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EXECUTIVE SUNNARY
,

|

The Pathfinder Atomic Power Plant is being decommissioned. The
reactor vessel and internals will be removed in one piece and .

shipped for disposal at Richland, WA, using the reactor vessel as
the shipping container. The reactor vessel package includosa two
inches of steel circumferential shielding around the core region to
maintain exposures with NRC and DOT shipping requirements. The [
package uses a honeycomb structure external impact limiter to mest ;
the Norral Conditions of Transport free drop analyses. The package i

will be shipped by rail from Sioux Falls, SD to Richland, WA. '

This application by Northern States Power Company (NSP) to the
Nuclear Regulatory Commission (NRC) contains the necessary informa- ,

tion identified in NRC Regulatory Guide 7.9, " Standard Format and ,

Content of Part 71 7.pplications for Approval of Packaging of Type B,
'

Large Quantity, and Fissile Radioactive Material" (Ref. 1.1) to
qualify the vessel as a Type A container for Low Specific Activity
(LSA) naterial. The application contains no exceptions to the NRC
regulations identified in Title 10 CFR Part 71, " Packaging and
Transportation of Radioactive Matsrjals", (Ref. 1.2).

'

.

iii

. _- _ _. ._ - .__ _ _ . .. - . . _. - -



_ _ _

,

)Rev. 0

:

1

1

1.0 GENERAL INFORMATION

1.1 Introduction

Northern States Power Company (NSP) plans to decommission the Path- i

finder Atomic Power Plant's (Pathfinder) fuel handling building |
(FHB) and reactor building (RB). Pathfinder is located in South |
Dakota, approximately 5.5 miles northeast of the city of Sioux !
Falls. It is owned and was operated as a nuclear facility by NSP of |
Minneapolis, Minnesota. The nuclear steam supply system (NSSS) was i

a 66 MWe boiling water type nuclear reactor designed by Allis- 1

Chalmers Manufacturing company of Milwaukee, Wisconsin, i

Pathfinder was operated as a nuclear facility by NSP from 1964 -

through 1967. Starting in 1968, the plant was repowered with fossil ifueled boilers and the nuclear portions of the plant were partis 11y 5
decommissioned and placed in a safe storage (SAFSTOR) configuration. J

! Decommissioning was accomplished under an amendment to the original :
nuclear plant operating license, DPR-11. Following completion of
the partial decommissioning program in 1971, the 10 CFR Part 50 (license was surrendered upon amendment of a by-product material pos-
session license under the provisions of 10 CFR Part 30. ;

During the SAFSTOR decommissioning program, the NSSS was dismantled i

O being restored to service.to the extent necessary to render it inoperable and incapable of
;

The reactor vessel was drained and con- '

nected to a vacuum pump to remove all residual water from non-
.

drainable cavities. The control rods and blades were placed in the |
vessel for disposal, and the reactor vessel was filled with gravel. '

The internals were left in place. The vessel head was reinstalled i

and bolted to the vessel flange using the vessel head bolts.
,
.

Two vessel removal alternatives were consideredt segmentation of the i

vessel and internals and transport for disposal in shielded shipping
containers, and one-piece removal and disposal. The segmentation
alternative would require extensive remote tooling and individual
segment handling to cut and load the shipping casks fer disposal.
The cutting process would generate large quantities of smoke and
debris which would require extensive contamination control measures
such as control access tents, high efficiency particulate air (HEPA)

, filters and remote handling devices. There would be additional
| exposure to workers owing to the extensive time required to segment,
i load and ship each piece. The selected alternative of one-piece

shipment does not require extensive tooling, handling contamination
controls or high worker radiation exposure. The vessel and inter-

| nals package contains 476 curies of radioactivity as activated and
contaminated material. This number of curies does not warrant the
effort to segment and package the vessel and internals. Based on

|
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the vessel activation and shielding analysis, the vessel and inter- f
/~ nals quality as Low specific Activity material and the package

'

( qualifies as a Type A container.

To prepare the vessel for shipment, the vessel will be filled with
grout to fix the gravel in place, lifted from the reactor cavity, I
moved through the open reactor building done and laid on its side '

,

within a temporary enclosure. The external asbestos insulation will t

be removed and the vessel certified clean of asbestos. A i

cylindrical steel shield will be welded to the vessel shell. An ;

impact limiter consisting of Hexcel energy absorbing material will
be installed on the vessel shell surface to protect the vessel
during normal condition of transport. The vessel package will be 4

lifted horizontally and placed on saddles installed on a flatbed !
railcar for transport to the US Ecology, Inc. burial facility near

|Richland, WA. i

i
When fully prepared the vessel package will weigh 291 tons not

;including tie-downs or other supports. The package will be trans- :

ported by rail from the Pathfinder site to Richland, WA. The Type A I
'

container package will be shipped in an exclusive use vehicle ;

(railcar), but does not require a special carrier; therefore the :

package will be transported as nornal mixed freight. The reactor ;

vessel package will be unloaded from the railcar and transported a
|short dustance to the burial site. ,

!

O This ship?ing package application report evaluates the adequacy of !
I the Pathfunder vessel package to meet the applicable requirements of '

the NRC contained in Title 10 CFR Part 71 (Ref. 1.2). Authorization !

is requested to approve this package for a one-time, single trip |shipment between the Pathfinder site in Sioux Falls, SD and ;

Richland, WA.

1.2 Packaae Descriotion !

The Pathfinder package is shown on Figure No. 1.1, and is based on |
TLG Engineering, Inc. Drawing No. N04-22B-001, Pathfinder Vessel
Transport Package. The package is essentially a cylindrical con-
tainer and will consist of the reactor vessel, internals, internal
grout, steel shielding and impact limiter. The internal steel com-

.'

ponents of the package are neutron activated and include a variety ;

of radionuclides, primarily cobalt-60 (Co-60), iron-55 (Fe-55),
nickel-63 (Ni-63) and nickel-59 (Ni-59). A small amount of surface +

contamination exists on the interior surfaces of the vessel, but I
will be generally bound to the surfaces by the grout.
The total radioactivity is 476 Curies. However, the majority of the .

package source term consists of activated base metal that is not
readily dispersible. The remaining source term is estimated to be
95 millicuries consisting of a thin corrosion film that is bound to
the surfaces of the Pathfinder vessel and internals and is further

O |

1-2
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!,
!bound by the grout. The maximum specific activity of the package is

approximately 0.248 millicuries per gram, since this value is less |
^

than 0.3 mi).licuries per gram the package qualifies as a Low i

Specific Act$vity (LSA) pack 2ge. In accordance with 10 CFR 71.52,
the package is exempt from the additional requirements for Type B

,

packages, and will be qualified as a Type A package.-

1.2.1 Vessel and Internals '

The major components of the reactor vessel and internals are shown
in Figure 1.2. The reactor vessel is fabricated from 3-inch thick i

carbon steel ASME A212 Grade B plate with integrally bonded (Lukens i
clad) 304L stainless steel cladding. The flanges and nozzle forg-

,

ings conform to the ASTM A105 Grade II and are weld overlaid with !
stainless steel having a chemistry similar to 17pe 304 except that .

maximum free carbon content at the clad surface is below 0.050 per i

cent. The overlay is stabilized with a small amount of niobium. |

The vessel head is fabricated from the same carbon and stainless !

steel cladding materials as the vessel shell. The head is secured
to the vessel flange by the original 48 head studs and nuts. i

The vessel internals are all fabricated from Type 304L stainless r

steel with the exception of the boiler boxes wnich are Zircaloy-2. |
The other principal contents of the vessel are the control rods and
blades that were disposed of in the reactor vessel. These com- ;

(' ponents were fabricated from boron stainless steel and contain
'

boron pellets. |
i
'At the recommendation of the Atomic Energy Commission at the time of'

the initial Pathfinder decommissioning, the vessel was filled with ,

one-quarter inch diameter pea gravel. The paa gravel apparently j
filled all cavities uniformly with the exception of one area at the ;

side of the vessel. At this location there is a " hot spot" with a
radiation reading of about 600 mR/ hour, whereas all other areas at

,

the same elevation are about 150 mR/ hour. To stabilize the gravel i

and to fill the apparent void spot, the vessel will be pumped full
with a grout. Other than the filling of the apparent void, noi

direct credit was taken for the shielding effectiveness of the grout,

in the shielding analysis. -

1.2.2 Shielding, Impact Limiter and Tie-downs |

Based on the shielding analysis of the vessel package with a 25 per <

cent void fraction in the gravel (no credit for the grout), two '

inches of steel shielding will be added to the vessel package to
meet the NRC and DOT transport regulations. The shielding will be ,'

Imade up from a 1-3/4 inch thick shell plate welded to the vessel
shell outside diameter, extending three feet below the elevation of |
the core bottom and five feet above the elevation of the core tep. !

Figure 1.1 shows the shield extending six feet below and eight feet

O i
'

|
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above the core midplane. The remaining 1/4 inch of steel shielding !O will be fabricated in a cylindrical shape to form the outer shell i

(~) for the Hexcel impact limiter. The two inches of steel shielding is i
sufficient to reduce the external exposure rate to less than 10 ;

mrem / hour at two meters (without credit for the grout), asuuming a
,

25 percent void' fraction in the gravel.
;

The impact limiter is used to absorb the energy of impact from the
ipostulated one foot drop during normal conditions of transport. The ;

impact limiter will be fabricated from pre-crushed Hexcel (TM of the -

Hexcel Corporation, Dublin, CA); a honeycomb configuration of :aluminum bonded to the vessel surface. Two types of Hexcel will be
used; a low density Hexcel configuration bonded to the vessel shell ,!
region extending over the entire length of the vessel. In the
region where the 12 inch wide vessel support saddles will be located
(at the vessel upper and lower shell spring lines), a higher density !

Hexcel will be used to compensate for the loss of low density Hexcel !

in that area. The Hexcel will be bonded to the vessel, and then ;

covered by a one-quarter inch thick r: teel cylindrical plate to pro- >

tect the Hexcel from inadvertent damage. The minimum Hexcel thick- |

ness is 8 inches located at the center region of the shell, sur- i
rounding the 1-3/4 in thick shielding section. The Hexcel thickens L

to approximately 11 inches for the remaining region of the vessel i

shell.

The tin-downs used for the package shipment will consist of two hoop
(- straps fabricated from wire rope or steel bands. The hoop straps
( will be attached to the support saddles or to the railcar floor i

structural member supports to ensure there will be adequate support
during transport. The vessel will rest on the two circumferential
saddles located at the vessel shell spring lines. Tr.cre will be no
direct attachments to the vessel shell or Hexcel material for vessel
tie-down except for the circumferential weld of the shield to the
vessel.

,

i

'

1.2.3 Package Weight and Dimensions

The overall package weight of the vessel, internals, gravel, grout,
shield, and impact limiter is 582,000 lbs, or 291 tons. Since the
saddles and tie-downs are not attached to the package directly, no
additional weight is included herein. The weights of the individual :
major components are shown in Table 1.1. '

,

The overall package dimensions are shown on Figure 1.1, and are ;

based on TL4 Engineering, Inc. Drawing No. N04-22B-001. The overall
length is 35ft-4 1/2in, and the overall diameter is 13ft-2in. The
other principal dimensions are shown in Figure 1.1. :

I

,

O
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1.2.4 Total curie content
|

The Pathfinder package contains both activated and contaminated ;

materials. The reactor vessel and internals activated inventory
constitute most of the radioactivity of the package. The total ;

activation inventory is 476 curies, consisting primarily of co-60, ;

Te-55, Ni-59 and Ni-63. In addition, approximately 95 millicuries |
of the same radionuclides are present in the form of surface con- i
tamination on the interior surfaces of the internals. Table 1.2 -

lists the major components of the vessel and internals and their
activity (in curies) by radionuclide.

The principal radionuclide of interior surface contamination is co- |
60 based on data taken of scraping samples from the feedwater system
piping attached to the vessel. This sample point was judged to be a
conservative representation of the vessel source of surface con- i

tamination. The individual quantities of surface contamination are
not shown on Table 1.2 because the amounts are so small relative to
the activation inventory.

1.2.5 Decay Heat Generation i

The total amount of decay heat generation for the vessel and inter-
nals package was calculated frcs the activation analysis to be 4.67 '

watts. This amount of decay heat is insignificant, and need not be
considered further in this analysis. j

i

|

,

I

f

| t

:

|

|

,

O
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fAPPENDIX 1.3
7

|U Refer.no..
:

1.1 NRC Regulatory Guide 7.9, " Standard Format and Content of Part i

71 Ap plications for Approval of Packaging of Type B, Large
*

Quant:,ty, and Fissile Radioactive Material", Revision 1, Jan- !
uary, 1980. ,

t

1.2 Title 10 Code of Federal Regulations, Part 73, " Packaging and [
Transportation of Radioactive Materials", January 1, 1989.
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Figure 1.2
Pathfinder Vessel and Internals.-
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TABLE 1.1
PATHFINDER PACKAGE CAICUIATED WEIGHTS

'

Component Calculated Weight, lbs :
2

Reactor Vessel 155,000

Vessel Internals 43,000
;

Shielding / Impact Limiter 64,000 ;

Gravel.and Grout 320.000

GROSS WEIGHT 582,000 lbs
291 tons

TABLE 1.2
ESTIMATED INVENTORY OF

! (~ RADIONUCLIDES ON JANUARY 1, 1990
t i
!< L

| Totst
. Component H3 C14 Fe55 Co60 NI59 N163 Nb94 Tc99 Eu152 Eu154 others curies '

....:..:.......... ..... ........................................................................................................

'superheet:r beffle 0.08 0.03 4.58 34.40 0.19 21.97 0.02 61.3- - -- -
,

.superheet:r fuel insul. tubes 0.15 0.06 8.77 65.92 0.35 42.11 0.05 117.4- - -- -

Superh:st:r support plate <0.01- - -- - - -- - - - -- -

'superheater control rods 0.04 0.32 0.21 0.6-- - - - - - -- -

boll:r fuel boxes 0.01 0.03 0.84 7.19 0.04 4.35 0.86 13.3-- - - -

B2ilcr shroud 0.15 0.06 9.59 51.61 0.39 46.84 0.01 108.6- - -- -

83fler hold down structure 0.01 0.61 4.58 0.02 2.93 8.1- - -- - --- -

Boller CR tubes / remain. struct. 0.49 3.69 0.02 2.36 0.01 6.6--- - -- - - -

Boller element poison shlms 0.03 0.01 1.88 14.14 0.08 9.03 0.01 25.2-- - -- --

asiler control blades 0.11 0.04 6.39 48.03 0.26 30.68 0.03 85.5- - - --

i . instrunentation/ sample holders 0.48 3.58 0.02 2.29 0.01 6.4- - - - -- -

Boller grid plate 0.04 0.02 2 52 18.96 0.10 12.11 0.01 33.8- - - ---n

St:am separators & eupports 0.54 2.93 0.02 2.66 0.01 6.2--- - -- - -- -

feedwater ring & supports 0.15 0.83 0.75 0.01 1.7-- -- -- --- - - --

V;ss;l cladding 0.06 0.34 0.31 0.7-- -- - - - - - -

V:ss:1 0.41 0.14 0.09 0.6- -- - -- - -- - -

| -..... ...... ....... ....... ...... ....... ....... ....... ...... ...... ...... ......

Total by isotope (curies) 0.59 0.25 37.36 256.66 1,49 178.68 <0.01 <0.01 0.13 <0.01 0.93 476.1
1'

Per - * cf totcl by isotope 0.12% 0.05% 7.85% 53.91% 0.31% 37.53% <0.01% <0.01% 0.03% <0.01% 0.19%

v
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l2.0 STRUCTURAL EVALUATION 1

QD 2.1 Structural Desian

The purpose of this chapter is to describe and evaluate the struc-
tural aspects of the Pathfinder package for compliance with the 1

I requirements specified in 10 CFR 71 (Ref. 1.2). The principal l

| structural engineering design features are identified, and the pack- )
aging components and systema important to safety are described and '

evaluated. Analyses results are presented which demonstrate that
adequate protection measures are being taken to assure safe trans-,

| port of the Pathfinder package for Normal Conditions of Transport.

| The basic acceptance criteria for this package are that it must meet
! the external radiation requirements of the NRC as defined in 10 CFR

71 paragraph 71.47 (a) through (d). The structural criteria for
this package are that it must meet the requirements of the NRC as .

defined in 10 CFR Part 71.71, paragraphs (a) through (c). The
package must be shown to maintain integrity under the Normal Condi-
tions of Transport, and not breach containment and lose its contents
under these postulated test conditions. The radioactivity contained
in the Pathfinder package is in the form of activated materials and
internal surface contamination, further bound to the surface by
grout pumped inside the vessel under pressure to fill voids. The
package contains no contaminated liquids, explosive mixtures or
potential aerosol particulates that could be considered radiological

/' hazards. The analyses presented in this chapter show that the Path-
( finder package can be safely transported from Sioux Falls, SD to

Richland, WA without loss of integrity of the container. '

The containment boundary consists of the thick reactor vessel shell,
reactor closure head and nozzle closure plates. An outer 1/4 inchthick shell is included to contain the Hexcel.
-Based on the finite element analysis performed on the Pathfinder
package with the Hexcel impact limiter, the vessel shell will not
deform plastically during the one foot free drop case. The elastic
deformation that occt.rs is well within the allowable stress limits
of the vessel materials. There will be no loss of the external
shielding during the one foot drop, although the outer Hexcel 1/4
inch thick shell will deform plastically. Nevertheless, this outer
shell will retain its shielding capability and protect the public
from exposure.

The primary method of energy dissipation for the drop events is the
crushing of the pre-crushed Hexcel impact limiter. Analyses show
that the Hexcel will absorb the drop impact and protect the vessel
shell from damage. The analyses consisted of finite element ANSYS
(Ref. 2.1) computer runs to determine the maximum stresses in the
vessel and hand calculations to verify the results.

2-1
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The analytically determined margins of safety for each of the trans-
' port conditions are summarized in Table 2.1 for the Normal Condi-

i tions of Transport.
|

2.1.1 Structural Description

The principal structural elements of the Pathfinder package are the
resctor vessel, vessel head and the Hexcel impact limiter. The
steel shield surrounding the vessel does not have a structural role
in the package design. The circumferential weld of the shield to
the vessel is used as part of the package tie-down.

Vessel. Nozzles and Lower Head

The 3-inch thick reactor vessel has a lower hemispherical head to )which is welded a lower cylinder assembly. The hemispherical head
contains three pump suction nozzles and one feedwater nozzle. The
lower cylinder assembly contains three pump discharge nozzles and
one steam outlet nozzle extending through the bottom of the cylinder
assembly. There is a liquid level nozzle and an instrument nozzle
connected to the shell of the vessel. All nozzles will be cut close
to the vessel shell, and nozzle cover plates vill be welded over the
openings. In addition, there are five pad assemblies welded to the
vessel shell which support the vessel vertically within the vessel
cavity and four plates for lateral support. These pads and plates
will be cut close to the vessel prior to the installation of the

O(/
steel shielding. The reactor vessel is fabricated from ASTM A212 '

;

Grade B plate with integrally bonded 304L stainless steel claddingi
;1/4-inch thick. The flanges and nozzle forgings conform to the ASTM '

A105 Grade II specification and are weld overlayed with stainless jsteel having a chemistry similar to Type 304 except that maximum
free carbon content at the clad surface is below 0.050 per cent.
The overlay is stabilized with a small amount of niobium. The
original design pressure and temperature for the vessel were 700 psi '

and 500 deg F, respectively. The vessel and internal components
were designed and constructed in accordance with the ASME Boiler and
Pressure Vessel Code Section VIII and applicable special nuclear j
code cases.

Closure Head

The closure head is fabricated from the same material as the vessel
shell and lower head. The head is secured to the reactor vessel
with 48 closure studs fabricated from ASTM A437 Grade B4B, and the
nuts fabricated from ASTM A437 Grade C4C. There are 20 control rod
drive nozzles in the upper closure head, four lifting pipes used for;

head removal, one liquid level nozzle and one instrumentation
nozzle. Each of these nozzles will be capped and seal welded closed
prior to lifting the vessel from the reactor cavity.

O
2-2
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Gravel and Grout

O As noted earlier, the vessel was filled with 1/4 inch diameter pea
U/ gravel during the decommissioning activities associated with placing

the facility in safe storage. Approximately 66 cubic yards of ;

gravel, weighing 214,000 lbs (average density of 120 lbs/cu ft) were ;
placed in the vessel. The gravel therefore has a void fraction of ;

23.4 percent based a theoretical solid density of 156.9 lbs/cu ft, '

or a void volume of 15.44 cu yds (.234 X 66 cu yds = 15.44 cu yds).

The estimated empty volume of the vessel less the internals is
approxinately 75.6 cubic yards. The gravel occupies only 66 cu yds
of the 75.6 cu yds, leaving 9.6 cu yds empty. Approximately 25.04
cubic yards of grout needs to be added to the vessel to fill all
available voids in the vessel and the gravel. This grout will be
pumped in under pressure.

''

Incact Limiter

The impact limiter is constructed from Hexcel. Hexcel is a
honeycomb energy absorbing material to absorb the impact of the one
foot drop of the vessel. The honeycomb material will be fabricated
from aluminum, and will be pre-crushed to eliminate any initial
impact force peaks being transmitted to the vessel shell. The

| Hexcel will be bonded to the vessel shell and a 1/4 inch thick plate
shell attached on the outside of the package to contain the Hexcel.

I All closure seams of the 1/4 inch thick shell will be welded closed.
! A minimum of 8 inches of Hexcel will be used around the cylindrical
| . shell of the vessel. In the region where the two vessel saddle
| cutouts are located, high density Hexcel will be used to compensate
I for the loss of energy absorbing capacity at the saddles. The

Hexcel material selected for this area will be 1/4-5052-0.004 with a1

crush strength of 725 psi (Ref. 2.2). In the remainder of the
impact limiter, 3/8-5052-0.0025 Hexcel will be used with a crush
strength of 180 psi.

The Hexce) thickness will vary to match the outside diameter of the
vessel and steel shield so as to create a smooth package exterior.
The configuration of the Hexcel arrangement is shown in Figure 1.1.

2.1.2 Design Criteria

Reaulatory Recuirements
1

i

The design criteria for the Pathfinder package are specified in NRC l

regulations Title 10 CFR Part 71. The activation inventory in the |
package is 476 curies. No individual vessel or internals component i
exceeds 0.3 millicuries per gram of material. Therefore, in accor-
dance with paragraph 71.4 the package qualifies as Low Specific
Activity (LSA) waste. The quantities of individual radionuclides
exceed the limits for Type A packages specified in Table A-1 of Part

O lQ 1

| 2-3
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71 for special form and normal form values of Al and A2, respec- i

tively. However, in accordance with paragraph 71.52 a package need I

(] not satisfy the requirements of paragraph 71.51 (Additional require- :

(j ments for Type B packages) if it contains only Low Specific Activity
material and is transported as exclusive use, but is subject to par-
agraph 71.41 through 71.47 of this part, including paragraph !

71.43(f). Therefore, the package will be designed as a Type A
package with contents that meet LSA quantity materials.. Paragraph

.,

71. 4 3 (f) requires the package be designed, constructed and prepared
for shipment . so that under the tests specified in paragraph 71.71

.

l(Normal Conditions of Transport) there would be no loss or dispersal
of radioactive contents, no significant increase in external radia-
tion levels, and no substantial reduction in the effectiveness of |
the packaging. 1

Tvoe A Packace Recuirements

To meet the requirements for a Type A package, the Pathfinder
package must be evaluated in accordance with the Normal Conditions
of Transport identified in paragraph 71.71 (a) through (c). Para- !

graph (a) identifies the test specimens and sequence for the tests I

specified in this section. Paragraph (b) identifies the initial I

conditions for all tests, namely that the ambient temperature must
be between -29 deg C (-20 deg F) and +38 deg C (100 deg F) which is
most unfavorable for the feature under consideration. The initial
internal pressure must be considered to be the maximum normal opera-
ting pressure, unless a lower internal pressure consistent with the

p/ ambient temperature considered to precede and follow the tests is
(, more unfavorable. Paragraph (c) provides the conditions and tests.

These conditions and tests are as follows:

(c) (1) Heat
An ambient temperature of 38 deg C (100 deg F) in still air,

2and insolation of 400 g cal /cm for a 12-hour period (curved
surfaces).

(c) (2) Cold
An ambient temperature of -40 deg C (-40 deg F) in still air
and shade.

(c) (3) Reduced External Pressure
An external pressure of 24.5 kilopascal (3.5 psi) absolute.

(c) (4) Increased External Pressure
An external pressure of 140 kilopascal (20 psi) absolute.

. (c) (5) Vibration
| Vibration normally incident to transport.
|

(c) (6) Water Spray

| A water spray that simulates exposure to rainfall of approxi-
i mately five cm (two in.) per hour for at least one hour.

O
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(c) (7) Free Drop

/~N A free drop through a distance of 0.3 meters (l' foot) onto a
c - (f flat, essentially unyielding, horizontal surface, striking the

surface in a position for which maximum damage is expected.

(c) (8) Corner Drop
This test does not apply.

(c)(9) Compression
This. test does not apply.

(c) (10) Penetration
Impact of the hemispherical and of a vertical steel cylinder
of 3.2 cm-(1 1/4 in.) diameter and six kg (13 lb) mass,
dropped' from a height of one m (40 in. ) onto the exposed sur- J

face of the package which is expected to be most vulnerable to
puncture. The long axis of the cylinder must be perpendicular

'
;

to the package surface.

ASME Code 1

The ASME Boiler and Pressure Vessel Code (ASME), Section III (Ref.
2.3) design requirements will be used to evaluate the Pathfinder
package integrity for' internal or external pressure and temperature
effects during Normal Conditions of Transport.

O Weldina Research Council Bulletin WRC 107

The Welding Research Council Bulletin (WRC) 107 (Ref. 2.4) will be
used to verify the Pathfinder package analysis performed by finite
element methods.

Brittle Fracture

Brittle fracture analysis will be evaluated in accordance with
" Recommendations for Protecting Against Failure by Brittle Fracture
in Ferritic Steel Shipping Containers up to Four Inches Thick",
NUREG/CR-1815 (Ref. 2.5).
Penetration Analysis

The penetration analysis will be performed in accordance with the
Ballistic Research Lab (BRL) and Stanford Research Lab (SRL) equa-
tions. These equations are described in Bechtel Topical Report 9A,
Revision 2, " Topical Report - Design of Structures for Missile
Impact", Bechtel Power Corporation, San Francisco, CA, September,
1974 (Ref. 2.6).

'

!

,

l
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Imoact Limiter Recuirements

[T The impact limiter will be designed in accordance with Hexcel Design
'V Bulletin TSB122 (Ref. 2.7). No more than 70 per cent of the Hexcel

honeycomb thickness is available for crushing. This provides a
,

factor of safety to ensure the honeycomb material does not bottom
out and transfer the impact load to the vessel shell. The total
depth of crushing should not approach any nozzle or vessel attach- |
ment projections from the vessel surface.

2.2 Weichts and Center of Gravity

The total weight of the. vessel, interna 3s, grout, shield and impact '

limiter is 582,000 lbs, or 291 tons. The distribution of the
weights calculated in one foot increments along the package length,
and center of gravity calculations are shown in Appendix 2.10.1.
The total weights of the individual components is shown in Table
1.1. The center of gravity (CG) of the package has been determined
to be located en the longitudinal centerline, approximately 16ft-

| 41n. from the outside face of the package at the reactor vessel
head.'

2.3 Mechanical ProDerties of Materials

The primary structural materials of the Pathfinder package are the
carbon steel vessel and the Hexcel aluminum honeycomb. The gravel
and grout materials are not relied upon for their structural charac-

C teristics and will not be described here. The mechanical properties >

1 of the materials used for the analyses of the Pathfinder package are
! discussed in the following sections.

2.3.1 Steel Materials

, Various types and grades of steels were used for fabrication of com-
I ponents of the Pathfinder vessel and heads. A tabulation of the

specific types of steel materials used, their application and their
material properties is shown in Tables 2.2 and 2.3. These tables
were reproduced from the Allis-Chalmers Report No. ACNP-62025 (Ref.
2.8) which describes the reactor vessel materials, fabrication and
inspection.

Figure 2.1 shows the Allis-Chalmers Manufacturers' Data Report For
Unfired Pressure Vessels, Form U-1A. This form identifies the
materials and thicknesses of the vessel and head materials and pro-
vides the certificate of shop inspection.

Table 2.4 shows the specified minimum mechanical properties and
design stress intensity values, respectively, of steel materials for
ASME and ASTM materials specifications. Table 2.5 shows the actual
design stress intensity values for the vessel and associated com-

,

i

i O
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ponent steels for the Pathfinder vessel. Because there was only 83 I
. effective full power days (EFPD) the shift of the nil deductibilityp transition (NDT) temperature is negligible. I

v
2.3.2 Impact Limiter

:

The impact force deformation curve is based on the Hexcel informa-
tion bulletins for the various products available. The crushing {
strength and other structural characteristics for Hexcel type 1/4- 1

5052-0.0015 and 3/8-5052-0.0025 (Ref. 2.2) is given in Table 2.6. A |typical force-deformation curve for Hexcel is shown in Figure 2.2. t
j

2.3.3 Brittle Fracture Evaluation

The requirements for brittle fracture evaluation are identified in ,

NUREG/CR-1815, UCRL-53013, RT, " Recommendations for Protecting
Against Failure by Brittle Fracture in Ferritic Steel Shipping Con-
tainers Up to Four Inches Thick", (Ref. 2.5). Table 6 of NUREG/CR-
1815 shows the fracture toughness requirements for Category III ;

required degree of safety. Category III provides for " Adequate
margin of safety" with the required amount of fracture toughness
" Sufficient to prevent fracture initiation at minor defects typical i
of good fabrication practices". Since the Pathfinder vessel was -

designed and fabricated for high pressure power reactor application,
it is reasonable to assume it was fabricated in accordance with
" good fabrication practices".

.p The NUREG/CR-1815 criteria for meeting toughness requirements is
Q identified in Table 6, therein. Table 6 criteria for meeting tough-

ness requirements are that if the vessel steel up to 4 inches thick
was tested to show the Charpy impact test data Cv was greater than -

15 ft-lb at 10 deg F test temperature, the steel has sufficient
fracture toughness and adequate margin of safety. Based on the ACNP
Report 62025 (Ref. 2.8) Table II, therein, as reproduced in Table
2.3, herein, the Charpy impact test for all components of the vessel
and internals exceeded 15 ft-lb at 10 deg F. Therefore, the Path-
finder package has sufficient fracture toughness to provide adequate
margin of safety. The results of the brittle fracture evaluation
are shown in Appendix 2.10.6-A.

|

I
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2.4 General Standards for All Packaaes
,

d(T
The general package staudards in 10 CFR 71, Subpart E, Paragraph
71.43 (a) through (h), have been complied with as demonstrated in ,

the following paragraphs.

2.4.1 Minimum Package Size *

The Pathfinder package meets the package size criterion of minimum
overall dimension not less than 4 in.

2.4.2 Tamper-Proof Feature

The containment system of the package consists of the welded nozzle
closure plates and the 48 head closure studs and nuts. In addition
the 1/4 inch Hexcel outer enclosure is welded at all joints and as
such, no tamper-proof features are required.

2.4.3 Positive Closure

The outer boundary of the package (the 1/4 inch Hexcel enclosure) is
welded at all joints so the system can not be inadvertently opened.

2.4.4 Chemical and Galvanic Reactions

The materials used in the package will not cause any significant .

chemical galvanic or other reactions. Since this is a one-time
f] shipment, the long-term interactions of the materials are not of
(/ concern.

2.4.5 Package Valves

The package does not include any valves. There is no pathway for
radioactive material to escape.

2.4.6 Accessible Surface Temperature

The package has a negligible internal heat source of 4.67 watts.
Accordingly, accessible surface temperatures are not expected to be
greater than the railcar surfaces on which the package is loaded.

2.4.7 Continuous Venting

There are no vents in the package.

2.4.8 Lifting Devices

The reactor vessel will be lifted from the biological shield cavity
using a temporary lifting rig. Six of the existing head studs and
nuts will be removed and replaced with longer studs. A temporary
lifting fixture will be attached with the new studs and nuts, the

2-8
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vessel lifted from the cavity and placed on its side outside the
reactor building to prepare it for shipment. Prior to placement on

,/"h the railcar, the temporary lifting rig will be removed and the
V vessel head studs retorqued and welded for a strong closure. All

subsequent lifts will be made by lifting slings with the package in
the horizontal position.

2.4.9 Tle-Down Devices

Tie-downs are not a part of the Pathfinder structural package. The
package will be held in saddles with tie downs. Axial loads will be
reacted by a key welded to the chield plate which will fit in a
keyway in the saddles. The shield plate will be welded to the
vessel shell using a continuous 11/16-inch circumferential fillet
weld. This weld will be designed for a 10 g axial load.

2.5 Standards for Tvoe B and Larce Ouantity Packaaina

Not applicable.

2.6 Normal Conditions of Transoort

This section demonstrates that the Pathfinder package is struc-
'

turally adequate for the Normal Conditions of Transport as defined
in Section 71.71 of 10 CFR 71. The 10 CFR 71 definition of struc-.

tural adequacy is addressed in paragraph 71.51 (a) (1) which states
that, "there would be no loss or dispersal of radioactive contents,.

as demonstrated to a sensitivity of 10 6 A2 per Hour, no cignificant-

,

( increase in external radiation levels, and no substantial reduction
in the effectiveness of the packaging". To assure that this
qualitative definition is met, the criteria, as discussed in Section
2.1.2, have been applied.,

2.6.1 Heat

'
For Normal Conditions of Transport, hot environment, 10 CFR 71
specifies exposure to an ambient temperature of 100 deg F in still

2air, with insolation of 400 g cal /cm for a 12 hour period (for
curved surfaces). Since there is negligible internal heat source,
and there are no constraints to the vessel expansion and contraction
the vessel stresses are assumed to be low. No calculations are pro-
vided.'

2.6.2 Cold
,

For Normal Conditions of Transport, cold environment 10 CFR 71,

specifies an ambient temperature of ~40 deg F in still air and3

shade. Since there is negligible internal heat source, and there
are no constraints to the vessel expansion and contraction, the
temperature gradient is small and the stresses are assumed to be

: l o' ' There is no liquid that could freeze.

,

L
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A worst case scenario is evaluated in Section 3.0 for an
(] instantaneous reduction in temperature from 100 deg F to -40 deg F. ,

(_/ The vessel stresses are within the design stress intensity limits
for the vessel material. >

2.6.3 Reduced External pressure

The bounding case for this normal condition of transport is
specified in 10 CFR 71.71 (c) (3), which indicates a 3.5 psi absolute

'

pressure. A finite element analysis of the reactor vessel as an
axisymmetric shell model indicated maximum stress intensity of 248.0
psi, as compared to a vessel material allowable stress intensity of
17,875 psi. Therefore, the margin of safety (based on the finite
element analysis and ASME Code calculations) is (17,875/248) -1 =
71.08. The detailed ASME Code calculations and finite element anal-
ysis are shown in Appendix 2.10.2.

2.6.4 Increased External Pressure

The 10 CFR 71 Subpart F, paragraph 71.71 (c) (4 ) requires evaluation
for an external pressure equal to 20 psi absolute. Using the ASME
Code, Section III, paragraph NB-3133 (Ref. 2.10), the minimum allow-
able external pressure is 437.0 psi versus the required external
pressure of 20.0 psi. Therefore, the margin of safety is 437/20 - 1
= 20.9. The ASME Code evaluation for external pressure is shown in
Appendix 2.10.3.

O
(/ 2.6.5 Vibration

The design criterjon for rail transport vibration loace was based on
discussions with Burlington Northern Railroad wherein the railcar
structure is designed for maximum buff and draft loads of 500,000
lbs and impact loads of 1,250,000 lbs. These criteria are based on
the Association of American Railroad requirements. Accordingly, the
g force would be 2.2 longitudinal.

10 CFR 71 paragraph 71.45(b) (1) requires tie-down devices attached
to the package to be designed for 2g's vertical, 5g's transverse and
10g's longitudinal.

The only tie-down attachment to the package is the circumferential
weld between the shield plate and the vessel shell. This weld will
be designed for a log axial load.

2.6.6 Water Spray

The water spray condition will not have a significant effect on the
Pathfinder package.

O
V'
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2.6.7 Free Drop

O The Pathfinder package weighs 291 tons. Subsection F of 10 CFR 71 !V requires that a package of this mass be analyzed for a drop of one
'

foot onto a flat, essentially unyielding, horizontal surface,
striking the surface in a position for which maximum damage is

,

>

expected. During transport the package will always be oriented in
the' horizontal position; i.e., the centerline axis of the package

'

will be horizontal. Because of the unique size, weight, mass and
bulk of the package, no other orientation is considered feasible
during normal transport conditions. Consequently, the free drop
condition is a one-foot side drop of the package on an essentially
unyielding horizontal surface.

Two cases were evaluated: (1) drop of the package along its length,
and (2) impact of the package at its edge, wherein 50 per cent of
the package weight and kinetic energy is transmitted to one edge of
the package. Drop of the package at its lower edge was considered
to be more critical as it is heavier due to the core internals
weight. For Case 1, the effective weight is taken as that of the
heaviest ene-foot wide section of the vessel and its internals along
its length. It should be noted that for the side drop (Case 1), the

,

weight of the protruding parts of the package (the upper and lower
vessel heads) will be transmitted to the impact limiter at the edge
of the vessel. The impact limiter end sections are analyzed for a
significantly larger weight and kinetic energy in Case 2. There-
fore, the maximum tributory (effective) weight for Drop Case 1 will

(~N be that of the heaviest one-foot wide section of the vessel and(,) internals along its length. Figure 2.3 shows the orientation of!

I these two drop cases. Maximum tributary weight, velocity and
| kinetic energy of impact associated with the two cases are given in '

Table 2.7. Refer to Appendix 2.10.4 for basis of the calculations.'

2.6.7.1 Analytical Methods

This section describes the analytical methodology used to
demonstrate the structural adequacy of the package during a side or
edge drop event. The analytical method is based on a step-by-step
evaluation of external energy, resistance offered and energy
absorbed by the impact limiter. The maximum stresses in the reactor
vessel wall are evaluated at each incremental depth of crushing.

,

| The Section 2.6.7.2 describes the calculation of deformation and
I forces generated during the drop event. Section 2.6.7.3 describes
j the ANSYS three dimensional finite element models used for the
1 detailed evaluation of maximum stresses in the package.

2.6.7.2 Impact Limiter Resistance / Deformation Behavior

As described in Section 1.2, the package includes a circular energy
absorbing impact limiter surrounding the vessel. This impact
limiter is designed to protect the peckage during a one-foot drop

O
2-11

1

,

_ _ _ ___ __ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ - _ _- ._.__ ______ _ .__.___ _ _ _ . . . _



. . - __ .- . - - - . - ..

T

Rev. O I

,

event. The impact limiter consists of pre-crushed Hexcel energy '

absorbing material. For purposes of analysis, the impact limiter is i
-

f ,T assumed to absorb, in plastic deformation of Hexcel, the potentialh/ energy of the drop event. That is, the analyses assume that none of ,

the drop potential energy is transferred to kinetic energy or strain
energy of the target (the unyielding surface" assumption of 10 CFRa

71) nor strain energy in the vessel itself.

For each drop orientation, the prediction of overpack behavior can
be approached from straight forward energy balance principles:

pc ;

E = W(h+c) = 1 Fx dx
vo *

.

Where: W = package weight I

h = Drop height r

c = maximum overpack deformation, or crushing

Force imposed upon target and package by theFx =

overpack at a deflection equal to x.,

The left-hand term represents the potential energy of the drop. The
'

right-hand term represents the strain energy of the deformed over-
pack.

I Figure 2.4 shows the tributary area of resistance at incremental
( depths of crushing. Using the effective area of resistance at each

incremental depth of crushing, effective load-deformation (onergy
absorption) characteristics of the impact limiter have been devel-
oped for the two drop cases. These load-deformation characteristics
for the two cases are shown in Figures 2.5 and 2.6, respectively.
The detailed calculations are given in Appendices 2.10.1. The max-

'

imum depth of crushing, peak deceleration and reaction loads gener-
ated are shown on Table 2.8. -

2.6.7.3 ANSYS - Three Dimensional Finite Element Stress Analysis

Detailed three-dimensional finite element models of the critical
sections of the vessel were prepared using eight nodo tnree-
dimensional isoparametric solid elements (ANSYS element STIF 45).
These models for the two cases are shown in Figures 2.7 and 2.8,

L respectively. For the side drop, a typical one-foot wide section of
the vessel wall was modeled using three one-inch thick layers. The
density of the vessel wall and gravel / grout (hereinafter, concrete)

( elements were selected to give proper distribution of weight of the
vessel and that of the concrete and reactor vessel internals. The '

modulus of elasticity of concrete was conservatively taken as 28,000
psi (1/1000 of the modulus of steel) so that the concrete does not
provide any stiffness to the reactor vessel wall. For the edge drop

(

|
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model, the vessel was modeled as two 1-1/2 inch thick layers. To
account for the weakened section at nozzle openings, corresponding

]v elements were removed. Appropriate boundary conditions were applied
at the plane of symmetry.

At each incremental depth of crushing, appropriate boundary condi- |tions and acceleration values were applied to depict the resistance
{offered by the impact limiter. For each model, ten load steps were I

applied at 1/2 inch increments in depth of crushing. Typical stress |contours for primary membrane stress and membrane plus bending 1

stress are shown in Figures 2.9 through 2.20. For the side drop 1cases the load is shown applied on the right side of the figure, and
for the edge drop case the load is applied on the bottom of the
figure. Maximum stresses for each incremental depth of crushing are
summarized and compared against their allowable values in Table 2.9. '

The stresses in the vessel wall shown in Table 2.9 do not neces-
sarily increase uniformly with increased depth of crushing. At
lower depths of crushing, the effective resistance force and the
width of support offered by the impact limiter is smaller. With
lower resistance force the stress in the vessel wall is smaller.
However, the st. aller support width results in higher. stress in the
vessel wall. At increased depth of crushing the resistance force
and effective support widths are larger so that the stress levels do[

not increase uniformly with depth of crushing. From these results, ,

i- the margins of safety are shown in Table 2.10.

1 Results of finite element analyses were verified by hand calcula--

O tions using analytical procedures given in Welding Research Council
V Bulletin WRC 107 (Ref. 2.4) which is widely used for the design of|

| pressure vessels. The detailed design calculations for the impact
| limiter,. finite element analysis results and WRC 107 calculations

are given in Appendix 2.10.5.

2.6.8 Corner Drop

The corner drop evaluation, as specified in 10 CFR 71.71 (c) (8) ,
applies only to fiberboard or wood rectangular packages not
exceeding 110 lbs, and fiberboard or wooden cylindrical packages not
exceeding 220 lbs. Therefore, the evaluation is not required for
the Pathfinder package.

2.6.9 Compression

The compression evaluation as specified in 10 CFR 71.71 (C) (9) ,
applies to packages weighing up to 11,000 lbs. Therefore, the
evaluation is not required for the Pathfinder package.
2.6.10 Penetration

The penetration evaluation as specified in 10 CFR 71.71 (c) (10) ,
requires an analysis of a 13 lb bar with a diameter of 1-1/4 in.
dropped from a height of 40 in. onto the exposed surface of the

2-13
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package which is expected to be most vulnerable to puncture. The |

!n long axis of the cylinder must be perpendicular to the package sur-
' )Q For a 40 in, drop the impact velocity is 14.7 ft/sec. Usingface.

the Ballistic Research Lab (BRL) analysis (Ref. 2.6), the thickness
plate that will be perforated is 0.015 in. Since the reactor vessel
wall is 3 inches thick, and the nozzle closure plates are 3/4 inch ,

thick the bar will not penetrate the vessel. Similarly, the
"

external kinetic energy is 43.33 ft lbs. Using the Stanford
Research Institute (SRI) analysis (Ref. 2.6), the thickness of the

.

'

plate that will be perforated is 0.0039 in. Therefore, there is '

adequate margin of safety to prevent penetration of the bar through
the plate. Results of the penetration analysis is shown in Appendix
2.10.6-B.

;

2.6.11 Load Resistance '

Routinely, packages have been evaluated with respect to structural
standards for " load resistance". Specifically, it is usually
required to regard the package as a simple beam supported at its
ends with a loading equal to five times its fully loaded weight.

'

Detailed structural calculations are given in Appendix 2.10.6-C.
The maximum stress is 0.72 ksi in the bolts at the closure head.
The margin of safety is (26.81/0.72) - 1 = 36.2.

2.7 Hvoethetical Accident conditigng

g This evaluation is not applicable.

2.8 Soecial Form

This evaluation is not applicable.

2.9 Fuel Rods

This evaluation is not applicable.

|

|

.

l
1

\!
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! c[( Contents

2.10.1 Calculations of Package Weight and Center of Gravity
;-
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'Reduced External Pressure Calculations

and Finite Elenant Analysis
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The bounding case for this normal transport condition is specified in 10
CFR 71.71 (c) (3), which indicates a 3.5 psi absolute pressure.

. The atmospheric pressure is 14.5 psi, the pressure across*

the shell wall would be 11.0 psi. Combining this pressure with the maximum
internal pressure of e 0 psi that can develop during the hot environment
condition results in a maximum pressure

differential of IL: psi. The membrane hoop stress associated with this
pressure is equal to pr/t, which for a E in thick and 4 .;in. radius
cylinder, is'~ Zi:.ksi . For an S allowable of 12.6 ksi, the result.ing marginm

of safety is

p) M. S. - 12. 6/,,g--I = 51 67;
.v

ND 3324 Tentative Pressnre Thickness
.

3,,]
The following formulas are given as an aid to the

designer for determining a tentative thickness for use
In the design. They are not to be construed as forrauhs '.

for t.cceptable thicknesses. However, except in local
regions (NB 3221.2), the wall thickness of a vessel

;

j N _~ 1), o A 66 o
~

shall never be less than that obtained from the 12,60o - c 5xil0
formulas in ND 3324.1 and ND 3324.2,in which:

t= thickness of shd1 or h:ad,in. = 6,. o '< 0'Db b's
:

P= Design Pressure, psi )).o
R=inside radius ofshell or head, in. : (o6 D'' ~

R,= outside radius of shell or head, in. * ' p , $ = $|.2 -)-

o,0376
S,,,= design stress intensity values (Tables I 1.0),

psi \'ls6 oo,o N- -

5 I' Db EK*

. . . . .

NB 3324.1 Cylladrical Shells
. . .

'

PR PR, - -- - - -- - - -

,, ,, ,

S. ~ o.$P Sm + o.$P

ND 3324.2 Spherical Shells

'r\
U '"2s P
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:00** POST-PROCESSING OF PFV1.50 .

.00** OU1PUT FOR. TYPE-6 ELEMENTS (GROUP 1)
.

!<

LOAD CASE = 1- SCALE = 1.0000E+00 f

;

,

00** ALGEBRAIC MAXIMA
,
.

TOP- Si TOP- S2 81-S2 (B) 51'-S2 (T) MBRN S1-S2 MEMDRANE S1 I
----------- -----...----- ----------- ----------- ---------- -------- --

ELEM 79 79 78 259 75 .70
2.7229E+02 11.7560E+02 2.3457E+02 1.1226E+02 1.6563E+02 2.4275E+02

ELEM 00 80 81 260 74 77
2.7229E+02 1.7560E+02 2.3457E+02 1.1226E+02 1.6563E+02 2.4275E+02

ELEM
. 94 . 70 89 255 76 79 '

2.7229E+02 1.7560E+02 2.3457E+02 1.1226E+02 1.6563E+02 2.4275E+02
'

|O .EM
EL -77 94 73 254 73 76

2.7229E+02 1.7560E+02 2.3457E+02 1.1226E+02 1.65G3E+02 2.4275E+02 '!
K JLEM. 76 93 95 258 90 91-

,

'2.7229E+02 1.7560E+02 2.3457E+02 1.1226E+02 1.6563E+02 2.4275E+02
ELEM 93 77 7'd 261 96 92 J

2.7229E+02 1.7560E+02 2.3457E+02 1.1226E+02 1.6563E+02 2.4275E+02 1

.ELEM GB 95 92 262 77 01 j
2.7229E+02 '1.7560E+02 2.3457E+02 1.1226E+02 1.6563E+02 2.4275E+02

'

ELEM 83 76 91 256 79 73
2.7229E+02 1.7560E+02 2.3457Ev02 1.1226E+02 1.6563E+02 2.4275E+02 i

ELEM 86 88 87 257 91 75 1

2.7229E+02 1.7560E+02 2.3457E+02 1.122EE+02 1.6563E+02 2.4275E+02
ELEM. 95 87 82 263 95 90

2.7229E+02 1.7560E+02 2.3457E+02 1.1226E+02 1.6563E+02 2.4275E+02
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sus 24 TormulasforJiat circular plates qf conssent thichus i
isotanom li's total opplied load hiounds); ic = unit line load Giounds per inch of circumference); g a load per unit area (pounds per equare inch);

N, se unit applied line enoment loading (inch pounds per inch of circumference). F, a caternally applied change in angular displacement (radians);
y, a externally appl;ed step in the normal displacement (mches);p a sertical deflection of plate (irichn); # = slope of plate menuied from the horin.ntal '

,

,

)i (radians); N, a unit ndial bending mornent (inch. pounds per inch of circumfereme); N, a unit tangential bend ng moment (inch. pounds pn inch of{( ndius); Q = unit shear force h.ounds per inch of circumference); E = modului of elasticity (pounds per square inch); e a Poloon's nuo; 7 m teroperature
"

roeff.cient of expansion (inchn per inch per degree); e a cuter ndius (inchn); 6 m inner nchus for annul. plate (inches);I = plate thicle.eu (inchuk
e a ndiallocation of quantity beirg evaluated (inchu); e, a ndial heution of unit line loading or the stari of a 6stributed 1.ad (incho). T to T, and

are the se eral functions of the ndial location e. C to C, are plate ainstants dependent upon the eatio e/4.1 to La are loading ninitinuC to Ga3 i 3

dependent upon the utio ele,. When used u sul eripts, e and I refer to ndial arid urigential directions, sespective1. When veed as suleeripts, e arid ;3

e refer to an evaluation of the quantity subscripied on the nuier edge and inner edge, respectively. When used u o auteeript, e relen to the sulacripted
quantity evaluated at the cenier of the plate

Positive signs are usaciaied with the several quantitin in the followir,g inanner: Deflections y andy, are posithe upmsid; slopes F end $, are positiit
when the deflection y inerenes positively as e increput enornenti N,. N,, and N, are positive when e-eating comprenion on the top surface; and the ;

shear force Q is posithe ohen acting upward on the inner edge of a given .nnular section
s 8 2llending strenes can be found from the mocena N, and M, by the espresilon e = CN/t . * Die plaie uinitam D = Lt /12(1 - # ). The sir,gularity ;

function bracleu ( ) indicate that the esprenion contained s'ithin the braclets must be equated to aero unleu e > F, alier which they art treated
si any other teaclets.
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NB 3133 Components Under External Pressure

G NB.3133.1 General. Rules are given in this para. Wd'3/h graph for determining the stresses under external
pressure loading in spherical and cylindrical shells
with or without stiffening rings, and tubular pro' ducts
consisting of pipes, tubes, and fittings. Charts for ,

determining the stresses in shells, hemispherical heads,
and tubular products are given in Appendix VII. ;

NB.3133.2 Nomenclature. The symbols used in this,
-~

paragraph are defined as follows:
A= factor determined from Fig. VII 11001 in

~

!Appendix Vil and used to enter the applica.-
ble material chart in Appendix VII. For the
case of cylinders having D,/Tvalues less than..

10, see NB 3133.3(b). Also, factor determined ,
.

from the applicable chart in Appendix VII for'

, the material used in a stiffening ring, corre.
'

spending to the factor B and the design metal
. temperature for the shell under consideration. ,

. . . _ . . _ . _ . _ . . _ . . _ . . . . .. _.
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t= external design pressure, psi (tage or sin >
A,= cross sectional area of a stisening rias, sq in. lute, as required)
E= factor determined from the applicable chart P,= allowable extemal pressure, psi (sage a

in Appendix V11 for the material used in a absolute, as required)
shell or stifening ring at the design metal R = inside radius of spherical shell. in.
temperature, psi S=the lesser of 1.5 times the stress intensity at.

! D,=outside diameter of the cylindrical sheu design metal temperature from Tables 11.0
course or tube under consideration,in. or 0.9 times the tabulated y!cid strength at.

E= modulus of clacticity of material at design design metal temperature from Tables !.2.0
temperature, psi (for this value, see Table I. T= minimum required thickness of cylindri:al
6.0). Use the curve with this salue on the shell or tube, or spherical shell, in.
material / temperature line of the applicable T.= nominal thickness used, less corrosion allow.

.

chart in Appendix VII. ance, of cylindrical shell or tube, in.

1=availabic moment of inertia of the combined
ring shell section about 10 neutral axis, paral. ;

le! to the axis of the shell, in.' The width of NB.3133.3 Cylindrical Shells and Tubular Products ;

the sheu which is taken as contributing to the (a) The minimum thickness of cylindrical she!!s or
combined moment of inertia shau not be tubular products under external pressure having D,/T
greater than 1.10/25,% and shan be taken as values equal to or greater then 10 shall be determined
lying one half on each side of the centroid of by the procedure given in Steps 1 through 8 below,p the ring. Portions of sheu plates shall not be Step 1: Assume a value for 7; Determine the ratios( considered as contributing area to more than L/D, and D,/T.
one stifening ring. Step 2: Enter Fig. VII.110M in Appendix VII at

1,= required moment of inertia of the combined the value of L/D, determined in Step 1. For
ring sheU section about its neutral axis paral- values of L/D, greater than 50, enter the
lel to the axis of the shtu,in.' chart at a value of L/B,of 50. For values of !

b= total length, in., of a tube between tubesheets. L/D, less than 0.05, enter the chart at i

or the design length of a vessel section, taken value of L/D,of 0.05.
as the largest of the following: Step 3: Move horit ontr.lly to the line for the value of

(1) the distance between head tar: gent D,/T determined in Step 1. Interpolation,~

lines plus one third of the depth of each head may be made for intermediate values of
if there are no stiffer.ing rings; D,/T. Frorn this intersection move verticalh ' ,v #

(2) the greatest center to center distance downward and read the value of factor A
between any two adjacent stiffening rings; or Step 4: Using the value of A calculated in Step 3.

,

(3) the distance from the center of the enter the applicable material chart in Ap
first stiffening ring to the head tangent line pendix VII for the material /temperatun
plus one third of the depth of the head, all under consideration. Move vertically to at i

measured parant! to the axis of the vessel, in. intersection with the material /temperatur i

L,=one half the distance,in., from the center line hne for the design ternperature, it terpola
of the stiffening ring to the next line of tion may be made between lines for interme
support on one side, plus one half of the dinte temperatures. In cases where the valui
center line distanee to the next ilne of support at A faUs to the right of the end of th.
on the other side of the stifiching ring, both material / temperature line, assume ar. inter
measured paraucl to the axis of the compo- section with the horizontal projection of th '

nent. A line of support is: upper end of the material / temperature line
(1) a stiffening ring that meets the re- For values of A falling to the seft of th.

/ quirements of this paragraph; materialline, see Step 7.
(2) a circumferentist line on a head at Step 5:From the intersection obtained in Step -

one third the depth of the head from the bud
tangent line; or

(J) circumferential connection to s
jacket for a jacketed section of a cylindrid
shell.

. . - _ _ - -. - __
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move horirontally to the right and read the used for the maalmum allowable enternal !
value of A. pressure 7,. Compare 7, with P. If 7, is '

$ttp 6:Using this salue of R. cale,ilate the maxj. smaller than P, select a larger value for T
imum allow tle euernal pressure P, using and repeat the design procedure untD a value j

the following formia i for 7,is obtained that is equal to or gn.ater i
than P. i

Y* * ' t , I T *
.

NS3133.4 Spherleal Shells. 'ne minimum re. (
9" d * "''' 'I * 'P "I*"I 'h D ""d" "'"""Ihkeph For values of A falling to the left of the
pressure, either seamless or of buu't up construction |spplicable material / temperature line, the

value of P, can be calculated using the with butt joints, shall be determined by the procedure '

following formula: given in Steps 1 through 6 below,
Step 1: Assume a value for Tanti calculate the value

of factor A ',ising the following fonnula.

2Mr, a
3D,IT

A
0.12$ , ,, , g

kep8: Compaie r, with P. If P,is smal'er than P, RIT
select a larger value for T and repeat the-

design procedure until a value for P, is Step 2:Using the value of A calculated in Step 1, -[_T obtained that is equal to or greater than P. enter the applicable material chart in Ap-
,

V iThe minimum thickness of cylindrical shells or pendix YI! for the material under censider.
thr products under external pressure having D,/T ation. Move verticaUy to an intersection
as less than 10 shall be determined by the with the material / temperature line for the
adute given in Steps 1 through 4 below, design temperature. Interpolation may be |IrphUsing the same procedure as given in (a) made between lines for intermediate temper. i

above, obtain the value of B. For values of atures. In cases where the value of A falls
D,/Tless than 4, the value of factor A can to the right of the end of the materi.

,

'

be calculated using the following formula: al/ temperature line, assume an intersection
with the horieontal projection of the upper

a .
l1

end of the material /temperat'ure line. For
'D, l T )* values at A falling to the left of the mate-,

rial / temperature line, see Step 5. '

For values of A greater than 0.10 use a Step 3:From the intersection obtained in Step 2,
value of 0.10. :nove honzontally to the right and read the

hgl:Using the value of B obtained in Step 1, valuc of fecterB. =(7,000
Step :Using the vdue of B obtained in Step 3calculate a value P,i using the following 4

formular calculate the value of the maximum allow-
able external pressure P, using the following
formular

P. , = f - 0.0833 B *

\D.I T , \ q p por, = g Y5-

kep3:Criculate a value P,2 using the following M'#
formula: # 7 \ b l,

[m Step 5: For values of A falling to the left of the

L 3 , applicable material / temperature line for the
P. , = D / T 1 D./T Design Temperature, the value of P, can be

calculated using the following formula:

kep 4:The smaller of the values of P,i calculated in
Step 2 or P,2 calculated ir Step 3 shall be I* " 0.0625E37/f

__ __ - . _ _ . - - _ _ - - -
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Step 6: Compare r, obtained in Step 4 or 5 with P. required I,is smaller than the computed I f

Ifr. is smaller than r, select a larger value for the section selected in s'.ep 1, that section i

for T and repeat the design procedure until should be satisfactory,
a value forr. is obtained that is equal to or (b) Stilrening rings may be attached to either the
greater than P. outside or the inside of the component by continuous !

welding.-
,

NB 3133.5 Stlffening Rings for Cylindrical Sheus ,

(a) The required moment ofinertia of the combined NB 3133.6 C3hders Under Atlal Compression,
ring shell section is given by the formula: The maximum sllowable compressive stress to be used |

in the design of cylindrical shells and tubular products'

,

I' " D,*L,(T + A,II )A
subjected to loadings that produce longitudinal com. t4

io.9 .pressive stresses in the shell or wall shall be the lesser
of the values given in (a) or (b) below:

The availabic moment of inertia 1 for a stifrening ring (a) the S,, value for the appilcable material at ;

shdl be dstermined by the procedure given in Steps I design temperature given in Table 1 1.1 or Table 1 1.2; .

(b) the value of the factor A determined from the r

through 6 below. .

Step 1: Assuming that the shell has been designed applica' ale chart contained in Appendia Yll, using the ,

and D,, L., and T. are known, select a fonowing defmitions for the symbols on the charts: i

member to be used for the stiffening ring and T= minimum required thicknans of the shell or

determine its area A and the value of / tubular product, exclusive of the corrosion

O dermed in NB 3133.2. Then calculate E by allowance,in,

the formula R=inside radius of the cylindrical shtu or tubu. ;

lar product,in. :.

B = G
PD, The value of R shall be determined from the applicable |

s (T. + A,IL, j chart cocained in Aependit Vil as given in Steps 1 !
through $ below. |

'

Step 2: Enter the right hand side of the applicable Step t:Using the selected values of T and R.
material chart in Appendix Vil for the calculate the value of factor A using the i

material under consideration at the value of foHowing formula: :

B determined in Step 1. If different materials !,

!are used for the sheu and stiffening ring, 4 ,, 0.125
then use the material chan resulting in the R/T i

larger value for factor A in Steps 4 or 5 !

below. Step 2:Using the value of A calculated in Step 1
Step 3s Move heritontally to the left to the mate- enter'the applicable material chart in Ap- ,

rial / temperature line for the design metal pendix Vil for the material under consider- |
temperature. For values of B railing below ation. Move vertically to an intersection
the left end of the material / temperature lire, with the material / temperature line for the

see Step 5. design temperature. Interpolation may be
Step 4: Move vertically to the bottnm of the chart made between lines for intermediate temper.

,

and read the value of A. atures. In cases where the value at A falls .

Step 5: For values of B faning below the left end of to the right of the end of the materi-
the material / temperature line for the design al/ temperature line, assume an intersection ,

temperature, the value of A can be calculated with the horizontal projection of the upper
using the following formula: end of the snaterial/ temperature line. For

values of A fauing to the left of the material /

(N A = 2B /E' temhrature line, see Step 4.
Step 3:From the intersection obtained in Step 2,N

Step 6:If the required 1,is greater than the com- move horizontally t'o the right and read the
puted moment ofinertia I for the combined- value of factor B. This is the maximuzn
ring sheu section selected in Step 1, a new allowable compressive stress for the values
section with a larger moment ofinertia must of Tand R used in Step 1.
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2.6.7 Free Drop

The Pathfinder package weighs 291 tons. Subsection F of 10 CFR 71
requires that a package of this mass be analyzed for a drop of one
foot onto a flat, essentially unyielding, horizontal surface,
striking the surface in a position for which maximum damage is
expoeted. During transport the package will always be oriented in
the horizontal position; i.e., the centerline axis of the package
will be horizontal. Because of the unique size, weight, mass and
bulk of the package, no other orientation is considered feasible
during normal transport conditions. Consequently, the free drop
condition (which is expected to result in maximum damage) is a one-
foot side drop of the package on an essentially unyielding
horizontal surface.

Two cases were evaluated: (1) drop of the package along its length,
and (2) impact of the package at its edge, wherein 50 per cent of
the package weight and kinetic energy is transmitted to one edge of
the package. Drop of the package at its lower edge was considered
to be more critical as it is heavier due to the core internals
W%'t . E pc.5 T au) ~2 N p . g 7.. L t7 . // , > 1 o w a h M , h hb, i Lw_. bw Q%
rrn- cm , A: e#ecA4- umju . u WiP M-
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2.6.7.1 Analytical Methods

This section describes the analytical methodology used to
demonstrate the structural adequacy of the package during a side or
edge drop event. The analytical method is based on a step-by-step
evaluation of external energy, resistance offered and energy
absorbed by the impact limiter. The maximum stresses in the reactor
vessel wall are evaluated at each incremental depth of crushing.
The Section 2.6.7.2 describes the calculation of deformation and
forces generated during the drop event. Section 2.6.7.3 describes
the ANSYS three dimensional finite element models used for the
detailed evaluation of maximum stresses in the package.

2.6.7.2 Impact Limiter Resistance / Deformation Behavior

As described in Section 1.2, the package includes a circular energy
absorbing impact limiter surrounding the vessel. This impact
limiter is designed to protect the package during a one-foot drop
event. The impact limiter consists of precrushed Hexcel energy
absorbing material. For purposes of analysis, the impact limiter is
assumed to absorb, in plastic deformation of Hexcel, the potential

,O energy of the drop event. That is, the analyses assume that none of
the drop potential energy is transferred to kinetic energy or strain
energy of the target (the " unyielding surface" assumption of 10 CFR
71) nor strain energy in the vessel itself.

For each drop orientation, the prediction of overpack behavior can
be approached from straightforward energy balance principles:

E = W(h+c) j Fx dx=

.

Where: W = package weight

h = Drop height

: = maximum overpack deformation, or crushing

Fx = Force imposed upon target and package by the
overpack at a deflection equal to x.

The left-hand term represents the potential energy of the drop. The
right-hand ter.a represents the strain energy of the deformed over-
pack.

Figure 3 shows the tributary area of resistance at incremental
depths of crushing. Using the effective area of resistance at each'

I

| (" incremental depth of crushing, effective load-deformation (energy
! absorbtion) characteristics of the impact limiter have been devel- ;'

oped for the two drop cases. These load-deformation characteristics i

)for the two cases are shown in Figures 4 and 5I respec-

tively. I
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I

!
- - - - - - - - - -

-- !100 --

i

t
!

80 -- - - - - - - - - - - - - - - - - {
i

60 ---- -- - - - - -

|

40 -- - - - ~ ~ - - - - - -

'

!

20 -- - - - - - -

!f~

.( i
' ' ' ' '

0 .
'

0.0 1.0 2.0 3.0 4.0 S.0 6.0

Depth of Crushing (in.)

Resistance, kips Wl 6 U R.a 5 :

1400 - - - - - - - - - - - - - - - i

1200 -- ~~ ~~
~ ~ ~ ~

.

1000 -- -~- ~ ' - - -

,
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- ~ - - - I AD DEFORMATION CURVE
CASE 2 - EDGE DROP

~ ~ ~ ~ ~ ~ ~ - -

600 - - -- - -' -~~~~--~~~
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- - - ~ ~ ~ ~ ~ ~ ~

200 -
- ~ ~ ~ ~ ~ ~ - ~ - - - ~ ~ ~ ~ ~ ~
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0"
O.0 1.0 2.0 3.0 4.0 5.0 00
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|
Depth of Crushing (in.'
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Stegth Ei egtei nAndelm Snea0th Model.a Suength nodwn iw
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Ceuesteresi.Gase ,i pse saa hai so. W pal 4 ,

< \

typ seem tvp mm typical typ tw mm typesel typ mm typetal .

600* d60' 90* 376' 300* 40e!?k1/16 5052. 0007 6.3 #0* 800'- - -

900' 63P 105 645' 620' 53s420s1/16 5052. 001 9.0 9600* 4700*- - -
,

'es 996 78 1M 890 406 48.0 430 00 31.01/6 4063.0007 8.1 306 See s

1/6 8083.801 4.8 000 376 670 406 160 360 340 306 70.0 300 tes 31.0

1/6-0088-9018 6.1 4000 400 4040 ese See ett 800 at6 90.0 300 3 73 41.0 ;

1/64483 003 0.1 4406 4000 4696 4400 360 760 736 670 138 ato 400 64.0

l/6 4052. 003 12.0 2000 2900 3060 2200 900e - te4J' 1250' 4430' tt*J0' --

6/32 4 052. 0007 2.6 220 450 260 toc SS 90 165 120 37.0 100 70 19.0
I

$/324012. 001 38 M. 265 410 300 110 185 270 215 56.0 178 125 264
'

5/32 4 052 0015 53 600 soo 720 535 195 340 420 370 64.0 270 til 36.0

$/324052. 002 6.9 9080 770 4430 600 205 175 690 540 114 375 328 46 4 |

S/32 4 052.0026 34 4130 4070 1600 4460 370 600 760 690 140 475 420 $6.0

]j3/16 5052. 0007 20 460 90 476 400 34 60 120 60 27.0 70 de 14.3

3/164 488.901 3.1 344 300 &as ite 78 IM 310 188 48.0 13e et 11.0

3/164 983.9018 4.4 tot see ese aos 148 380 330 300 68.0 318 160 H.0

3/164981 003 8.7 000 ge0 tee 400 130 390 444 416 M.4 300 344 H.8

3/16-5052. 0025 6.9 1920 770 1976 600 285 575 590 640 Ils 375 128 46 4

3/16-5052. 0C3 8.1 9660 9000 4720 1900 350 750 725 670 136 455 4 00 64.0
,

l/4 4 052. 0007 1.6 90 60 400 70 20 40 85 60 21.0 50 32 11.0 l

1/4 4 988. 001 SJ Sto 130 330 430 48 78 140 100 31.0 08 87 162

1/4 4 088-9018 3.4 376 See see 300 00 ISO 138 100 60.0 150 108 34.0

1/4 4053. 003 4.3 000 See See 370 tot 330 330 MS H.S Sie 188 39.4 |
I

l/4 5052. 0025 5.2 720 500 760 690 190 335 410 360 82.0 265 200 35 4

1/4 5052. 003 60 9060 630 1900 660 235 430 4t6 445 96.0 all 265 40.5

,, 6 83. . .$ 4 30 9,0 40 4000 ,.e m ,. 6,0 130 e 390 H.,

3/6 4 052. 0007 1.0 45 20 M 20 10 25 46 32 12.0 30 20 7.0

3/6 $0$2.001 l .6 90 60 95 70 20 #0 45 60 21.0 50 32 11.0

3/64 052. 0015 2.3 190 120 200 130 45 75 140 100 32.0 85 67 16.2

3/6 4 052. 002 3.0 300 too 316 200 70 120 200 845 43.0 125 45 21.2

3/6 5052. 0025 37 406 270 420 265 105 160 260 200 $5.0 170 115 26.0 l
l3/6-5052. 003 4.2 620 335 640 355 135 220 310 255 65 0 200 150 29.0

, 3/6 4052. 004 S.4 490 6tL 680 536 200 360 430 300 66.0 200 228 HS

,,
3/6 5052. 005 6.5 4000 700 9100 760 265 SOS 645 500 105 350 300 43.5

. _ - . h: I
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! MAXIMUM STRESS SUMMARY |

Side Drop Edge Drop
Depth of Max. Membrane Max. Membrana Max. Membrane Max. Membrane

'

e

Crushina.in Stress.ksi + Bendina.ks_i Stress.ksi + Dendina.Ksi
O.5 2.56 5.33 3.03 13.06
1.0 2.74 5.54 3.79 13.45
1.5 3.35 6.77 4.63 16.44 i

2.0 1.91 6.25 4.49 17.11 !

2.5 2.13 6.97 5.01 19.10 t

| 3.0 2.33 7.63 5.47 19.27
'

L 3.5 2.52 8.23 5.90 20.78
!

|- 4.0 2.39 7.27 5.00 20.26
l 4.5 2.54 7.77 5.30 21.47
! 5.11 2.71 8.23 5.63 22.83

i
'

.

1 MEMBRANE AND MEMBRANE PLUS BENDING1

MARGINS OF SAFETYp

5.90 kai-=Maximum membrane stress

Allowable membrane stress = Sm = 17.88 ksi

2.03Margin of safety = 17.88/5.90 - 1 =

Membrane plus bending stress = 22.83 ksi

*

Allowable membrane plus bending = 1.5 Sm = 26.81 ksi

0.17Margin of safety = 26.81/ 22.83 - l'
-=

0.51 ksiMaximum tensile stress in wiosure head bolts =

Allowable tensile stress in bolts = Sm = 17.88 ksi

Margin of safety = 17.88/0.31 -1 = 34.06

0.43 ksiMaximum shear stress in bolts =

Allowable shear stress in the bolts = 0.6 X 38.0 = 22.80 ksi
Margin of safety v- 22.8/0.43 -1 = 52.02

-
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3.G.1 MAXIMUM STRESS RESULTINo Fnow RA. Step 2. Enter Fig. SR 1 at the value of U found
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1. Nomenclature V - concentrated external shear load,
Symbols used in the formulas and equations in Ib .

the text are listed below: M - concentrated external overturning
moment, in Ib1.1 General Nomenclature

Mr = concentrated eFlernal torsional mo-
.

normal stress in the ith direction on ment, in. Ib,, -

the surface of the shell, pai d , d. - inside diameter and mean diameter,
shearstress on theith face of thejth respectively, of the nozzle, in.-

direction D., D. ' - inside diameter and mean diameter. -

S stress intensity - twice maximum respectively, of the shell, in.-

shear stress, pel
N, membrane force per unit length in 1.2 Nomentleture Applicable to Spherical Shells-

the ith direction, Ib/in.
'

y, = concentrated external shear load in -

M, bending moment per unit length in 2 2 direction, Ib
'

-

the ith direction, in. Ib/in. V. . - concentrated external shear load inK. membrane stress concentration fac- 11 direction, Ib
'

-

tor (pure tension or comprension) Mi - external overturning moment in 11
K. bending stress concentration factor direction, in. Ib-

i denotes direction. In the case of M - external overturning moment in 2 2=

spherical shells, this will refer to direction, in. Ib
the tangential and radial direc- R. - mean radius of spherical shell, in.
tions with' respect to an axis T - thickness of spherical shell, in.
normal to the shell through the r. - outside radius of cylindrical at-
center of the attachment as tachment, in.'

shown in Fig.1. In the case of r. - mean radius of hollow cylindrical at-
cylindrical shells, this will refer tachment, in.
to longitudinal and circumferen- t - thickness of hollow cylindrical at-

.

tial directions with respect to the tachment, in.
axis of the cylinder as shown in T - r,,/t'

Fig. 2. ,. - T/t
denotes tensile stress (when asso- U - r./VR.,T; + =

L ciated with e ) N,, N, - membrane force in shell wall indenotes compressive stress (when-
radial and circumferential direc-,

! >'
associated with a) tions, respectively, Ib/in. (seeangle around attachment, degrees# =

Fig.1)-(see Figs.1 and 2)
modulus of elasticity, pel M,, M, - bending moment in shell wall inL E -

concentrated radial load or total' radial and circumferential dirac-P -

distributed radial load, lb tions, respectively, in. Ib/in. (see
,

y;g, 3)

~$$.*4$.TEr$rN.UEUIE!IA*E.0"..N Es.N N (see Fig )
'

(] b.I'.'t:1.ht. if:c' * '""" " * ""' ^""" *~" **' - normal stress in circumferential di.,,
'

, |g :;gy;;, gagg,y;;""!!2cN,".g"'"* *""' *** rection, psi (see Fig.1)" g d

. . ...

m euw iu. e .gmwM.ee m. e

.
:
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|- 4. Cylindrical Shells ,' p"L
,

j'

_

f 4.1 Sien Oonvention '
Y<

Stresses will be censidered in the shell at the at , ge

*

tachment to-shell juncture in both the circum- ,,

6
ferential and longitudinal directions as shown in ,eorzLc w ,

4 6 #
L Fig. 2. A knowledge of the shell deflections re*.

cru=DaicAt
sucu. 6 ## rd

sulting from various modes of loading permits one
to predict whether resulting stresses will be tensile -

* , , -
' '' -,-

(+) or compressive (-). , ,
- ;

.,p

r
e's %u*// ggsCse

,,.
3* n' r+

o c ; ,s',a# Ts Qac
f 6s

j \ b*088 CVLINOCR$:# is MEASURCO
FROM THE LO*eelTITUDINAL

[ * '

CAltI CASC18 CASEtil TYPIC AL CLEWf887

G Consider Case I sh'owing a direct radial inward ns. 2-Types of toeding conditions at an attachment to aL

V load, P. Here P acts similar to a local external-
cylindrical shell

;

pressure on the shell causing compressive mem-|~

brane stresses. Furthermore, local bending occurs M "

so that tensile bending stresses result on the inside [a,T'VR.T][T8V'R7}/.
of the vessel at C and D while compressive bending \ M /\.

stresses result on the outside. In using this formula, the sign conventions estab-
In Cares II and III, the applied moments are lished in Table i should be used.

considered to act as couples composed of equal and j

|
opposite radial forces. Hence, tensile membrane _,s ,

stresses result at B and D while compresnive mem- pT , L , f,_ !"

brane stresses result at A and C. As in Case I
'

l

. . . . . - . - . - . \
|

.

N4 . .gW . .-g .a* es aes. w- . we . m p.e- ,.
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The results of Ilijlaard's work have boon plotted
-

,,p"' .c .
'

In terms of nondimensional geometric parameters** *p
au g%

E
by use of an electronic computer. Hence, the first

-

e,%{g e,
''* y ' step in this procedure is to evaluate the applicable

-**
s'' Mb [ geomett.c parameters y and A.

|[Y'".%..%..K'"'~~*([ 4.2.1 Shat.t. PARAustan (t). The shell param.8 .

/ '

M r *--- - g

. . .

<>

35*--} eteris given by the ratio of the shell mid radius tos
'

mniemu .ar m m manue m ae nr ' shell thickness thus:
y - R./T

.
"i . . . . . . . . . .

c

4.2.2 ArrACHMaNT pan 4 MET 3h (#). For cylln.i gg'. . . .
' ' ' -

drical shells, eihr round or rectangular attach.
'

' . ' " * * "
ments may be considered in h following manner:,

f .] Q ., j 4.2.2.1 Round Attachment: For a round aLtach. <

"g ,' '[^ ment the parameter A is evaluated using the ex.
:: : ; pression:
'

4 " 0.875 r.
.4 .*

.

y 4yq R.
*

, * '

W f i 4.2.2.2 Square Attachment: For a square attach.
'

.

./~T N* * - ment the parameteris evaluated by:k_.,/ '""' :" C".'.'* '.*'"*M -i

, , ,

'

tensile bendfr'q stresses reeulL nt A and C on b in. .;.2.2.3 Rectangular Attachment Subject to Radial
side of the vessel, and B and D on the outside of b

Load (P): For this case A is evaluated as follows:vessal. Similarly, compressive bending stresses -
.,,

result at A and C on the outside and B and D on the
..''

Inside.. p, . R. p, . .'J.
Ru

In this manner Table 4 has been developed to *

show the signs of stresses resulting from various If ,_, > 1, A =
ontemal loading conditions. These stresses are lo. ,'

'

cated in the vessel w.111 at its juncture with h at. 1
"

tachment. Um of Table 4 permits one to use the 3 ,,, 3 #J _ g/\Vi_g,Yy,g'' i/. '
, .

~~ nondimensional curves presented in the following
l

*

procedure with a minimum of encumbency and If ,' < 1, p -
concern for sign convemtion. 8'

The numerous stress components can be readily
'

4/1.. 8 V _ x,/ y,7' )Y-

accounted for if a scheme similar to that shown in t _3\ 1
#3/\.

Table 6 is adopted. In using this scheme it is to .* *
,

be noted'that the Maximum Shear Theory has been ,3,,, g y,3,,, ,re obtained from Table 6.
. . _ . used to determine equivalent stress intensities.

'

Also IL is to be noted that evaluation of stresses 4.2.2.4 Rectangular Attachment Subject to Circum.
| renulting from internal pressure has been omitted, farential Moment (M.).
! Test work conducted by PVRC has shown that 4.2.2.4.1: When considering membrane forcesm
[ stresses attenuate rapidly at pointa removed from (N): A = #p,3 #,. Then multiply values of

the attachment.Lo.shell juncture, the maximum N,/(M,/R.'s) so determined by C, from Table 7
*

stress usually being located at the juncture. How- (see para. 4.3).
ever, in the general case of arbitrary loading, one 4.2.2.4.2: When considering bending moment
han no assurance that the absolute maximum (M,): A = K,fg,th where K,is given in Table 7.

g' strens intensity will be located at one of the eight
. poinin considered in the above discussion. The

mnximum stress intensity could be located at some 4.2.2.5 Rectangular Attachment Subject to Longi.
intermediate point around the juncture uncler an tudinalMoment (M ).S -

-

nrbitrary load, or under a longitudinal moment 4.2.2.5.1: When considering membrane forces
~ with the circumstances outlined in para. 4.4 and (Ns): # = ##, B,'. Then multiply values of

1

|
- - - - - - - - , - , , . - . . . . . _ , - - . _ . _ _ . . - - , . - - - , _ . - _ - - . -- - - - - - -, . - . _ , - - -
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equation (Section 2), together with the proper
Table 6-Red 6*1 Lead (P) choice of sign (Table 4); i.e.ts

^No N, Me Mo .'"2. e gg,

I,, , g, fe , y, $$.*x, 0.91 1.88 t.76 1.2
", T TsXi 1.48 1.2 0.88 1.26*'

- Nom Above holds approalmstely within limite 4 2 4.3.1.2 Longitudinal Stresars (e,): Follow the 5
' A/A B '/a). steps outlined in 4.3.1.1 except that (N,/P/R.]

'iis obtained using Fig. 4C; and IM,/P), using Fig.

calculated in para. 4.2, enter Fig. 30 and read off 2C or 2C 1. It follows that: .

-

' the dimensionless membrane force (Ne/P/R.]. y, y, - p-
Step 2. By the same procedure used in Step 1, T

* '

W"'..SE.

'"
R.T"

)enter Fig.10 or 101 and fmd the dimenionless
bending moment [Me/P). 9.Ab ., .M*

T8 .P. .T8.and ,

Step 3. Using applicable values of P, R., and
, T. find the circumferential membrane strees N, 6M,

, g* T , g* _T',*
(N,/T) byl

N " No ~ P~ 4.3.2 STRssses RasulertNO FRoM CIRCUWFEREN.
*

e - . '

T .P/R.. .R .T. TIA1. MouuNT, M,.

#*#*## ""'"I'"" #***** I''I
Step 4. By a procedure similar to that used in

Step 3, find the circumferential bending. stress St*p 1. Using the applicable valueu of # and 'r "

calculated in para. 4.2, enter Fig. 3A and read off
(6Me/T8) thus: the dimensionless membrane force Ne/(M,/R.'A).

6M ' "M " '6 P .
-

-- f r Step 2. By the same procedure used in Step 1,j" T' .P. . T' - enter Fig. IA and fmd the dimensionless bending.; '

Step 5. Combine the circumferential membrane moment Me/( Af,/R.#).
anc' bending stresses by naa of the general strees Step 3. Using applicable values of M., R., #

1

-

Table 7--Circumferential Moment (M,) .*

s X, lor e X, for Me X, /or Ma Calor Ne ,. C, for M,
|

- A/S.. *
16 1.09 1.31 1.84 0.31 0.49

I/,

60 1.04 1.24 1.62 0.21 0.46
100 0.97 1.16 1.46 *0.16 0.44

0.09 0.46300 0.92 1.02 1.17 .

'/s 16 1.00 1.09 1.36 0.64 0.76|
i

f
60 0.98 * 1.08 1.31 0.67 0.76

100 0.94 1.04 1.26 0.61 0.76
|

300 0.96 0.99 1.13 0.39 0.77
~

2 != (1.00) (1.20) (0.97) (1.7) (1.3)
100 1.19 1.10 0.96 1.43 1.12
300 (1.00) (0.90) (1.3) (1.00)... ,.

4 16 (1.00) (1.47) (1.08) (1.76) (1.31)
100 1.49 1.38 1.06 1.49 0.81
300 .(1.27) (0.98) (1.36) (0.74)...

| -.I Notu: The values in parenthesis determined by en opproximate solution.
. . -

,

Tobie e-Lengitudinal Moment (Ms)-

? h/h. , Ks for e Ks for Me Ks for M, Cs for No Csfor N ,*

-- 8/. 16 1.14 1.80 1.24 0.76 0.43
.

60 1.13 *1.66 1.16 0.77 O.33'

100 1.18 1.69 1.11 0.80 0.24'

.. 1.11 0.90 0.07*

'(1.66
300 1.31

1.08) (1.04) (0.90) (0.76)8/, 16 (1.00)'''-

100 1.00 1.07 1.02 0.07 0.68
| f 300 (1.00) (1.06) (1.02) (1.10) (0.60)
r

(0.04) (1.12) (0.87) (1.30)2 16 e ...
! s

100 1.09 0.89 1.07 0.81 1.16
1 -

300 (0.79) (0.90) (0.80) (1,60)
1 ...

; 4 16"" '"'~ l i39 '~ ~ ~ D3u T.24~'~" ~~~ 0.68* -** 1:20'*

|
100 1.18 0.81 1.12 0.61 1.03

1 300 (0.G4) (0.83) (0. 60) (1.33)' ...

NuTE: The valuwe in parenthesis deterrnined by en approatmete solution.
*

1
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e 3.2.2 ArrACHM MNT PAnAucTuns. For spherical, g < %' shells, either round or square attachments mry bev .,-
considered. ..

3.2.2.1 Rigid Attachments: In the case of a rigid
attachment, no attachment parameter is required

hor:Lc % to use the nondimensional curves.s,icLL .

3.2.2.2 Nozzles: For a hollow cylindrical attach-

r,T V +F $
A ment such as a nozzle, the following parameters6 v

#r must be evaluated:
:-%c<, ,.9

,.I*=
t

3.2.2.3 Hollow Square Attachment: If a hollow
-

square attachment such as a box beam is to be on-
sidered, the required parameters may be approxi-

Fis.1-Types of loades conditions et en attachment to a mated as follows:
]*

sphetacal sheH

T ~ 0.875t'

In Case II, the overturning mornent may be con- y x

'i sidered to act as a couple composed of equal and a=-
t

\ - opposite radial forces. Hence, tensile membrane| 3.3 calculsua et suennstresses result at A while compressive membrane'

! stresses usult at B. As in Case I, local bending 3.3.1 Srazassa RESULT No Faou RAMAL LOAD,
also occurs no that tensile bending stresses develop P ,

t' A on the outside of the vessel and at B on the in.'a T*W* 1-53 #C"unuu fu sienen anutune freen mediel8side, while compressive bending stresses develop at "' "*'"" * ** " *''""'"''"*"
A on the inside and B on the outside.

In this manner, the signs (tensile +, compres- u,*% m, w,myy,',sive -) of stresses resulting from various external dh* se'\ t ^ust,

o,\QQ,loading conditions may be predicted. It is to be o,

noted that these stresses are located in the vessel et g- jM ** '' ~ 1..r j'd -
wall at its juncture with the attachment. ,.

^* -.ETable 1 shows the signs of stresses resulting from 1 ,/s \,, ]Q*L
.

7*
radial load and overturning moment. This table T _(. ___ e t

~

L

will facilitate the use of the mondimensional curves
- - -- -

-

novuo atucaucut souue atuenusur i(presented in the following procedure) and minl-
mize concern for the signs of the calculated |

-stresses. ,,,,,,,

*
' ' " " **"'"" * '' =>

| 3.2 Parameters
0E AIRMI-

' The resulta of Bijlaard's work have been plotted .

in terms of nondimensional geometric parameters b *t :; . . g
by use of an electrome computer. Hence, the first
step in this procedure is to evaluate the applicable { } {

- geometr e parameters. ,

k[7 0 : :
.

3.2.1 Snat.L PARAMETER (d). The shell param- 7N*' '

eter is given by the ratio of the nozzle outside 7gdiradius to the square root of the product of shell E..
-

(q radius and thickness, thus.
'

-

l m.., ,. . .

Q$tV Y
-

2 '

re ,y
. a.yU= .

"" : :':::: :;O."."/.'.'._- , ~~
If a square attachment is to be considered, U may a---- - - - - - . . -

*

* ' ~ ~ ~ ' ~ ~ ~ ~ ~ ' . ~ .77'' ' '' ~~~'
~~

be approximated as follows:

c........ es..n. 3
1
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SYMBOL 5 ~~ ~ ~bJk'$,'7 7._

A In: Impact Area 7,}
a Ft/sec8 Acceleration or Deceleration Rate

F Lbs. Impact Force

fu PSI Honeycomb Crush Strength

G Dimensionless Ratio a/g

o Ft/see: Acceleration due to Gravity

KE In.-lb. Kinetic Energy

m Slugs Mass

S In. Stopping or Falling Distance

t.. In. Honeycomb Core Thickness

t Sec. Time

v, ft./Sec. Initial Velocity

v, Ft/sec. Final Velocity

v Ft/sec. _

Impact Velocity.-Often equal to v,"

W Lbs. Impact Weight ,

!

e. Lbs./rt' Honeycomb Core Density

.

'+ e. 4m ..

& E

I-
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;

The following formulas are those commonly encountered in simple energy absorption calculations.'"

- General: '"

1. Kinetic F.nergy, KE = V2 mv' 4. G = a/g
2. Mass, m = W/g 5. Velocity, v', = ve' + 2aS
3. Dynamic Force, F = ma 6. Distance travelled, S = vet + V at' i

'

Honeycomb Energy Absorption:

7. Stopping Distance,8. From 5. above for v, equal to impact velocity and v.
equal to zero,

v8 = 2aS

end from 4. above, o = Gs. Therefore: S = h
'

8. Minimum core thickness, t.. Assuming 707r of the total honeycomb thickness
is available for crushing, then S = 0.7t. and therofore, from 7.

U t. = 0 h
This formula has been presented graphically

on Page 3 of this bulletin.

9. Crush strength,1,,, Since f,, = F/A and from 3. above:

F = ma = W._g , wg
a

then fe, = W

This formula has been presented graphically
on Page 4 of this bulletin.

It can be shown that:
KE = le, AS

i from 1. above
|~

~

KE = 1/2 mv' - WGS - WGS = FS = fe, AS*V'

| 29 2g

Setting S equal to 0.7t and solving for t. will produce the hnal checki

equation presented on Page 3.

1. Tornaulas based on acceleration being a constant
2. g n=32.2 ft/ sees for earth enrironmer.: only <

, . - __ _ _ . _ _ . , _ . _ _ _ _ _ _ . . . _ , . . _ _ _ . _ _ _ . _ , _.. _ _. _ _ . . _ _ _ __ - -
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USE OF THIS CHART
.

. GIVEN:

Impact velocity . y. .

G Limit . .....G

|l) This solution takes into consideration the fact that only 70% of the honeycomb material is ovcilable for crushing.
(2) See Page 12 for the solution to problems in which G is not a design constoerotion.
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USE OF THE CHART
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1. Enter the chs with the known value of E in lool.poundo Emd total case thicknees I. In baches. The inter-
seetun of the coordanaise E and t, dalgang a danoonal kne. '
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considered.
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5015T0008 CRUER STED00TE-4-PSI
man see as as

t...... . . l......-- . . . . . . . . . .

..

- -

; ,g-*.I w . -

.-_ w1 - *)W ..-wa .sr - m . . - m
: nmw . . : m w . m *=. . :w - . - .r

m' * *-/g.,
- .s - -. .,-. w - :., . ww

- r . e
,

h. .- tese

:

e .

F'~ ,' -
r .

.r: -

,I: -,' J'_ m'w
. : . . nm . - w . . - w

j'r
-

n.F-
. : w . : am .:

j' - m' I :/-
'

.

, - w . - w
:.

- - r -

w .r -

_
.

- : ..,s- : . - s w : - . - w : w.
>

: .,.7
-

5"n,.,r.
, : ,'., : : .-r ,"-> . ~p 1

. ., ,,.. . ,
. . .

. ,

F ;"w3
- - .- . -

r
, &

.

- [ }'4- - w -

,
-

,' - - , ;' f .n*
. ; e , -

,, (W '-
.'. - - *- - . w - - , i

-

,\' ;
_ .. .

j' \ ,

.

- %,
. = - .- . . -w .-,' . : I w' :;;' - ,' - / |./ ; - -

- ,
i

. .

7- ,- .- e : :
,t.

, . g ,,,vr . - . w.
1 , - - -m _:

r i_ I [
- - - r - -- . ,~~f*- n. r : : . . - - w . - r .

- *"N *""*M
7 . ,r ., : . _ w _ :.,._[ ' . ,

,: :
I

-

.

I amage,m-
, . - r1 . - r - - ->r - - -

,r - - - ,1 - . .r
- -f _,_ - . . , -

- .

kr- . -1 , r1 - - ~ .7
~

1 F 1
f'* -:-z f

-

.- - a _

-- r - r . .- r

.,. : .A - : 1
--

. 7

|.:. . -.72 -/
2 f . 1 _ '

- r ; . - .r. -

. w . ,- ,

O|-
. Arsz- : ->A s1 ,A

. .r -.,a
ar- - 1ir_eJ

z- s1.,r:
. rs : . .

.7
-

e.
- . : .r

,r . .r. . -s - . - > - .r >
..

-,3

*=."'* 'e'* Y

.

_

- -

w
. w . - ., - : ,,.r **** >. s . .

=-

. .

-. : -- - w
-w1. e

, .

.""* :

:
r .s - - 3 1 - r r - r

r
f - .

; ew. . ..>a . > - - :s
ar : 1 : .

7sr
:'"V*'**s : . .e

- 1
. r-:..f- 1n

s - -s
> : . - : - I -- :.a .

-

1
- .r - > e

|
~

| ::. , "
.m

. . w" . /*****f" r" ' | u' .->_ .,- ,.

'

: :
-

^ : ^' "

|
; a. - w - m - wr

s.- _r _ - Jr : . nr . r : .#rs
s | ,w' *2'

.
w _ .r - .1

. 1r- : s.J., . :%1:s
- ,.r 1,. _ . - ,,,,

-

. m - '

.
- : , -

.

- .-
_ . . _ -. - - :

. . ' - ' . .J . -.# . - IJ [ i .s
: > -

.,7 s : - . g. 1

*
rkr - _'mA

'

. '.r12
- _s.s

. 1 . -

_s . 2.e
_ _ .r - .7

,.:s.p,ex-
:

. :
. .1

'

z
_ - iJ

:
_ Jr

. - . _
J . - ir

.

g y

-
.

s im
- a 's.,7 s1

' '

****r
.--r

>k,.V.F'
. ' .7 ,y: _ _ ir,rwj

g

i r : hr
'

._f .,2. . . r . .

. - s . . r . : .m . : 1 . -

:

_ _

gt -

,

. . A . :
' _ '

|0> )E . . : ir J ' -- 1 : Ir . : A.5 . . : r r

: _ : Arr;r2:rr wan 2r >,:-rs ,a m..

1 Lr : 2 -
. .- r rf

. ~

>

- ;,r .
ir : w1 - . : wu

. . : .2 . .,.a

: r - .
.

.s . :4
.._

. . s
:

s . . .7 .

. .>:s - : :r r - : . -

-

.m : . . r .
r

_ :1 ~ _ : . La : . : - 1': Jr- .!r.# - .r'.Jr.i
: ' '1#

-s . ., ,- - :.s - : . w
:.# # I : ' '. :

i# :
1;J

: 17

'risw' :
: .

_ J -

-

J1 '
-

. !irLr : ' -

.E : : .J

- 1r s . - . - r - . w . - ,1 . w'.7Y
.

- - W

:

,.v. w..s : : w - - .r -

. :

.'.r-r
. __ J . g

|sens.m..
: w . _ : . - - -

. ,. - ;r :

< - - ,7 - - ,z._,> . ,r .,

.

-

e;. . w;. - . . . : - - - - - . . .

1 r, : - - 1-
"

.. ,v :-
_

_,s :
. , : - : : - ,.e : . ,,a , . - - - . -

; - >.,2 - - :
-

,- . ,.e -

.
,

.m~ . : .,.r - 1,A
- .-A .A - :s J -

.7:
-J :p.1 - .& ->r A .r7 - 1 **.

I
*

:1.Mr . . - .s .#.s : . - : 1er:: ;.r . : ar: .
r . r -

e: ' 2 :-~'A
' s: : :'su : - ar . - - : i# - -

Er !_ - Er
: ir : z: i#3

. . : w
- r . .7_.c

. . e *=: .
-

. 3
. : in . . - w _r s

: .

.
. .

**

. I E . _ :. Er _ _ : Ar _ _ - : : .7

- . -s . r7s' _ S'
_ .r

r'#--.--ir! J

ris--. am 0. .s . : r . ir - : Ir.e : :.

7 ,1. .A - - A - LA - ~ Le ~ . : AB - kr - - J -

. , $s
^

?~1 ? 'r Y. b.7 - - - m,
. -. r,.r

: - -.r h4
qu q

& ,,-
a, : a, - > _ _-.e., : _- r- . : I,

r27ir
,-w

a
- *' *

p . . LA . A . . W .7 .0 - 1r.
- r . . , ,.z : -

: - - . 1 - - : . _ 1 ** r s
:7 . _ -

1
-

.

, w,^# i [: . [' Lv -
af

-[ .: . . U
. Er . 2

Ir^"-!i 7 M"'"*"N"5.; I _ J , q- J .

^

- [ i w! u''! .:r.r'' - - . - -

,
,

.

2

p,. , : a - #:s: 1 ;, : ~ Wwnr:,r-
. wu

- : - -..,e.r.. - w : . . .

r
- . . :

- : - - - . - w -..w-e-:
. .

7w :. - -****VJ .'' ;
:. - . .

: . s
u

+'w*t .' .,: L .:ir - e : . : w.7.
: . . , .w: . : u

.- ' ww: --: z
- - Ar : . : :

.-v:J 1
.

. . . . - . : . .:
Ar . : : --w '. : .'.eLv

, er - .
'.eLew

- - : w -

: e.e- 1
: .: w

. ~ Ar : . ar1:: w . : . . e :

, : , . , : , ' :-

' '

1
~

y ,

^
'

. , - ,

.

._ ...,_.,.,.,m
.

, . ., , , , , ..<
ggg ... .m_.., m . ......,_.m

_ ._ . .-

:

.,: , ,

. . . . . . . . ., . . _ . .3 g. , . . . . . . . .

A
as I as see

, -

' O
.r e ,e* v see** e .gw e e h e.,m,g e egyge., ..e, am e.eO+.9.m e gapy., e.e

e q ,

. m-.. 4 * ...w .

,.o- .

.h-..

g u e-4.ee.e-- --. em .e G m.-s

as

* 4adet...gu>>e -peeSep. * * * - - - * * . **-e-. e tSe * Des 4 .e. e .-e**e+4

e- - - - t---t e -- -w- -----we-- - - - - ev-- g-ee -se---,w---w- - --er "r- +--T*w- -.9- w - - - - - w.'' w--''N- k N-T-



t
3- - - . . , . . ..

,

NJ**M mn EIIW anm 1 * S * %E0

[VE
nY '

| [] hic ~ lol:L(BRe m'

oeco myg w |
i

muscr Ao.' 4-M E Te. PBiSW+m w
M5?- PM%MnbR bEc.oMt55 tow 14G SWM!' . Ym.: '

hochrv Ws541 %)gsis.h.",TdWJ,Eh4py CodtMeo
LOAD AND DEFLECTION ----m'" ,.

*

The lood and deflection characteristics encountend tri statically crushing honeycomb are graphically shown
in the figure below. This curve indicates the value of the resistones to loading offered by the honeycomb as >

,

the compressive load is overcome and c ashing starts and continues. Three items on this curve are of special
interest:

A. COMPRESSIVE PEAK-Honeycomb systems which are not procrushed
or in which the initial contact area has not been reduced exhibit this peak -[g ,

force level at impact. This undesirable peak can be easily eliminated by i

proper design.

B. MAXIMUM CRUSH IIVEL- A horizontalline has been drawn across this
curve representing a maximum crush level. If this hypothelleal line had
been developed as a design maximum, then the actual honeycomb fer
value must remain equal to or below this level for crushing to take place.

C. MINIMUM STOPPING DISTANCE-The vertleal line drawn dcwn this
graph represents a hypotheticci stopping distance minimum established
in conjunction with the maximum crush level value. This value represents
a minimum value for the maximum crush level line and any crush level ,

[3 selected below the maximum limit will require on increase in this mini-

| V mum thickness.

- PEAK

l

f , MAX. ,

e

!|."L" "N!

! h IerI >

j Oa,

i

I

.F

|

DEFLECTION

'8 The cetual crush strength of honeycomb is normally given as the overage value of the load diagram inflections.
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NOMENCLATURE !

R.cy. 7_.5|
;' A Temperature relative to NDT; A = LST-Tupy '

)' AAR Association of American Railroads
I (] AWS American Wolding Society
() B Section thickness

/ KID \ 2
W

# A dimensionless parameter = l
,

COD Crack Opening Displacement
CVN, Cy Charpy % notch test or the test results

i DWIT Drop Weight Tear Test
DT Dynamic Tear test or the test results - '

7

HAZ Heat affected zone of welds
Kg Stress intensity factor

| Kc Critical value of Kg for static loading rates. When K cis exceeded, fracture occurs.i t
L Ko Critical value of Kg for dynamic loading ratesi

Kgo Critical value of Kg for intermediate loading rates.
LST Lowest service temperature (lowest metal temperature)
(L) Limit of plane strain

i NDT Nil Ductility Transition
|. Q&T Quenched and Tempered

Nominal stress (see glossary)a

a, Yield strength for a static loading rate. This is considered the ASTM minimum yield for ay
specific steel. '

. 'yd Yield strength for dynamic loading rate
= a , + 30 ksi for steels with a , < 60 kaiy y
= a , + 15 ksi for steels with a , > 70 ksiy y

= a , + 20 kai for steels with 60 ksi < a , < 70 ksiy

( .( Tgor Nil Ductility Transition (NDT) temperature
y

(YC) Yield Criterion; the level of toughness required to provide fracture arrest at a nominal stress-
equal to the yield strength.
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| 5.3 CATEGORY III i; ;

.; > '
| The level of safety required for Category 111 is ,

,

'
'

'' ' '
less than that for Category li. For Category 111 i

I : systems, fracture toughness must be sufficient to *g , ,

|
!

; ' prevent fracture initiation at minor defects typical T i
''

i of good fabrication practicos. A summary of frac. i '

i ture toughness requirements for Category III stects :
is shown in Table 6.-

3

j Good engineering practices and careful selec. j'

: tion of the steel make it reasonable to expect that
i

' . ,

brittle fracture is unlikely to occur. ' ,

l

TABLE 6. Category Ill fracture toughness requirements and criteria for ferritic steels with yleid attength sie
greater than 100 kal. - I

:Required desese of eefety Adequate energie of selety.
|

,

(see Appendia C)

Regelred emeent of frecente tougheses
Sufnelent to preeens freeture inallation et minor defects typical of(en Soc. $) good fabrientien practices. ?

,

Thieheses (8)
(In.)

Crkerne let meeting tougheses requireeneses

SA to 4 0
* Withese testing, use any nereneilaed seest made to ** Fine Crain Practice" or bettw*.

See Sec. 5.3.1.

Or

* Show that ND9 410*F (B > 0.625 in.).

Or

* Test to show that D1" > $0 ti-lb at 10*F. ,6th tus specimen 4.62$ in. thick.

Or

* Test te obew that Cyd > 15fttb et 10*.

Or-
I

* Without testing, see ee rolled steel, provided the weids have been estems relieved and
keepeeted by needestruellee eeelmation techniques.

I.een then 0A * No ; . when B le less then 0.4 le.
'

See Sec. 5.3.2.

" Steel with en NDT temperature lower thm.'seeeis snede to a fine grain practice,
b
NDT is snessured secording to ASTM L208, er en equivalent NDT ces be established by subtracting 50*F from the midpoint of the|'

5/8 in. DT energy transition curve measured according to ASTM E 404 or the NDT temperature requirement een be smet by selecting theI

monimum NDT temperature given la Fig. I er Table 3.

'DT meneured according to ASTM E eod, for spalmen thickmens of 0.625 is.
( d

Cy measured secording to ASTM L23.
|

|

I

l
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Top Flease 2 2 A81M A40bil 202 41.600 e5,900 21.4 lit * 120 * tos !
57,200 t i,600 31.0 42 * 65 = 10

Upper besk 2 3 A51W A2124 200 42,900 71,600 34 17 * 16 * 15
44 segel 13,400

Upper lascii 2 2 A81M A212 e 200' 46,300 73,M0 34 31 * 29 - 30
to Sep.) 72.300 .

!
t

tesla Cyllader 2 4 AS7M A212 9 2 42 42,500 72,600 32 19 * 16 * 11 |
'

71 = = = " " 7),000 e==

kein cylineer 2 4 Astle A2124 2 14 48.000 14.200 34 21 * 20 * le
G #2 11,600f

( Laser leoed 2 S ASTM A2124 201 47,0J0 f,3. -t 600 30 26 * 30 a 3 0 i

,

F lue Alag 2 6 ASTM Al0Pil 203 4 7,150 74,250 33 5 to * 27 - 3 4 1
43,150 14,300 33 21 * 23 * 29 i

Le*er 2 7 ASTM A212 0 2 12 40.500 16,$00 34 16 * 16 * 11
Cylinder - 14.900 |

Detten 1 8 AITH Atl2-0 til 40.000 14,100 33 IS * 16 * IS
Head 75,000

!Cleevre head 3 2 ASTM A212=, 246 44,900 70,100 32 19 * 23 * 10 i
10.600

]
C losvro 3 3 ASTM Al0bli 247 44,700 10,000 40.5 110 * 140 * 126

| 7 lease 45.300 11,500 36.5 136 * II) * ee
Stude Let #1 4 A11M A437 31 t= 1 110,000 646.000 14

Se Det 100,000 146,300 14 is Ave llee Note 2) i

iStues Let #2 4 ASTM A437 331 2 115,000 135,000 13
0? 648 114,000 154,000 64 15 Ave (800 Note 2)

Mets Let Fl S ASTM A437 333 103,750 125,000 to 32 a 28 - 30
or CC (See Note 3)

hvis Let #2 S ASTM A431 966 101,230 126,500 20 3S * 34 * 32
or C40 llee pote 3)

{an2111:

l. Keyhole leert et eso F.

2.
Chert,y taesetch impoeta et roen temeretvre.z..

3. eine lopecte et room tosperetvF1.

''

4 Approved sevletlen tres speelfled 30 f t*Lt. Ave. lepeet eaeret.

.. .r . v,e t , t,s. e e , t , t. e , lo s te . .t . 0. . .e,.
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( t opcu s
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5.2 CATEGORY II WPL $, WW /cR -G 'S i% T
A summary of fracture toughness requirements

for Category 11 steels is shown in Table 5. The following relationship' must be used if a K o -

' ,

i
The level of performance with respect to frac. curve is constructed from Charpy data:

ture safety necessary for Category 11 is less than '. hat ,

[required for Category I. For Category 11 systems.
K}p = 5(Cy) E

fracture toug'eness must be sufficient to prevent
fracture Initiw9n of pre existing cracks under

wheredynamic loading. ,

With Ca'ogory 11 steels. fracture toughness (or ,

K p = dynamic fracture toughness in psidiC |ithe correspending temperature relative to NDT)
must be grf4ter than that needed to exceed plane E = modulus of the steelin psi ~

strain conditions (3 = 0.4) under dynamic loading.
Cy = Charpy Wnotch measurement in it-lb. r

We recommend that in defining the Category 11

toughness requirement a value of # = 0.6 be used in ~~CMEk Nthe equation:
A A C N 9) - 6 2 o n'',

- | [Klo\ 2 b I^% ).1

]^ 8 " B G) C.v = W oID'U M N * VM U
| where rg is the dynamic yield stress (as defined in )(p .c>$t-I d N$ Nd^L,

-

I the Nomenclature list), K o la the critical dynamici
stress intensity, and B is the esction thickness. 6 :::: 7- O N O6 b. pg-

j' Using # = 0.6 in the above equation raises A
*

'

(the temperature relative to NDT temperature) to a y?'"
reasonable value for 1.0in. thick sections. For ex-

. Wb- d 6 'O N '2 d YJC
'

'

ample, with # = 0.6 and a 1.0in section thickness.
; the critical flaw size would be larger than 0.15 in at - 4 5rt''5 xio3Nb~'
'

yield stress loading.
Recommended procedures for selecting and ::- 469'3 KSt'[u.qualifying Category 11 steels are discussed in Sec.

.. 5.2.1. The basic requirements are modified for
special situations in which reduced loading rates are qT J g qY g .t '5 o c>

assumed (Sec. 5.2.2). the sections used are thin (Sec. gy p5.2.3) or full scale destructive testing is performed g 5'::- *0# W '

(Sec. 5.2.4).

:~ = 40.%30 0
= 3 o , 5 Y-sx

%)D -._. 45 @ 2 o, M.

w/ 9d ~7 0 5
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TABLE 5. Category 11 fracture toughnens requitanies.ca and criteria for ferritic steels alth yleid 6trength no j

greater than 100 L61. !
i

i
glespaired desaw et enley Lmpo aceple of endwy. >

(ese Appeenha C) !

R.eguired ememes of freeswo seegheem Sedneless to pre,eet free 6we lensiosase of ersehe ender dymande ;

(see Sec. 8.8) leadies. |
|
'Twichese (0)

(ie.) Creeerie tw enowlag taugheses ,' |
^8

t

0418 se 4.0 * Wish luu dynamic leading rates, NDT sempwwwe ows k lees ohne a matinum !b*

relas. |

See Fig. 6 and Sea. Atl. |
' Wieb eeduesd needlag twes. NDT semposeawe een be deseralsed free Fig.1. |
See Sec. 8.Lt. j.

|

p 8.19 to 0418 * Une DT Twt t.466.te. 90% or grenar sheer trueen appearnew required at L.fT. ;

See Sec. 8.3.3. ;
'

Or ;

l

' Uw DWTT Teen E4M. 90% at gemaer thest Irwswe appewmew required at L.ST. ;

Sm Sec. 8.1.3.

Or !

* Un my owmeinsed mal made a "rlw crane Prea6ee" w besser'. f
See Ses. 8.2.3. 5

Lees thes 4.19 * No requiresesses whoe B is less ohne 0.19 la.

I? SeeSec.8.1.3. +

" Full een6e denaroes6*e semanas se e seseem beels may be used as se nieerente to requiremeses inesed benso. See Sec. 8.1.4.

bNDT h somewed mesording to ASTM E.388 er w equitenses NDT ese h meablished by wherwines 90'F from she mWe of the
5/4 in. DT seergy transisten ewee menswed seeerdies se ASTM E.eed or the NDT tempwstere requireemme see be met by noteesing she ,

'

mealmen NOT temperature g6ese 4e Fig. I w Tab 6e 3.

' Steel oneb se NDT semperosure lower thee stools made le a f6ne grene practire. |,

'
.
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' ' 6.2.2 Qualifylag Procedures for Reduced Leading .I
Rates (0425 in, to 4.0 la. skick asedens)

,
'

Effective impact limiters have three major e
.

characteristica: .

I. They provide protection in all drop orien. i
'

tations. -

2. They absorb all the kinetic energy from an I

impact.
3. They dissipate kinetic energy at low force

levels (on the order of 50 to 100 times the weight of
| the container).

For Category 11, a temperature ahlft in the,
i

K o/s,, reference curve can be introduced ifimpacti
I limiters are used to reduce the loading rate and
| protect fracture critical components. These energy

) absorbers can, reduce the loading rate to well below
'

that of the full dynamic level used to establish the
Ko curve. For loading rates that produce strainp i

'(") rates on the order of 10-1 in./in./s (typical for
i energy, absorbing systems). the appropriate

Km/r d curve shown on Fig. 7 can be used insteady

of the K o/'vd curve to establish the maximum
,

i
allowable NDT temperature. A temperature shift of

70'F can be used for low strength stools (a , <y
l 60 ksi); for higher strength steels (60 ksi < e,, 4;
j 100 ksi), a shift of 30'F can be used. *

1

|

,

i

8

'
,

'

1
|.

:

|O i :
: :

.

:

. . . _ _ . _ - _ _ _ _ _ _ _ _ _ _ , - ._ . _ _ _ - _ . - . . . - - - - _ . _ _ . _ . -..-.



F

7-

,1 i

f' (O.NA mig _$ [!b h %'3' '

96CT Mgy

(t/d " mh2/A: !.n wo mig ,ma or
P8KMECTQNDaA*1*LD 1Abg e H IEF4 pAgg or

,

'

yiygg NS? - PM % MRbfit bEccM\55 tbW NG 5'T DV i

. ReAC M YCS$4k b ul 515- Ty% A S NI'Wg M M Y43. . . . . . . . . . . . . _ ,.

y34 = ad5 !, |i MA 7, w ..

i,
i

!

'''
i ' ' ' # ' 'd ' v < '" ''' ' ' ' ' ~ ~ ' ~

, ut A
g Thin emotion rutas apply ;3C* F

60 6.i < e, < 100 kW 4

,,, _

lK gg e,g ;

!
i

1.6 p.Os _ ;
- .-

K0/81 ys
,

1.0 * , _ _ ,

-

------- - .
,

5 / | !o.,
E | | |

!
_ ~ ~

f | I
| |

)[ 0 ' I ' ' I 8, t I t _

s 40 20 0 20 40 60 80 100 v 1 2 3 4 t

om
A (* FI Thickness (in.|

no.,.i % wc m n % ,,,,w - ;

Fx MI/ .= 045, A = - z. o # ( F)

= 10 ' 0 LDTubT
I

a

Tg g = LST-A ;

3

to o = Ls T - (-2.0) ;.

!L s T - to F; - -

,

C. Ol4C.Lu 51DM | kt\ ovMELE ' L oWEE T~ se:M \ CG TEM E'E? MVEE
'

! ClowaE MaM Th%wdvAc_3 LS T = - \ O F. :

: :
.

; &

O > '

.
. ,

'
e

a

e--- - - - - - - - - - - - -



. . _ . ..

,
.

y :
_

1

I\. % w ]]+ un %\hEPA *2 * S ' " ~ 1 |
-

,, memm
- hdit un nhQts

~

(3) % )e no . A ns i ,eNisrtea or

- m amma . or

)
m ast- nwmmt dreowsssome sww i

R88bCh'Y YCS$*k b M s)5 b 'TM h SNI'4] MMM.T 4 ji. . . . . . .. . . . . - _ .

., ; ,
;

. .
.

: ' j & M. chter *nd kr Msxcel. . i%s W. coh oi -|
-

/ >

h# "./ AfM = #
'

r. , a j,
.

.
i

- .

;!! ; e u n.anr i r w .,es fo, u n ses sr.
.

<.,to ..usi 16eu> ;.

All sections between 0.19 in, and 0.625 in, thick-

ha'.e the samt fracture toughness requirements. (
Any of the three following methods may be used to

' '

qualify Category 11 stwls within this thickness
|range:

1. Application of full section thickness i
+4

,

Dynamic Tear tests as specified in ASTM D604 80. |
,

,

Steels will be qualified if 50% shear fracture ap- t

pearance is achieved at the lowest service tom. i
.

'perature. i

2. Application of Battelle Drop Weight Tsar !

( ! Tests (ASTM E 436). If at least a 50% shear fracture .
[,

'

appearance is observed at the lowest service tem.
*perature, then the fracture toughness of the steells

sufficient to qualify it.
.

<

). Use of any normaliced steel made to " Fine |
Grain Practice" or better.

.

Brittle fracture is not considered a problem for
sections less than 0.19 in, thick in Category 11, and

; there are no fracture toughness requirements for
i

these sections. '

'
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APPENDIX 2.10.6-B '
i

4

Penetration Evaluation '
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The penetration analysis will assume a 13 pound steel cylinder
having hemispherical ends with a 1-1/4 inch diancter will be dropped
from a neight of 40 inches on various critical locations of the i

vessel (critical location of smaller thicknesses such as a nozzle
cap). !

LTCME-Wob o F AMROA C.H
penetration calculation will be performed by hand calcula- |vesse.L

tions based on Ballistic Research Lab (BRL) and Stanford Research :

Lab (SRL) aqustions. These are deceribed in Bechtel Topical Report :
!9A which has been reviewed and approved by NRC.
!D Vs~C E W O C E.

T 7 ';UP-VA RevisTon 2 " Topical Report- resign of Structures for Missile /
Irnpact" Bechtel Power Corporation, San Francisco, CA. Septenixer 1974 L. Eb

.

'

.${w
Tstle c-2

.

IEfJ0MT20N 1N STEEL FOTM.M5 %

Iguation
Idattifitation Tcraul6 14 ais t ka No. |

!

20.5 W/2 alallittit f.esearch 1.ab T , C-102 3fg(T.a f s . 2, 3,13) 17,*00 E p
,

flar.ferd f.ese arch |

fe 16,000 7 4 1,50 7 See Lit.it s 1 s te C-3 C 11 [
2

Institute 4(ke f. 20) e

T steel thickr.ess te le just f erferated (it.)*
.

t.nes of the eissile (1b-ste /f t),M *

Y, s tratics velocity of the n.issile 3.crT a1 to target sur f ace (f t / set),a

const ant dele.ndir.g sn the trade of the stee.1, (K is usuallyK * 1.)=

diau ter ef the tiss11e (10.)D e

criticaJ Lime ric energy required fcr 3 erforation (f t-lb), fE a

ultis.ste tensile strettth of the target s.inus tie tensile stress it the stes! (psi)5 *

W = 3er.gth t,f a sguare side betveen rigid su;terts (in.), '

V, 3ength of a sta.ndard vidth (4 in.). (See f.ef. 20)*

o -
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t .D' 4
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| em FIGURE 2.2
( ) TYPICAL NEXCEL FORCE DEFORMATION CURVE
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The load and deflection characteristics encountered in statically crushing honeycomb are grapMeally shown
in the figure below. This curve Indicates the value of the resistance to loading oliered by #n honeycomb as
the compressive load is overcome and crushing starts and continues. Three items on this curve are of special

|
interest:

|

A. COMPRESSIVE PEAK-Honeycomb systems which are not proerushed
or in which the initial contact area has not been rediaced exhMt this peak
force level at impact. This undesirable peak can be easily eliminated by I

proper design.
'

B. MAXIMUM CRUSH IIVEL- A horisontal line has been drawn across this
curve representing a maximum crush level, if this hypothetical line had i
been developed as a design maximum, then the actual honeycomb in !
value must remain equal to or below this level for crushing to take place. !

i

C. MINIMUM STOPPING DISTANCE-The vertical line drerwn down this
'

graph represents a hypothetical stopping distance minhnum established :
in conhtnetion with the maximum crush level value. This value represents J

a minitxn value for the maximum crush level line and any crush level
. selected below the maximum limit will require an increase in this mini- ;
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3 FIGURE 2.4 j
i ) HEXCEL PROPERTIES AND iN_/ WIDTH AND DEPTH OF CRUSHING !

-

)

|

i
l

i

i

.

I

hl

1/ta $1123. CADNO 1 ,, ,,
,

FOR |WPACT UWITEA

;'

i.. .,
i

/

-

~

9
!

Qi t

i t i
! E i

I
,

t\"$*(~ $ REACTOR $3 $ gggg2. Rvt = Sf" M'

y- WAl.L g''
-

43a tuPPORT '
4 ,.4' %g pg g--.= .,' is

4 !/ THC ANALYS$ \
IWPACT UWifER/ '

i
CRWWAh.E ENEACY

,
,, M. L

s
<

AkSDRblNC WATEAJAL
,-

'

(HtxcEL 3/bbObh.00tt) INN- M3 t'
",

i it?" OfPN Y M>sHMS j
'Il\\\\llll ill|;|;|[ liIIeIi|I' \

UNMELbMO WRFAE swAE AT END :'-wPPORT WLDTH~ or OHusHtwe6L12" j
I

F i iMidth of j
Crushing Y L

i

i

!

f

!

-
i

!

2-28

. . - - ._ , , _ - . - - - - . . - . . - . ~ . - - - . . . - .



r

. . .

Dev. 0-

,- ' s, FIGURE 2.5
( ) IDAD DEFORMATION CL'RVE,
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FIGURE 2.18 iM P.AXIMUM MEMBRANE PLUS BENDING STRESS
.Q[ CASE 2 - EDGE DROP

,

'

CRUSH DEPTH = 1 INCH
,

i

,

i

ANSYS 4.4 i

OCT 6 1989 '

12:30:24 *

POST 1 STRESS t

STEP =2
ITER =1
SY (AVG),4 '

CSYS=11 '

. A' . DMX =0.349003 '

A SMN =-13445
'

. /f,~.\ . \x \s SMX =11453 -

\:

x('\ '\\| /

.'; k v

\g \\ 't ' '
! \ g XV =1

tO |y \ \'N
'

# YV =-1,

%g p ZV =1
j g/ ,

.. . \
L % \ j DIST=105.496 .

.

m XF =2.419 -

.I " ' ZF =-34.5 :I

\ y ;p__.
'

-

// A =-12062|-
L / B =-9295 .

's
'

i C =-6529 i
-

,
-'\. / - D =-3762 '.'

E =-996.019,

L F =1770
| G =4537 '

L H =7303
L

,
I =10070 ;

; s '

1

. PATHFINDER RPV EDGE DROP MODEL DEPTH OF CRUSHING =1.0"
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FIGURE 2.19,

' /" y MAXIMUM MEMBRANE PIATS RENDING STRESS <

V. CASE 2 - EDGE DROP - 2
CRUSH DEPTH = 3 INCHES

,

!
!

'

ANSYS 4.4
OCT 6 1989 :

12:50:20 ;

* POST 1 STRESS !
,

STEP =7 :
ITER =1 i

'

SZ (AVG) ;

A- S GLOBAL >

i' DMX =0.477837 J

SM =-19272 1

SMX =15287 ';
|

I XV =1 !
.

k YV =-1
? ZV =1 -

1. n | | DIST=105.496 .:
'

LU l i XF =2.419
I ZF =-34.5"

.

j/ A =-17352y
l B =-13512

\ C =-9672 .

D =-5832 .

L E =-1992
F =1848 i

|

! G =56SS T

H =9528
I =13367

.

-

)
.

PATHFINDER RPV EDGE DROP MODEL- DEPTH OF CRUSHING =3.0"
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FIGURE 2.20 ,

-f MAXINUM MEMBRANE PIES BENDING STRESS J
N CASE 2 - EDGE DROP l

CRUSH DEPTH = 5.11 INCHES

; c' ' 1;

I
.,

!
ANSYS 4.4

OCT 6 1989 -

12:58:47 ;

POST 1' STRESS
STEP =13
ITER =1 .

'

kN SZ (AVG)
y' S GLOBAL%.h DMX =0.483617

-

/N -

x\gy\\ SMN =-22834 -

% SMX =17174s.

\ '' h, % k XV =1so
% o YV =-1 i\L I \ ZV =1

,

iCl '

'x \ '

t 3 DIST=105.496 ,j
\ n W XF =2.419 '

l
N

\\ J\ I lt ZF =-34.5 .

\ \| f A =-20612 1'

\ \, i B =-16166 ,

\\\ / C =-11721 ;
7 D =-7275

L E =-2830
F =1615
G =6061
li =10506I s ,

~ I =14952p
s

L
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'a TABLE 2.1 ;,

. -( ) SUMMARY OF MARGINS OF SAFETY j
'v FOR NORMAL CONDITIONS OF TRANSPORT

i

Calculated Allowable Margin of
condition Value Value Safety

2.6.1 Heat Negligible Sm = 17.88 High '

1.5Sm = 26.81 i

2.6.2 Cold - Max. Stress Negligible Sm = 17.88 High [
'

p (ksi) 1.5Sm = 26.81
'

2.6.3 Reduced External
Pressure - Max.
Stress (ksi) 0.25 Sm = 17.88 49.4 ,

2.6.4 Increased External *

. Pressure - Min. *

Allow. Press. (psi) 20.0 437 20.9

2.6.5 Vibration 0.72 1.5Sm = 26.81 36.2

2.6.6 Water Spray
Max. Stress (ksi) Negligible Sm = 17.88 High

2.6.7 Free Drop
Max. Membrane( ). Stress (ksi) 6.24 Sm = 17.88 1.86

%. )
Max. Membrane Plus
Bending Stress (ksi) 21.14 1.SSm = 26.81 0.27 I

2.6.8 Corner Drop N/A N/A N/A

2.6.9 Compression N/A N/A N/A

2.6.10 Penetration
'

Max. Thickness
of Penetration (in) 0.015 3.0 199.0

2.6.11 Load Resistance
Max. Stress (ksi) 0.72 1.5Sm = 26.81 36.2

L NOTE: The margin of safety is defined as:

Margin of Safety = MS = (Allowable / Calculated) -1

A positive margin of safety indicates that the allowable has
t . not been exceeded.

.

():

|
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i TABLE 2.2e

( ) MAJOR. VESSEL COMPONENTS AND ASSEMBLIES
k.) MATERIAL TYPES

:
>

t
1AbLE .

$
-liem er war,s ee, urine a proare..n, stece,

As se'e ir r is. 60. Itene wterial Metl- e's. * e 's eels soa's we iluis,

i clad Part Fan.,

Top flenpo 1524
A s sent. iy 2 2 ASTM A10$-Il 134* 203x M 74 14 7' s 173x,

[ +55 sole Over MS
t

WI,or Neck 2 3 ASTM A212 0 13 t' 12 9' 13D' 1524 132'x 16)* ID*
[ aM4L Clos

kein Cylinoer 2 4 ASTM A212-8 13 1' 129x IMX 352x 132x 16 SX IDx
* Met clos 319x

I

to.or M.se 2 s A$Tu A212 e 13 1' 12 9' iM' 452x 132+x i6 >' 37P
*M4L C los

Bottom Hees 2 8 A$1W A212*6 13 l* 12P 132'x 37P
* M4L Clos

Lo.or cylinser 2 7 A5N A212-8 13 1' 129x 130x 152x 132'x 173x
eM4L Clod SIPX

*

r lue Alng 2 6 ASTM A10)*A 134' 152x 14PK lux*/N =$$ told Over M7x

V|i

feesenter 2 12.26 207x 133x
Nottle Assyl 218x

rees ster 2 12 ASTM AIC5-Il 134e 1524 14Px - 173x
hoss le oss told Over

Trie ro41 2 26 A17H AIE2 Type 21M A:P
$leeve F M4L 6 33*x .

Fees.eter 2 67 ASTM A31: Type IS3* A:P
Pipe Met $5 6 32'x

Seemle es

suction 2 13 ASTM AIO5-il 134' 152x leks 173x
Nottle *$$ bold Over f

ia

2 14 2 ISM 2034 152x 132ex 16M I?3x,' '' 8*.

instrunent 2 II ASN AIDS 11 + 134' I!:x 14px Ing
hora le inconel overley

Llquia level 2 10 ASTM At05-11 * 134' 152x 14Px lux i
Nott le incone B Overley

Steam Owt let 2 9,62,63 213g ig 5g gug
hota le 2J4x

Dut let hoaa le 2 9 A$TM A105-il 134* 152x 14 7'x I?3x i
*$$ rete over

E
'

, " ' 2 62 M4L 33 IM* 207x 132's lux
.

'

)'
s

t
b
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TABLE 2.2 (Continued)[^h MAJOR VESSEL COMPONENTS AND ASSEMBLIES,
'

(/ NATERIAL TYPES 1

,

|
1

J

.l
TABLE ;.

1ite. or u.nov.eturins 6 Proewe...n, so.co <

Assersly r is. we, stor. wateriel mot i, esp. iele pois 6.n.c we ri.le
f led Part Pen

Thermal 2 63 A$N A333 Gr P22 192* 230x AcP 113x$leeve * $$ D e ld Ove r. 6 32*x

Lo.or hose 2 5.6.7,0 129x 130x I?2x 16k 673xAssere ly 9.42.13. 216x 196x
14,26,67 203x

3194

Wier Head 2 2.3 129x 130x 152x 16M 173xAssemtly

Major Yessel 2 All 129x 319x 452x 16 ht 173x
'

As seme ly ltoms 130x,

Closure 3 2 ASN A212-6
Head *304L Clad 13 1* 12 9* 132*x l?3x

C icsvre 3 3 ASN A 10$* J 1 e 13 4' IS2x 14Px I?3x
'

Flonge $$ beit Over' 307x
366x '

Control Rod 3 4 ASN e 167 36 9* A7
$leeve (inconel Pipe) 6 32*x,.%

(' j\ F longes 3 7.35
,$N Al82
A 217* 147ex i

~ no r >0<

Lieul8 Leve1 3 9 A$N Bl66 A7
hoa a le (Inconel Ber) 6*31*x

.

I ns t r waent 3 14 A$ N 6166 A7Nosale (inconel 6er) 6 3 tex '

C losure 3 All 12px 130x 152x 365x 473xAssen4ly items 319x 133x
196x

Stuas 4 AS N A437 Gr 640 ACM 216x 216x A7 165x
14 3* 2604 63 tex

Nuts ,5 A$ N A437 Gr C P AD. 216x A7 16 tx
12' 47kx 6 3 tx

Vetsbt $$pport 6 US$ "TI'' 322' 32ix 132*x 16SXColvens

NOTE $r
,

* Indicates f or e,eteria l procarosent or oviside n.enwiecture

x indicates A-C shop procedure

eli itee . ore cleente in occoroonce eitn A-c spec if ice, tion a43 20 8-661.

. loont it icet :en es a ll it.m .es ..inte in.o in eccoreence .ith 4-c sp.c ivication ,43 10s 2e2.

O
\{V
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TABLE 2e3 -f('l PRESSURE CONTAINING PARTS AND SUPPORT STRUCTURES
!, / MATERIAL PROPERTIES'
y

,

t

748k8 il

, ,e, .i. i. : i. s c re, v m m.1e is , i e. . . . n en si.. a * seere, ee i0 tC., 1 . . m.i.rie s t..t .. sesti em ..ti.. u t*m-

io, e i.a e 2 2 Anw A.0> Il m 61,600 es,iOO 2. aie * 820 * 10e
51,200 e l,Ho 38.0 82 * 68 * 10 *

oWP>+r hose 2 3 AST> A2421 200 42, m.0 71, ie0 M 87 * e6 * 1514 ses.1 11,400

upper most 2 'd A8b A2 (2-0 200 44. WO 73,WO 36 31 * 29 * 3014 6es.) 72,600

helm Cylinser 2 4 Alta A2124 2 43 42,En 72,600 32 it * l) * 17ii 13,000

pese Cyl6aser 2 4 ASTk A2121 24 41,000 14,200 34 21 * 20 * 14W2 18,600

Lemer heed 2 S Alm A2124 201 41,000 11,600 30 26 * 30 * S i *

7.1,000

f las AIng 2 6 Ask A10>ll 203 47,130 14,230 33.$ 24 * 21 * 33
45,330 14,WO 33 21 + 2J * 29

t o,e r 2 1 Astu Atttg 2 t2 40,No 4,W0 M 46 * 46 * 17Cg l6aser 14,900

6.tten 2 8 A31m A2124 til 40,000 14,700 33 s$ * 66 * ll 'hoof 1),000

$tese Ovtlet 2 9 AsfM A10) 18 209 43,000 73,000 34 2I * 10 * sen-
mua s sef -

9(j- 4 4 vis Leve l ' 2 80 ASTN A10Pil 200 30,000 14,000 32 46 + 20 * l94
hea t is

s

Instrument 2 II AAN Aic)*ll 2 10 $1,500 14,000 2S 14 * I ? * 15heaa le
,

. reeeester 2 42 Ash Alo) il 209 51,500 14,000 25 44 * II * IS '< *ein ie

Sectlen 2
heatle il '

33 Ag> A10pil 205 42.W0 72,900 M 37 * 10 * 22
40,3 @ 18,300 32.)

Swatten 2 A8Tbt A10Pil 206 44,600 72,000 33 22 * 16 * 15hessle F2 40,400 11,130 30 ) is * 22 * 13 ;

lastion 2 Asim A40bla 201 43,100 18,730 35 5 le * 19 * 19hoss to #1 4 1,200 72,000 M

D itc her pe 2 14 A37W A2 t24 f tS 77.200hosa les 2 16 49,200 77,400 M 23 = 21 + 24# 1,2,3 2 87 64,$00
.

feet Pos 2 23 AIN A2 t24 243 4.,200 80,400 30 28 * 2) * 24
I&ee Note l)

8.,pport tute 2 25 A87M A2821 244 46,000 10.200 34.5 16 * 44 * 19
24) 11.900 ,

Thermet 2 24 A51N Ast2 244 20,000 77,100 11S leeve Type f 304L

Seel mens 2 21 A$1h A212 0 238 $ 1.300 19,600 22 20 * 20 * 16
10,400

|' stov 2 33 As> A2124 134 49,100 80,000 33 14 * 22 * 19
78,4.JD

Stee* Ovt let 2 62 Asim A240 231 32,990 78,T21 64Sleeve Type . Web

R |

|%s)
l
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. - TABLE 2e3 (Continued) |

- (yf PRESSURE CONTAINING PA ?S AND SUPPORT STRUCTURES !,

L MATERIAL PROPERTIES j
'

]
=

, 146LI || l'

vie le tonelle J Co.rp, taush sepwt . .I
flg. Itee 6 .P . Strengt6 Strength g len* (aergy et 40 f !

Casevneet eu,, lee, anter6el test ase, IP61) 6P8st eetlee (f t*b6)
;

'

F ee mmel se 2 47 ASN 082 Tree 138 64,000 79,000 16
Pape 3Q4 6eenleoe

N Closvre hees 3 2 asfu A242 0 2 44 e4,000 16, too 32 49 * 23 * 16 !
10,600

C 6esure 3 3 A$1h A10Sall 241 46,100 10,000 40.9 0 00 e 140 * 126
f loape 45,MO 31,500 M.S 830 * Ill * 88

t
Centrol stod 3 3 Alm 0 467 fee M ,000 99,000 de

'

$ leeve Ili pts) .

Cetrol 108 33,300 91,500 44
*5 toeve 19 pcst

F leape (2ll 3 1 Astu Ale 2 Set 39,200 81,800 63
f lease ll) 3 i tree FM4 MI M,M 43, 2 0 SS

'Li el8 Le*el 3 9- A8Tes 8166 2SS 37,000 93.000 45t

hes s le

lastraest 3 14 ASTW S166 262 42,000 96,WO 44
,

het a le ,

lastressat 3 35 A$th A182 362 35,150 51,350 67
F loape Type 7304

5twee Let #1 4 A8th A437 allat 180,0 4 646,g:0 14

Gr Das 108,000 646,500 14 16 Ave (See isote 28

Stves Let #2 4 AITW A431 3 11*2 115,000 453,000 t)
Or 646 114,000 iM ,000 84 IS Ave t$ee hete 23 t

fs s huts Let #1 S ASTN AeSt 333 103.1 9 125,000 30 32 + 30 * 30
d Gr CC (See leete 31

| t
*
% hwte Let #2 S ASTu A431 964 101,230 126,500 30 35 * 34 * 32 |

SP CC flee hete 33

Support 6 2 *Tl* 302 122,400 132,700 le 30 * 10 * 19
Colwrie 4* Top 126,MO 133,000 30 (See hete el
Piete

e r

1*l/t" W8W 6 5 *Tl* Pet 119,400 121.400 30
111,200 128,600 24 32 + 33 + 35 -{

1*l/4" f 4eapes 4 S *T la 300 106,000 186.100 19

tos,000 111,100 le 30 = 30 * 3 6
16ee moto Si

p la ..o.e , . 6 6,,.. *, la

| 3' 6eee 6 le *T la M3 122, W 132,100 le W * 18 * 19
P iete 126,3M 133,000 30 (see moto el

l/2" Plates 6 20,22 *T la 304 516,200 123,900 24
414,000 121,000 3e 33 + 30 = 35

, 3/4" fee 6 21 *f l' 30$ 800, 0 0 117,600 24 '

' Piete 100,2Q0 01),000 23 34 * 34 * 34
- (See note SI

i.
1:
| lea Settem 4 2) *T l' 301 406,000 146,100 le

Plate 106.0u0 111, t00 le 30 * 30 * 34
(See note S)

alC3141
''

t, neyhole lepeet et +30 r.

1
i 2. Charpt 9 osofen leyeste et room temperetvre.

ru.#, -

3. M lapette et rene teueerature.j.

i 4. .,p,e.e4 . ie,i tn., .,ee m e 30 e m.. ..e . is.ee, e~r., .

| S. .,,,e.e. e..ietie.tro.. me .en. . e9,. .I iM ,0m ,ei.

\ p.
I'

\
s.

i-

|
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i TABLE 2.4 '

SPECIFIED MINIMUM MECHANICAL
PROPERTIES OF STEEL MATERIALS '

:

Youngs Yield Tensile -

Material Modulus Strength Strength '

3Soecification Anolication EI1Q )ggi), evfksi) aufksi)
ASME SA-212, Shell and

,

Grade B Hemispherical 28 38 70
Head i

'
ASTM Tentative Specification (A212-61T)

TABLE 2.5 :
SUMMARY OF DESIGN

STRESS INTENSITY VALUES, Sa

Stress Intensity, kai (Maltiply by 1000 to Obtain psi),
For Metal Temperatures, dog F. Not to Exceed

Material 100 200 300 400 500 600 650 2pg
ASME SA-36 12.6 12.6 12.6 12.6 12.6 12.6 12.6 12.6 ,

.

' ASTM A-212
1 . \ Grade B'* 17.88 17.88 17.88 17.88 17.88 17.88 17.88 17.88
1. ,

* Sm = Min. Actual Tensile Strenath (Table 2.3)
; 4

s= 71.5/4
17.88 ksi=

i

I '

!
,

-

1

|
1

r

)

1.
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TABLE 2.6
HEXCEL STRUCTURAL PROPERTIES

'%J
,

.

5052 Alloy Hexagonal Aluminum Honeycomb-Specification Grade

Hessel Nominal Compreesk, Crush Mete Sheer-

Honeysemb Deneity Swength
P"Desion*86*n Poi asse stehused *i." Direesion "W" Dkestion

Cell- Meterial-
Gage Strength Strength Mod Swength Mod Strength Mod -

pas pse has poi kai pm has

typ min typ min typ typ typ min typ typ min typ
3/8 - 5052 .0025 3.7 405 070 4W 286 105 180 260 200 55.0 170 11 5 26 0

1/4 - 8052- .004 7.9 ,1420 970 1490 1000 340, 725 700 680 130 440 390 52.8

f u es:
Test case otnained at 0.625 inch thichtwss.

.

TABLE 2.7
WEIGHT, VEIDCITY AND KINETIC ENERGY

FREE DROP ANALYSIS

Max. Tributary Velocity of Kinetic Energy
Condition Weicht Imoact. ft/sec of Imoact

\ Side Drop 24.5 k/ft 8.02 294.0 in.k/ft

Edge Drop 291.1 k 8.02 3,493.2 in.k
i

TABLE 2.8
IDAD DEFORMATION CHARACTERISTICS

i

|Percent of Peak Maximum
Depth of Available Deceleration Resistance

Condition Crush, in. Crush Thkns. Value, a Load, k/ft
Side Drop 5.17 64.6 2.32 121

Edge Drop 5.11 63.9 2.35 1,457

|

|

|
'

1

,
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TABLE 2.9 i

MAXIMUM STRESS SUBOEARY .|
Side Drop Edge Drop

Depth of Max. Membrane Max. Membrane Max. Membrane Max. Membrane
crushina.in Stress.ksi + Bendina.ksi Stress.ksi + Bendina.ksi [0.5 2.56 5.33 3.03 13.06 !

1.0 2.74 5.54 3.79 13.45 t
1.5 3.35 6.77 4.63 16.44 ,!
2.0 1.91 6.25 4.49 17.11
2.5 2.13 6.97 5.01 19.10
3.0 2.33 7.63 5.47 19.27 ;

3.5 2.52 8.23 5.90 20.78
4.0 2.39 7.27 5.00 20.26
4.5 2.54 7.77 5.30 21.47

- 5.11 2.71 8.23 5.63 22.83

v
: l' :,.

1

b

e

I

b

I

{

'|.

|

![.
!-
L .

I

\ .

|.
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i\ TABLE 2.10
,

MEMBRANE AND MEMBRANE PLUS BENDING ,

MARGINS OF SAFETV

Maximum membrane stress 5.90 kai=

Allowable membrane stress = Sm = 17.88 kai
r

Margin of safety = (17.88/5.90) -1 = 2.03
,

F

Membrane plus bending stress = 22.83 kai

Allowable membrane plus bending = 1.5 Sm = 26.81 ksi ,

Margin of safety = (26.81/22.83) -1 0.17 i
=

.

Maximum tensile stress in closure head bolts 0.51 ksi=
,

Allowable tensile stress in bolts = Sm = 17.88 ksi

Margin of safety = (17.88/0.51) -1 = 34.06

k Maximum shear stress in bolts 0.43 ksi=

Allowable shear stress in the bolts = 0.6 X 38.0 = 22.80 kai

Margin of safety = (22.8/0.43) -1 = 52.02
,

9

s

N

e

%

.

.
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O 3.0 THERMAL EVALUATION [
V

Since the package does not contain spent fuel, the release of fis-
sion products from a fuel source due to excessive temperatures does ;
not need to be considered. Furthermore, since the decay heat gener- !
ation is conservatively calculated to be 4.67 watts, there are no
significant internal thermal gradients that will lead to differen- >

tial thermal expansion that will, in turn, result in stresses that
must be considered in evaluating the structural integrity of the
package. For a worst case analysis, a scenario was evaluated for ,

Ithe situation where the vessel and interior concrete are initially
at a temperature of 100 deg F and the vessel instantaneously cools
to -40 dag F (the maximum range of hot and cold environments
specified in 10 CFR 71). In this case the vessel will shrink onto
the interior concrete surface and stop further deformation. This is
a self equilibrating phenomenon typical of thermal stress situa- ;

tions. For this worst case scenario, the calculated stress in the
vessel wall is 23.9 kai which is less than the 1.5 Sm allowable for '

membrane plus bending stress of 26.81 kai. The self equilibrating
effect of this phenomenon, coupled with the thermal conductivity
effects of the concrete heating the steel and relieving the stress
condition is evidence that there will be no significant vessel
damage.

The detailed calculations of the decay heat generation are shown in
Appendix 3.1.1. 'The decay heat contribution from the other unlisted
isotopes is negligible and was not shown.

(
The calculations of the thermal stress, calculations are shown in
Appendix 3.1.2.

i
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APPENDIX 3.1.1 !
!

Decay Heat Generation Calculations

!

;

Pathfinder Reactor Vessel and Internals
Decay Heat Calculation f

Energy Energy }
Decay Heat Released Released t

Isotope curies (Nev/ decay) (Nev/sec) (Watts)
............ ........... ........... ........... ........... .

H-3 5.900E-01 5.683E-03 1.241E+08 1.987E-05 ,

C-14 2.500E-01 4.947E-01 4.576E+09 7.331E-04
r Fe-55 3.736E+01 5.700E-03 7.879E+09 1.262E-03 ,

f Co-60- 2.567E+02 2.601E+00 2.470E+13 3.957E+00 -

Ni-59 1.490E+00 6.700E-03 3.694E+08 5.917E-05
Ni-63 1.787E+02 6.700E-01 4.429E+12 7.096E-01
Nb-94 1.000E-02 1.719E+00 6.360E+08 1.019E-04
Tc-99 1.000E-02 8.460E-02 3.130E+07 5.015E-06 ;

Eu-152 1.300E-01 1.276E+00 6.138E+09 9.832E-04
Eu-154 1.000E-02 1.509E+00 5.583E+08 8.944E-05 i

j........... ...........

4.752E+02 4.670E+00
'l

l
|

|

I

.

*
.
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APPENDIX 3.1.2

Thermal Stress calculations I
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4.0 CONTAINMENT

This chapter identifies the package containment for normal condi- |
tions of transport. Use of the term containment is predicated on - )the fact that the package source term consists of activated base
metal and a thin internal corrosion film on the surfaces of the well
confined internal structural components. In addition, the grout
pumped into the vessel under pressure will also serve to bind the
surface contamination within the interior of the reactor vessel.
The package contains no free-standing pools of contaminated liquids,
no explosive mixtures or potential aerosol particles that could be ;

considered radiological hazard. i

The exterior of the containment boundary is a stec1 structure which
contains no valves or leak test ports. Leak test criteria or leak
rate limits are not applicable to this package as a quantitative ;

measure of containment integrity. Chapters 2.0 and 3.0 showed that
there will be no rupture of the vessel due to normal conditions of
transport from either structural or thermal stresses, and con-
sequently there will be no release of activated or contaminated
radioactive material.

4.1 Containment Boundary

The containment boundary consists of the reactor vessel, vessel head
and the nozzle closure plates welded to the nozzle openings. The.

p}- upper closure head contains 20 control rod drive nozzles, one liquid('' level and one instrumentation nozzle. The lower hemispherical head
contains three pump suction nozzles and one feedwater nozzle. The
lower cylinder assembly (part of the lower hemispherical head) con-
tains three pump discharge nozzles and one steam outlet nozzle
extending through the bottom of the cylinder assembly. There is a
liquid level nozzle and an instrument nozzle connected to the shell
of the vessel. Each of these nozzles will be seal welded closed
with 3/4 in. thick plates.

4.1.1 Containment Vessel
.

The primary containment vessel is the reactor vessel itself and its
closure head. The detailed description of the three inch thick
vessel and closure head is presented in Section 2.1.1. The vessel
and closure head were obviously designed to contain radioactivity as
an operating power reactor vessel. The nozzles described in Section
4.1 will be seal welded closed to complete the containment boundary.
4.1.2 Containment Penetrations

!

There are no containment penetrations other than the seal welded
I closed nozzles as described above. There are no vents, valves or
! other openings in the containment boundary.

|O
.
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' M) 4.1.3 Seals and Welds
(

The containment does not contain any liquids, gases or materials
that could leak out. Containment welds are described in Section
4.1.1.

4.1.4 Closure ,

The closure head is bolted closed with the original 48 closure studs
and nuts designed to contain pressure and radioactivity during
reactor power operation. The closure studs have been analyzed in
Section 2.6.11 for stress loadings for normal conditions of trans-
port, and shown not to exceed yield stresses for the one-foot drop
case.

In addition, the Hexcel outer 1/4-inch thick shell is welded closed
and cannot be inadvertently opened.

,

4.2 Reauirements for Normal Conditions of Transoort

The limit for radioactive material releases is defined in 10 CFR
71. 51(a) (1) for normal conditions of transport. This regulation
requires that there would be no loss or dispersal of radioactive
contents, as demonstrated to a sensitivity of 10^-6 A2 per hour, no
significant increase in external radiation levels, and no substan-
tial reduction in the effectiveness of the packaging.m

1'

[ 4.2.1 Containment of Radioactive Material'

The radioactive material contents are activated metal components and
radionuclides in the thin corrosion oroduct layer. The layer is
formed on the internal surface of the reactor vessel and internals.
A listing of the radioactive material contents is shown in Section
1.2.4. Activities are referenced to January, 1990. The total
source term for the Pathfinder package is 476 Curies of activated -

material and 95 millicuries of surface contamination.

4.2.1.1 Activated Materials

Nearly the entire source term is comprised of activated carbon
steel, stainless steel and Zircaloy-2 components that make up the,

| Pathfinder package. The radionuclides are dispersed in matrices of
component alloys which are stable under the conditions of normal
transport. Therefore, the activated radionuclides will be contained
within the metallic alloys under these conditions.

|
1

f\
1 \
|
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4.2.1.2 Corrosion Product Layer
.

~
<

-

The corrosion product l'ayer is a thin, tenacious surface deposit
which occurs on components that were in contact'with the primary
coolant. To, evaluate the potential for release of this material,

p the-95' millicuries was' divided by.the allowable A2 value for the
.,

principal radionuclides of Co-60,6 Ni-63, Ni-59 and Fe-55 to compare
'

the potential release to the 10* A2 limit. Accordingly, for.the
mixture of radionuclides:

F1+F3+F3+...Fn $_ 1

F Co-60 = 5.17 X 10 2 C3 / ( 7 Co-60/A2)
= 7.39 X 10*3 Ci !1

F Ni-63 = 4.23 X 10 2 C i' / (100 Ni-63/A2) !i

Li = 4. 2 3 X 10*' Ci ~
1

1. F Ni-59 = 1.30 X 10*' Ci / (900 Ni'-59/A2 )
1.44 X 10*7 Ci=

F Fe-55 = 9.45 X 10*' Ci / (1000 Fe-55/A2) i

= 9.45 X 10*7 Ci i

F avg = 7.81 X 10*3 Ci

Therefore,

A2 Quantity = 9.50 X 10*3 Ci / 7.81 X 10*3/A2 -)
| = 1. 2 2 X 10 6 A2 )

| |

'.
The package is designed not to be breached. However, even in the u

| most extreme case if all the surface contamination were !
" . instantaneously released from the package, the dispersal would be
L. 'only slightly above the A2 limit. Obviously, this is a highly' con- i

| servative case and actual dispersal would be much lower. As noted I

L earlier, within the vessel, the interior of the vessel cavities will :!
L' .be filled with a grout to stabilize the pea gravel and to further

. bind the surface contamination to the vessel internals. The I

likelihood of all the surface contamination being released I

instantaneously is remote.

4.2.2 Pressurization of Containment Vessel
L No gases or vapors are available to form an explosive gas in the

. reactor vessel. Therefore, containment pressurization is not pos-
L sible. Containment internal pressure is evaluated in Chapter 2.0.

Ou |OL |
p :

;
1
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' Coolant Contamination '

|y 4.2.3

I,, The~PathfinderpackAc..:econtainsno. coolant.s

t

4.2.4 Coolant Loss '

,

The Pathfinder package contains no coolant. I

4.3 Containment'Recuirements - Hvoothetical Accident Conditions
)

.Not' applicable.- !

i-
,
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5.0 SHIELDING EVALUATION ;

.. |

This chapter demonstrates that the shielding around the Pathfinder !

package meets the requirements set by 10 CTR 71 during normal condi- !
tions of transport. The controlling factor for shielding is to rhow j
that the exposure rate at two meters from the package will be less ;

than 10 mrem /hr, and at the surface of the package will ba less than |

200 mrem /hr.
'

5.1 Shieldina Desion Features

5.1.1 Shield Description
f

The shielding used for the Pathfinder package consists of a 1-3/4 !
inch thick steel cylindrical shell welded to the vessel exterior :
shell, and a 1/4 inch thick steel shell welded around the exterior !
of the Hexcel impact limiter. The length of the 1-3/4 in. thick !

shield extends three feet below the bottom of the core elevation and i
five feet above the top of the core elevation. The overall longth ;
of the 1-3/4 in, shield is 14 feet. The extension above and below f

the core will shield the contribution from the core internals at the [upper and lower regions of the core. There is a 1/8 inch thick '

shield covering the radial regions where the vessel support saddles i
and lifting sling points are located. The thinner shielding in I

A these areas is to ensure impact loads will not be transmitted to the :

C vessel shell. Figure 1.2 shows the general arrangement of the '

shielding materials around the reactor vessel, t

!

In addition, the Pathfinder vessel was filled with 1/4 in, diameter i
pea gravel at the time of initial decommissioning. The pea gravel
filled the vessel cavity with the apparent '. m ption of one point at
elevacion 1289.5 ft on the northwest side cd he vesse3. Based on '

measurements made at the side of the vessel there appears to be a [
void of approximately six inches diameter, with an exposure rate

|reading of 600 mR/hr. All other exposure rates are approximately
7150 mR/hr at the same elevation. The pea gravel void fraction is j

assumed to be 25 per cent based on a correlation between calculated i

and measured exposure' rates. In addition, no credit is taken for '

the grout fill material to be added prior to shipment for its |
shielding of{ectiveness other than filling in the apparent void with !
grout. '

,,

,

5.1.2 Shield Effect!veness

The combination steel shield and gravel materials are sufficient to ,

reduce the calculated core axial centerline exposure rate at two
meters from the package surface to approximately 6.9 mR/hr. The
contact exposure rate (at one centimeter from the surface) is 24.9-

O |'
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[]' mrem /hr. These exposure rates are well below the 10 CFR 71.47(c) fV limit of 10 mR/hr at two noters. Table 5.1 summarizes the maximum ,

exposure rates. !

Northern States Power Company made dose rate neasurements at the i
outer surface of the vessel in the reactor cavity. The measurements i
were taken from the basement of the reactor building recording dose !

rats and elevations vartically upward. The measurements were made |

on the outer surface of the five-inch thick asbestos insulation. [
The results of the measurements show that the conthet readings were t

all within the 10 CFR 71 limits of 200 ILR/hr, ranging from a few !
mR/hr to about 80 mR/hr except for a band at the core beltline !

region that read between 100 to 200 mR/hr. One hot spot, had a i

reading of 600 mR/hr as .oted earlier was located on the northwest
,

side of the vessel at an elevation of 1289.5 ft. This hot spot :
appears to be a void in the gravel fill, and the grout fill is

,

expected to shield the arua sufficiently to neat the 10 CFR 71
i limits. If grout does not fill the void, an external shield patch
| will be welded to the shield cylinder. t

I i

| 5.2 Source sencification

The primary radiation source present within the package is the gamme |
ray source resulting from the neutron activation of the metal com-
ponents during operation of the reactor. The dominant radiation |source is from Co-60 as confirmed by a field survey spectral anal- |
ysis. The contribution of other activation radionuclides are negl'- >

g
gible.

5.2.1 Gamma Source j

The gamma ray s.,arce is dominated by the presence of Co-60 which is :
derived from the Co-59 impurity through an n-gamma reaction. Co-60 i

.
has twc,high energy gamma rays at 1.17 MeV and 1.33 MeV. The gamma i

: ray energy spectrum that is present at the surface of the package !
| will be the result of the attenuation of gamma rays emitted at these
! two source energies.
i

5.2.2 Neutron Source |

The Pathfinder package does not have any neutron activity since i

there is no fissile material in the package. The spent antimony- "

beryllium source was disposed of in the reactor vessel, but the '

neutron activity is now negligible since the antimony-125 has a :
I

half-life of only 2.73 years and the reactor has been shut down |since 1967.

5.2.3 Quantity of Radioactive Materials - Activation Analysis
An activation analysis was performed to determine the number of '

Curies of radioactive material in the vessel and internals. ORIGEN2 >

(Ref. 5.1) was the point activation analysis code used for this

5-2
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( activation analyses. The Pathfinder plant's operating history,
( neutron flux, materials in the vessel and internals, and location of ,

the components with respect to the core centerline were used to !
develop input for the ORIGEN2 code. Where specific information was !
not available from Pathfinder, references from other similar reac-
tors were used with adjustments to account for differences in plant t

design or configuration. The ORIGEN2 code outputs provided the [
curie per gran contents for each major region of the vessel and
internals. These Curie per gram quantities were then nultiplied by i
the number of grams in each component to obtain the number of curies !

in each component. The total number of curies estimated is 476 i
Curies, 99 per cent of which is from Co-60, Hi-63, Te-55 and Hi-59.

.

The act;1ation analysis was documented in a report entitled, !'

"Radionuclide Inventory and Package Dese Rate for the Pathfinder |
Atomic Power Plant", prepared by TLG dngineering, Inc., October, j
1989. A copy of this report is included in Appendix 5.S.1. The
estimated radionuclide inventory is reproduced in Table 1.2, herwin.

An estinate was also prepared of the surface contamination source
term contribution to the gamma dose rate. Samples from the feed-
water system piping to the reactor vessel were collected by Battelle .

Pacific Northwest Laboratories in 1980 and analyzed for surface con- |
tamination levels. The major constituents were co-60, Ni-63, Fe-55 i
and Ni-59 as expected. Applying these measured interior surf ace ;,

contamination levels to the surface areas of each component of the !

vessel and internals showed the total inventory of surface con- '

O tamination to be 95 millicuries. The detailed description of these i
calculations are also shown in the TI4 Engineering, Inc. report in

'
"

Appendix 5.5.1. The contribution of this internal surface con- :

tamination to the overall package dose is negligible. !

5.3 Model Soecification

5.3.1 Description of the Shielding Configuration
!The concentric geometry of the Pathfinder vessel and internals lends ,

itself to the use of cylindrical geometry for modeling. Vessel ;

internals were represented by homogenized cylinders of the component ;

materials and activation curies, radiating to its outer neighboring
cylinder. In turn, each cylinder represents self-shielding to its
interior cylinder neighbor reducing the contribution to dose
reaching the vessel exterior.

In addition, the 66 cubic yards of pea gravel added at the time of
initial decommissioning provides internal shielding. However, the
density of the gravel is affected by the void fraction assuming
uniform void fraction distribution within the vessel. The gravel
void fraction is estimated to be 23.4 percent, and is conservatively

-

assumed to be 25 percent for this analysis.
,

o
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An external steel shield was provided to reduce the external dose !/'

rates to uset 10 CFR 71 limits. The cylindrical shield extended |from a point three feet below the bottom of the core to a point five t

feet above the top of the core. The extension above and below the '

core region was incit ded to shield from the axial contribution at i
the top and bottom of the core region.

|

Tvo dose pu!nts were considered. The first was at the vessel outer |
wall core midplane region at a distance of one centimeter from the i

surfe.s. This point was chosen to correlate the measured dose rates
to < .s calculated dose rates to confirm the calculational assump-

!tie , of distribution and gravel void fraction. The second dose :
point wks also at the core midplane, but at a distance of two meters ;

from the package outer surface. This latter dose point was selected
to evaluave the dose limits in accordance with Title 10 CTR Patt 71. !

Figure 5.1 shows the shielding geometry used for this analysis and :

the dose points selected for evaluation.
,

5.3.2 Shield Regional Densities
iThe shield design was based on a shield density of 7.8 gm/cm3 for i

iron. To keep the package weight to a minimum, the exterior shield ,

was divided into two cylinders. The inner cylinder of 1-3/4 in, i
thickness welded to the vessel outer shell, and the outer shell of :1/4 in, thickness used as the Hexcel impact limiter container. |

4

O The shielding analysis was based on a 25% void fraction in the
gravel grout mixture. Thereforo, no credit was taken for the grout, !

'

except for shielding the hot spot. |
;

5.4 Shieldina Evaluation

The shielding evaluation was based on the ORIGEN2 activatien anal- :
ysis computer code results. These results wera used as input to the i

Microshield (Ref. 5.2) computer code. All activation quantity i
results were decayed to January, 1990 to reflect the dose rates in i

the same year in which the vessel is expected to be shipped. ;
Appendix 5.5 includes the report of the vessel shielding analysis

.Iand sample input for the Microshield code runs.

!

.

O
!
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EXECUTIVE SUMMARY !
|1

.

An activation analysis was performed for the Pathfinder Atomic Power Plant reactor vessel and ;

internals in support of the Pathfinder Decommissioning Project. The results indicate that i

approximately 476 curies of neutron activation products, mainly 0060 and Ni63, are present !

within the reactor vessel and internals. De maximum curie density in any single reactor internal ,

occurred in the boiler shroud, where the specific curie content was estimated to be 0.248 mil-
3licuries per gram.
;

The internal contamination (' crud")Co60 and Ni63. layer of the vessel and internals wetted surfaces contains
!

approximately 95 millicuries, mainly
:

The external dose rate from the vessel package was calculated to be 6.8 mR per hour at two |
meters from the vessel at the reactor core midplane. This dose rate is based on 2 inches of |

carbon steel shielding on the vessel exterior extending from five feet above the core upper eleva- !
tion to three feet below the core lower elevation. This calculated dose rate also assumes an i

average packing density of the gravel present in the reactor vessel of 75% of the maximum.
;

The results of these analyses show that the Pathfinder reactor vessel and internals can be shipped j
g intact as a single package without exceeding the LSA limits on specific curie content or US DOT *

g external package ose rate.
,
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1. PURPOSE I

This report details the calculations performed to support and prcvide data for the Pathfinder |
Atomic Power Plant decommissioning plan. They comist of a neutron activation analysis of the
reactor vessel and internals, estimation of internal surfaces contamination levels, and estimation

,

of dose rates from the package as currently emisioned for shipping. :
,

The neutron activation calculations have been performed using the ORIGEN2 [1] Shieldink
computer :

code, which was obtained through Oak Ridge National Laboratory's P.adiation i
information Center. The calculations determining the total curies based upon the ORIGEN ;

specific curie values (curies per gram) were performed using the 1.otus 12 3 version 2.01 [2].
|

The estimate of the primary system surface contamination was made using manual estimates cf
vessel and vessel internals surface areas, coupled with the Battelle estimates of specific surface !

contamination levels in the feedwater and mam stearn systems [3), '

The calculation of the external exposure rates from the Pathfinder vessel package were per. !

formed using the Microshield code version 3.12 [he]. A variety of calculations were performed to4 :

bracket the possible amounts of gravel between t more highly activated portions of the reactor
internals and the exterior of the package. ;

!

.

|
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2. APPROACH !

The activation analysis hati been erformed using ORIGEN2. Irnut to the code included
material compositions, the Pathfind r operating history and neutron f uxes. Wherever possible, :
data obtained through NSP [5,6,7) has been employed. The balance of the input data was '

extracted from the available literature and is referenced as such. Conservative assumptions were
,

!
made and justified wherever actual plant data was not available.

|

The estimate of the primary system surface contamination has been made using manual -

estimates of vessel and vessel internals surface areas, coupled with the Battelle estimates of ;
specific surface contamination levels in the feedwater and mam steam systems [3).

|

For the shielding analysis, cylindrical source geometry was used as the input model to the Micro. !
shield code. Multiple concentric cylindrical regions were used to model the vessel and internals. '

The activation analysis results from ORIGEN2 were used as a source term for the vessel and
!internals.

|

f

;

' :

;
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3. PATHFINDER OPERATING HISTORY
i

The Pathfinder Atomic Power Plant operating history has been extracted from data provided by |
Northern States Power. An available Pathfinder Six Month Operating Reprt indicated that !
Pathfinder had its initial criticality on March 24,1964. The plant s final shutdown occurred, due i

to a condenser tube failure, on September 16,1%7. The total core burnup was 16,635 mega-
watt (thermal). days (5).

;

The Pathfinder Atomic Power Plant Safeguards Report [6 ] megawatts thermal, at a core desi[gn]6 and subsequent correspondence 8 |
Indicates the core design 100% power level to be 199. )

2average neutron flux of 3.5 E+ 13 neutrons /cm second. |
Since most of the power operation occurred towards the end of the plant's life, for the purposes i

of this ana sis it was conservatively assumed that the plant operated at 100% power for 87.6
days, until eptember 16,1967.

:
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4. MATERIAL COMPOSITION

Three. material tcmpositions were used in this analysis . Type 304 stainless steel, carbon steel
and 'Jircaloy 2. There are other materials used in the construction of the components in tl.is
anaiysis. However, from the research performed, there does not appear to be any component of
sigrnficant mass manufactured from a material other than the three analyzed here, which would
sig dficantly affect the results of this study.

In some of the material composition tables included below it may be noticed that some rather
conspicuous elements are missing. As an example, in 304 SS, carbon and oxygen are missing
from the table. The source of some of this data [9] did not include certain elements because
their activation would not contribute significantly to the long lived isotopes of interest in a
decommissioning study. Annotations have been made in the footnotes to the tables regarding
the lack of certam isotopes, and their typical concentrations in the material have been provided.

O
NJ
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4.1 Stainless Steel Type 304 [9]

With the exception of the boiler boxes, all reactor vessel internals and the reactor vessel
cladding are assumed to be manufactured from Type 304 stainless steel. The composition
of this steel for use as input to the ORIGEN2 activation code is listed below.

Element ppm or % Element ppm or %

Li 0.13 Y 5
N 452 Zr 10
Na 9.7 Nb 89
Al 100 Mo 2.60 %
Cl 70 Ag 2
K 3 Sb 12.3
Ca 19 Cs 0.3
Sc 0.03 Ba 500
Ti 600 1.a 0.2
V 456 Ce 371
Cr 18.4 % Sm 0.1
Mn 1.53 % Eu 0.02
Fe 70.6 % Th 0.47
Co 1414 Dy 1

Ni 10.0 % lio 1
'' Cu 3080 Yb 2

Zn 457 Lu 0.8
Ga 129 Hf 2
As 194 W 186
Se 35 Pb 67 .

Er 2 Th 1

Rb 10 U 2
Sr 0.2

Notes: No material certifications are available for the Pathfinder vessel internals; the
elemental composition of 304 stainless steel above was taken from
NUREG/CR 3474 [9]

Carbon is not included in this composition, but normally exists in Type 304
stainless steel at a maximum level of approumately 800 ppm. The creation of
Cl4 from the N14(n,p)Cl4 reaction dominates the C12(ncy)(n,r)Cl4 reaction
by several orders of magnitude.

The reactor vessel cladding may contain up to 0.8% niobium (columbium) [10]

.

. - -- .
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!
4.2 Carbon Steel [9] !

!
The reactor vessel shell is manufactured from carbon steel. De composition of this steel i
for use as input to the ORIGEN2 activation code is listed below, I

i

Element ppm or % Element ppm or % {
Li 0.30 Y 20 iN 84 Zr 10

,

Na 23 Nb 18.8 !Al 33 Mo 0.56 %
Cl 40 Ag 2 :K 12 Sb 11
Ca 14 Cs 0.2

.

t

Sc 0.26 Ba 273 iTi 2 1.a 0.1
'

V 80 Ce 1 ;
'

Cr 0.17 % Sm 0.017 :

Mn 1.02 % Eu 0.031
'

Fe 98.0 % % 0.45 :
Co 122 Dy .

1

Ni 0.66 % Ho 0.8 ;
Cu 1274 Yb 1 >

Zn 100 Lu 0.2

'hc
,

Ga 80 Hf 0.21 !
As $32 Ta 0.13
Se 0.7 W 5.5 i
Br 0.85 Pb 820
Rb 48 Th 0.18 '

Sr 0.15 U 0.20
|

Notes: No material certifications are available for the Pathfinder vessel and internals;
-

'

the elemental composition of carbon steel above was taken from NUREG/CR. !

3474 [9). !

Carbon is not included in this composition, but normally exists in carbon steel at ,

a maximum level of approximately 3000 ppm. The creation of Cl4 from the !
N14(n,p)Cl4 reaction dominates the C12(n,y)(n,y)Cl4 reaction by several |
orders of magnitude.

|

|

:
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' 4.3 Zircaloy 2 [11)

The boiler boxes surrounding the boiler fuelin the reactor are manufactured from
Zircalov 2. The composition of this metal for use as input to the ORIGEN2 activation
code is Iicted below.

Element ppm or % Element ppm or %
'

H 13 Fe 0.15 %
B 0.33 Co 10
C 120 Ni 500
N 80 Cu 20
0 950 Zr 98.0 %
Al 24 Nb 120
S 35 Cd 0.25
Ti 20 Sn 1.6%
V 20 Hf 78
Cr 0.1% W 20
Mn 20 U 0.2

Notes: The elemental composition of Zircaloy 2 above was taken from PNI-6046 [10).

O

.

O.



. . .

!

Document N64 22405 i
~

Page 8 of 61
jm

5. DISCUSSION OF THE POINT ACTIVATION ANALYSIS CALCULATIONS

The point activation calculation of materials at the Pathfinder Atomic Power Plant was divided
into two categories.

;

I
1. Materials loct.ted within the radius of the core boundary. '

l
2. Materials located outside the radius of the core boundary.

For materials located within the core boundary the ORIGEN2 BWR.U cross section library !
was chosen. This library contains one group ene,rgy spectrum avera
which best represent the neutron energ'y spectrum within the core. ged neutron cross sections,|

For materials located out- i

side the core boundary, the ORIGEN2 thermal cross section library which contains only !

thermal cross sections at 68 * F. was used. ,

}

A review of the information available on the thermal and fast neutron fluxes as a function of !
radial distance from the core boundary at Pathfinder indicated a high degree of ectrum
thermalization beyond the core boundary, through and beyond the pressure vessel, ically, :
more recent light water reactor LWR designs have thethickness of the Pathfinder vessel (. Whi)le the large L% pressure vessels two to three tR's and Pathfinder both see significant
thermalization in the plenum te n just beyond the core boundary, the thick pressure vessel of :

* ,

the new,large LWR's significant hardens the neutron flux energy spectrum. At Pathfinder, ;
the neutron spectrum remains rel tively well thermalized beyond tFie outer wall of the pressure ;

! O
vessel. ;

.

Generally, the region inside the core boundary of typical light water reactors has an average
fast / thermal neutron flux ratio on the order of 8:1. Outside the core boundary at Pathfinder,
the fast / thermal neutron flux ratio was usually less than 1:5. Using in core cross sections (the

,

g

underestimate the activation) of materials beyond the core boundary.ORIGEN2 BWR U library would not be representative of the neutron spectrum, and would!

beyond the core boundary requires several f(actors to be taken into account:Use of the thermal cross section libraries the ORIGEN2 thermal library) for radial regionsi

:

1. The thermal cross section libraries contains cross section data for neutrons at room i

ORIGEN2 mu(2200 m/second, or 68 'F). The curie content results calculated by
temperature i

st be temperature corrected for regional temperatures outside the core :boundary.
;

2. Certain radionuclides in an activation analysis of reactor materials are products of !
fast neutron reactions only. There is only one radionuclide produced which has a '

significant impact on curie content and radiation levels . Mn54. Manganese 54 is the
product of the Fe54(n,p)Mn54 reaction, which a has significant cross section only

,

above 1 MeV. ;

Since all of the radionuclides of interest in an activation analysis of reactor materials (with the
-

exception of MnS4) have temperature-corrected thermal cross sections which are greater than
or nearly equal to the epithermal cross sections, the use of the thermal cross section library in
conjunction with the total neutron flux will produce conservative results. In the case of MnS4

- - - - - _ - - - . - . -
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the short half life of the radioisotope (312.5 days) and the long decay time since shutdown I

(more than 20 years) imply that neglecting this isotope will not seriously impact the final
{results.
i

!
5.1 Activation Within the Core Boundary

|
Using ORIGEN2 and the BWR U cross section library, point activation anal |
performed for Type 304 stainless steel and Zircaloy 2. A neutron flux of 3.yses were! 50 E+ 13 !

n/cm2 r,econd was used as input. The resul s were decayed to June 1,1989 within the ft
ORIGEN2 runs. Additional decay to January 1,1990 was performed exterior to -

ORIGEN2 with 1.otus 12 3 during the mass determination and total curie estimates, !
!

5.2 Activation Radially Beyond the Core Boundary ;
;

The ORIGEN2 thermal cross section library was used in the point activation analyses of |materials radially beyond the core boundary. Neutron fluxes for locations beyond the i

core boundary (at the core midplane) through the reactor vessel wall were taken from |
Reference 6. The fast and thermal fluxes from the reference figure were totaled, and the i
total used as input to ORIGEN2. The radial core midplane neutron fluxes are tabulated !
below.

|

Radial Total flux )
- location (n/cm2 see) !

Core boundary 3.50 E+ 13 |
Boiler baffle 1.16 E+ 13 |
Steam separators 1.07 E+ 12 ,

Reactor vesselinner wall 3.30 E+ 10

||Reactor vessel outer wall 2.50 E+ 09

See Figure 5.1 for depiction of assumed axial flux profile.

For components located between the radial locations at which point activation analyses i

were performed, a logarithmic average of the ORIGEN2 calculated soecific curie content ;

results was used. Two such averages were computed and used. The drst was at the loca- 1

tion of the boiler shroud at a radius of 100.33 cm. The second was at the radial midpoint i

of the region from the core edge to the inner wall of the rcactor vessel, an average radius
of 127.6 cm. Point activation analyses were performed for Type 304 stainless steel and
carbon steel. The results were decayed to June 1,1989 internal to the ORIGEN2 code; !

l' additional decay to January 1,1990 was performed with IAtus 12 3 during the mass
L determination and total curie estimates, i

| 5.3 Activation Axially Beyond the Core Boundary ;
.

,

I In the absence of axial flux maps for Pathfinder in regions above and below the core axial
3

boundaries, flux reduction scaling factors were employed. For each 30 centimeter seg- ;

ment above and below the core,11e total flux was conservatively reduced only by a factor
'

of 10. In addition, for the regions axially above and below the core, ?oint activation cal-
culations were made with the thermal cross section libraries. For a3ove and below thep active core region, specific curie content results were multiplied by the axial flux reduc-

i tion factors to obtain corrected results.

|

|
|

. ._- - - - - . . -_ . . - -- - . _ - -
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See Figure 5.2 for depletion of assumed radial flux profile. !

f5.4 Neutron Activation Model

A model was develo xd for the radionuclide estimation of the Pathfinder vessel and inter- !.

nals; in general the features of the model matched the actual Pcthfinden vessel and inter- !
nals layout with the following exceptions:

|
t

The reactor vessel lower head curvature was ignored; a straight, vertical wall was j
-

assumed to run the entire length of the model. -

i

Material more than 90 centimeters above the core or below the core was not included ;-

in the model.
|

Neutron fluxes were identified for specific regions of the vessel and internals, i.e. the-

reactor core, the core boundary, the steam separator region, the vessel inner wall, and .

the vessel outer wall. Within each of these regions specific curie contents (curies !
gram) were calculated using ORIGEN2 for each material present in the region. per lNo
effort was made to identify peaks or depressions in the local neutron flux levels and to !

incorporate these local flux disturbances into the activation model.
;

For the purpose of this estimate, the concrete bioshield was not considered in the !
-

activation analysis. >

3
'(V!

Figures 5.3 and 5.4 detail the neutron activation model used for the Pathfm' der activation !
analysis. ,

t

!
!

!

!

!

,

,

.

,

,
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FIGURE 5.1 ' '

PATHFINDER ATOMIC POWER PLANT !
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i FIGURE 5.2 |
;
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FIGURE 5.3 i

PATHFINDER ATOMIC POWER PLANT !
NEUTRON ACTIVATION MODEL '
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FIGURE 5.4 !
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PATHFINDER ATOMIC POWER PLANT |
NEUTRON ACTIVATION MODEL !
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6. COMPONENT DIMENSIONS AND MATERIALS :

i

The Pathfinder reactor was a unique cuncept in early nuclear design, incorporating nuclear 5
superheating of steam at the center of the reactor core. To achieve this superheating the

.

reactor core was more complicated than current LWR designs, necessitating some unusual I
components, or components different from those in standard LWR designs. This section !

describes each camponent within the vessel package at Pathfm' der. Unless stated otherwise, all
components arc 'lype 304 stainless steel.

It is important to remember that many of these components fall within two or more regions of !
the neutron activation model, and as such no single curie per gram value can be allocated to :
each component. Also, portions of the vesselinternals which lay outside the neutron activation !

model were not considered in the model. '

!
6.1 Superheater fuel element insulating tubes ;

Each fuel element in the superheater region of the reactor core was contained within
an inner and outer insulating tube. The superheater fuel elements themselves were
tube shaped, with a central flow path for the superheated steam. The insulating tubes
surrounded the fuel element tube, providing additional flow paths for the steam to
travel from the top of the reactor vessel through the superheater region and exiting
from the vessel bottom. Water for neutron moderation surrounded the outside of the
lasulating tubes. The tubes run the entire length of the activation model. There are

hs\ 468 sets of inner and outer superheater fuel elen.ent insulating tubes in the Pathfinder

vesselinternals. Fifty d.two of the 468 fuel element / insulating tube sets also contained asuperheater control ro

6.2 Superheater baffle
,

The superheater baffle is a structural support for the superheater fuel elements as well
as a flow baffle separating the water in the boiler section of the reactor core from the
water surrounding the superheater fuel elements. It is 0.25 thick inch stainless steel
and runs the entire length of the activation model.

6.3 Superheater support plate
,

The superheater support plate lies at the bottom of the superheater fuel elements,
providing, support and alignment of the elements. It is stainless steel and curved such ;

that portions of the curved plate would lie outside the activation model; however all
portions of the support plate were assumed to lie within the activation mo6cl.

6.4 Superheater control rods

The superheater control rods are solid stainless steel of approximately 0.79 inches
diameter. Four clusters of 13 control rods are within the superheater fuel element

. insulating tubes.

'

O
l .

|

<
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6.5 Boiler fuel boxes !
' '

Each boiler fuel element was individuall contained within a Zircaloy 2 shroud to pre.
vent cross flow of water through the fuefassernbly. The bottoms of the fuel boxes are
manufactured from Type 304 stainless steel. There are 48 boiler fuel boxes, together !

,

containing 96 boiler fuel assemblies. There are 16 fuel boxes which contain 4 fuel !

assemblies apiece, and 32 fuel boxes which contain a single fuel assembly, j

6.6 Boller shroud |

The boiler shroud is aaproximately 0.25 inch thick and surrounds the boiler fuel ele-
ments, se parating the holler reactor core section from the steam separator region of :
the vesscL lt provides a flow baffle from the u i

and the down flow of the steam separator region.pflow through the boiler core region,i

6.7 Boller fuel element holddown structure

The boiler fuel element holddown structure provides all nment of the boiler fuelJ t

assemblies, maintaining inter assembly spacing for both fue. alignment and movement i

of the boiler control rods. The bottom of the holddown structure is an alignment grid '

,

to contain the fuel assemblies tops; the holddown structure also compresses the fuel !

assemblies lower nozzle sprin ;s, thereby providing both vertical and lateral alignment, i

The holddown structure also ;aouses and provides alignment for the boiler control rod i
guide tubes.

6.8 Boiler CR guide tubes and remaining structure '

This is basically the balance of the holddown structure above the lower fuel alignment
grid; this section provides the rigidity necessary to compress the boiler fuel element

.|.ower nozzle springs and maintam the fuel abgnment, both vertically and laterally.
There are 16 boiler control rod guide tubes integral with the holddown structure. ;

6.9 Boiler element poison shims !

Each boiler element boiler fuel box has indentations on each of it's four sides for the
addition of a poison shim for use during initial core startup for control of excess fuct
reactivity. It is estimated that 40 poison shims are present in the Pathfinder vessel at i
this time. ,

6.10 Boller control blades

There are 16 cruciform shaped control blades for the boiler fuel. Each blade is
manufactured from borated steel; for the purpose of the activation analysis the boron :
present in the steel was ignored. The control blades entered from the top of the ~

reactor core.
t

- The six month operation summaries for Pathfinder indicate several different rod bank :

heights for the boiler control blades were used during, the core physics testing. For the
activation analysis, a uniform rod bank height of 36 mehes

,

used. The 36 mehes within the core was irradiated at full c(one half out of core) wasp ore flux, each 30 cm seg-,

V ment above the core was irradiated at 10% of the lower layers value, i.e.10%,1%, and
'

O.1% of full core flux.

|
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.
- . .-. . .._

Doe: ment NR22 005 f
'

Page 17 of 61

,

'

!
t

I

6.11 Instrumentation tubing and sample holders |
!

Three 0.75 inch outside diameter stainless steel instrument tubes run from the bottom
to the top of the reactor core;in addition there are 12 small and 3 large sample holders |
at the elevation of the core. Without further information these items were combined :
into one item and assumed irradiated at the full core flux.

6.12 Boiler grid plate ,

The boiler grid plate provides lateral alignment for the boiler fuel elements as well as !
providing support for the fuel elements. The grid plate consists of two 53 arate plates

'

,

connected by bored-out pipes which surround the fuel element lower nozr. es.

6.13 Steam separators and support shelves

The steam separators lie outside the core region at the same elevation as the core.
There are 44 separators, grouped in sets of three; these are individually supported by I

three steam separator support shelves attached to the reactor vessel reall. Suction at
the bottom of the reactor vessel draws water through the steam separator lower nozzle, .

which in turn draws water horizontally through the inlet nozzle in the side of the steam i

separator. The swirling action of the water separates the entrained steam which exits :
out the top of the separator. '

b) Portions of the steam separator nozzles failed towards the end of operation of the :V Pathfinder reactor; these pieces were collected for examination, then returned to the i
vessel prior to final closure at the end of life.

6.14 Feedwater ring and supports $
;

The feedwater ring is located at the bottom of the reactor vessel, beneath the steam
separator support shelves. It is a ring header, oval in cross section, which is perforated
with holes to allow feedwater to be introduced into the lower plenum of the vessel.
There the water mixes with water drawn through the steam separators prior to removal '

by the recirculation pumps and re injection into the boiler section of the reactor core. !
.

6.15 Reactor vessel cladding

The one quarter inch thick vessel cladding is made of SA 240 Type 304L stainless steel.
As in the vessel shell, the cladding runs the entire vertical length of the activation
model. ;

6.16 Reactor vessel base metal
i

The three inch thick outer wall of the reactor vessel is manufactured of SA212 Grade
B carbon steel;it runs the entire vertical length of the activation model. The lower
head of the vessel actually would lie within the model; but for simplicity the curvature.

of the lower head has been ignored, and the walls assumed to contmue as a cylindrical
shell to the bottom of the model.

,

O
,

__ _ _ . _ _.. , ._ _ . . _ _ . . _ _
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6.17 Gravel )

!

The plant records indicate that approximately 66 cubic yards of pea gravel, weighin,g i

214,000 pounds, were placed in the vessel after unloading of the fuel took place; this i
was done at the recommendation of the Atomic Energy Commission. The estimated i

void in the vessel after subtracting the volume occupied by the internals is approxi- |
mately 75.6 cuble yards. This indicates an average packing fraction of ap 3roxunately :
87.390, nere will no doubt be local variations on this packing fraction, ln addition, !
the void of 75.6 cubic yards decs not consider the volume of piping beneath the vessel, !
and some of the gravel probably went through the core region and fellinto these pipes. [

:
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7. ACTIVATION ANALYSIS RESULTS :

\
7.1 Specific curie contents

The ORIGEN2 outputs provided the following curie per gram contents for the following !
regions and materials: '

i

I
Region Material Cl/ gram

B

Core fullflux 304 SS 2.01E 4 !
Core fullflux Zirc 2 1.74E-6 i

Core thermalflux) 304 SS 2.94E 5 1

Boile Shroud 304 SS 2.48E-4, :
Steam Separators 304 SS 5.66E-6 !

Vessel cladding 304 SS 1.09E-6 4

Vessel wall (average) SA212 CS 7.54E 8

! * The increase in the curie per gram value for the boiler shroud relative to the in-core !
values is the result of the conservative assumption that the neutron flux is totally '

thermalized at this point. :
i

| The specific curie content of any individual portion of any component, except the boiler je
('

waste, i.e. less than 0.3 millicuries per gram. The boiler core shroud, due to the conserva- i

core shroud, within the activation analysis model meeth the current defirution of LSA
.

tive assumption of full thermalization of the flux, exceeds 0.3 millieuries per gram for the !
sectiori of the shroud immediately adjacent to the reactor core. If the upper and lower i
sections of the shroud, which are irradiated at 10% of the flux level of the core region, are,

weight averaged with the central portion, the average millicurie per gram decreases to
'

0.248, which then meets the definition of LSA waste.

7.2 Curie contents by component

! The results of the neutron activation analysis is presented in Table 7.1, and shows the
'

radionuclides by component. ;

The reactor vessel claddinr, may contain up to 0.8% niobium [10). At this level, the {
amount of Nb94 present in the vessel cladding will be approximately 190 g Ci. At a weight !
of approximately 4,240 pounds of stainless steel cladding in the activation analysis moc el, ;
this equals a concentration of 0.00078 yCi Nb94 per cubic centimeter. The limit for Class

i

A waste is 0.02 yCi Nb94 per cuble centimeter; therefore the concentration in the vessel |!, cladding in the activation analysis model region alone is only 3.9% of the limit and will
not present a problem for disposal. !

'
.

$

O :

!
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TABLE 7.1

ESTIMATED RADIONUCLIDE INVENTORY IN THE REACTOR VESSEL AND INTERNALS
AS OFJANUARY 1990

,

Total
Component N3 C14 8e55 Co60 N159 Nf63 ht#4 Tc99 Eu152 Eu154 Others Curles
esse 3sa..u..n u....... ....u..........a.. .. .. .. ................................. ...... .... ... ........
Superheater baffle. C.08 0.03 4.58 34.40 0.19 21.97 0.02.~ ~ 61.3~ ." <

heerh: ster fuel insul. tubes 0.15 0.06 8.77 65.92 0.35 42.11 0.05 117.4 e
~. ... ... .~

S p rheater support plate
<0.01 I

". ." .~ ... ... ... ... ... ... o. ...

' S p rheater centrol rods 0.04 0.32*~ .~ 0.21~. ~. ... ." .~ ... 0.6tiller fuel bones 0.01 0.03 0.84 7.19 0.04 4.35 0.86 13.3... ... ... ..*

Biller shroud 0.15 0.06 9.59 $1.61 0.39 46.84 0.01 108.6*** "* ~ ~*

Boller hold down structure 0.01 0.61 4.58 0.02 2.93~. *.~ ~ ~ a. ." 8.1
. toller CR tubes /rensin. struct. 0.49 3.69 0.02 2.36... ...

0.01 6.6." *~ *~ .~
s' Bitter element polson shims 0.03 0.01 1.88 14.14 0.08 9.03 0.01.. ~. 25.2~. ."

tiller control blades 0.11 0.04 6.39 48.03 0.26 30.68 0.03~. ~- 85.5~ ~.

. instrumentation / sample holders 0.48 3.58 0.02 2.29". .~
0.01 6.4*~ "* *" ~*

Boller Orld plate 0.04 0.02 2.52 18.% 0.10 12.11 0.01 33.8.~ ... ." ".

Q separators & s w rts 0.54 2.93 0.02 2.66". ~
0.01 6.2 i". ~. ... ...

( , t".r ring & supports 0.15 0.83*~ ~ 0.75... 0.01 1.7-~ ." .~ --

Vesset ctedding. 0.06 0.34... .~ 0.31.~ ~. ... ... .~ ... 0.7
Vesset o.41 0.14

...".. ...... ....... ....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " . .
. ~. o,09.~ ~. .~ . ". a. 0.6
.

...... ...... ......
.itt'st by lsotope (curies) 0.59 0.25 37.36 256.66 1.49 178.68 <0.01 <0.01 0.13 <0.01 0.93 476.1.

'Perc nt of total by Isotope 0.12% 0.05% 7.85% 53.91% 0.31% 37.53% <0.01% <0.01% 0.03% <0.01% 0.19%

.

'O
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8. PRIMARY SYSTEM SURFACE CONTAMINATION i

8.1 Methodology

An estimate was prepared to determine the total amount of radioactivity present in the

surfsce contamination (" crud")he vessel interior was calculated using dimensioned draw-
-

layer on the wetted area of the reactor vessel interior and
internals. A surface area for t
ings. The surface area for the vessel internals proved impossible to accurately determine
with the available drawings. An assumption was made as to the average thickness of the
internals structural components; using this, and with the calculated and/or stated weight
of each internals component, the total surface area can be estimated.

,

,

8.2 Surface areas

Calculations were performed to determine the wetted internal surface area of the reactor
vessel and internals. The total estimated interior surface area of the reactor vesselis
approximately 660 square feet. Using the weights stated on the drawings provided by
NSP for allinternal components, an effective surface area for the internals was calculated.
For an aversge thickness of one quarter inch, the 44,600 pounds of the internals equates
to approximately 8,660 square feet. The total of both areas, converted to square centi-
meters, yields an affected surface area of 8.67E+6 square centimeters.

'
8.3 Source terms '

In 1980, Battelle Pacific Northwest Laboratories took samples throughout the Pathfinder
Plant. There were three samples taken in the feedwater system; these were used as being
representative of the type of interior contamination within the reactor vessel [3]. PNL'

data, when decayed to January 1,1990, yields the following surface contamination levels:
.

Radionuclide pCi/cm2
.

Na22 <0.0077
Fe55 109
NiS9 15
Co60 5965

)Ni63 4882
Nb94 < 0.25

Ag108m < 0.09
Sb125 < 0.01

: Sn126 < 0.06 i! Cs134 < 0.002
Cs137 < 0.06
Eu152 <0.2

,

Eu154 <0.45 1

Eu155 < 0.04 I
Ho166m < 9.55 :

. Ra228 <0.3 l

Pu238 <0.00093
Pu239 < 0.0039.

QU .
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8.4 Results l

.

Using the total surface areas for the wetted portion of the reactor vessel and internals, :
and the areal curie density of each radionuclide measured by Battelle, total curies for '

each radionuclide was determined.
;

*

RadionucIlde Total curies % of Total

Fe55 9.45E-4 1.0
NiS9 1.30E-4 0.14
Co60 5.17E-2 54.4
Ni63 4.23E 2 44.5

All radionuclides with a total activity of less than 0.1 millicurie (i.e. <1.0E-4 curies) Path-have
been ignored. The total estimate of surface contamination radionuclides within the
finder reactor vessel is 95 millicuries.

.
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ie 9. PATHFINDER VESSEL PACKAGE DOSE ESTIMATES '

' 9.1 Method of Calculation f

Using the total curies per component estimated with the 1.otus 12 3 spreadsheet and the
geometry of the internals, the dose rate was estimated for a point external to the vessel.
Given the multiple layers of sources represented by the concentric nature of the internals
arrangement in the Pathfinder vessel, many different runs were necessary, since each
source is also a shield for other sources in the internals. All dose rate models used
cylindrical sources with cylindrical shields.

In addition to the self shielding and shielding provided by the internals components and
vessel, the gravel added at shutdown serves as an effective shield. However, the density of
the gravel undoubtedly varies throughout the region of the neutron activation model.
With 66 cubic yards placed into a free void of 75.6 cubic yards, the average gravel packing
factor is 87.3% of the theoretical maximum. The maximum density is estimated to be 120
pounds per cubic foot 1.92
weight of the 66 cubic y(ards. grams per cubic centimeter), based upon 214,000 poundsSince this is similar to the density and composition of con-,

crete, the shielding parameters for concrete were used in the Microshield problems.

Two dose points were considered. The first was at I centimeter distance from the vessel
outer wall at the core midplane. This determines the maximum contact dose rate and can

q be readily compared to the measured doses that NSP collected in May of 1989. Thej second dose pomt is on the same plane as the first, the core midplane, but is two meters
from the edge of the shielded package. The package in this case includes the impact

r absorbing material and carbon steel shield which wil.. surround the vessel for shipment.
The impact absorbing material, together with any radiation shielding, will add approxi.
mately ten inches to t ie radius of the vessel package. This second dose point corresponds
to the measuring point necessary to meet the U.S. Department of Tran:portation (US
DOT) regulations.

In addition to the direct dose estimate from the core height region of the vessel internals
and vessel wall, the regions above and below the core region are also neutron activated .

and must be considered in the dose rate. Calculations were performed which indicated,in
the most conservative case (no shielding), that the total dose rate at two meters from the
package side increased approximately 15% above the dose calculated for the core region.
Rather than calculating a dose rate for each shield thickness for the regions above and,

| below the core, the dose rate from the core midsection was increased by 15% to account
for the contributions of the regions above and below the core.i

See Table 9.1 for measured dose rates on the side of the Pathfinder vessel as of May 1989.

9.2 Results of Analysis

The unshielded dose rate at the core mid ) lane on contact with reactor vessel, assuming a
|

- 75% gravel packing factor, is estimated by the activation analysis model to be approxi-
mately 254 mR per hour.,

|
|

|
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With the equivalent of two inches of steel shielding, and assumin a gravel packing factor
of 75%, the external radiation exposure rate at the core mid ane 2 meters from the i

exterior of the impact absorbing shell will be 6.8 mR p(er hour,e dose rate at 1 centi-

meter from the exterior of the impact absorbing shell i.e. contact dose rate)OT require-at the core
midplane will be 24.9 mR per hour. These dose estimates meet the US D
ments for external dose rates.

,

See Figure 9.1 for a depiction of vessel packnge radiation expcsure rates versus the per. *

centage of gravel in the interior void spaces at I centimeter from the vessel outer wall.
Figure 9.2 s lows a depiction of the vessel package radiation exposure rates versus the per- '

centage of
unshielded, gravel in the interior void spaces for three shield thicknesses, as well asat a distance of 2 meters from the package.

9.3 Discussion
;

Given the uncertainties present as to the actual configuration of the gravel within the
vessel interior, the best that can be stated about the results shown in section 9.2 is that the
measured dose rates alongside the vessel exterior are reasonably clc.+ to those estimated
with the assumption of 75% gravel packing factor (without external shielding). Since the

' lowest core midplane dose rate is on the east side of the vessel package and is approxima-
tely 40% less than the dose rate estimate of 254 mR per hour, one approach might be to
use this as a bench mark and adjust all dose rates accordingly. This would compensate for

,

the built in conservatism in the activation analysis model. For the purpose of the shield
design, this was not done, the recommended shielding thickness is based solely upon then()-

,

ORIGEN2 activation analysis and Microshield dose model.
.

i

E
The shield thickness of two inches obviously runs the full length of the core region. The

'

shield should also run five feet above and three feet below the core region as well. The
five feet above will encompass the 100 mR per hour peak on the west side of the vessel,
which occuts approximately 2 feet above the top of the core. With the five additional feet

,

of shielding above the core, all dose rates measured on the side of the vessel above this
.

'

point meet US DOT limits. For the section below the core, the three foot length is basede

more upon mechanical considerations than dose limits, as the support feet for the vessel
can serve as attachment points for the lower portion of the radiation shield. Based upon

'

the dose readings in Table 9.1, a two foot length would be sufficient to meet US DOT
radiation limits; but the three foot length will be easier to implement. .

The hot spot shown on the northwest section of the vessel, as listed in Table 9.1 is prob-
ably a region of gravel with a packing factor lower than average. If this is the case, the
grouting operation will almost certainly close this void region and lower the dose rates.
Since the groutinz will be performed prior to vessel lift, this will be determined prior to
the loss ou shielcmg around the vessel now presently provided by the bioshield. The
grouting of the vessel will reduce the dose rate to that comparable for the remaining sec-
tions of the reactor vessel package at the same elevation.,

.

\

The decommissioning crew should be prepared for the possibility that the dose rates will
. be greater than those estimated to be present with the recommended two inches of steel

shielding. If this occurs it is likely to be on a limited basis, most probably one or two:

small areas. Additiont.1 steel shielding will then have to be used to further reduce the.

g radiation levels to meet 10 mR/ hour at 2 meters from the package.
'

\

i
.i
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{ b4 Recommendations .

The project should plan for the fabrication and use of a two inch thick steel shield sur-.. ,

rounding the reactor vessel, starting at three feet below the bottom of the core, and -'
,

ending five feet above the top of the co e The two inch thickness can include any addi- >

tional steel to be placed around these re gions, such as the impact absorbing material.

The vessel interior should be grouts to reduce the possibility of voids or " windows,"o
which would allow excessive radiation',eakage.r

If the opportunity occurs, additional chara:terization would be invaluable in reducing the.

0 uncertamties with this hot spot region on the northwest side of the vessel. Detailed geom-
etry studies would help assess the extent of void assumed to be present. !

r

'
. !

i
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'
TABLE 9.1

PATHFINDER MEASURED RADIATION LEVELS -

AS OF MAY 1989

Elevation South West North East
(MSL)'. mR/hr mR/hr mR/hr mR/hr

.

1285 1.75 2 5 .1.8
1286 3 8 5 2.2
1287- 9 27 20 7
1288 33 80 225 30
1289' 90 175 450 150
1290 45 75 '140 80 !

1291 17 85 35 22
1292 15 90 18 15
1293 9 95 10 10
1294 6 100 7 5'

1295 3 75 3.8 3.2
1296 1.8 35 2.8 2

n 1297 1.5 8 2.2 1.5(]. 1298~ 1.7 - 2.2 1.5 1.6'

1299 1.7 1.2 1.5 .9
1300 .5 .7 .8 .5
1301 .3 .7 .5 .4

-1302 .3 1.5 .25 .25
1303 3 .3 1.8
1304 7-

1305 .2 -

The highest observed dose rate was 600 mR/ hour at elevation 1289.5 elevation, on the north.
'

west side of the vessel.

a
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g FIGURE 9.1- i
.,
*

PATHFINDER VESSEL PACKAGE
'*

GRAVEL PACKING r. vs EXPOSURE RATE
CONTACT DOSE

5

_F,xposure Rate (R/hr)
|

2760- ;-- --

2600 # -

>

- - - - - - - - - -

2250- - --- -

2000- -- - -- - -

1760- --- - - - - -

j
1500- --- - ~ ~ - - - -

.

.( 1250- -
-

'1000- - - - - - - - - - -

760- g

600- -- -- - - - - - - - - - - - - - -

250- - - ----- --- ---- ^
E, _ - - ,3

-

e

0 . . . . . . . , i

! 0% 10 % 20% '30% 40% 50% 60% 70% 80% 90% 100 % '

Gravel Packing Factor

,

l. Shield Gravel Packing Factor, %
L. Thickness 0 25 50 75 90 100
1
\

. Dose rate (mR/hr) 2529 665.6 364.4 253.5 214.3 194.3

Dose rate is measured at a point I centimeter from the vessel outer surface directly adjacent
with the reactor core midplane.

|
.
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FIGURE 9.2

PATHFINDER VESSEL PACKAGE
GRAVEL PACKING % vs EXPOSURE RATE

DOSE AT 2 METERS

Exposure (mR/hr)
'
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0% 10 % 20% 30% 40% 60% 60% 70% 80% 90% 100%
Gravel Packing Factor

,

- Unshleided + 1.6 In. steel ehleid
-+- 2 in, steel shield ' + 2.6 in, steel ehleid

,

;

!

jc

Shield Gravel Packing Factor, % iThickness 0 25 50 75 90 100 j

Dose rate (mR/hr)
,

\0.0 inch 498.2 120.2 65.49 45.98 39.08 35.56g
<

1.5 inch 128.1 29.04 15.73 11.03 9377 8.54 i

!2.0 inch 80.18 18.04 9.768 6.845 5.825 5.303
'

2.5 inch 49.97 11.16 6.041 4.234 3.603 3.282

Dose rate is measured at a point 2 meters from the vessel package directly adjacent with the
'

,,,

( reactor core midplane. Values include an additional 15% for the portions of the activated
reactor core above and below the active fuel section.s

, . ..

m
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APPENDIX A

ORIGEN2 INPUT AND OUTPUT DESCRIPTION
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APPENDIX A :

ORIGEN2 INPUT AND OUTPUT DESCRIPTION

The calculation of neutron induced activity in the Pathfinder pressure vessel and internals was
performed using a PC version of the point neutron activation and de aletion code ORIGEN2.
This version of the code was originally obtained from the Oak Ricge National Laboratory
(ORNL) as ORIGEN2 PC Version 1.00, and recompiled under Microsoft's FORTRAN 4.01
optimizing compiler. After recompilation, the code was verified using the sample problem
given in the ORNL-provided manual.

'

Some of the problem specific data required as input for ORIGEN2 include the following:

1. Material compositions.
2. Neutron flux exposure histogram.

3. Total neutron ffux (or specific power level) decay libraries and photon libraries.4. One-group neutron cross-section libraries,

Material compositions for the materials analyzed in this activation analysis were taken from the
available literature. Material certifications for the Pathfinder reactor vessel and internals were
unavailable and/or did not contain trace element data.

'O' Based upon plant data, the Pathfinder plant operated for 16,635 mwd (thermal). Some dis-
crepancies were encountered in the review of plant data regarding the plant's thermal outaut at
100% rated power. Early plant documents indicate a core design thermal output of 190 MWt,
and a core design flux of 5.0 E+13 neutrons
stated a thermal output of 199.6 MWt, and a/cm^2-sec. However, subsequent correspondencedesign flux of 3.5 E+13 neutrons /cm^2-sec over
the life of the plant.

For input files used to analyze the activation of materials in the reactor core and at the reactor
core boundary, a core average total flux of 5.0 E+13 was used. After verification of the actual
average core flux from the Pathfinder staff, the results generated by ORIGEN2 were scaled
linearly down to correspond to the 3.5 E+13 level, for the core and core boundar ions.
This scaling was performed in the Lotus 12-3 spreadsheet, as given in Appendix B. y reg' luxesAll
beyond the core boundary were used as given in the Pathfinder plant documents.

The total exposure (16,635 mwd) was used to provide the exposure time input necessary for
ORIGEN2. To calculate the total effective full power days, the core design thermal output
value of 190 MWt was used. This provided a conservative result of 87.6 effective full power

days. Additionally,hutdown.it was conservatively assumed that all of this exposure occurred immedi-ately prior to plant s

.

.
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The ORIGEN2 libraries were used as the source of neutron cross sections, photon information
and decay data. For all calculations of neutron activation inside the reactor core, the
ORIGEN2 BWR U neutron cross section library was em loyed. For calculations of neutron
activation outside the reactor core, the ORIGEN2 therma. library was used. The decay library
used was the ORIGEN2-provided library. The H O bremsstrahlung photon library was used;2

however, the choice of photon libraries has no impact on the tcsults of concern in this analysis. ;

Figure A 1 contains a sample input file, and Fi
activation of stainless steel at the core boundary.gure A 2 a portion of the output file for theThis problem required a material composi-
tion for stainless steel and the thermal neutron cross section library as input.

Oiv
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FIGURE A-1

ORIGEN2 SAMPLE INPUT

1

1

1

e

*
CALCULATION OF ACTIVATION AND CEPLET10N IN THE PATHFINDER ATOMIC POWER

* PLANT INTERNALS, VESSEL, AND SIOLOGICAL SHIELD.

*
THE PATHFINDER ATOMIC PCMER PLANT NAD ITS INITIAL CRITICALITY ON
MA9CH 24, 1964.' THE PLANT'S FINAL SHUTDOWN OCCURRED, DUE TO A CONDENSER*

TUBE FAILURE, ON SEPTEMBER 16, 1967. THE TOTAL CORE M8ANUP AT THAT TIME*

WAS 16635 Mbc. THE CORE DESIGN POWER 15 190 MWt. SINCE MOST OF THE
*

* POWER OPERAfl0N OCCURRED AT THE END OF THE PLANT'S LIFE, WE WILL-
*

CONSERVATIVELY ASSUME THE PLANT OPERATED AT 1005 POWER FOR 87.553 DAYS,
* UNTIL SEPTEMBER 16, 1964

* USE DEFAULT FRACT!DNAL RECOVERY VALUES, AS CIVEN BY FIRST THREE
* RECORDS OF THIS FILE.

i

* PROVIDE A TITLE FOR THE PR08LEN.

TIT PATHFINDER ACTIVATION ANALTSit. CURIES PER GRAM OF MATERIAL.,

. .

*
STORAGE VECTOR DEFINITIONS.

.

* *1 * STAINLESS STEEL.
e
*

READ THERMAL Cross SECTION LIBRARY AND PUT DATA DN UNIT 9.
.

LIB 0 1 2 3 201 202 203 9 0 0 1 0
|- *

,. READ N20*BREMSSTRANLUNG PHOTON LISRARY. PUT DATA DN UNIT 10.
*

t *

PHO 101 102 103 10
.

*
READ STAINLESS STEEL COMPollTION.

, .

INP 1 1 4*O
.

*
SS$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$S8

* 8 8
* $ ACTIVAfl0N AND DEPLETION CALCULATION. S
* S S
*

S$$$$$$$$$$$$$$$5SS$$$$$$$$$$$$$$$$$$$5SSS$$$$$

| . f.
,

a-

!
.

-
,
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FIGURE A-1

ORIGEN2 SAMPLE INPUT
-(CONTINUED)

.

I
I

I

R.

* PREPARE FOR ACTIVAT10N.
.

BAS THERMAL MSEC FLUX AT CORE BOUNDARY * STAINLESS STEEL.
..

' '
MOVE MATERI AL COMPOSIT10N TO CUTPUT VECTOR 1.

,

NOV *1 1 0 1.0 |
.

*
FLUX EXPOSURE OF MATERIAL OF INTEREST. f

sup |
IRF 87.553 5.00E13 1 24 2 |

-

SU* 1

!.

........................................... ;, .

* s s
* S DECAY OF THE IRRADIATED MATERIAL. S

h : !.......................................!
'

cv .
* *

PREPARE FOR THE DECAY CALCULAfl0N.
.

-

.

1*
DECAY THE ACTIVATED MATERIAL OF INTEREST GUT To JUNE 1,1989. |

|
DEC 7929.0 23 4 1 |

*

*
PROVIDE HEADINGS FOR THE COLUMNS.

.

HED 1 * STARTUP
MED 2 * SNUTT JWN
HED 3 *1*JUN'1989

.

j. PRINT THE NUCLIDE AND CURIE TABLES ONLY, IN GRAMS, FOR THE MATERIAL
*

; * OF INTEREST.
.

OPTL 6*8 5 17*8
; OPTA 24*8

OPTF 24*8
OUT 3 1 0 0
END

1

!
; 1

|
'

1
*

,I

,

i

|-
'

I
i

|
'

s

t 1

I
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FIGURE A-1 j
ORIGEN2 SAMPLE INPUT

*
1

(CONTINUED)
J

* i

* MATERIAL COMP 06til0W. t
e

,

'4 030000.1.30E*7 070000 4.52E 4 110000 9.70E*6 130000 1.00E 4
4 170000 7.00E 5 190000 3.00E 6 200000 1.90E*5 210000 3.00E*8
4 220000 6.00E*4 230000 4.56E*4 240000 1.84E 1 250000 1.53E*2
4 260000 7.06E 1 270000 1.41E 3 280000 1.00E 1 290000 3.00E*3
4 300000 4.57E*4 310000 1.29E 4 330000 1.94E 4 340000 3.50E 5
4' 350000 2.00E*6 370000 1.00E*5 380000 2.00E*7 390000 5.00E*6 [
4 400000 1.00E*4 410000 8.90E 5 420000 2.60E*2 470000 2.00E*6
4 510000 1.23E f 5 % 000 3.00E 7 560000 5.00E 4 570000 2.00E*7
4 580000 3.71E*4 f.'0000 1.00E*7 630000 2.00E*8 650000 4.70E 7
4 660000 1.00E*6 670000 1.00E 6 700000 2.00E 6 710000 8.00E 7
4 720000 2.00E 6 740000 1.86E*4 820000 6.70E*5 900000 1.00E*6
4 920000 2.00E*6 0 0.0
0

|

g i

. .

.

.

t

i

i

h

.
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FIGURE A-2

PARTIAL ORIGEN2 SAMPLE OUTPUT |
;

' t Ouwt L.e., e . ..Cl is

e PATHp teDa8 ActivAilth A8mLY$18. Cleit$ P40 CA4m OE 4 Alt 43AL. a

e Acilv&1 lips P400LC18
Postte 0 000 eel +00 es. Stas 4*e 4.006000e00 anD. ELLhe 8.00t et3 h/Casel SIC

.

|i 9 ? e4Et t04 1 Aet t : SADecaCliviiv. Cha t t$ '

..)
1MtenAL ILS6C e illa Al COsI teksenty e $1Aistt$$ Sitt4.i

ISTAetuP SetitpuuN 4.#L8e.1969
jH t 0.000t e00 0.0000 e00 0.0000 *00
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s

. - .. _ _ _ . - ~ _.. . .



E

, Doc 2 ment N04*22-005 |r

Page 38 of G1 ;,

, s

V :
FIGURE A-2

i

PARTIAL ORIGEN2 SAMPLE OUTPUT
'

(CONTINUED)

,

<

t e.vi sui, . . ..Ct i.

e P4IHF 98@t8 ACIeVATtes 48entV5I8. CLal85 pta caan or matieeat.
*

ACIlt'AT10N PeCDUCTS
Post t e 0.00000to00 am, tLanase 0.tesettee0 anD. FLLAe S.tGlosa estCa eg.8IC

0 ? IeEL let 163Lt: 640a04CTivity. Cte ll$
THitaAL ASIC e FLLA 41 Coat Octs@asy * STAlpalls Sittt.

Stattte ht/IDiese 12L4# 1969
11 98 0.000t *00 9.8961 05 0.000t e00
V 49 0 0004 40 0 0001 00 0.000tet0 i

y le 1.9998 89 l.946t *l9 I .4440 19
y 69 9.tectete 0.0001 00 0 0000 e00
V 53 6.0000 00 3.7861 02 0.0068 00 '

tV 63 0.000tese 0.teetete 0.eestete
v $4 0.000t e00 0.000le00 0.000le00

C4 60 0 teC3 00 4.teedete 0.sectete
. C4 St 0.0000 e00 9.7644 et0 6.teet *00

Ce 93 - 0 Doct ete 4.teste00 0.006t*t0
(8 S3 0.004.t e00 0.000teet 9 tostete
Ce to 0.0001e00 0.0001000 0.0000 00 #

Ce 66 0.0068 e00 3.5131 03 6.000t.00
aN 64 0 6048*00 9.ecolete 4.0006 00
aN $$ 0.0000 00 0 testees 4.tectete
aN 96 0 toot ete 3.997t*00 0.000t e40
aN 87 0.000t*00 0.0000 00 0.sett ete

,gg aN Se e teateet 9.teet*t0 0.0048*40
f
. j ft to 0.000t*00 0.000t ee0 0.0000 00

('' tt it 0.00ef eto 4.3368 03 3.5541 64
#8 66 0.000f e00 0.000f *t0 0.tect +00
ft 87 0 000 tete e testese 0.000 tete
il S4 0.0000-et0 0.tecteet 0.0004 00
ft 69 0 000le90 3.640103 0.tooteto
CO tes 0.0000 00 0.eesteto 0,000d ete

CO 66 0.000E 000 0.0001 00 0.000t e00
CO H 0.000t *00 0.ee0f ees 0.0001 90
CO 60 8 000t eet 3.3590 03 0.3748 03
CD 60s 0.0001 00 3.6344 00 0.0001 00
CD el 0. coot ee0 5.3341 04 0.000t *00
CD 63 0.000t *00 0.00et ee0 0.0004 00
he $4 0.000 tete 0.000t*00 9.60ete00
NI St 0.000te90 4.elli M 6.el31 M
Ne 60 0.0001 00 0. Mot eto 4.000f 000
he 60 0.000l*00 0 000teto 4.00et.00
hl 63 0.9001000 0.eest o00 0.000t ee0
ha 63 0,000E *00 8.3Ml.03 l.0781 03

4i hl 64 0.000t ee0 0.0000 et0 0.0000 00
hl el 0.000f e00 0.0438 03 0.000t e00
Na M 0.000t*00 3.9930 07 0.000te00
CU 63 0.000te00 0.000t e00 0.ecet*00
Ch 63 0 000t o00 0.0000ese D.ecote00
CU 64 0.000le90 9.33St 00 0.00et ee0
CU 65 0.000f e00 0.000t*00 0.0006 40
CU H 0.00et *Jo 2.6348 03 0.0000e00
CU 67 0.000t*00 7.6498 04 e 8000e00
3se 63 0.000t*00 0.00 ele 00 0.0004 00
2N 64 e.0004 se0 0.0008 00 0.cootee0
2N 69 0 060t*00 d.7618 64 7.7431 14
2N H 0,000t *00 0.0000 00 0.000f e90

2N 67 0.0000 00 0.0000 eto 4.8000 00
2N 64 0.0000 00 0,000t e00 0.000t *00

.

ennu

x > .

md

- , ., - - - - . . . - - . , - - - , , - , ,...,--n--, - , -



_- --

d,.

N Docime t N04*22 005

Page 39 of 61

im
/ \
q 4 9

)\.m,/
/

FIGURE A-2

PARTIAL ORIGEN2 SAMPLE OUTPUT >

(CONTINUED)

,

t aufrWT Laett e 4 Pact to

e PATHfIf@tt ACTIVAll0N ase44VllS. CLa t t $ Pit OR As Of 641s t I AL .
* ACTIVA 110h P900LC15

Poette 0.00000f er9 as. 66aspe 0.000e06 00 asp. FLLae 6.teteta svCa"3 $fC
0 ? sartigt 144Lt 84D10ACTIVITV. CAA t t $

1HetaAL KSIC e #LLA at CORf 80LaeAtv e lialNLill $18tl.
Stat 1UP Set /fDeWN l*)L0eall44

IN 69 0.000t*001.l440 83 6.teetete "

IN 6ta 0.000 tete ?.6001 05 6.800teto
2N 70 0.Dett*00 0.0004 00 0.0064,00

IN 7 0 0.00et+00 3.9361 06 0.0000ee0
IN t es 0.0008 00 3.064t*07 0.000 tete
CA 64 0.000f 000 0.006 tete 0.0000 00
CA 70 0.000teto 4.6141 03 0.0e00 00
CA 7 0 0.0004*t0 S 0804*e0 D.tett ete
CA 73 0.000t*t0 3.9438 03 0.4eetee0 ,

G4 f an 6.0060*00 9.40tt.66 0.0004 00
Cf 70 0.000f ete 0.000t*00 e sect e00
Ct 7 6 0.000t e00 6.Sett+06 0.080te00 *

Ce tia 0.teete00 0.6478 07 0.0066*00
Cf 73 0.0000e00 0.0000 00 0 0808 ese
CE 73 0.006teto 0.000 teen 6.4 wet ees
CE 74 0.000t*00 0.Matete 0.6004 00
Ct ?6 0.0e01 00 0.464t*19 0.teele00

g Ct f aa 0.00et.e0 5.467ta te 0.tettese
4 g< Ci 76 0.000f *00 0.000te00 0.keet*00 6

1 / CE ?? D.664t e00 9.eest ete 0.0004 00 '
V Ct 77a 0.000t *00 0.0000 00 0.0000 *00

AS 78 0.000t*00 0 000te60 0.0000 e40
A5 76 0.0004 00 9.04 t4 03 0.000te00
As ?? 0.000E e00 0.000t ese 0.0000,00
$f 74 0.0000 00 0.0000 00 0.0001 00
St fl 0.000tet0 6.3478 0S f.644t et$
St 76 0.000te00 0.000te00 0.000f *80 '

$( 77 0.0004 00 0.000te00 0.000 tee 0
St 7?a 0.000t*00 ?.3134 04 0.000f e00
&I 74 0.000t ete 0.000t ete 0.000t *00
$1 f t 0.000t eto 4.67%I*t t 4.677t*l6
SI 70s 0.000I.00 3.60et eel 0.000f eto
58 40 0.000te00 0.000t*e0 0.0000 00
St 61 e.000t e00 8.094E 04 0.000t*e0
$1 tie 0.000t *00 9.43$t *05 0.000t *00 |
St 53 0.000d e00 0.000t*00 0.0001 00

|SI 83 0.000t e00 0.2431 04 0.e001 00
St 43m 0.000 et0 9.4344=07 0.000t *e0
68 f t 0.0000 e00 0.tect ete 0.000I.00
ta 40 0.0000 ee0 1.1414 64 0.0000 000
H 4em 0.0000 00 3.4730*06 0.0000 00
tR 41 0.0000*90 0.000 tete e 800t.00
to 43 0.000d e00 3.650t*05 0.000 tete
to 43e 0.00 ele 00 3.447 teel 8.000 tee 0
68 43 0.0ect e00 8.489tatt 0.000t*00
Et 76 0.000t e00 0.000f *00 0.0001 00
Et 79 0.000t *00 0.000t e00 0.0004 00
E8 f ee 0.000le00 0.000t*e0 0.000 e00
sa ao 0.000 ee0 0.0000 00 t, 000t ee0
na el 4.000t e00 3.194t * l3 3. 09 38 13
na s ea 0.000t e00 0.794t *07 0.000t *00
at 83 0.0000 *00 0.000t e00 0.000t.00

,

t
$

\

i

|

|
!

. . - . _ - , -. .. _ . . - . . _ _ . _ . . _ _ . - , , . . -- _ . , .



_

$

,

Docume t N04*22-005 ,

t

Page 40 of 61
*

- i

lo)- :
v

FIGURE A-2-

PARTIAL ORIGEN2 SAMPLE OUTPUT i

(CONTINUED)
,

i wot 4,u, e 4 OAct if

* PATHf fpOtt AC16%AfitDe ABdALTS18. CL$ tt$ Pte (RAS (W BAf tt tAL.
* ACTIvalt0N Peeputt3

Postte 0.00eo04 00 es. SLastre 0.000008 00 amD. ILLas 8.00tel) fuCase3*$tC
0 7 84Gl0E 1AtLi: 44010ACilvitV. CLe tts

THthaAL k.StC * ILLk At Coat tela @Aav * 3144e4158 $fitt.
SIA4ftr as&JfecuN l') Leva t964

Et 93 0.0000 e00 e settete 0.0000ete
Et $3m 0.000t ete I.643t*H 0.000t*t0
at 64 0.0000 00 0.000t*00 0.0000*t0
Et el 0.0ectees f.ettle tt 4.734ta tS
Et Sta 0.000t eto 3.0474 13 0.000teet

. ES M 0.000t *00 0 000 tee 0 0.terieto
at 47 0.000t *00 t ,8974 310 460f *00

I
at H 4.000teto 3.164t*39 0.000tet0

*
00 45 0.000t *e0 0.0000 *40 0.0000 000
06 46 0.0000 e00 3.037Eatt 4.000tet0
GS 6en 4 teste00 3.4331*H 0.G00t *00
at 67 3.477t al3 3.477ta t3 3.4778 03

L- to 44 0.000t eet 3.174t *M t. sect ete
>86 49 0.0004*t0 3 444ta t) 0 Dett e00

Se to 0.0001 00 0.000t *e0 0.teet eto
$4 al 9.teet e00 4.6340 *49 0.000t e40
&a ela , 0.000t *80 9.7 t6t *H 0.000f e40
54 44 0.9001e90 0.900t+00 0.6004 +0g.- gg

/ at of 0 testete 4.000t*e0 0.000te00> .i 64 07e 0.000t eto 8.60St *07 4. test ate
'

- J u to 0. 0 8+00 0. 000. 0 0.00 6 00
1 M .9 0. 004 00 6.ndl*09 0.09 0 +00
!' S4 90 0.00ete00 3.799f ett 6.470f *18

$4 91 0.000t e64 0.676 tete 0.000 tee 0
Sa 93 0.000t ete 0.000t *t0 8.000t et0

W 69 0.000t *00 0.0001000 0 4000 +00
Y 49m 0.000t e00 0.000t *00 0.000t *00
% to 0.000t*00 S.4 Sit *e5 l.6F0f oll
V 90s 0.000t*60 4.5738 04 0.000 lee 0
Y 91 0.000t *00 3.90 0t *09 0 000t *00 I
t 93 0.000t ees t .992t * * 3 0.0e0t +e0
V 93 0. 000t e00 0.00n0 000 0.ge0t e00
V 94 0.0000 e00 0.000t e00 0 000t e00
V 96 0 000t e00 0.000t *00 0.000t e00 i

28 09 . 0.000t e00 0.000t eto 0.0000 +00 j
20 to 0.000d e00 0.000t e00 0.000t*00
20 94 0 000E ee0 0.000l*00 0.000E *e0
24 92 0.0000,00 0.000f etc 6.000t*e0

28 93 0.000te00 4.Malet) 4.303ta l3
2e 94 0. Deet e00 0.0001000 0.000t *e0
28 99 0.000t e00 9.322t*07 0 000E et0
28 96 4.tect ee0 8.teete00 0.0000 00
20 97 0.000d ea0 4.3441 *44 0.0000 ete
M 99 0.000t e00 0.0000e00 0.000twe0
M 43 0.000t e00 0.000t *00 0.000t e00

)M 93 0.0000 000 0.000t +00 0.0000 00 '

M 93m 9.0000 000 3.447t a tt 3.144t * 13
M 94 0.000t e00 7.3124 09 7.3041 09
M 96 0.0000000 2.797E*06 0.0000 000 |M 9tm 0.000t *00 3.734t *09 0.000t *00
M 96 0.000t *00 4.147t *09 0.000t e00 1

|M 97 0.000t e00 4.3440 04 0.000t *00
e

$

i

o\t
A

| %

*
1

, .. ._ _ _ _ .__ _ __. . _ _ . _ . . _-- _-, _ _ _ _ .



o. _ _ _ ._. _ _ ,

. .

Document N04<22 005 e

Page 4il cf 61 :-

,

~feg.
\

L)
FIGURE A-2

:

PARTIAL ORIGEN2 SAMPLE OUTPUT
(CONTINUED)

i OulPur 1. . ,Aa lo

e PATHPieelt AC18VAllCN Ase4LT$l$. CLSit$ Pit CAAA Of mAllel AL.
e AC11%A110N Pema.C15 i

t e * 4. 0 08 e.0 .. e 0 000 4 e.0 al.. toe .. 01e13 -Caoe... C
0 ? 8AJCL10E TA6LI: 840104C16 vity. CWit$

THitaAL ESIC = (LUlt At Cent taMatty = $1Aletts$ Stif t.
81401W eetff0mN l+ Mae tte9 Y

edt 97a 0 000t*00 4.0160 04 0.D004 00
se to 0.0001*e0 0.000t e00 0.0001 00
helec 4.0004*e6 0.000t ete e.0000 00
ao 92 0.0004 *00 0.000t e90 0.0e01 e06
a0 43e 0.0004 00 9.987t*04 0.000 tete
ao 9J 0.00ste00 7.444t *04 2.M4t *64
so 94 0.000te00 0.teetete 0.0004e00
no 95 (*.0004 00 0.000 tee 0 0.000 tete
a0 to 0.000t e40 0. 000t *00 0.000t ee0

' mo 97 0.000t e00 0.000t*00 0.000tese
a0 to 0.000 tees 0.000 tete 0.000te00
a0 99 0.000t +D0 6.44e4 03 0.000te00
act00 0.tecte60 0.606t ese 0 000E*00
acte t - 0.000t e00 4.3 918 03 0.000t *e0
IC 97 0.000t *00 0.000t *00 0. 000l*00
1C 97a 4.000t +00 0.0001 00 0.000t ee0

'1C to 0.000t*00 0.000te00 0.Deetete
,.g TC 99 0.000t e00 6.3411* 50 6. HSE.it

/ \ 1C100 0.0e0t e00 9.4794.e4 0 escioso
.k 1C101 0.0000 e00 4.3 tit =03 0.000f e00

% RV 96 0.630 tete 0.000le00 0.000t*00
tu 97 0.0000*e0 0.0000e00 0.0040e00
tu 98 0.000t*00 0.0000 00 0.teetete
av 99 0.000t*00 0.0000 +00 0.teet ese
tul00 0 000t +00 0.000t eeg 0.0000 e00

tul01 0,000te00 0.0000e00 0.000 tee 0

tul02 0.000t e00 0.000t e00 0.000t *00
tulo) 0 00Gle00 4.423te te 0.000 tee 0
Rulee 0.000t*00 0.0006 00 0.0004 40
But45 0.0000 +40 9. 802t * 19 0.000f *00 P

' tut 06 0.000E e00 0.000t *00 0.000t ee0
Aut07 0.000teet 0.000t*00 4.000f *00
GHiei ' 0.0001 00 0.000t *0P W.000t *00
Ettt03 0.CJef e00 0.0ecte'#0 0.000le00
GH164 0.000l*00 4.8704 13 0.000 tee 0
GHt04a 0.0000 e00 4.420t eld 0. Deet ete
aHIOS e.000t*04 7.977t *19 0.000 tees
AHieta 0.000t +00 3.044t 20 0.0006 00
GHIts 0.0000 00 4.2778 30 0.000te00
SHtten 0.000teto 3.443t*23 0.0000 00
8 Hie? 8 000t *00 0.000te00 0.000t*00
P0102 0.0000+00 0.0006 00 0.0004 00
PD803 0.000t *00 0. 000t e00 0. 000t e00
70 f 04 0.000t *00 0.0000 *00 0.000t *e0
Potel e.000t e00 0.000te00 0.000te00
POlet 0.000l *00 0.000t *00 0.0000 00
PDio? 6.0001200 0.000t *00 0.000t.00
PDt07a 0.000t *00 0.0000 00 0.0001 00
PDIOS 0.000t e00 0,0000 e00 0.000t *00

P0109 0.000t *00 2.474t *04 0.000t *00
PDlota 0.000t e00 4.7218 10 0.0008 00
PD D IO 0.000t *00 0.000t e00 0.000t *00

.

. . - -- . _ - - . . - .-



, .. . .-

Doc 2me:t N04:22405 -

Page 42 of 61

g
\

i 1

.\v|

RGURE A-2
,

PARTIAL ORIGEN2 SAMPLE OUTPUT
(CONTINUED)

'

!

I ovinst Lani e a PACI et

e PATHf 4@tt ACTlWallh ANALYli$. CL4415 Pts Caam Of AAtte AL .
e

ACilWA100N P800UC18
P0 mite 4.90000t*00 se. the* Ape 0.000001e00 ano, PLLhe 6.90tet) 16 Caest. SIC

O t aAIL 401 144L8 3 BADt0ACilVliY. CL4145
TMien4L attC e f LLA At Cent Scudahav e STAetst titti.

StatiLP Set 40eN l* JLao 9949
P0 tIl 0.000t*00 l.6400a le 0.00eteet
PDilla 0.000d*00 l.4ettell 0. testate
AC 606 0.Geote64 0.9000+00 0.Geet*40
Act07 0.000f *00 0.Dettee0 0 teet*e0
ACiO4 0.0004 00 2.6360 64 3.4066 09
ACleaa 0.000te00 3.042t=04 3.702148
AC199 4.000teJO 0.000 tee 0 0.000t*00

. ACiten 0.000t *00 3.6031 06 d.49tt e te
ACi te 0 000t 00 6.3438 04 3.6078 17
ACII0m 0.000t *00 6.? tet at6 4. 665t = 19
ACit t 6.000 tete 0.7568 06 0.0000 00' ACllla 0.000E*00 4.5418 07 0.000t*00
ACll2 0.000E*00 3.390ta te e.0001e00
CDiet 0.0000e'30 0.800te00 0.0000 00
CDt07 0 0004+00 0.000lete 0.000t *80
CD106 - 0.000t*00 0.000t*t0 0.teHete
CDiet 0.000te00 6.3 Set ee 3.4951.e4-O CDile 0.6005 00 0. sect e40 0 000 teesi CDitt 0.0000+00 0.000t*e0 0.000t+00V CDI , t. t 01 e 40.t.0. .. 006..e
CDI13 e.800te40 0.0001+00 8.seetete |
CDi t a 0.000t e00 e.000d *60 0.0000 *e0

.

CD114 0 0000 00 0.0000*D0 d.0000ete
CDill 8.000t *00 1.39S8= 16 0.0006 00 i

CDilla 0.000t e00 3.423t a te 0,000t *00
CDil6 0.0004*00 0.000t eto 0.000t *00
CD117 0 0004+00 0.0008+00 0.0000 +00
CDil7a 0.000t *00 0.000t e00 0.000d ete
CDi tt 0.0000 000 0.000t e00 0.000f +00
CDitt 0.000t *00 0.000t *00 0.eett *00
INI13 0.000 lee 0 0.tect eet 0.0000 e00
INil3a 4.0001 00 0.0001 00 0.0e0s.00
INile 0.000t*00 0.ee0t e00 0.000t+00
INilem 0.000t e00 0.00et ete 0.000t *00
INIll 0.000t *00 2.6421 * 34 1.090t * 33
INil6 0.000t *00 1.3018 20 0.000t eep

,

INe tte 0.000t *00 4.8398 20 0.0004*00 1

lINi t? 0.000t*00 0.000t *00 0.0001900
INilfe 0.000t *00 0.tect e00 0.000t *e0

i
iNIi. 0..en *00 0.00m eco 0.. Ie00
INilt 0.000te00 0.0000 00 0.0001000
INIIts 0.0000 00 0.000t eto 0.0000 00
INI30 0 000t *00 0.000t +00 0 000t *00
BNt20e 4.0000 000 0. 000t *00 0.000t e40
fenal . Gen..e 0.00a. 0 0 0 e.0
SNill 0 000te00 0.000f *00 0.000t+00 )
Snit) 0.0000 +00 0.0000 e00 0.0000 000
SNil3m 0.000l o00 0.000t *00 0.000t *00
SNI14 0.0000+00 0.9000 +00 0.0008 +00 l
SNIIS 9.CPet e00 0.000i *00 0.000t *00
SNI to 0.000t 00 0.00ct*00 0.000t e00
SNi t? O 000t *00 0 000t *00 0.000t *00 I

.
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PARTIAL ORIGEN2 SAMPLE OUTPUT '

,

(CONTINUED)

6 um m,, . s pac.t it

* PATHfitete ACilv410m ANALY$18. CL1145 Pit Cina Of mA14t| AL .
*

ACilWAllm PeMILCTS
P0 mite 4.00000t*00 an. OLasare e. tee 00E*00 emp. fLums 6.00tel36erCa"2 stC

0 7 teJtttDE 1AGLE: BADlonci t w t TV. CLeits
intenAL AstC e f tta at CORE trucaaV * $1Alttf4 $1814.

ST AR TLp 864JTDOWN l* Nea ttet
SNII7e 0.ee0Ee00 0.0e00 e0 0.0001.e0
& Nile 0.000Ee00 0.0000ee0 0.00etees
SNtit 0.000t*00 0.000te00 0.000 tete
SNitta 4.000f e00 0.000d*00 0.0000+00
SNI28 0 000 tete 0.0001000 0.000t*00
SN12 0 0.000t ete 0.000t ete 0.0000 e00
Snit te 0.000t e00 0.000t *00 0.000t ee0 *

$N132 0.000t *t0 0.008t e00 0.0008 *t0
SNI23 0.0004+00 9.3464eil 3 Deltett
SNi23a - 0 0000 EGO 3.6404 = 13 0 8000 *00
SN134 ' O.000t*00 6.teede00 0.0004ete

. $Nt38 0.0000 00 0.000f ete e.tectete
SNitta ' 0 000t *00 0.000t ese 0.000 tee 0
58136 0.000t *00 0.000t *00 0.000t eco
64122 0.000t e00 3.934t *04 0.000t e00

iSa l33a 0.0eo4 90 2.6468 06 0.000t e00
54113 0.000 tete 0.0001ete 0.0000 00p . . . O 0001+00 ... ,t.0, 0.0 04 00

t, Sef 24a 0.9001ete 3.747e *07 0 Sectete
N 84l39 - 0.0001 00 4.026t *04 3.5118 0 6

$4124 0 000t*00 3. 363tell 0.0006 00
55 t 3te 0.000te00 3.9471*ll 0.000d e00
10130 0.000t eed 0.000t *00 0.000 tee 0
18131 0.0000 +00 0.000t *00 0.000t.00

' 18 la te 0.000d ee0 0.000t e00 0.000le00
18133 0.000t*20 0.0001*00 0 tecte00
18123 0.000t *00 0.5 30E * 21 3.336t * 31
til23a 0.000t*e0 2.d414 04 3.7478 34

. It 134 0.0000 e00 8.000t e00 0 8048 800
fttal 8.000t *00 0,tett e00 0.000t e00

} it12M 0.0004 00 7.8968 a B0 4.666t e tt,

il 136 0.000s.00 0.teet +00 0.000 tete
18637 0.000t+00 0.052Ea nd 8.0000 00
Tit 27e 0.0000000 l.seet.no 0.000t*00
14138 0.000t *00 0.000t *00 0.0000 00
il 139 0.0000+00 0.000 tete 0.000te00
18 t'ma 0.000t e00 0.000f ee0 0.000t e00
ft630 0.000te00 0 0000 00 0.000te00
1f131 0.000t+40 0 000l*00 0 000 tete
1413 sa 0.00r4*00 0.0005 00 0.000t e00

1135 0.0004 00 0.000t e00 0.0000,00
413e 0.000f e00 0.000t *00 0.000t +00
t 137 0.000t *00 0.0000 00 0.000t ee0
0124 0 000t ees $.739t e te 0.000t *00
t129 0.0000 00 0.000t e00 0.000t e00
8930 0.000t *00 0.0000 *00 0.000t *00
t93en 0.0000 +90 0.0000 00 0.0001 +00
6(36 0.0000 *00 0.0000 +00 0 000d *00
6133 ' O.000t *00 0.0001*00 0.0000 00

Et 134 0.0000 00 0.000t *00 0.000f *00
At125 0.000t *00 0.000t *00 0.0001 00
at 135a 0.000t *00 0.000t *00 0.0000 00

.
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PARTIAL ORIGEN2 SAMPLE OUTPUT
(CONTINUED)

i Ovim u.it e 0 .ACI 20 ,

* PATHFleef t ACil%Atled AmentvSIS. CLolts Pts caAa Of natiteAL.
e ACilvAlles Pe0 DUCTS

P(atte 0.00000t *00 aer, Swa&re 0.00000 tete meD. FLme 6.000 *13 se/Cas e 2* StC
0 ? 8&CLIDE T Aalt : SA010 Activity, Cwit$

THI8aAL KSIC * f Lut Al Coat 60LaeAeV a STAlhA t$$ SittL,
sialite $ttR0taIN la jut *1999

El ite 0.000te00 0.000t*00 0.000 tee 9
10127 0.000t o00 0.000t *00 0.000t *t0
At 127a 0.0001 ete 4.000t ete 0.000 tete
kt 12e 0.000t *00 0.000t e00 0.0000 e00
18629 0.000t*00 0.0e04 00 0.tectee0
kt e tte 0.000t*00 9.6420 *22 0.000t +00
At 430 0.000t *00 0.000t *00 0.000t *00
kt131 0.0000 00 0 0000 00 0.00ntee0
ht 13 ta 0.000tece 0.0000 00 0.0' Ot *00
htt32 0.000t e00 0.0001 00 0.000t *00 *
At133 0 000t *00 S. l29t e l t 0.000f *e0
Et lana 0.000t 00 3.360t a l2 9.400t *00
At $34 S .0004 +00 0.0000 +00 0.0001 eto *

XI13S 0.0000 e00 9,7930 * 19 0.000t*00
kt tala 4.000t*00 8.825t *20 0 000(*00 t
At 136 0.0004 *00 0.004t *00 0.000t *00
At 137 0.000t *00 8. 98Jia23 0.00Rf *00

' (g CS t31 0.000t*00 4.279f *05 0.000 tete

/o%
CS132 0.000t ee0 0.tect *00 0.0001 *00
Cm3 0.co.t o. 0.000t. 0.0 0t *00,

| CSl34 0.000t *00 3.9461 06 2.672t *09 '

' cst 3Ae 0.000f eto 4.644t ae6 0.000 tete
C5135 0.0000 00 9.620ta te 9.620f a te
CS136 0.0001 00 2.916t *09 0.0000 00
CS137 0.0000 000 S.0020 * to 3.029t a te
CS t 34 0.000 tee 0 3.784ta te 0 0000 *00
64130 0. 000t +00 0.0001 +00 0.000t *00
SAtal 0.0004 00 4.356t*0S 0.0000 *e0
sal 3 ta 0 000t *00 4. 5050 *06 0.000f *e9
bat 32 0.000t*00 0 000le00 0.000t e00
sal 33 0.000t e00 4.tS9 tee? 1,027t*07
64133a 0.000t *00 2.0048 04 0.0000 *90
64134 0.000t e00 0.000t *e0 0.000t ee0
64139 0.000d e00 0.000t*00 0.000t e00
SA lata 0.000t *00 0.1224 *05 0.0000 000
64134 0.000t *00 0.000f *00 0.000t eto
6A134a 0 000t*00 2.? t31*e6 0.000 tee 0
$4 637 0.000t*00 0 OWee00 0.000t e00
Pa l37e 0.000t e00 2.3448 06 2.446t a te
sat 34 0. 6000 +00 0.0004 +00 0.000t *00
64139 0.000t*00 7.435t *04 0.000t *00

. 64040 0.0000 *00 1.5410 09 0.000t *e0
84140 0.000t *e0 2.Olet a la 0.000t *00
L A137 0.000t *00 6. f 331 01 e .206t a t t
LAl34 3. 3930 * 14 3. tF9t a le 3. t?9t e te
L A 139 0.000f ee0 0.000t ece 0.000t *00
L Al40 0.000f *00 1.303t *0S 0.004t e00
44141 0.000t e00 3.676talo 0.000te00
CI $ 36 0.000t *00 0.re00t e00 0.000t *00
til37 0.0001 00 2.95St *0S 0.000t *00
Cl 637a 0.000t *00 3.4778 06 0.000t *00
C1434 0.000t *00 0.000t *00 0 000t *00

.
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FIGURE A-2

PARTIAL ORIGEN2 SAMPLE OUTPUT
(CONTINUED)

1

1

i antut wet, e e na 33

e Pales (84 sit ACTIVAT4the ase4LYst$. Ctattl Pit Ctaa CF mAf tel&L.
'

e
ACilV4160N PRODUCTS

Pidet t e 0.00000t*00 dur. kama#e O tetecte00 auD. ILLhe 3.000 el3 ov(mee2 SIC
0 7 84JCLIDI 1484|| 4 ADIO4C16Vt11. Cle it t

THite4L KitC * ELLA AT CORI $&A@ARV * $1Altit$$ $fitL.
STAtit# Se6HD00N l* tL8ea t969

Ci t 39 0.000te00 3.14 98 06 9 6478 34
Ce late 0.0000 000 4.1021 04 0.000t ee0
(1840 0 0000 e00 0.0004 00 0.000t 00
Ce tot 0.000t*00 9.181( 64 0.0000 e00 t

Ce l43 4.9940ela 9.9904 63 9.6908.ta
Cl143 0.0o00 *00 3.367t 04 0.000f *00

. Cl144 0.000t e00 3. 6908 04 4.7435*14
Ce let 0.000l*00 3.479ta ta 0 800te00
Pe tel 0.6008 +00 0.000t *00 0.0000 000
Pe l43 0.000te00 3.8734 06 0.000 tee 0
P0 64&a 9.000t *00 4.7341 07 0.000t ees
Pe t e) 0.000f e00 3.17Bt.04 0.000f *00

' Pel44 0. 000l *00 9.6341 06 4.677t = I4
Pt let 0.000t e00 3.4798 13 0.8004 eto
80943 6.000 tete 0 000t*00 0.000teto
80143 0.000te00 0.0eut*00 0.000f ee0
sette 0.000t*00 7.6321 33 7.4384 33/g\ 9 846 0.0f at e00 0 000t *00 0.000t ete i

j .e 0. 0e st *00 0. 804 +00 e . 00i ece,

V 90147 0.0061 00 t 8648.t3 0 tool sto
80944 0.000t e60 0.000t *00 0.000t e00
pe t et 0.0004*00 0.0000 00 6.000 tee 0
000$0 0.0000 000 0.00etete 0.000te00
ret S t 0.000t*00 0.000 tete 0.00Cl*00
Pol 46 ' O.000d e00 9. 433telt 4. elate s t
Pel47 0.000t*00 9.879tell 3.3438 67
Pende 8.000f e00 3.356teld 0.000le00
Paldes 0 0000 eet 4.3Sita t6 0.000f sD0
Palet 0.000l*00 3.417 tall 0.0000e00
Psile 0.000t *00 7. 3640 * l? 9.000l *00
Pellt 0. 000t *00 0.000t e00 0.000l *00
Petla 0.000f *00 0.000f *00 0.0000 000
ht44 0.000t*00 0.0000 00 0.000te00
la . *9 0. 000t *00 1. 64 t t *09 l . 400t e te
&m t46 0.6000 e00 6.395f olt 8.3950 = 19
Sal 47 3.JS$t * I4 3.374t e t6 3.374t *le
sende 3.394t a31 3.4414 3 6 3.4411 38
Sa t49 3.3074 36 9.033t *39 l.03Je +35
Salle 0.000t*00 0.0000 00 4.ueet e00
nellt 0.000t *00 3.700t *09 3. 0 308 09
& mill 0.000te00 0.000t e00 0 000t*00
tall) 0.000t*00 3.4338 05 0.0000e00
nmile 0.000t*00 0.000te00 0.0001 00
$stl$ 0 000te00 4.7130 07 0.000t *00
tutti 0.000t *00 0.000t e00 0.0000 00
tuts 3 0.0001000 6.4$10 +07 1.80Jf 07
tutt 3e 0.0000,00 9.3380 06 0.000te00

(Ull3 0.000f *00 0.0000 00 0.0000 ete
t ut S4 0.000t *00 3.6700 07 6.380t.0a
tutll 0.000f *00 9.307t +07 4.1938 *09
(Ut56 0.0001 00 4.0360 06 0.0000 00

,
CDil3 0.000t e00 3.469t*20 S.1938 30

.
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PARTIAL ORIGEN2 SAMPLE OUTPUT
(CONTINUED)

'

.

i um mit e . P.a

* PateWlaptf aC16ValleN A8844Y$18. CL8145 PIB Cmas 0F 4AlletAL.
* ACTIVAtlOs Pt0DUC18

.I

m.i e .. 0.nl e.0 .. w o e .. 000ie.0 D. n.. .. 08 ei3 .e e tem
9 ? seAELIDI 14448: 44080ACilVITV. Q48 t8 I

' THIanAL RStC * fLLet At CetI bin.sentY * $1A4ettsa SitIL.
Stat 1W D6ffecuN t.88# 6049

@tl3 0 000t*00 3.0330 06 3.776ta te b
CDt 64 0.0e04 e00 0.0004e90 0.000E *00
(Dtt pa 0.000t 00 3.SMiell 0.000te00
CDt96 0.0004*00 0.000t*00 0 Settete
CD166 0.000t *e0 0.00eteet 4.seste40
(DtS7 0.000teto 0.000tese 4.0004e00
@ t te 0 000t*00 4.008t*00 0.000 tee 0
Gilt 0.000te00 4.7648 04 0.006t e00

h CD160 0 800tet0 0.000t *60 0 Otetete
CDt61 0.000l *e0 f . lMI * 1 t 0.006t *00
CDi43 0.000t.60 3.9534 18 0.000l*00
181$7 0.000t *00 1.0318 10 9.3744 61
18199 0.0000000 0.000t*00 0.0004 00
18160 0.0000 00 3.1474 06 0.tootee0
1sntt 0.000t e00 7.6394 06 0.000t*e0
18163 0.0004 *e0 1.1441 60 0.teet ete e

DYt te 0.000 tete 0.000t ete 0.000 tete
A Dv i.7 f .000t *00 9. 304t *D4 0.000t *00

( m. .. 00t+00 0. e.0 .. Gio.0
'

'
s Dv49 0.000t et0 ?.9630 04 3.0004 34

DY160 0.000t.06 0.000l*00 0.000t e00
Dyl6 8 0.000te00 0.0001 00 0.cootees
Dvi63 0.000t*00 0.000te00 0.000te00
Dvi63 0.000t e00 0 600te00 0.000 tee 0
Dy l64 0.000f e00 0.000t *00 0.000E *00
Dv t45 0.000t *00 1.9471 *03 0.000t *e0
DVI6h 0.000t e00 9.3741 04 0.000t e00
Dvi64 0.000f *00 3.64 8t *t6 0.000 tete
Hos43 0.000t e00 0.0004 *00 0.0001 00
total 0.000E *00 0.000t *00 0.000t ee0

- HDe64 0.0000 00 3.6411 44 0.000t *00
| HDI66s 0 000te60 3.6175 09 3.644t =09

lage3 0.0000 00 0.0000 e80 0.00et ete
1

'

E 8163 0 000t*00 0.000t *00 0.000 tete i

I t. ,64 0 0000 e.0 0.000 . 0 00t *00
| t a t69 0.000lete 9.3468 19 0.000te90

48166 0.000te00 0.000te00 0.000t*00
(. It 167 0 000t*00 0.000 tees 0.000t*00

t b l67a 0.000t*00 l.91$(*06 0.000lete
|

it 164 0.000te00 0.0004 00 0.000f *00
18669 0.0000 e00 1.4544 * 10 0.000l*00
It t?O 0.0001 00 0.000t *00 0.000t *00
1R 17 0 0.000t eto 6.4786 010.teelete

| 18973 0.000d *00 3.3121 94 0.000f *00
| 1a n69 0.000t *00 0.000t *00 0 00et *00
| tal?0 0 000t*00 t.0930 47 3.9958 36
| 1al? 0m 6.000t *00 4.46tl .04 0.000t*00
' tal? t 0.000t.00 3.0988 = 10 4.3641.e4

1st?2 0.000t e00 3. 369E a te 0.000t *00
faI73 0.000E*00 8.009ta te 0 000l*00

,

V4:44 0.0000 e00 0.000t e00 0.000t *00
vet 69 0.000t *00 9.7671 *05 0.0001 00

I *

1
.
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PARTIAL-ORIGEN2 SAMPLE OUTPUT ;

-(CONTINUED)
,

1

k

1-

i == mi r * . mt 34 .

* PATHf teet8 AClivat60N Ase4tYllt. Chall8 Fit Cena Of 44148lat.
* AC16tal10N taalutis

Postos 0.eeeette00 me. steeses 0.00oo0te40 sec, itLas 8.00l*13 IvCae*3 8tC

' ' ' O 7 1444800 14648: SAD 80ACitvity. Cte ill
.

THitaAL httC a tLLE AT CORI 80tMMtv * $14184 t&$ $1884.
STAAfW Settf00eN l*) Lava ttet

19170 0 6000ete 0.0000 000 0.0004 00
i

velf t 0.0004e00 9.000t*e0 0,0000 00

%6172 0.0000 00 0.0eetete 0.teet ete
18173 0.000 tee 0 0.00et+00 e.0000ete
V0174 0.004t*00 0.0000 00 0.testete
19176 0.0000 *e0 1.604t =04 0.eett oes
%9 97 ta 0.0000 00 9.3391 04 0.tett *00 I
ve t?6 . O poet e00 0.000t et0 0.000t *00 {
ill?? 4.0000 *e9 f.643t *M 0.000t +00
EUl?$ 0.000t e00 0.0000 000 0.D00f eet

!LUl?6 f.4 t71* t8 7.3760 ' e6 7.3764* 14 >i
LU17ta 4.000te00 6.0030 *0$ 4.0000*e0
4U177 0.000t *00 t . t? tt *Da 8.4321 13

. aut7fs e.000s e00 9.5600 07 6. 8434 33
Nf 174 0.000t *00 0.000t et0 0.0000 00

'Hf 175 0.000t*e0 3.036 tam 8.tect e00
HF 176 0.000f *00 0.0000 ete 4.0000 e00

/*' Hf tf 7 0.000t e64 0.000t ete 0.000t e00
:| es 174 0.000t *00 0.ecot *60 0.000f ee0
'

j es i?.m 0 0000 e.0 . 748 0 0. 0 8 +00t

Mf 170 0.0400e00 0.teste00 0.0001 00
Mi t7 ta . 0.0000 ee0 1.344t =04 0.000 tete
Hf140 0.000t ee0 0.000te00 0.0000 00
HF 180s 0.000 teep 4.4948 07 0.0008 00
HF le t 0.000f ees 3.0641 =0S 0.0004 +00 -
He tot 0 000t e00 3.644t all 3.644t e t S
TA 940 0.000t eto 0.000l+00 0.000t ee0
14041 0.000t *00 0.0000 e00 0.000t *00
1A542 0.000t *00 4.4364 84 3.6441 16
1 A L 43m 0.000t +00 7.64 5t a l t 4.0000,00
1A143 0.000t e00 4.440t ate 0.000d e00 *

# 160 - 0.000t +40 0.0004 *#8 0.000t *00
seal 0.000t*00 l.478t *M 2.9450 *24 e

ele 2 0.000f ee0 A.000t*00 0.e000 00 '
e143m 0.0000 00 t.M?l.04 0.000t *00
e 143 0.000E e00 0.000t *00 0.0000 e00
e144 0.000f e00 0.000t e00 0.000t e00
stel 0.000t *00 2.8340 04 0.000t e00
elena 0.0000 e00 0.061t*07 0.Deotete
el46 0.000te00 0.0004 00 0.000te00
ell / 0.0000 e00 4.774t =03 e.000t e00
ello 0.000s e00 3.0let*H 0.000f e00
sta9 0.000t+00 9.0660 26 0.0001 00
tilet 0.000s e00 0.000t*00 0.0008 00
tt :a6 0.000t *00 S.M7t *M 0.000t e00
80147 0.0000 00 2.6448 84 3.4948 84
St 144 0.000le00 3.4191 64 0 8100 tete
80leen 0.000t e00 3.3441 04 0.000t ee0
81149 0.000f *00 3,9338 09 0.000t ee0
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APPENDIX B
!

PATHFINDER CURIE ESTIMATE SPREADSHEET

Using the curie r gram source terms for 1 June 1989 calculated for the various materials as
typically shown NAppendix A, a Lotus 12 3 spreadsheet was constructed to perform the dis. !
parate tasks necessary to determine the total curie contents of the vessel package and indi- t

vidual components as of 1 January 1990. These tasks are: i

Further decay of the curle/ gram source terms to 1 January 1990 the spreadsheet
shown has already decayed these values from 1 June 1989 to 1 Janu(ary 1990; there-

-

fore the decay factor for all radionuclides is shown as 1.00
Calculation of logarithmic averages for various regions and constructing a set of-

radionuclides appropriate for this average
Determination of individual weights of materials in each region of the neutron activa- !-

tion model
Calculation of curie contents by isotope in each component in each region of the

'

-

activation model
Summation of curie contents by isotope of each component !

-

Summation of curie contents by isotope for entire vessel package :-

Summation of curie contents for entire package and determination of relative contri- !
-

bution by isotope

|] The regions referred to in the spreadsheet are those shown in the neutron activation model as
'

1

described in Section 5 and depicted in Figures 5.3 and 5.4. Region numberin3 begins with the%

central cylinder, uppermost lay (er. Region nure.bers increase with decreasing eevation until the
bottom o,f the central cylinder region 7), then begins again with region 8 at the top of the first !

concentne ring around the core.
1
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APPENDIX C i
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MICROSHIELD INPUT AND OUTPUT DESCRIITION i
I.
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APPENDIX C

MICROSHIELD INPUT AND OUTPUT DESCRINION
i

MICROSHIELD Version 3.12 was used by TLG Engineering to perform the calculations ;
required to estimate the shielding thickness for packaging the Pathfinder reactor vessel and '

internals. The computer code was verified and validated in house using benchmark problems
from ANSI 6.6.? " Calculation and Measurement of Direct and Scattered Ganana Radiation
from LWR Nuclear Power Plants".

An extensive number of calculations were made to detennine the :xposure rate two meters

as follows(:from the surface of the ship) ping package. For the purposes of this analysis, the vessel and itsinternals the source region were divided into four concentric regions and three axial regions

A. Concentric Regions I

1. Core region. '

2. Steam separator region.
3. Vessel clad region.
4. Vessel wall region.

t
( B. Axial Regions

1. Core height..

2. One foot segment above the core, k
3. One foot segment below the core.

;

Exposure rate contributions were calculated for each of the twelve regions for various package '

shielding thicknesses and packing densities of gravel concrete) in the vessel. Additionally a
meter from the reactor vessel outer wall.g densities of(gravel at the core centerline, one cen,ti-calculation was made for various packin

This calculation was made in order to benchmark the
shielding calculations to exposure rate measurements made at Pathfinder by the plant staff.

Figure C 1 is a MICROSHIELD calculation (input and output)ls, for the height of the core,
for the exposure rate at two

meters from the package surface due to the core region interna
with twenty five void percent gravel and a two inch thick carbon steel shield. The source term
for the region, as for all regions, was taken from the curie spreadsheet as shown in Appendix B.

'
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FIGURE C-1 i
MICR0 SHIELD SAMPLE PROBLEM ;

,

'l
|
!

Microshletd 3.12 i

aossessessessoas !

(TLC Engineering . #141) !

Pepe : 1 File heft !
file : RMGM0101.IISH Date: _ / _ /_ !

Run dote October 3. 1999 Dy i
kun time 9:07 a.m. Checked !

Cast Core Region . Core Height . 25 v/0 concrete . 2.0 in. shtd.

GEONETRT 7: Cylinder eeurce from slee . cylindricet ohlelds
,

5
D i s t ence t o det ec t or. . . . . . . . . . . . . . . . . . . . . . . X 403.2 - ca. j
Sourc e t eng th . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . L 182.880 *

Done poi nt he l ph t f rom base . . . . . . . . . . . . . . . . Y 91.440 *
,source cylinder radium..................... T1 87.630 *
|

Thickness of second shield.. .. . . . .... .. .. .. T2 79.375 *
!

Thickness of third shield.................. T3 0.640 *
i

Thickness of f ourth shletd.. . .. . ... ........ T4 7.620 "
!Thickness of f(fth shletd.................. T5 5.080 *

Microshletd inserted air pep............... air 222.855 *
.

[ !

\ >

| Source volume: 4.41186e+6 cuble contleeters :

"

MTERIAL DENSITitt (t/cc):
i

Meterial source shlete 2 shletd 1 Shield 4 shletd 5 Air sep [........ ........ ........ ........ ........ ........ ........ <

Air .001220 |ALunirun
Carbon '

concrete 1.5390 1.7280
Nydrogen
Iron .32620 .15560 7.90 7.890 7.90 [
Lead
Lithium '

'

Wicket
fin !
fitenlun *

| Tungsten i
Urania I

Drenlun
I- ,

Water
Zirconlun .5620 !

}
v

9

i

,
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FIGURE C-1 |
MICR0 SHIELD SAMPLE PROBLEM i

(continued) j
t

Page 2 Files tr$N101.nsN
CAtti Core Reglen * Core height * 25 v/0 concrete . 2.0 in ohld

I
I

BUILDUP FACTOR: based on GP sothed [Using the chorectoristics of the meterials in shield 5.
}
i.
I'. lWTEGRAfl0W PARAMETER $s

t

Neuber of lateral angle segments (Wthete)..... 15 |t husher of estauthat angle segments (upsi)..... 15
Number of redlet segments (Nredius)........... 15

i
,

80utCE uuCLIDils ;

.

Co 60s 1.6390e+f2 curles
I

\ s;

RESULTS: i
:

\ Ore @ Energy Activity Deee point flun Dese rate
3 (Mev) (phetens/sec) mov/(eq cm)/sec (ar/hr) ;

..... ...... ............. ............... ......... >

1 1.3359 6.064e+12 2.407e+00 4.344e 03 |
2 1.1797 6.064e+12 9.331e 01 1.734e 03 f
3 .6953 9.892e+08 1.815e 06 3.737e 09 '

4 ,

5 !

6 ;

I
i

8
9,.

|i 10 |;

11 t

12 )

13

14

15 !
16
17 ;

18 E

19
21

1......... ......... .........

TOTALS: 1.213e+13 3.341e+00 6.076e 03 ,

6,
i|\. -

*
o

'

r

\1 -

,
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APPENDIX 5.5.2 j

f
,
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FIGURE 5.1'N
(J' SHIElm1NG MODEL GE00GTRY
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!'

!
i

PATHFINDr.R ATOMIC POWER PLANT I

NEUTRON ACTIVATION MODEL !

RADIAL PR0f!LE !
'
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TABLE 5.1 I

SUMMARY OF MAXIMUM EXPOSURE RATES
(mR/hr) i

!

NORMAL CONDITIONS OF TRANSPORT: EXCLUSIVE USE VEHICLE '|
!

2 Meters From !
Packmae Surface * Surfaco of Packmae :_

Side Too Botton Side Too Bottom i

Gamma 38 Negl. Negl. 6.9 Negl. Negl. i
!

Neutron N/A N/A N/A N/A N/A N/A ;
>

Total 38 Negl. Negl. 6.9 Negl. Negl.

r

f'10 CFR 71 Limit 200 200 200 10 10 10

iC!'

()\
;

* Package surface top refers to the forward and on the railcar, |
and package surface bottom refers to the aft end. '
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l;,e)'- 6.0 CRITICALITY EVALUATION|.
-

\d- .Not applicable.
I

L

h.

|

't.

L

i
>

f

[
,

E

t

,

i

i
!

!
;
I

|

|
6

f

i
!

!

3

i
)
i

L

..

J

..I j

h

u: ;

)i

! !

;

!'

t

L' i

l )

{ |~

.

)
<

.

\ .

6-1

|
.. , _ . .,. _ _ _ . _ _ _ . _ , _ _ _ . . . _ - . _ . . _ _ _ _ _ _ _ _ _ _ .___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ l



. . -. .- .

.

I

Rev.0 )! -

! !
'

i
m j

(, 7.0- OPERATING PROCEDURES j

Not applicable.
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C 8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM j

i

The Pathfinder package is designed to be a one time use package for |

the disposal of the reactor vessel and internals. This chapter .

describes the acceptance tests required to place the package on a ,

railcar for transport. No long term maintenance program is required ;

since this is a one time shipment. )

8.1 Acceptance Tests |
Acceptance tests for the Pathfinder package will include tests for

.

|
shielding and containment integrity, and a visual inspection of each |

stage of the package preparation. Pressure tests and leak tests are
not required. '

8.1.1 Visual Inspection
.

!

Prior to the attachment of the Hexcel impact limiter material, the
vessel exterior surface will be visually checked for nozzle cover
plate weld integrity, cylindrical shield weld integrity, head
closure bolt damage. After attachment of the Hexcel material but [
before cover shell welding, a visual inspection of the Hexcel condi-
tion will be performed. Any damage to the Hexcel material will be
evaluated as to its importance to the impact limiter performance.
If deemed unacceptable, that portion of the Hexcel will be repaired .

.) or replaced as necessary. Upon application of the Hexcel cover
i

shell and final welding, a visual inspection will be made of the, ~-
,

cover condition.

If the inspection reveals any defects they will be evaluated as to I

their significance to the shipping package. Any modifications to '

the package design will be reviewed before proceeding, if required.
All inspections and repairs will be appropriately documented with
Quality Control inspection reports.

!

Prior to leaving the Pathfinder site, an inspection of the package
will be made to verify that it was prepared in accordance with all
requirements. The overell package will be visually inspected for
any defect or unusual condition.

8.1.2 Structural and Pressure Tests

The package contains no removable closures, and no pressure tests '

are required.

Structural tests will include nondestructive tests of new welds and -

closure integrity including the shield to vessel weld. Nondestruc-
- tive tests will include liquid penetrant or magnetic particle exam-

ination weld integrity inspections. These inspections will be made

O
8-1

. - . _ - - _ _ _ - - ._-_ ___ _. . _ _ _ _ _ _ _ . . . . _ _ _ . . _ _ . _ - _



. _ _ . . _ ._ _ __

i
!

Rev. O !

I
i

in accordance with the NSP QA program. NCE inspections of welds i

(3 will be made in accordance with AWS D1.1 (Ref.8.1), and will include !(,) a 10% magnetic particle (MT) or liquid penetrant (PT) test.
|

|
8.1.3 Leak Tests

The package contains no liquids or contained gases and leak tests |
are not required.

8.1.4 Component Tests
;

The package is of passive design and contains no ancillary com- ;
ponents which would require testing. :

\
8.1.5 Tests for Shielding Integrity

iRadiation and contamination surveys will be performed prior to ship- ;
ment of the package to ensure the external dose rate and contamina- '

tion levels are in accordance with 10 CFR 71. The acceptance limits
ares |

,

1)200 mrem /hr at any point on the vertical planes projected -

from the outer edges of the package surface, on the upper ;

surface of the load. !

i

2)10 mrem /hr at any point 2 meters from the vertical plunes ;
g projected from the main edges of the package.
\ i

8.1.6 Thermal Acceptance Tests

The package will not be affected by the small thermal load produced
,

by the contents (4.67 watts) and there are no thermal acceptanco
tests.

t

8.2 Maintenance ProrEAE
;

!.This is a one time use container and no maintenance program is
required. !

>

i

I

i

.

!
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IAPPENDIX 8.3
(

.

v] |
Rec.r.no..

8.1 American Welding Society Test Procedure for Nondestruc- - ;

tivs Wald Test Methods. i
i
.

;

i

|
,

I

h
!

h
;

i
-

,

i
i

|
t

s

k(' i
<

$

!
,

f
,

I

.

i

i

i

t

!

i

}

)

i

-
'

,

i

a

8-3
t

i

1

.- - - - . - , - - - , - ~ . - - - , . . . - ~ . . - - , , - - . - - - - , . , - , - - , , - - - - . , - - - , . - . . . . , , - - - - - - , ~ , , ,.,--,,,-----g.---,.


