisation progran
4 charges for it is only one. -

.

h2 tenth what canadian cobalt
y sells for; it's a price that
N comes nowhere near recoup- '

5 ing production costs, raising i
W questions as to whether some
W eart of special promotion b
4 under . The program's
!/ William r==paadad

' ,

Li that the prios was est yemas i
ago. "I don't think it's ever

K base the policy of the U.S.
@ government to change its

d. prios based on supply and do. '

, .
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L. !
.

h h
hj Nuctase assoow

sito toucatAs tCA
C'. se ,. distribution of fision products wi!! be afferteil try the energy of b inci-

.,,,cggg,ge, if enough energy '*
[~ esent and the entire nucleus & der.t particien, and for fast neutrons & dip in & cierre is les pro- !

grailable, the nucleus is deICM si enay ht the pmtes cace"~
nounced, indicating that symmetric Ennim is more hkely.gggngo two fragments which

Fission Product Decoy. An understanding of h instability of Emeon" trate at either end and cauae Se nue
,p

,,p,g, ion c( the pmtW8-i

! $ gy apart at high velocities beca d, odd be symtnetric. fragm: tite may be obtained by referring to b neutras-proka .._.%
9 ,

'

for stable nuclida as shown in Fig.1-3. For the con. pound necisee U*,}? g1,e liquid 4 rop model pred t this is practiC*III
O Chemical an*I 8I* "I t'* P h ratio of neutrons to protona is 1.57. This iscc:l'm. jay higher ha 'J I a light group at
I never true and that the naim prodwkMIY *gg in the neutron-proton ratios of abmit 1.3 to 1.4 for stable nuclides of eteenie

,

,

number from 30 to 60. When b uranium nucleus fiadosis, this seestron
..b ~===

f { [
[%~~

,? g -
excm er proton deficiency is relieveel partially by the emimien of Emion
neutrons and partially by radioective decay of the finnica fragsseente. All1 'g i u=

1 ', I, if "d
_ -

radiciantores decay in such a way as to become more stable, and since
.N ;

f, 1
i

__ heta decay is equivalent to the transformation of a newtron into a oreknb <S '
~ ~Ey n~~ .( g 3 '*

.
^ within the smeleus, suletantially all the limion fragmente are beta

'

' Z
. . -

eenitters.p d h,,,rw Let ne c, ;.. '',a a typical finnien reaction for U". *Ilie_mgat rrobehle
_ s - -

9 / I . L f MsE fi"'an fraginenta are strontium and menon, atomic numbeen 38 and 54,
'

" :m = a'O ,

g ,' }
~3 E- E @ g* - , -

*
:

j iI wtively, and we shall asuinme that two neutrons are also emitted on!

Ennion, so that a typical limion etymtion is
L I N

=== == = _= == == - ~=h..
'"

tho~* ==J _ = a ; .,U= + .=' - .se" + uxe'~ + 2 .n' (2-13);y 5 EE5 ~

U
, , ; -

; Hoth producta d this reaction are rarliometive einm the ficaviest stable-

.

\ so-8
_

==hg --
. i.otope of strontium in Sr" and of renon Xe". *Ilie furthe_r decay _of

,

!=E
- each Ession fremment is termed a Emion chain, and winally_ involves about

==! y r a=== ==== = = .

three seecessive beta disintearations. The fiamon chains forAprefecta'' *r ' I froen Eq. (2-13) are
I;

~ |
_ - - -ssr s - = Sr" '=Y" i Zr"(stable) (2-14)

'

10"* E - -- '' ' '

:
'' ''

-,1 =_ _ '. #. '. *.
- Xe=

e6 3ft. Ce* -G6 9'e. Ha *tr.S mar.,1,a =40 an. Ce=(stable)
e =9 - in : i

=

H
ge- - .

(215)
=a ~*- I

i., addiso., io be g ban einium, -y a b w ,a .re*, g ya.ed. for ts"*. Fw N *"d ,,,,,- , , , , , , , - ock.
-

* ' abio gamma emitters, and for this reason enitable radiation d2 "N mient .,' y;,w., oest-2eo sad MCD-
be neert when hamiling limion p.J a 4. In many enmes b fimion prod-

,

T at a ,nms ,mmber d abat ects are em dcred to he a nainance .i.,ce by set = a m for b - ?( , ,n.w number of shat 95 and a hes a
, pwdectis deEned an ne per __-

' i

nuclear chain reactor, but h finnion proriucta do serve as a valuable
, ;140. *U'c fi"I" 7Id *

h cei,tage el '"*;,,, atne pedLion of that partacular pmduct es.re, er ran
4

p cg cularly hae with a high neutron-protonp,79eo, p,;;igi,s on penducta# ratio.I Ex'cei4Ta 'c'Y '*" **"*"* *** "" med to be 20e oc cat- Bi"** Prompt hetmas. ,6 that the total fia"i" M I"""
-- i by nesstive beta emie- As we have pren, W immediate Emie fragments

.

,o,,,0,e rm.on yiad is e- - t='
Ey vig are redlohWre since they enetain a greater neutron-proten retie then l',,,,,,t E., ion fragmenk are radi"** "' ,,,,,, ,m.nber d the acie"a

stablen cid. since e e.,cray from fim.o is abo t ano Wr, which e in- ,d .
e

[ ~which is not aficcted by beta
,.,,,,e u ,ve. er.mi pmduct sid biy emed. * si di.,g e,gy of a tror, it is ,,ot s.,r,ri.in. u.et -3 1

.

. yirst for u=, ru'", U,a pint the curves me, very smil*f-
b bisla neutron encens of b Gaion fragmente is i-- 3 klieved by the g_"

_ ,,, ,,,,;,,, by u.ermal meet <*=- T'"
n.e asta a= = ,

J-

Qm , a tt M A k wa :-' .

-_____._.__,_.,ur*,NM**;*
,

<- * ' " * ~ ' --
..

_ - C _ ~N Wt*4*S*MM' : ^5" P T*?' M ** O_.'" -- -^~ " ~ ~ ~ . * ~ _ l _.L _ _ _ . . _ _- -
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2' CESTUM-137 bATA SHEETS
-

3
"d I. FLTL FORM (as processed) REFERENCE COLU4fl
g

*, A. CESIUd CHLORIPE (CsCl) liAIJ-LIII: 30.0 y 1~
'

. . ,, .

"1 1. Composition
,

;

M
a. Radionuclidic Abundance},$

-

) The cesium product contains >99% cesium
M and <1% rubidium.

.

c
Isotope ( Abundance #AF sitY 2, 3

>d .ptsy CdSIMm

,

, 0s. 43 4 ' .srd n e c ogcs reou'

188

D 'd
issCs 20.1_. __ h to' m. A

g.2 Q g no W MW
.

187Cs 36 5 Jo,2. ve. wG3.uA4N j

.O. These values were obtained from a mass )jr
'

d. - spectrometric analysis of fission product
I

'

cesium.p , ,
,

[
The above isotopes are produced in about equal -

j quantities during fission, but issXe, which is A
187

la -4he precursor of Cs, has a cross section of
b 2 7 x 108 barna and a considerable amount of I

L',!j
this isotope burns up during reactor operation.

1

b. Radiochemical Purity 2, 3
,h,

187Cs
*

l.$ Thegrf.ncipalradionuclideotherthanCs (T1/a = 2.1 y), whose content incretses1.3 is 14
b

with increasing irradiation dose, as shown in
*

the following table.
1/3
l :.

fit
CalculatedRatiosofas4e,/137Cs

Activities 'as a Function of Irradiationl'J .
[[,, Dose to;the Fuel 1.n Megawatt-Days per Ton,

*:
K,-

W Irradiation dose, Ratio of'

. .

184Cs/187Cs3 Med/ ton
-

*

i.

w-
.i 1,000 0.036

,
'

Q' 2,000 0.0723

4,000 0.145
.

f)
6,000 0.218

~

) 8,000 0.29'

I 10,000 0 36

15,000 0 54
*

:
,

h 20,000 0 72
Y
1:
.i- *

, ya* ', ,. ; ' '? . [ . .
_

23 -' ? " ''
, 4 * * . ,i'" ' ' '

,

_- . , . . _ _ _

,. . , , -

*-- - - a- . . _ _ ~ . + . ~ ;,y_ ,,_ , .___ _ ,
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CAletA RADIATION LEVELS FOR ONE CURIE OF SOME RADIONUCLIDES 2
.

3 , *
'

j.' h.
i .

Nuclide rt Nuclide rt Nuclide rt f
n,

h Actinium 227- ~2.2 Gold-198 2.3 Potassium-43 5.6L

P

Antimony-122- 2.4 Cold-199 -0.9 Radtua-226 8.25
,s

j -t Antimony-124 9.8 Hafnium-175 ~2.1 Radium-228 ~5.1 !'

> Antimony-125 ~2.7 Hafnium 181 -3.1 Rhentua-186 -0.2
Arsente-72 10.1 Indium-114a -0.2 Rubidium-86 0.5

.
.

I'
't Arsenic-74 4.4 Iodine-124 7.2 Ruthenium-106 1.7

'

,

<* Arsenic-76 2.4 Iodine-125 1. 7 Scandium-46 10.9I. Barium-131 - -3.0 Iodine-126 2.5 Scandium-47 0.56M' Barium-133 -2.4 Iodine-130 12.2 Selenium-75 2.01 Barium-140 12.4 Iodine-131 2.2 Silver 110s 14.3

1

f Beryllius -0.3 Iodine-132 11.8 Silver-111 -0.2
'

3 Bromine-b- 14.6 Iridium-192 4.8 Sodium-22 12.0Ij Cadmium 115e -0.2 Iridium-194 1.5 Sodium-24 18.4
3 Calcium-47 5.7 Iron-59 6.4 Strontium-85 3.0 -

.

%
1 Carbon-114 5.9 Krva ton-85 4 .04 Tantalum 182 6.8 : .-1

-

s
j Cerium-141 0.35 Lt.nthanua-140 11.3 Tellurium-121* 3.3 f

'

)' Cerium-144 4.4 Lutectuad77 0.09 Te11urium-132 2.2!I Cesium-134 8.7 Magnesium-28 15.7 Thulium-170 0.025
f. Cesium-137 3.3 Mang,anese-52 18.6 Ti.n-113 -1.7

s

1

m chlorine-384 8.8 Manganese-54 4.7 Tungsten-185 4.51:

s Chromium-51 0.16 Manganese-56 8.3 Tungsten-187 3.0
,

-

Cobalt-56 17.6 Mercury-197 4.4 Uranium 234 -0.10
Cobalt =57 0.9 Mercury-203 1.3 Vanadium-48 15.6
Cobalt-58 5.5 Holybdenua-99 ~1.8 Xenon-133 0.1

L Cobalt-60 13.2 Neodymium-147 0.8 Ytterbium-175 0.4a
j Copper-64 1.2 Nickel-65 ~3 1 Yttrium-88 14.1e

g Europium-152 'c 5. 8', , Niobium-95 4.2 Yttrium-91 0.01, pg ,3 *

j Europium-154 ' ~6.2 Ossium-191 -0.6 Zine-65 2.7
Y Europium-155 6 -0.3 Palladium-109 0.03 Zirconium-95 4.1
; Gallium-67- ~1.1 Platinum-197 -0.5L

|' Callium-72 11.6 Potassium-42 1.4p
e
i; * Jaeger, R. G.,.t.g. Al,., Enmineerina Compendium on Radiation Shieldina. Vol. 1? (New York: Springer-Verlag,1968) , pp. 21-30.
g t1= R-cm*/hr-aci or r/10 = R/hr at 1 m/Ci
n 4 A Manual of Radioactivity Procedures (National Bureau of Standards Handbooki' No. 80 (Washington, D.C.: Supt. of Does., U.S. Government Printing Office.Nov.1961)] , Appendix A , pp. 137-140..
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SPECIFIC ACTIVITT
. '

'

.

p,
I
*

) dionuclide- Ralf-Life, Curies .

.

Radionuclide. Half-Life Curies ~

.. per gran per gram
Hydrogen-3 12.3y - 9.64x10 Molybdenua-99 67h 4. 72 x10"

8

l
j C5rbon-14 5730y 4.46 Technetium-99a 6.0h 5.28x1d*'

I'i Nitrogen-16 , ,7.2s 9.79x10 ' Ruthenium-106 367d 3.36x10
1

8
5 Sodium-22 2.60y 6.25x10* Iodine-125 60d 1. 74 x10'k Sodium-24 15.0h 8.71x10' Iodine-130 12.4h 1.94x10"

; Phssphorus-32 14.3d 2.85x1# Iodine-131 8.05d 1.24x10'
f~ Sulfur-35

,

88d 4. 24 x,10' Barium-133 7.2y 374
} Ch1crine-36 3.1x10Py 3.21x10~* Cesium-134 2.05y 1.30x108
h Argin-41 1.83h 4.18x10' Cesium-137 30.0y 87.0fi Patcssium-42 12.4h 6.02x10 Barium-140 12.Ad 7.29x10'

8

f Calcium-45 165d 1.76xid' Lanthanua-140 40.22h 5.57x1#[5 $ Chromium-51 27.8d 9.21x10' Cerium-141 33d 2.81 x10'
h Manganese-54

.

303d 7.98x10" Cerium-144 284d 3.19x108j Irra-55 2.6y 2.50x10 Frassedymium-144, 17.3a 7. 55 x10'
8

,j Manganese-56 2.576h 2.17x10' Promethium-147 2.62y 929( C. It-57 270d 8.48x10 Tantalum-182 115d 6.24x10
8

8

.k Iron-59 45d 4.92x10' Tungsten-185 75d 9.41x108

Nickel-59 8x10'y 7. 58 x10-s Iridium-192 74.2d 9.17x10*]j Csbsit-60 5.26y 1.13x10 Cold-198 64.8h 2.44x1f
8

[ Nickel-63 92y 61.7 Gold-199' 75.6h 2.08x109
3 Copper-64 12.8h 3.83x10' Mercury-203 46.9d 1.37x10'
Uj 7,ine-65 245d 8.20x10s Thallium-204 3.8y 462,

G:111um-72 14.1h 3.09x1d* Polonium-210 138.44 4.49x108

Ars:nic-76 26.5h 1.56xif Polonium-212 .304ns 1.75x10 '1w

$ Bromine-82 35~. 34hr. - 1 08x1# Radium-226 1602y 0.988
.

"

.

Rubidium-86 18' 8.14x10' Thorium-232 1.41x10 'y 1.09 x10"
. 1w

.

: Strettium-89 52d}[ 2.82x10' Uranium-233 1. 62 x10* y 9.48 x10~8p Strentium-90 28.ly 141 Thorium-234 24.1d 2.32x10'} Yttrium-90 64h 5.44x10P Uranium-23[ 7.1x10*y 2.14x10~* ~
J.) Yttrium-91 58.8d 2.44 x10' Uranium-238 4.51xif y 3.33 x10"
d
a Plutonium-239 2.44x10'y 6.13 x10~ *

s

%

4

m

' 104,

,

# ', [ _ q ,

, 4 , {



_.w Gvef;:n:.ir2:::':a.h::a ri .. :.37-C*3 2.3 O,.x. . . .:f:.C.i *. .' n..i]i. :a .: .NR.a L i> '.~.. .: D e n , ~.'.~ sh o:. :n ;' '

7 - - .,.. ,; m .s . ;

. .
;

> e
.

. '.q. s.
,

9;
,

.:"

0 TAB 12 OF THE !$0 TOPES.

.j. , '. ''
* -

g g.,

'. d.. .. *

E. . e. s.O ,

. .

,

~

,

.

,

!

E
\

.E E. n ..
j , e-

* . . *
,

3
,

* ,
'y,

',,

5 s;-
. ,-

.
t.

_

!
1

',.'d 1a- , e =
*- " M

| Mfs' | r .

m i a : -
w - ,

3
-

* a*m*=*n- in'
-4 a

: xxxxxxxxxx xxxxxxxxgx : Isan=. ": -sesssas.si:
,

, .

j x,t***--*
:-zes*:::g :::::=sgan

- ~, a
t, . n "

}/A; 4

=- [ .. .m e .. . .m.c a s . |,.

'.4 e.e.e.e e.e.e.e.e.e.e.e.e e.e.e.e.e e.e e.ey
. r. f e. a. e. e. e. e. e. e. e. e

.
.

! .msmsssm smamassa.mme,e
*

. . m . . . i, . .sagagg ggs.y s * R E E f EEEE RIE V EREi!.E.t.{{5s:-....--) sillEEglig
:;

-
--

el[
.I)f"

*' i
'

xNN N NNN xN x NNxxx! .

* a= 3 s"* ** gananna ~ J.
* <

g . "
c
c; $ .1

. s
.

.:
o -W-

-

J E ,jh $.33 A. Eng E.!
. -

.nm ss..e . . :: ;ti F . .,e. -

j, , .

N'

o
h % 'I

I. s. -gk f I I 3
: e
; g -

~
g s"

~k1: .

y", , j .1'
i . .

, - - --
5
D
.$s

n %I') r , J,; g. * ji *,, g
..
-.c.

-

T,.L,
.9'

.

, m-=-
'' -

bh e

m v
n "4u~

.4,
,.

'f,

f
~ ' ' .

'

-
, <

l' % *

[[,' % % % 9 % @o
^

~

- "

'-)-:
3.m ..

,

.

1$b*
6

' &g' -(,
: , '

!.|
=

,

|4
L

,

_[

.' '[ .
...J., . ;_j[ ' * [* * * " j -

. . . ,
. , _ .

.



n ,. .aa.c.,.w.. x ... . .. n . m .a . x - w n a.m + = a n.. . .

1, -r

i
a ...

J.
,.

+ . .
,

,
*

TAMA OF TM ISOTOFES, . ' , ,-

#

,, g q - 1 3--, i

,x ,. .

.
q g g ,. iw . . .
, . . .
s

.

2 . . .. .
-| \-

, . !

s
'-

e ,

lli. ir.c : k,r : : . : 4

,,

llle1 :
3 :::a :: .m a i :

i
.: . .

Y
g j O.I.I.I.I.I. I. g g anHHHHH I

-

a in. a
, n m :: - - - - =

.j jn _,

a ni ig
1:|. ?

F I.n..t.u..s. . I- i u.. m...>jll ig.g.;g i

.4

4 j[g , . , . '
e

, . .a u....-..., ._

s a 3, R Ell 3 !! :"BERIBE EIEEIj 13 g.

y
.]-

.

xad xxxxxu -

]-
.

)3 -nn x=-me -

ij | j *

| lit $m
| ][guns n -: -

|ij | Ill i i 1 3 i = | gig
L >

,y,}, .: 1 -

g
j k k k k k E I f
@ '. ,

-
, ,

, ;.
,

~1-

/ a,.

f; . || |. i i i 4
''

||
.

't a e e
|; _ a

-
..

j

W' M M 1
l '. .Y g 5 4 M.
|

1 g
]' H * * = 3 g
'

1 .

I? a Ia I a I t a 2 ! I

]k k g

R. <
-

-

|' S-370
.

3,_
7".

'L:
i

e

5
u,

')

!, . '

11 ' % .,~. :.i h :.: .' - : % a. - - .- .
- .- r- _ - _ --



IWW .7.% ..;:;r, ' Ni.MiUC4.5'.' Ji RW W.;F. . o X 1..w.4.C; + :A.~. A.5 L.Fj.c is:.

;, - >
. , . . . ., . . . ~ . .. . ,. , . . . - ; .w mgy ., . - -..

H* '

' .s.t.; .
. .<

. ,

{.
.

2
,

[;i CESRM CNIDRIDE (CsCl) .
f REFERENCE COIDet..

E The' ratio of 18'Cs to 187Cs activities will *

h decrease by a factor of ~2.0 every two years {
'

t after discharge of the fuel frorn the reactor. i*

L .
,

;( 2. Spectfle Power (9 genes Anee cncavaut.nriox) 2, 3, k,

). O.120 watt /gofpureCaCla. y em,,a ,eeness
[2 0.119vatt/gof99%CaCl-1%RbC1 jA

h,, b. /251 curies of 187
i

Cs per gram of pure CsC1 5er 0%c.84 f^t * Fa '''- :
24.8.5 curies of 187Cs per gram of 99% CsC1-l% RbC1u :n

(i 3 Radiation '.
4

,
-

f
,' '

a. Alpha particles - None ;
'

.
.

,

1.

j b. Beta particles 5 | ia
U

,

t
7 Max E, Avg E, Abundance, '

y Nuclide Mey Mov $ w/kilocurie Particles w"1 see'l- . .

o

A
187 '

Cs 1.18 0.41 8. , 1.23 O.619 x lota
$

m

3 0 52 0.19 92 7 11 x 1018
.i

_

i

} c. Gaasna 5
'

.

Energy, Abunamnce,
T' Nuclide Nev. % w/kilocurie Particles v'l sec-1

18"Ba 0.662 83 5 3 61 6.46 x 10-ta
'

!! Total gansna power 3 61
1 Total beta power 1.23
;; Total gamma and beta power k.8k
.
4

e ,
4

s,i d. Bremsstrahlung: 5 . .,

h Breasstrahlung radiation frcm the 1.18-Mev beta
* ~

l'

' j/ particles is negligible compared to the shielding |
'

j required for the 0.662-Mev gamma photons.
a .

1 The bremsstrahlung radiation frcza the 0 52-Mev beta :
.j particles will be similar to that frca the 0 545-Mev
h.. - 80beta particles of Sr calculated in Ref. 5.. These
j values are given in Appendix 1, Table 1. ,

-
,

.

,
. ,

,.

/. The breasstrahlung radiation frcun the 1.18-Mev beta *

*

particles of is7Cs will be similar to that from the"
O.968-Mev beta particles of 170Tm calculated in Ref. 5 1-

.

M . .
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)[--ACTI\ $ RELATIONSHIP - SPECITIC ACTIVITY -

.,

o
|. .

The specific activity (spa) of a radioactive nuclide (disintegrations per unit :time)/(unit mass), is calculated from the basic equation:u
'

,

I . spa = AN = (in 2)
'

N
,

h

Where: N = number of radioactive atoms per unit mass, and
,

T = half-life.
|- h

f. This basic equation can be transformed as follows: ;

) by definition: N = 6.0225 x 10**/ atomic mass !!
= 3.7 x 10 'awwwur,ows[secoNDl 'Ci

'" " $*
T atomic mass 3.7 x 10to = Ci/gm.

* *

Substituting :
spa = Tg (secs) g

= x x

N This equation is satisfactory when the half-life of the nuclide is expressed id
'

A seconds. If, however, the half-life is expressed in other units (such as
'

j minutes, hours, days, or years), a separate time conversion is required for
p each. By substituting the appropriate time conversion factors the following

j five equations can be obtained.
.

'

O 1.128 x 10 !I18
P curies / gram or spa (T in secs) = (T )(atomic uss) (l)

|kte
3 1.880 x 1011

;|1 curies / gram or spa (T
in min s) = g\) (,g,,g, ,, (2)g

u

3.134 x 10'
.. curies / gram or spa (T in hrs) (3)=

g 4, g ,,g , , , ,) j

d
1,306 x 10' '3

curiee/gramorhpA(T in days) = (Tp 4tomic mass)
'

(4) '

4 3,578 x lo ;s

curies / gram or spa (T in yrs) =
g (T )(atomic mass)g ,

N
la1

d Example: Calculate the specific activity of I whose half-life is 8.05d. ,

# Using equation (4) and the mass number as the atomic 'nass, make the
T appropriate substitutions:

spa = 1.306 K d = 1.24 x 10"c. 8.05 x 131 :.R

.u*h. i
_.

Thefollowing)spebific-activitieswerecalculatedfromtheaboveequations,usingd
^hj:-

i half-lives from The Table of Isotopes.1 Integer mass numbers were used rather # ,

[| than actual masses except for 3H where the exact mass was used. (It should be
"

'

noted that these sp)ecific activities are for pure forms of the riuclides only.);

1 More extensive tables of specific activities are c.vailable.8
,

-

l Lederer, C. M. , Hollander, J. M. , and Perlman, I. , The Table of Isotopes ,(6th,

'. ed. ; New York: John Wiley & Sons, Inc. ,1967) .
ay Goldstein, G. , and Reynolds, S. A. , " Specific Activities and Half-Lives of Common

j Radionuclides," Nuclear Data A, Vol.1, No. 5 (July 1966) , pp.435-452,
3 -
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,~ CESEN CHIDPM (QQ),
. , REFERENCE COLUMN
Y, These values are given in Appendix 1, Table 2.?, '

More accurate values of the bremsstrahlung i"

spectrum can be calculated from the computer
J pro 6 ram given in Ref. 5

. 4 ,

? e. Neutron none
'

4. Critical Mass '
-

O. Cesium-137 and 187Ba are not fissionable. i

;O
.

5 Compatibility With Materials of Containment
|

,,

4.

;(, A CsC1 source which was encapsulated'in stainless steel- 6b', _ and contained 1540 curies of 187 ;

Cs showed no signs of

f{ reaction after being opened nine years later. The source
operated at slightly above ambient roca temperature.p

h 6. Themophysical properties
}

,

r
'j a. Density .'. .

.

Li Density of CsC1 versus temperature.
T|f

Of
~ '

.

'

Temperature, Density. R/cm8
t' i

_
*C g fce lionid

.

;

j 25 3 999 '

;! 100 3 952
| 200 3 897

.

F.. 300 3 827
H 400 3 758
P 469 3 709 3 153 j,

)1 500 3 141
!

)9- '

3 095
q

<

Density of molten CsC1 in.g/cm @
645 3 072

k
*

8
gj. p - 3 4782 -(1.0650 x 10-8 t) 8 -

i (temperature range 670-905'C),

9 ,

[s - b. Coefficients of thermal expansion
q 4 78 x lo*5/*C 9
It (temperature range 50-150'C) -,m
.' l
m
I'

.

LI

.

t

,

,

.

-

*, , ;A i's
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{
,3 ,:, . ,1 ; , _t

_-
',_ - + - - ~ ' -"



mn:O,v w. , .w. \ e , , :. ; u.~ . . c o. M c- - ? '... - ' ..-.wrk '* -J'G X'b.=h' M'
..

? C *

.4o ' '

|+ . 4 i

G .
'

CESRM CHIORIDE (CsC1) '

''
EcidiiC1B COLIDetj c. Specific heat and enthalpy

;

G (1) Specific heat in cal g*1 'C'l. *

l') !-

j CsC1(solid, alpha) I'

d, 7 59 x 10*8 + (7 29 x 10-s T)t =j - (2 71 x 102 T-a).

(. (temperature range 385 2-740 5*K)
g
!j CsC1(solid, beta)

}j 4 78 x 10-8 + (1.05 x 10** T),

h - (5 29 x 108 T-a) :*

b
g' '(temperature range 753 7- % 9'K)

[ CsC1 (Liquid) i
'

3 8.23 x 10-a + (2 54 x 10-s T)1
4 (temperaturerange 923 6-1168.0'KS
k
h (2) Enthalpyincalories/ mole 10

'

'

j . .
,

a CaCl(solid, alpha)*

1, .

HT - Hars.is ? -3705 + 12 78 T + (014j'
f x 10'' T ) + (4 56 x 10E 4 T'O*

{ (temperature range 385 2-7kO.5'K, 20. $)
;,

h CsC1(solid, beta)
)

} HT - Ha7s.is = 1365 + 0.805 T + (8.82
'

j x 10-8 Ta) + (8 91 x 10' T-1)j (temperaturerange 753 7-904 9'K, 10. $)
!

-{ CsC1(liquid) '

|,j 3T - Ha7s.is = -0.69 + 13 86 T + (2 14 x 10-8 Ta)
,

'

(temperature range 923 6 1168.0*K, 20 5)
r,

[. ' d. Te:sperature of phase transformations - f.i . 4

h$ (1) Melting point - 64 'c 115 9Y.r5
'

*

! ,1j (2) Boiling point - 1300*C 11
*

- (3) Melting temperatures of CsC1-BaCla mixtures 12 I
l' Mole % CsC1 Temperature. 'O )'
1,

,; 50 725 i

J'. 60 630'
.

70 614 .

| '80 590
90 599

100 657
1.; 86 5 568 2* vurrneo
|

|

|-

|w .; .: .. : . , . ., :.,, _ _.: ;u.v m.x av .:a . . . . a- .
.._ .
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M )F
l .
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0
5 :'4

C3SIUM C}GDRUE (CsC1) !
,,

/ FIFTPINCE COLU:Gpj e. Latent heats cf phase transformations
;$ /2 transition (k69'C) 1.8kcal/ mole, 7
'

hl cubic to fee
*

[: {
P, .M fusion 4 9 2 0.1 kcal/ mole 13 :; -

-

f M vaporistion 38.2 1 2.0 kcal/ mole 13
at

tg f. Yspor pressure
2. |
re log Pm = 11 346 11 076 x 10 *1 18 Ik

3 1000 $

T 2 T !j (Tisin*K)
[,

,.

2 g. Thermal conductivity i
,

etl em*1 see*1 *C'1 Tempe rature , *C 15m
$1 0.001456 46

iht o.001365 894W Determined on 87 9% theoretically dense i] pellets of CsC1. Ia.
e, ;
! .4 h. Thermal diffusivity

.

4'
N acm /see Temperature, *C:4 ' .

0.0050 k6!

y 0.0047 89 *

R Calculated by dividing the thermal conductivity
M by the product of the specific heat and density.
Ri ;
l'

i t' ' 1. Viscosityn
? 11, centipoise Temperature. *C 16
*

1.45 667'

e. 1.06 727,
.

? 0.84 777
'

}; . }np . - - - - . = . _ g,;- -:= . .
-

!

1 o.56 _. _ 877 _ ..

* .

e
'

N 0 52 897
'

(; -

j. Surface tension,

[; dyn/cm ' Temperature, *C 17.

p 89 2 664 -

L' 81 9 771
*

.

73 7 881.

66.4 979
? 61.6 '1035t

L 56 3 1080

'".;. - ~ :::. , , : m a.z: ; : .-.. :.r.~
- . - . : ' = W *:L'

~ '*
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CESIU4 CHLORIDE (CsC1),

x
RETERENCE COLUMN

k .- Total hemispheriet.1 emittance,

k.', 1. Spectral emissivityu
y A value of 0 9 can be assumed.
n

*]
..

m. Crystanography.

i:
,- cubic, body centered
5 a = k.n3 kX 181

] n. Solubilities
'

g per 100 g water Temperature, 'C 18,

j 162 3- ,07e
ti 197.2 29.99.

3 229.k 60.2
a

3' 259 6 89 5 i

ks 290.0 n9.kA - -

d o. Diffusion rates -

'O ,

( 7 Mechanical Properties
re s

ed

pj a. Hardness
.

E b. Crush strengthe -

N 8. Chemical Properties
'

:te
r;

>

Heat and free energy of formation, entropy
|

Ig a.

I'd (1) Heat of formation '

,-

1 oH'f=-1063kcal/ mole n
[N (2) Free energy of formation
y AF*f = -99 6 kcal/ mole .....a. 11 .;4 _. ._ _(3):-introd- . - ._. _ : .._ c

-

7,. .
.

~-
.

v ., . _ . _ - _ _ _ _ . -- .

9 -Sieg = 23 9*eu - ' " ' ' ~ ~ ~

~ 11 !

?! ..
. ''

E

! b. Chemical reactions and reaction rates (oxygen, 18.

$.L; nitrogen, water
ej metals, other) , steam, hydrogen, liquid
N .

/J (1) Oxygen - no reaction
i). <

..

(2) Nitrogen - no reaction*

.4 t' '
(3) Water - soluble !

' "

. (k) Inc.rganic acids - soluble
a

-
.

i

& " M ?'.G. * * J*-
' ' ' * i"" ' ' ''*?' J'''E -

' ' ' ' ' ' ' ' ' ' 's u
- " ' ' ~ '
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CESnN CHIORIDE (0:01) i

:
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itta nFaCE COLUMN [
'

9 Biological Tolerances-

19h
^

Maximum permissible body burdens and maximum
permissible concentrations of 137Cs in air and inj water were taken from Ref. 19 and are given in the

*

;table on the following page.'

|, , ;

10. Shielding Data-
>

,j Gamma dose rates from la7 >

Cs power sources of 100,
N 200, 500, 1000, 2000, 5000, 10,000, and 20,000
/i vatts with iron, lead, and uranium shielding are i

;i given in Figs. 1-8. Extra shielding is required *
(

when 13*Cs impurity is present in the ta7Cs source
L;' because of the higher energy ganunn photons of 13*Cs-
|; . compared to la7Cs.
,.9
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|.g .

itt ~
.

i

0 '-

|q .
.

-. .
|pr

l,

i *
)

'

,

he s

*

(?.\ *

!E .

*k
..

.

$

s
'

,
t

'.l
;; , - - . - .

. . _ . _ _ _ . . _ - . .- . - - - - -- -

~.

., __m_
~

,j ... . ,. -. . -.. ..===a.+=====* * ' * * *

k-
n i

4
i

;

:

?.
*

4

I

1
y .

1

t

f

|

u .y ,
. .-: +....-. e u .,e , 1*"",, . %

, , ,, .#?.. . . . . . .4--.- - 4-- 5-- - -
- - - - - - - - -n ,: ..,!. .:'* 7;- * -

.. .'.u_,1.,



7*.
.:m. : ;.ws u : a m m- + -ar :n L.> A a.~ 4%i.:s : ,%u a2.c.;..k.wa - : .s: .a =M .: au . '. :.: D ' . .- - : .

: '.;

N ha
*

f|
- OL

'I .I
. .a

1

d
. .

i. .

. O
c.- . *;

.

s
.a .,

,

, MaximumPermissibleBodyBurdensandMaximumPermissibleConcentragons . ;,,

for Radionuclides in Air ard i,n Water for Occupational Exposure .i
*

Organ of reference Max. permissible Maxi == Permissible concentrations, pc/cm*.

- Radionuclide and (criticalor6an burden in total For kO-hr week For 168-hr week l~8 type of decay underscored)- body,q(pc) Water Air Water Air 3

w ,

187C55 s Total Body 30 4 x 10-4 6 x JO-s p x yo-4 2 x 10-* ,

,.
(p~,7,e-) . Liver 40 5 x 10-4 8 x 10-s 2 x 10-4 3 x 10-8

~

- Spleen 50 6 x 10-* 9 x 10-s p ,yo-4 ) , 10 ;,4

'Musele 50 . 7 x 10-4 10-7 2 x 10-* 4 x 10-8 *

1 1
-

Bone 100 10-8 2 x 10-7 5 x 10-* 7 x 10-s m
,i

. =.
Kidney 100 10-8 2 x 10-7 5 x 10-4 8 x 10-s gj

*

;I
.

IAang 300 5 x 10-8 6 x 10-7 2 x 10-8 2 x 10-7 'd'...

GI (SI)* O.02 5 x-10-s 8 x 10-8 2 x 10-8g

_Lggg "

10-s 5 x 10* I'|1}
~ GI (LLI)* 10-8 2 x 10-7 % x 10-4 8 x 10-s

, s,

e :L. The abbreviations GI, SI, and ILI refer to gastrointestinal tract, small intestine, and lower large i -:

J. intestine, respectively. I'
|- .
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D )RETERENCE 00130f i ;

'. C. CESItM BCROSILICATE GLASS (Cs 0'Br0 +k.2 Sic ) !r 3 a
4

|, .

* 1. Composition '

:
A. i..

* .

.a. Radionuclidic Abundance !y .
.

t. .

'i The cesium product contains >99% cesium and !
-

,

<1% rubidium. The radionuclidic abundances ,'
are given in Section I. A.1.

1, i

i rb. Radiochemical Purity i jj

The principal radiochemical impurity in the ! ,

- 187 18'Cs (T /a = 2.1 y)s 3Cs fission product is 1
whose content in aged wastes is 2-5% of the ! i

*

is7Cs activity. The ratio of 184Cs to 187Cs I
#

' +; activities will decrease by a factor of ~2.0
every two years as a result of decay. t

'

e- ,

$ 2. Specific Power |
0

J $

$ a. 0.065 watt /gofpurecesiumglass 4 i if
c 0.064 watt /gof99%cesiumglass-l% rubidium

*

., 2
|,3 glass I

*

.,

;,

I b. 13 6 curies of 1s7Cs per gram of cesium glass 2,3,4 I

p 13 5 curies of 187Cs per (, ram of 99% cesium
;.g glass-l% rubidium glass
?

3 Radiation
o ,s. .

}} The radiation is given under Section I.A.3
n

k 4. Critical Mass
:.] i
? Cesium-137 and Ba are not fissionable. |

187
..

y

N. , . '

5 Compatibility With Materials of Containment '

5
h 6. Thermophysieal-Properties

,

'

m . .. ..; .... .. .

f . . . a. Density *

,

f 31 grams /cm8 - density of pure cesium glass 23
'

f 31 grams /cas - density of 99% cesium glass-1%
y rubidium glass
- ,. ,:

,

fj b. Coefficient of_ thermal expansion*

j 70x10-ej.Cfor124Rba0-1.08Be0- 24
'

- "
3

7 64 Sic glass ,

a t,

y
,

+
,

I..

9

, '

,r$
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)I CESIUM BOROSILICNEE GLASS (Osmo B203 4.2SiO2)j ' ~~

FETERENCE COLUMN i

g. c. Specific heat and enthalpy ),w
,

q (1) Specific heat in cal g*1 *C*1 !

|j 0.1k8 at 298'C 25 |
3 *(2) Enthalpyincalories/ mole

'

-

<

d. Temperature of phase transformations

f' (1) Softening point - 1200-1300*C 23

h (2) Boiling point '

H
d Latent heats of phase transformation'se.
)' .

}p f .' Vapor pressure *

.

W] the rate of 35 mg of Cs 0*Ba s per em8/hr.
At 1200'C cesium glass will volatilize at 23

[ a o
,

||
g g. Thermal conductivity j
Q cal en-1 see*1''C-1 Temperature, 'O 26 ?.. :
i, 0.00367 115

'
'

L . .

j 0.0042k 209

q' O.00600 352
''

.- O.00792 448

j These values are for Pyrex glass.

(, h. Thermal diffusivity

.'! 0.0117cu/seeat298'Oa
-

9

|i This value was calculated by dividing the
j the thermal conductivity by the product of
|<- specific heat and density.
:.. -

$ i. Viscosity '

4
1 j. Surface tension
a- ,

j k. Total hemispherical emittance
,

d
' ,

j 1. Spectral emissivity
,;

j m. Crystallography. ,

aj Glass shows no .Long-range X-ray structure.

n. Solubilities

c The leach rate of cesium glass is 23
0.2 mg em 8 day-1 of Cs 0.B 0 . -

a 23

.

1.f

's
,.

ek

E{^*, ,.M'"* g!j ? * ;y ] % ';
_ ]'

'

.
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$ CESIUM BOROSILICATE GIASS (Csmo.P20s.k.2SiO2) E I,

a' ' \-

REFERENCE COIMOT ||h .o. Diffusion rates
5 ,,. i,

i |j 7 Mechanical Properties
-

M [. j

$'
!a. Hardness "

4,

j 5-7 on Mohs scale 3 |

27
,

A
--

4 b. Crush strength ! j
U 3500-7000kg/cm at room temperature 27 (silicates) $' I

a
$

} 8. Chemical Properties
a "

},

.
,

.,

Heat and free energy of formation, entropy ? 1
a.

8

(1) Heat of formation of Cs 0 Ba0 4.2Sio
x 1

a 3 a i |'

AH'f=-1317keal/ mole 22, 25 i
(estimated from the AH*f's of the individual A.,

.?
.Ik. oxides and the Na-B compounds)

.e.s

W (2) Free enargy of formation . <

*

; ;

f AF*f=-1237keal/ mole
"

22, 25 h,f (calculated by AF'f = AM*f - TAS*f) {
.

. '

-

j (3) Entropy
j Slee = 95.4 eu

.,

22 5'c..

[| (estimated by summing the individual oxides)
.

<

ca .

|} b. Chemical reactions and reaction rates
,

~

23 "

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

,

.\ ,'
a

{, (1) Oxygen - no reaction
[

*

{ (2) Nitrogen - no reaction j
.% (3) Water - 0.2 mg cm-a day *1 of cesium )'

(4) Inorganic acids - soluble f
.

s
b) 9 Bioloaical Tolerances ~

;.
.<
'

t

Maximum permissible body burdens and maximum '

19', permissible concentration of 137 Cs in air and water ~

'

are given under the CsC1 Source Form, Section I.A.9-

a -
,

.

4 10. Shielding Data Y,x
>; .

i
.,

The shielding requirements are presented under.

h the Cscl Source Fom, Section I.A.10.
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5 CESIUM (I cereise, sky blue), Cs; at, wt. 132.906; st. no. 55; m.p. 28.5'C; b.p. 690'C;4

sp. gr.1.873 (20*C) valence 1. Coelum was discovered spectronoopically in 1860 in minerali e

water from Darkheim, by Bunsen and Kltchhof. Casium, an alkall metal, oesure in;.

d : lepidolue, pollueue (a hydrated silicate of aluminum and ocelum) and other sources. It is
s I L isolated by electrolysis of the fused cyanide. The metal is characterised by a spectrum

i ! coatsining two bright lines in the. blue along with several o'thers in the red, yellow and'

q | gnen. It is silvery. white, soft, and ductile. It is the most electropositive and most alkaline
P alament. Cesium, gallium and mercury are the only three metals that in liquid at room .

) temperature. Camlum reacts arnlaalvaly with aald w-*- . mani remats with les at tempers.-

$ *? tures above -116*C. Cesium hydroxide, the strongest base known, attacks glass. Because

Il of its great afilaity for oxygen the metal is used as a " getter" in radio tubes. It is also used ,.

y ; in photo electrio oe!!s, as well as a catalyst la the hydrogenation of certain organic
% compounds. The metal has recently found application in ion propulsion systems. Although
j j, these am not useable la the earth's atmosphm,11b. of oesium in outer space theoretically
p; g-', will propel a vehicle 140 times as far as the burning of the same amount of any known

@ liquid or solid. Its chief compounds are the chloride and the nitrate. The present price of
~ *"

/ cesium is about 100 dollars to 150 dollare/lb., dependlag on quantity and purity.

Ylee Preektent. Reneerch. Connoiktated Netural Gen Scruice Company. ine.

f Permerly Profenner of chemintry at cane Institute of Technoloey
3, .

$' |
In collaboration with a large number of professional chemists and physicists

j whose assistance is acknowledged in the list of general collaboratore and in
( g connection with the particular tables or sections invob xi.
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C4. ,' CESIUM-137 SOURCE MATERIAL FOR AN IRRADIATOR \
'-
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,
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3
A1 :
M Eugene Lamb

W' Oak Ridge National Laboratory'

Jr
# Oak Ridge, Tennessee

h
a
&
h,0

& Large quantities of cesium-137 are being recovered
3) " -- from fission product waste at the U.S. Department

i

*j of Energy Waste Encapsulation and Storage Facility
m (WESF) near Richland, Washingt'on. The recovered

cesium-137 chloride is doubly encapsulated fory long-term storage and is available as a rugged, j

i reliable source - form suitable for use in gamma
',. y

@ irradiators.

$ ot3 *
I /,I

~

M The 30.17-year hall-life, 25 Ci/g specific activity Ip
4Afd$1 and 0.66 MeV gamma rays cr.mbine to make cesium-137

4g,n.ygM6chloride a good gamma. ray source material. com-j -

mort 4a1 experience with cesium-137 chloride sources JA@ -X
d- durano the cast 25 years and the rigorous tests

~ hich the WESF capsule has passed give confidencehj . w

2 -

to the reliebility of this source form. I*

y
g.{
,;.
i :

Introduction
Q|
:..

% 1
'

^Y|_

{f '
Cesium-137 is considered a prime candidate for the gamma source

n to be used in sludge irrcdiators because it is a long-lived gamma

$w
emitter and is a by-product of nuclear fission. Large quantities of

N :- cesium-137 have been present in stored fission product waste.since the

[ initiation of plutonium-239 production during World War II, and much

f larger quantities are potentially available from the oForation of
h nuclear power rcactors. An addttional impetus for the use of cesium-137
u
p' is the potential alloviation of the fission product waste disposal
O problem by removing a long-lived isotope from the mixture of radio-
I' isotopes resulting- from fission.
.,
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U The first significant quantity of cesium-137 used in a gamma
Q source was isolated at Oak Ridge National Laboratories (ORNL) in 1952. '
j since then, about 4.0 megacuries of cesium-137 in the cesium chloride
j source form have been encapsulated in several thousand stainless-steel
j capsules at ORNL. These sources have been in use for as much aso
y- 25 years in commercially supplied irradiators, teletherapy units, and
i radiography units.
y

f4

p{. Because of the benefits obtained by the removal of long-livedr

j heat-producing radionuclides from high-level waste tanks, the U. S. !

) Department of Energy (DOE) Hanford site near Richland, Washington,
;

f,: began isolating and separately packaging, cesium-137 and strontium-90
'

f. for storage in 1974. A total of 38 menacuries of canium-137 have been,

f; processed and encansulated in stainlaan-staal empaulaa at the wanened
S. Hasta Encannulation and Storace Facility (WESP), and an additionalp

) 121 megacuries will be encapsulated by 1990. These cansules are 4

k' .AYailable for ourchase at the DOE-accroved nrice cf $0.10/C1. POB j .

'

S

f Hanford. .

Q .

H
-

-

1
e

i Characteristics of Cesium Chloride Source Form
Je, -
?

'd

]. The nuclear characteristics of cesium-137 are a bane to the waste
'T
'. disposers but a blessing to the gamma source users. It has a conve-af
S niently long half-life (30.17 years) and a' reasonably good specifics
j activity in the chloride form (25 Ci/gl for use in gamma sources.

- Only 35 percent of the cesium produced in fission is the radioactive
1 cesium-137, and it decays with the emission of beta particles and - :.
1 0.66 MeV gamma rays to stable barium. A by-product of the decayn
B. process is the ca*eration of radiation energy at the rate of 0.12 w/gij of cesium chloride (4.84 kW/MC1). The radiation energy is converted
}, to heat by the absorption of the smitted radiation within the source

"f (2.67 kW/ mci) and in the irradiated material and irradiator structure
1 ( 2.17 kW/MC1) .
3-
1

:
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The decay of cesium-137 assures a steady replacement market to
,

.F ,. ,

j maintain the gamma field intensity in an irradiator.3 ,

d.I long half-life is on the side of' the irradiator owner, howeverThe relatively
"

]f he will'need to add only 2.2 percent of the original activity each
, . since

year on the average.
An irradiator handling the sludge of a moderate-Q |:

sized city would have an initial loading of about 5 megacuries and).} ~

would, require an average annual addition of
{{ 110,000 Ci of casium 137

which is the amount contained in two WESF capsules.
-

,

The additions, of;

}I course, can be made less frequently for example, 500,000 Ci in eight
'

WESP capsules every 4.5 years.
1
3 good for at least one half-life, orThe criainal caosule loadino should be

30 years.
] 2
:.
.

y
,

The physical characteristics of cesium chloride are on tha side
h of gamma irradiator utilization for the most part, but there are some

*
-

less desirable traits that must be considered in designing the radition source. l

form is quite solublo in water, just as sodium chloride is solubleBeing a monovalent alkali metal, cesium in the chloride j
a-

j

i. The cesium chloride source form is, however, effectively isolat d f
'

: .

Q

f contact with water or other external environment by highly reliable
e remi

encapsulation as indicated in a'subsaquent section of this paper3 .-
} Phase changes include a solid phase transition at 460*C involvi

.

17-percent, volume increase and melting at 640*C. ng a
a
n
j .

r, |
5

-

The theoretical' density of cesium chloride is 3.97 g/cm
*
j- , but the I

practica1 ' density of cold-p essed cesium chloride pellets is 3 3 g/cm3 3

In practice, cesium chloride is tamped into capsules to achiev
.

h-
.

density of 2.5 g/cm3 ea

f),
should be heated above 460*C.to leave free space for expansion if the capsuleT

The same safety factor is provided in
I. WESP cans since they are filled by pouring molten cesium chlorid

e.
-

I.
.

e-
'

0.s
1 Cesium Chloride c.acapsulation

..

b
;.

The time-tested technique for highly reliable containment of(
radioactive source material is double encapsulation, which is simplyH

placing one sealed capsule inside another.3,

( The drawing of the Hanford~

WESF capsule shown in Figure 1 exemplifies this technique!| '

each capsule is inert gas, tungsten-are welded (GTA), One end of.

Q and submitted to
I.5
e
(
h
b
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y* ultrasonic testing in the shop. After the inner capsule is filled

,

with cesium chloride, the cap is positioned and a remote weld by the
q

j
j GTA process is completed. ,. j

After this weld is helium le,ak checked, the
inner capsule is cleaned to remove excessive cesium-137 contamination

y
3

|:j _ and is inserted into the outer capsule.
The final seal weld of thed

$' cap to the outer capsule is then made and ultrasonically tested for {
'k the required penetration and freedom from defects, and the capsule is] decontaminated and stored in a water-filled pool.1s,

h

$n a:: ,,,, .

==.:" ="=-
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N yt Figure 1. Hanford Waste Encapsulation-and
ff, Storage Facility Capsulesq
W * '

m
V.L
M

,

c,.,

>[ These routine procedures represent, of course, the culmination of
.

a great deal of previous development work, design, and testing. _
. , .a

y
,.

,, 4.

4
!! After extensive tests of many alloys, Type 316L stainless steelt

was selected as the most resistant to the possible corrosive effectsa

j_ of cesium chloride. The capsule wall thicknesses were designed forg-
potential stresses, and the weld joint was carefully designed for good
weld penetration and excellent weld strength.g

Many weld tests were4 made and specimens sectioned to determine the precise welding para- i

R
,

'

d
7
f
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I* . meters needed to achieve the required weld penetration.
In addition,

the welding conditions are regularly checked on test specimens duringa'
the actual remote operations.

*:
.

:
?i
d |
y
] These operations are typically performed in cells equipped with

master slave manipulators and high-density glass viewing windows inN shielding walls 3- to 4-feet thick. ,

Operations are segregated as much

Q .as possible in.neparate cells, and the operations of cesium chloride
powder handling, inner capsule welding, and outer capsule welding arefj.

,

done in progressively cleaner cells so that the final capsule is'; :_
protected as much as possible from extet.1a1 contamination.3 The capa-
bility of safely handling megacurie quantities of dry cesium chloridede

4
has been demonstrated during the past 25' years at ORNL and Hanford.f)

'

This experience provides a high degree of confidence in the capability$.;
'

of irradiator facilities with similar protective features as those onc

h
our remote processing cells to prevent the releas,e of r<v activitys

!t
N

from rugged, doubly encapsulated sources. i;
'

- ,

|% *

y
'

$
'

J
..

Cesium Chloride Source Safetyin .

pi '

*
,

' .i
7

f

y

f3 The. considerations involved in defining source safety are the
physical characteristics of the source form, compatibility between thep

f source form and capsule material, compatibility of the capsule with
external environments, and resistance of the capsule to potential

h, . s tresses.
The ability of the capsule to protect the source form inv

[J.
the event of exposure to unusual stresses must be considered for thee [d
transportation phase as well as the irradiator resident time. # '

.

;bC4

k h JAo /
i t .

f.h 5Laboratory tests -of cesium chloride compatibility with Tvoe 316L <39,f 7g
stainless steel showed no adverse effects.

These results were verified _ gy.
for authentic' source material in actual use in 1963 by eactioning ap-
cesium chloride source made by ORNL in 1954

$1 Photomicrographs of theinterior surface of the caps ~2 revealed no pitting, cracking, or$ - change in the crystalline structure.2u-
An elevated en-nerature coa.aat-[

ibility test of a fully loaded WESF capsule was conducted as ORNL by:1.
a - holding a capsule containino 69,000 ci of conium-137 me 1 son' r,w} 279 dava. The capsule had been loaded with molten cesium chlorideM at
|-

w.
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[ the Nanford site 2-1/2 years orier to the bacinnine of the test. w ig A 4 06..

Meta 11ographic examination of the sectioned capsule after the test -
.

revealed a oeneral attack of 1-3 mil with oittino to 10. mil deep.
[ These data can be interpreted as good compatibility resistance for an( extended.extrec4 temperature condition at the interface of the capsule1 wall and source material that would not be encountered in expected use
h situations. 279 sana G 7oo hes.
E /c /mt.s 25t )49
6

'

The WESF cesium chloride capsule has been qualified as a "special
[!! form" for shipping by passing the tests for special form radioactive-
(L

h..
material specified in IAEA' Safety Standards, Safety Series No. 6. The
tests consisted of an impact test (drop from 9 m onto an unyielding

3
surface), percussion test (impact equivalent to a 1.4 kg weight falling
on tihe capsule from 1 m), bending test, and heat test (heated in airy

4 to 800*C, held for 10 minutes, and allowed to-cool). 'tisual inspecticet
E

V of the capsule after the test series revealed no damagt, and thei;
[ capsule showed no leakage when tested by two methods, including a i

helium leak test with a sensitivity of 41.2 x 10~8 std em /sec.34

N '

A
A

'

-

g Cesium-137 sources, because of the large amount of radioactivityj contained, must be shipped in rugged, heavily shielded containers? .

which are designated Type B packaging in ~U. S. Department of Transpor-
N

k tation regulations. * Several shipping casks suitable for the transport
of WESF capsules have been licensed by the U. S. 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
C"

drop . test - (a free drop from a distance of 9 m onto = a - flat, essentially
5- unyielding surface), the puncture test (a free drop of 1 m) onto a3
j; vertical, cylindrical mild steel bar (15 cm dian), and the thermal

_.,
.

k- test (exposure to a radiant environment of 800'C for 3 min). Eithery engineering calculations or tests can be used to show that a cask is
' capable of performing satisfact. wily after these tests. -,

1
;

)4
(; Once the capsules arrive at the irradiator and are installed in'
f the source rack, the additional protection provided to the capsules
) consists of the thick shielding walls and double, high-efficiency
i filtration of the exhausted ventilating air. Periodic swipe tests ofI

the capsules are required by regolations in order to detect possible i
'

-

k.
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75 small increases in contamination on the capsule surfaces. If a sterage
jL
y, pool is;used in the irradiator, the water is monitored for radioactivity

and must meet very strict standards before it is discharged.
,

,

!.'
;y .-

Q. The ultimate disposal of spent cesium chloride sources used inj municipally owned gamma irradiators is not covered by a well-defined
''g policy at the present time other than by burial in a privately owned;

1 radioactive waste disposal site. Since the useful resident time of
the original sources in an irradiator will probably be approximately,-

|.} 30 years, a firm national policy on ultimate waste disposal in a
y national disposal site should be in effect by the time these sources
h are removed from the irradiator. The WESF, of course, was built for

~~

the long-term storage of the WESP capsul'e, and it is conceivable that
4 a policy permitting the return of spent irradiator capsules to thatq
g facility could be worked out.
fa

3
Yi $-

M -
.

g Conclusions A-t .

$ '

P

f . Cesium-137, because of its availability in large quantities as a,j- by-product of fission in nuclear reactors,. is an excellent candidate
; source for use in- sewage sludge irradiators. The capsules used to-

-[t ; store cesium chloride in the WESF embody the technology gained by
.

h extensive development and experience during the past 25 years. The( WESP capsule provides a rugged, well-tested containment of cesium
4

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

d'

||

{[ KENNETH E. ROACH (Southern Science Applications, Inc.): The question
y, I would like to ask is, does the feasibility of the sludge irradiation
F,t prograai depend on the reprocessing of commercial reactor fuels, or has

,

;

,v[.
-

cesium will be available from all sources for the next 25, 30 years?
somebody looked at the amount of sludge to be irradiated and how much

y -:
O

,.7), .8 ;

h[
,, EUGENE LAMB (Oak Ridge National Laboratories): Well, it is not depen-.

dont 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 l'no.
cobalt-60 and there probably will be for guite some time. It is

L.ii p difficult to predict'just how much market penetration will be gained g
[] | by cesium-137 or even by gamma radiation of sludge at this point. -,.
j., ; This type of study is underway. !

*

a, ..

A -

% i-
$1

d . BART CHEEAR (New York State Power Authority): What'would be thea
1' . annual production of cesium-137 in a large nuclear plant, and what
h.W percentage of the nuclear waste from the plant would be cesium-1377r, i -
y
M
A
[:! LAMB: You just asked me a question I probably could have answeredw
|j about s' 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
q remember?
,

*;,
p d
4
& THEO OUWERKERK ( Atomic Energy of Canada, Limited): I have a few
Y! figures.

f,E |
,.1
i''*

kI. LAMB Okay.

.,

'

sp .
.
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E OUWEIUCER.t In 1980, 200 or 300 megacuries per year of cesium from the
5 boiling water reactors, and by 1990, 700 to 1,000 megacuries per year

*

[ of cesium production..
'

b
'' .

;

'

y LAMB: Is that the total amount?

'.1.
.,

!;

y 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

/j you wanted to do all your sludge with cesium, I think you would need

'}
more than a thousand negacuries 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 as you may know,

f food is coming up now quickly, so it is pretty difficult for us to

y;; predict it) 5 years from now we would need.about 30 or 40 megacuriesI.

of cobalt-60. We really have to boost our production because we are y'

' now at about the 50 megacurie per year level, but I think we can make3l
l- that. If we also have to apply cobalt in the sludge field, we probably

0 need another 50 or so megacuries' of cobalt per year for that applica- ,-

n
tion.j

*

?j _
-

E

LAMB:. There was another part of your inquiry. Now, I have forgotten --

0
A

i

l' CHEZhR: What percentage of the total high-level waste is cesium-1377 -

e What is its percentage of the total weste product?'

:
n

- :r. ,
ti -

h LAMB: Of total activity?

M.; --

'.-.

T CHEZAR: Yes.
;;

9-
4
9

f LAMB It is so dependent upon the time af ter discharge from the

i reactor. I have not thought in those terms for so long. I cannot

; answer the question right now.

+
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:3 BILL REMINI (D. s. Department of Energy): An initial look at the 'lN'

market penetration based on the available cesium indicated 10-percent
market penetration of all of the sludge. Looking at how much of the ,

,

'

[j total sludge you would deem acceptable for irradiation, that is sludges
-

'

that are not heavy metal containing, shows that that percentage would
f climb up.
d I think we indicated that somewhere around 30 to 40 percent

of the good sludges could be Jamediately handled with the availabley
p; cesium.
;'

"sh

(9
f'/,; NEIL CASE (Oak' Ridge National Laboratories): After 30 years, youy,

,, still have after-cesium that can be recovered by removal of barium, so
{d

~

there is another source. I do not think we have really considered'

that very much in all our source inventory evaluations.v
>

'

Q HENRY C. SANDKURL (Energy Systems): *

I have been given this afternooni[*3 three different figures of the ratio of. cesium 1:o cobalt, anywhere.- '

?., from five to seven. Is there any or e specific number or does it have?s. .

p' '

that range?
'

-

m

h
m.. . .

. . LAMB: Well, it depends on the design of the capsule, both the cesium- k: 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-j ciency of output of the gamma. A more efficient source can be designed,
,

-',
something in the order of about 1-inch diameter rather than 2-inche

F:,1 diameter. That would probably bring the ratio down, -oh, maybe fiva
~

ton one.a

r

.'+,
ra
|~)
? SANDitWILr.'It depends on the capsule?
j
.,

f.
'

k ' LAME: Yes.'
>

.
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-L , - 5. Physico-cherical Character of I CwC1-316L Stainless Steel>

A, Currently-used WESF capsules were designed for water basin storage,C not.as gasuna radiation sources. I
.

B. Chromium-nicked steels perform best under oxidizing conditions, sinced;- *
.

resistance (to corrosion) depends on an oxide film o. che surface ofJ. "

the alloy. Reducing conditions, and chloride ions, destroy this filmd, and bring on rapid attack. Chloride ions, combined with high tensile,'! stresses, will cause stress-corrosion cracking. This is true ing aqueous solution and needs to be studied in the dry system at elevated
tencerature.

f
C. The . effects of loss of capsule integrity en be significag7 due to$ the high solubility of CsC1 and the specific activity of$ Cs. Forinstance: !

i
1. At about 30 C. the solubility of CsC1 is 200 grams per 100 grams

;

of water. ip

d 2. Less than 0.003 mg. of Cs would contaminate a 30,000 gal.
13 <

)'
d storage pool to levels beyond those permitted for release to an

unrestricted area.H
d 3. If a resiy39olumn is considered a point source, about.4 mg. of

,

adsorbed Cs would result in a gamma radiation level ot 1 Ot/hr.f at 1 meter.
4- D.
N A long-term (a5 years) compatability testing program on WESF capsules '

is undmray at PNL.
,

*=%

z 1. The chloride is about 90% Cs and 10 chlorides of potassium, 1

|j rubidium, sodium, calcium, and barium. '

M'
1 2. Theoretical considerations-indicate that certain impurities in

CsC1 could have a significant effect on corrosion rate,
-

f 3. Early results f=6 months aging) at 450 C. interface temperaturen show 316L corrosier. rates of about 0.008 iwbes/ year.g 4. Definite conclusions must. await the results of the longer-tem
4 tests.

5. These tests are more indicative of effectatexpected. in dry-storage,,

1 dry-irradiation facilities.- ,

!] E. A Casium-137 demonstration at Sandia (dry-storage, dry-irradiation);
4. has operated for more than five years irradiating grapefruit, mangoes,j'' and sewage sludge. This experience will be factored into licensingj decisions.
d' F. The use of WESF capsules in wet-storage, dry-irradiation would impose7 thermal cycling effects.
$j. 1. The'CsC1-stainless interfacial temperature undergoes about a 140 C.

change between water storage and use in air.
K 2. This temperature differential causes an expansion (and contraction)3

of about 0.014 inches of the circumference at the interface.q, 3. If a capsule is used for 1 half-life of Co-137 (-a30 years), andh is cycled daily between water storage and dry irradiation, 10,000Ij cycles are imposed.
N 4. The offects of thermal cycling on capsule integrity are not known.
Q The unknown effect's inciude:

h. a. The etfacts of thermal (expansion and contraction) cycling
;;.

on currosion rate at the. inner capsule-CaCl interface.-
d b. The effects of thermal cycling and pool water purity,e.g.g chloride content, on the outer capsule.
Y
? c. The effects of temperature and/or tuermal cycling on

.

capsule physical stability, swe12.ing, etc. '
-
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t 6. Safety Precautions
; Jgyuncertaintiesthataccruewithlong-termuseofcapsulescontaining
i. CsC1 may be offset to a degree by constraints on facility design and

operation. These constraints must be based on the properties of the
1 material being irradiated au well as the mode of irradiator operation. For,
a, A. Dry-Irradiation / Wet Storage, constraints may include:
j '1. Periodic sampling and' destructive testing of capsules.'

j 't . Specification of limits on storage poal water quality for both
j r,adioactive and non-radioactive constituents.
N 3. Water impervious storage pool liners.
l- 4. Shielded cleanup' systems for removal of radioactive contaminants-

3 in storage pool water.

1 5. Approved plans for operation of cleanup systems.
j. 6. Approved plans for disposal of radioactively-contaminated resins.

"

] B. Dry-lrradiation/ Dry-StoraP.e, constraints may include:
1. Periodic sampling and destructive testini. of tapsules.+

)- 2. Ventilation leakage control.

I 3. Specification of limits on radioactive constituents in ventilation

j~- off-gas.

l 4. High efficiency filtration system requirements. I

?- 5. Approved plans for operation of filtration. systems. -

1 6. Approved plans for disposal of radioactively contaminated filters.
C. Commodities, the constraints would be determined by the properties c.3-

j of the commodity, which may vary widely. For example, irradiation of? j'
1. Fruit, Nuts, and Field Crops may cau'se imposition of cleanliness jg 5standards to prevent stems, leaves, dust, and dirt from impeding

transport through the irradiator'or moveme' t of the source racks.n
2. Bulk Grains may require that the dust loading of air be controlled

1 to prevent explosion.
y 3. Cra;ed or Boxed Commodities may require no constraints other than
[[ those currently imposed on medical product irradiators. ;

A
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yij i EE COMPARISON OF RADIOACTIVE ISOTOPES

j EE COBALT-60 VERSUS CESIUM-137,

g

There are many forms of energy, such as chemical, electri-g:
.

cal, or nuclear energy, which if used properly and withy adequate safeguards, pcmote well-being and provife a multi-
';; tude of benefits. One of these forms of energy 1.s emitted-
I as gamma radiation from radioisotopes. A major industry in
y- itself, radioisotopes find applications in tracing, activa-
a tion analyses, radioisotope generators, chemical processing,,

medical product sterilization, and in food disinfestation andp{ '

p preservation. Two well-known radioisotopes ared
cobalt-60 (Co-60) and cesium-137 (Cs-137). '

i?
r
i The majority 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
(t irradiation facilities yith a total installed caycity of ,

f 70 million curies (mci) Only a few of these irradiators.

L,4 use Cs-137. -

)
% At present usage rates, adequate amounts of Co-60 can be-

3 produced to meet the demand. However, with the identified.

9 beneficial uses of ir.cadiation technology such as steri-
d lizing medical prodne :s, disinfecting sewage sludges, con-
hij _ trolling the spread o.! insect pests including the Caribbean
8 and Mediterranean fruit flies, and improving the s.corage
y life of many foods, :.he demand for radioactive isotopes will
W increase. To. meet the demand, additional production
sj . capacity for Co-60 ar.d/or Cs-137 will be required. This6 analysis comparatively evaluates Co-60 and Cs-137 on the
] basis of isotope characterictics, production and supply,
p< source utilization, isotope demand, and cost.

$ ISOTOPE CHARACTERISTICS
yt

fj ' Cobalt-60

Radioactiive Co-60 is produced via a neutron capture reaction
f that is initiated by placing the stable isotope Co-59 into a
d- nuclear reactor. When_an atom of-inactive.C.o.59. assimilates
B a low"or intesetdiate'edeigy aresulting " compound" nucleus,, ftron int;o.,its nucleusr.tha.%'< Co*, is unstable and
J promptly emits a gamma ray (or photon) to relieve the insta-( bility:
h -

? 1 59 60 60
N 0" * 27C Co* Co + y.* *

27 27
2

7 A curie is the amount of radioactive isotope needed to
4 obtain 37 billion atomic disintegrations per second.. A
] million curies is denoted as a megacurie or mci..
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y:- The residugl nucleus, Co-60, is still radioactive'

(half-life = 5.27 years) and will subsequently undergo beta-

.i (8 ) decay--a process in which the charge of a nucleus 1
-

5c changed without a change in the total number of nucleons .
6. In simple terms, beta decay occurs when one of the neutronsy .of Co-60 changes into a proton and an electron, and the ,

'

s created electron (8 particle) is emitted from the nucleus .4
s'

[ 60 60 0Co. Ni + 8,+

s
?
d 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 aq
e more stable configuration, two photons of energy or gamma
bj rays are released. It is this final release of gamma rayi energy which finds practical application in product irradia-
Q tion. The Ni-60 nuclide is thereafter nonradioactive. Thek complete decay scheme of Co-60 is summarized in Figure 1.
H .

] Cesium-131
h
j Radioactive Cs-137 (half-life = 30.17 years) is produced se
p a fission product of nuclear reactor fuel. Contrary to what

,

.

$ might be rwpected on intuitive grounds, a fissioning nucleus
'

y (i.e., uranium-235) rarely splits exactly in half. Instead,
(.) the fission fragments. tend to fall into two broad groups: ,

a i

fc light group with mass numbers from 80 to 110 and a heavy !A: group with mass numbers from 125 to 155. Two of the most
R abundant fission fragments from these groups are strontium-90 1

),t and cesium-137.

Cesium-137 is similar to Co-60 in that it decays by betay
emissionsj

j
$ 137 13 OCs Ba + g+
7 55 56 -1 .'
.

), However, the bega decay may lead to either of two different
i isomeric states of barium-137 (Ba-137) . One beta decay.

[* 1eads to- the ground-state of Ba-137, a stable nuclide, and
i ;- .; .:.. . . . ._ . -- :u s-..

-

J 2 '

K. Half life: the tfime dtring which' the aiitivity or klecay~
I$ rate falls'by a factor.of two.
n 3
:,j - Nucleons = protons and neutrons in a nucleus.
N 4
K A massless particle called an antineutrino is also emitted
% during beta decay. It interacts very, very weakly with' nuclei and does not produce ionization.
b 5G An isomeric state refers to when a nuclide has the samej mass number and atomic number but possesses different l

g radioactive properties in different long-lived energy states.
"
,

J
'

k 8-2
.
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COBALT-60 DECAY SCHEME.
'

( 3,,, ,, ,

y, so .
-

c
,

..

61 : . .-o .

i 8 0.318 mv (toot)
$
5

y) .
9

so.

.

Ni
.

2.5057 my

; -

a Y 1.1732 MvV (10o4)
?) '
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M 1.n25 m:v

Y 1. n 25 Nov (2004)
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.
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.

j. Figure 1. Cobalt-60 decay scheme
.
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d: CESIUW137 DECAY SCHEME
'

IF.
|..

!' 30.17 yr-
!, 137

Cs.i.
't . -
A.
1
/ 8 1.176 MeV 8= 0.5116 MeV (94.6%)

~

F

.., ,. 5 4%)(4
g. .

i " b~ ' " 2.551 min __

- e naammmmmem - -- summmmmmmmmmmmmmmmenn 0.6616 MeV
- ~

f
4.| ,$r

,

... (p,,g) Y 0.6616 MeV (90.1%)
J
4

1 I
- 137-

'I ~ k 0 ENERCY STATEj CROUW STATE
4

+
j_ -Figure 2. Cesium-137 decay scheme
,
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eno locdo to ths metastablo state.of barium, Ba-137m.
last nuclide has its own characteristic half-life-W' '

This
(2.551 minutes) and decgys by two distinct modes:f; _ (1)

internal conversion , denoted by the symbold ( 2 ) _ ganana (y) emission. (e andThe ratio of the frequency),of these
.

", two events, (e/y),
1- Cs-137 is presented in Figure 2.-is 0.11.The complete decay scheme of.6, . *

i

Co-60 arid Cs-137 Table 1 below lists some of the salient features of both
"

bi
4 :
( -

1

g Table 1
ISOTOPE COMPARISONg. ,

et,
3

n
" Ratie of

Ouantity Co-60 to_ Co-60 Cs-137 Cs-137
i

g Gammas per decay" 2.0 0.85 2.35k Energy (MeV) per gamma 1.33,1,17 0.662 1.89Enercry (Mev) per decay 2.5% Half-life (years) 0.56 4.45
A 5.27 30.17 0.173
[.j ,

Note that while Co-60 has both higher energy gamma.;.r
gammas per decay than Cs-131, it also hais a much shorter ';

. s and more,

half-life.
%

-

1

Cs-137 are substantiallThe energy levels of the gammas emitted from Co-60 and9. '

for tnget activation. y below the energy threshold requiredf

Therefore, it is not possible forj

'the ga.mmas.to generate " radioactive" materials, regardless[
of the total amount of radiation energy absorbed.

,

P.

ii
-

Material sensitivity to a radiation environment1 .

colora -ion- or breakdown of a target material) (e. g. , dis-1 on ' (1)
the rate that.the energy was depositedthe: total quantity of radiation energy absorbedis dependent3 (2)

,

various mechaniema and interaction processe,s by which theand (3) the,

3 radiation deposits its ener97i 4.n the target.
materials exhibit little sensitiv1w tm items (2)Usually[ above. It is the total quantity of radiation =,.. and (3))

,
'

4 absorbed by'rthe-material that is- the- dominant factor.
cry

(1) and-(2) are' easily co,ntrolled by varying the amount ori 7tems
source material and/or the product throughput in a facility.

*

1 As for item (3) ,
the energy deposition mechanisms do differL according to the ty

particle, or gamma pe of radiationand the energy sp,ectrum of theneutron, charged-?! (e.g.
radiation. However, y)

raQ

in comparing just those gamma-rays withy
,

% 6

$ An internal conversion
of energy from the nucleus to one of the orbital electroneprocess involves the' direct transferI
and the electron is then ejected froar the atom.'*1,
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|.i ' energies between " .1. and 3 MSN,- the manner in which 'the
'

p gamma energy is #. .:f ted is very similar. Thus, for a,

jy particular famil( ; c;eh equivalent amounts of either Cs-137 '

d- or Co-60.such that items (1) and (2) are satisfied, the
N ' amount of radiation enhancement or damage to a product will
Q be the same regardless of which isotope is used,n
p" ISOTOPE PRODUCTION AND SUPPLY
4
N Isotope production often entails long and arduous manufac- t

3, turing processes, each of which must be covered by extensive
j quality control measures to ensure that the final product
f- meets all of the engineering and safety specifications,
d Cobalt and cesium sources are no exception.
h
| Cobalt-60

1*

1 The procurement and manufacturing process for the cobalt
1 source pins, as followed by the Atomic Energy of Canada, ,

h Ltd. (AECL), is listed below:
' ;f
.

'

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

4
g . -.

y. 2. The ore is refined and purified. *

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

.n
k 4. The Co-59 is welded into zircalloy capsules, the
} capsulas assembled into bundles, and the bundles
$ formed into long rods for placement into a

' reactor. .,,

-i
T 5. Af ter a suitable period of neutron activation 1

I2 (12 to 18 months), the target rods are removed
i, from the reactor and dismantled.

4

lb 6. The cobalt capsules are placed in hot cells for

h double encapsulation. The first layer is usually
g zircalloy, and the second 1myer is stainless
q steel. Each encapsulation is performed separately -

& with its own set of stringent weld av==4 nations
and tests.-"

.

7. These source pins are then wipe-tested, measured
d_ for curie content, and transferred to a water pool
M for temporary storage-prior to shipping. The |

,

';j total production time required for the source I.

$ pins, from activation of the Co-59 through the
i

encapsulation and shipment, is 15 to 24 months. i*

|

A |
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C The source pin dimensions may vary greatly depending on
their-specific application but normally measure greater than{< .

a 40 cm in length and approximately 1 cm in diameter. The
' source pina are kept thin to minimize heat buildup and maxi-

.

mize efficiency due to the high self-absorption of the'

6 cobalt: self-absorption fa'ctors (including the encap--

]'
sulatine 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

p time in the reactor but usually varies from 70 to.100 curies

N per gram for industrial applications.
I
T The 1983 installed commercial base of Co-60 in the U.S. is
S approximately 33 mci. The current U.S. supply of Co-60,

h' monitorad by DOE and produced at the Advanced Test Reactor
y facility in Idaho, accounts for only 25 percent of the

_
,; annual source replenishment requirement, or about 1 mci per
] year.
>

.4 Most of the world's demand for Co-60 is being met through-

,i production at a nuclear reactor complex near Pickering,
j~ . Ontario, Canada. This facility has the capacity to produce
A approximately 13 mci /yr. Coupling the current capacity with

i the additional proposed capacity from seven new reactors
d- scheduled to be in operation by 1985, and four more

Q
scheduled to be in operation by 1990, the Canadian facili-

i ties have a potential annual Co-60 production capacity of
; 63 mci. If worldwide demand expands to a point where this'

e, rate of production is inadequate, three other alternatives
J could be expected to contribute to the supply of Co-60:
.

(1) the Canadian facilities could increase production an
(y additional 30 percent by operating at less than optimum=

conditions (this would require increased fuel burnup and
associated higher prices), (2) Canadian research reactors'

,

and o9her sources could increment the supply another 3 to4
a t 7 mci , and (3) other reactors in the U.S. and worldwide

could initiate Co-60 production.-

:
; j Cesium-137

);
'

Rockwell International currently encapsulates radioactive"

cesium a't the Waste Encapsulation and Storage Facility
:j . (WEST) at Hanford, Washington. The steps in the production

of the WESF capsule are as follows: ,

U 1. The high-level wastes containing cesium are
. d- removed from the underground storage tanks and

j purified by ion exchange.

7Fraser, F., 1983, " Cobalt-60 Supply, Demand and Price,"*

- i AECL Third Gamma Processing Seminar, Technical
Paper GPS 314.
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J'' 2. Elution of cesium from the lon exchange bed gener-
7 ates Cs CO , This-is later converted to CsC1 via
k anexot[lerdicreactionwithHCl.

* '

m

% 3. The purified Cscl solution is boiled down to a
L; solid salt. The salt is dried and then brought to
Q a molten state by induction heating.
h .

I' 4.- The Csci is melt-cast into a stainless steel cylin-
[j der. After-cooling, a sintered disk helium source
( is added, a lid is welded on,-and the capsule inte- 1

( grity is checked using a helium leak test and a
i bubble test.
a-
g 1

$ 5. After decontamination of the capsule, it is placed |
K into another stainless steel cylinder for double :

14 encapsulation and the welds are ultrasonically l

{ inspected. . ,
,

h
~

6. The source-capsules are measured for curie content

4 and placed in storage.
3
$ Figure 3 illustrates the physical dimensions and character-
y istics of the WESF gamma source pin. The source strength,

,

W for the WESF capsule is approximately 25 curies per gram, or
,

d approximately 70 thousand curies per capsule. A source-
Q' plaque containing Cs-137 WESF capsules would be four to five
# times as large in area, yet contain half as many capsules as
y a Co-60 source plaque generating an equivalent flux field.

,) The size of the plaques and the number of capsules they must
/ hold are merely facility criteria that.are accounted for in

'

/, preliminary-design.
b-

@ :The WESF capsules.were originally' designed.for pool storage.
s Therefore, the efficiency of the capsules is relatively low
p (less than 70 percent) and the thermal heat load is greater
9 than for the.slerder Co-60 source pin. The outer surface

temperature of the.WESP capsula (in air) hag experimentally
6 been determined t.c be on the order'of 100*C-. In anticipa-
p tion of their use as gamma radiation sources, various parti-
f cipating national-lak. oratories subjected the source pins to
4 a battery of tests, it.gluding free drop, percussion,
k heating, and immersion . This evaluation-of the capsule's
p performance and integrity showed that the' welds' and thick
).

Kenna, B.T., and Schultz, F.J., " Characterization of an
7 Aged WESF Capsule", SAND 83-0928. See also: Sandia
p National Laboratories, Byproduct Utilization Program,
f Bimonthly Report, March / April 1983.

f IKenna, B.T., "WESF Cs Gamma Ray Sources", SAND 82-1492.
i See also: Niemeyer, R.G., " Leak Testing Encapsulated
y Radioactive Sources", ORNL-4529.
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WASTE ENCAPSULATION AND STORAGE FACILITY (WESF)CAPSULEs
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double steel walls provided substantial structural strength.
-Corrosion was also shown to be minimal..

:/. -
y The source material in the WESF capsule, CsCl, is soluble in

4 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 contactj; with water, the Cscl reacts vigorously or effervesces. In

y the unlikely event of a capsula leak, the dissolved or

Q't -
leached. cesium could be removed relatively-easily by passing:
the solution through ion-exchange columns.

Z

y There are approximately 193 mci of Cs-137 available from
A high-level nuclear wastes located at Hanford and the
? Savannah River Planc (SRP) . Approximately 90 mci of this
( Cs-137 has been encapsulated and is ready for immediate use.

Table 2 ghows the estimated Cs-137 inventories from variousg_ 1
|j sources
M

'
'

q The recovery, but not packaging, of Cs-l37 from spent -

y nuclear fuels is currently being planned at SRP for waste
i management purposes. Assuming that packaging facilities are
@ utilized at SRP for product form conversion and encapsula-
1_ tion, then the potential cumulative amount of Cs-137 avail--

p
*

able by 1990 from both Hanford and SRP will be approximately..

3 250 MC1. This quantity of Cs-137 could.be greatly increased
:j if the cesium from commercial spent fuel was also scheduled
q for recovery. Figure 4 shows the cumulative potential inven-

tory of Cs-137 available from high-level wastes up to the,j year 2000 (the graph is taken from the, reference in ?
q footnote 10).
Pl

p Two transportation casks are being fabricated by the
j Department of Energy for use in loacing Cs-137 irradiators
U with~the WASF capsules. Each cask will contain 16 capsules.
( The cask bodies have been forged, machined, and surface
$ treated. Manufacture of the lids will be contracted
f shortly. The half-scale model tests leading to Nuclear
S Regulatory C ==4ssion, Department of Transportation, and

Int.ernational Atomic Energy. Agency Type B licensing will
,

a start in December 1983. The estimated completion date for
1 the full-scale casks, including licensing, is July 1984.
%

i SOURCE UTILIZATION AND DOSE UNIFORMITY
i
? Calculations have been performed to determine.the relative
j source utilization of Co-60 and Cs-137. The source utiliza-

[i
tion indicates how efficiently the gamma radiation produces

.

k Wheelwright, E.J., 1983, " Byproduct Inventories",j Waste Management '83, Vol. 2, p. 123-127.
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f' Table:2
.i ESTIMATED INVENTORIES OF CESTUM-137
V FROM VARIOUS SOURCES

*

1, . .

} Effective*

_j Source Inventory Date mci-

,.

13

ij Hanford
,,

7 - Cesium chloride
~

[[.
capsules through 6/82 1/83 63.6

1 - Cesium chloride

[ capsules through 10/83" 1/83 -27.7 |
\

)< b
- Stored wastes 1/83 26 !

, !

3: - Future wastes 1/83 to 1/91 38.7
||*

I
f Savannah River Plant
7
5,' - Current wastes 1/83 102
1'

n .

1 - Future wastes 1/83 to 1/2001 109

? -

:f!L Commercial Spent Fuel
,

n

5- -Accur through 1981 1/83 510
a
it
]; - Accum, through 2020 1/2021 11,000
i

b " Completion date' established-through personal communication
a with I.E. Reep of Rockwell'-Hanford.

]
bCasium contained in-current waste but not considered,

j recoverable.
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(b a desired effect. It isEusually given.in terms of dose

3. per unit source (hrad per mci). A high value for the source. ;.

s' utilization would indicate a relatively high absorbed dose '

M for a unit quantity of isotope.
%. <

is, The calculations were performed using-a Monte Carlo trans
'

y:Yi - port code (MORSE-SGC) for three different case studies:
* . + -

L Case 1: Co-60 versus Cs-137 (9gch assumed to be
f 100 percent efficient ; no self-absorption).

5] - Case 2: Co-60 source pins (95 percent efficient)
y versus the CsC1 WESF capsule (68.61 percent i

lyh efficient).
J
7' Case 3: Co-60 source pins (95 percent efficient)
N versus a 1-inch diameter Csci capsule i

si (86.34 percent efficient). |
a
II; The 95 percent efficiency used for the Co-60 source pins in
3 Cases 2 and 3 was employed _to approximate the efficiency of
$ a standard AECL source pin. Case 3 was studied to determine
|ej - the incremental benefit achieved by optimizing the design
Ji- parameters of the'WESF capsule for commercial, irradiation
3 rather than pool storage.

,

#

${
The ratio of the source utilization of cobalt to' the source

L
utilization of cesium reaches its maximum value (largest

FT difference in the benefits from the two isotopes) _ when all

$ of the energy available from the nuclides is absorbed in the
L8 target material'(requires essentially an infinite target
$ mass). These maximum values are shown below in Table 3 for-
[;j Cases 1, 2, and 3.

.
.,.;

G Table 3
i| MAYIMUM SOURCE UTILIZATION RATIOS2

2 (Co-60/Cs-137) .

9 *

M Case 1 Case 2 Case 3
P
~

$ Mrad / mci of Co-60
.'

4*45 7*41 5*53',

$ Mrad / Mci of Cs-137 - .-- -.

2
._

d
. ._: 1 ec - - 1:c

N- As might be expected, Case 2 has a higher ratio than either
r.'!

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
o

S 11
[! Dose: energy deposited per unit mass; all calculations

were referenced to dose in water.
0- 12Efficiency is defined as the number of gammas which escape,;

l' from the source geometry per source gamma.
~

.
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I . gamma energy spectrum would harden, and the ratio for case 2
) -would decrease to that given for Case 3-(used-a 1-inch dia-~

. meter CsC1 capsule) and eventually approach that given'for/- *

@ Case 1 (point source). Two interpretations of the values in .

Q- Table 3, assuming very large targets and using Case 2 as an.

y example, are: -

,

?)

(1) a co-60 irradiator with some specified number of
7
i curies has a plant capacity (or provides an

y> absorbed dose) 7.41 times larger than that for a

[.f WESF capsule irradiator using the same number of
4. curies of Cs-137. ;

)
% ( 2)' 'a WESF capsula facility requires 7.41 times more
H source (curies of Cs-137) to provide the same
3' total absorbed dose to a target as a Co-60

% irradiator.

Q
.

h For. finite-sized targets, the source utilization becomes
4 dependent not only on source capsule efficiencies and source
3~ gamma energies but also on how that energy is deposited
W .along the gamma's track through the target.- Figure 5 shows

a graph of. source utilization ratios (dose per unit source)( -

W for the same.three case studies, for target d.epths of 0 to.
.

{ 75 cm, and for specific gravities (sp gr) of 1 and 0.1.

N
Note that the utilization ratio curves decrease initially

R- from some characteristic value at zero thickness (Case 1-=

J- 4.04, Case 2 = 6.73,' Case 3 = 5 02) to a minimum, and then
4' swing back up to approach the maximum values shown in
p Table-3 as the target thickness becomes very.large. The
d location of this minimum value or dip in the curve will move

1 to the right (toward larger values of target thickness) as
7 the density decreases. The reason for the initial decrease
1.|| * in the utilization ratio curve is twofold: - ,

W -

[ 1. The physical observation that' gammas interact more
i strongly with target atoms as a function of
fi decreasing energy and increasing density creates a
1 positive feedback process for the energy deposi-
$ tion. Because the source energy spectrum from
p) Cs-137 lies at a lower energy than Co-60, the

B Cs-137 gammas will travel on the average.a
H slightly shorter distance or path' length in_the~

I) target before they have an interaction. With each
,

M interaction, they lose energy; this increases

f their probability of interaction and decreases
d their path ~ length' correspondingly. Thus, the
H gamma energy spectrum from Cs-137 broadens out

more quickly than the spectrum for Co-60 and the .
energy deposition becomes slightly more efficient..,

-

p
; 2. At energies.near the source energies of the two

isotopes, backscattering (reflection) of photons,

t.

[,
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j' is' greater for Cs-137 than for Co-60. This holds

true until the energies of the gammas drop low4 enough that the dominant interaction is absorption
-

h-
f (photoelectric absorption) rather than scattering
W (Compton scattering). Since backscattering causes

$' more energy to em'erge into the backward hemisphere,'

4 the energy deposition from the cesium gammas
b: becomes more efficient.
9
I Thus, Figure 5 shows that for many targets of finite size,),j (1) the. plant capacity for a Co-60 irradiator ranges from
7 6.29 to 6.73 times larger than the plant capacity for a
j Cs-137 irradiator using WESF capsules, assuming equal source i

d strength (same number of curies) , or (2) the source require-
8 ment (number of curies needed) for a Cs-137 irradiator
j using WESF capsules ranges from 6.29 to 6.73 times larger ,

ithan the source requirement for a Co-60 irradiator, assumingi
j the same product dose.

- .

) In addition to source utilization, another basis for isotope4 comparison is the dose distribution as a function of target4
$ 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 .increiases as a*

4 -

i function of decreasing gamma energy, it would seem likely
F that the Cs-137 radiation would be attenuated or absorbed
f much more quickly than the Co-60 radiation in passing
p. through a target material. However, a gamma does Tnot neces-

Some-
if sarily dissappear everytime it interacts with matter.

times it just scatters. If. such was not the case, it would
%
P be much more difficult to obtain a relatively flat or uni-
4 form distribution with any isotope. Actually, it has been

B
noted that in " materials of low atomic number, the diffusion
phenomena are extremely important, and the* dose received is

-

i due more to the photons that have been subjected to diffu-)
f sions, gther than to the photons coming directly from the

source"<.

Z
j. For target irradiation from one side only, Figure 6 shows-i .

p. graphically the necessary target conditions (specifically
E thickness and specific gravity) for one isotope to provig a

flatter or more uniform dose distribution than the other .

,.

f.
q Eymery, R., 1974, "The Prospects of Using Cariium for13 '

i(
Radiosterilization", Sterilization by Ionizing Radiation,

(. Gaughran, E. R. L., and Goudie, A. J., eds., p. 173-184.
,

14
j The data base for the graph comes from a Brookhavea
[ National Laboratory report (BNL 11194, p. 50) by
p F. X. Rizzo, G. E. Cunningham, L. Galanta, and J. H. Cusack. ,

The graph is intended to provide a rough comparison only |
w

p and should not be used for precise interpretation. See
also: Josephson, E.S. and Peterson, M.S., eds., 1982,

L;
Preservation of Food by Ionizing Radiation, Vol. 1,'

p. 151-153.'
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From the standpoint of dose uniformity, Cs-137 appears to be
'

,

O 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-
y tion, however, the differences in depth-dose "are minimized
7' and.both isotopes provide a similar uniformity over a wide
d range of target thicknesses and densities" (see footnote 14
3 for reference).
A
y ISOTOPE DEMAND

'

,
.,

Si The current isotope demand in this country consists of
3: material for new irradiators and replenishment material for

.

UL existing irradiators to offset isotope loss thr'ough radio- !
0- active decay. With no new irradiators, the demand for i

d replacement material is approximately 4 mci /yr of Co-60 plus i
1, -. 0.04 mci /yr of Cs-137. Any growth in this industry will !

i produce an immediate isotope demand for.the irradiation faci- 1.j lities to be brought on-line, plus an associated increase in j
h the long-term demands for source replenishment. The actual
1 future demand will be primarily dependent on the amount of
S new irradiation capacity installed. jA ;r. .

@, The predicted worldwide cumulative Co-60 demand over the
-

,
'

Le; next 10 years will be on the order of 400 mci (see
$~ footnote 7 for reference) to 500 mci. This assumes that
0 food preservation and waste treatment applications will grow i

$ to the extent of requiring about 88 mci (or 20 percent of j
d the total) over the next 10 years. Primary uncertainties in |

S predicting the supply-damand relationship are (1) the rate j
i of growth of the medical products and consumer procucts
Q market, (2) the rate of conversion.of medical product sterili-

,

R- zation facilities from using ethylene oxide (ETO) to using i

ti - gamma irradiation (ETO is considered a health hazard by OSHA),
E and (3) time delays in the construction or administration of
II! facilities for the production and/or reprocessing of the

,

[ required isotopes.
.,
7, _ -The potential supply of Co-60 over the next 10 years, approxi-
d 'mately 435 Mci, will be adequate to meet,only the less ;
k optimistic of the two demand predictions. If WESF capsules
1- containing Cscl were to be used to meet the worldwide-
M demand, at least 2700 mci of Cs-137 would need to be made
j available through reprocessing over the next 10 years. . The
W previously mentioned potential supply of 250 mci of Cs-137
f satisfies only 9 percent of this requirement. Encapsulating
f ,_ the CsC1 into more efficient capsules (e.g. , a one-inch dia-
W meter capsule) would provide an increase in the amount of
d usable WESF curies and satisfy an additional 3 percent of
p the demand. Reprocessing of commercial spent fuel in con-
fj cart with efficient capsule design could conceivably
H increase the. total supply of Cs-137 to 650 mci by 1993 (see
b Figure 4) and satisfy 25 percent of.the 10-year demand.
|
6
R
1
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ISOTOPE COSTS ,

, 1

It is questionable whether the potential production capacity
Sof Co-60 will be sufficient to meet the projected' demand.
The u,se of Cs-137 could help to offset any shortfalls in;

1 supply which may occur. If the recovery and encapsulation

i. of Cs-137 increases, then to a great extent, the relative
demand for the two isotopes will depend on cost.'

I

The mid-l'984 price for Co-60 in the United States is approxi-'I

mately S1.00 per curie. For comparison, the price set by
n, DOE for Cs-137 is 50.10 per curio. Taking into account the

] lower source utilization, Cs-137 is still less expensive on
j- an equivalent basis.

4
9 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
|.,1 30.17 years and 5.27 years, re spect'ively . To maintain the

desired level of activity, the gamma-ray emitting sourcej- must have material added on a periocic basis. For Co-60,
$
Il 12.3 percent of the initial charge of isotope must be added
1 on a yearly basis. Due to its longer half life, Cs-137 only

requires a 12.3 percent addition every 5.7 years. ,i

Fi Looking at total' source costs, assuming a discount rate of
9 15 percent, a fixed Co-60 price of Sl.00/Ci,.and neglecting

shipping and handling costs, 1 curie of Co-60 replenishedq.
p.- annually to maintain the same source strength over*a 20-year
1 period, would have a present value of S1.76. An equivalent

L number of curies of Cs-137 .(WESF capsule), with a fixed
4 price of S0.10/Ci, would have a.present value of only 50.73.
[/]

Assuming a 40-mci demand of Co-60, the use of Cs-137 as a
replacement would generate a 20-year present-value equi-n-

i
valent savings of S41 million. The actual'first-year

/ savings would be S13 million. Figure 7 shows graphically
9 the 20-year present value for the Co-60 source pin, the WESF
' capsule, and the 1-inch diameter CsC1 capsule.
' ' Figure 8 generalizes the comparison in Figure 7 for dif-;4

.

Q ferent source utilization ratios and different initial iso-Assuming an initial cost for either Cs-137 or4 tope costs.j 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 ofq

T present worth, but also the cost that must be charged for
~

P
h

the alternative isotope to obtain the same present worth.
H

This is illustrated in' Figure 8 for a given source utili--

h zation ratio of 6.73 (relating the Co-60 source pin and the
j WESF capsule):
m An initial cost of S0.10 per curie for Cs-137'i

a.

y gives a 20-year present value of 50.73 per curie
(Co-60 curie equivalent). The price for Co-60

.
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t. |
1 need only be $0.42 per curie for the two isotopes
s to be equal on a present-worth basis.. .

5
T b. An' initial cost of $1.00 per curie for Co-60 gives 1

[ a 20-year present value of S1.76 per curie. The l

price per curie 6f Cs-137 may be raised to S0.24'

j( before the costs of the two isotopes are equal on

Y a present-worth basis.
. ,

Transportation / shipping costs were not included in the above:

L;; analysis. It is estimated that the transportation cost

, .i
contributes one to two cents per curie to the base price of

f each of the isotopes, with Co-60 being slightly more expen-
d sive than Cs-137 on that basis. However, accounting for the

greater curie load of Cs-137 required to render an equiva->
lent dose to Co-60, and acknowledging the differences in-

{ source replenishment requirements-for the two isotopes, the
j total transportation costs for Cs-137 are on the order of .

Q.
one and a half times the transportation costs of Co-60. It

1 is important to note that these costs are still only a frac-
O tion of the total source costs.

a

h' On the other hand, the costs of shutting down the facility,
opening it up for replenishment, replenishment labor andj --

4 time, closing the facility and restarting production are
fj- non-trivial costs that must be incurred on an annual basisfor Co-60 versus the.5.7 year cycle for Cs-137.
3 -

t.

$ With a significantly lower first cost and life-cycle cost,
9 the use of Cs-137 in new irradiation plants appears finan-
5)\ cially feasible.
Aj. OTHER CONSIDERATIONS

-

. ,

p

[$
From a purely economic viewpoint, it is more cost effective
to use Cs-137 as a gamma-ray source. However, there are

j other considerations that must be included in a comparison,.

{ between Co-60 and.Cs-137. These include:
x

Principal cobalt suppliers are and will probably) o
j continue to be outside the United States. The,

i cesium supply is domestic and is regulated by the
1 U.S. government.
e

Removing Cs-137 from high-level nuclear wastes andy o
R spent nuclear fuel has the added benefit of
L.' reducing was'te disposal costs,
n

CONCLUSIONS

} The projected growth in the irradiation industry will likelyi .:

require contributions to the supply by both Cs-137 and Co-60.;

The widespread use of Cs-137 in the irradiation market will
,

I
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supplement'the Co-60 supply as well as reduce cost, elimi-

..
.

..

g . nate reliance on. foreign supplie s, and help reduce radio-i

Ff:; active waste disposal problems.
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2 COVERNORS $7ATEMENT
0
|4 . On Monday morning, Radation Sterilisers, Inc. (RSD nottfled the State that they

Ib '

R b shut down their sterillsation operation the to higher than normal redation lewis.
W
Q RSI uses radatio'n from sealed containers to sterillas nwdcal devices and other items.
N
|9

Staff of Cearsta's Department of Human Resourcas were immodately depetched
fj They datermined that while the radation lewis were relatively highT to the facility.

() abow the storage pool, this area was completely contained and did not pose a dangery
a
I;l to the psile,
fj
0,1 . Wehoeday owning, the Department of Natural Resources and officials from the
y Nuclear Regulatory Commission visited the facility to determine whether or not anyd '

45 rlek esdsted outside the buildng. The levels found outside the R$1 facility were essentialh

bq)j
.

, *

b at naturel background lowls and pose no pelic health problem. I haw asked both
b

[.j _ agencies to work actiwly with the Nucteer Regulatory Commission to continue to asswo
q

1 there is no pelle W, and that ewry effort is being made to egedtlously correct
u

the deficiencies decovered on Manday morning.'

.

?
W- $1nce any potential egosure to the pelle would only occur if any of the
W

radoisotopes leak from the buildne into the environment, the Department of Natwal
n

4 Resources 'will be the land State agency in monitoring and coordnating these
%
a
j investigations. For additional information,' the Department of Netwal Resowces may

S be contacted and Mr. Jim Seteer at 654 4713 will provide a responsa.
F.

ij 6/9/88
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f BRIEFING SHEET

2i
[ Scheduled: September 26, 1988, Monday
4 10:00 a.m. - 6-B-11 - White Flint
$3

Subject:
. Leaking Cesium-137 Capsule Incident in Georgia

V: Purpose of Briefing: To discuss with the NMSS Director and Deputy Directori
1- the DOE and Georgia investigations concerning the

Georgia Incident.

Items of Discussion: 1. Current status of DOE and State of Georgiap Investigations
1

%j 2. Should NRC be taking any additional actionsf
21

as follow-up to the incidents?

fj Handouts: None
A
* ' Attendees: H. Thompsony R. Berneroy G. Sjoblom
3 J. Hickey

', M. Lamastra
; S. Baggett
f P. Vacca$ T. Rich-

J. Lubenau, GPA,

f.'j K. Black, AE00
'i.,l,

u Additional Distribution: R. Burnettw-
i
:1, M. Knapp

i
R. Browning

. J. Austin'u
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