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LEGAL NOTICE

THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED
BY COMCUSTION ENGINEERING, INC. NEITHER COMBUSTION ENGINEERING
NOR ANY PERSCN ACTING ON ITS BEHALF:

A. MAKES ANY WARRANTY OR REPRESENTATION, EXPRESS OR
IMPLIED INCLUDING THE WARRANTIES OF FITNESS FOR A PARTICULAR
PURPOSE OR MERCHANTABILITY, WITH RESPECT TO THE ACCURACY,
COMPLETENESS, OR USEFULNESS OF THE INFORMATION CORNTAINED IN THIS
REPORT, OR THAT THE USE OF ANY INFORMATION, APPARATUS, METHOD,
OR PROCESS DISCLOSED IN THIS REPORT MAY NOT INFRINGE PRIVATCELY
OWNED RIGHTS; OR

B. ASSUMES ANY LIABILITIES WITH RESPECT TO THE USE OF, OR FOR

DAMACGES RESULTING FROM THE USE OF, ANY INFORMATION, APPARATUS,
METHOD OR PROCESS DISCLOSED [N THIS REFORT.
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1s Summary e

A total of 128 irradiated fuel assemblies and 5 control element assemblies were
exanined at Calvert Cliffs II during the EOC-2 refueling period, The
purpose of this inspection program was to:

a) Determine the condition of sleeves after one cycle of operation

with respect to crimp size, wear and ability to resist axial
movenent,

b) Monitor CEA condition after operation in sleeved and/or unsleeved
assemblies,

c) Determine the condition of the unsleeved demonstration assemblies,

The results of the sleeved assembly inspection confirmed that:

a) There was no observed sleeve wear from control rod motion during
operation.

b) There is adequate resistance to axial movement for sleeves with
the new crimp geometry after one cycle of operation.

c) Assemblies sleeved in 1978 in the unirradiated condition had
acceptable crimp sizes.

d) The new procedures used for sleeve installation in irradiated
guide tubes oroduce adequate crimp sizes.

The results of the CEA inspection showed light control element wear
comparable to that observed at other sites,

The inspection of the unsleeved demonstration assembliesr‘

o 4
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II. Introduction

Past inspections of sleeves installed and operated in the quide tubes
of Combustion Engineering (CE) fuel assemblies confirm that the sleeve is
effective in protecting the guide tube from wear in control element
assembly (CEA) locations. This conclusion is based on inspections of

sleeved guide tubes that have been operated n CEA locations in
Calvert Cliffs-1, Millstone-2, and St. Lucie-1.

These inspections did reveal, however, that some sleeves, particulary
those installed in irradiated fuel assemblies, had retaining crimps

that were shallower than specified. Because at less than operating
temperatures the shallow crimp could conceivably allow the sleeve
seating to be shifted by CEA drag forces, CEA movement was restricted
for system temperatures less than 400F. This restriction was instituted
at Calvert Cliffs-2 as well as other CE nlants as a preventive measure,

although there were no indications that any such 3leeve movement had
actually occured.

For Cycle 3 at Calvert Cliffs-2

. sleeved fuel assemblies carried over from
Cycle 2 and sleeved, fresh Batc

h E assemblies will continue %o be used
in CEA locations. Table 1 lists by batch the quantity of fuel assemblies
containing sleeves for Cycle 3 as well as the time of sleeve installetion.
In light of the shallow crimp findings, the Calvert Cliffs-2 inspection
program at end-of-Cycle 2 was intended to determine the crimp sizes in
sleeves installed at the beginning of Cycle 2, allowing CE to re-crimp
where necessary. This would obviate any need to continue the CEA movement
restriction. The categories of sleeved fuel assemblies inspected include:
(Ta) fuel sleeved prior to irradiation, exclusively Batch D, and, (1b)
fuel sleeved after irradiaticn, Batch C. An inspection of (EA's was aliso
included to monitor for any wear effect of sleeves on the CEA finger.
In addition to examining sleeved fuel assembly performance, the program
also examines the guide tube wear performance of the modified test
assemblies (Category 2). These assenblies have been modified to

o O i} This design is intended
té-reduce CtA/guice tube wear Qy[ -

The locations of the fuel categories of interest placed under CEA's
remain as pictured in the Cycle 3 Core Ma

0ctober 8, 1979: The methods used to con

CEA's include visual examinations and eddy current measurinag techniques.

rent techniques developed for

these inspections have also been incorporated as a Quality control step
for the initial installation of sleeves and for any re-crimping repdairs.

1
Ltr. R.C.L. Olson (BG&E) to R, W. Reid (NRC) dated 10/10/79.
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TABLE 1
Sleeved Fuel Assemblies in Calvert Cliffs-2, Cycla 3

tlumber of : Number of time of Fuel assembly Number of assemblies
Batch Assemblies in Assembl ies sleeve ) status at time under CEA's in Cycle 3
Cycle 3 containing sleeves installation of installation
e -
B 1 BOC3 irradiated 1
c 68 BOC2 irradiated 12
BOC3 irradiated 16
D 84 BOC2 unirradiated 24
E 64 BOC3 unirradiated 24
TOTALS 217 N 77

‘BOC. beginning of cycle

2uns]eeved D assemblies are the modified test assemblies



1.

Results and Discussion

A.

Fuel Assenbly Inspection

1.

Eddvy Current Test Recults for Wear Sleeves

A total of[_ Elquide tube wear sleeves were inspected, including
a1l slceves réturning to (he core for Cycle 3. All sleeves had the
short (2/8") crinp ceometry. The results of the inspection for
crimp size are listed by assembly type in Table 1.

The table deronstrates that all sleeves in assemblies returning to
CEA locations for Cycle 3 satisfy the [10] mil minimum crimp size
criterion. The data also confirm the fact that the Batch D assemdblies
sleeved in the unirradiated condition in 1978 had acceptabie crimp
sfzes. All 1979 sleeve installations in irradiated fuel assemblies
were performed under a revised procedure, which produced the desired
crimp geometry.

As expected from observations on other plants, undersize crimps were
observed in the Batch B and C assemblies in which sleeves had been
{nstalled in 1978 after irradiation. These sleeves were successfully
recrimped for those bundies scheauled to return to C:A locations.

No wear was detected on any of the inspected sleeves which had been
used in CEA locations during Cycle 2. The sensitivity of the ECT
equipment to sleeve wear was not as great as during tnhe Spring, 1979
fnspections at Millstone 2, Calvert Cliffs 1, and St. Lucie 1, due
to the fact that the thrust of the sleeve inspection at Calvert Clif7:
2 was toward crirp size. To be as accurate as possible, this require:
somewhat modified equirment and calibrations. Significant wear on tnc
slecves would still nave been opserved, if present.

The installed sleeves have between[;

In the case of thet;
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2. Demonstration Assembly Eddy Current Test Results

Eddv current test results for the [ ] demonstration assemblies
jare summarized below,

[Bobbin Coil Voltage]

Assembly CEA Type Range Average
-
B
L |
A
. ] These assemblics are not returning to CEA
locations for Cycie 3. ‘e -
L
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3.

Sleeve Pull Test Results

A total af[ Jsleeves were pull-tested to a(_ _] All
sleeves were in discharged Batch B8 fuel assemblies.

As expected, these sleeves with their improved crimp geometry exhibite
at least as much resistance to pullout after operation as <leeves with
the oid crimp type.A&s noted in figure 1, the pull test results of sleeves
with the long crimp geometry_indicate that no movement occurred with a
minimum crimp size of[ « The testing performed on the 16 sleeves
With the_new crimp type where the crimp size ranged from|

ijresulted in n~ 4 ectable movement.
These results further s.pport the [ ] mil minimum crimp requirement,
and justify the replacement of the pull test during installation with
the eddy current inspection for correct material upset.

Iv. Conclusions

1.

2.

5.

All sleeves in fuel assemblies returning to CEA locations have
acceptable crimp sizes.

The revised procedure for the installation of new sleeves results in
the proper crimp sizes.

There was no observed sleeve wear from control rod motion during
operation.

The performance of the unsleeved demonstration assemblies [ )
1 /
Resistance to axial movement for sleeves with the new crimp geometry

was verified. Since all sleeves in CEA locations for Cycle 3 have

adequate crimps, the 400°F operating restriction on control rod moveme
need not be imposed. .
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TABLE 1
Number Assys. Under CEA Crimp Size Average
Cateqory Inspected Cycle 3 Range Crimp Size
|
1. Sleeved 1n 1978 _ |
- - -
a. Batch D (sleeved fresh) 24 yes, 44 no ‘
b. Batch C (sleeved frradiated) ‘
1. Worn Assemblies no
2. Unworn Assemblies 12 yes
c. Batch B (sleeved irradiated) Discharged :
3. Sleeved in 1979 .
a. Batch E (sleeved fresh) I 24 yes, 40 no
b. Batch C (sleeved irradiated) ; ‘ yes
c. Batch B (sleeved irradiated) yes 1 "
- ™ - ol |
s .
mo *data irom a representative sample of five $ ' |

**data from a representative sample of seventeen
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B) CEA In;pcctio;'

1) Eddy Current Test Results

-
[ 3CEA‘$ were eddy current tested during the Calvert Cliffs Il

E6C 2 shutdown, to detect[
]. [” ] of the CEA's we; ¢ located in sleeved

assemblies during the second cycle and[ ]of the CEA's were located

in unsleeved demonstration assemblies of a modified design. The CEA's

operated at essentially the all rods out "ARC" position for Cycles 1 and 2.

This operating mode corresponds to a nominal CEA insertion into the
assembly of 16 + 2 inches. However since January 1978, the CEA programming
sequence has been modified by[
] The CEA's inspected, eddy current test[ ]and[
jof any indications observed are presented in Table 2. The

indications are located approximately at[ ‘ )

CEA exit from the top of the fuel assembly considerina the modified CEA

]

A total of 1 indications were observed on thcr' fingers tested,
J 1

ranging from[ J [‘

J These were prebably caused

by the CE! nrogramming during Cycle 1 and 2 as well as[ v
]betwecn Cycles 1 and'2.
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‘)
L
The average indication is{ ;1'ith a standard deviation of[

] Based on the ECT signal[ ]

(Table 1), the average indication corresponds to[

,]-f the CEA finger.
lleading to SCme[ ]of
the actual wear see Reference 1. MNo ECT indications 2ssociated with

[ }wear were cbserved.

1320 U9/
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CEA

Nunber

.
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TACLL 2

Calvert Cliffs 2 czA[

In Cycle 2
Assembly

CEA
Bank
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| Eddy Current Results

Distance Above
1
Maximum [ Jof CEA

[ ] & 1 iq.
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TAGLE 2 (crt.)
Distance Above
CEA In Cycle 2 CEA [ ]or cea
Number Assembly Bank i in.
0/- \1
l
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2) Visual Inspection Results

Al
[ ‘ CEA's were visuaily inspected using an underwater periscope. [

: )]were examined in detail over their entire length. In addit.

fingers on[ : - , ]
were examined in detail over the‘: } The results of

these visual examinations are summarized in Table 3 and confirm

satisfactery cperation, [

1320 101
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3) Di scussion

Both the visual inspection ancg eddy current test results were,in
general, similar to those observed at Millstone Il and Calvert Cliffs I

earlier in 1979 (Sec Reference 1). The maximum eddy current signal of

[ i

-

; This estimate nealects the

effect of any[ ]on the ECT signal and is well under the[

' }discussed in Reference 1.

The visual examinations also confirmed satisfactory CEA performance
after two operating cycles and no anomalies were observed. The[:
] Televati
J found at the[ elevaticns as well as
A
ﬁ
the CEA[ ‘Jvmre similar in nature to those observed at Millstone 1!

and Calvert Cliffs I during previcus inspections.

POOR OR:GINAL =

Reference

1. "Response to Request for Additional Information CEA Guide Tube
Inspection Program Ca et Cliffs No. 2," Docket No. 50-313,

CEN-116 (L,-P dated October 8, 1979 {Ltrs. R.C.L. Olson (BG&E)
to R, W. Reid (NRC) dated 10710/79)
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CEA Visual Inspection Results from

TAuLE 3

Finﬂer

Description

1320 103

16~

cale -t Cliffs Il EOC-2

e ————————— . ——

Approximate
Elevation
Extentt FrﬁmL
=




7' 1t 3 (cont.,
« from Calvert Cliffs 1l £0C-2

CEA Vf%ua] Inspection Resull

Approximate
Elevation
CEA Finger Description Extent 1 From‘
e \
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APPENDIX

——— -

Eddy Current Testing [~ TJof sleeved guide tubes s performed for the puvposes of
determining if slecve wear has occurred or 1f an adequate guide tube expansion
(crimp) exists. The ET systens employed for cach of these purposes are nearly identi-

cal, the differences being
Both systems can be employed for qualitative estimates of

features other than their primary purposes, i.e., the(l

' JA more detailed discussion of each system follows.

E_A ]3-'(!(1‘/ Current Test for Slce_v_cz_';.'.:_?.a_-.;
The equipment used during Eddy Current Testing for sleeve wear consists of an[.
Teac tape recorder, Brush strip chart recorder and ;]

eddy current coil probe. Once the system compenents are interconnected, the probe
is inserted into a standard to allow system balancing and calibration.

The standard used for calibration of the sleeve wear system consists of[:

;3 Other minor adjustments are made to ensure a uniformity of testing .n
therefore reproducibility,

*,

“is peint the[:

and then withdrawm, As the probe is
w..h wn che eddy current signals are recorded upon both magnetic tape for record
pu C 8 d upon a strip chart for imuediate assessment of the test quality
wi genar . sleeve condition.,

\ t _ical eddy current trace from the[; is shovn in Figure I below
tae sleeve wear standard diagram. Each portion of tha signal is aligned with the
arp'icuble arca of the standard for easy reference, In the cvent that wear is detec-
ted, a sccond trace is shown to indicate the differcnces from the mnworn sleceve trace
which v uld occur.

The traces taken from fuel assemblies which were being inspected for wear have been
used fo urposes other than that originally intended. An estimate of the guide tube
was made in an effort to determine whether or not it was adequate for
service under a Control Elcment Asscnbly (CPA). More recently a review of the traces
for the slecve expansion reglon was made to detarnine whether or not any slceve
A typical trace fer a[: is
shown {0 Visure I,

POCR CRIGINAL
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[;7- s o o quQx»Curtcnt Test for Cuide Tube Expansion (Crimp) Size
The same equipment as listed for sleeve wear testing with af _J15
also used during an{ yJeddy current test. The[

] Again, the probe is inserted
into a standard to allow system balancing and calibration.

The standard for calibration of the guide tube expansion size system consists of[

P —
i Again, other minor
adjustments are made to ensure a uniformity of testing and reproducibility., Set-up

and calibration of thec. i {]for determining guide tube expansicn size is
complete at this point.

During use, the probe is inserted into the desired slecved guide tube to a point below
the bottom of the sleeve and then withdrawn. As the probe is withdrawn the eddy currcu
signals are recorded as they are in the slecve wear test. A typical eddy curient tracc

from the( g)is shown in Figure III. Each area of the guide tube sleeve is
aligned to a corresponding portion of the eddy current trace.

]

The[{ chdy current system for guide tube expansion size is calibrated for
guide tube expansion sizes, but can be used to provide a qualitative estimate for t)
sleeve installation as a whole. L

5
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CALIBRATION CURVE ¥OR EDDY CURRENT T TING
OF GUIDE TUBE EXPANSIONS

A group ot‘( ]sleeVod guide tube sections were physically necasured
for the change in outside diemeter es a result of guide tube exparncion and
were ther eddy current tested. The attached graph depiels the actual data
poinls and shows a best fit line as the result ¢f a linear regress’on analy-
sis, This resultant curve forms the basis for converting Fddy Current

Testing data to best estimate guide tube expansion sizes (diametral).

POOR ORIGINAL
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machined features of various sizes and extent so that the CEA eddy current
system response is known over a range of possihle wear configurations .

When the system has been balanced and calibrated, a CEA is inserted into the
Juntil approximately the

s 1 e e s e e e e et iy . pmmiiee - Cw e
Eddy Current Testing of the Control Element Assemblies
: .Jis used in conjunction with an EM3300 Eddy
Current Tester, a FM magnetic tape recorder*% strip chart recorder
to perform the eddy current testing upon CEAs.
Jlin preparation for eddy current testing of the CEA ?inqefs.‘-A
standard (Fig. V) is employed to balance and calibrate the response from
C J The standard is fabricated from tubing of the same material and
nominal dimensions (0D and wall thickness) as the CEA finger and incorporates

1320 114
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