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Nmtron noise analysis measurements were made in three BWR-4 reactors under full-power con- 
dit ions to  determine the ucrise aharerterirstion spectra of the reactors with two different 
instrument-tube cooling configurations. Both configurations e r e  deeiwed to  prevent 
flow-induced vibration of the instrument tubes and subsequent daamge of fuel  channel boxerr 
caused by impacts of the tubes with the boxes. Noise spectra from these three reactors 
were compared with spectra previously obtained prior to  changing the instrument-tube 
cooling configuration, and no evidence of impacting was found. 

Neutron noise analysie measurements were made in three BUR-4 reactors to  determine the 
noise characterization spectra of the reactors with thei r  bypass flow altered and with the 
reactora operating a t  100% flow and power. In  two of the reactors, a l l  designed bypass 
coolant holes in the core support plate had been plugged (allowing only leakage bypass 
flow) to  prevent flow-induced vibration of the instrument tubes and subsequent damage of 
h e 1  chormel, hoxee, which previously had been caused by impacts of vibrating tubes with the 
boxes. Zn the third reactor, a l l  bypaso etmlnnt holes in the core support p la te  also had 
been plugged, af ter  which two 9/16-in.-diam holes were dr i l led  Itl tl~e lowor t d m  plate of 
each fuel  assembly to  provide alternative cooling for the inetnmrent tubes. 

In l a t e  1974, significant changes were observed i n  the characterist ics of the readings from 
traversing in-core probe (TIP) instrumentation in a foreign BWR-4 plant (1). Subsequent 
examination of the Zircaloy c-el boxes of the fuel  bundles in this  plant revealed sig- 
nificant wear on the corners o,Fthe channel boxes adjacent t o  instrument and source tubes. 
This wear led t o  cracking and,'holes in the channel boxes adjacent to  the instrument tubes 
that had displayed the anomalous readings. Subsequent studies (2) showed that this  wear 
was caused by vibration and subsequent impacting of stainleas s t ee l  ;Lnatrument and source 
tubes a g a h s t  the Zircaloy channel boxea. As i l lus t ra ted by Fig. 1, t h i s  vibration was 
induced by high velocity coolant flow through the 1-in.-diem bypass holes i n  the core 
support plate. The potential consequences of the cracking and holes in the channel boxes 
a re  addressed in the following excerpt from the U. S. Nuclear Regulatory Commission Annual 
Report for 1975 (1) : 

Operation of a plant for  extended periods with high wear ra tes  could lead to pene- 
trations of the channel w a l l ,  allowing too much of the reactor coolant to  bypass 
certain fue l  rods and thereby t o  reduce thermal safety margins. Loose channel-box 
fragments could also cause local coolant flow blockage and possible overheating of 
some of the fuel  rods. The margin of safety was assured i n  a l l  cases by reducing 
the local power generation and permissible thermal-hydraulic operating l imits and 
by reducing the reactor coolant flow to decrease instrument tube vibration (reactor 
power vas reduced to  50-60% of rated power) from plants that exhibited excessive 
noise on their  traversing in-core probe (TIP) system. 
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Fig. 1 .  BWR-4 instrument tube bypass cooling configuration prior to 
modification to prevent vibration and subsequent impacting. 



The diagnosis and confirmation of  the instrument tube vibrations were performed by using 
noise analysis of  the signals from in-core neutron detectors--TIP and local power range 
monitors (LPRMS)--and by using impact analysis o f  the signals from accelerometers mounted 
on the extensions o f  the instrument tubes below the reactor vessels  (2-5). From these 
diagnoses, an interim operational strategy for BWR-4 plants i n  the United States was i n i -  
t i a t ed :  no further s igni f icant  channel box impacting would occur because coolant flows 
would be reduced to  a rate at which neutron noise and accelerometer impact signals indi-  
cated no impacting. The.BWR-4 plants were continued i n  operation under t h i s  strategy 
un t i l  mechanical alterations could be completed t o  eliminate the flow-induced vibrations.  

All  of  the BWR-4 plants have been altered by ei ther plugging the bypass holes i n  the core 
support plate (allowing only leakage bypass flow) or by plugging the bypass holes i n  the 
core support plate and dr i l l ing  two 9116-in.-diam holes i n  the lower t i e  plate o f  some or 
a l l  f ue l  bundles t o  allow alternate cooling for the instrument tubes. We performed neutron 
noise measurements t o  confirm that these modifications have reduced impacting (5-6). The 
balance o f  t h i s  paper presents measurement resul t s  from operational BWR-4 plants that con- 
f i r m  that the mechanical f i x  did reduce, i f  not t o ta l l y  el iminate,  the impacting problem. 

LPRM MEASUREMENTS 

Neutron noise analysis signals were recorded and analyzed on l i n e  from a l l  operable LPRM 
strings in each o f  the three reactors. Data were recorded simultaneously from a l l  four 
neutron detectors (Fig. 2) i n  each LPRM string while on-line noise analysis was performed 
on the detectors at  the C and D l eve l s .  Previous experience (3,s-6) had shown that the 
normalized cross-power spectral density ( N C P S D )  between these two detectors was a very 
rel iahle indicator o f  whether impacting was occurring. Front panel switch se t t ings  at the 
appropriate LPRM or average power range monitor instruments (APRM) allowed selection of  
applicable LPRM string and associated detectors for particular t e s t  runs. 

Instrumentation and Signal Conditioning 

For the purposes of  these measurements, several specially designed instruments and acces- 
sories were fabricated to  route and condition the signals from the LPRMs and APRMs. A 
special startup t e s t  panel had been installed and l e f t  i n  place at a l l  three reactors by 
the reactor vendor. Cables cirrr'jrli~g signalo from the 1,PRMs and @RMs were made available 
at  these panels and were connected to  the ORNL instrumentation and signal conditioning 
equipment . 
Figure 3 i s  a diagram o f  the signal conditioning instrumentation and analysis systems u t i -  
l ized for these measurements. Signals from the reactor startup t e s t  panel were connected 
t o  an ORNL designed and fabricated multichannel signal distribution panel. This panel 
alluwed multiplc oelection end distribution o f  signals t o  one or more o f  the 12 signal- 
conditioning ampli f iers mounted i n  a NIM instrumentation chassis. 

Each o f  the d i f f e r e n t i a l  input (ac or dc coupled) signal-conditioning ampli f iers was a 
special low-noise design with 2 70 d B  common mode rejection.  Each ampli f ier had a capa- 
b i l i t y  for high (0.001-10 Hz) and low (10-30 kHz) band-pass f i l t e r i n g  with variable gains 
o f  0.1 to  10,000. Each amplifier drove an appropr.iate channel o f  a Bell and Howell model 
CPR-4010, 14-channel FM tape recorder. Likewise, the outpi~ts  from two o f  the ampli f iers 
were routed to  the input o f  the minicomputer-based spectral analysis system. To enable 
la ter  data retrieval  and analysis ,  both ac- and dc-coupled signals from the LPRMs and APRMs 
were recorded on magnetic tape. A l l  channels were available for  selection and viewing on a 
t e s t  oscilloscope. 

Data Acquisition and Processing 

The minicomputer-based spectral analysis system ( F i g .  3 )  consisted o f  a portable Digital 
Equipment Corp. (DEC), PDP-11/20 disk operated system (RT-11) with 32K words o f  f a s t  memory 
and bulk storage on two disks .  Inputs for the system were provided t o  two channels o f  a 

. 16-channel DEC AR-11, l o -b i t  analog-to-digital converter (ADC) v i a  a Rockland, model 852 
band-pass f i l t e r ;  t h i s  gives -48 dB/octave signal attenuation t o  aliasing frequencies. 
Special assembly language software ( a  fa s t  Fourier transform (Fm) algorithm) was prepared 
t o  perform spectral analysis on the two channels o f  data. The analysis yielded power spec- 
t ra l  densit ies normalized by the square o f  the dc signal ( N P S D ) ,  normalized cross-power 
spectral density ( N C P S D )  magnitudes, and phases, coherence functions,  and transfer functions. 

On-line analysis o f  neutron noise was conducted over a.lO-min period, using 60 blocks o f  
data (512 data points/block),  with a sampling rate of  a51 Hz. These resul t s  covered the 
frequency range of 0.2 t o  20 Hz, with a resolution o f  0.1 Hz. The f i r s t  frequency analysis 
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p o i n t  was not  used because a Hanning window f i l t e r  was used on t h e  processed da ta .  The 
a n t i - a l i a s i n g  f i l t e r  cut-off frequency was normally s e t  t o  80% of t h e  maximum a n a l y s i s  
frequency. 

The r e s u l t s  of t h e  a n a l y s i s  were p l o t t e d  on a Tektronix  4010 CRT te rmina l  a s  graphs of t h e  
s e l e c t e d  a n a l y s i s  func t ion  ve r sus  frequency, and a permanent copy was obta ined from a 
Tektronix  4631 hard copy u n i t .  The a n a l y s i s  d a t a  were permanently s t o r e d  on a d a t a  d i s k  
through t h e  use of a DEC RK05 d i s k  d r ive .  

PRESENTATION OF DATA 

Uata presented i n  t h e  f i g u r e s  i n  t h i s  s e c t i o n  a r e  from a l l  of t h e  LPRM s t r i n g s  t h a t  were 
operab le  in the  r e a c t o r s .  The m u l t i p l e  p l o t t i n g  technique used a l lows obse rva t ion  and char- 
a c c e r i z a t i o n  of t r e n d s  i n  t h e  s p e c t r a  f o r  t h e  d i f f e r e n t  func t ions  analyzed. Only d a t a  t h a t  
i n d i c a t e s  s i g n i f i c a n c e  between t h e  two modified core-cooling conf igura t ions  w i l l  be shown 
o r  d i scussed .  

' Normallzed Power S p e c t r a l  Dcns_i_t_i.s, 
.- 

Composite NPSD d a t a  from t h e  two r e a c t o r s  wi th  plugged bypass coolant  ho les  i n  t h e  c o r e  
support  p l a t e  (allowing only leakage bypass flnw) show t h a t  t h e  PSD i n  t h e  3.5- t o  6-Hz 
frequency i n t e r v a l  i s  about HZ-I f o r  the  C (lower) deter.t.nr. The magnitude oP t!ac r3D 
f r ~ u  Clrc D (l~!tiler) d B t B o t o g  i n  the nnmi rl ~ I I U  lu 4 so 1U t i i w a  I ~ l ~ l l e ~ .  Consequently, t h e  
r e s u l t i n g  coherence func t ion  i n  t h e  same frequency l n t e r v a l  I s  qvbte  low (G 0 .2 ) .  . 

The composite NPSD d a t a  from t h e  r e a c t o r  wi th  a l t e r n a t i v e  cool ing f o r  t h e  ins t rument  tubes  
show t h e  PSD t o  be about 2 x HZ-I f o r  both t h e  C and D d e t e c t o r s .  Consequently, t h e  
coherence func t ion  i n  the  same frequency i n t e r v a l  is  much h igher  ( ' ~ 0 . 5 ) .  

Normalized Cross-Power S p e c t r a l  Dens i t i e s  

Figure  4 shows the  composite NCPSD d a t a  from t h e  r e a c t o r  wi th  two 9116-in.-diam ho les  
d r i l l e d  i n  t h e  lower t i e  p l a t e  of each f u e l  assembly. The NCPSD i n  t h e  frequency i n t e r v a l  
from 3.5 t o  6 Hz is e s s e n t i a l l y  below t h e  2 x HZ-1 (with  no pronounced peaks) l e v e l  
e s t a b l i s h e d  t o  d e t e c t  impacting (3,5-6). 

Composite NCPSD d a t a  from t h e  two r e a c t o r s  wi th  plugged h y p ~ s s  coolant  holco (allowing o i ~ l p  
leakage flow) were e s s e n t i a l l y  i d e n t i c a l  t o  data  from o t h e r  r.aaul;oro with t h e  saue mudifi- 
c a t i o n  (magnitude < 2 x HZ-I between 3.5 and 6 Hz), i n d i c a t i n g  t h a t  impacting had ceased. 

Figure  5 shows composite coherence d a t a  from one of t h e  two r e a c t o r s  wi th  plugged bypass 
coo lan t  h o l e s .  I n  t h e  frequency i n t e r v a l  f r q  3.5 t o  6 Hz,  th~: coherenoc i o  bclow 0.2, as 
should be expected from two d i f f e r e n t  d e t e c t o r s  whose NPSD magnitudes a r e  f a c t o r s  of 4 t o  
1 0  a p a r t  . 
Composite coherence d a t a  (Fig .  6) from t h e  r e a c t o r  wi th  9116-in.-diam ho les  d r i l l e d  i n  t h e  
lower t i e  p l a t e  of each f u e l  assembly show t h a t  f o r  a ma jo r i ty  of t h e  s t r i n g s  i n  t h e  co re  
t h e  coherence is > 0 .4  i n  t h e  frequency i n t e r v a l  from 3.5 t o  6 Hz. Th i s  i n d i c a t e s  t h a t  t h e  
NPSD va lues  f o r  the  C a d  D d e t e c t o r s  i n  t h a t  p a r t i c u l a r  s t r i n g  a r e  almost equal .  However, 
some LPRM s t r i n g s  nea r  t h e  o u t e r  edge of t h e  core  have lower coherence va lues  (6 0.3) i n  
t h e  same frequency i n t e r v a l .  

Th i s  d i f f e r e n c e  i n  coherence between center-of-core and edge LPRM s t r i n g s  was a l s o  noted 
by S ides  ( 7 ) ;  i t  is being i n v e s t i g a t e d  f u r t h e r  by OWL. 

SUMMARY OF FINUlNGS 

1. I n  t h e  case  of t h e  two core  modi f i ca t ions  d i scussed  i n  t h i s  paper (plugged bypass 
coo lan t  h o l e s ,  and plugged and d r i l l e d  a l t e r n a t e  h o l e s ) ,  each modi f i ca t ion  i n  i t s e l f  
red~.iced t h e  magnitude of t h e  NCPSD between t h e  C and IJ d e t e c t o r s  below t h e  l e v e l  wlilch 
had p rev ious ly  been determined t o  i n d i c a t e  impacting (3,5-6). 
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Fig. 4. Composite normalized cross-power spectral densities (NCPSD) 
from a BWR-4 at full power and a drilled lower tie plate madification 

(39 LPRM strings shown). 
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~ a g .  5. Composite conerence ve frequency nata from a typical BWR-4 
core with plugged bypass holes at 100% flau/power (36 LP& strings shown). fJgj,:&$k 
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Fig. 6 .  Composite coherence vs frequency data from a BWR-4 core with 
the drilled fuel assembly lower tie plate modification at 100% flow/ 

power (39 LPRM strings shown). 



2. There is a significant difference i n  the coherence between the plugged cores and the 
core with alternate coolant holes dr i l led  i n  the lower t i e  plate of each fuel  aarembly. 
Thie difference in coherence should be investigated further to  determine the w c t  
cause of the coherence change. 
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