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Executive Summary

A shaker test of the spare Hope Creek Unit 2 dryer was performed and the results compared against predictions
obtained with the ANSYS 10.0 finite element analysis (FEA) to quantify the bias and uncertainty of the FEA model
associated with the prediction of response peak amplitudes. The effects of FEA modeling assumptions and
approximations upon response peak frequencies are not assessed since these are more effectively compensated for
using the technique of frequency shifting in steam dryer stress analysis.

The dryer was suspended by four support rods and forced horizontally by a shaker unit at eight different
locations: three on the upper support ring, two on the lower support ring and three on the tie bars on the top of the
dryer. For each shaker location, up to 20 accelerometers were placed on the dryer at locations predicted (with the
ANSYS FEA) to produce the highest response over the 0-250 Hz frequency range. The pre-test FEA predictions
also provided discrete frequencies where the response exhibited a peak. The test then proceeded to record the
response at the accelerometers resulting from harmonic shaker forcing at frequencies in the vicinity of the predicted
peak frequencies. These measured accelerations were then compared to the FEA predictions.

(3)

2



This Document Does Not Contain Continuum Dynamics, Inc. Proprietary Information

Table of Contents

Executive Sum m ary ....................................................................................................................................................... 2
Table of Contents ....................................................................................................... ......... 3
Introduction ................................................................................................................................................................... 4
AN SY S 10.0 FEA of H ope Creek Unit 2 Dryer ........................................................................................................ 6
A n a ly sis ........................................................................................................................................................................ 10

Selection of Peak Frequencies ................................................................................................................................. 10
Selection of Accelerom eter Locations ..................................................................................................................... 10
Com parison Procedure ............................................................................................................................................ 11
A lgorithm 1 ............................................................................................................................................................. 13
A lgorithm 2 ............................................................................................................................................................. 15
Com parison Betw een A lgorithm s 1 and 2 .......................................................................................................... 16

R e su lts ......................................................................................................................................................................... 2 1
Conclusions ................................................................................................................................................................. 34
References ................................................................................................................................................................... 35
Appendix A . Selection of M odal Ranges ................................................................................................................... 36
Appendix B - Test Plan to Determine Bias and Uncertainty of FEM analysis of Hope Creek Steam Dryer ...... 41

I 3



This Document Does Not Contain Continuum Dynamics, Inc. Proprietary Information

Introduction

A shaker test of the Hope Creek Unit 2 dryer was performed to validate and compute biases and uncertainties of
a finite element analysis used in steam dryer qualification for extended power uprate (EPU) operation. The dryer
was suspended by lifting rods and subjected to shaker-induced forces at eight specified locations. The forcing
locations were selected on the basis of several considerations including reasonable access by a shaker rod, sufficient
strength to support a 1001b force amplitude (this precluded, for example, the skirt and hoods as suitable excitation
locations; it also ensured that the maximum response location was likely to be away from the shaker location) and
potential of exciting significant response at points on the dryer that experienced high stresses in the operational
Unit I dryer (e.g., drain channels, skirt and hood structures).

For each shaker location, finite element analysis (FEA) using the harmonic analysis in ANSYS 10.0 was carried
out over a series of frequencies in the 0-250 Hz range. Peak frequencies were estimated with the objective of
ensuring, where possible, at least three peaks per 25 Hz frequency band. From this information, locations for up to
20 accelerometers were identified on the dryer for each shaker location. Acceleration data were then collected with
these accelerometers at frequency peaks identified within specified frequency bands. This acceleration data were
transmitted to CDI and compared against the predicted displacement responses.

As originally intended, the data comparison procedure was 'analysis-driven' as follows: (i) for each shaker
location identify the peak frequencies, fk, assuming 1% damping; (ii) collect accelerometer measurements at all

measured peak frequencies within ±10% of fk; and (iii) compare the predicted response against the measured ones

discovered in the ±10% frequency range. In the last step, the structural damping in the model would be adjusted to
obtain the best match before computing the bias and uncertainty (justification for the damping adjustment and ±10%
frequency range search is provided below in the Comparison Procedure). The advantage of this approach is that the
number of FEA calculations is minimized since for every shaker location and discrete peak frequency, fk, the only

parameter that is varied in the FEA to best match the data is the structural damping. [[

(3)]

(3)]]

Because of these complications and the possible absence of required measurement data, it became necessary to
adopt a 'data-driven' comparison procedure where the computed response is adjusted by varying both damping and
frequency to match a particular measured response peak. Thus, instead of comparing the computed response at a
predicted response peak against all measured response peaks in the ±10% frequency range (the analysis-driven
approach), one endeavors to match each measured peak response by adjusting the damping and the forcing
frequency (in a ±10% frequency range about the measured peak frequency) in the analysis to match the measured
accelerations. With unlimited computer resources this would be the preferred approach. In practice however, the
computational effort with the data-driven approach is much higher since both damping and frequency must be
adjusted to match the measured response whereas only the damping is varied in the analysis-driven approach.
Moreover, the number of FEA evaluations to adequately cover the ±10% frequency range increases inversely with
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damping (This is because the frequency spacing required to resolve response peaks is roughly proportional to the
structural damping).

(3)]]

In the following sections, a brief review is given of the frequency selection and accelerometer placement
procedures. This is followed by an explanation of the comparison method and means for estimating bias and
uncertainty. Finally the biases and uncertainties are presented.
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ANSYS 10.0 FEA of Hope Creek Unit 2 Dryer

The finite element model for the Hope Creek Unit 2 steam dryer is based on the one for the Hope Creek Unit 1
steam dryer. Photographs of the Unit 2 Unit and the extensive facilities required to conduct this test are given in [1].
The differences between the two units are associated with field modifications applied to Unit 1, operational
conditions and applied constraints. The following changes were made in the FE model:

- the thickness of the outer hoods is changed from 1/2" to 1/8"
- the thickness of the central end plates is changed from 1/2" to 3/16"
- tie bars are replaced with the original thinner ones
- all hood reinforcements are omitted
- cuts in the skirt are made as indicated in Figure 1
- the cut out in the location of the man way on the outer cover plate is made
- lifting lugs are added to the model to facilitate imposition of the constraints used in the test
- the Young's modulus for structural steel at room temperature E = 2.9 107 psi is used
- no parts are submerged and therefore no added water mass is used
- cantilevered constraints are applied at the tops of lifting lugs as shown in Figure 2

The mesh consists of a total of 117,769 nodes and 87,464 elements and provides a mesh resolution that is
comparable to the one used in the Hope Creek Unit I model (see Figure 3).
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Figure 1. Hope Creek steam dryer Unit 2 geometry overview.
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Figure 2. Boundary conditions applied to the model.
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Figure 3. Mesh overview.
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Analysis

The FEA model is evaluated by comparing the predicted response at selected locations against test
measurements for eight shaker locations where the dryer is forced at a number of frequencies in 10-250 Hz range.
The FEA was used in both pre- and post-test analysis. In the pre-test mode, the ANSYS FEA provided estimates of
the peak frequencies and locations where the dryer experienced the strongest response for a given forcing. This
information helped specify where to place accelerometers. It also helped define the frequency intervals where
'dwells' should be performed, i.e., the frequency range over which one should locate response peaks and record the
accelerometer readings. In the post-processing mode, the damping and forcing frequency were adjusted to best
match measurement data collected at a select number of peak frequencies. The bias and uncertainty, and other error
measures were then evaluated at these frequencies.

Selection of Peak Frequencies

The pre-test FEA analysis was performed according to the frequency schedule:
fn= 0.5n, nE[0, 10]

fn= (1 +1/156) fn-,, n> 10

where fn is the n-th discrete frequency (in Hz). This frequency schedule is derived from the requirement that

frequency response peaks be reproduced to within a maximum error of 5%, under the assumptions that the structural
damping is 1% and the structure contains no modes below 6 Hz. Although the actual structure is likely to have
somewhat less than 1% damping (because the environment is ambient air rather than highly pressurized steam) the
actual value was not known prior to the test. Therefore a damping value must be assumed and a 1% value is judged
adequate for the purpose of predicting peak frequencies and accelerometer locations. For post-test comparisons the
damping values in the FEA analysis will be adjusted to produce optimal matches with data.

Frequency peaks are identified as follows. At each discrete frequency, fk, the maximum displacement

amplitude, dk=dmx(fk), anywhere on the dryer is computed. Peak frequencies are identified as those frequencies

for which co2dk>gcut and dk>max{dk-l, dk+1 }. The first requirement states that the acceleration exceed a specified

threshold, gcut (here gcut=0. 2 5g) and the second inequality specifies that the response be a peak (i.e., the response is
higher than that at the two adjacent frequencies). Note that a less stringent definition of response peaks is also
possible if one considers the response amplitude at each node individually (rather than the maximum response
anywhere on the dryer) and identifies the peaks. However the preceding test based on maximum response is
sufficient and simple to implement. Peak frequencies are identified in the 0 to 250 Hz range.

Next, each 25 Hz frequency band is considered. Within each band, the frequency peak, fl, with the highest

acceleration is identified. If such a peak is identified then it is attempted to find the frequency, f2 , for the next
highest peak with the additional requirement that lf2 - fl > fsep- This requirement ensures that peak frequencies are

reasonably well spaced apart. Finally, it is attempted to find a third peak within the frequency band with frequency,
f3 , such that, If3 - fl > fep and f3 - f2 > fsep. The search for three peaks begins with fsep= 4 Hz. If three peaks
cannot be successfully found with this value for frequency separation then fsep is reduced until three peaks are found

or fsep< 2 Hz. If fewer than three peaks are found with fsep= 2 Hz then the search terminates. In either case, the n_<3

peak frequencies are recorded for each 25 Hz frequency interval.

Depending on the shaker location, there will be fewer than 3 peaks at lower frequencies since accelerations tend
to be low. At high frequencies, the assumed 1% damping smears resonance peaks over broader ranges (at 200 Hz
the half power points are separated by 4 Hz) so that fewer peaks are predicted. In the test however, more peaks
emerge at the higher frequencies because of the lower structural damping.

Selection of Accelerometer Locations

The placement of accelerometers for a given shaker location is subject to conflicting constraints. Clearly, it is
desirable that at any discrete forcing frequency at least some (more than two) of the accelerometers register a
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significant response. In addition, they should be separated by minimum distance to discriminate between response
shapes. Finally, to expedite the measurement process it is desirable to have one set of accelerometer locations per
shaker location that can be used at all dwell frequencies (i.e., instead of relocating accelerometers for each
frequency). The data acquisition system limited the number of accelerometers to 20.

To simultaneously enforce all constraints an accelerometer placement algorithm was developed. For each of the
discrete frequencies, fk, the accelerations at all finite element nodes on the steam dryer are computed using the

ANSYS FEA. Nodes with responses less than 0.25g at all peak frequencies are discarded. Locations where reliable
mounting of accelerometers would be difficult, are also eliminated. For the remaining nodes, accelerometer
locations are chosen such that:

(i) for each frequency peak, the number of accelerometers producing a significant response (>0.25g) is
maximized;

(ii) accelerometers are separated by at least 10 inches; and
(iii) the total number of accelerometers on the dryer is twenty or less.

The following heuristic algorithm was employed to solve this optimal accelerometer placement problem. For
every valid node, i (i.e., one that is accessible and experiences an acceleration exceeding 0.25g for at least one of the
peak frequencies) the number of peak frequencies, Ni, where the node experiences an acceleration greater than 0.25g

is counted. The nodes are then sorted in descending order according to Ni so that the first node in the list will be the

one that is responsive at the most number of peak frequencies. This is the first accelerometer location. All nodes
that are within 10 in of this first location are screened from further search. Of the remaining set, the node, i2, with
the largest value of Ni 2 (i.e., the one giving a significant acceleration at the most peak frequencies) is selected as the

second accelerometer location. All nodes within 10 in of i2 are excluded and the search continued in a similar
manner for the third and remaining accelerometers.

Because accelerations scale with the frequency squared, this accelerometer placement procedure will tend to
select locations that are responsive at high frequencies. In order to ensure that accelerometers are also placed to
record lower frequency peaks, the algorithm is modified in the following manner. For every peak frequency, fk, the

number, mk, of accelerometers experiencing a significant response at that frequency is tracked. Thus, initially

mk=0 . After the first accelerometer is placed, mk is incremented if the accelerometer experiences a response greater

than 0.25g at fk- The same increments are performed after every accelerometer is selected. Thus, at any stage in the

accelerometer location procedure, the number of accelerometers, mk, responding significantly at fk is known. One

can then choose the next accelerometer by requiring that it respond significantly at the peak frequency having the
smallest ink. Thus the accelerometer selection process is modified as follows:

(i) identify the peak frequency or frequencies, k, having the smallest accelerometer counts, mk;

(ii) of the set of nodes, (i), that respond significantly at these frequencies, k, select the one having the
largest Ni (i.e., is responsive at the most frequencies);

(iii) if no nodes can be found, then repeat steps (i) and (ii) for the frequencies with the next smallest
accelerometer counts, mk.

This algorithm is applied separately for each shaker location. The resulting shaker locations are summarized in
the test plan included in Appendix B.

Comparison Procedure

For each shaker location and measured peak frequency, a comparison between the computed and measured
displacements at the accelerometer locations is performed. [

(1)
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(2a-c)

(3)]

For each shaker location and measured peak frequency, the structural damping and forcing frequency in the
FEA model are adjusted to achieve the best match. Adjusting the structural damping is necessary since the actual
damping is not precisely known prior to the test. Moreover, the 1% damping valued permitted by the NRC [2] for
operational steam dryer stress analysis does not apply to the test measurements here because the surrounding
environment (ambient air) is not representative of the one for steam dryers in operation (high pressure and
temperature wet steam whose density is two orders of magnitude higher than air at atmospheric conditions). Note
that the estimate of the structural damping does not contribute to the bias and uncertainty values. This is because the
damping value for the analysis of operational steam dryer is specified as 1% and the bias and uncertainty values
developed here pertain to effects of modeling idealization, pre-stresses and finite element discretization errors upon
the peak stress predictions.

The forcing frequency is varied over the ±10% range about the measured peak frequency, fk, i.e., the forcing

frequency, fE[0.9fk, l.lfk]. This frequency shifting is permitted and appropriate because the analysis of steam
dryers requires that frequency shifting over this range be performed to compensate for errors in the predicted peak
frequencies due to modeling idealizations and discretizations. Since frequency shifting is required in stress analysis,
it is also appropriate in the bias and uncertainty calculations. While frequency shifting compensates for the effects
of modeling errors upon predicted peak frequencies, it does not account for the effects of these modeling errors upon
predicted peak displacements and stresses. The biases and uncertainties calculated here pertain to the latter and
quantify how well the FEA model predicts response amplitudes.

The damping and frequency shift that minimizes the error, Jbu, are found by 'brute-force' search where the

damping and frequency are incremented in a pair of nested loops. For each (damping,frequency) pair the predicted
response is computed at the accelerometer locations and compared against the measured values. The error, J, is
computed and the minimizing values of error, damping and frequency recorded. A brute-force search where all
(damping,frequency) pairs are considered is more expensive than other optimization methods (e.g., steepest descent,
conjugate gradient), but also more robust and reliable in identifying global minima. It is appropriate here because
the error functions are very nonlinear and contain numerous local minima that, because of the low characteristic
damping, tend to be very localized and sharp (e.g., see Figure 4). Two algorithms were developed to perform this
search. The first performs the harmonic analysis at a pre-defined set of damping factors and frequencies. Because
of the low damping and computation times associated with each harmonic analysis it was not possible to process all
shaker locations and measured peak responses at the resolution and frequency range needed. A compromise
approach was pursued where a limited number of shaker locations and response peaks was considered and the
damping and frequency spacings coarsened and their ranges limited. [[

(3) ]] Though requiring more development effort, it ultimately allowed all peak frequencies to be processed
for all shaker locations. These two algorithms are discussed next.
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Algorithm I

The conceptually most straightforward approach for identifying the optimal damping and frequency shift is to
sweep over both damping and frequencies at the appropriate resolution, compute the predicted accelerations at the
accelerometer locations using the harmonic FEA, compare them against the corresponding measured values, and
compute the bias and uncertainty. This is the basis of Algorithm 1 where the damping and frequency are varied
using a nested iteration procedure to match a measured response peak. Thus an outer do-loop is set up where the
damping is varied from 0.0 1% to 2% and an inner iteration loop also carried out where the frequency is varied over
the ±10% frequency range about the measured peak frequency. The damping and data set giving the smallest cost,

Jbu, is recorded together with the minimizing bias and uncertainty, b and u.

The number of calculations to process one measured response peak this way can be estimated as follows. At

1% damping, the frequency resolution, Af, needed to resolve peaks with a maximum error of 5% is approximately
Af=f/157 where f is the forcing frequency. For lower damping, the frequency interval needed to preserve this
accuracy scales can be estimated from

Af = (ý/1.57) f (3)

where ý is the damping. One can then show that if one is interested in resolving the ±10% frequency range about a
given frequency that the number of frequency evaluations is:

0.2f 0.2 0.314N --= - - (4)
Af ý/1.57

The lowest damping measured in the dryer is approximately 0.01% which implies that N=3140 evaluations are
needed to completely resolve the frequency range at 0.01% damping. This number is multiplied by the number of
damping values considered (Nc) times the number of shaker locations (8) times the number of discrete or dwell

frequencies per shaker location (43 on average), or (1.07 million) * Ný. At 3-6 minutes per calculation the

computational costs become astronomical (over 6 years for one damping). Costs remain unacceptable for 0.1%
damping (the average damping value in the test) and a compromise solution is required.

13
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Figure 4. Surface plot of Jbu as a function of frequency and damping for low and high frequency case.
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To reduce the number of harmonic calculations, the frequency range was reduced to only ±1% about the

measured peak frequency and only Ný=5 damping values are considered: ý=(0.0001)*2n (i.e., a range of 0.02% to

0.32%). Coarser frequency spacing was used (approximately 2.5 times the spacing implied by (3)) resulting in 64
intervals (65 frequencies) at 0.02% damping. For 0.04% damping, the number of frequency intervals was halved to
32 intervals whereas for 0.08% damping and higher, 16 frequency intervals were used resulting in a total of 149
harmonic evaluations per measured peak frequency and shaker location. The associated computation time is
approximately 15 hours. Note that for higher damping values, coarser frequency spacing is allowed because the
response becomes smoother. Moreover, using coarser frequency spacing does not directly introduce any additional
errors in the calculation. However, a sparser sampling of the frequency range increases the likelihood of missing the
peak response by 10% to 25% which therefore tends to increase the bias and uncertainty.

(5)

(6)

(7)

(8)

(3)]
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(9)

(10)

(3)]]
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Figure 5.

(3)]
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(3)]

Figure 5 (cont.). Comparisons of predicted and measured accelerations at accelerometer locations for shaker
location 5.
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[II

(3)]

Figure 5 (cont.). Comparisons of predicted and measured accelerations at accelerometer locations for shaker
location 8.
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Results

Comparisons between measured and predicted responses were performed for all measured response peaks for
all shaker locations. [[

Table 2.

(3)]]
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11

Table 3.

(3)1]
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11I

Figure 6.

(3)]]
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I[

Figure 7.
(3)]]1
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(3)] 8

Figure 8. Comparison of predicted and measured responses for the two cases yielding the highest values Of Jbuw

25



This Document Does Not Contain Continuum Dynamics, Inc. Proprietary Information

[[

(3)1]

Figure 9a. Comparison of measured and predicted accelerometer accelerations for Shaker Location 1. Note that for this
shaker location, data was only collected at forcing frequencies above 100 Hz because coherence between the forcing
and accelerometer responses was low below 100 Hz.
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(3)]]

Figure 9b. Comparison of measured and predicted accelerometer accelerations for Shaker Location 2.
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Figure 9c. Comparison of measured and predicted accelerometer accelerations for Shaker Location 3.
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[Fi

Figure 9d. Comparison of measured and predicted accelerometer accelerations for Shaker Location 4.
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(3)]]

Figure 9e. Comparison of measured and predicted accelerometer accelerations for Shaker Location 5.
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(3)]]1

Figure 9f. Comparison of measured and predicted accelerometer accelerations for Shaker Location 6.
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(3)]]

Figure 9g. Comparison of measured and predicted accelerometer accelerations for Shaker Location 7.
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I[[

(3)]]

Figure 9h. Comparison of measured and predicted accelerometer accelerations for Shaker Location 8.
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Conclusions

[Li
(3)]

The measurements consisted of accelerometer readings taken at selected peak frequencies and resulting from shaker-
driven force inputs. Eight different shaker locations were considered and for each shaker location up to 20
accelerometers were placed on the dryer. Measurements were taken at approximately 40 different peak frequencies
in the 10-250 Hz range. Both peak frequencies and accelerometer locations were selected using pre-test FEA. The
collected data were compared against predictions by varying the damping in the FEA model and adjusting the
forcing frequency ± 10% about each measured peak frequency. [[

(3)]

Note that no compensation is made for errors originating from the test itself. Possibly significant error sourcc.e
include: (i) discrepancies in the locations of the accelerometers; (ii) measurement noise introduced by the data
collection system; and (iii) motion of the shaker support structure (such motion was observed, particularly for the
shaker locations exciting higher parts of the structure). It is noted that for at least one shaker location
(shaker location 1) the coherence between the shaker forcing and accelerometer response at lower frequencies
(below 100 Hz) was sufficiently small that the results were deemed unreliable.

(3)]]
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Appendix A. Selection of Modal Ranges

(A.1)

Figure 10.

(A.2)

(A.3)

(3)]]
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[[I

(A.4)

Figure 10.

(A.5)

(3)]]
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(3)]]1
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[1

Figure 11

(3)]]
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[[

(3)]]

Figure 11. Error in correction function, q(co), as a function of frequency band width parameter, k.
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Appendix B - Test Plan to Determine Bias and Uncertainty of FEM analysis of Hope Creek
Steam Dryer

The test plan specifying the shaker locations, accelerometer positions and predicted peak frequencies together
with the testing procedure is attached here as Appendix B.
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1 Purpose

A prerequisite to operating at Extended Power Uprate (EPU) is demonstrating that the
hydrodynamic loads on the steam dryer do not exceed allowable stresses. Pressure
loadings on the steam dryer are obtained from a combination of measurements and
analysis, and these time dependent loadings are used as inputs to a Finite Element Model
(FEM) analysis to determine the stresses on the steam dryer.

The purpose of these tests is to compare the predictions of a FEM to measured
accelerations for the Hope Creek Unit 2 steam dryer. Comparisons of the predicted and
measured responses will provide a determination of the bias and uncertainty in the FEM
analysis of the steam dryer.

I



2 Description of Test Facility

The test facility consists of a shaker that imparts a measured force to the test article at
known locations. The test article is the Hope Creek Unit 2 steam dryer (Ref. 1), which is
instrumented with accelerometers to measure its response. The steam dryer is mounted
such that losses to the environment are minimized.

2.1 Test Article

The Hope Creek Unit 2 steam dryer shown in Figure 1 (Ref. 1) shall be used in the
testing. This steam dryer has never been in operation and is readily accessible, thus
facilitating instrumentation and testing. Other than support conditions (lifted by crane at
the four lifting lugs vs. resting on steam dome supports), environment (air vs. high
temperature and pressure steam) and modifications made to the Unit 1 steam dryer
subsequent to plant operation, the Unit 1 and Unit 2 steam dryers are similar.

a

Figure 2-1: Sketch of Hope Creek Steam Dryer.
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2.2 Test Article Mounting

The testing is being conducted to evaluate the FEM, therefore it is important to establish
well-known boundary conditions. The dryer shall be tested with the shipping supports
removed.

For testing the dryer shall be supported by slings from four support points. The slings
shall be supported by from mounting points on to hydraulic gantries as shown in Figure
2-2. The length of the slings shall be maximized to reduce the natural frequency of the
supports. The actual mounting details shall be photographed, measured, and recorded.
These measurements and descriptions shall include:

For each cable: length, diameter, material, and construction
Gantry description, attachment points, material, beam description

Figure 2-2: Schematic of typical steam dryer supported by hydraulic gantries.

The steam dryer shall be located in an area where there is no condensation on the steam
dryer and there is less than 2 mph wind blowing on the steam dryer.

2.3 Shaker

To maximize the signal to noise ratio the steam dryer shall be tested with a mechanical
shaker at discrete frequencies (Ref. 2). The locations for the shaker are shown below in
Figure 2-3. There is a total of eight forcing locations. Three locations are at the upper
support ring (USR) and two locations are at the lower support ring (LSR). At these
locations a radial force is applied. The remaining three locations are at the tie bars, and
the shaker applies a force along the long direction of the tie bar.

The coordinates of the shaker locations are given below in Table 2-1.
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Table 2-1 Shaker coordinate locations

Position r (in.) d (deg.) Z (in.) Reference
I Upper Support Ring 122 180 2.25 Center height of USR
2 Upper Support Ring 122 225 2.25 450 from shaker 1
3 Upper Support Ring 119 270 2.25 900 from shaker 1
4 Lower Support Ring 120 180 -98.2 Center height of LSR

directly below shaker 1
5 Lower Support Ring 119 270 -98.2 Center height of LSR

directly below shaker 1
6 Tie Bar 72 96.9 End of top tie bar surface

I Coordinate given to center
7 Tie Bar 106 96.9 "

8 Tie Bar 112 96.9 itI

The coordinate frame has z vertically up, r measured from the center of the dryer, and 0 is
zero at the cutout in the outer top cover plate (opposite shaker 1) and increases CCW
looking at the dryer from the top. The origin lies at the center of the dryer origin such
that the upper support ring radius measured from this origin is constant and the cover
plate corresponds to z=7.5 in.

a

x

y

3
Z:Zua

p~ ~
~Z2ZZ~OD

" / mExcitation in radial direction
SExcitation of a tie bar

Figure 2-3: Sketch of dryer showing 8 shaker locations.
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3 Test Requirements
All data shall be obtained by instrumentation with calibration traceable to NIST
standards. The specified measurement accuracies include the instrument accuracy
(including DAS), calibration error, and errors originating from measurement stability
(drift). Combining the errors should be performed using the principles identified in
national engineering standards.

Table 3-1 Test Instrumentation

Measurement Purpose Range Accuracy

(2)

Force To measure 0-100 lbf +/- 0.5 lbf
excitation

Acceleration To measure the 0-50 g from 10 -250 +/- 2.5% reading
response of the Hz
steam dryer.

Temperature To measure the 32 - 100 OF + 20F
temperature of
the Steam Dryer

Length To measure the 0 to 25 ft. + 1/4"
location of shaker
and
accelerometers

The test report shall include the model, range and accuracy specifications of the
instrumentation used in the testing. Instrumentation with larger range (as long as the
accuracy requirement is met) and better accuracy may be used.

3.1 Excitation
The steam dryer must be excited at frequencies from 10 Hz to 250 Hz. The excitation
should be applied as a sinusoid normal to the surface. The excitation must be capable of
delivering at least 100 pounds force. The applied load must be measured in terms of
applied force as a function of frequency.

The force of the shaker must be measured and recorded on the data acquisition system.

The location and method of attachment of the excitation must be documented. The eight
locations are specified in section 2.3.
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3.2 Accelerometers

A minimum of 21 locations must be instrumented to measure the response of the steam
dryer to a measured input for each shaker location. The locations were selected based on
FEM analysis of the suspended dryer with force input applied at one of the eight
locations specified in Section 2.3. The locations were selected to obtain peak response
over the entire frequency range such that at each frequency several transducers have
significant response. The location and method of attachment of the accelerometers must
be documented.

Accelerations are expected to be greater than 0.1 g to 20 g at the peak values depending
on location and frequency for a driving force of 100 pounds and assuming 1% damping.
If accelerations exceed accelerometer limits then the force amplitude should be decreased
over the frequency range where the limits are exceeded.

3.3 Data Acquisition
A data acquisition system with a minimum of 24 channels and 16 bit resolution shall be
used. The data acquisition system shall be capable of taking data at 10 times the
maximum frequency multiplied by the number of channels.

The data acquisition system must be calibrated to NIST traceable standards. The data
acquisition model number and specifications must be included in the test report.

3.4 Temperature

The temperature of the steam dryer shall be measured at the beginning or end of a test.
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4 Test Procedures

For these tests accelerometers shall be located at positions that reflect large acceleration
response to the various shaker positions. The response is a function of frequency and
location of the driving force. A list of accelerometer locations for each shaker location is
shown in the tables in Appendix A. The test vendor shall locate the accelerometers at the
required locations.

4.1 Suspension Frequency

The steam dryer will be supported from cables for the test. It is expected that the
frequency of the supports will be much lower than any frequency of interest in the dryer
and that the damping will be low. To verify that these supports do not couple into the
dryer response significantly the frequencies of the support system will be measured.

With the dryer suspended, measurements of the frequency in rotation swing and bounce
modes will be measured.

.11
Figure 4-1: Force application for suspension frequency and damping tests.
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4.2 Shaker Frequency Sweep

The purpose of this test is to identify the frequencies at which peak responses occur at the
accelerometers.

Locate the shaker and accelerometers as indicated in the tables in Appendix A. For each
shaker position run the shaker over the frequency range from 10 to 250 Hertz as shown in
Figure 4-2.

250

200

. 150

100

50

0
0 500 1000 1500 2000 2500 3000 3500

Time (sec)

Figure 4-2: Frequency sweep to
accelerations occur.

identify approximate frequencies at which peak

4.3 Fixed Frequency Test

Based on the FEM approximately 25 frequencies shall be selected per shaker location for
testing based on high acceleration response. A dwell will be performed at up to three
peaks found within +/-10% of each selected frequency; the peaks used for the dwells
shall be the ones that exhibited the strongest response in the initial frequency sweep.
These frequencies shall be selected to cover the range from 10-250 Hz. At these
frequencies, data will be collected for sufficient duration to guarantee that steady state
oscillations have been reached.
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5 Data Reduction

The data from the tests shall be presented as a function of frequency. The amplitude
response of each accelerometer and amplitude of the forcing shall be provided at each
dwell peak for each shaker location. The sweep test data shall also provide the amplitude
response of each accelerometer as a function of frequency for each shaker location. The
forcing amplitude must be provided or normalized into each acceleration response to
account for variations in the forcing amplitude. Estimates of the frequency and damping
will be provided at each peak.
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6 Uncertainty Analysis

Bias and uncertainty are computed by comparing measured accelerations against those
predicted by the FEM model as described below. The FEM peaks may be shifted plus or
minus 10% to provide the best match with the experimental data. In addition, the
damping can be adjusted to match experimentally measured values.

6.1 Instrument Uncertainty

Measurement uncertainty shall be calculated for the instrument loop and shall include
calculations of the bias and uncertainty of the measurements.

6.2 Bias
Bias is computed by taking the difference between the measured and predicted

acceleration amplitudes for the individual acceleration measurements, and dividing the
mean of this difference by the maximum of the predicted amplitude.

B IA N ( a - Apredicted)

max{Apredicted }

where Ameasured is the amplitude of the measured data and Apredicted is the amplitude of the
predicted data. Summations are over the number of "averaged accelerations".

6.3 Uncertainty

Uncertainty is defined as the normalized square root of the sum of the squares of
the measured and predicted acceleration amplitudes for the individual acceleration
measurements

jI I(Ameasured - A rdce)2

UNCERTAINTY -

max{Apredicted }

Bias and uncertainty results are compiled for specified frequency ranges of
interest.
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7 Quality Assurance

The testing contractor shall establish and maintain the required data records for all

tests performed.

All test personnel must be qualified in accordance with PSEG Nuclear's

requirements for this test and shall be reviewed and approved by Hope Creek prior to

testing. Documentation of their qualifications shall be provided in the test report.

The test article described in Section 2.1 shall be maintained throughout the

testing. Any changes shall be in accordance with PSEG Nuclear's requirements for this

test and shall be reviewed and approved by Hope Creek.

Instructions, procedures and drawings shall be controlled in accordance with

PSEG Nuclear's requirements for this test and reviewed and approved by Hope Creek

prior to testing. Revisions to the test procedures shall be reviewed and approved by Hope

Creek prior to implementation. Procedures shall be included in the test report.

Measurement and test equipment shall be controlled in accordance with PSEG

Nuclear's requirements for this test and meet the requirements in Section 3.2. All

instrumentation shall be calibrated to NIST traceable standards and shall also be post-test

calibrated. Calibration records for the instruments used shall be included in the test

report.

The test vendor shall report all non-conformances to Hope Creek for review and

approval.
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Appendix A: Accelerometer Locations

The accelerometer locations associated with each shaker location are summarized
in the subsequent tables and figures. All dimensions are in inches unless otherwise noted.
Phi is the angular coordinate (for cylindrical coordinate system).

In order to facilitate locating strain gages, a third set of coordinates (in addition to
the Cartesian, x,y,z, and cylindrical, r,phi,z) is provided. This set consists of a vertical
marker line, A-H, a signed horizontal distance, s, and vertical height, h. The vertical
marker lines A, C, E and G correspond to the 00, 900, 1800 and 2700 locations. These
lines are marked onto the dryer including the skirt (inside and outside) and hoods. Useful
reference locations for drawing these lines are the centerline of the manway, (line A)
upper support ring cutouts (lines C and G) and horizontal midpoints on the outer hoods
(lines A and E). The other 4 vertical marker lines, B, D, F and H pass through the centers
of the drain channels. Each such line is obtained by laying a marker tape horizontally on
the drain channel, and marking half the distance between the joints where the drain
channel connects to the skirt. Each line is identified in the first figure below. Lines B, D,
F and H correspond to angles, ý=61.290, 118.710, 241.290 and 298.71' respectively. The
signed distance, s, is measured in the direction that is counter-clockwise when viewed
from the top of the dryer (i.e., positive from A--B--*C--D, etc.), as is the angle, 4. The
height, h, is measured relative to the bottom of the lower support ring. Note that the
bottom of the drain channels corresponds to h=6 inches.

For locations below the upper support ring, the preceding coordinate system with
marker lines, distance s and height, h, is most convenient. For points above the upper
support ring such as the dryer hoods, it is more convenient to provide a height above the
cover plates. This height is denoted by hcov. In addition, the signed distance, s, relative

to the marker line is now equal to either +x (when measured relative to marker, A) or -x
(when measured relative to marker, E). In order to distinguish which set of coordinates
to use, the parameter 'Up-Lo' is supplied and is set to -1 for the points below the upper
support ring and +1 for points above it. Also, only the relevant coordinates are provided
in the table (s and h for Up-Lo=-1; or hcov for Up-Lo=+1).
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Top view of Hope Creek Unit 2 steam dryer model showing orientation of the x-y axes.
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Accelerometer Locations for Shaker 1.

ACC# x y z r phi(deg) Up-Lo Marker s h h
101 2.4 93.8 80.6 93.8 178.6 1 E 2. 7.
102 1.1 100.8 28.8 100.8 179. 1 E 1.1 2.
103 -35.8 100.8 28.3 107.0 199.6 1 E p35.8 2.8
104 5.9 118.7 -65.5 118.8 177.2 -1 E -5.9 34.8
105* 2.5 118.8 -96.3 118.8 178.8 -1 E -2.5 4.0
106 -116.8 34.8 -90.5 121.8 253.4 -1 F 25.8 9.8
107 -108.9 54.6 -94.3 121.8 243.4 -1 F 4.4 6.0
108 17.6 101.1 23.4 102.6 170.1 1 E -17,6~ 15.9
109 -15.4 98.8 51.0 99.9 .9 1 E 14 43.5
110 15.0 117.9 -69.8 118.8 172.8 -1 E -15.0 30.4
111 -103.1 64.9 -94.3 121.8 237.8 -1 F -7.4 6.0
112 -13.1 935 81. 94.5 1880 1 E 13.1 74.3
113 106.3 59.4 -83.1 121.8 119.2 -1 D 1.0 17.2
114* -19.8 117.1 -96.3 118.8 189.6 -1 E 19.9 4.0
115 -64.1 100.1 -39.3 118.8 212.6 -1 E 67.7 60.9
116 -57.4 101.1 22.0 118.3 209~.6 1 E 57.4 14.5
117 -21.1 116.9 -84.5 118.8 190.3 -1 E 21.3 15.7
118 -3.1 98.3 54.7 98.3 1818 2 1 E 3.1 47.2
119 7.0 10 U 1. 3 18.2 101.5 176.0 1 E -7.0 10.7
120 -83.0 89.1 -87.9 121.8 223.0 -1 F -39.0 ,12.3

Notes:
1. All greyed boxes correspond to

location.
locations on the outer hood nearest the shaker

2. Asterisked accelerometers should be placed on lower support ring.
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Accelerometer Locations for Shaker 1
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Accelerometer Locations for Shaker 2

ACC# x Y z r phi(deg) Up-Lo Marker s h hcov
201 106.1 59.8 -94.3 121.8 119.4 -1 D 1.5 6.0
202 98.1 72.2 -94.3 121.8 126.3 -1 D 16.2 6.0
203 -90.7 81.3 -94.3 121.8 228.1 -1 F -28.0 6.0
204 56.2 97.4 10.7 112.4 150.0 1 E -56.2 53.2
205 108.7 54.9 -40.8 121.8 116.8 -1 D -4.0 59.4
206 -48.7 101.2 20.7 112.3 205.7 1 E 48.7 132
207 -106.2 -59.6 -72.5 121.8 299.3 -1 H 1.3 27.7
208 48.6 -31.1 81.9 38.2 3291 1 A -18.6 74,4
209 468.1 63.7 75.9 93.3 2269 1 E. 1 8.1 88.4
210 -28.0 -29.9 87.6 40.9 316.9 1 A -28.0 80.1
211 116.5 35.5 -94.3 121.8 106.9 -1 D -25.0 6.0
212 45.8 99.1 48.1 109.2 155.2 '1 E -45.8 40.6
213 119.61 23.4 -92.1 121.8 101.1 -1 D -37.5 8.

217 -54.2 100.4 34.7 114.1 208.4 1 E 54.2 27.2
218 -111.4! 49.3 -94.3 121.8 246.1 -1 F 10.3 6.0
219 17.51 61.0 89.3 83.4 164.0 1 5 -175 81.8
220 -41.2 1-30.9 82.5 51.5 308.9 1 A -1.2 75.0

Notes
1. Location 216 is on the top of the closure plate connecting the outer and middle

vane banks. It lies 7.7 in away from the junction between the closure plate and
outer vane bank.

2. All greyed boxes lie above the upper support ring.
3. The surface of the top vane bank cover plates corresponds to hcov= 8 8.5 in. Thus,

if convenient, the accelerometer locations on the middle and inner hoods can be
placed by measuring a distance, d= 8 8 .5 -hcov, vertically downward from the vane

bank cover plates.
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Accelerometer Locations for Shaker 2 - First View
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Accelerometer Locations for Shaker 2 - Second View
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Accelerometer Locations for Shaker 3

ACC# x Y Z r phi(deg) Up-Lo Marker s h hcov
301 -0.3 -4.0 96.4 4.1 356.5 1 A -0.3 88.9
302 59.2 0.0 96.4 59.2 90.0 1 A 59.2 88.9
303 86.7 85.6 -94.3 121.8 134.6 -1 D 33.9 6.0
304 -116.5 35.5 -94.3 121.8 1 253.1 -1 F 25.0 6.0
305 1 -84.7 1 69.7 1 5.6 109.7 1 230.61 1 E 84.7 88.1
3061 62.9 194.5 1 77.11 113.5 1 33.7 1 I AX 62.9 1 69.6i

314 -112.6 -46.6 -94.3 121.8 292.5 1 H -13.3 6.0 -I

Notes
1. Node 301 lies 20.4 in from the end of the tie bar nearest shaker location 1 (i.e.,

with the end with coordinate y>O). The accelerometer should be mounted
horizontally on the vertical face of the tie bar nearest shaker 3.

2. Node 302 lies in the middle of tie bar or 16.4 in from the end of the tie bar nearest
shaker location I (i.e., with the end with coordinate y>O). The accelerometer
should be mounted horizontally on the vertical face of the tie bar nearest shaker 3.

3. Location 305 coincides with 216 and lies on the top of the closure plate
connecting the outer and middle vane banks. It lies 7.7 in away from the junction
between the closure plate and outer vane bank.

4. Location 316 lies on the top of the closure plate connecting the middle and inner
vane banks. It lies 10.2 in away from the junction between the closure plate and
the middle vane bank.

5. Location 319 lies on the top of the thick closure plate connecting the inner vane
banks. It lies 2.2 in away from the junction between the closure plate and the
nearest vane bank (the one with y<0).

6. Node 312 lies 9.1 in from the adjacent closure plate.
7. All greyed boxes lie above the upper support ring.
8. The surface of the top vane bank cover plates corresponds to hcov=8 8 .5 in. Thus,

if convenient, the accelerometer locations on the middle and inner hoods can be
placed by measuring a distance, d=88.5-hcov, vertically downward from the vane
bank cover plates.
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Accelerometer Locations for Shaker 3 - First View
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Accelerometer Locations for Shaker 3 - Second View
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Accelerometer Locations for Shaker 4.

ACC# x y z r phi(deg) Marker s (in) h (in)
401 -48.4 108.5 -75.2 118.8 204.0 E 49.8 25.1

402 11.8 118.2 -80.2 118.8 174.3 E -11.8 20.0

403 23.4 116.5 -65.5 118.8 168.6 E -23.6 34.7
404 18.6 117.8 -100.2 119.3 171.1 E -18.6 0.1

405 22.8 116.6 -52.3 118.8 168.9 E -22.9 47.9

406 -104.8 62.1 -83.6 121.8 239.3 F -4.2 16.7
407 65.8 98.9 -43.2 118.8 146.4 E -69.7 57.0

408 -4.3 118.7 -20.9 118.8 182.1 E 4.3 79.3
409 -12.1 118.2 -55.0 118.8 185.8 E 12.1 45.2
410 31.8 114.5 -58.8 118.8 164.5 E -32.2 41.4

411 14.2 118.0 -39.4 118.8 173.1 E -14.3 60.9
412 46.4 109.4 -87.8 118.8 157.0 E -47.7 12.5

413 119.0 26.0 -91.6 121.8 102.3 D -34.8 8.7
414 -53.9 105.9 -65.5 118.8 207.0 E 56.0 34.7
415 98.1 72.2 -94.3 121.8 126.3 D 16.2 6.0
416 -30.9 114.7 -91.4 118.8 195.1 E 31.3 8.9
417 -10.6 118.3 -29.7 118.8 185.1 E 10.6 70.5
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Accelerometer Locations for Shaker 5.

ACC# x y z r phi(deg) Marker s (in) h (in)
501 -34.8 -113.6 -65.5 118.8 -17.1 A -35.5 34.7

502 -84.5 87.7 -45.1 121.8 223.9 F -37.0 55.2

503* -112.2 39.1 -91.2 118.8 250.8 F 19.7 9.0

504 -84.0 88.2 -73.6 121.8 223.6 F -37.6 26.7
505 103.2 -64.7 -87.3 121.8 57.9 B -7.2 12.9
506 79.7 -92.2 -92.7 121.8 40.9 B -43.5 7.6
507 -118.7 -4.7 -69.4 118.8 -87.7 G 4.8 30.9

508 92.7 -79.1 -48.0 121.8 49.5 B -25.0 52.2

509 -120.3 19.2 -80.7 121.8 260.9 F 41.7 19.5
510 -118.4 -10.1 -57.9 118.8 -85.1 G 10.2 42.4

511 -117.5 -32.3 -40.2 121.8 -74.6 H -28.3 60.1

512 -113.6 -43.9 -74.8 121.8 -68.9 H -16.2 25.5
513 -110.9 -43.4 -100.2 119.1 -68.6 H -15.2 0.1

514* -110.6 -43.5 -58.6 118.8 -68.5 H -14.9 41.7

515 -117.7 -19.6 -100.2 119.3 -80.6 H -40.2 0.1

516* -104.6 -56.4 -77.6 118.8 -61.7 H -0.9 22.7

517* -117.9 -14.7 -68.9 118.8 -82.9 H -44.8 31.4

* Accelerometers are located on the inner side of the skirt.
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Accelerometer Locations for Shaker 6.

Notes
1. Place accelerometer 603 on the top of the tie bar at a distance of 19 inches from

the tie bar end that is closest to the shaker (this distance should be 13.8 inches
from the tie bar end that is opposite the shaker).

2. Place accelerometer 610 on the top of the tie bar at a distance of 6.6 inches from
the tie bar end that is closest to the shaker (this distance should be 20.9 inches
from the tie bar end that is opposite the shaker).

3. The surface of the top vane bank cover plates corresponds to hcov= 88 .5 in. Thus,
if convenient, the accelerometer locations on the middle and inner hoods can be
placed by measuring a distance, d= 88 .5 -hcov, vertically downward from the vane
bank cover plates.

4. Accelerometers 603 and 610 have highest acceleration in the axial direction and
may not show much response in the transverse (bending) directions.
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Accelerometer Locations for Shaker 6 - First View
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Accelerometer Locations for Shaker 6 - Second View
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Accelerometer Locations for Shaker 7.

ACC# x y z r phi(deg) Up-Lo Marker s h hcov
701 -61.1 97.8 58.1 115.3 212.0 1 E 61.1 50.6
702 -39.9 100.8 28.4 108.4 201.6 1 E 39.9 20.9
703 -118.1 29.8 -94.3 121.8 255.8 -1 F 30.9 6.0
704 -116.6 35.2 -69.2 121.8 253.2 -1 F 25.4 31.0
705 17.1 92.7 85.7 94.2 169.5 1 E -17.1 78.2
706 90.7 -81.3 -94.3 121.8 48.1 -1 B -28.0 6.0
707 101.5 -67.3 -94.3 121.8 56.4 -1 B -10.3 6.0
708 -47.3 99.9 40..8 110.5 205.3 1 E 47.3 33.3
709 117.8 31.0 -83.5 121.8 104.7 -1 D -29.7 16.8
710 92.2 -79.6 -79.9 121.8 49.2 -1 B -25.7 20.4

711 -3.1 94.3 78.3 94.3 181.9 1 E 3 .1 70.8
712 57.8 94.7 76.4 110.9 148.6 1 E -7.8 68.9
713 -72.8 94.5 -96.3 119.3 217.6 -1 E 78.3 4.0
714 106.3 59.4 -79.5 121.8 119.2 -1 D 1.0 20.8
71 -52.8 100.6 31.5 113.8 207.7 1 E 52.8 24.0

76 81.4 190.6 -84.3 121.8 138.1 1-1 1D 141.2 116.0

Notes
1. The surface of the top vane bank cover plates corresponds to hcov= 8 8 .5 in. Thus,

if convenient, the accelerometer locations on the middle and inner hoods can be
placed by measuring a distance, d=88.5-hcov, vertically downward from the vane

bank cover plates.
2. Node 713 should be placed on the lower support ring.
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Accelerometer Locations for Shaker 7 - First View
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Accelerometer Locations for Shaker 7 - Second View
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Shaker 8.

ACC# x Y z r phi(deq.) Up-Lo Marker s h hcov
801 -82.8 31.9 77.3 88.8 248.9 1 E 82.8 6.

80_847 697 95610. 230.6 1 E 84.7__ 88.1
803 -86.7 85.6 -94.3 121.8 225.4 -1 F -33.9 6.0
804 -118.8 -26.9 -94.3 121.8 282.8 -1 H -33.9 6.0

808 -108.4 40.8 95.6 115.8 249. 1 E 18.488.
807 -117.4 -32.5 -73.2 121.8 285.5 -1 H -28.27.1

811 -89.76.8 -8.5-7.4 109.5 2313.0 -1 E 89.632.

86 117.8 31.0 -83.5 121.8 104.7 -1 1D -29.7 1.

Notes
1. The surface of the top vane bank cover plates corresponds to hcov= 8 8 .5 in. Thus,

if convenient, the accelerometer locations on the middle and inner hoods can be
placed by measuring a distance, d=8 8 .5-hcov, vertically downward from the vane

bank cover plates.
2. Location 802 is the same as location 216. It lies on the top of the closure plate

connecting the outer and middle vane banks and is located 7.7 in away from the
junction between the closure plate and outer vane bank.

3. Location 806 also lies on the top of the next closure plate connecting the middle
and inner vane banks. It is located 5.1 in away from the junction between the
closure plate and middle vane bank.

4. Location 811 is 4.9 inches away from the outer closure plate.
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Accelerometer Locations for Shaker 8 - First View
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Accelerometer Locations for Shaker 8 - Second View
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Accelerometer Locations for Shaker 8 - Third View
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Table of Dwell Frequencies (Hz) for each shaker

Shaker1 Shaker2 Shaker3 Shaker4 Shaker5 Shaker6 Shaker7 Shaker8
17.49 19.88 25.5 17.49 19.75 33.78 20.13 11.55
20.01 25.5 31.9 20.01 26.84 38.39 23.62 25.5
30.89 31.29 48.01 31.29 31.29 47.4 25.5 31.9
37.9 41.71 53.18 41.98 40.66 51.51 31.29 41.71

45.04 50.85 57.78 47.7 51.84 65.24 41.71 50.53
51.51 55.26 72.27 55.97 55.97 71.35 51.51 57.42
56.33 64.42 78.53 60.43 69.55 83.17 65.24 72.27
74.14 75.09 82.64 71.81 79.54 88.1 72.27 82.64
82.12 82.64 95.12 77.04 85.87 95.12 82.64 88.1
91.54 95.12 104 82.12 95.73 103.4 88.1 95.12
97.58 111.6 108.1 96.96 112.3 111.6 95.12 100.7
109.5 117.4 116.7 111.6 119.7 116.7 104 112.3
115.2 122 130.9 119 124.4 132.6 112.3 116.7
120.5 130.1 133.5 124.4 129.3 137.8 118.2 134.3
125.2 139.6 136 132.6 135.2 149.7 125.2 143.2
130.1 145 159.6 137.8 141.4 159.6 136.9 149.7
136.0 157.6 163.7 145 154.6 162.7 145.9 159.6
151.7 162.7 172.3 158.6 163.7 166.9 150.7 163.7
156.6 165.8 187.3 163.7 170.1 180.2 157.6 170.1
162.7 175.7 202.2 170.1 179.1 184.9 164.8 182.5
183.7 184.9 218.3 175.7 183.7 199.6 184.9 190.9
193.3 193.3 223.9 183.7 194.6 211.4 194.6 207.4
202.2 204.8 231.2 192.1 200.9 215.5 199.6 214.1
215.5 212.8 243.3 202.2 212.8 221.1 203.5 219.7
222.5 219.7 249.6 225.4 237.2 228.3 206.1 225.4
237.2 228.3 238.7 249.6 238.7 219.7 238.7
249.6 243.3 249.6 249.6 229.7 249.6

248 234.2
248
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