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1, SUMDMARY

Water Reactor (3WR) performed in a hot cell in 1978-79, it was discoveresd

that there was cracking of the absorber tubes and some loss of boron earhile
(35C) frem the tubes. Additional hot cell examinatiors of absorber tubes fras
other operating reactors have also shown cracking and B‘C loss. The mechanisa
has been identified as swelling of the boron carbide unser irradiation anc
subsequent stress corrosion cracking of the tube.

The l;C loss has been correlated with degree of burnup. The B, C loss

is & slow predictable process which has been modeled and accounted for

in control blade lifecime evaluations. Accounting for this mechanism has
resulted in a 20% reduction in control blade life (i.e., 34% average Boron=-10
~depletion). This reduction in life assures no safety impact on plant operation.

References 1 and 2 presc.c the results* of a review of current plant operazing
parameters. The results of this review clearly show tnas potantial congyol
blade degracation due to this zechanisa, for plants which have blades beyonc
the reduced lifetime, does not affecet plant cperation. Evaluations also shew
that there is no signifizant effez+ con plant cperating parazeters asd nc saret
implications attributable to this mechanism.

This report presents recent post~irradiation examination data for the mos:

highly exposed control blade from Plant E «» This data pro=- ]
vides further substantiation of the conclusions presented previously in

References 1 and 2.

For the absorber rods from the most highly exposed Piant E

 SHEEN

control blade s the specific detailed tasks requested in Item 4 of IE

Bulletin 79-26 (Reference 3) are presented in the following sections:

—— e e
"References 1 aad 2 are iiencical evcest Reference | sontains shire nErsy
sraprietary infermation.

1l
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Task Section
8. Tube number or identificatioa sl
b. Elevation of each crack in the tubing 3.3
c. Calculated Boron=10 loss versus elevation 4.3
for each tube
d. Measured Boron-l0 loss versus elevazic.a 3.4
for each tupe
e, Maximum local depletion for tubes having .
no cracks
£. HMaxisus local depletion for tubes having 3.5

no loss of boroen

This repor:t establishes that, when the additional Zata from the Plant E
absorber rods are added to the existing absorter rod da:a
from three operating reactors, the correlaticns arrived at ia References .
and 2 are directlv applicable to the operating reactors in Table i=l, The
correlation derived can be ditectly applied to the operating reactors in
Table 1-1 to predic: the beravior of their control blades, since the plant
operating parameters and control blade designs are equivalent to the control

blades exazined,

Therefore, this repor:z satisiies the reguirements ia Itex 4 of IT 3ullesin

79«26 (Reference ) for alil the operazing reactors Listed in Table i-1.

§-
T

W



NEDO-24325

Table 1-1
OPERATINC REZACTORS

=3/ 1=4
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2. INTRODUCTION

This report responds te "tem & (parts a~f) of IZ Bullezin No. 79-26, Revisicn

1, for the operating reactasrs in Table 1=1. The response for the operating

reactors in Table 1=l is accomplisned by demonsirating the applicadilicy of

the destructive (post-irradiatisn) examinations perforcmed on absorber rods

of similar fabricaciosn and operational history from the following operating

reactors:

. s Tlant D
° , Plant B
. i Plant C
. s Plant E
The results for Plant D » Plant B , and Plaat C

absorber rod post~irradiation examinaticns are presenced in Reference I,

Pesults of tre mos:c

Plant E's

this repors:.

The computer model
control blade as a
Boron=10 depleticn
deplecion model is
Boron=10 depletion
apsorber rods from

recent absorier rod post-irradiaticn exaninatior freo=

highest exposed ccatrel blade are presented in

for determining boron depletion ir each absorter rod in a
function of elevation is descrided and the calculated

for the Plant E control blade using the
presented. Correlations are sresented becwesn the calculated
and the results of the post-irradiation exazination of tre
Place E .

The report :oncludes by establishing the applicadilisv of she entire abscrrer

rod pest=irradiacis

operating reactors

N examination cdata base to the contril vlacdes in the

listed in Table l-1.

- Gl i )

e
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3. PLANT ABSOR3ER ROD EXAMINATION

In addition to the rost=irradiation examination (results presentez in Refer-
ence 1), absorber rods from three wings (63 rods total) of the hizhest
exposed control blace at Plant E were examinec., The
control blade seleczed was y which was at an average blace dep.etion

of 34%, dased on the outsut of the process computer array that tracks cont
blade burnup.

"

1
J4

Of the high power censitv 3WRs, Plant E was specifically
selected because flant £ nad the nighest depletes cuntrol
blade availadble at the zime of selection. 8y adding the Plant E

control blade to the data “ase, the data base provides a com=
plete cross section of data from all domestic 3WR tvpes now in ope

"

aiien.,

The post~-irradiaticn examinazion of the 63 absorber rods from the Pla=: =

control blade included visual inspection, eddv curren: ceste.

ing, neutron radisgrazhy and boren isctopic analysis., The resulss are pre~-
sented in the remainder of this section.

3.1 ABSORBIR ROD NOMENCLATURE

For the purpose of this docuzent the absorber rods in each wing of a con=
trol blade are numbered sequentially from 1 to 21, starting at the edge

of the wing and working inward toward the center of the control blade.
There are four wings per control blade and 21 absorber rods per wing. The

wings are numbered from 1 to 4, Therefore, the nomenclature for the edge
rod on wing 3 woulZ be (3=1).

3.2 VISUAL INSPECTION

Zach absorder rad was visvally insvected in the hot cell, sothing unusual

was notec Zuring the visual inspectisn of tae absoroer rods., Onlv

W40 CTECKS
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in the tubing material were noted as being visible. These cracks were located
in the high burnup rezions of edge absorber rods. It was also noted that the
absorber rods were very clean (i.e., no evidence of crud buildup).

3.3 EDDY CURRENT TESTING

The absorber rods were all nondestructively examined using eddv current method
for the purpose of checking for the presence of cracking. The areas where
significant crack indications occurred., and their elevation, are given in
Table 3-1. In general, the significant crack indications were in the high

burnup regions of the absorber rods, as was expected.

On wing 1, a few potentially significant eddy current signals were noted in
the low burnup regions. Of these isolated cases, representative absorber

rods with the largest signals were sectioned at the elevation of the signal
to determine if a crack was present. C(ross sections of the absorber tubing

were examined metallograpnically. 1In all cases examined, no cracks were found.

3.4 NEUTRON RADIOGRAPHY

A series of neutron radiographs of the 63 absorber rods was mace at the
Nuclear Test Reactor at General Electric's Vallecitos Nuclear Center.

Table 3-2 shows the amount of boron carbide lost in each absorber rod as
measured from the neutrographs. A plot of the average boron carbide loss
(Figure 3-1) shows that the boren carbide loss was limited to the three (1,

2 and 3) edge absorber rods in the high burnup region. 1In determining the
distance to which boron carbide was missing, the point selected was the max~
imum point at vhich measurable loss of boron carbide was seen. This means that
some boron carbide still remained in some of the regions shown as missing
boron carbide. This procedure is, therefore, conservative. The boron loss
profile is consistent with previous data (References 1 and 2) since the boron
loss is in the high burnup region and the loss profile has the same shape as
the expected Boron-10 depletion profile.
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3.5 BORON ISOTOPIC ANALYSIS FOR BURNUP DETERMINATION

Beron carbide specimens were taken from selected absorber rods at various
axial locations for boron isotopic analysis to determine the amount of local
burnup. The results of the boron isotopic analvses performed are given in
Table 3-3. The data are labeled to identify which absorber rods did or did
not have boron carbide loss.

3.6 SIMMARY

The post-irradiaticn cxamination results for the 63 absorber rods from three
wings of the Plant E control blade were

in agreemen: with the previous control blacde post-irradiation examinmation
results reported in Refarvence 1.

Some cracking, includinmg througnwall cracxing cf the absorber rods, was
evicent. Cracking associated with 5;C loss was lccated in the high exposurs

regicns of the rods near the edge where neutron excosure was nighest.

Neutron raciography showed loss of boron carbide from the absorber rods in
some of the areas where cracking occurred. The buron loss profile has the

same shape as the expected Boron~10 depletion profile.

The results of the boron isotopic analyses were in good agreement with the

conclusion that 30% local Boron-10 depletion is the threshold for boron loss.
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4, CONTROL BLADE DEPLITION MODZL

The control blace depletion model Zescridec in this secticr was gpecifizally
developed for a comtrol blace with the characteristics shawn in Figure <=1,
This type of control blade cesign and lastice arrangement is tvpical of th
design usec in all the operating plants .isted ia Tadle l=-1 and Plan: ©

« Note that Plant = 18 inclucded in Table l-).

The control blace depletion model requires the use of two computer programs.
The two-dimensional radial effezt3s cn the control blade were simulates usin
the Monte Carlo rrogram, and tne axial core effects were sizuiated

using the 3=D 3WR Sizulator Code (References 4 and 5).

bl MONTE CARLO PROGRAM
The Monte Carlo program is a pregranm for solving the linear neutron

transport equaticn as a fixed source or an eigenvalue problem in the three=
dimensional space. This program is especiallv written far che analvses of

fuel lattices in the thermal nuclear reacsors or experizental criticals.
The donte Carlc program uses Cross sections processed Sram the INDF
the

190 zroup format, anc those in rescnance energy region mav have the form of

B=IV library files (Reference 6). These cross sections are processed in

rescnance parazeters or Dcppler broacened multizroup cross secticns., The
Havwood thermal scattering kermel is used for the water scacttering, Trpes cf
reactions considered in the Monte Carlo prograx are fissicn, elascic

and inelastic scattering and (n,ln); adsorptisn is impilcitly traaced Sv Teduc-

ang the weigh: applied :o the nonadsorstion Probabilisy im eden eoliisisr.
s veonte Carlc program has been qualified for apoliczaticns ia 3R
sattice cesign, fuel rack cesign and inzernal core scruzzure aeutTen f_uence

ication 2f the Mante Carly progran rescs yuves

ey

estizmation. This quali

extensive qualificacion stucdies bHased on CIZINC trermal reaccar sench=aAr LS,

=

el
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8&W U0, and Pul, criticals (Reference 7), gamma scan axperiment

and BIR gadolinium critical experiments, and, in addision, compariscn with

alternate caleculational methods.

4.2 DEPLETION MCODZL DEVELOPMENT
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=.3 PLANT £ VENTRCL 3LADE DEPLETICN

“he local Borsa-l0 deplezion of each atsorder r-4 in the Plant £

control blace as a functiocn of elevari
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axial depletion profile.

3cron=10 depletion of an {ndividual abscrder

average depletion,

average Jdepletion zs a function of elevation
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The depletion model results provide the local
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local Boron-lC depleticn or greater %0 be no longer preseént. Table 4ew com-
pares the expected boron cardide loss from the depletion model to the borsn
carbide loss as determined from the neutron radiography results. Absorber
Rod 1 has the largest discrepancy with the analytical model, due to absorber
Rod 1 in wing 3 as explained in Table 3-2. The axial depletion profile for
absorber Rod 1 is shown in Figure 4=6, The depletion profile for this rod
has a definite plateau down to 60 inches. Therefore, any slight increase
increase in peaking for this rod could have a significant effect on the
amount of boron loss up to an axial position of about 60 inches. Consider=-
ing the uncertainties that exist and the fact that there is no precharacteriza-
tion of these absorber rods, the agreement is very good., Figure 4{=7 compares
the calculated boron carbide loss to the three-wing average doraa lcss from
the neutron radiographv results (Table 3-2).

Table 4-3 compares the Boron~l10 depletion as precicted bv the depleczion model
to the results of the bcron isotoric analvses. Figure 4=3 shows a grasnizal

Tepresentaction of the calculated depleticn in assorner Ree 12 sompared o the
2sotopic analvses of Rod 12.

The resu’ts of the correlation of the absorser rad post=irradiation exanina-
tion cata and the calculated Borsn=10 depleticn zodel for the highest exposed
Plast E control blade further substantizte the conclusions
drawn in References 1 and 2, and extend these conclusions to high power den-
sity BWR reacztors.
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Toble 4«3
LOCAL BORON=10 DEPLETION COMPARISON = PLANT E
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5. APPLICABILITY CF ACCUMULATED DaTA BASE TO
OPERATING PLANTS 1IN TABLE 11

This section establishes the applicability of the resuilts of the absorber ro¢
post-irracdiation examinations performed and the correlations that this data

base supports to the operating reactors liscec in Table 1-1.

5.1 DATA BASE

The data base supporting the 2nalytical correlations derived to redefinme cone
trol blade life consists of the following:

Quantisv of Quantitcy 2f

Plant Blades Absorber Rocds
lant C 1 13
Plant B 1 45
Planc D : *
Plant E 1 63
Tocal 4 152

although four control blaces have been exazines fram faur ppeTating nlanss,
this represents a substantial cross section of existing variables. From the
four contrel blades, 152 absorher rods were exam.ned. Each absorder rad
provides an excosure history indicative of the performance of contrsl blades

at various exposures throughout the core. The exposure of each absorbver rod
varies axially and vields information on exposure devendencv. Cfach absorder
rod within a wing exhidbits a different abscroer nistory secause eXNosure varieés
racia.ly as well as axiallv, The absorver Togs enimines alse Teprésent iis-
tinct periods in the manufacturing evcle 2f thne assorter rads whizh prevciaes
Process varladilitv, Although the process variasilisy zia=nst se quantidied,

4t does exist by virsie of 713
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The absorder rods examined have built-in variapilicies such as method of fab~-
rication, densitv of B;C. tubing supplier, tolerance variations and design

changes 2ace over the perisd of tize imvolvec. Therefore, the praven: data

base does encompass a & ‘gnificancly large tize period.
3.2 RESPONSE TO ITDM 4 OF IE BULLZTIN 79-26

The absorber rods examined are from four differen: EWR reactor designs with
three different control blade designs. The control blaces in Plant C

and Plane E are iceatizal :to the control blades used
in all the plants in Table l-1,

One of the unkrowns in the crackiug of the absorber :ubes and the sudbsequens
loss of boron carzide is defining the mechanisz that pavsicalls sranspor:ss
the boron cardide out of the absorber rods. Althougzh there are a aumder of

potential transport mechaniszs, the acrtual Teéchanisn hes not been dezar=mines,

The correlation which was derived and presented in References . and 2 28235-
lished that the less of dcren carbide i3 a fumccion of local Borom~10 Surnup,
regardless of the act.al transpor: meznanisd. Consicering all data 2azreres
ince Referenies . and O were pudlished, 2m.s correlstise L8 Seils vAlis fsv
control blaces exposec up o their original cesizn .ife. The addi:zional Zaza

gathered include Plan: » which extend this direct
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By examining the plant operating parameters in Table 5-1 of Plant B ]
Plant ¢ s Planr D , and Plant E s
which are the plants whose control lades make up the data base, it can be seen
that there is significant variabilizv in the plant parameters. Listed in

Table 5-1 are the plent operating parameters which could potentially cause
variability in the loss rate of boron carbide. All control blades destruce
tively examined from these four plants had consistently predictable boron loss.
Therefore, it can be inferred that no single plant operating parameter had a
predominant or deleterious effect. If the operating plants in Table l-1 have
operating parameters :hat are within the range of the operating parameters of
the four plants in Talle 5=1, then they would not expect to experience any
additional loss bevond the amount that would be predicted by the correlation

to boron-10 burnup (References 1 and 2)., Table 5-2 provides the minimum and
maximum values from Table 5-1, and compares these values to the plant operat-
ing parameters for the operating reactors in Table 1-1. All of the operating
parameters of the operating plants in Table l-l1 are acceptably in the range

of maximum and minimum values established by the plants in Table 5~1. There

is no reason to believe that the correlations presented in References 1 and

2 will be altered in any wav for the plants in Table 11,

The control blades in the operating plants listed in Table 1-1 and the four
control blades destructively examined are all fabricated by the same vendors.
Two of the four control blades destructively examined are identical to those

in the operating plants listed in Table l-l. Their operating parameters are
similar to the plants wnose control blades were destructively examined. There=-
fore, the examinations performed will satisfv Item & of IE Bulletin 79-26 for
the operating plants in Table l-1 and the onset of boron carbide loss at S50%

local depletion is unatfected bv plant pperating parameters.

3=3/5=u
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Table 5~-.
PLANT OPERATING PARAMETERS
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