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DESIGN OF THE COBE SUPPORT AND
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H. 6. Sutton
J. A. Rylatt

A B S T R A C T

This paper presents and compares the design and fabrication of the FFTF
and CRBRP reactor structures which support and restrain the reactor core
assemblies. The fabrication of the core support structure (CSS) for the
FFTF reactor was completed October 1972 and this paper discusses how the
fabrication problems encountered with the FFTF were avoided in the sub-
sequent design of the CRBR CSS. The radial core restraint structure of
the FFTF was designed and fabricated such that an active system could
replace the present passive system which is segmented and relies on the
CSS core barrel for total structure integrity to maintain core geometry.
The CRBR core restraint structure is designed for passive restraint only,
and this paper discusses how the combined strengths of the restraint
structure former rings and the CSS core barrel are utilized to maintain
core geometry. Whereas the CSS for the FFTF interfaces directly with
the reactor core assemblies, the CRBR CSS does not. A. comparison is
made on how intermediate structures in CRBR (inlet modules) provide the
necessary design interfaces for supporting and providing flow distribution
to the reactor core assemblies. A discussion is given on how the CRBR
CSS satisfied the design requirements of the Equipment Specification,
including thermal transient, dynamic and seismic loadings, and results
of flow distribution testing that supported the CRBR design effort. The
approach taken to simplify fabrication of the CRBR components, and a
novel 20 inch deep narrow gap wald joint in the CSS are described.

Westinghouse Electric Corporation
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P. 0. Box 158
Madison, Pa. 15663
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I. INTRODUCTION

The FFTF breeder reactor plant was designed to be a testing facility
for breeder reactor technology. The CRBR, on the other hand, is
designed to demonstrate the capability of an LMFBR to produce commer-
cial quantities of electrical energy. Since the FFTF was authorized
for construction before the CRBR, experience gained from both design
and fabrication processes for the first plant could be utilized in
the development of the second plant.

This paper reviews the salient features of both the FFTF and CRBR core
support/restraint systems and contrasts the details of the two
designs. Details of the main CRBR core support structures and inter-
facing components are included along with anticipated thermal and
hydraulic performance.

II. FFTF CORE SUPPORT AND RESTRAINT STRUCTURES DESIGN

FFTF CORE SUPPORT STRUCTURE

The FFTF Core Support Structure which positions the core components
is welded to the reactor vessel, and comprises the lower structure,
the core basket, the support skirt, the core barrel, and the fuel
transfer and in-vessel storage. The core barrel provides lateral
support for the radial shield, the core restraint mechanisms, and
the instrument trees. The in-vessel storage module is located in
the annular region between the core barrel and the reactor vessel
thermal liner. The Core Support Structure (CSS) is fabricated from
types 304 and 304L stainless steel with Inconel used for wear
resistant surfaces. Self welding and galling is prevented by
choice of material, clearances, and use of piston ring seals.

MECHANICAL "DESIGN

THE LOWER STRUCTURE, Figure II-l, is the main axial load bearing
member. It is a welded bridge structure, formed by a conical lower
surface and a horizontal upper surface. The lower structure is
subdivided into several separate sections.

The central part of the structure provides a cavity In which a removable
core basket is positioned. An inner section forms an annulus bounded on
the inside by a cylinder which forms the cavity for the core basket and
bounded on the outside by a second cylinder. This annular region is
further subdivided by gussets into 12 sections, each containing a 16
inch (40.6 cm) diameter hole at the bottom to accept inlet
flow from the inlet plenum and a slot on its inner wall
through which flow is fed to the core basket. A second annular
region is formed by the outside diameter of the previously dis-
cussed region and the outer forging. This region is also sub-
divided into 12 sections. Each of these enclosed sections

lo.P.
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forms a lower pressure plenum. The upper horizontal surface of
the lower structure contains a total of 12 bosses, into which
are plugged the 6 inner shield assemblies and the 6 outer
shield assemblies.

The maximum deflection of the lower structure^with the design
pressure differential of 200 psi (137.9 n/cm ) applied is
.037 inch (0.94. mm). The deflection and projected resultant
reactivity insertions are all within acceptable limits.

A CORE BASKET, Figure II-2, is provided to accommodate rearrangement
of the core. It is removable so that rjplaeement is possible at the
end of the 10-year design life.

The core basket is a clc=™f cylinder located and retained
within the Core Support Structure inner cylinder, directly
below the reactor core. The cylindrical section of the basket
has 12 rectangular slots £approximately 12 inche- {30.5 cm)
x 13 inches (33 cm)] oriented to mate with comparable slots in
the inner cylinder of the Core Support Structure. A plate
with multiple small diameter holes is wrapped around the peri-
phery of the core basket to provide a debris screen over the
flow slots.

The core basket contains 151 receptacles which are tubes
welded to both the top and bottom tube sheets. An Inconel
liner mechanically attached within each receptacle provides a
hard wearing surface for the fuel assembly nose piece, and a
discriminating device.

THE SUPPORT SKIRT transmits loads from the lover structure to the
reactor vessel. It is a preformed conical plate which attaches
by welding to the lower structure and to the reactor vessel.

THE CORE BARREL is welded to the lower structure by a controlled
girth weld. It comprises an H Section at mid height for lateral
support of the radial shielding and the core restraint mechanism,
and a forged flange at the top which extends outward to support the
in-vessel modules, the radial restraint, and the thermal baffle
supports. Brackets, attached at the top of the barrel, extend
radially inward to provide lateral support of the instrument trees.

The Core Support Structure is not in resonance with known
sources of excitation, which have been found to fall below
25 Hz.
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Thermal & Hydraulics

thermal Conditions - The CSS is designed to operate in liquid
sodium with a maximum metal temperature of 830°F (443°C) at
the inlet and for those components which extend into the out-
let region a maximum metal design temperature of 1050°F (565°C)
is used.

Hydraulics - Coolant from the inlet plenum flows upward through
the 16 inch (40.6 cm) holes into the inner annulus in the lower
structure. The coolant turns inward into the core basket
interior, distributes among the receptacles, and then flows
upward through the core assemblies. Coolant from the inner
annulus also flows upward through the bosses in the horizontal
top plate to provide cooling for the radial shielding and outer
rows of removable reflector assemblies. Bypass leakage between
component surfaces is minimized by the use of piston rings and
close fitting seating surfaces.

A portion of the bypass leakage flows into the low pressure
cavity under the core basket. This cavity, which maintains
the hydraulic balance holddown for the core assemblies and the
core basket itself, is maintained at low pressure by twelve
internal passageways in the lower support, each 3 inches
(7.62 cm) in diameter. These passageways channel flow to the
outer annulus of the lower structure. This flow is then util-
ized to cool the in-vessel storage and the reactor vessel, and
finally discharges into the outlet plenum.

Multiple flow passages are provided in the Core Support
Structure to minimize the possibility of flow blockage to the
core assemblies. These passages have been sized to pass the
flow required without exceeding a velocity of 30 ft/sec
(9.14 m/sec).

Gas trapping in the region under the support skirt of the CSS
is prevented by use of two gas vents which provide a flow
passage from the top of this region into the annular region
between the core barrel and the reactor vessel thermal liner.

FFTF CORE RESTRAINT STRUCTURE

The FFTF Core Restraint System (CRS), Figure II-3» is a segmented
structure which controls radial core configuration and location.
It provides a seismic stop which limits the lateral movement of
the core relative to the core barrel, and during refueling.con-
trols core configuration such that refueling loads do not result
in damage to core components. The materials used in the CSS are
Type 304 and Type 316 stainless steel, and for wear resistant sur-
faces Inconel 600 and Inconel 718. The CRS design permits possible
later adaptation to an active Core Restraint System.



o HORIZONTAL BAFFLE
STANDOFF CORE

UPPER YOKE

STATIC PIN

YOKE SHANK

CORE BARREL

INNER MODULE

OUTER MODULE

INNER SHIELD PLATE

LOWER YOKE

STATIC RING

Figure II-3. Core Restraint Modules



MECHANICAL DESIGN

The present static restraint structure provides restraint of the
core at the periphery of the reflector region by the use of yokes
at two elevations, (1) the above core load plane (ACLP) located
at an elevation 8 inches (20.3 cm) above the top of the active
core and (2) at the top load plane (TLP) located at an elevation
54.5 inches (138.4 cm) above the top of the active core.

Six CORE RESTRAINT MODULES (CRM) are equally spaced around the core.
Each has an inner module located on the inside of the core barrel
which supports a lower yoke at the ACLP elevation and an upper yoke at
the TLF, and an outer module consisting of a horizontal member which is
supported at its inboard end by brackets on top of the core barrel and
at its outboard end by a vertical support member which engages with
tabs attached at the core barrel mid height.

THE INNER MODULE is an "L" shaped forging which extends axially from
just below the ACLP to a point just below the TLP. The CRM outer
shield assembly located inside the inner module frame consists of a
series of plates which rest on the lower leg of the module frame and
form the upper boundary of the lower yoke cavity.

THE STATIC RESTRAINT RING is segmented and interconnected with links to
provide limited flexibility at the ACLP during a seismic event. This
ring and the lower yoke are pinned together. The upper yoke is pinned
to the module frame. The inner surfaces of the upper and lower yokes
are designed to interface with the reflector hexagonal load pad faces
normal to direction of yoke travel.

THERMAL & HYDRAULICS

Because of the overall thickness and large mass of the CRS, forced
cooling of the CRM components is necessary. The inner module coolant
is channeled through two parallel paths, one up through the shield
region within the module frame structure, and the other through the
yokes and shielding between the two yokes.

Coolant passing through the shield region nearest the core barrel is
discharged above the thermal baffle elevation into the outlet plenum.
The outer module is bathed in reactor inlet temperature coolant which
flows up the annulus between the core barrel and vessel thermal liner.

III. CRBR DESIGN APPROACH AND APPLICATION OF FFIF EXPERIENCE

Experience gained from the problems encountered in fabrication of the
FFTF CSS was utilized in the design of CRBR. The CRBR CSS design
approach was developed to work around the areas of fabrication dif-
ficulties-! encountered in FFTF.



CKBR Design Approach

The physical interfaces between the CSS and interfacing components were
chosen with the idea that subsequent changes in evolving interface com-
ponents would have little or no effect on the CSS as fabrication pro-
gressed from the final design to the final product. This has been a
very successful approach and there have been no major changes to the
hardware.

In a similar vein, physical interfaces with the CRBR CSS were chosen
so that on-site fitting of interfacing component assemblies could be
minimized, and cleanliness aided by eliminating where possible all
in-vessel machining.

Application of Fabrication Experience

The FFTF CSS is a complex weldment which was not suited for extensive
use of automatic welding procedures. Because of the numerous gusset
plate weldments manual welding had to be performed and operator
difficulty was experienced because of the confined work spaces within
the structure. Weld sequencing was of great importance to minimize
distortion.

To minimize welding difficulties, the CRBR CSS was designed as a
simple structure with a minimum of weld joints. Completed welds
have not produced any undesirable distortion. Automatic submerged
arc processes have been ufad on all weld joints except for the hex-
agonal debris barrier on the exterior of the module liners.

Fabrication difficulties with the FFTF core basket were also exper-
ienced. Welding on a barrel section to the periphery of the top plate
caused significant top plate bowing and a considerable misalignment of
the multiple receptacles. Recovery by straightening and machining was
accomplished with difficulty.

Because of the projected size that a single basket requirement would
have placed on the CRBR, it was concluded that multiple mini-
baskets (lower inlet modules) would provide both mechanical and
hydraulic advantages over the single basket concept. Mechanical
advantages were realized because of size and better fabrication/
welding control. Hydraulic advantages included orificing to satisfy
the various flow requirements of the radial blanket and removable
radial shield assemblies.

IV. DESIGN REQUIREMENTS FOR THE CRBR CORE SUPPORT STRUCTURE

The CRBR CSS is designed to meet the requirements of the American Society
of Mechenical Engineers Boiler and Pressure Vessel Code, Section III. In
addition, the following design requirements for the CRBR CSS are abstrac-
ted and condensed from those detailed in the CSS Equipment Specification.
Each stated requirement is followed by a discussion of design features
which satisfy the requirement.

8



PROVIDE VERTICAL SUPPORT AND LATERAL RESTRAINT OF THE REACTOR CORF
AND INTERFACING COMPONENTS.

Axial deflection of the core relative to the control rods is limited by
the stiffness of the core support plate and the core support cone5 where
the core support cone is the connection between the core support structure
through which all loads to the core support structure are transmitted to
the reactor vessel. For an assumed downward deflection of the core sup-
port plate of 0.150 inch (3.81 mm) due to loss of plenum, pressure, the
maximum step reactivity insertion is worth approximately

Lateral support of the reactor core and interfacing components is provided
by the core restraint system. The core restraint system is comprised of
two core former rings, one positioned at the top of the fuel assemblies
and one at the elevation of the upper axial blanket. These provide an
outer boundary which serves to limit the radial growth of the core due to
swelling and bowing. The core barrel supports the core former rings in
both thp horizontal and vertical directions. Ring forgings, at both levels
in the core barrel, provide vertical support and form a rigid load carrying
path for the horizontal seismic loads.

PROVIDE PART OF THE UPPER BOUNDARY OF THE INLET PLENUM

The upper boundary of the inlet plenum is composed of the core support
cone and the core plate assembly. The module liners of the core support
structure extend to the inlet plenum and contain the inlet ports through
which the reactor coolant flows into the inlet module and passes up
through the core support plate.

ORIENT AND POSITION THE CORE ASSEMBLIES

The horizontal and vertical positioning of the core assemblies at the core
plate is done through the use of the inlet modules. The inlet modules fit
into the module liners which are accurately positioned in the core plate.

DISTRIBUTE COOLANT FLOW TO THE CORE ASSEMBLIES AND INTERFACING COMPONENTS

Distribution of flow to the core assemblies and other regions is through
the inlet modules. Each inlet module has ports which extend into the
reactor vessel inlet plenum and channel coolant flow to each of the seven
core assemblies located in receptacles at the upper end of the inlet mod-
ule. Six of the inlet modules located in the outermost row supply coolant
at an intermediate pressure to the bypass flow modules. The low pressure
coolant which emanates from seal leakage and orificed flow, is channeled
through passages in the core plate to the outer periphery of the core
plate where it mixes with sodium contained in the annulus formed by the
core barrel and the reactor vessel. ;This flow passes up along the outside
of the core barrel and cools the core barrel, reactor vessel, and the fuel
transfer and storage assembly.

9



In addition to the above requirements, the CSS has been designed and
analyzed for a 30-year service life with no planned maintenance, taking
into account thermal transients, dynamic and seismic loads. Thermal
transient events have been divided into the ASME Code terminology of
normal, upset, emergency and faulted. In all, the transients have been
group&d into nine normal events, six upset events, five emergency events,
and one faulted event. The CSS has been designed for a) events in
which all of the three heat transfer loops operate in a similar manner
and b) events in which one loop operates differently than the other two.

V. CBBR' COBE SUPgQRT"AHB BESgRAlKT; SIRUCTPHE:PESrGN

CRBR CORE SUPPORT STRUCTURE-

The CRBR Core Support Structure (CSS), Figure V-l, consists of a
24 inch (61 cm) thick x 175 inch (444 cm) diameter core plate with
61 axial penetrations, into which cylindrical liners for tne lower
inl';t modules are fitted, and a cylindrical core barrel weldment.
The core plate and support cone form the upper surface of the inlet
plenum and provide the structure for support of the core. The core
barrel encloses the cote and provides a base for the core restraint
system. The core support structure is welded to the support cone
which is an integral part of the reactor vessel. The CSS is fabri-
cated entirely of type 304 stainless steel forgings, plate, tube
and bar material. Critical wear surfaces are either thinly plated
with chromium or weld deposited with Haynes 273, a very low cobalt
alloy.

MECHANICAL DESIGN

THE CORE PLATE ASSEMBLY accepts the 61 liners for the Lower Inlet
Modules (LIMs) and contains low pressure flow channels which inter-
connect with adjacent module liner penetrations. It is attached to
the reactor vessel by an integrally welded support cone which with
the core plate assembly completes the upper pressure boundary for
the reactor vessel inlet plenum. The outer ring forging is machined
to provide a suitable transition from the plate to the 45-degree
support cone which is 5 inches (12.7 cm) thick. The core plate is
fabricated from a 178 inch (452 cm) outside diameter ring forging
welded to the periphery of a 138 inch (350 cm) diameter disc forging.
The reason for the 2 piece weldment was a limitation on preforged
billet weight of 100,000 pounds (45,000 kg). The forged weight of a
single piece core plate would have been approximately 180,000 pounds
(82,000 kg). The assembly was made by joining the two parts with a
circular, 21 inch (53 cm) thick full penetration weld utilizing an
automatic Submerged Arc Welding (SAW) process. An important design
consideration was weld groove geometry because of its heavy impact on
fabrication time and costs. At the location of the weld joint, the
plate thickness was locally reduced to both aid the weld joint design
and provide a weld stub and transition section for the core barrel

10
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attachment. The conventional j.o*nt design, as well as the one
selected for this application, are shown, in Figure V-2. For the full
penetration weld, a double "U" groove was used with the first side to
bt welded having a dapth of 12 inches (30.5 cm) and the second side a
depth of 9 inches (22.9 cm% with slightly more width. The second-side
groove was designed to accommodate tooling requirements for the back-
machining operation, which was done on a Vertical Boring Mill (VBM).
The Submerged Arc Welding (SAW) process was selected because of SAW's
high deposition rate, low propensity for defects, and the ability to
adapt the equipment for welding in a deep circular groove. A post-
emulsified visible dye penetrant procedure was used to make the
non-destructive examination of each 0.5 inch (1.3 cm) of weld thick-
ness with the weld surface in the as-deposited condition. Considerations
of the weld design criteria included the following:

a) Minimization of the volume of weld metal.

b) The ability to make the weld without extensive repairs.

c) The ability to back-machine the groove.

d) The ability to make meaningful liquid penetrant examinations.

THE MODULE LINERS consist of thin-walled cylinders which extend
through the penetrations in the core support plate and into the
vessel inlet plenum. Each module liner contains primary and auxil-
iary flow ports, Figure V-3, machined through the wall of the liner.
The primary flow ports are located below the horizontal debris
barrier. The auxiliary flow ports provide alternate inlet flow paths
in the event of a flow blockage of the primary inlet ports. The use
of multiple and inter-connected passages in the core support plate
insures adequate sodium flow area to maintain hydraulic balance in
the event of blockages of one or more passages.

Each module liner is designed such that a radial interference exists
at the bottom of the core support place. This provides a rigid fixity
of the liner with respect to external bending. Each liner is then
attached to the upper surface of the core support plate through the
use of a split collar and a retaining ring. Each module liner is also
preloaded axially upon assembly such that a tensile preload is main-
tained in the liner in the section that passes through the core support
plate. These preloads provide the built-in end conditions which
ensure that the natural frequency of each liner is approximately twice
the maximum expected flow-induced forcing frequency.

THE CORE BARREL is comprised of upper and lower ring forgings and
upper and lower barrel sections. The primary function of the core
barrel is to provide a stable base for the core restraint system.
The core barrel forgings were sized by utilizing the combined stiff-
ness of the core barrel and adjacent core restraint rings each of

12
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which are of one piece forged construction. The use of ring forgings
in these areas of the core barrel provides sufficient strength to
withstand horizontal and vertical seismic loads transmitted to the
core barrel by the core formers. This configuration thus provides a
stable base for the core restraint sy3tem. The calculated deflection
of the core support structure, including the support core, is approx-
imately 0.10 inch X2.54 cm) at the design pressure differential of
170 psl (117.2 in/cmz). The projected reactivity insertion due to
total loss of inlet plenum maximum pressure is within acceptable
limits.

THERMAL AND HYDRAULICS

The CSS is designed to operate in liquid sodium with a maximum steady
state metal temperature of 775°F (413°C) at the inlet. Those components
which extend into the outlet region are designed for a maximum steady
state metal temperature of 1015°F (546°C). The design pressure difference
across the core support plata is 170 psi (117.2 n/cnr) .

Flow from the inlet plenum enters the 61 core support structure modules
through the holes and slots provided. The flow maldistribution to the
modules does not exceed 2% of the specified flow rate.

Inside the module, the coolant flows vertically upward into the
module receptacle region. From here the flow passes through 6
equally spaced slots in the receptacle and through matching slots in
the fuel, blanket, control and the radial shield assemblies located
in the receptacles. Low pressure flow, emanating from the LIMs, is
channeled through the core support plate to the periphery where it
mixes with the sodium of the annulus formed by the core barrel and
the reactor vessel. At six of the peripheral module liners, flow
channels are provided which interconnect these liners with the Bypass
Flow Modules (BPFMs), to channel flow to the BPFMs where it is dis-
tributed to the Removable Radial Shield Assemblies.

Flow characteristics of the CSS have been verified by 1/4 scale water
tests in the Inlet Plenum Feature Model. The tests show that the CSS
has adequate thermal and hydraulic performance and that the pressure
drops in the inlet plenum and inlet modules are less than predicted.
No significant vibration of the inlet modules occurs as a result of
the flow pattern in the inlet plenum. Flow maldistribution in the inlet
plenum and inlet modules is well within the specified five percent
limit. The auxiliary flow ports effectively mitigate the effects of
a blockage, and gas bubbles introduced into the inlet plenum are
broken up and fairly evenly distributed before entering the inlet
modules.

15



CRBR CORE RESTRAINT SYSTEM

The core restraint system involves the complex interaction between
the Core Former Structure, Fuel Assemblies, Control Assemblies, Radial
Blanket Assemblies, and Removable Radial Shield Assemblies. There is
no option (as in FFTF) to later institute an active restraint system.
Design of the core restraint system (CRS) is based on the
limited free bow concept. Since it is not economically feasible to
replace the core restraint system formers during the life of the plant,
these components are designed for a 30-year life. The core restraint
system limits the bowing of the assemblies caused by transverse
temperature differences and radiation induced swelling and creep.
Direction and magnitude of bowing is controlled by restraining lateral
motion at three elevations: (1) the top load plane (TLP),"(2)'the above
core load plane (ACLP) and (3) the inlet nozzle. By close control of
the geometry, reactivity changes are kept within requirements. The
gaps between load pads are optimized to provide geometry control
while allowing sufficient clearance to assure low refueling loads.

MECHANICAL DESIGN

The core former structure, Figure V-4, comprises the Upper Core Former
(UCF), Support Ring, Lower Core Former (LCF), keyway inserts and
azimuthal spacers. Dimensional stability of the core formers is
aided by fabrication from single piece ring forgings, with no welding
performed. Additional stability is also provided by the single piece
ring forgings of the core barrel. The combined stiffness of the
core/former barrel structures keeps the reactor core geometry from
going out of round during seismic activity, thus assuring better
reactivity control. A description of this hardware follows:

THE UPPER CORE FORMER provides the constraining peripheral geometry at
the TLP. It consists of a large ring forging having a circular outer
periphery and a modified hexagonal inner periphery. Six equally-
spaced radial keys on the outer periphery extend into keyways in the
core barrel, allowing unrestrained differential radial thermal
expansion of the interfacing members while providing positive
positioning of the core restraint system. All parts of the Upper Core
Former are fabricated from Type 316 Stainless Steel.

Between the radial key locations, face plates are fitted in the annular
gap between the outer profile of the UCF and the inner diameter of the
core barrel. These face plates are designed so that a clearance exists
under normal operating conditions. Redistribution of'the loads from
the radial keys to the face plates takes place when significant deflec-
tion of the UCF occurs during a seismic event.

Six hard-faced Type 316 Stainless Steel keyway inserts are installed
in the three radial keyways in the Upper Core Former to provide a
means of adjusting the positioning to the Upper Internals Structure
(UIS) and to prevent galling or seizing with the UIS radial keys.

16
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£<= Installed, the UCF is supported at the top of the core barrel by
the Support Ring and held down by the upper core former restraint.

THE SUPPORT RING is a right circular cylindrical weldment of Type 316
Stainless Steel plate having a mean diameter slightly less than the
outside diameter of the Upper and Lower Core Formers and a wall
thickness of approximately two inches (5.1 cm). When in the installed
position, the Support Ring supports the Upper Core Former and is in
turn supported on a ledge by the Lower Core Former.

THE LOWER CORE FORMER (LCF) provides the constraining geometry at
the ACLP and provides positioning for the Fixed Radial Shield. The
LCF consists of a Type 316 Stainless Steel forged ring similar to
the UCF.

Seismic loads ere transmitted between the LCF and the core barrel by
face plates only. This is possible since sufficient accuracy in predicting
component temperatures In this region allows for meaningful calculation
of differential thermal expansion. One face plate is longer than the
others and fits into a keyway In the core barrel providing a means of
aligning the LCF.

THERMAL AND HYDRAULICS

The Core Former Structure as such, does not have significant thermal and
hydraulic design requirements. The mass and material thicknesses of
the associated core former components do not require coolxng flow.

VI. CRBR INTERFACING STRUCTURES

The CRBR has several intermediate structures into which the lower ends
of the reactor core assemblies fit for positioning, support and flow
distribution. Sixty-one lower inlet modules (LIM) fit into recep-
tacles in the CSS core plate. The bypass flow module (BPFM) is
another intermediate structure special to the CRBR. The BPFM supports
the majority of the removable radial shield assemblies and the fixed
radial shield (FRS). The CRBR LIM, BPFM and FRS are described in the
following paragraphs and Figure VI-1.

LOWER INLET MODULE

The LIM is supported from the surface at the base of the module body
by the CSS module liner. Each LIM contains seven receptacles for
core assemblies... Net downward hydraulic forces are provided on the
inlet nozzles In the fuel, control, radial blanket and core special
assemblies by restricting high pressure sodium from the nozzle bottom
end thxough the use of a piston ring and exposing it to the low pressure
sodium from the region surrounding the LIM through connecting holes In
the sides of the LIM.
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Figure VI-1. Core Support Structure — Lower Internals System
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The basic LIM stem contains the main flow passage for conducting
coolant from the vessel inlet plenum tc the core assemblies and a
bleed hole leading to low-pressure passages in the core support
plate to provide hydraulic balance for the LIM itself. The cool-
ant enters die LIM stem through the strainer holes and flows up
the Inside of the stem into the body where it enters the
indl^dual receptacles through slots or holes and into the
nozzles of the core assemblies. The 24 peripheral LIMs also
supply flow to the reactor vessel bypass annulus and to the six
bypass flow modules.

BYPASS FLOW MODULE

Six BPFMs, located on the CSS core support plate, receive low pressure
sodium coolant from the LIMs and distribute it to the Removable
Radial Shield Assemblies (RRSAs).

The BPFMs also support and position the RRSAs and the Fixed Radial
Shield Lugs. Pins connect adjacent BPFMs to form an integrated ring.
All BPFMs are connected by flow tubes such that, if flow is blocked
to one module, other modules will supply flow to that module for
adequately cooling the 44 RRSAs which it feeds. The BPFMs are sup-
ported vertically by the core support plate and laterally by 12
interfacing 3.0-inch (7.6 cm) diameter pins in the core support plate
plus the upper and lower lugs and pins which also connect adjacent
modules.

FIXED RADIAL

The FRS places 5.75 inches (14.6 cm) of Type 316 Stainless Steel
between the Removable Radial Shield Assemblies and the core barrel
of the Core Support Structure to attenuate neutron flux on the core
barrel and the reactor vessel. The FRS, in conjunction with the
RRSAs, assures an end-of-lift minimum residual ductility of 10%
total elongation for core barrel base metal and weld metal.

The function of the remaining interface structures shown in Figure
VI-I is as follows: the Horizontal Baffle provides a protective thermal
barrier against the hot turbulent fluid in the outlet plenum for the
reactor vessel and core barrel components; the Fuel Transfer and Storage
Assembly provides temporary storage of core assemblies during transfer
operations between the In-Vessel Transfer Machine and the Ex-Vessel Transfer
Machine.
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VII. SUMMARY

Experience with design and fabrication of the FFTF core support and
restraint structures has been of significant benefit to the develop-
ment of an efficient design for the CRBR. Fabrication problems en-
countered with FFTF were "designed out" of the CEBR. The approach
used for the CRBR Core Support and Restraint Structures led to the
concept of designing separate interface components which allowed
for CSS fabrication release prior to completion of interface details.
The CRBR design was planned to reduce welding distortion by minimizing
the number of welds and by the proper sequencing of required welds.

The general design requirements for the CRBR CSS can be summarized
as providing mechanical support for the core and providing for
coolant flow into the interfacing reactor and core components.

The CRBR CSS design has been developed to meet specified requirements
which include constraints such as interface compatibility, thermal
and mechanical load, hydraulic performance, and practical fabrica-
bility. Verification of the design function under imposed operating
conditions has been through stress and deflection analysis. Hydraulic
performance was verified through scale model test;
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