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ABSTRACT
This report gives the experiment objectives and generic descriptions of .
experimental configurations for the gas-cooled fast breeder reactor (GCFR)
plenum shield experiment. Oak Ridge National Laboratory will provide
detailed specifications of configuration geometry and measurement

sequernces.

This report defines four experiment phases. Each phase represents a
distinct area of uncertainty in computing radiation transport from the GCFR
core to the plenums, through the upper and lower plenum shields, and

ultimately to the prestressed concrete reactor vessel (PCRV) liner:

1. The shield heterogeneity phase will measure neutron streaming in
narrow passages between large bodies of graphite and steel

representing heterogeneities in GCFR laminated shields.

2. The exit shield simulation phase will quantify uncertainties in
computing transport out of the core through prototypical mockups

of fuel assembly exit shields.

3. The plenum streaming phase will quantify uncertainties in
computing transport and scattering in the large low-density

plenums.
4. The'plenum shield simulation phase will quantify uncertainties in

computing deep penetration through prototypical mockups of shield

modules contained in the upper and lower reactor plenums.
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1. INTRODUCTION AND BACKGROUND

The purpose of the gas-cooled fast breeder reactor (GCFR) shielding
physics experimental program (Ref. 1) is to simulate and verify shielding
problems and solutions unique to the-GCFR, It will validate GCFR calcula-
tional methods and models for neutronic configurations (dimensions and
materials). This incremental program has attempted.to use calculated
methods and data validated in other reactor programs [primarily the liquid
metal fast breeder reactor (LMFBR)] program. The following areas are unique

to GCFR shielding:

1. Neutron streaming between fuel rods and assembly ducts.

2. Neutron.streaming in large control cﬁannels.

3. Neutron streaming and scattering in large plenum (void) regions.
4. Deep penétration with significant heterogeneities.

5. Specific shield configurations with complex geometries,

heterogeneities, and material arrangements.

When the shielding experimental program is completed, sufficient data
‘and cohfidenqe will exist to establish the shield geometric envelope. The
shielding experimental program must be completed early in the GCFR program,
since several long-lead-time items [prestressed concrete reactor vessel
(PCRV) design, liner procurement, and fabrication] depend on the derived
information. If the program is completed in time, retrofitting will not be
needed, and potential schedule bottlenecks, such as occurred in the Fast s

Test Reactor and Clinch River Breeder Reactor Progfams, will be averted.
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Table 1-1 outlines the GCFR experimental program, which consists of

three major experiments:

1. Grid plate shield experiment (1978).
2. Radial shield experiment (1979).

3. Plenum streaming experiment (1980-81).

The grid plate shield experiment (Refs. 2,3), conducted in 1978,
demonstrated the adequacy of the grid plate shield configuration. It vali-
dated the two-dimensional transport analytical techniques used for this
shield design. It also characterized the sensitivity of grid plate dose to
fuel volume fraction and gaps between elements. It measured local fluxes
using 0.635-cm (1/4-in.) Hornyak buttonsbdeveloped specifically for this
application. ‘Oak Ridge National Laboratory (ORNL) completed analysis of the
experimental results in 1979 with unusually good agreement between experi-
ment and calculation. The experiment mitigated concerns about local flux

peaking in the grid plate.

The radial .shield experiment (Ref. 4), completed in October 1979,
ﬁeasured neutron production and penetration through both thorium and uranium
blankets. It measured flux levels through stainless steel, graphite, and
B,4C strudtures, representing the reflector/shield assemblies and the outer
radial shields, in approximately prototypical slab configurations. Prelimi-
nary analysis of the experimental results appears consistent with the good
agreement observed in prior experiments. Analysis of the results will be

completed in 1980.
The plenum streaming experiment.has four distinct phases:
1. Shield heterogeneity.
2. Exit shield simulation.

3. Plenum streaming.

4. Plenum  shield simulation.
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TABLE 1-1

EXPERIMENTAL PROGRAM

Grid plate shield experiment (1978)

Prototypic mockup

Core streaming

Range of core parameters
Local flux peaking

Radial shield experiment (1979)

Slap deep penetration mockup
Thorium and uranium blankets
Laminated shields

Alternate material arrangements

Plenum streaming experimenf (1980)

Phase
Phase
Phase
Phase

1.
2.
3.
4,

Shield heterogeneity
Exit shield simulation
Plenum streaming

Plenum shield simulation



The overall objective of the plenum streaming experiment is to quantify
uncertéinties in computing radiation transport from the GCFR core to the
plenums, through the upper and lower plenum shields, and ultimately to the
PCRV liner. The four phases address four different types of uncertainties:
(1) shield heterogeneities, (2) exit shield streaming, (3) plenum streaming

and scattering, and (4) deep penetration.

The shield heterogeneity phase, now under way, will measure neutron
streaming in narrow passages between large bodies of graphite and steel; it
will measure both straight and angled configurations. Such heterogeneities,
' associated with gaps between shields and materials, result from manufactur-
ing and construction tolerances, thermal expansion, and steel encasement of
graphite bricks in the laminated shields. Hornyak button detectors will

especially measure local flux peaking for a range of expected gap sizes.

The exit shield simulation phase, to be completed at the end of
September 1980, will quantify uncertainties in computing the combined
effects of streaming in the core, blankets, control rod channels, and proto-
typical fuel assembly exit shields. The basic experimental configuration is
identical to that of the grid plate shield experiment, except that exit
shields replace grid plate shield test modules. Measurements will be made
with the control rod at different positions, where the central assembly is a

control assembly mockup.

The plenum streaming phase, scheduled for October 1980, will quantify
uncertainties in computing radiation transport in the large upper and lower
plenums. Calculational uncertainties are associated with 1opg mean free
paths and scattering off plenum shield surfaces. The experiment will con-
sist of a large cavity mockup. The configuration used in the exit shield

“phase, with seven fuel assemblies and their exit shields, will provide the

cavity source.



The plenum shield simulation phase will quantify uncertainties in
computing deep penetration through prototypical upper and lower plenum
(flow-through) shield modules. The experiment is in slab geometry, where

prototypical mockups are placed behind an appropriate spectrum modifier.



2. CONCEPTUAL SHIELD DESIGN FOR UPFLOW GCFR

Figure 2-1 shows a cutaway of the 300-MW(e) GCFR demonstration plant
nuclear steam supply éystem (NSSS). The entire primary system is contained
within the PCRV. The PCRV is reinforced with rebar and'is prestressed after
the concrete construction by longitudinal tendons and circumferéntial wire
wrappings. Separate cavities house the reactor core and the components of
three independent main coolant loops and three independent auxiliary coolant

loops. Core cooling is provided by helium at about 10 MPa (100 atm).

Figure 2-2 shows a cross section of the reactor cavity and identifies
the primary'system reactor internal components. The reactor shielding
system primarily protects the reactor primary system components from detri-
mental irradiation-induced material damage and heating. Because of large
PCRV attenuation, biological or plant shielding concerns are limited to
leakage'from PCRV cavity closure plugs and penetrations and activation of

certain components (e.g., helium circulators and 'Steam generators).

The shielding protects two groups of primary system components: (1)
primary coolant system boundary (PCSB) components and (2) reactor internal
components. The PCSB comprises the PCRV, including its rebar and prestres-
sing tendons and the PCRV thermal barrier, liner, and cooling system. All
interior cavity surfaces have a ferritic steel liner, making the PCRV leak
tight. The inner surface of the steel liner is insulated by a thermal bar-
rier, consisting of a steel plate and insulation. Cooling tubes, located on
the concrete side of the liner, carry water to keep the liner and concrete

near a minimum of about 100°C.

The reactor internal components comprise all components in the spatial
envelope inside the PCSB and outside ‘the core. Helium coolant at about
300°C from the circulators enters a lower plenum containing laminated

shielding. It then flows to the core through the reactor grid plate, which
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consists of a solid stainless steel plate, about 0.6 m (2 ft) thick, with
closely spaced holes to accommodate the lower circulator section (nozzle) of
the hexagonal core assemblies. A core éLpport structure transmits the core
load to the PCRV liner, and a core restraint cylinder limits core lateral
movement. The grid plate, core support, and restraint structures are all

cooled with the 300°C inlet helium.

The reactor core is surrounded by an axial blanket and three rows of
radial blanket assemblies. The helium exits the core at about 550°C into
the large upper plenum, which contains control rod drives, instrumentation,
and more laminated shielding. It then enters the return ducts to the steam

genetrator.

Setting material irrédiation exposure limits for fast breeder reactors
is difficult without an adequate irradiation effects data base. Applicable
American Society of Mechanical Engineers (ASME) codes give meager guidance
on how to incorporate irradiation effects into structural design criteria
(Refs. 5 through 7). As a consequence scarce data, the selected criteria

and their associated exposure limits are highly conservative.

Figure 2-3 lists the lifetime'radiation exposure criteria which are
applied for PCSB and reactor internal components and which determine the
shielding requirements. Structural steel and weldments located in the lower
plenum, where temperatures only slightly exceed 300°C, must retain an
end-of-life ductility of 107 based on total elongation [i.e., residual total
elongation (RTE)]. The same 10% RTE criterion is used for the core support

system components. The total fluence limit is about 1022 n/cm2.

The most severe component environment occurs in the upper plenum due to
cooling with 550°C core outlet helium. Helium embrittlement is a primary
concern for steel operating above 550°C, and the irradiation effects data
base is incomplete at high, exposures. Therefore, two stringent exposure
criteria are applied to the upper plenum components: (1) total fluence 6f

1 x 1021 n/cm? and (2) helium concentration in steel of <1 appm. The former
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limit was adopted frém the LMFBR program, since high-temperature steel in
the sodium—filled upper plenums of LMFBR systems does not receive exposures
in excess of 1021 n/cm?2. Ten percent RTE should be retained at these

exposures.

Exposure to graphite and boronated graphite is kept below the level

where swelling occurs.

The PCSB components have stricter exposure limits. The steel
components, such as the PCRV liner, rebar, cooling tubes, and longitudinal
tendons, operate at temperatures as low as 100°C. TFor these\componenté, the
nil ductility temperature shift, as defined by the Charpy notch test, is
limited to 47°C; this type of criteria is applied to light water reactor
(LWR) pressure vessels. This limit corresponds to a total fluence of about
1019 n/cmz, using both damage function analysis and integral data correla-
tions. Total fluence exposure to concrete is also limited to 1019 n/cmz. A
limit of 109 rad assures adequate co;rosion protection by organic lubricant
on the PCRV tendons. .

.

Figure 2-4 shows the components of the GCFR shielding system (Ref. 8)

which enable the exposure limits and various systems interface constraints

to be met. The components are grouped into two subsystems:

1. A core shielding system protecting all the permanent intermal
components outside the core envelope, but inside the PCSB

envelope.

2. ' An out-of-core internals- shielding system protecting the PCSB.

The high power density core results in 30-yr total fluence levels
exceeding 1023 n/cm2 at the outside of the blankets. Two rows of grid-
plate-supported replaceable reflector/shield assemblies provide attenuation
in the radial direction, protecting the core restraint and permanent outer

radial shield. Grid plate shields and exit shields are located within the
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core assemblies inlet and outlet ends, respectively, protecting the perma-

nent components in the upper and lower plenum. 1In a radial blanket manage-
ment scheme, fuel assemblies are always loaded into the outer third row and
subsequently shuffled to row 1, then row 2 at 2-yr intervals. This scheme

is a compromise between reducing either shield thickness or peak radial

blanket rod linear heat rate.

The internals shielding system consists of permanent upper and lower
axial and radial shields and modular upper and lower plenum shields, which
enable helium to flow to and from the ducts. All plenum shiélding is
laminated, consisting of layers of steel, graphite, and boronated graphite.
Boronation is used extensively throughout this system to remove the low
energy flux component which causes helium gas production in steel by the (n,
@) reaction in Blo, impurities, and the double nickel transmutation [Ni58
(n, Y)Nid9 (N, a)Fed®].

Figure 2-5 shows the grid-plate—supported reflector/shield assemblies.
Nineteen closely spaced steel clad shield rods containing either graphite or
boronated graphite are contained within a hexogonal steel duct with the same
outer dimensions as a fuel or blanket assembly. Graphite, an excellent
reflector, is used to enhance breeding. Boron carbide in a graphite matrix

is used in row 2.

Figure 2-6 shows a fuel assembly with grid plate and exit shields.
These shields, which are steel-clad natural boron carbide, are shaped to
minimize helium pressure drop. Helium flow and shielding requirements
always compete, and a strong incentive exists to minimize pressure drop to
reduce circulator horsepower requirements. Stréaming occurs in the helium
coolant channels and gaps of the core and blankets. The core helium volume
fraction is about 0.5. The most effective method to calculate the core
transport and streaming has been found to be two—dimensional biased quadra-
ture discrete ordinates, where the core is modeled as alterating annular

rings of helium, fuel, and steel.
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Figure 2-7 shows the grid plate shielding (Ref. 9) in more detail.
This shielding provides integumental or local protection of the grid plate.
A hexagonal shield is between the axial blanket and the grid plate, and an

annular shield is within the grid plate hole.

Figure 2-8 shows a detailed drawing of the fuel assembly exit shields.
Coolant gas passes through the aﬁnular duct surrounded on both sides with
neutron absorbers. The coolant path is‘angled slightly to prevent neutron
streaming. Preliminary calculations show that neutron fluence is reduced by

a factor of about 600 with this exit shield design.

Figure 2-9 is a dfawing of the control assembly; the exit shield is
shown at the top of the page. The control assembly exit shield consists of
two parts, as showﬁ in the center section B-B at the bottém of the drawing.
The outer part of the shield (B4C) is fixed to the outer surface of the
assembly. The central part of the shield (B4C) surrounds the control rod
and moves with it. The lower half of the top figure shows the control rod
in the fuliy inserted position; the upper half 6f the figure shows the fully

withdrawn position.

Figure 2-10 shows a horizontal cut through several candidate plenum
shield concepts. These shields must allow to flow to and from the helium
ducts with minimum pressure drop and flow direction change so that the onset
or effectiveness of free convection core cooling is not delayed during emer-—
gency loss of flow conditions. The concept, called the herringbone design,
provides three changes in streaming and flow direction. Two variations of
the chevron design provide a smooth curved flow and streaming path. All of
the large internal shields are laminated; an outer steel casing contains

steel-clad bricks of boronated graphite and graphite.

After careful consideration of the relative shielding effectiveness

(ORNL calculations), relative pressure drops, relative stiffness, and
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relative costs of construction, the following flow-through shields were

chosen:

1l

_ 1. Upper plenum 45.72 cm (18 in.) chevron with a 5.08 cm (2 in.)

gap.

2. Lower plenum 53.34 cm (21 in.) chevron with a 7.62 cm (3 in.)

gap.

This experiment will test the accuracies of the theoretical flux reduction

factors of 37 and 63 for the upper and lower plenums, respectively..
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Fig. 2-10. Horizontal cut through reactor- plenum showing flow-through plenum
shield concepts
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3. EXPERIMENT OBJECTIVES

As discussed in Section 2, the shielding, structures, and ducts which

comprise the upper and lower plenums in the GCFR are regions of geometric

complexity. Four categories of uncertainties exist in computing exposure

levels of the GCFR plenum components:

1.

Uncertainties in streaming in the coolant channels between the
core and blanket rods and fuel assemblies and streaming in the

grid plate and exit shield regions.

-

Uncertainties in neutron and gamma-ray streaming and scattering in
the geometrically complex and sometimes large helium ducts,

channels, and plenums.

Uncertainties in transport to deep penetration through successive

thicknesses of laminated shielding and PCRV concrete.

Uncertainties in traﬁsport through the laminated shielding due to
the complex heljium flow channels and manufacturing construction-

gaps and tolerances.

Since streaming within the core and core shielding affects the leakage

sources into the plenums and plenum streaming affects the source incident on

the large shield structures, uncertainties in each category become additive.

The GCFR grid plate shield design confirmation experiment addressed the core

and grid plate streaming. The GCFR radial blanket and shield experiment

addressed category 3 (above). The overall objective of the plenum streaming

experiment is to quantify exit shield transport uncertainties and plenum



streaming and scattering uncertainties, including the heterogeneous nature
of the plenum shields. An experiment cannot simultaneously quantify all
uncertainties, because a nearly full-scale mockup of the core plenums and

ducts would be required.

s
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4. TEST REQUIREMENTS

-4.1. TECHNICAL PRODUCTS

The objective of the plenum streaming experiment is to provide two

technical products: (1) experimental methods and data benchmark problems

and (2) radiation transmission, heating, and spectrum bias factors to apply

in actual design calculations.

The benchmark problems enable ‘the General Atomic (GA) and ORNL design
analyses methods and data to be compared. The benchmark problems also

provide a vehicle for dgveloping and/or checking new methods and data.

Sensitivity analysis defines sources of errors in calculating the
experiment, yielding the bias factors. When the experimental environment is
prototypical of the reactor environment, experimental results can be extrap-

olated with greater confidence to obtain design analyses bias factors.

4.72. TFXPERIMENT PHASES

Section 3 described the four categories of uncertainty associated with
calculating transport from the core to the plenums, and ultimately to the

primary coolant system boundary, viz.,

1. Shield heterogeneity.
2. Exit shield simulation (core and exit shield streaming).
3. Plenum streaming (and scattering).

4. Plenum shield simulation (deep penetration).

Each phase has independent test sections and measurement definitions to

quantify each uncertainty category.
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4.2.1. Shield Heterogeneity Phase

The large laminated shield structures in the upper and lower plenums
will be far from homogeneous laminated layers. Heterogeneities will result

due to the following:

1. Helium gaps within and between shield assembly components which
result from manufacturing and construction tolerances, thermal
expansion, and radiation—-induced dimension changes in the shield

materials.

2. Heterogeneities resulting from the steel encasement of the
graphite and boronated graphite shield materials (e.g., enhanced

transport in the low cross section windows of steel).

The effects of the shield heterogeneities ,are not considered
significant enough to necessifate a prototypical mockup of the shield
assemblies. Rather, a more generic mockup of helium and/or steel gaps will
validate transport methods for the expected range of gaps. The measurement
- results are expected to guide the setting of tolerances during fabrication
and assembly of the shiélding assemblies.

The basic teét section arrangement is identicél to the slab arrangement
used for the radial shield experiment, except that the heterogeneity mockup

is the next to the last slab.

Table 4-1 gives the measurement configuration matrix for the shield
-heterogeneity phase. The gap types and sizes span a range expected for GCFR
reflector/shield assemblies, outer radial shield modules, and even the
plenum shield modules. Figures 4-1 through 4-4 show the four shield hetero-
geneity phase configurations. The following horizontal traverse measure-

ments will be performed for each configuration:

1. Hornyak button [0.635 cm (1/4 in.)] at O cm (close as possible)
and at 30.5 cm (12 in.). ‘ '
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TABLE 4-1

MEASUREMENT CONFIGURATION MATRIX FOR THE SHIELD HETEROGENEITY PHASE

-

Gap Size
0.635 cm 1.27 cm 2.54 cm| 5.08 cm|{ 7.62 cm {10.16 cm
Configuration (1/4 in.)| (1/2 in.) (1 in.) (2 in.) (3 in.) (4 in.)
I. All graphite with X X X . X X X
one vertical gap
II. Graphite with steel X X X
slaps and one
vertical gap
IIT. Graphite with steel X X X
slabs and three
vertical gaps
IV. OGraphite with one X X X X X
offset gap
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Fig. 4-1. Configuration I: all:.graphite
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Configuration II: carbdn~steel»and graphite, single gap
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Fig. 4-4. Configuration IV: graphite offset gap
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2. 5.08-cm (2-in.) cadmium-covered Bonner ball at O cm (close as

- possible).

3. 5.08-, 12.7-, and 25.4-cm (2-, 5-, and 10-in.) Bonner balls at
30.5 ecm (12 in.).

The Hornyak button measurements are to obtain local flux peaking
profiles and the 5.08-cm (2-in.) cadmium-covered Bonner ball measurements at
0 cm are for absolute flux normalization. The 5.08-, 12.7—-, and 25.4-cm
(2-, 5-, aﬁd 16—in.) Bonner balls will yield suffiéient spectral data.

Heterogeneity phase measurements began in April 1980.

4.2.2. Exit Shield Simulation Phase

This experimeﬁt addresses the combined effects of streaming in the
core, axial blankets, and fuel assembly exit shields. The experiﬁental
configuration is identical to that used for the GCFR grid plate design .
confirmation experiment, except that grid plate shield mockups are replaced
with exit shield mockups; control rod position is also a primary measurement

parameter.

The importance of including ;ontrol rod effects with control rod
position és a variable is apparent from results of transport analysis.
Calculations were performed for seven assembly cells with one dedicated
central control assembly and six adjadent fuel assemblies. In one case, a
control rod bundle was fully inserted, and in the other case, fully with-

drawn. Figures 4-5 through 4-7 show R-Z models for the two cases.

Fig;res 4-8 and 4-9 show total isofluence plots (E > 0.0 MeV) for 30
effective power years (EPY) at 0.75 capacity factor for the two cases.
Table 4-2 gives total fluence values at four important locations, numbered
in Fig. 4-6. Compared to the fully inserted rod position, complete with-
drawal of the dedicated control decreased the flux at the control assembly

exit end by about a factor of 80. However, with the rod fully inserted, the
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rod fully inserted
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TABLE 4-2
TOTAL 30-EPY FLUENCE AT IMPORTANT LOCATIONS

30 EPY Total Neutron Fluence n/cm

Control Rod Fully | Control Rod Fully
Location . Withdrawn Inserted

-1

1. Control aésembly exit end on 6.1 x 1018 4.8 x 1020

center line

2. Peak at fuel assemblies exit 4.3 x 1018 8.7 x 1019

end

414



flux at the control assembly exit end was a factor of five greater than at

the exit of the adjacent fuel assemblies.

The control rod composition in the control assembly mockup needed to be
determined early in preanalysis. The.experimental mockup differs from the
GCFR core in that the neutron multiplications are due to low energy neu-
trons. Insertion of the control assembly mockup into the lattice was
suspected to significantly reduce the fission soﬁrce'magnitude and greatly
perturb the source spatial distribution. The changes (reducing the source
and perturbing the spacial distribution) are dependent upon the B4C control
rod content. ORNL initiated DOT calculations to determine the proper
graphite or B4C loading to best simulate GCFR core conditions. Table 4-3
shows the total fission source for several experimental configurations

calculated with DOT-IV.

Table 4-3 shows that removing the central fuel assembly reduces the
total source by only about 8%Z. Half insertion of the B4C control rod (worst

case) reduced the source an additional 87%.

Table 4-4 compares a B4C control rod mockup to the graphite control rod
mockup for the GCFR; these results indicate that the B4C control rod should
be selected. The B4C rod results in a larger flux depression at the assem-—
Bly exit end than the graphite rod. The exit end flux depression due to a
withdrawn control rod is less in the experimental mockup than in the GCFR

due to the side in-leakage from the concrete in the experimental mockup.

Table 4-5 shows the measurement configuration matrix for the exit

shield simulation phase.

. Figure 4-8 is a schematic of configuration I, consisting of seven fuel
assemblies with no exit shields. For configuratién I, all materiéls are
from the grid plate shield experiment and have already been measured. For
configuration II (Fig.'AhIO), cxit shield modules are added to all seven

fuel assemblies.
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TABLE 4-3
TOTAL FISSION SOURCE FOR SEVERAL EXPERIMENTAL

CONFIGURATIONS
Configurations Total Fission Source.
7 fuel assemblies 2.6 x 109
2.4 x 109

6 fuel assemblies and
empty central assembly

6 fuel assemblies with 2.2 x 109
B4C control rod half

inserted

6 fuel assemblies with 2.4 x 109

graphite control rod
half inserted
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.. TABLE 4-4 ,
COMPARISON OF CONTROL ROD MOCKUP WITH B,C AND GRAPHITE

Decrease in Flux at

"Assembly Exit End with Rod Ratio of Flux at
Fully Withdrawn Compared Control Assembly
With Fully Inserted Exit End to Flux

‘ at Fuel Assembly
Control Assembly | Fuel Assembly | Assembly Exit End

GCFR 80 20 , 5

Experiment with 12 3 7
B4C control rod

Expeériment with 6 2 8
graphite control rod

4-17
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TABLE 4-5

MEASUREMENT CONFIGURATION MATRIX FOR THE EXIT SHIELD PHASE

Configuration Components(2)

Control '
} : Assembly Control
Central Fuel Central Control | Fuel Assembly Peripheral Rod Control
Configuration Assembly Assembly Exit Shields Shield Follower Rod
I Yes No No ‘No Nq No
Ii No Yes Yes No No No
I1I1 No Yes Yes No Yes "| Fully insérted
Iv No Yes Yes No Yes Fully. inserted
V. No Yes Yes No No Fully withdrawn
VI No Yes Yes "Yes - No No
VII No Yes Yes Yes ¥es Fully inserted
- VIII No Yes Yes Yes Yes Fuliy inserted
IX No Yes Yes Yes No Fully withdrawn
(a),

Configuration components include six fuel assemblies and the components listed.
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Configurations III through IX, shown in Figs. 4-11 through 4-17,
respectively, are all control assembly mockups. The measurement matrix
shows that a set of three measurements (control rod fully inserted, half
inserted, and fully withdrawn) are done with and without the peripheral
control assembly shields. Thus, the peripheral shield effectiveness can be
directly measured. The relative effectiveness of the peripheral shields and

the control rod follower will also be obtained.

Fuel rod pitch and interassembly duct gap spacing need not be
considered as parameters, since the grid plate shield experiment provides
sufficient data to enable interpolation over the range of expected core
parameters. The selected configuration includes 91 rods per assembly and a
1.27-cm (1/2-in.) duct gap, which best approximates the current design for

the 400-MW(e) two-loop GCFR demonstration plant.

The grid plate shield.design confirmation experiment emphasized
measuring the local grid plate exposure, especially local flux peaking by
traverse measurements with small Hornyak button scintillation detectors.

The exit shield phase will also measure local flux peaking. However, the
experiment will also emphasize global flux measurements, because calcula-—
tions of the source to the upper pleﬁum need to be validated. The following

horizontal traverse measurements will be performed for each configuration:

1. Hornyak button [0.635 cm (1/4-in.)] at O cm (close as possible).
2. 5.08-, 12.7-, and 25.4-cm (2-, 5-, and 10-in.) Bonner balls.

Selected NE213 spectrum measurements will be conducted for certain

configurations.

4.2.3. Plenum Streaming Phase

The objective of this experiment phase is to quantify uncertainties in

computing radiation transport in the large upper and lower plenums.
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scattering off plenum shield surfaces. The following generic criteria

define the test section:

1. The cavity mockups (upper and lower) must be sufficiently large to
exhibit the gross transport calculation difficulties associated

with large plenums (e.g., ray effects).

2. Since plenum streamiﬁg is primarily a geometry effect (except for
reflection from plenum walls), the angular dependence of the

source into the cavity must be well known.

3. The radial variation of source into the cavity must be minimized

or at least well defined.

4. The cavity walls should be lined with materials simulating the

scattering characteristics of upper and lower plenum shields.

Figure 4-18 shows the test section mockup fo the plenum streaming
phase. Configuration II of the exit shield phase,. with seven fuel assem-
blies and their exit shields, provides a prototypical and well-defined

source for the cavity mockup.

The plenum will be sufficiently large for ray effects, if a problem,
to be investigated by calculating the experiment with angular quadrature
sets varying from coarse to fine angle sets. The'concfete cavity wélls are
lined with 10.16 to 20.32 cm (4 to 8 in.) of graphite covered with a 5.08-cm

(2-in.) stainless steel liner, simulating plenum séattering.
The measurement should map the global flux within the cavity and

characterize a spectrum. Therefore, measurements are limited to radial and

axial traverses with various size Bonner balls.
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4.2.4. Plenum Shield Simulation Phase

This experiment phase quantifies uncertainties in computing transport
through the as-designed upper and lower plenum shield modules. Figure 4-19
showé the basic experimental configuration. The experiment is in slab geom-
etry, where prototypicél plenum shield mockups are placed behind a suitable
spectrum modifier. The exact plenum shield dimensions and thicknesses will

) borrespond to the conceptual design.
Measurements will include local flux peaking with 0.635 cm (1/4-in.)

Hornyak buttons, global flux with various size Bonner balls, and neutron

spectrum measurements.
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5. QUALITY ASSURANCE

Quality assurance activities for the GCFR plenum streaming experiment
will comply with the applicable requirements of 10CFR50, Appéndix B (Ref.
10), or ANSI N45.2 (Ref. 11). They will especially emphasize the require-
ments for calibrating test equipment, identifying and ébntrblling méterials
used in the shielding experiment, and cohtrolling test activities tb assure
that the test objectives are achieved in a safe, reliable, and predictable
manner. Activities will include preanalysis; generation and safekeeping of
record data from measurements; postanalysis; and proper disseﬁination and
documentation of data and analysis. These activities will be audited, as
appropriate, to assure their compliance with requiremenps’of 10CFR50, Appen-
‘dix B (Ref. 10), or ANSI N45.2 (Ref. 11) and to assure that the information
generated will provide a fully acceptable Nuclear Regulatory Commission

(NRC) licensing data base.
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