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This document satisfies the North Atlantic Energy Service Corporation commitment of
adding Cycle 2, 3, and 4 comparisons of Movable Incore Detector System and Fixed Incore
Detector System results to the initial methodology report. The we k also demonstrates the
continued accuracy of the calculational method and uncertainty aualysis of the Fixed Incore |
Detector System currently in use at Seabrook Station. The results provided in this work
augment those of the initial methodology report by adding more than two full cycles of |
operation of the system.
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1.0 INTRODUCTION

'he Safety Evaluation Report' (SER) issued to allow fixed incore detectors to be used
in addition to movable detectors for Technical Specification (TS) surveillance requested

additional data for the following reasons

First, there is a burnup dependence in the fixed/movable inferred measured Fxy
and Fq. North Atlantic Energy Service Corporation provided information to
respond to this concern that shows that the difference most likely is due to the
inherent differences in the reactor physics methods used to predict the power
distribution. While this may be true, it is important that the ratio be monitored
in future cycles to ensure that the two methods do not continue to diverge
which would indicate a problem with one of the systems

The fraction of the total signal which is due to neutrons is approximate. is not
f

a well known number, and it is not based on control experiments. It is

important that more core burnup be achieved to ensure that this ratio does not

change significantly with core life

I'hird, there is little experience in the United States with a Fixed Platinum
Detector System. Seabrook is the first plant to be approved to use this system
of TS surveillance, and Seabrook is the first Westinghouse plant to employ a
Fixed Incore Detector System to determine core peaking factors

I'his report satisfies the commitment of North Atlantic Energy Service Corporation to
the Nuclear Regulatory Commission', by collecting data from Cycles 2. 3. and 4. with the
Movable Incore Detector System and comparing those results to data collected with the Fixed
Incore Detector System. Additionally, this report confirms the continued accuracy of the
Fixed Incore Detector System at Seabrook Station, which has now been operating for four full
cycles. The initial methodology report’, issued during the second cycle of operation, provided
the Fixed Incore Detector System methodology, comparisons of data and an uncertainty

analysis for Cycle 1 and a portion of Cycle

The Fixed Incore Detector System has continued to demonstrate accuracy equal to or
better than that stated in the initial methodology report. No noticeable reductions of detector
signal strength have been observed nor have there been increases in measured-to predicted
signal differences. The entire system is operating in the same manner as analyvzed previously

with no new detector failures

This report includes a review of the data given with the initial methodology report and

all data following that time, nearly 40 exposure points over four cycles of operation. Also

included 1s a comparison of results determined with the Fixed Incore Detector System and the
Movable Fission chamber Detector System, with a full description of differences between
results from the two systems. Finally, a review of the uncertainty analysis with new data is
included to support the origizial findings. A description of the analytical and processing
methodology has not been included here. It was fully covered in the initial methodology

report and has not changed




2.0 BACKGROUND

Seabrook Station contains two complete and independent incore detector systems. The
first is a Movable Incore Detector System, which uses movable fission chambers as designed
by Westinghouse for reactors similar to Seabrook Station. The second detector system
employs self-powered fixed platinum detectors. Both of these systems were installed during
plant construction.

The Movable Incoie Detector System uses 58 reactor core instrument thimbles as
given in Figure 2-1. Each thimble is traversed by one or more of six movable fission
chambers. The measurement of incore power requires the six movable fission chambers to be
passed through the core at least 12 times. As the detector is passed through the core, the
signals are collected and saved on the maix plant computer as a neutron flux trace. Each
detailed axial trace consists of 61 relative axial neutron flux measurements. These traces,
which collectively make up a flux map, are then processed with analytical predictions of
detector reaction rates and the core wide power distribution by INCORE-3" to infer the
measured power distribution and corresponding peaking factors. The results are then
compared to established limits to ensure that the core is operating within the limits specified
in the Techmcal Specifications of Seabrook Station. To summarize, the Movable Incore
Detector System may be used to generate flux maps and infer the incore power distribution
via the monthly surveillance requirements in the Technical Specifications for Seabrook
Station.

Currently, incore power distribution surveillance at Seabrook Station is performed with
the Fixed Incore Detecior System developed at Seabrook Station. The fixed incore detectors
use the same 58 reactor core locations as shown in Figure 2-1. The Fixed Incore Detector
System provides information on the combined gamma/neutron flux levels in the
58 instrumenced assembly locations within the reactor cor=. These flux distributions, in
conjunction with analytical predictions of the fluxes, are used to infer a three-dimensional
power distribution. Once the power distribution has been inferred, the maximum local power
peaking and hot channel factors can be derived and compared to established limits in a
manner similar to the method used with the Movable [ncore Detector System.

The fixed detectors used at Seabrook Statior. are self-powered, use platinum emitters
and yield a signal proportional to the incident gamma and neutron flux. The Fixed Incore
Detector System consists of 58 detector strings. Each string contains five self-powered
platinum detectors for a total of 290 detectors in the core. These strings are an integral part of
the instrument thimble. They are located in the same radial core locations as the movable
fission chambers. Each detector consists of a 13.5 inch long pl=tinum emitter within the core
and is connected to its associated lead wire. A compensatior > wire which is identical to
the emitter lead, runs parallel to the emitter lead within the si.cath of each detector to correct
for gamma induced background current. The emitter and leads are all packed in an Al,0,
dielectric insulator and bound in an inconel sheath. The wires for a detector string form a
helix around a central inconel tube and are then bound by an inconel sheath. The central
inconel tube is the path used by the movable fission chamber. Figure 2-3 shows this geometry
in detail. The fixed incore detectors are spaced along the thimble so that they fall in the mid
regions of the core between fuel assembly grids, as shown in Figure 2-4.
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Figure 2-1

Seabrook Station Radial Locations of Instrument Thimbles




Figure 2.2

Instrument Thimble Internal Design
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Figure 2-3

Axial Position of Platinum Incore Detectors




3.0 UNCERTAINTY ANALYSI!

CONFIRMATION

The fixed incore detectors have been collecting data for over four full cycles of
operation. The results of most of the first two cycles were used to determine the uncertainties
in the system. Since that time, more than two full cycles of operational data has been added
and applied to the same uncertainty analysis

The uncertainty analysis used to license the Fixed Incore Detector System consisted of
two uncertainty factors. The first is an uncertainty applied to the three-dimensional quantity of
Fq. The three-dimensional or total system uncertainty as applied to Fq, is definad as

ko Jiko) + (l\tot)" + (ko) + d\p )
t 1 \ a a ) d d

uncertainty due to signal reproducibility

» uncertainty due to analytical methods
uncertainty due to axial signal power shape
uncertainty due to total detector processing

the appropriate confidence multiplier for the data set

he second uncertainty factor is applied to the two-dimensional axially integrated
quantity of Fdh. The radial or Fdh uncertainty requires the combination of three of the four

uncertainty components. The axial power shape uncertainty is very small when applied to

integrated radial parameters and the detector processing uncertainty contains only the axially
integrated processing component for the same reason. The system two-dimensional

uncertainty, as .1;‘;'11'.‘\’ to Fdh, is defined as

s uncertainty due to signal reproducibility
uncertainty due to analytical methods
v uncertainty due to integral detector processing

» the appropriate confidence multiplier for the data set




The signal reproducibility, o, , was addressed extensively in the initial methodology
report. The continued operation of the system for monthly or other surveillance for two
additional cycles has shown no signal spikes or depressions. Since sets of detector signals for
these analyses were chosen at random, it can be concluded that the signal reproducibility is

equal to that given in the initial analysis

he physics analysis method uncertainty, o, , has not changed. The methods used in
the Fixed Incore Detector Svstem analysis have not changed since the licensing of the system

Axial power shape uncertainty, o, , was determined by comparing predicted and
measured axial power shapes. Data from the SIMULATE-3 code* and movable fission

chamber measurements were used to determine this component of unc ertainty. Again, since
the SIMULATE-3 has not been modified in this area, no change in this uncertainty

components 1s expected

The detector processing uncertainty in both the total system (o,) and radial
calculations (0,) were determined from measured data collected through the first cycle and a

)

portion of Cycle 2. This data set has grown and is included here to improve the statistics for

the uncertainty calculation

Previously, the total system component (0,) was determined from 23 core
measurements for each of 290 detectors or 6670 data points. The average RMS difference
between measured and predicted detector signals was given as 2.62%. Some 37 more
surveillances have been taken since the initial report and the average RMS error for the total
system 1s 2.61% for the new data. These results are given in Tables 3.1 and 3.2. This
consistency in results demonstrates the accuracy of the total system processing as reported in

the initial methodology report

The same 37 surveillances have been used to determine a radial RMS difference (0.)
The error for the new surveillances was averaged to be 1.98% RMS difference. as shown in
Table 3.2. This is slightly less than the 2.11% RMS difference given in the original analysis
Thus, the system continues to operate to the level of uncertainty described previously

In conclusion, no changes to the uncertainty values described in the initial

methodology report are required and the existing values are still accurate




Table 3.1
Cycles 1 and 2 Statistical Results

Radial RMS Total System
Exposure Percent RMS Percent
Date Mwd/Mtu Difference Difference

07/10/90 480 73
08//29/90 995 3.212

08/29/%0 1945 251§

09/26/90 2950 2.294
0/10/90 31568 114

]
11/08/90 4369 2.035
l

t

2/05/90 4850 OK6
01/04/91 5997 384
02/05/91 7214 808
03/18/91 8473
04/16/91 9266
05/20/91 10560
06/18/91 11570
06/18/91 12650
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11/01/91 415
11/08/91 682
12/04/91] 1680
01/08/92 2966
02/04/92 3906
03/04/92 5101
04/01/92 6169
05/05/92 7466

06/02/92 RB536

07/06/9 0840

OR/N7/92 1 1060




Table 3.2

Cycles 3 and 4 Statistical Results

Exposure
Mwd/Mtu

Radial RMS
Percent
Difference

Total System
RMS Percent
Difference

(03/24
04/21

06/02/¢

06/24
07/21
08/26
09/158
10/13
12
01/12/
01/25/
03/02/

03/16/

17/15/K
i

282
1137
1635
2160

w oy oy
1

1497
4302
5366
6850
7686

19
Q058
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11170
153491
14441
14942

15428
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4.0 FIXED AND MOVABLE DETECTOR RESULTS COMPARISONS

During normal operation of the plaat, an incore detector analysis is performed to
determine the incore power distribution on a monthly basis. The p irpose of this analy.is is to
demonstrate that the maximuni peaking factors, as determined by the
distribution, are le

mcore power
less than the limits assumed in the safety |

analysis. Nearly forty incore power
distributions have been pProg essed by both the Fixed Incore Detector System and the Movable

tem for the same conditions Data collected fi m both of these s

work 1o show that both systems are reporting

'he primary parameters

axial peak power in any pin, Fq, the integrated peak power in an Fdh
axial oftset. Each of these three values have been ’Y'];‘Jh‘-i for each surveillance made with
both the Fixed Incore Detector System and the Movable Incore Detector Syste

of concern tor Technical Specification surveillance are

i
L A

and core wide

m. Results for
Cycles 1 through 4 are presented in Tables 4.1 through 4.4 and plotted in Figures 4-1 through
4-4, respectively

g

Results for Cycle 1 and a portion of Cycle 2 were given in the initial methodolog
report. That data displayed a trend in which Fq from the Fixed Incore Detector System
be s than the value determined from the Movable Incore Detector Sy stem

> burnup. The data given here for ( ycles 2, 3, and 4 also show this trend
1S disc

i 1
Came 1ower or les

With

ussed in the following section. The axial offset data from the

Incore Detector System is usally lower or more negative than the Fixed Incore
System data. This trend is also considered in the difference resolution given in the

ection All other data is in

good agreement and confirms the
tor System at

I accuracy of the Fixed
determining the required su

surveillance parameters




Table 4.1
Cycle 1 Results

-

Fixed Incore Detector System Movable Fission Chamber System

Exposure Axial | Maximum | Maximum | Axial Maximum | Maximum
Mwd/Mtu | Offset Fq Offset Fdh Fq

1945 ] 45 ) 5.08 1.361
2950 ‘ 35 87 298 | 325
3468 3 3.08 316
4369 | ll(‘,

|
I
, l
4850 3 ) 2 1.309
|
l

5007 291
7214 ) 283
8473 1.297 2 1.289

9266

10560

Table 4.2
Cycle 2 Results

Fixed Incore Detector System Movable Fission Chamber System

Exposure Axial | Maximum | Maximum | Axial Maximum Maximum
Mwd/Mtu | Offset Fdh | Fq Offset Fdh Fq

Date

1. 94 473 .842 2.87 |.442 1.832
(\)\‘: | A. 56 { 1.901 | W | 1 433 \‘i_\

11/01/91

il S —————

11/08/91
12/04/91

01/08/92

1680 | | B4K 3 7 | 3 R3IN

2966 1 |.76% ) ] ! 6O

1006 3 ! ‘ “4\) | p 7 1 ”‘_;4

5101 4 1 76 3 | TR6

02/04//
03/04
04/01/92

05/08

~
L

6169 3 3 3 p y 9"

'--th | ,‘ ' T5K b h‘i

-

R536 ; 83 | ‘ 2 .4 ‘ ' 69

06/02

07/06 0R40 3 )7 ] 7 | 767

0R8/07 1 1060 )" ) 20

rJd o
e e ——————————————————————————— e




Table 4.3
Cycle 3 Results

Date

Exposure
Mwd/Mtu

Fived Incore Detector System

Movable Fission Chamber System |

Axial
Offset

Maximum
Fdh

Maximum
Fq

Axial
Offset

Maximum
Fdh

Maximum
Fq

11/25/92
12/22/92
18/93
3/93
3/93
4/22/93
/26/93
6/23/93

7/26/93

1/
\‘/
3/

8/24/93
10/14/93
12/10/93

Y1

1099
2206
3189
4259
5402
6577
7649
8909
Ox81
11211

13200

452
1.420
435
437
439
48
454
454
1.451
449
442
1.432

1.64
2.01

443
426
344
453
447
443
440
440
1.448
437
455
426

865

x990

Table 4.4
Cycle 4 Results

Date

Exposure
Mwd/Mtu

Fixed Incore Detector System

Movable Fission Chamber System

Axial
Offset

Maximum
Fdh

Maximum
Fq

Axial
Offset

Maximum

Fdh

Maximum {
Fq A

11/2/94
12/8/94
5/3/GS

x (l 95

e a—————

|
|
l
|
|
l

|

3499
4869
10439
14403

1 855
| BOS
| 676
| .646

U.0UN

1.441
1.428
1.404

1.375

| B6HK
855
7121

HX3

|
|
|
|
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Figure 4-1

Seabrook Station Cycle 1 Fixed and Movable Detector Limit Results
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Figure 4-2

Seabrook Station Cycle 2 Fixed and Movable Detector Limit Results
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Figure 4-3

Seabrook Station Cycle 3 Fixed and Movable Detector Limit Results
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Figure 4-4

Seabrook Station Cycle 4 Fixed and Movable Detector Limit Results




5.0 DIFFERENCE RESOLUTION

As shown in Figures 4-2 and 4-4, there appears to be a burnup dependence on the Fq

limit for Cycles 2 and 4 as measured with the Fixed and Movable Incore Detector Systems

I'his section will address this apparent burnup dependence

'he burnup dependence of measured Fq values between the Fixed Incore Detector
System and the Movable Incore Detector System was noted in the SER and additional data
reque sted to quantity the eftect. The differences are real and are derived from the

methodological differences between the two measurement systems

The measured value of Fq is separable into its radial and axia components (Fdh and
Fz). As shown in Figures 4-1 through 4-4, the Fdh data from the two measurement svstems is

comparable for all four cycles. The Fz data, however, does not agree between the systems

['he Movable Incore Detector System uses a U235 fission chamber detector to measure

the neutron flux axially through the core in each of the instrumented locations. The U235

fission chamber produces a current proportional to the fissions generated from the incident

1 | Y

neutron tlux on a U235 element. Thus, the Movable Incore Detector System measures the

fission rate of U235 in the core as a function of axial core position

'he Movable Incore Detector System processing code, INCORE-3’, is used to

determine measured Fz from the Movable Incore Detector System data. At Seabrook Statior
the INCORE-3 code normalizes the measured axial detector data and collapses them into an
average plane. The ratio of a predicted axial integrated U235 fission rate to the measured

integrated U235 fission rate is determined. This ratio is applied to the two dimensional

average predicted power distribution to yield the inferred or measured radial power

distribution. The measured radial power distribution is then used as radial factors (Fdh) and
multiplied by the normalized axial U235 fission rate data, as axial peaking factors (Fz). The
combination of } ho xial planes and the radial factor yield the axial Fq

strtbution

'he INCORE-3 code method
axial fission rate shape to generate the axial power sha

) 1
the incore axial POWer 1s

I'he axial power in the core is a combination of the fissions

ind not just U235. The U235 fission

spectrum 1S not representatiy

re, especially near the end of cycle when a substantial portion of the

shape in

f1ss10n rate ’~}1‘7"[' Ir,:' ;

plutonium 1sot *s. The actual axial power

y code, FINC- yields a power shape which
fissionable nuclides 18, the axial shape generated by FINC is different
it f--'c'f»i'fﬁ.rxi by INCORI

er shapes from the two

| AAamice
| dom.nates




ind the U235 fission rate shape is nearly he same as the axial power shape. However, as tl
cycle burnup increases, the contribution from other nuclides become more dominant. The
axial power shape within the core also changes from the classic cosine shape to a double
humped or dog bone shape. The double humped shape results from the depletion of the fuel
in the central regions of the core and the compensation of the less depleted regions above and
below the center of the core. The bottom of the core has a LI\\_."}H‘.' moderator density

producing a softer spectrum, due to lower moderator temperature. The U235 fission chamber

1

IS more sensitive 1o the softer spectrum at the bottom of the core than the harder spectrum
near the top of the core. Thus, the axial power shape generated by the U235 fission chamber

will be more bottom [h‘ﬂ\t‘\i than the actual power ~Pm;'(

From the data presented in Figures 4-1 through 4-4, Cycles 2 and 4 exhibit the trend
in Fq described above; while the Cycle 1 and 3 Fq comparisons do not appear to exhibit the
trend. Cycle | was a fresh core and most all fissions were from U235. Even by the erd of

cle the U235 fissions dominated the axial power shape. In Cycle 2, essentially two

of the core contained burned fuel from Cycle 1. A burnup dependence on Fq was

In Cycle 3, the peak Fq values do not appear to exhibit trend
vcle. In Cycle 3, the peak Fq location is not the same as the peak Fdh location
in the peak Fq location was measured higher with the Fixed Incore Detector System

than that measured by the Movable Incore Detector System hus, the decrease in Fz was
ompensated by an increase in Fdh. Cycle 4 showed the trend as expected and the peak Fdh

values were in the same location as the [H.'J‘b‘. }'k{ tor most of the cycle. Although the [&[
peak locations determined by each system were not the same, they are very near one another

and have essentially the same axial power shape

To graphically demonstrate the above concept, data near the end of Cycle 4 will be

ed in the discussion below

A plot of the axial shape (Fz) of the maximum Fgq pin inferred from the Movable
tem and the Fixed Incore Detector System, is given in Figure 5-1 Ihe

Movable Incore
by the

om \':"1" \1 '\,gl"vl"
r location N12. we
ing SIMULATE-3
Detector Svysten

'f axial

ws the SIMULATE-3 predicted axial power shape for location N12

when all fission nuclides are used compared to the axial power shape inferred by the Movable

ncore Detector System . Here the prediction and the measuremer

IHlustrates that the predicted axial power shape is not the same as

| X




and looks more like that given in Figure 5-1. For comparison, the SIMULATE-3 predicted

i4
axial power shape for location N12 does agree with the Fixed Incore Detector System inferred

|
axial power shape as shown in Figure 5-4

he results demonstrate that, as the core depletes, the peak Fq from the Movable
Incore Detector System using the INCORE-3 code is usually greater than that given by the
Fixed Incore Detector System using the FINC code. The peak Fq from the Movable Incore
Detector System is consistent with the U235 axial fi n rate shape; while the peak Fq from
the Fixed Incore Detector System is consistent with the axial power shape derived from all
Isotopes

The single plane methodology of INCORE used for this analysis is not the latest i
use at other plants with Movable Incore Detector Systems. The multi-plane methodology
d]‘;‘l!t‘ui to the INCORE code has been ki(‘\i'lv'[!('ki 0 compensate tor U235 reaction rate ‘h.t;»a'

Although the value of Fxy is not used by the present safety analysis in place at
Seabrook Station, the conclusions which apply to Fq are directly applicable to Fxy. The Fxy
s derived directly from the inferred Fq in the INCORE methodology
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6.0 CONCLUSIONS

This report addresses NRC concerns for additional benchmark data. Each of the
concerns has been addressed in this work.

1. First, there is a burnup dependence in the fixed/movable inferred measured Fxy
and Fq. North Atlantic Energy Service Corporation provided information to
respond to this concern that shows that the difference most likely is due to the
inherent differences in the reactor physics methods used to predict the power
distribution. While this may be true, it is important that the ratio be monitored
in future cycles to ensure that the two methods do not continue to diverge
which would indicate a problem with one of the systems.

Differences in the Movable and Fixed Incore Detector System inferred Fq and Fxy
values do exist and are expected, as described ir. Section 5. The difference is due to the
methodological differences used to analyze the data. Axial power distributions using the
Movable Incore Detector System are biased by the U235 fission spectrum using a single plane
model to analyze the data. The methodology used in the analysis of Fixed Incore Detector
System data considers fissions from all sources.

2. The fraction of the total signal which is due to neutrons is approximate, is not
a well known number, and it is not based on control experiments. It is
important that more core burnup be achieved to ensure that this ratio does not
change significantly with core life.

The continuing performance of the Fixed Incore Detector System at Seabrook Station
empirically demonstrates the validity of the platinum signal model used in SIMULTE-3. This
is made evident in the confirmation of the uncertainty analysis provided in Section 3. The
extended burnup data from Cycles 3 and 4 show that the system is accurate for long cycles
and highly exposed fuel cores.

3. Third, there is little experience in the United States with a fixed platinum
detector system. Seabrook is the first plant to be approved to use this system
of TS surveillance, and Seabrook is the first Westinghouse plant to employ a
Fixed Incore Detector System to determine core peaking factors.

The data given here clearly demonstrates the ability of the Fixed Incore Detector
System at Seabrook Station to accurately and continuously measure the incore power
distribution and associated limits.

The Fixed Incore Detector System at Seabrook Station has continued to demonstrate
the same accuracy discussed in the original licensing analysis. No new detector failures or
signal strength degradation has been seen. The raw millivolt signals given by the fixed
detectors are about the same at the end of Cycle 4 as during Cycle 1 measurements.

Statistics of predicted to measured signal differences are still good. The axial or three
dimensional component of uncertainty is unchanged after the addition of 40 detector maps,
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while the radial uncertainty has decreased slightly. No changes to the uncertainty values used
in surveillances made with this system are required.

A uniform set of analyses were performed at nearly 40 exposure points over four
cycles of operation with two independent incore detector systems. Full incore analyses for
each set of data coilected with both movable fission chambers and fixed self powered
platinum detectors show comparable results for radial peaking values. Axial peaking results
differ between the systems as a function of cycle exposure. The difference in axial peak
values is attributed to the limitations of the movable fission chamber system in its use of only
the U235 fission rate to determine the axial power shape in the core.

The results of this report show the Fixed Incore Detector System to be a complete and
independent system: with accuracy and functionality expected for an incore detector system.
The Fixed Incore Detector System should continue as a stand alone incore power surveillance
system for Seabrook Station with the uncertainty factors of 4.12% for radial analyses (Fdh),
and 5.21% for axial analyses (Fq).
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