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TABLE 3.2-4

PREL IMINARY L IST OF APPL ICABLE CODES FOR NON=-SAFETY CLASS
: MECHANICAL SYSTEMS/COMPONENTS

Appl icable Codes

Systems/Components —and Standards Location

Reactor Refueling System

Non-safety Related ASME VIiII/Y, RCB, RSB

Equipment ’ AlsC

Supports ASME |11/NF3 RCB, RSB
Nuclear Isiand Maintenance Systems

Vessels ASME VIII/1 RCB, RSB

Supports ASME 111/NF3, RCB, RSB

AlSC

Piping ANS1 B31.1 RCB, RSB

Valves ANS| B31.1 RCB, RSB
Steam Cenerator System

Water Dump Subsystem ASME 111/3 SGB

SWRPRS Piping ANS| B31.1 SGB

(SGB wall to floor stack)

Normal Chllled Water System
Chillers Condensers, ANS| B31.1 SGB
Evapcrators
Piping and Valves ANS| B31.1 Except RCB
Circulating Pumps Manufacturers SGB
standards
3.2-12 Amend., 75
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TABLE 3.2-4 (Cont,)
PREL IMINARY L IST OF APPL ICABLE CODES FOR NON-SAFETY QLASS
MECHANICAL SYSTEMS/COMPONENTS

Appl icable Codes
Systems/Components

Radioactive Waste System

Tanks ASME Sec. VIII/
AP! 650/620

.Piping & Valves ANS| B31.1

Pumps Manufacturers
standard

ASHRAE PSB, TGB, MSw, OWPH,
SMACNA 8, SRH, FPPH

ANS| B31.1 TGB, SGB

AiS1 B31.1 TGB, Water Cooling
AWW A Tower Yard

ANS| B31.1 River Water Pump House,
AWWA Yard

+or Syc+om

Normal Plant Water System ANS| B31.1 sGB/ 18, CB, RSB/I1B, TGB

Hot Water Heating System ANS| B31,1 TGB,
PS8,

SGB, RSB, DGB,
MSWw

ANS| B31.1 TGEB, RSB, DGB, MSw, PSB
& Manufacturers sGe, B, (8B, GH
stangard

Amend. 75
Jan, 1083




TABLE 3.2-4 (Cont.)

PREL IMINARY L IST OF APPL ICABLE CODES FOR NON-SAFETY QLASS
) MECHANICAL SYSTEMS/COMPONENTS

Appl icable Codes

Systems/Components —and Standards Location

Non-Sodium Fire Protection

Sprinklier and Spray System NFPA-13 & 15 RSB, MSw, PSB

Gas Blanket System NFPA=12A (o]

Portable Fire Protection NFPA=10 sGB, CB, DGB, TGB, RSB,
System MSwW, PSB

Dry Chemical Fire NFPA=17 . DGB, TGB, RSB,
Protection ﬁﬁ(. ?S'B '

Fire Detection Alarm System NFPA=72A, D & E SGB, CB8, DGB, TGB, RSB,

MSW, PSB

Eeedwater Water and Condensate System

Feedwater ‘Heaver & Deaerator ASME Section Vill, TGB

- Divislion 1
Piping ANS| B31.1 TGB
Startup drains piping ANS| B31.1 TGB, SGB

and equlpment

3.2-13a Aneng., 75
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UPDATE TO PSAR CHAPTER 4

.2-221
.2-4594 thru -4508'¢
.2-528 thru -528a.
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The detailed formulation of the design criteria of Table 4.2-7 and

the conditions for which they are applicable, are given in the CRBRP fuel

assembly stress report, Reference 171,

-

wseet 4.2-11

4.2.1.1.2.3 Requirements for Design Features

In addition to the preceding operational requirements, specific

design features shall be incorporated into the fuel and blanket assembly
designs to preclude the accident conditions discussed in Chapter 15.4 and
any detrimental effects which could adversely affect the attainable design

life.
1.

2.

sufficient constraint shall be applied to the fuel and blanket rods
to minimize fretting and wear at the support points.

The fuel and blanket assembly materials shall be compatible with ad-
joining materials ard environmental conditions during their design
lifetime. Where potential for excessive galling or self-welding exists,
mating components shall be hard coated.

The relative location of the pellet column within the fuel and blanket
rods shall be maintained during shipping to prevent damaging reactivity
fluctuations during start-up by utilizing a-properly designed axial
spring support system.

The assembly axial support system shall maintain fuel and blenket assembdly
axial positions under all steady state and transient operating con-

ditions, while providing for differential thermal expansion of the

internal structures and the irradiation induced expansion of the assemblies.
With the current CRER baseline design, the 1imit is 2.5 inches at 70°f.

The inlet nozzles for the assemblies, in conjunction with the reactor
internals, shall be designed with sufficient aperture recuncancy to
preclude total inlet blockage and to provide for adeguate cocling even
after total blorkage of one inlet passage.

To prevent loading of a fuel or blanket assembly into a position where
it s undercooled, the follewing situations must be prevented by 2
properly designed discrimination system.

a. Fuel asserbly insertion inte a pesition which it would be under-
cooled, i.e., a position in which more coolant flow through the
assembly is required for heat removal than can be admitted by the
flow orifice in that assembly or receptacle.

b. Fuel assembly insertion into positions in the core that are pro-
vided for the control rod assemblies, blanket assemblies and re-
movable shield assemblies, except for those positions where fue)
and inner blanket assemblies are intentionally interchangeable.

o Amend. £
455 Sept. 1579
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New Section

4.2.1.1.2.2.2 Removable Radfal Shield Assembly (RRS) Structural
Component Design Criteria

The design criteria were selected so that the RRS structural components
will satisfy their functional requirements described in Section 4.2.2.1.1.9
at the following operating and loading conditions over their design 1ife
within the constraints of the damage severity limits of Table /5.1.2- 1.

(A) Operating and Loading Conditions
1. Thermal-Hydraulig:

Steady state and transient conditions shall be considered.

The umbrella transients for the shield assembly
inclode normal, upset, emergency and
faulted categories. ¥

An appropriate number of events will be determined for the hottest
shield assemblies based upon the designed replacement schedule, Since Seme of
e shield assemblies i\ Wave \etr dhaa o 3p year Wwle.,

2. Mechanical Loads
For determinia
ARoading sources to be considered in the structural evaluation of

Shield Assembly Duct structures; eere rutraiat | selsmic, Aunermal and

mittlancess etlots are caatiderdd

These 1oadings represent a generalization of all the currently post-
ulated loading mechanisms applicable to CRERP core assembly duct
structures. While scme of these lozdings may be negligible or in-
applicable to the shield assemblies, they nevertheless form the
minimum basis for the conservative evaluation of the design adequacy
of the shield assembly duct structures. The determination o*
structura) loads shall utilize the environmental conditions in ac-
cordance with the requirements of Table 1s.1.2 -1



INSERT 4.2-17 (Page 2 of 4)

3. Nuclear Environment

Table 4.2-69 sumarizes the range c¢f neutron environment of the shield
as:semblies.

(B) Structural Design Criteria

The thield assembly is not currently covered directly by an existing

structural design code. The shield assembly structural design criteria are basialy,
Simidar 4o dnee tm ALV 2.20 e el add baalt amesblion, The Liiewiag sebmction
dererive spedilic fmuimments Witk are wid Kr Ae duiyn of 4he RES,

1. General Criteria for A1l Shield Assembly Structures

The qeacre) Srrionl erderie which am wed i 4he shicld atrembly
stewctoral tmliadion are delived 1n Table 4.2-70. The
shield assembly structural components shall be designed so that
deformation Jdue to mechanical loading, thermal expansion, and

neutron irradiation induced swelling and creep does not produce

gross interference with adjacent components such that the equip-

requirements of 4.2.2.1.1.9 cannot be satisfied.
arbon, nitrogen, and alloying elements
d when determining the strength of the material.

Component Structural Design Criteria

Shield Assembly Inlet Hardware:

transition, orifice, rod support).
aximum temperatures do not exceed BOO°F, the base metal is
and the time dzpendent thermal creep is expected to

ndependent ductile failure modes covered




INSERT 4.2-17 (Page 3 of 4)

applicable ASME Boiler and Pressure Vessel Code are used as the
basis for structural design requirements,

Consequences of 3ii21d assembly inlet hardware loss of struc-
tural integrity are significantly less severe than those for
pressure boundaries and permmnanent components. Therefore, the
emergency stress iimits for shield 2ssembly inlet hardware
are higher than those given by the ASME BAPV code''), but the

maximum stress intensity shall not exceed the minimum ultimate
tensile strength.

Shield Assembly Outlet Hardware:

The material is expected to be ductile and thermal creep may
be significant. Both the time-independent and time-dependent
ductile failure modes covered by the applicable ASME B&PY code,
code cases and RDT standards are used as the basis for the

structural design requirements.

time independent stress limits for normal and uspet condition
specified by the ASME BA&PV Code are used directly for
outlet nozzle design.

Thermal fatigue failure and creep related failures (creep rupture,

excessive strain, creep fatigue) are prevented by imposing the appropriate

design limits in Table &4.2-70.

iive ASME B&PV Code is applicable to pressure boundaries and permanent
components. The shield assemblies are not pressure boundaries and are
removable.
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Shield Assembly Duct

Where a minimum uniform elongation greater than 3% cannot be
demonstrated,

as brittle fracture is
considered,a potential failure mode

anéd specific analytical methods to be used in fracture mechanics
evaluations ace developed.

Design Limits for Inelastic Analysis

Because of the inherent simplifications in elastic and simplified
inelastic analyses which are offset by additional conservatism in
the corresponding 1imits, inelastic analysis rethodiray be used
in 1ieu of the elastic analysis methods. ““he
structural criteria are

given in Table 4.2-70.

-

Special Weld kequirements

Since all of the joining is accomplished by mechanically pinning

the components and seal welding, there are no structural weldments
in the shield assembly.
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.2.1.1.9 Removable Radial Shielding (RRS)

The removable radial shield assemblies are core assemblies w
mechanidally interface with the radial blanket assemblies, the core f
structurel the inlet and flow bypass modules, and the upper interna
These assemhiies have the following functional requirements:

ate neutron fluence to levels consistent wﬁthézo year
for peripheral components, based cn resid total
durtility limits.

e
provide adequate cooling./ To ontain adequate shielding with
31655 80% minimum solidAolume is\required.

Maintain the RRS i}y{{~ura1 integrit\by limiting RRS lifeti

Maximize solid volume fract¥on within the limits required to

hijch
ner

me

to assure 1.0 pergént nimum residual ;:tiI“y based on total

elongation. Indddition maximum operati steady state plus

transient str fns must be less than 0.056 'co't at a biax

stress ratig”{longitudinal to circumferential) of 1:1 an

than 0. ’</zer ent 2t 2 1:0 ratio. The allowatNe strain vari

approxicztely linearly with the tbiaxial stress “etic.
émovable radial shield assemblies are to be ind{alled
removed by normal fuel handling egquipment.

Transmit lateral core restraint loads without contributin
significantly to the magnitude of these loads.

Provide circulation path for cooling to preserve structural
iﬂtegr’: ty.

ial

.
\ 1ess

es




INSERT 4.2-127

4.2.2.1.1.9 Removable Radial Shield (RRS)

The removable radial shield assemblies are core assemblies (See Figure
4.2-43) which mechanically interface with the radial blanket assemblies,
the core former structure, the lower inlet modules, the bypass flow
modules, and the upper internals. These assemblies have the following
functional requirements:

a)

Provide radiation shielding to ensure the structural integrity of
the reactor permanent components beyond the radius of the RRS for
30 years.

Provide a compact structural unit that can be handled in and out
of the reactor by the normal fuel handling equipment.

Transmit lateral core restraint loads without contributing
significantly to the magnitude of these loads. -

Provice flow paths Wfo/r:oohng of the RRS

to preserve structural integrity.

Provide a means for locating surveillance specimens in the RRS
and a method for their expedient recovery.

The bases for these requirements are described in 4.2.2.1.2.9.




Reauirement - Provide vertical load reaction to the core
arrei.

Bases - The core former structure {s subjected to mechanical
Toads caused by the incremental thermal growth of the fuel
assemblies. Due to stick-siip friction of the assemblies

and alternating heating and cocling cycles, & net upward
force may be developed on the core former ring. Additionally,

the SMBDB loadings can cause upward forces on the upper core
former.

Removable Radia) Shielding (RRS)

Requirement - Attenuate neutron fluence to levels copfistent

ey

with a 30 year lifetime for peripheral component ased on
e following residual total elonyation ductitfy limits:

ShieTding Material Remote from Attachmeénts 5%
ShieldinpMaterial Attachments 10%
Core Barrel™(ore Formers, and Nessel 10%

- The component yond the radius of the RRS
gearlyfetimes. This includes fixed
(al shielding, ¥ core barra], core formers, and the
ctor vessel the major 1tems™\For each of these {tems,
there are 1jrTts established for maximug allowable fluence
2 certain level of residual dutt{lity of the
dral material after thirty years. Apprximate fluence,
€al, E>0 MeV) limits to obtain the above duc ity limits
Ref. 1) are 2s follows:

Str-ctéraT fixed radia) shielding (with ten percent ducti™Ng
at 800CF) has a fluence 1imit of 1.3 x 10¢¢ (njcmé).

Y

CEPLALE WITH| INJEET




INSERT 4.2-151 (Page 1 of 2)

4.2.2.1.2.9 Removable Radial Shield (RRS)

a) Requirement - Provide radiation shielding to ensure the structural
integrity of the reactor permanent components beyond the radius
of the RRS for 30 years.

Bases - The structural integrity of the reactor permanent components
is based on the requirement that at the end of the 30 year life the

minimum total residual elongation of the materials must be not less
than 10%.

Requirerment - Provide a compact structural unit that can be handled
in and out of the reactor by the normai fuel handling equipment.

Efficient and economical means of installing and removing
hy

y the fuel handling equipment. This is achieved by common-
ith the fuel and blanket assembly design.

Requirement - Transmit lateril core restraint loads without signif-

L

icant contribution to the magnitude of these loads.

Bases - The load buildup at "on power" conditions must be minimized
to increase the margin of safety against duct crushing. Also, it is
desired to attain lower withdrawal forces at reactor refueling con-
ditions.

of the

the structural integrity.

Bases - Coolant flow must be provided inside the assembly to maintain
the maxinmum material temperazture below a reasonable limit (~1100°F),
and to limit the maximum temperature gradients due to nuclear heating
s0 that *+ =~ resulting thermal stresses will not exceed the allowable

Yimie
(R ALIE IR

Provide a means for loc2ting surveillance specimens in

RFRS anc a method for their expediert recovery.
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Bases - As described in 4.2.2.1.1.12, surveillance is required %o
obtain information on materials irradiation damage so that changes
in material properties can be monitored and potential deterforating
conditions detected.
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Nonstructural fixed radial shielding (with five percent ductility
at 800°F) has a fluence limit of 2.6 x 1022 (n/cm?).

he Core Barrel and Vessel (with Een percent ductility at 800°F
Mave a fluence limit of 1.3 x 1022 {n/cm?).

Reg)Nrement - Maximize sulid volume fraction within the liphts
requixed to provide adequate cooling. To obtain adequate
shieldlog with 316 SS eighty percent minimum solid volupé is
require

Bases - Baded on 316 SS, the minimum solid volume fpaction is

0% to obtaitk the required residual ductility of t)fe midpoint of
the core, with the fixed radial shielding and th¢/ core barrel at
five percent and ten percent ductility respectiyely.

Requirement - Maiftain the RRS structural ingegrity by limiting
RRS 1ifetime to assyre 1.0 percent minimum Fesidual ductility
based on total elongation. In addition 374:m“m operation steady-
state plus transient S¢rains must be lesg than 0.056 percent at

a biaxial stress ratio \longitudinal t¢/circumferential) of 1:1
and less than 0.33 perceht at a 1:0 rptio. The allowable strain
varies approximately linedly with the biaxial stress ratio.

- The strain limits gi

a safety factor of three\wés applied to rupture strain
ted from tensile testing determine allowable strain
safety factor is consistént\with safety factor levels
employed in ASME Code crite ; has been obr :rved from
stressed tube experiments

~
-
C

the predicted rupture
Thus

The mini
residual

moOon

®

Lifetime (Years) De
RRS R#w Nunber on Position Within R

4.9 to 8.8

8.8 to 16.9
15.8 to 31.6
20.0 to 61.1
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= Thus some of the assemblies in row 3 and al! of the assemblies in /
row 4 will not need to be replaced. A surveiliance program is

pected to extend the lifetimes beyond the minimum predicted
1i¥etimes.

ﬁ  The abowe strain and ductility 1imits represent reasond
criteria woich reduce complexity and expense of RRS
and increase\reliability as compared to less stringént criteria.

d) Requirement - Tha removable radial shield assem
Tnstalled and remoYed by normal fuel handli equipment.

. - Bases - This requiremen
of installing and removin
using the existing fuel han

e) Requirement - Transmit latera e restraint loads without

significant contribution to

ildup at "on power”
inst duct crushing.
) forces at reactor

Bases - 1t is desired
conditions to provid
Also, it is desire
refueling conditid

rovide coolant paths for circulation cooling to
ructural integrity of the assemblies.

< Bases/- Sufficient coolant must be provided for the followiQg two
reztons. The maximum material tefperetu'e must be kept with}

casonable limits (approximately 1100 F) and the maximum
allowable temperature gradients from irternal nuclear heating ‘\\\\i
51 must be determined by examining the allowable thermal stresses.

Ve -

4.2.2.1.2.10 Core Former Structure (CFS)

a) Requirement - Provide peripheral constraint for the reactor
‘ assemblies.

| Bases - Positioning of the core former structure relative t
ins, as part of the core restraint system, prope
ry during all modes of operation.

v

b) Requirement - Provide lateral location and constraint for the
Tower end of the Upper Internals Stricture.

Bases - Maintain alignment of the Uppe! Internals Structure for

e proper operation of the reactor control system. Interface constraints
i are imposed by the In-Vessel Transfer Machine, the reactor vessel,

. and the rotating plugs.

(8 o)
(88}




The RSS assemblics are removeble tare astemblies (Sec Figum 4.2-43) haviag
a struchoe bA)its\\j similar te A\e ‘u(,\ amd blaaked ‘“‘_sl, s4ractoret
condisting of iared no‘l.\r\(l h(is\o-a.\ dott 4oy ana osofled no\.\_l(D

| 4.2.2.2.1.9/Removable Radial Shield (vws)
madcriad V8

The sadiat-shield?assendiies—are made up cf stainless steel
rods hede-within thin walled seseseast ducts. Thes® assemblies are
designed to be as flexible as possible in order not to contribute
to the off-power restraint loads. A close-fitting support block s
inserted inside the duct at the ACLP to provide axial restraint for
the shield rods and to absorb seismic loads that are transmitted !
through the ACLP to the core Tormer. Ceadrol of (low 4hraugh $he RRS 13 providad by
a stack of orilice platu located iwnside ¢ inled wortle.
4.2.2.2.1.10 Core Former Structure

The core former structure is composed of three substructures,
the upper core former ring, a spacing cylinder, and the lower core former
ring. The core former rings are comprised of profile milled segments
assembled into continuous rings, as illustrated in Figure 4.2-46. The
above core load plane former ring, called th: lower core former ring, is

ounted on a ledge machined in the inner diameter of the core barrel.

The spacing cylinder, called the support ring, provides holddown for the
lower core former ring and support for the top load plane former ring
called the upper core former ring. The upper core former ring has six
lugs that fit slots in the top of the core barrel to transmit seismic and
other loads %o the core barrel. A series of L-shaped keys are circumferen-
tially slippe? into the groove on the inside of the ¢ore barrel, between
each of the six and trapped by means of a radially oriented dowel)
pin on either sic each slot. These L-sh2ped keys prevent vertical
displacement of » core former rings. The upper core former ring is
centered in tnhe re barrel cavity by means of the six radial lugs. The
lower core forme ing is centered in the core barrel cavity by means of
radial shims.

§.2.2.2.1.11

femovable core

A1l the reac
are designed for a 3 i 1 i However,
provision has been mad ermi val of the lower inlet modules to
assure full plant life and malfunct Contributing
factors which may reguire v ability include:

Potential d ' ly receptacles, as a result of

jn(ar‘ir-
Seriiv

Potential wear or partial
result ‘of coolant induced ch

4.2.2.2.1.12 Surveillance

asSemblics
terial surveillance onta‘we:{within snecial

M

3
e pamt o 1
Suv—!;‘ S
l 4

transfer an

cd—is removab) ; ield wesitiens and a fuel

22
torage assembly. In ition to these special assemblies,




4,.2.2.3.1.3 Horlzontal Batfle (HR), Fuel Transfor & Storage Assembly  {FTLSA), -
and fixed Radial Shleld (FRS)

N

The HB, FTASA, end FRS are Intornals structures and are not covered by
mandatory Code rul es, but the Owner's designee has required that the rules
steted In 4.2.2.3.1 be appl led to the design and analysls of these

\ - INSEQT 41“""“’*)
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New Section

4.2.2.3.1.4 Removable Radial Shield (RRS)

The RRS §s a replaceable core component with a structure basically the
same as those of the fuel and blanket assemblies. Therefore, the struc-
tural design criteria applicable for the RRS are also basically similar
to those of the fuel and blanket assemblies, rather than those described
in 4.2.2.3 for the permanent Reactor Vessel Internals components and
structures. The RRS design criteria are described in 4.2.1.1.2.2.2.



Loncluslons and Future Mork
assembly motion reactivity effects sre conservatively predicted by current
enalytical procedures. The results shown Indicate that reactivity related
core restralnt requirements of Section 4.2.2.1.2.8 ere satisfled.
Core component contact loads end distortions ere predictable using current
analytica! methods. Additional work !s planned to verlfy dliiation Induced
duct=-to~duct contact predi.ted In NUBOW-3D with more detalled models.
Addltional eareas where further work Is planned Include:

1) Detalled enalysis of core rustralnt performance beyond core 1.

2) The simulation of fuel management In the NUBOW-3D model.

3) VYerlfication and Improvement |f necessary of the duct dllation Induced
duct-to~-cuct contact model.A}L REPLACE wind [ InIERT 4.2_2313

2.4.4 ERemovable Radlal Shlelding (RR3)

The removetle radlal shlelding Is In a preliminary phase of design;
stress analysts taking Into account the effects of environmenta

has no* yet been pleted. Analyslis wl!ll be conducted on following
consliderations: thern stresses and stralns, refuelin d handl Ing
stresses, strain |imits brittle material, and ef{$€Cts of Irradiation
Induced swellling and creep © e core restraln stem.

Pre!!mingry therma! analysis has shownibe maxImum RRS temperature to be less
than 920% when cooled with bypass Bypatural clirculation. Thus, It
appears that bypass flow will provide adequa ool Ing.

More detellel enalysls ow In progress In both thé&~thermal ard stress
categorles.

Shielding ana+ysis, to date, has shown a solld volume fraction o™gt least B0%
316 stalptess steel Is required to meet ductil ity requirements on th Ixed
rac! ielding and core barrel. This solld volume fraction Is compati®

h coolent channel volume requirements for adequate coo!lIng.

4.2-2.5 welAlan a.ﬂ (‘-_lzynn Qi EE:"‘A" |aip— :I Ea-fs

I¢n censlidereticns for welding end selzing of rotating or moving parts
ctor Internals are presented In Table 4.2-564.

cs
s
a

for re
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4.2.2.4.4 Removable Radia) Shield Assembly (RRS)

The RRS configuration is shown in Figure 4.2-43. The structural analyses
included two critical regions of the RRS, the Above Core Load Pad (ACLP)

of the duct and the outlet nozzle. The selection of these two regions

was based on structural analyses of the basically similar fuel and blanket
assemblies which indicated that the assemblies inlet regions comprising

the inlet nozzle, orifice assembly and transition had very high design margins,

while operating under more severe environmental conditions than the RRS, The aben
meadt i patd Stewctoral Bmalyped indicate dha+ e ACL? s tme ¢l'.*lt..|, londd O'SQM.

In the ACLP analyses, maximum values from all loading sources were assumed
to occur simultaneously at the single assembly subject to the worst enviren-
mental conditions. The various loading conditions considered were seismic,
core restraint, and steady state and transient thermal loads. Three dif-
ferent sets of thermal-hydraulic conditions were considered from which the

worst combinations of maximum duct midwall and cross-duct gradient tempera-

tures was obtained, Stresses, strains and damage were determined for the
ECLP resulting from the above loading sources and conditions.

An ANSYS finite element computer code was used for the RRS duct stress
analyses. Based on the results of this analysis, inelastic and fracture
toughness analyses of the ACLP were also performed.

The inelastic analyses were perrormed to determine strain and damage of the
ACLP using the CHERN elastic-plastic-creep computer program. Two separate
sets of analyses were performed, one representing BOL conditions, and one
representing EOL conditions correspending to a design 1ife of 10 years.
Twenty out of the 190 loading cycles of the unit histogram (see Figure
4.2-43A) were run for each of the two conditions to overcome the transient
portions of the elastic-plastic-creep domain, and the remaining 170 cycles
were conservatively duplicated by the ZOth cycle. Both the calculated total
maximum strain and the calculated maximum creep-fatigue damage when compared
with the minimum allowable values yield positive design margins equal to
14.0 and 0.14, respectively.
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A fracture toughness analysis of the duct ACLP was also performed, since
the minimum elongation in the load pad at end of 1ife is < 3%, and
brittle fracture is a potential faflure mode. For this analysis, an
initial flaw size and shape, and two orientations were assumed, con-
sistent with the requirements defined in RDT E6-20T (now NE E6-20T). The
analyses consisted of the following steps:

2) The critical stress intensity factor Kyc for BOL and EOL material con-
ditions was derived from data on unirradiated sub-compact test speci-
mens made from FFTF duct material.

The stress intensity factor for the assumed semi-elliptical flaw
under tensile stress was determined.

R crack propagation analysis was performed to determine the crack
growth under the applied duty cycle.

The maximum stress intensity factor K was determined for the final
flaw size obtained from the crack propagation analysis.

Finally, the margin of safety was determined by comparing the calculated
maximum EOL stress intensity factor R with the allowable design value
which was obtained by applying a design margin of 1.5 on the calculated

LS

critical stress intensity factor K;.. This evaluation yielded a positive
margin of safety equal to 5.7.
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TABLE 4.2-57 70

TYPICAL NEUTRON ENVIRONMENT IN THE CRBR SHIELD ASSEMBLIES

sand . - . Totcélcutao:o ;qu. Fut:!leggron Flux,
evation . «1 MeV
Region (inch) (n/cm<-sec) (n/cme-sec)
Max imum Minimum Max imum Min{mum
Qutlet
Nozzle -384.15 2.3x100"  g.1x10% 1.5x10°  3.0x10°
Sed wuma
Fille Duet  =805.15 6.1x100°  g.1x1012 1.5x10°  1.1x10%2
Above Core
Load Pad -811.15 1.4x10%  7.0x10%2 a.6x208°  1.4x10%
Shicld Re
(Core Mid piae) 437,15 1200 2.4x10% 5.1x101  5.7x10%2
Tulet NV le
Trantifipn  ~469.15 1.3x10%  5.551012 3.6x108°  1.1x10%2
Inlet 11 11 10 9
Nozzle -512.15 1.3x10 1.5x10 1.2x10 9.9x10

¢.2-0594
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TABLE 4.2-3¢" 7/

SHIELD ASSEMBLY INELASTIC STRAIN CRITERIA

Norma) and Normal, Upset and

Cltegor! Upset Limits Emergencz Limits
Membrane Plastic bc éc
Strain Limit I (q") <0.25 : (qﬂ) <0.35
Total Inelastic éc ¢

r(—L) <o0.5 I (——) < 0.7 M

Strain Limit ITF e/TF
g::::;hﬁwf - Deliaed ‘o Table 4.2-9

4.2-655/e



OUTLET NOZZLE —/@ 1@

SURVEILLARCE SPECIMENS LOAD PAD
(AS REQ'D) —\‘

SHIELD RODS

— SHIELD ROD REGION
(57 IN.)

e >\»L,J/

OVERALL LENGTH - 14 FT.

INLET NDZZLE —/

i

DISCRIMINATION POST _/H

Figure 4 243. Removable Radial Shield Assembly
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