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Q. What is thQArerage rate of occurrence* impacting 
for l-,2-,3-, and 4-pump operation? 

A. The average rate of occurence of impacts based on 

operating pumps is as follows: 

With one pump operating the average rate of impacts 

was 1.4 impacts per second during a sampling time 

of 28 seconds.  

With two pumps operating the average rate of 

impacts was 0.7 impacts per second during a sampling 

time of 27 seconds.  

With three pumps operating the average rate of 

impacts was 0.4 impacts per second during a sampling 

time of 45 seconds.  

With 4 pumps operating no impacts were noted at 

any time.  

2. Q. Can you rule out flow-induced vibration and impacting 
of core internals. i.e., core barrel impacting of 
keyways, loose thermal shield, etc.? Present 
evidence available to us would support such an 
hypothesis.  

A. Analysis of the data recorded from four accelerometers 

mounted on the bottom of the Indian Point #2 

vessel, using triangulation techniques, located 

the source in the bottom of the vessel. Thus flow 

induced core barrel impacting on the vessel edge 

can be ruled out. The source of impacts was also 

found to be moving in a random manner indicating 

that it was a moving object.
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3. Q. Have you Osured core barrel motion* various 
power levels using excore neutron noise? If so, 
what scale factor was used and how much motion was 
indicated both before and after refueling? What 
is the nominal clearance between care barrel and 
keyway .at the bottom of the vessel? 

A. Neutron noise from the excore power range 

detectors was recorded during cycle 1 at various 

power levels and during cycle II at 70% and 100% 

of full power to evaluate gross core barrel signature 

characteristics. This technique is not a direct 

method to measure the isolated core barrel motion 

regardless of the scale factor used. This is because 

the neutron noise signature contains indications 

of many types of motion existing in the reactor 

coolant system (core barrel, thermal shield, pump 

vibrationetQ). All the neutron noise measurements 

showed no unusual patterns in the amplitude or 

signature from cycle 1 to cycle 2.  

The nominal as assembled clearance between the 

core barrel and keyway is 6 mils.  

4. Q. Have you attempted to time correlate large excursions 
of excore neutron detector signals with the accelerometer 
signals indicating impacting? If so, what was the result? 

A'. No abnormal or large excursions of excore 

neutron detector signals were measured in cycle I or 

cycle II neutron noise data recordings. Therefore, no 

attemps have been made to correlate neutron noise with 

accelerometers located on the bottom of the vessel, since 

no impact signals were detected during normal power 

operation with four pumps running.
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5. Q. What is the reproducibility of the impact signal? 
For example, after operating with four pumps and 
no impacting, when the flow is reduced to 1',2-,3
pump operations is the location and amplitude of 
impacting the same? 

A. The amplitude of the impact signals are generally 

reproducible with pump startups. Location of the 

impacting indication moved as described in the answer 

to question 2.  

No data is available, for the sequence when the 

flow is reduced to 3-,2-,l- pump operation after 

a four pump operation condition.  

6. Q. How does background noise change when 2, 3, 4 pumps 
are operated? Could the background noise mask the 
impacting signal at 4-pump operation? 

A. The background noise levels change with different 

pump configurations in the following manner: 

With one pump operating the background noise 

level is the highest. This is probably due to the 

turbulence of reactor coolant.  

Using one pump noise as a base, the effects 

of multiple pump operation are expressed as factors 

of the base background noise.  

(1) Two-pump operation - the background noise 

reduced to 0.8 of the base.  

(2) Three pump operation further reduces the 

background to 0.7 of the base.  

(3) Four pump operation reduces the background 

noise level to 0.7 of the base.  

Observed data indicates that for the impacts to be 

masked by background noise during 4 pump operation, the 

impacts would have to be very small.



c7. Q. What is tvapproximate impacting si*l-to

background noise ratio? 

A. The average impact signal to noise ratio 

'for 1,2, and 3 pump operation is: 

1 pump -2.5 to 1 

2 pumps 4.5 tol1 

3 pumps 3.8 to1 
.8. .. Q. Could the filtering that is applied to the raw 

accelerometer signals change the audible sound of 
loose part impacting? Is filtering done on audible 
signal? What is the pass band? 

A. The accelerometer output is fed to a remote 

charge pre-amplifier that has a ± 2% frequency 

response from 0.2HZ to 50KHZ. The output of the 

charge pre-amplifier is fed to a signal conditioner 

amplifier whose frequency response is + 2% from 

10HZ to 20KHZ. Signals for all tape recordings 

were taken from the output of the signal conditioners.  

This conditioned signal is inputted to an 

audio amplifier whose total harmonic distortion is 

less than 0.5% from 100HZ to 20KHZ. A filter 

is provided for the audio amplifier. This filter 

has a nominal band pass of 2KHZ, over a range of 1 

to 20 KHZ. A switch is provided to use the filter 

or to by-pass it in the audio amplifier circuit.  

If the filter were used, it could, depending upon 

the filter setting and the predominant frequency 

of the impact, change the audible sound of loose 

part impacting. However, this filter was not used 

while audibly monitoring the impacts, and thus had 

no effect upon the audible signal.



9. Q. Explain tther the last statement oparagraph 4 
in your response to question 1 on November 29.  
"The fact that at full temperature, impacts were 
noted during pump transients and none during 
normal full flow operation indicated that the 
source was not wedged anywhere and it remained 
stationary under normal operations." 

A. As explained in the answer to question 1 

the indications of impacting were noted only when 

three or fewer pumps were operating. During these 

operating conditions, movement of the impact 

source was also detected. When four pumps were 

operating, no impacting was detected. The inpacting 

would start again when the system was next operated 

with one or more pumps removed from service.  

These results indicated that the normal flow patterns 

with all reactor coolant pumps operating was 

sufficient to maintain the "loose part" stationary.  

Apparently, however, the source was not wedged in 

place, because impacting indications resumed when the system 

was later operated with less than full four pump flow.  

10. Q. Provide axial power distributions for Map 1 through 
8. These axial distributions should include traces 
from locations B-3, D-3, and B-13, plus at least two 
traces from Regions 2,3, and 4. The same locations 
should be chosen for each of the eight maps.  

A. Axial power distributions for Map 1 through 8 are 

provided in Figures 1 through 8 respectively. They 

include nine core locations, namely: R-8 and N-2 from 

Region 4, L-13 and K-6 from Region 2, G-9 and F-7 from 

Region 3 and the specifically requested core locations 

D-3, B-13 and B-3. The distributions are in KW/FT and 

are normalized to 100% rated power (2758 MWt).
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Axial Power Distribution (KW/FT) 

Figure 1 

Map 1: HZP (normalized to 2758 4MWt) 
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Axial Power Distribution (KW/FT) 

Figure 2 

Map 2: 35% of full power 

(normalized to 2758 Wt)
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Axial Power Distribution (KW/FT) 

Figure 3 

Map 3: 70% of full power 

(normalized to 2758 MSt) 
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Axial Power Distribution (KW!FT)

Figure4 

Map 4: 70% of full power 

(normalized to 2758 MWt ) 
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Axial Power Distribution (KW/FT) 

Figure 5 

Map 5: 70% of full power 

(normalized to 2758 Mt)
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Axial Power Distribution (LW/FT) 

Figure 6 

Map 6: 70% of full power 

(normalized to 2758 MWt) 

Core Locations 
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Axiagower Distribution (KW/FT 

Figure 7 

Map 7: 90% of full power 

(normalized to 2758 MWt) 
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Axial Power Distribution (KW/FT) 

Figure 8 

Map 8: 100% of full power 
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Q. What was e numerial value of the Lal offset 
when each of the eight maps was taken? 

A. The values of axial offset for Maps #1 through 

#8 are as follows: 

Map # Power 'Level (%) Axial Offset-(%) 

1 r2 35.38 

2 35 -0.77 

3 70 9.36 

4 70 -10.28 

5 '70 16.65 

6 70 2.81 

7 90 4.27 

8 100 4.99 

12. Q. What was the numerical value of the core inlet 

temperature when Maps 1 through 7 were taken? 

A. Core Inlet temperature for Maps 1 through 7, 

as measured by narrow range Resistance Temperature 

Detectors (RTD's) are as follows: 

Map #1 Core Inlet Temperature (OF) 

1 539 

2 540 

3 539 

4 541 

5 541 

6 541* 

7 527 

*Estimated based upon using Tavg = 559°F at 2-3 hrs before Map 
6 was taken.
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Provide a lantitative estimate for jial power 
distribut,0n flattening due to xenon isoning and 
due to depletion for maps 4 and 8.  

A. Quantitative estimates of the effects of Xenon 

poisoning and depletion on core radial power 

distribution at Map 4 and 8 conditions are not 

available. Map 4 was taken in a transient condition 

about two hours after a deep control rod insertion 

(C/D at 180 steps) in order to produce a large 

negative axial offset for the purpose of excore

incore axial offset calibration. Map 8 represents 

the first normal, full power operation, monthly 

map after the startup tests. It was taken to 

verify that peaking factors are within Technical 

Specification limits. These maps did not require 

detailed calculations to determine Xenon effects 

on the radial power distribution. The depletion 

effect on the radial power distribution for these 

maps is insignificant. Therefore we do not have 

such calculations on hand.  

In lieu of quantitative estimates for radial 

power distribution flattening for Maps 4 and 8, 

We have attached figure 9 which gives the percentage 

difference between the average assembly-wise power 

distributions for the Beginning of Life (BOL), Hot 

Full Power (HFP), No Xenon and the HFP Equilibrium 

Xenon, 150 MWD/MTU conditions. Figure 9, therefore 

depicts the effect on radial power distribution 

due to xenon poisoning and due to depletion representative 

of the beginning of life of Cycle 2.



0
- jL-

FIGURE 9 

PERCENT DIFFERENCE BE'TWEEN BOL-HFP-NO_ XENON 
AND BOL-HFP-EQXE AVERAGE ASSEMBLYWISE POWER DISTRIBUTIONS
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Figure 9 (Continued) 

Figure 9 presents the effects on the assembly average power 

distribution of: 

(1) Xenon poisoning 
(2) depletion 

The power distributions are calculated for 0 MWD/MTU, No Xenon, 

and 150 MWD/MTU, Equilibrium Xenon at HFP-ARO conditions. 

The percent differences were calculated as follows: 

NOXE (0 nWD/MTU) - EQXE (150 ,.VlD/MTU) x 10 

PEQXE (150 IW!D/t T ) J 

The in/out tilt calculation is based upon the summation of the assembly 

average powers as follows:

5 5 
APT =  E 

Si=1 j=l
APij * fij

8 6 
APB = z APi f 

i=6 j=l

5 5 

ij=l ,I

fiJT= 10.125, 
T.

8)6 
E fij B = 14.0 

i.,j=6,1 1

where: 
i = row 

j = column 

f.= fraction of assembly 

f in I/Sth core geometry 

AP.. = % Difference No Xenon/EQXE



-18
14. Q. Describeoe methods that were used* verify 

(visually or otherwise) the placement of the fuel 
assemblies and the placement of the burnable 
poison clusters. Which methods were rechecked 
after the first power map was taken? 

A. The verification of the placement of the fuel 

assemblies and the placement of the assembly 

inserts (i.e. burnable poison assembly, etc) was 

carried out at three levels.  

(i) First Level Verification 

The first level Verification was carried 

out according to IP-2 Cycle 2 Loading Procedure 

SOP 1.I2. This procedure provided the instructions 

for the step by step movement of each fuel 

assembly including the removal and insertion 

of burnable poison rod assemblies or thimble 

plugs. Specifically, the procedure SOP 17.2 

was used to control the following: 

a) movement of fuel assemblies from the 

core to specific locations in the spent 

fuel pit, 

b) the removal or replacement of burnable 

poison rod assemblies; thimble plugs, 

and other inserts in the fuel assemblies.  

c) relocation of the remaining fuel in the 

core to the new locations, 

d) Movement and final placement in the 

core of used fuel assemblies and new 

fuel assemblies.
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Procedure SOP 17.2 was followed in a 

step by step manner and each step was checked 

off when completed. Where changes in sequence, 

were required, these changes were covered-by 

approved procedure changes. Other plant 

procedures govern the review, approval and 

implementation of any changes to the Cycle 2 

Loading Procedure.  

When fuel assemblies were transported 

from the fuel storage building through the 

transfer tube into the containment, procedure 

SOP 17.2 required visual confirmation of each 

fuel assembly identification number while 

each fuel assembly passed through the upender 

in the fuel storage building. Although it was 

not required by the procedure, this identification 

was again verified when the fuel assembly reached 

the upender in the containment building.  

(ii) Second Level Verification 

The second level verification was carried out 

according to IP-2 Cycle 2 Procedure SOP 17.20.  

This procedure provided for a visual 

verification that each fuel assembly and assembly 

insert were correctly placed in the core in 

accordance with the design core loading patterns 

given in SOP 17.20.



* This procedure utilized video equipment 

provided by Westinghouse. The verification 

was conducted by moving the camera from one 

fuel assembly to another to confirm the fuel 

assembly identification number and orientation 

and the identification number and orientation 

of the assembly insert. The core loading pattern 

sheet of SOP 17.20 was checked off as each item 

was confirmed. A video and audio recording was 

nade of this inspection.  

(iii) Third Level Verification 

As a third level of verification, the video 

tape and audio recording were reviewed immediately 

after the live video inspection. This review 

revealed no discrepancies from the design loading 

pattern.  

On September 22, 1976 an incore flux map was taken with 

the reactor at HZP and BOL conditions. Subsequent to that flux 

map, the third level verification was re-reviewed. No discrepancies 

were observed.
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15. Q.

A. No low power (435%) maps were taken since Map 1.

Were any low power maps taken since Map 1? If so, 
provide the low power map and high power, equilibrium 
xenon map at approximately the same burnup. Also 
give the approximate value of the xenon poisoning 
for the low power map.

0-


