HEDL-SA-1995-FP

%\\%@ CoV— 2ok t—~ 63

AN ADVANCED ABSORBER ASSEMBLY DESIGN
FOR BREEDER REACTORS

A. L. Pitner
K. R. Birney

DISCLAIMER

This book was prepared as an account of work sponsored by an agency of the United States Government.,
Neither the United States Government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
rampleteness, or usetulness of any information, apparatus, product, of provess disclosed, or
represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does
not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency thereof,

AMERICAN NUCLEAR SOCIETY
June 8-13, 1980
Las Vegas, Nevada

HANFORD ENGINEERING DEVELOPMENT LABORATORY
Opergted by Westinghouse Hanford Company, a subsidiary of
Westinghouse. Electric Corporation, under the Department of

Energy Contract No. DE-AC14-76FF02170
COPYRIGHT LICENSE NOTICE

By acceptance of this aiticle, the Publisher and or rec
n icle, th blishes pient acknowiedges the U.S.
Government's right to retain a nonexclusive, royalty-free icense in and to any copyright

3

covering this paper. 7N g
DISTRIBUTION OF THIS DOCURENT IS iJi‘&Li:ﬂi'iLﬁM F

‘ | &

4 (1

4

o R



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



S

AN ADVANCED ABSORBER ASSEMBLY DESIGN
FOR BREEDER REACTORS

,By
A. L. Pitner and K. R. Birney

I.  INTRODUCTION

The development of the reference absorber assembly design for the
Fast Flux Test Facility (FFTF) was based on a very conservative approach
due primarily to incomplete irradiation performante data for boron
carbide. To ensure that the goal Tifetime of 300 full. power days
(FPD) could be achieved, the selected absorber assembly design emp]oyed
small diameter pins with thick-walled cladding and relatively large gas
plena to accommodate anticipated helium release quantities. 1) Subsequenf
developmental testing has assured that the reference assemb]iés will satisfy
all design requirements. Resu]ts:obtained in this testing, however, also
revealed that design options were available to improve in-reacter performance
of FFTF absorber assemblies, and also to reduce their fabrication costs.

Slight modifications to the FFTF reference absorber assembly design.have
been successful in extending the useful lifetime of these components. The
revised design, designated Series 2, is capable of a 600 FPD Tifetime "in FFTF.
Nonetheless, these assemblies incorporate most of the basic features of the
reference design, and are relatively expensive to fabricate. An advanced
design has been developed which promises improved in-reactor performance,
longer lifetimes, and substantially reduced fabrication costs. Following
proof testing of two prototypes in FFTF, it is intended to replace the entire
complement of absorber assemblies in the reactor with this advanced design.
The pin design should be adaptable to Targer breeder reactor core concepts
as well.

HEDL-SA-1995-FP



II. DESIGN FEATURES

The principal design changes adopted in evolving from the FFTF reference
absorber assembly design to the advanced design are dépicted in Figure 1.
Whereas the reference design is comprised of 61 sealed boron carbide pins
arranged in a hexagonal configuration, the advanced design incorporates 19
vented pins arrayed in a circular pattern inside of round duct tubes. Also,
in lieu of AISI Type 316 stainless steel reference duct and cladding material,
the advanced design makes use of a modified Type 316 stainless steel alloy in
the fabrication of these structural components. The design is presented in more
detail in Figure 2. The design changes implemented lead to a number of improve-

“ments in both performance and economics.

A. Vented Pins
Boron carbide is the accepted reference absorber material for breeder

reactor control element applications. Its selection in this capacity was
based on its excellent neutronic properties, enrichment capability, adequate
resistance to irfadiation damage, and commercial availability. One disadvanta-
igeous aspect of this material is that helium is generated in substantial
quantities from the 198(n,a)7Li reaction during irradiation. Release of helium
from the boron carbide to theplena of sealed absorber pins can result in
significant gas pressure buildup, and ultimately limit the lifetime of these
components. In the design of the FFTF reference absorber assemblies,
accommodation of anticipated helium release quantities required the utilization
of small diameter pins with thick cladding and large gas plena. Venting of
the helium from the absorber pins eliminates gas pressure-limiting concerns
and provides design latitude to improve the performance and economics of -
absorber assemblies.

An apparent advantage of a vented pin concept is that gas pressure is
no longer a limiting phenomenon with regard to ¢ladding strain or rupture.
This allows cladding thickness to be reduced substantially. The increased
volume made available by this modification can be used to increase the pellet-
to—c]ad'gap to enhance swelling-limited lifetimes. Increased absorber loadings
can also be accommodated to improve reactivity worth.
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Since gas plena are no longer required in vented absorber pins, shorter
elements can be constructed. This contributes to some cost saving and improves
flow hyraulics through the pin bundle. Also, shorter assemblies are less
susceptible to bowing problems induced by thermal and flux gradients in the
reactor. Use of vents in the advanced absorber design permits the pin bundle
assembly in FFTF to be shortened by ~25%.

The physical configuration of the vent assehb]y is shown in Figure 3.
This assembly is located at the bottom of the absorber pin, and is comprised
"of a flow restrictor vent used in conjunction with a diving bell. This
design concept was selected to provide adequate venting capacity and to
suppress sodium ingress to the absorber section of the pin. The diving bell
works on a pressure balance principle; helium is vented out the vent ports
into the reactor coolant when gas pressure exceeds the sodium coolant pressure.
The diving bell is included to defer sodium wetting of the flow restrictor vent.

The flow restrictor portion of the vent is located at the top of the
bottom end cap. It consists of a vent body, coarse filter, porous plug, and
protective cap all attached by electron beam (FB) welds. The B,C absorber
stack is located directly above the vent assembly, and is normally separated
from it by an insulator pellet. The coarse filter serves to screen out
any particulate material that may find its way to the bottom of the pin, thus
protecting the porous plug frit. The porous plug regulates the fiow of helium
and is composed of sintered stainless steel of graded pbroéity. The protective
cap at the bottom of the vent body provides physical protection for the porous
plug and also functions as a splash guard in the event sodium should be forced
upward during a control rod scram.

The vent ports are sealed with sodium soluble plugs prior to reactor
insertion to maintain in inert gas atmosphere in the absorber pin. Once
immersed in hot sodium, these plugs dissolve rapidly to proVide helium release

apertures.
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B. Geometry

With vented pins, cladding stresses associated with gas pressure buildup
are no longer a concern; therefore, larger diameter pin concepts can be considered.
Pin size then is limited primarily by thermal considerations. For the advanced
design, the pin diameter has been increased from 0.474 inch (1.204cm) to 0.784 inch
(1.991cm).  B,C operating temperatures remain under 2500°F (1371 °C) with this
design, which is substantially below the 4440°F (2449 °C) melting temperature of
this material. ‘The larger pin size allows a reduction in the number of pins re-
quired to comprise the absorber assembly, from 61 pins for the reference assembly
to 19 pins for the advanced design. The overall reduction in cladding volume
- effected by this revision also provides additional space for absorber loading,
and the advanced assembly contains 12.5% more boron carbide than the reference
assembly.

(2)

. it was noted that some material transfer 4ccurred between the inner surface of

During the Environmental Life Test for the FFTF Control Rod Systems,

.the outer duct tube and the pin bundle wear pads. It was determined that this
condition was a result of torque imparted to the driveline by the control rod
drive mechanism during rod withdrawal, thereby causing the affected components
to interact. Although the observed wear effects caused no deterioration in
scram performance, it is preferable to eliminate this potential for galling.
This is accomplished by changing the duct tubes from a hexagonal to round
configuration. With round duct tubes, there are no contact points to react

to inter-component torque, - and wear potential is eliminated. Also, round

duct tubes are simpler to fabricate than hexagonal duct tubes.

The incorpofation of round duct tubes in the advanced design necessitates
the implementation of a circular pin array pattern inside the inner duct tube.
If a conventional triangular array were employed, excessive flow maldistribution
would occur due to the large spacing between the pin bundle periphery and the
inner duct tube. The circular pin array chosen provides acceptably uniform
coolant flow through the pin bundle assembly. The selected configuration also
improves the volume of total coolant flow through the pin bundlie. With the
reference design, only 60% of the coolant passes through the pin bundle, with
the remaining 40% flowing through annulus between the inner and outer duct
tubes. With the advanced design, the flow split is improved to 75%/25%.



- C. Advanced A]]oy‘

A major concern in developing a long-lived absorber assembly design
is the irradiation—induéed bowing of the duct tubes that occurs at high
neutron fluences. This bowing results from thermal and flux gradients that
exist within the reactor system. Excessive bowing could cause interference
in the axial travel of the absorber assembly, -and thereby limit its useful
lifetime. .The goal lifetime for the advanced absorber assembly design is 900
FPD, corresponding to fast neutron fluences in excess of 2x1023 n/cm® (E >0.1 MeV)
in all absorber assembly Tocations. Many alloys exhibit substantial swelling at
these fluence levels, and the reéultant bowing effects eliminate them from
consideration as duct material. The a]]oy‘chosen for the advanced design is
" a modified Type 316 stainless steel alloy. This alloy displays very low pre-
dicted swelling rates at absorber assembly temperatures, thus effectively
eliminating problems related to duct deing. Physical and mechanical properties
of this alloy are very similar to those of the reference FFTF duct material,
20% cold-worked Type 316 stainless steel.

"I1I. SCRAM PERFORMANCE

Essentially all the design changes introduced in the transition to the
advanced design tend toward impfoved scram performance. The advanced absorber
assembly weighs ~ 30 pounds (13.6 kg) less than the reference assembly, and
therefore, responds faster to accelerating spring forces. The reduced length
of the pin bundle decreases shear forces on the assembly, and the volume change
~ associated with the shorter bundle reduces buoyancy by ~ 5 pounds (22 N). Also,
the pressure drop through the pin bundle is reduced from 2.8 psi (19.3 kPa) for
the reference design to 1.2 psi (8.3 kPa) for the advanced design, and the
hydraulic 1ifting force is ~ 26 pounds (116 N) less. Therefore, by all measures,
scram times for the advanced design would be expected to be less than for the
reference design.

(3)

was developed specifically for the scram analysis of FFTF absorber assemblies.

Scram times were calculated using the SCRAM computer code. This code

Calculated scram 'times for the reference absorber assemblies were in excellent

(2)

Only geometrical modifications were made to the SCRAM code to account for the

agreement with measured data obtained from out-of-reactor scram testing.

advanced assembly design changes. The calculated results for the reference
and advanced assemblies, along with the technical requirements, are shown
in Figure 4. The scram is effectively complete at the 27-inch level, after
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which point a dashpot acts to decelerate the assembly. While the reference
design adequately satisfies scram requirements, the predicted scram times

for the advanced design are notably improved. The predicted scram times for
the advanced absorber assembly are only about half the allowance per the scram
requirement. '

-The shutdown capabi]ity'of a control rod System relates to the speed of
scram response compined with the reactivity worth of the control rods. While
scram time performance of a control rod is not expected to change appreciably
with reactor service, its reactivity worth will decrease due to burnup of the
absorber material. The advanced absorber assembly has a design lifetime of
900 FPD; whereas, the Series 2 absorber assembly lifetime "is only 600 FPD.
The relative peak burnup values will be 110x1020 captures/cm3 and 85x1020
captures/cm3, respectively. Thus, burnup effects will be more severe in the
advanced assembly, and this consequence must be censidered with regard to
overall shutdown capabilities. '

The FFTF control rods will operate in a partially-inserted tc fully-
withdrawn mode. The greatest burnup, therefore, occurs toward the lower end
of the absorber column. The effect of burnup on the integrated reactivity
worth is shown in Figure 5, where the values presented are normalized to the
full reactivity worth of a new assembly. The net effect is that additional
insertion is required to obtain the same reactivity worth as burnup increases,
which is reflected in decreased reactivity insertion rates during scram events.
These results were combined with the speed of response to obtain the plots
shown in Figure 6, where the effect of burnup on scram reactivity insertion is
shown for the reference design and the advanced design. The notable result is
that even at the end of its 900 FPD lifetime, the advanced design introduces
negativé reactivity into the core faster than the reference design at beginning-
of-life. Thus, the advanced design is expected to provide improved reactivity
insertion capability throughout its 900 FPD lifetime.

IV. LIFETIME

The primary lifetime-1imiting phenomena associated with absorber assemblies
are B,C swelling, helium release, reactivity worth depletion, pin bundie/duct



Jg 7 ] T T T T
TIME ZERO |
220 - ~
=z ) 900 FPD 1
(. .
< N i
j | —
=
o2 " |
[ .
L
= 10 -
- -
O ,m.zf‘:‘. 1 l 1 [ 1 I ] 1 .l
0 4 8 12 16 20

DISTANCE FROM TIP (iNCH)

FIGURE 5. Effect of Burnup on >cram Respons=.

HEDL 7811-046.6

_[l_



560

{ ‘ I /"" |
-

i ]
o 600 FPD —
300 FPD\\ //f//
TIME ZEROL .~ M/
N .X-\,/{//
= 200 |- S : .
© 900 FPD
7 TIME ZERO
w100 | -
:<:_
—-w= REFERENCE DESIGN
=== ADVANCED ABSORBER
0 !”7’ 1 L . 1
G 5 - 10 15 20
PERCENT WORTH INSERTED
FIGUEE 6. Reactivity Insertion for' the Reference and Advanced Absorber Aésemb]y Designs.

HEDL 7805-020.19

_Z l_



-13-
1ntefaction, and duct bowing. Specifically, end-of-1ife conditions are defined
as follows:

¢ Swelling - Closure of the diametral pellet/cladding gap
to 0.002 inch (0.005 cm).

Permanent cladding strain of 0.2% for steady-

® Gas Release
‘ state conditions (0.3% including transients).

Reduction in worth to a value 90% of that of
a new reference absorber assembly.

® Yorth Depletion

° Pin Bundle/Duct

Closure 6f the 0.022 inch (0.056 cm) clearance al-
lowance between the pin bundle and inner duct tube.

¢ Bowing - Forced 3-point contact between the pin bundle
assembly and outer duct tube.

(4)

program performs calculations for irradiation swelling, irradiation-induced

_Bowing behavior was analyzed using the CRPBOW code. This computer
creep, thermal elongation, and beam centerline displacement-as a function

of operating time and pin bundle axial position. The remaining lifetime-
limiting phenomena were analyzed -using the CONROD code.(s) This is a
computer program developed for the design analysis of LMFBR control elements.

Lifetime analyses are performed on a worst-case basis. This includes
maximum tolerance allowances, upper confidence limits on design correlations,
and hot-channel conditions where applicahle. . Nesign margin is defined as
the additional lifetime attainable if nominal conditions and correlations are
~ applied. Lifetime results and design margins for the advanced absorber
assembly are given in Table 1. In all cases, the required 900 FPD lifetime
is satisfied with substantial design margin. The long lifetimes indicated
for pin bundle/duct interaction and bowing are a consequence of the very
Tow swelling behavior of the modified alloy.
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TABLE 1

ABSORBER ASSEMBLY LIFETIMES
AND MARGINS- (FPD)

Limit ' Lifetime : Design Margin
Swelling | | 920 279
Gas Release >1200 - Vented
Reactivity 920 g 180
“Pin Bundle/Duct ~>1200 -
Bowing . >1200 : -

V. ECONOMICS

Fabrication costs for the advanced design are substantially reduced from
those of the reference FFTF absorber assembiy. This benefit derives primarily
from the reduced number of pins in the advanced design, but some cost savings
are also incurred in the simplified fabrication of the round duct tubes. - It
is anticipated that fabrication costs for the advanced assembly will be 40% less
than for the reference assembly. '

The longer lifetime of the advanced design also contributes to cost
savings in the sense that anhua] absorber assembly replacement costs are
reduced. The annual costs for absorber assemblies in the FFTF. are compared
in Figure 7 for the reference (Series 1); Series 2, and advanced design.
Rep]acement costs for a full complement of advanced absorber assemblies would
be approximately a factor of four less than for the reference design, and a
factor of two less than for the Series 2 design. For the FFTF, this translates
into savings of nearly a million dollars per year when comparing the advanced and
reference desiyns.  Similar economic benefits should be achievable in larye

core breeder reactor designs as well.
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VI. CONCLUSIONS

An advanced absorber assembly design has been developed for breeder reactor
control rod app]icétions that provides for improved in-reactor performance,
longer Tifetimes, and reduced fabrication costs. The design comprises 19 vented
pins arranged in a circular array inside of round duct tubes. The absorber
material is boron carbide; cladding and duct components are constructed
from the modified Type 316 stainless steel alloy. Analyses indicate that this
design will scram 30 to 40% faster than the reference FFTF absorber assembly. The
reduced fabrication costs and extended lifetime of the advanced design would save

.near1y one million dollars annually in absorber assembly replacement cost in
FFTF if this design replaced the reference absorber assembly complement. The
basic design characteristics of this advanced FFTF absorber assembly are
applicable to large core breeder reactor design concepts.
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