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" SEP 8 19770

U. 5. Nwclear Regulatory

Commission

NMSS
Mail Section

QEGULATORY FILECY.

Mr. Charles MacDonald
Nuclear Regulatory Commission
¥Washington, D. C. 20555

Dear Mr. MacDonald:

Approval is hereby requested for authorization of a package design consisting
of:

- a lead filled steel cask meeting the requirements of
NPI Specification El1, dated August 1972,

in a:

- wood and steel overpack meeting the requirements of a
20%C6 overpack (Title 49-178.194),

under the follewing conditions:

- The radioactive matetial is cobalt-60 in sealed sources
meeting the requirements of Special Form.

~ The activity limit is 9500 curies.

- A1l current requirements, including radiation limits, labeling,
and documentation, of the Nuclear Regulatory Commission and
Department of Transportation will be met.

- The overpack will be opened only by NPI personnel who will
always allow the external temperature of the cask to cool
so that it can be readily handled with bare hands.

~ Transport will be limited to land and sea.

This request for approval is based on the following:
- The 20WC6 overpack has been evaluated, approved, and used

for many years within its specified limits when loaded with a
Specification 55 inner cask,
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- NPI has used the 20WC6 overpack with jts Specification El
jnner cask for over 500 times without incident or problen.

- The existing NPI Specification El inner cask meets all
requirements for a Specification 55 cask and all the re-
quirements of Title 10, 71.31 except for the fire test
as shown by the attached evaluation, which was performed in 1972.

- The calculated temperature of the jnner cask steel shell without
the overpack based on the conservative assumption that all the
decay heat is conducted from the source, is 164°F when the package
is loaded with 7003 curies of cobalt-60 with solar heat of 0.29
watts/in.” and 130 °F embient temperature; the temperature of the
cask outer steel shell was measured as 145°F when the package
was loaded with 6750 curies and subjected to simulated sunshgne
of 0.5 watts on the top and 0.25 watts/in.” on the sides, 55 F
ambient outside the ovegpack and the inside between the overpack
and cask of 130 mand 145°F; and when the cask was loaded with
9360 curies, and subjected to the same simulated sunshine, 72°F
ambient outside the overpack and the ajr snside the overpack
was between 143 and 163°F. .

~ There was no appreciable weight loss of the wooden portion of
the overpack during a nine day test with 9360 curies and
simulated sunshine; the actual weight loss was 1 pound of 1172
pounds. '

Since the integrated average value of the heat input from the simulated sunshine
was approximately 2000 watts and the decay heat of 9360 curies of cobalt-60 is
approxinately 135 watts, it is not surprising that the observed temperature

rise between the two tests was essentially equal to the difference in the ambient
temperature and independent of the approximately 35 watts contributed by the
jncreased cobalt-60 activity. Accordingly, we see no reason why the requested:
jncrease in the activity limit should not be granted. Further, we foresee no
problems in having the limit extended to 15,000 curies but will perform the test
before requesting approval to hhat limit.

In support of the above, enclosed is a copy of:
- NPI Specification El, dated August 1972;

- An analysis of the shipping container which was performed
in 1972; and, i
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- A report of the tests with 6750 and 9360 curies of cobalt-60.
If you have any questions, please call me.

Sincerely;

NEUTRON PRODUCTS, INC.

Marvin M. Turkanis:
Vice President

Enclosures
MMT/d1s

7607



— ——— B ———— e - e ———

\
'

|

~

:

|

\-

EROM _ Joate of ﬁﬁcuusm., DATE RECEIVED "~ NO.:
Neutron Products, Inc | 0s/31/77 09/08/77, ~- |o7607
 [om. MEMO: REPORT: OTHER
- X
T0 ORIG.: cc: OTHER:
Charles MacDonald X
ACTION NECESSARY 0O CONCURRENCE a DATE ANSWEREOD
NO ACTION NECESSARY [T] COMMENT [l BY:
CLASSIF POST OFFICE FILE CODE:
u e, o EXXX 071-09102
DESCRIPTION: (Must Be Unclassified) Request for ] REFERRED TO DATE RECEIVED BY DATE
authorization of a package design
consisting of a lead filled steel Odegarden (adv. cy) | 9/14/i77
cask meeting the xpe requirements L Reg file cy>O
of KPI Specification El, dtd 8/72. PDR
ENCLOSURES: uE (3)
MacDonald (1 cy) 07607 het
REMARKS
‘\
\
U. $. NUCLEAR REGULATORY COMMISSION FORM NRC.326

MAIL CONTROL FORM

{175}




1.0

1.1

T 1.1.1

1.1.2

1.1.3

1.3

1.4

SCOPE .

This spscification establishes the requirements for materials,

fabrication, testing, inspection, product quality, and preparation for

and delivery of 2 lead shielded shipping cask as shown on XPI Drawing

D240010.

Applicable Documents

ASTM Specificztons

) B29, A515, A319, A36, A193, D-2000

ASME Boiler ané Pressure Vessel Code, Sections VIIL and IX

AWS Specifications

5.5

ANSI Standarés

NPI Drawing D2:0010

NPI Cask Fabrication Quality Assurance Program {Appendix )

NPI
\Vhere the term NPI is used in this specification, it refers to

Neutron Products, Inc., Dickerson, Maryland. .

Coniraclor .
Where ihe term Contractor is used in this specification, it refers

to the orgazization selected to supply the équipment spacified herein.

Exceptions

Bidder skali irclude in his proposal a separate sheet(s) titled

rExceptions' listing any such exceptions taken. In the absence of
stated exceptiors, it is understood that Bidder's proposal is in complet'é

accord with these specifications and drawings herein describad.
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NPI Specification E-1
August 1972

Equipment Specification for a Lead Shielded Shipping Cask
(Refer NPI Drawing D240010)
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2.0

2.1

2.2

2.3

MATERIALS AND PURCHASED COMPONENTS

The Contractor is to furnish -all Tnaterials required for the
construction, inspection, test and shipment of the cask. 'fhe Contrzctor
shall also furnish spare parts as listed on NP drawing 240010. AIL
raw material and purchased components shall: be certified to the
requirements of this specification and/or the applicable drawing re- N

quirements.

Mill Test Reports

Certified mill test reports shall be included for all steel usedin

the construction of the shell assembly NPI Part Number E 240010-2.

Mill test reports shalllalso be fur;nished for all lead used in the éask. -
The mill test reporis shall include the ASTM -speciﬁc'ation number, .

the Contractor's name, the he'at or batch number a.nd the results of

the cl;emical analyses and mechanical pl"operﬁes tests.

The material shall be marked in accordance with the applicable

- ASTM specification. The marking shall be retained until fabrication.

is complete.

Repair of Defects

Minor defects in materials as defined by the appropriate ASTM
specification may be repaired, provided that NPL appfoves the method
and extent of repairs. Defective material that cannot be satisfactorily
répaireti shz1l be rejected.

Forming Materials

" Materials may be formed to the required shape by any process

that will not degrade the physical properties of the material below that
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required by ihe gpp]icable ASTM standard.
2.4 Material Specifications )

2.4.1 Lead

Lead utilized shall be in accordance with ASTM Standaxds B29,
pig lead - ‘-.'_xemical g;ade; o
2.4.2 Sta.ndards
Outer shell - ASTM A516 Gra.de 55
Cavity Liner - ASTVI Seamless Tube A519 (1018)
Miscellaneous Plate - ASTM A36
2.4.3 §gﬁ:§_ R -
Cask lid bolts are to be in accox;dance ﬁm ASTM Standard A193

grade B7.

2.4.4 Weldlnv Elecirodes and Fillex Wire or Rod

All weld material to be in accordance with AWS Standard a.5.
The filler matal shall be within the limits of chemical composition and
physical properiies specified for the materials to be joined.

2.4.5 Ring Gaskets

Ring gasket material to be in accordance with ASTM Standard

D-2000-70. Silicone rubber, Parker Seal Company, Number S604-7,

or equal.
3.0 WELDS .
3.1 General

All welds on the shell portion of the cask are to be in accordance

L d

with-AS;\IE Boiler and Pressure Vessel Code, Section VIII Division 1.
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3.3

3.5 .

3.6

Butt welds shall be slightly convex, of uniform height, and have

full penetration, unless otherwise approved. Fillet welds shall be of

a specified size with full throat and the legs of uniform length. Repair,

chipping, or grirding of welds shall be done in such a manner as not
to gouge, groove, or reduce the base metal thickness. ALl exposed
welds, on the finished cask, shall be ground smooth or polished to at

Jeast 125 RMS finish.

' Welder Qualificaion

- A1l welds on the cask shall be performed by quahf!.ed welders who .
meet the requirements of (have passed the test as reqmred by) the
ASME Boiler and Pressure Vessel Code, Section IX.

Welding Process

All welds on the shell portion of the cask are to be qualified in

accordance with ASME Boiler.and Pressure Vessel Code, Section IX.

Preheat

Preheat for pressure vessels shall be as recommended in the

_applicable portions of Section VIII, Division 1 of the ASME Boiler

and Pressure Ve;sel Code.

Nondesiructdve Testinz

Nondestructive testing of welds when required shall be in accordance
with the appliczble portions of Section VI, Division I of the ASME Boiler
and Pressure Vessel Code.

Repair of Weld Dafects

Visible defects such as cracks, pinholes, and incomplete fusion,
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4.0

4.1

4.1.1

as well as defects that can only be detecfed by prescribed examinations
or tests, shall ﬁe removed; then the» joint shall be reﬁrelded. .
Repair welding shall l;e done in accordapce x';ith tﬁ_e applicable
portionsvof Section VII of the ASME Boiler and Pressure Vessel Code. -
The repaired weld shall meet the quality reélﬁrements.for the original
weld. |
Removal of vndercutting by reduction of the base meta;l-section-

adja.cént o the welded seam is not permitted.

LEAD SHIELD |

The lead shall be poured in such a2 mauner that the entire cask
is filled with lead at room teﬁperatu.re and z;t 500°F with no-voids. 01;
cracks in the lead taat could cause radiation streaming. Also, the
lead must be poured in such a2 manner that volumetric expansion of
the lead during 2 temperature increase from room temperature to _

500°-F will not yield the steel shells.

YLead Casting

Pour Hole

Lead may b& ‘i)oured through one ox more holes in t‘ne- steel
structure of the cask. An acceptable method is through 2 hole in
the botiom of the cask. After the pour, the hole shall be sealed by
welding and the closure welds shall be made and inspected in

accordance with the ASME Boiler and Pressure Vessel Code, Section

Viii, Divisionl.
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4.2.1

5.0

5.1

Open Cavity Pour

Lead m2y be poured in the cask shield cavity by leaving one ﬂang-e
off thé cask and p-ouring .into the o;;en cavity. I% this method of Iea:d
pouring is selecied, the cavity shall be leak checked both before the
lead is poured end after the cavity flange has been welded to mé inner

2nd outer shells.

Lead/Steel Interiaces

Lead/steel interfaces must exhibit a2 minimum resistance to heat
flow. Pour bonding of the lead to the steel is acceptable providing the
requiremants oif £.2.1 are met.

Lead Bonding

There shall be a minimum of 60 percent bond between the lead and .
the shell with 2 minimum of 40 percent bond over any one foot square
segment of the outer shell.

Any untorded region shall not exceed 20 square inches or a
maximum dimersion in excess of 6 inches.

QUALITY ASSURANCE

Afier award :f contract NPI shall notily the Contrzcior as to the
names of persons who shall function as NPIL representatives prior to
start of iabricéﬁon, the Contractor shall submit to NPi for review and
approval iwo copies of manufacturing a.nd test procedures. 'NPI shall -
complete review within two weeks of receipt of documents. NPI shall
be notified three days in advance of any testing.

Quality Assurance Requirements
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S5.1.1

5.1.2

5.1.3

5.1.4

Compliance .

The Contractor shall be responsible for inspection, examination
and testing of 21l materials and workmanship to insure compliance

with applicsble codes and the final specifications.

Contractors Quality Assurance Program

It is the Contrzctor’s responsibility to establish ard conduct a
Quality Assurance Program for 2ll procurement, ‘fabr:ica!ion and
testing operadons. A specific Quality Assurance Program shall be
proposed by the Coniractor. The program should be patterned after.
Appendix I. .Prior to thé start of procurement of eqx;ipmént moaterials
the Contractor shall submit detailed quality control procedures to ;NPI
for.review end approval.

Evidence of Compliance

Physiczl evidence of the cpmp]ia.nce with codes and specific;.tions
shzall be turned over to NPI prior to or concurrent with delivery of
eqm:pment.

Inspecton

Test and ins.;;ection shall be made at the place of manufachre in
the preserce of an NPI representative, unless previously waived. The
Contracicr shzll afford the NPI l'eprésentatiV'e all reasonable facilities
to satisiy himself that tke material furnished is in accordance with
this specification and NPI drawing 240010, Material accepted by the
NPI representative at the place of manufacture which subsequently
reveals imperiections not detected at the place of manufacture, or

which subseguent similar tests or analyses show not {o be in accordance
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— Detailed description of method of application.
- Mettod of testirg bond integrity including minimum
acceptzble percentage of bond.
- () Miscellaneous manufacturing and cleaning procedures.

(f) Witness and sign-off procedures for all tests.

5.2.3 ' Contractor Responsibility

Drawing, specification and proce.du.re appi'oval by- NPI does not
relieve the Contractor of the responsibility to n}eet the requireme.nts
as ouﬂ:'.'n.ed by this specification and drawing.

5.3 eviations o

Wherever, mthls speci.ﬁcaﬁ.on, com;;oﬁents éﬁd ec.luipmen't are |
specified by NPI and in the Contractoxl's épixﬁon tht; use of such-
componants 2nd equipment might interfere with the Contractor's
ability to mest required standards, the Contractor shall immediately
advise NPI. If the Contractor desires to substitute equipment, change
components, or deviate from this specification, NPI shall Jl:eciuife
proof that such action will result in a system equal to orAbettezf than
that specified. N.PI reserves the right to disapprove the subsl:itution,
changes, or deviations after reviewing each case.

5.4  Welds

5.2.1  Weld Inspection

All welds shall kave 1007% weld penetiration. All exterior welds
shall be liquid penetrant checked (root and final pass).
5.4.2 Defects

Unacceptable defects as defined in~the applicable portions of
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5.6.1

Section VIII of the ASME Boiler and Pressure Vessel Code may be
repzired by the methods defined in same.

Leak Testirg

Lead Shield Containment Chamber

The lead shield containment chamber shall be leak checked before
the s@u’.elfl chamber is filled with lead. The chamber shall be pressurized
to 20 psig with 2 gaseous mixture which contains at least 10% of a2 gas to
which tﬁe leak detector is sensitive.

Lezk tests may be performed by any procedure that can be demon- :

"strated to have 2 sensitivity of 1X10m5 cm3 (STP) of helium per second.

Acceptable test methods are mass spectrometry or helium leak detection. -
If leakage is indicated, the leaks shall be located and repaired and the
test repeated.

Shielding Intecritv

Shield Inspaction

On fin2! assembly, the cask shall be tested and inspected by
nondestructve means and evidence submitted to show that the required
homogeneity of s;ielding is provided to meet this specification. Insofar
as possible, the entire outer surfa;:e shall._ be surveyed to delermine

the absence of voids or imperfections in the poured lead or steel shell.

Shield Radiation Surveyv

The entire outer surface of the cask shall be surveyed with a
cobalt-60 radiation source in the central chamber. Any area showing
surface radiation more than 10% above the average for that position

at the surfece of the lead shield shall be repaired and retested.
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5.7

6.0

6.1

6'2

6.3
7.0

7.1

Equipment Weight

The finished.cask assembly shall be weighed at the completion of T
assembly and the actual weight shall be plainiy and durably marked on
the name plate (see drawing 240010). _

CLEANLINESS AND SURFACE FINISH

Surface Finish

All exposed surfaces shall be ground or polished to 125 RMS finish

or better with no nicks or gouges.

Cleanliness

Al surfzeces shall be free from grease, oil, dirt, weld slag,
machining chips, etc. i)rior to painting of the cask. All surfaces shall
be cleaned by a solvent that is not detrimental to the cask base materiﬁl.

FABRICATION RECORDS

Gereral Recuirements

The Contracior, during the construction period, sholl maintain

‘current Fabricetion Records containing the documentation necessary o

demonsirate corzpliance with this specification. The P;abrication
Record shzll include, butis not limited to, the following items:
(2) A msterial record specifying (1) product form and -
heat number, (2) correlation of part and test report,
and (3) cask component name ox part number. Marked
drawings or annotated bills of material may be nece-

ssary to satisfy this requirement.
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7.2

(b)

. {©)

{d)

()

4y

©

o/ o/

Material test reports or other evidence of acceptability
of ma‘;érial, in compliance with the stipulations listed
in SectHon 2.0.

Weldinz procedure, procedure qualification, welder
pen‘brmance records, and lead pqixﬁng procedure.
Reports of all inspections and tests, includirg weld
examinations; dimensional inspections; pressure tests;
shielding and lead bonding integrity tests. Radiographs
used in shielding tests shall be included.

Reports of any required check analyses, clearly
identified w1tn tﬁe material they rep;.'esent.

Any deviation from this specification and the z:esolution
of same, showing NPI approval.

Reproducible "as-built" drawings showing all changes,
additiorns and deletions that occurred after initial

NPI epproval of manu.factﬁring drawings. These
drawings shall show a clear and correct description

of the construction details of the cask at delivery.

Access {0 Records

The Fabrication Record shall be assembled by the Contractor and

shall be kept current at 211 times. NPI shall have access {o the Record

and sh2ll be assured that it is complete and correct. Any deficiencies

found shall promptiy be rectified by the Contractor



7.4

7.5

8.0

N’ N

Conformity

On complef;i;m of fabrication and testing, the Fabrication P.ecord.
shall be reviewed by the manufacturer and then by NPI. The Contractor
shall certify to NPI, in writing, that the fabrication is (with noted
exceptions) in complete conformity with the contract.

Copies of Records

The Contractor shall furnish two copies of the Fabrication Records
to NPI. Tkese reports shall be submitted to NPI within two weeks
following the date of the shipment of the shipping cask. All test

specimers and weld samples shall be submitted with the copies of the

Fabrication Records.

Ownership of Drawings

All merufacturing drawings shall become the properiy of NFI upon

the completion of cask fabrication.

SHIPMENT

The Contractor shall deliver the cask and equipment F.O. B. to the

- Dickerson, Maryland plant of NPI.

It is tke C-ont_ractor's responsibility to protect the equipment

against damzge during manufacture and transit.
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COBALT-60 SHIPPING CONTAINER*

NEUTRON PRODUCTS, INC.

ANALYSIS
AND
COMPLIANCE
WITH
TITLE 10 CODE OF
FEDERAL REGULATIONS
10 CFR 71
AND
IAEA STANDARDS

*Description of package updated on August 29, 1977
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" 71.22

N
SUBPART B - License Application

Package Description

This package consists of.an assembly of a single D.0.T. Specification 55
container designed for transporting a large quantity of licensed material,
as defined in Paragraph 10 CFR 71.4 (f). The container is a 24" diameter
spherical shell of 3/8" steel plate filled with lead except for a central
horizontal cavity formed by a 8-1/4" inside diameter by 3/8" thick wall

steel tube. The cavity houses an interchangeable source positioning and

‘transferring cylinder. This package cask is used to mate with and recharge

commercial radiotherapy devices with Cobalt-60 sources. The variations in
the source, shape, and machine design of these irradiators are reason for the
interchangeable cask central cylinder. A typical central cylinder will have
two or three through holes spaced radially from the center of rotation.

One or two holes will contain the new source, a second hole is used to
preposition the cask to the irradiator and receive the expended source.

The interchangeable central cylinders all use inserted end plugs to position
and shield the contained sources. During shipping, both ends of the

cask are covered and sealed with bolted end covers. The protective jacket
is a right cylinder fabricated from single pieces of 3/4" exterior plywood
glued together and reinforced with steel through bolts. The lower base of
the jacket forms the skid to support the cask during transport, and the

top section fits snugly over the cask, and ﬁhen firmly joined with base,
provides auxiliary fire and impact protection in the event of an accident
during transit. The package assembly is firmly lashed to the bed of a

transport vehicle during shipment.
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The details of the\EE;c 55 cask are shown in NPI Dr:;;ng D-240010.
71.22 (a) 1. Gross weight - Cask 3,070 pounds.
2. Model number - OPX wﬁere X is a digit representing the serial number.
3. Specific materials of construction, weights, dimensions, and fabrication
methods are shown on NPI Drawings D-240010 and Specifications El.
4. There are no coolants in this package. Cooling is provided by
external air convection.
71.22 (b) 1. Maximum source 7000 curies of cobalt-60.
2. No fissile constituents.
3. Sources are solid metallic cobalt-60 double encapsulated in stainless
steel. |
4. No fissile material.
5. Maximum weight of a source is

6. Maximum amount of decay heat is 100 watts.

71.23 Package Evaluation

71.23 (a) Compliance to Subpart C is evaluated under Subpart C.
71.23 (b) No fissile material involved.

71.23 (¢) No fissile material involved.

71.24 Procedural Controls

The cask is two overpacks used with a 20WC6 and both are to be visually
inspected by the licensed source handlers prior to each use and by the

Manager Field Service at irregular intervals, in compliance with Paragraph

71.51 (b).




71.31

71.31 (=)

71.31 (b)

71.31 (c)

71.31 (d)

N’ N/

SUBPART C - Package Standards

General Standards

The materials specified'for the construction of this package system and

its contents can form no significant chemical or galvanic couple

under any normal wet or dry condition.

The cask end closures are bolted in place and the cask placed in this.

The 700 pound protective jacket which is in turn bolted shut and wire

sealed. The deliberate opening of the cask therefore requires special

handling facilities not normally available during transit.

1.

The cask lifting eyes are capable of supporting more than 3 g as
shown by calculation.

The shield 1id only weights 58 pounds and is manually moved.

There is no exposed structure that could be employed for lifting
during transport. The protective jacket completely encloses the
cask.

The lifting eyes of the cask are designed to deform énd break before
jmpairing the integrity of the shield containment.

The cask is firmly bolted to its base, the cask is snugly contained
jn protection, and the jacket js lashed to the frame of theAtransport
vehicle. Calculations show that the proposed tie-down system is
adequate to withstand the 10 g forward and 5 g sideways force without
failure. T

There is no exposed structure that could otherwise be used for tie-
down purposes.

The shield cask is snugly contained in the wood protective jacket and

it is the jacket that is directly tied to the vehicle. The failure of



71.32 (a)

71.32 (b)

71.33

71.23 (a)

\w/ » "/
the tie-down system could not directly impose damaging loads on the
cask. v

The shape of this cask ié a sphere so beam analysis is not meaningful.

However calculations are provided as required.

The containment vessel will be fabricated and tested under the provisions

of A.S.M.E. Code Section VIII. Calculations show 25 psi external pressure

is within the design limits.

No fissile material involved.

1. The only source material packaged in this cask will be cobélt-Gb
encapsulated in stainless steel. Decay heat gene:ated in the source
and shield will be dissipated by conduction through the lead and outer
steel shell to the atmosphere. Since no fissile material is involved
and no auxiliary cooling medium is required, the integrity of the
package will always be assured during normal transportation if the
cask is found capable of remaining functional after hypothetical
accident conditions as evaluated in Paragraph 71.3S.

2. An analytical assessment of the effects of a hypothetical accident as
defined in Paragraph 71.36 shows that the cask is not ruptured by
either a 30 foot free fall to an unyielding surface or a free drop of
40 inches into a 6 inch diameter bar. The deformation of the shield
caused by these event§ could result in a maximum radiation expasure
rate of 260 mR/hr at three feet for the 7000 curies. Thisis well below
the limit of 1000 mR/hr set in Pafagraph 71.36 (1). The effects of a
30 minute fire on the shield would be a melting of 27% of the total lead.

This represents a layer of 0.81 inches of the outer shell of shielding.



71.34 (b)

71.34 (c)

71.35 (a)

N ; ‘\ s
g
The drop damage analysis showed that the lead container would not be

ruptured but even the loss of this melted lead in addition to shield
deformation would result in an exposure rate of 730 mR/hr. Maximum -
in a very limited direction.

Shipment evaluated without the transporting vehicle.

Specified normal and accident conditions are used here for package

evaluation.

1. The cobalt-60 source material is sealed in stainless steel and leak
tested prior to packaging. Inside of the package cask the source is
fixed in the center of the shield between solid inserted plugs. The
plugs are locked in place by bolted and sealed end covers that provide
an additional leak tight seal between the source and the environment.

2. The package is structurally strong enough to withstand any normal
transporting condition as évidenCed by the accident analyses. The
decay heat rate is not high enough to cause the lead to melt and flow.
No shielding or containment failure is therefore possible under normal
circumstances.

3. The only pressurizing mechanism possible, would be the thermal expansion
of air in the sealed cask due to the decay heat load. The maximum jnternal
cask temperature is calculated to by 170°F. This corresponds to a
maximum vapor pressure of 18 psi which is well below the design pressure
of the container.

4. The source is encapsulated in stainless steel and helium leak tested
to ANSI Specs. The surfaces of the encapsulated sources are cleaned
and wipe tested to assure surface contamination levels below .005

microcuries.



71;35 (b)

71.36 (a)

71.36 (b)

71.51 (a)

71.51 (b)
71.51 (c)

71.52

71.53 (a)

71.53 (b)

71.53 (c)

71.54 (a)

5. Cooling is by ;;;;uction through the metallic s:;:cture of the cask.

No fissile material involved.

1. Calculations show a maximum reduction of shielding would be caused by
the hypothetical 30 foot free fall drop of the cask without the protective
jacket. This loss of shielding would result in a very localized radiation
level 26 times the normal at 3 feet and well below the limits set by
this paragraph, of a factor of 100.

2. Calculations show that the cask remains assembled after the accident,

therefore, no radioactive material could be released.

No fissile material involved.

SUBPART D - Operating Procedures

Operation procedures are contained in NPI document.

Procedures for opening and closing packages are detailed in the above
NPI document.

Regular and periodic inspections are described in the above NPI document.
No fissile material will be packaged in this cask.

Prior to use, the cask will be radiation tested by gamma scanning the
exterior surface and three foot exclusion distance with a calibrated
cobalt-60 source of at least 200 curies set centrally in the shield.

The containment section of the cask will be pressure tested at 125 psi.
NPI will witness all specified acceptance tests on the cask and assure
the compliance of the cask with the AEC approved design prior to labeling
the cask as per this application.

NPI operating procedures include a check list for cask preparation for

shipping. This checklist includes visual and mechanical inspection of all




,i;.sé (b)
71.54 (c)
71.54 (d)
71.54 (e)
71.54 (f)

71.61

71.62 (a)

71.63 (a)
71.63 (b)

71.64

WSO N B e e i e e e T

No fissile materiad—fnvolved. ~/

The closures and seals are to be inspected as per (a) above.

No valves involved.

No pressure gauge involved.

No liquid coolant involved.

NPI will report to the Division of Materials Licensing. AEC within 30 days
any instance in which there is substantial reduction in the effectiveness of
this package during use.

A record of all shipments of large quantities of licensed material as
defined in 71.4 (f) in a single package will be maintained in the office

of NPI, Dickerson, Maryland, for a period of at least two years from date
of shipment. These records will include all information required by the
provisions of this paragraph. AEC access to company records will be allowed
under Section (b) of this paraéraph.f |
NPI will permit the AEC to inspect the licensed material, packaging, and
facilities under company control as provided in this paragraph.

NPI will perform and allow the Commission to perform appropriate tests

as provided in this paragraph.

NPI accepts the responsibility for compliance with 10 CFR 71 as written in

this application.
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Velgnt of Cask

— _ | Lo ﬂk/;-;
I. BODY ,’: : N
U=

(2) Steel ) /'l/

1. Outer shell 2&" 0.D. x 3/8" wall 3s%here
245, -
.I-Iean surface of sphere 1r62 = 23. 625 x 3.1 = 1753"2 /73?

_less 2 segment surfaces 2rrh = 2 x 6.28 x 11.8 x 2 = -296

'.' - 11‘57-::2 /?193
na M7 x 3/8 =SS GwTn, Sho i e
‘_’2 Flanges (2) _ 13" o. D. 9!1 I.D. x 1. 5" . - .‘i.::-
L (1327—636)15x2 QOTC.uIn._ R

3. Inner cylinder - -8 5/8 D x 3/8 W. x 2L 5/8 L. » .
a 3/87&L—.375x314x863x2163 EEOCuIn.:.

' “4 Stand 122 x'21.5 X. 0.5°= 236.5 - T 2
. 22x 12__' x. o 5.=132 R o
o 5. g | 2x6xbx "1/2 - o CuTn. . -l il

Total volume of steel 1365 / T 1379
(b) Lead T Lal et TR e
1.. 23 1/4 D, Sphere less 9 D Cy].inder C
| : [.52% x.23.253 6586 — 7244 IR
less 636x 22 = 1399 k

S Voluge of leag O = 5187 Cu.Tn. S’&‘IS' -
(c) Ueigh’p of s»oel . ].365 x .283 = 380- __)O(-C) .
Velght of 1eaq 5187 X lu.o = 2127 ——— . z3<l(a
Weight of body <7 e 2513 s.  27%6
II. COVERS (2) - _
(a) Steel o S -

. B3P X IB-133x.35 - £ 9S -
‘9 1/2-Dia x 1/4 = 70.9 x .?_5'i=‘17.7 L

3.1k x 9.25 x .25 x 1.375 . -= 10.0 ‘
S £ 77.6 Cu In.




B L
. .

~(®)

(c)

IIT.

- IV.

V.

(2)

(c)

TOTAL CAS VEIGHT =
.

Average weignt used S Vol. X Av. Dens. of .35

Y . - » -
Y B . . - . . . -
e . .

Lead )
N Al
9 Dia x 1.375 = 63.62 x 1 375 = 87. 5 Cu.In.

Weight of steel  .77.6 X. .283 = 22
Weight of lead ~ 87.5x .410=36 R
Weight of cover o =58 ibs. éac;h - _
8" DRUM o : ST
steel DLl
3.1 x 8 x .188x.21:5'¥ 101.5 | T i
3% 3. 14 x 2.68 x-.12 x 21 5 '_ 65.1_-:-_';,.-‘ R |

ll

- o B '375 x4 el E 20,3 LIV TE
i . 186.9 GuIn, s il
(b) Lead : e

S 13/16 Dia x 20.75 = 4’( 9 x 20.75 = 991!- ‘_

less 3 x 5,16 x 20.75 . . 321 _ .‘
L . . 57'3 Cu.In.

Weight of steel | ;.86.9: x:':283‘= 52.9

275.9 _

WYeight of drum . .- .- .. = ‘= 328.8 Ibs. m

I

Welght of leed = 673 x .410

SQURCE hOLDER

- ) . -
. . e

3 X 5 16 x 2105 X '35 -"'111 lbs- R B . IR '-’_-..'

Body D 1 S
T 2 Cc;yer'sf-"_., o . 36
: Drump ;,"... 329
" 3069 1bs. '

11
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P

_~tion averaged over a summer day in latitude §o0;. ,'

. PBasic formula

-

. .." 5 ) - ,.
L &t ho+ Gr L

Normal Shippink Conditions ~

Maximum Surface Temperature

!

The maximum surface temperature is the result of internel
source decay heat conducted to the surface and incldent
solar radiant heat absorbed on the surface. -"'he ambient

air temperature is required to be 130°F by 10 CFR TL

.App. A. Solar heat load is based on normal maximum radia-“_

:‘_...

~
. %o . -' -’.‘.

...." 2 - - .'. - 5

Procedure for calcula\.ing surface temperature is taken

- from O. R. H.I.. '%.S.I.C. 68 "Cask Designers Guigle el Values

for hr c’ Q ere ta&en from this document. .

o LA TeonL eF
.- 2 e - %
: . b

- .. T e
. H .

Q ﬁt A ( is lﬁ) : c :';'. -QS = Solar heat flow - :
t N o ‘. : :’._.-A. : . - . .«

B hc' = (Conduction Coef.
ahb o U ET |
e g r

T

~

- 'Radiant" Coef.

. _ ‘ i . R I A:Lf Temp ..

gy - ot heat T

= Surface 'l’emp'. -

S -~ .. . mEhih = Total Coef. e
CQ R+ _' e e

-
-
‘.
3
..

.' .f
S

£ .

T e

¥

- -

-

>

o 6".

-‘ N
R
-

: -
.'1'.'.:_- .
','." oary

- -

WL
-~
- -
- 5
. -
.e
’
. "

A= H ct (S.?"?'E"._LG\ ' e a :=_=__Cask Die.’.- .

-
et LN -
e t " -
- Cee 2° .. ®
N
. -
> -
- -
- -
“ - -
[ 3
-
.

iil



@
Source heat f_a 7000 Curles CO 60 o - o,
Decay energles gemma  1.33, 1.17, beta .15 (av)

E = 2.65 MEV/d o .
curiée = 3.7 x 1010 d/seo::

2.65 x 3.7 x 10%° x 7 x 103 = 68.6 x 103 MEV jgpg

68.6 x 1013 x 1.52 x 1616 x 3.6 x 103 = 374 BTU/'HR
374 x .293 = 110 Watts . -

Soler heat q, = 144 PTU/mp Ft? x Projected Area

= 144 x .785 x 4 = k52 BT0/mR

Total hieat e =ag+q = 374 + 452 = 806 BTU/mR - |
Heat tfansfer coeficients h = .18 AT}/ 3_assume AT = 30°
h = .18 x 3.12= .56 _
Tk = 1.35 (from NSIC 68)
ht = 1,91 )
9% 826 . »

T -7, = = = 34.5
s A Ahg o 35 56 x 1.01

Maximum surface temperature = 130 + 3% = 164°F
Normel surface temperature will be about

20° gbove embient alr temperature.
e
< ,

‘iv‘



q = 37k BTU/HR'Source decay
' k = 25 steel
k = 18.6 lead

INSIDE OUTER STEEL  SHELL

374 xYoxhe o L O
Zs=x1ase o e ©

AT =

[~

iy o 3y = ° -
Toopy = 1687+ 1L F R

INNER SURFACE OF LEAD

T3y

374X /n_- ° _ %

18.cr5.32 - £-t% AF"TO“-‘S;H-:\"

o A,‘:.‘ ‘1-8 Sn!‘.

—_ _ v :
‘Pb-s - ‘(,8+Z+- ‘70 F A}_: "8 S._F.

| ' o *

- 10 o

by G :ﬂ§k=’§§?
INNER SURFACE OF CASK ' ‘ s
274 x V8 x /= o

t
éT: 25 x 2 = 4

. y o
Meximum eir temperature inside cask is L70°F.

This assumeés ell decay heat conducted from source and

is therefore conservative.
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Shear of Shackle pin’ (5/8" Dia pin) S ¥

Strength of Li\"{ ing Eyes . N »

Shear stress of weld = 145,000 PST (ULT.)
Area of weld = 6 x 3/8 =

2 25"2

imate load capaci Y of weld
i p=

. 0 N :&' - ) . -:--:'-..;.'.. .';.‘. :.'.”.‘:..;.d-
_'r U AS-225xl£5,000=100’000 AT T

Tear out of eye

.. .- . *t:__ ‘: -:.: .-.:-,-:-.-;’ _:."A'f.i.‘:-..-
=2 ):1/2 x1 1/4] X 45,000 = 56 2007 . on T

97,500 Pst
=.2 ( 307) 97,500 = 60 ooo* AT

- ‘e
O - L A
s N - . =" sy . - LAl

< .

._A_AFailure would be tear ouu of eye at 55 00 = Lo

0 on any one e

. -eye. .This 1is -5% 18 7 times the weight of the cask. T
v = - - e A by SR . ATl LA . T
. f : ) e : . . .. %
'°.'. I a - _,s_" S
s SR e
., . : ‘_._"__. g -_-. .
oy . ., - .-
. . Y. _ . ." /

vi T
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Loacding on tle-down bolts due to deéel"eratibn‘::

” ! ' I oo C T
'-——17f———~— | W =. 3070 L

- l
i#*

f i FU N \\ - - F, = 10g = 30,700
§
;

!

Moments

$ o I 275FL+1875F—-125F +12(F W)
\L{ 4 . . N .

L1875
FR ”'T‘ 682 F..

'3" .‘-EL = 321q. f;fﬁ;ﬁp- FR.- 21 900 :fl | Cwh n e

‘ T 10, 5(30,7oo)¢12(30701, ueo 800 ”-;fiff?:f-J
!——2.’)5" | J o LT T A IS TST <L

> - - < . . P
NI e L. ee e LTy
.- - N s - I LRSI -

For la-..eral loaa .O0F 5 G

Moments .. o : ::-'_ L e s
e——5G ° 12.5x 5 x'3070 = Ff + 21 F} S

IS
- I P ] ] - - . A . R .
125’ Fo e " Ce T
) > . . F' =. 1 F' - ) : T et e Tl
| 1 { . . R el ¥y, RPN

- - = . Iy -
LY . . LN
T ~ - X =,

192,000 o msE LT
gz T L35 SR

R T R e
9140 S L

N
i

Loads . A ' A
'6:3-75
- - : TR )
Bolt 2 1/2 (F. + F) = 1,822 ST
: < LT L w .
© Bolt 3 1/2 (Fg + Fh) = 15,520
Bolt & 1/2 (Fg + Fi) = 11,170

]

= Bolt 1-7,1/2 (Fp, + Ff)

'B_i*;SEi"T:’]’li!ﬁtiT rooto bR - 'Bolt 3 is most highly stressed



R N -
Pension on bITE 3 s 15,520 . Tensile Hes ol /% bl

is .334 Sg. In.

_p_ 15,520 _ '
5, = & = 13320 _ 46,600 psT

| =
Shear load = \rmc + Sg = 112 ¢ = 3%%00 .

A o - ,..'
Shear pcr bolt __;_’i;_&ﬂ@_ 8,300 ' o G

- - -
- " . ® .

. Total stress = 71,lpoo PSI max' : R

o 00 LT ;

Factor of safej:y = TI‘ITGGQT 22 = L1.37T. ::: "3

i T - RS b e U S -.‘f if':’ o ,,_H__;-:'.

.- This analysls assumes’ the cask 1S bolted to a perfectly R

. rigid base, but this is not -the case. The wood base is’

an impact sbsorber snd the force crushing the- wood relieves =

loading on the bolts. However, :this analysis is, conservzative. o

EENCI e . ‘, LT RIS A T D
o H « = * - - . :.:.‘\...._
. . ) . - & .
cL %, N . & oLt :
- . . - . - ee TR e
s i - °
. . .
... . T e o
~ L . L4 4 Y s, T
* S . ‘g P TS - . w2l
. sz *a . -e T
'; * . e
- e EE N
. Jet L
. £ - - N
- P o €. o < .
. . - ‘-
o e - .
e o~ -
- - - .
‘-
- » ST - -
;o -
¢ v .
- .
. ~ - R -
.- g - - - -
. . -~ .
13
- B
N -
-
-
- ~‘

o

viii

S ~ P _ 8300 ST
e i St}ear.sL.r.essA_ SS. =73 T = ol 800 PSI RN
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ANALYSIS OF THE RESULTS OF THE 30 FOOT DROP

ONTO AN UNYIELDING SURFACE

&

The nost damaging position of jmpact 1s assumed to be

where the corner of the end closure contacts the im-

pacted surface a2t e 30° angle. The fallures analyzed are

 failure of the closure hold~dewn volts. and failure of the

.cask closure flange to shell welds.

sorbed in the deformation of the encased lead. The maxi— ;J;_:

It was shown that in

~i,{' 30 foot free drop the kinetic . energy is primarlly db-' ;jé;;;ff‘

. i de;ormatlon ceuses the spherical shell “to flatten in- ;f"éz-:-i

& deDuh of 2.4". In the region of. the closure ;1anges, 3;l£;i R

the shell is subs»anuially relnforced,

but even using _

" this displacement figure, it is not possible to bend ohe.__;ggflg.v,

vields more than a ;ew dearees° so failure of welds by

bending is not considered here. The fallure by shear is T TC

" the predominant possibility. |

".,

ix

'8

Yield
. Yy
'Ult, Sun
Shear - = S
: s

o
b —3

——
=

—
=3

= 184,000

High strength alloy
bolts (SA - 453) properties

85,000 PSL
130,000 PST
.75 8, = 97,500 PSL

, " . Assume 60 G impact load - ‘-»:%g;;w"
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Bolt Analysis | . ~ i

LI

F Fp =F Sin 30° 1/2 (184000) = 92,000#
A .
{ FN . - -

| . : N

|

F Cos. 30° = .866 (184000) = 159,0'00#

" domingnbt. a.mpact_ 1oad._ T'nis omission is however conservative.

'.No credit is taken .Lor friction due to bolt pre—loading.

2> . : - .

/Fp ‘O . . —_tt : .ot . - .

Shearing force = 92,000 LT
t1 ‘ = =

F;’j.c on force opposing shear FN ;/S where ,.{/5 .2

159,000 x .2 = 31,800# | . ‘

. -7 This number "is in ouestion due ‘to’ the jmposition of the pr’e-, -

o

et T . -_.-_.:.- .t ._;"- ._..4,:

Sheer force - Friction force ;-= Load on bol‘;s;j_-,

# i i P I FRADS
92,000 - 31,800 = 60, 200 . e LEE L

Force requlred to sheer bolts ' o : )
Area of 1/2 bolt at thread root = 0. 10675 .' ’:;

Area of 8 bolts = 8 (0.;!.26) = 1.00"‘ | . - *

. "B AS = 1x 97,50 = 9_7,500# -

. . . - L’ ’ .’--' N 97.500 —. - T . . '_4 ' ' ..":-i' '_-:; .
gafety Factor = 1.6 : T
. »8 Y‘ ab ) '66’23535_ e A ST

.8 :
PRI S <, L. . s
. - :
ST .
Ny L4 . v
A L
‘e » P ¥
L J
R - . .
- -
ot
=~ - ‘
s
& . "’
““ - .
. :
- ; - PR 2
H -
< ~ :.
-
£ ’ e
3
-
- -
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(p) ¥eld Analysis

Assume closure flenge to be a rigid beam hinged at

one end and the imposed load acting et the opposite

end;

N A XY T )
BRI TR, .
s NN NN\ G R T

i j . Rhe -

Arf' > —>

£ E'»

. 3% .
Moments’ a2bout hinge 13 x 159,000 = 2,070,000" ™

Shear area of outer weld ring = 137 X 3/8 = 15.1 Sqg.In.

Shear ares of inner weld ring = 97 X 3/8 = 10.6 Sq.In.

Moments of welds 23 (15.1) s, + 2 (10.6) s, = (9BHT7.T)Sg
1L5 S, = 2,070,000

S$ = 14,200 PSI - Average shear stress

Mex S! = 28,400 PSI

The maximuam imposed shear stress 1is 28,400 PST

and the ultimate shear stress for AT steel is

o

i 15,000 PSI.

Factor of Safety %‘2’:‘[}? = 1.6

xi




3 o 4
Deformation oi-sénield due to a 30 f£t. dr.g onto an unylield-
ing surface. Ko protective jacket 'is‘, considered for this
calculation. . ) . A
). Energy ebsorved in shield * 't
= 1 : .
E, = WH. . W

. : W
E, = 3070 x 30 x 12 =1, 105,000"1bs.

welgnt of shleld
height of drop

o

2. Pccord:mg to ORMNL - NSIC -~ 68 "Cask Designers Guide” ST
" ‘the energy absorbed by bending of the steel shell may R
- be insig”:.ifica*xt compared:to the energy _absorbe(; in the_‘;.'-:_-__ ‘
plastic flow of the encased 1ead. - This guide suggests

a VallJ-e of 5000 PST es the flow stress of lead :‘;" ‘ "

Lnergy absorbed in lead ;' e T : B

Ev= ‘i’\/ L ¥ = flow stress = 5000 PST

—— d

Y = flow volume

votume oF SPHCTL(CRL. SERMGHT

V= T"fi (y»--—) . A' if.

\J

po—0C— i : s f\z 3, M‘il et
; V=314 x U6 x :
G777 h : xi,» 45
DispLArLED . * V= 36.4%h - Los
cene ' = =NVY= 19T, 0004 zs;af, ' -

. Enerc‘y absorved in steel
Assume flat circular plate of diameter c supported
around the edzge end a concentrated load W in the

center. The deflectlon is equal to h above.

x1i




Defl. = n'g =55V 17 ~
Et3

': . : |

I

11.8"
=3 '
w = RES . t 3/8" Plate

2
P22 T E = 30 x 10°

I

30-x 106 X .053 h

.55 x 139

W = 20,800 h

Equating energies EA = EL + Es
. .‘;z ° .
¥ - _ 2 3 2

1,105,000 = 182,000 h° ~ 5250 h” + 20,800 h
38.6 h2 - n3

210

h —_ 2.1""

Percentage of enefgy absorbed by steel

120,000 L
71,105,000 11%
Absorved by lead = 897

3. Half layer value of lead shielding for CO, is 51"

2.5 _ 4.7 nelf layer

2 = 26 shielding factor

- xiii
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Puncture Ana-, sis : S v/

' thickness required to withstand punching action is given ' -

e . ._... .
= A ... -

- -
e .
.- - A -
- > Ceame.
- by *
- e e
-
.
- -

For -hot rolled caroon steel outer 'shell, the minimum

*

by . . . X ' o ' L . .
: : 0.71 © oL .- ¢t = inches . R

. t - ( }Z ) 8 .- .=.: ' _- . . . - = _.._ s

s 0 . . .7 .w = cask wi. SR
..:.~'. ‘-'-‘"-s. = ult. s'i:réés'

. "Cask Des*gners Guide e

. Shell.is 3/8" «
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_' report.

A

Fire Analysis

The method ofKHEtermining the effecfs of\%he hypothetical -
fire on this cask is the "Energy Balance Method" proposed
in 0.R.N.L. N.S.I.C. 68 "Cask Deslgners Guide". This
pethod is based on theoretical and emperieal data developed
at Oak Ridge Lsb. Referenced figures asre taken from this

"~ The results of the calculations show Bhat all the lead in -

. the cask will melt in s 1itt1e over one hour of exposure

to the fire. The amount of lead melted after 1/2 hour - f*;&f
- exposure is 27% of the total weight. . . = P . "';F:
S : C el T S e
.W__ = weight of outer shell of cask in 1bs. . L n
W' = weight of outer shell in 1bs/£t2 of “outer shell. o

W, = welght of inner shell in 1bs.”

W! = weight of irner shell in 1bs/ft2 of outer shell. =

Wl. j=-'. ?ieight ef 1ead in 1bs.,= o ' . ‘ ’
Wi- =.weiéh£_of lead in, 1bs/ft2 of outer shell. ; o “
To- = maximum nor= al temperature ¢ of outer shell._.

Constaeusnf’ - '.;" =

>

x (steel) = 25 BTU/Hr Ft OF -
k (solid leed) 18.6 B‘U)Hn Ft OF-
K (liquid lead) = 9.3
cp (steel) = .125 BIU/. 9
co (lead) = .0325

"H,. heat of;fusion‘of lead = 10f55

BTQA#_




~ _the

melt, and t,_, - tihe 'T.ime_-all lead is ‘melted.

From time t_ %o %3 tne average surface temperature 1s Ts:i; o

Froom time t_ to ©

BTU g £t2 for T _ 425°F

The

3 : From Figure 5.21 7T

i

I
!
o
YV
w
N
’-"
ot

I

200 x .283 = 62.2

=022 _ 51 F/st?

.2 .
="5187 x .L10 = 2130 .
= ...——-?-ié?o = 179 -T-/fte .."'.-.
— 168°F = (from page C-5.1T) 3 &
= melting point of lead =.621°F - - A
tige intervals exnressed nere are t; - the starc’ of g ..
exposure, tl - the time when all outer lead begins to : f .
’ PR O

2

L
s=-1
o 1

-1

~/

the average heat flux Q,

(Figure 5. 22)

1753 x 3/8 x .283 = 186 . (from page ©.3-1}

= 425°F when T = 168°F.

is 16,600

average 9e*n=>?°auure in the lead at time t is

T = 621 -

;;é D . Where D = }ﬁagngla%gkness ‘

m = 621 -

16,600 x 7. 12 N

-1 T 36 X 10.0
T =- Ll Op
T_b-l i ¥
!. . b.
xvi
m Mmm(‘ aﬁg&?ﬁz’:ﬁ% ,r~§’¢;,.‘: ATy Y

J

:’a- ‘o_

5- ‘.43 LN T,
e A T e N DA u\;




& | &
(b) Inner Shelw’ . .

‘ -
Vig (Tga - To) -125

1

5.1 (Moh - 168) .125

(¢) ZTeed . -
H g = W, (g - o) 0325

~ 75 (uhb -168) 0325 .

R ;.' . :5::
B . 70 e
._.H;_'l = 1570 + 163 + 884 = 261T S '

c't::c‘..'q
nmet

-2 H -~ .. . - R -
: - Bge1 - 2017 -
L% = T e T PR

_ Total heaﬁ‘gbsofbeé by;cask after .158 hours '

. Pole . - - . . T--.-‘.;'.:;--._-;._.-.-. A ';...::
Bt , = By A = 1256 (2617) = 32,900 BIU

To gdetermine the ezmount of lead melted in time &, .

Hos-;, = Vs (Tosa
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REPORT ON TESTING

TELETHERAPY SHIPPING CASK TEST
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I.

II.

PuZEose

The purpose of the test program was to investigate the suitability
of the present NPI teletherapy shipping casks and overpack for shipping

up to 9500 curies of cobalt-60 sources.

The cask and overpack combination has been evaluated, licensed and used
for shipping sources with cobalt-60 contents of not more than 7,000 curies
and test program was designed to furnish information pertinent to the
effect of the greater heat load.
Test Design
The heat loads imposed on the system were:
- the internal heat generatéd by the decay of the cobalt-60, and
- simulated sunshine of 800 gcal/cm2 per 12 hours per day on the
top of the metal overpack and 400 gcal/cm? per 12 hours per day
on the sides of the metal overpack.
These values were taken from Table III, Paragraph 233 of IAEA Safety

Series 6.

Iron-constantan therzocouples were placed in various positions throughout
and connected to a multipoint recorder to record temperatures of interest.
The location of these thermocouples and the equilibrium temperatures are
shown in the attached "Schematic View of Teletherapy Casks with Temperature

Profile, Sunshine Test Equilibrium."
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Report
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III.

Test Instrumentation

Before commencing each test:

a. The wooden overpack was visually inspected.

b. The wooden overpack was weighed and then placed into the metal
overpack container.

c. The cask was loaded into the overpack.

d. The thermocouples vere jnstalled and connected to 2 multipoint
recorder.

e. The metal overpack was bolted closed, as if for shipping.

f. The heat lamp array was installed.

The test was conducted by turning the heat lamps on for 12 hours and

then off for 12 hours to simulate the cyclic variation of sun heating.

This sequence was continued until no further temperature increases were

noted in the cask and internal overpack temperatures. Temperatures

from some of the thermocouples are plotted to show that equilibrium

was obtained.
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APPENDIX A

From Table III Top of the overpack requires insolation of 800 gcal/cm2/12

hours which translates to 0.500 watts/inz. The sides require 400 gcal/cm2/12

hours or 0.250 watts/inz.

To simulate sunshine conditions the outside the overpack should be irradiated

at the above

rates for 12 hours and should then receive no radiation for the

ensuing 12 hours. To furnish the required heating GE R40 Infra Red lamps

were selected:

Overpack top is 48.5" in diameter for total area:

02 = (48.5)% = 1848 in’

4 4

Assuming 75% reflector efficiency then we need:

1848 X .5 = 1231 watts

.75

Since six 250 watt lamps = 1500 watts, this will be sufficient. These lamps

could be nounted on a circle enclosing half the area of the top of the over-

pack. This,

Mount the lights, equally spaced, around 2 circle whose diameter

then, calls for a mounting circle diameter D = 4A = 4 X 1848 = 34.3"
12 2

34.3". For

good uniformity the lamps should be at least 1.6 times the lamps spacing away

from the surface being irradiated. This, then, would call for a lamp height of

1.6 X 34.3 =

2

2

27.5" above surface.

From the 2bove, one can see that jncluded angle of irradiation = ton_1
7.5 X 2 = 75.5°
8.5 - 34.3)

(4

Since over 90

overpack will

% of the heat radiated from ‘the lamps comes in a cone with an

“angle of 15° @0 the axis of the ‘lamp,” the energy wasted over the side of the - - "

not result in reducing the total heat input below .90 X 1500 =
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Appendix A
Page Two

1350 watts which is comfortably above the 1231 watts required.

Sinilarly, for the side of the overpack:

Side area A

Dh where D

7313 in2 where h

diameter = 48.5"

height = 48"

Required heat = 7313 X 0.250 = 2438 watts
.75

Since 24 125 watt lamps = 3000 watts, this will be sufficient. Once again,

using the equal area principle, mount the lamps in two rings 12" and 36" from

the floor.

Since the two rows are 24" apart,fthe lamps should be 24 X 1.6 = 38.4" from
the surface for good heat uniformity. This can be done further improved by
staggering the two rows. Once again more than 90% of the radiated energy will

£211 on the surface. This is .9 X 3000 = 2700 watts, comfortably above the

2438 watts needed.
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