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TAC No. MC0761

ATTN: Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Subject: Vermont Yankee Nuclear Power Station
Technical Specification Proposed Change No. 263 - Supplement No. 33
Extended Power Uprate - Response to Request for Additional Information

References: 1) Entergy letter to U.S. Nuclear Regulatory Commission, 'Vermont
Yankee Nuclear Power Station, License No. DPR-28 (Docket No. 50-
271), Technical Specification Proposed Change No. 263, Extended
Power Uprate," BVY 03-80, September 10, 2003

2) Entergy letter to U.S. Nuclear Regulatory Commission, "Vermont
Yankee Nuclear Power Station, License No. DPR-28 (Docket No. 50-
271), Technical Specification Proposed Change No. 263, Supplement
No. 31 - Response to Request for Additional Information," BVY 05-
074, August 4, 2005

This letter provides additional information regarding the application by Entergy Nuclear Vermont
Yankee, LLC and Entergy Nuclear Operations, Inc. (Entergy) for a license amendment
(Reference 1) to increase the maximum authorized power level of the Vermont Yankee Nuclear
Power Station (VYNPS) from 1593 megawatts thermal (MWt) to 1912 MWI.

This submittal responds to the remaining items from NRC's audit of the VYNPS steam dryer
analysis of August 22 through 25, 2005 and clarifies information contained in Entergy's
response to request for additional information dated August 4, 2005 (Reference 2).

As a result of the discussions held during the steam dryer audit, Entergy has performed or will
take the following actions:

1. In order to address the NRC staff's questions regarding steam dryer analysis
uncertainties, the VYNPS steam dryer analysis computational fluid dynamics (CFD) and A I
acoustic circuit model (ACM) uncertainty evaluations were expanded to include: 1kJ |

a) ACM uncertainty considering all 27 Quad Cities 2 (QC2) 790 MWe benchmark
pressure sensors predictions. Asi n4Ied' Cl?

:c f-e, CeJti,
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b) CFD model uncertainty based on comparisons to full scale BWR instrumented
dryer data.

c) Strain gage measurement uncertainty to address potential under-prediction in
hoop strain at individual response frequencies.

Revised VYNPS dryer load definition uncertainty is described in the updated response
to RAI EMEB-B-18 and Exhibit EMEB-B-18-1. This supersedes the previous version of
the RAI response. In the event that acoustic signals are identified that challenge the
VYNPS limit curve during extended power uprate (EPU) power ascension, Entergy will
perform a frequency specific assessment of ACM uncertainty at the acoustic signal
frequency to assess if an increase in the value established in EMEB-B-18-1 is required.
The instrument uncertainty will be revised to reflect the planned installation of
additional strain gages and associated data acquisition equipment.

2. To improve the accuracy of the steam dryer measurement system, Entergy will install
32 additional strain gages on the main steam piping during the Fall 2005 refueling
outage (RFO-25) and will enhance the data acquisition system prior to extended power
uprate (EPU) operation in order to reduce the measurement uncertainty associated
with the ACM.

a) Entergy will monitor both the additional strain gage data and existing strain
gage data during power ascension.

b) In the event that acoustic signals are identified that challenge the VYNPS
* dryer monitoring performance limit curve during EPU power ascension,

Entergy will evaluate dryer loads and reestablish the limit curve based on the
new strain gage data.

c) Main steam (MS) piping arrangement drawings that depict the arrangement of
the main steam piping and branch lines, new strain gages, existing ACM
monitoring points, and MS system accelerometers has been included in
Figure EMEB-B-77-1.

d) The specifications for enhanced strain gage and data acquisition systems are
included in Attachment 12.

3. After reaching 120% of current licensed thermal power (CLTP), i.e., 1912 MWt,
Entergy will obtain measurements from the strain gages and establish the VYNPS
dryer flow induced vibration (FIV) load fatigue margin, update the dryer stress report,
and re-establish steam dryer monitoring plan (SDMP) limit curve with the updated ACM
load definition and revised instrument uncertainty. This information will be provided to
the NRC staff.

4. Responses to the NRC staff's questions generated during its audit of General Electric's
(GE) scale model test (SMT) facility are included in Attachment 7.

5. During power ascension, if an engineering evaluation is required in accordance with
the SDMP, the structural analysis will continue to address frequency uncertainties up to
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+/-10% and assure that peak responses that fall within this uncertainty band are
addressed.

6. The VYNPS steam dryer skirt was added to the finite element analysis (FEA) and
evaluated as described in the revised response to RAI EMEB-B-39 (Attachment 2).

7. A more comprehensive evaluation of potential VYNPS main steam system acoustic
resonators in vortex shedding frequencies is provided in the revised response to RAI
EMEB-B-77 in Attachment 3. Included in this response revision is a drawing showing
the relative locations of VYNPS main steam system cavities (potential resonators),
ACM input measurement locations and piping FIV monitoring accelerometers.

8. An update of the VYNPS steam dryer stress analysis, incorporating the revised ACM
and CFD model uncertainty values, is provided in a revision to Exhibit EMEB-B-143-1,
Attachment 5. This revised Exhibit also describes how not exceeding the VYNPS
steam dryer limit curve assures that the fatigue endurance limit will not be exceeded
during power ascension and dryer structural integrity will be maintained.

9. The EPU power ascension SDMP has been revised to reflect long term monitoring of
plant parameters potentially indicative of a dryer failure. The SDMP was additionally
revised to reflect consistency of the VYNPS steam dryer inspection program with SIL
644 Rev. 1, identification of the NRR Project Manager for VYNPS as the point of
contact for providing SDMP information during power ascension. Submittal to the NRC
of the final 120% EPU VYNPS load definition will be made upon completion of the
power ascension test program.

10. Entergy will submit to NRC the FIV related portions of the EPU startup test procedure,
including methodology for updating the limit curve, prior to power ascension.

The RAI responses and information provided in Attachments 1, 5 and 7 contain Proprietary
Information as defined by 10CFR2.390 and should be handled in accordance with the
provisions of that regulation. Attachments 8, 9 and 10 are non-proprietary versions of
Attachments 1, 5 and 7, respectively. Affidavits supporting the proprietary nature of the GE
documents are provided as Attachment 11.

Entergy believes that with this submittal Entergy has fully responded to all the information
requested by the NRC staff on steam dryer analyses, and that the information provided
supports the preparation of the NRC staff's safety evaluation report for EPU. Entergy submits
that the information provided in response to the NRC staff's requests demonstrates that
VYNPS can be safely operated at up to 120% CLTP.

This submittal also provides as an enclosure CD-ROM data disks (proprietary information)
associated with the GE response to the Scale Model Test facility audit.

The following attachments are included in this submittal:
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Attachment Title
1 Revised response to RAI EMEB-B-18 and Exhibit EMEB-B-18-

1, VYNPS dryer load uncertainty
2 Revised response to RAI EMEB-B-39, consideration of steam

dryer skirt in the structural finite element analysis
3 Revised response to RAI EMEB-B-77, estimate of main steam

system resonator natural and vortex shedding frequencies
4 Revised response to RAI EMEB-B-96
5 Revised Exhibit EMEB-B-143-1
6 Revised Steam Dryer Monitoring Plan
7 GE Scale Model audit question responses
8 Non-proprietary version of Attachment 1
9 Non-proprietary version of Attachment 5
10 Non-proprietary version of Attachment 7
11 GE affidavits for Attachments 1, 5 and 7
12 Additional strain gage equipment and data acquisition system

specifications

This supplement to the license amendment request provides additional information to clarify
Entergy's application for a license amendment and does not change the scope or conclusions
in the original application, nor does it change Entergy's determination of no significant hazards
consideration.

There are no new regulatory commitments contained in this submittal. However, acceptance of
the proposed license condition will result in certain actions with respect to steam dryer
monitoring and evaluations.

If you have any questions or require additional information, please contact Mr. James
DeVincentis at (802) 258-4236.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on September ly., 2005.

Sincerely,

Jay . hayer /
Si Vce President

V'ermont Yankee Nuclear Power Station

Attachments (12)
Enclosure (1)
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cc: Mr. Richard B. Ennis, Project Manager
Project Directorate I
Division of Licensing Project Management
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Mail Stop 0 8 B1
Washington, DC 20555

Mr. Samuel J. Collins (w/o attachments)
Regional Administrator, Region 1
U.S. Nuclear Regulatory Commission
475 Allendale Road
King of Prussia, PA 19406-1415

USNRC Resident Inspector (w/o attachments)
Entergy Nuclear Vermont Yankee, LLC
P.O. Box 157
Vernon, Vermont 05354

Mr. David O'Brien, Commissioner (w/o proprietary information)
VT Department of Public Service
112 State Street - Drawer 20
Montpelier, Vermont 05620-2601
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Vermont Yankee Nuclear Power Station

Proposed Technical Specification Change No. 263 - Supplement No. 33

Extended Power Uprate

Response to Request for Additional Information

Revised Response to EMEB-B-39

Total number of pages in Attachment 2
1(excludine this cover sheet) is 12.
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NRC RAI EMEB-39
In Attachment 6 to Supplement 26, the modified dryer is shown in Figures 3.1-1 (Page 17) and
3.7.1 (Page 21) for CFD analysis and ANSYS analysis, respectively. The recent hammer test
performed for a new steam dryer at Quad Cities indicated that significant coupling exists between
the upper portion of the dryer and the skirt with pressure loading applied to the full dryer including
the skirt. Confirm whether the full steam dryer model in the CFD and ANSYS analyses consists
of both upper dryer banks, supporting ring, and the skirt. If the skirt is not included in the
analysis, provide a justification.

Revised ResDonse to RAI EMEB-B-39
The ANSYS models for the VYNPS steam dryer analysis include the dryer support ring, dryer
hoods, end plates, cover plates, upper dryer banks, cross beams, bottom support plates, tie bars
and gussets. The ANSYS model previously used for determining dryer stress intensities did not
include the dryer skirt. Details of the ANSYS model without the dryer skirt were previously
supplied in the response to RAI EMEB-B-1.

As discussed below, the VYNPS steam dryer upper structure is more likely to be dynamically
isolated from the dryer skirt through the support ring. This is a result of the overall flexibility of the
support ring structure with its cross bracing from the dryer support plates, and bottom beams. It
is noted that the support ring construction for the VYNPS steam dryer is significantly different
than that of the new steam dryer at Quad Cities. The support ring and cross beams in the
VYNPS steam dryer are constructed of solid forgings, while the support ring and cross beams for
the new steam dryer at Quad Cities are constructed of induction bent tube steel with much
smaller section properties (bending stiffness about both major and minor axes and torsional
rigidity about tangential axis). The reason for the difference in construction is that the support
ring for the new steam dryer at Quad Cities serves a dual purpose for providing added dryer
structural support and for providing part of the steam dryer moisture removal drain path.

The effect of the skirt on the natural frequencies of the front hood and the cover plate has been
studied. The skirt provides additional stiffness to the dryer ring in the vertical direction. The
gussets are welded on the cover plate and the front hood and supported at the dryer ring. If the
skirt is included in the model, the gusset support stiffness at the dryer ring is significantly
increased. The fundamental frequencies of the front hood and cover plate are increased
commensurately. This is due to the fact that the skirt improves the structural effectiveness of the
gusseted support of the cover.

Because the dryer skirt thickness is 0.25" and the dryer ring has a solid, rectangular cross section
of 6" high by 3" wide and is stiffened by the cross beams, the horizontal modes of the skirt are
isolated by the dryer ring. Consequently, in the horizontal direction, there is no significant
dynamic interaction between the dryer skirt and the dryer cover plate and front hood.

Figures EMEB-B-39-1 through EMEB-B-39-5 demonstrate the effect on the front hood
fundamental frequencies when the skirt is included in the dryer model. As shown in Figures
EMEB-B-39-1 and EMEB-B-39-2, there are strong modes for the dryer front hood at both 53 and
62 Hz for the model without the dryer skirt. Figures EMEB-B-39-3 through EMEB-B-39-5 show
that there are no significant modes for the front hood in this frequency range when the skirt is
included in the dryer model. Figures EMEB-B-39-6 and EMEB-B-39-7 show that the first
fundamental frequencies for the front hood do not appear until 85 and 94 Hz when the dryer skirt
is included in the FEA model.

Furthermore, there are no significant acoustic sources identified in the VYNPS steam system at
100% CLTP. The transient loads from the CFD loads evaluation are hydrodynamic loads that
have frequency content up to approximately 62 Hz. Entergy has run a load step uncertainty
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assessment for this CFD loading. This assessment demonstrated that stiffening the structure
would reduce the stress. See the response to EMEB-B-143-1 for further information.

The VYNPS steam dryer FEA model without skirt has 234 modes from 0-200 Hz. The number of
modes increases to 391 modes when the skirt is included in the model. The increased number of
modes with the dryer skirt included is entirely due to the additional skirt modes. The effect of
including the skirt into the dryer model to determine whether there was a significant change in
fundamental frequencies in the upper dryer structure was also studied. The results of the study
show that the mode shapes for the upper dryer structure components for the model without skirt
are preserved for the model with the skirt. This provides evidence that there is insignificant
coupling between the upper dryer structure and the dryer skirt. As an example, Figures EMEB-B-
39-8 through EMEB-B-39-11 show comparisons of the modified outer hood top hood fundamental
frequencies for the dryer model with and without the skirt. As discussed in the response to RAI
EMEB-B-1 10, this location has one of the highest peak stress intensities in the VYNPS dryer.
The modal displacements for the dryer top hood are insignificantly changed when the skirt is
included in the dryer model.

During the August 2005 audit of the VYNPS steam dryer analysis, the NRC questioned Entergy
concerning the stress intensity of the dryer skirt. A time history evaluation of the VYNPS FEA
model with the dryer skirt included was performed, using the ACM loads as input, in order to
provide a quantitative response. Figure EMEB-B-39-12 shows a graphical representation of the
FEA model with the dryer skirt included. The key components of the dryer skirt are the skirt
plates, the interior drain channels and the guide rod/support lug channels. A damping value of
1 % of critical damping was used in the time history analysis. Plots of the peak stress intensity are
shown in Figure EMEB-B-13 through EMEB-B-15. The results of the time history analysis are
shown in Table EMEB-B-39-1. The steam velocity inside of the dryer skirt is about five ft/second.
Flow velocity on the outside of the steam dryer skirt is essentially zero. Therefore, hydrodynamic
oscillating loads on the dryer skirt are considered insignificant. The dryer skirt stresses are not
the governing stresses for determination of the VYNPS Level 1 and 2 power ascension
performance criteria spectra.

Table EMEB-B-39-1 - VYNPS Skirt Component Acoustic Stress Intensities

Component Acoustic Weld Weld CLTP Peak
Maximum Surface Concentration Undersize Acoustic
Stress Intensity Factor Factor Stress
(psi) Intensity (psi)

Skirt Plates 738 1.40 1.00 1033

Drain Channel 559 1.40 1.78 1393

Guide Rod/Support Lug 508 1.40 1.00 711
Channels

In summary, a stiffer model would reduce CFD stress and increase ACM stress. Entergy has
considered a +1-10% frequency uncertainty in the analysis. The VYNPS Level 1 and 2 power
ascension performance criteria spectra will be conservatively reduced to account for ACM and
CFD load uncertainty. Based on the factors described in Exhibit EMEB-B-143-1, the VYNPS
performance criteria spectra would require re-evaluation of the dryer at strain gage readings at
level equivalent to 10% of the PSD amplitude experienced by QC2. Further sensitivity analysis is
not warranted until a discernable VYNPS signature is observed. Entergy expects to use the finite
element model with the dryer skirt included for the performance of any additional finite element
analysis that may be required during EPU power ascension.
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Figure EMEB-B-39-12 - VYNPS Dryer Model with skirt
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RAI EMEB-B-77

The Executive Summary of NEDC-33192P (Conclusions 8 - 10 for Plant Data and
Conclusion 2 for SMT) mentions that existing data from VYNPS MSL strain gauges and
venturi lines show no evidence of any 'singing" in downstream valves. In other BWR-3
plants, and in the GE SMT data, singing in valves has been observed, and can lead to
high acoustic pressure loads on the steam dryer. Entergy should explain whether there
is a potential of acoustic pressure loads (on the dryer) induced by valve singing between
pre-EPU and EPU conditions, and provide any estimates of valve singing frequencies
(with respect to power level).

Revised Response to RAI EMEB-B-77

Entergy evaluated the potential acoustic source frequencies in the VYNPS main steam
lines by estimating the natural frequencies of known cavities and the shear wave
instabilities caused by steam flow over the cavity openings. Figure EMEB-B-77-1 sheet 1
shows the location of the VYNPS main steam line cavities including Safety Relief Valves
(SRV's), Spring Safety Valves (SSV's), HPCI steam supply line and RCIC steam supply
line. In addition, sheet 2 shows the location of the proposed location for the additional 32
strain gages, sheet 3 shows the location of the measurement locations used as input to
the VYNPS acoustic circuit model, and sheet 4 shows the locations of the
accelerometers for FIV monitoring. Appendix 1 contains Entergy's evaluation of the
potential cavity resonant frequencies and comparison to the calculated vortex shedding
frequencies at both current licensed thermal power and EPU conditions.
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Calculation No. VYC-2431 Revision No. 0

CALCULATION OBJECTIVE:

The objective is to calculate the resonant acoustic frequencies of the fluid contained in the cavities
formed by branch piping on the Main Steam System in the Drywell, and the vortex shedding
frequencies resulting from shear wave Instabilities in the steam flow across the cavity openings. A
comparison will be made to determine if resonance occurs, both at CLTP (Current Licensed Thermal
Power) and for the higher flow condition at EPU (Extended Power Uprate).

CONCLUSIONS:
The HPCI and RCIC lines fundamental frequencies are very low, 1.29 Hz and 1.89 Hz, respectively.
The lowest vortex shedding frequency associated with these lines (HPCI) Is 43 Hz at CLTP and 52 Hz
at EPU. Therefore any excitation of these lines would be at higher harmonics and therefore are not
expected to have significant contribution to system resonance.

The SSV and RV branch lines have the potential to be excited below 80% CLTP. These branches
should not be excited from CLTP through EPU operation. There is I blank flanged RV line on each
MSL that may be excited at EPU conditions. The fundamental frequency of this branch is -223 Hz. In
the EPU Power Ascension Test Program VY will monitor steam line signals through 300 Hz to assure
that this resonance is identified and measured in the event it occurs.

ASSUMPTIONS:

None

DESIGN INPUT DOCUMENTS:

See Calculation Section 5.0 on page 7 and Section 6.0 on pages 8 and 9 (References 6-34, 36).

AFFECTED DOCUMENTS:

None

METHODOLOGY:

Manual calculations using standard industry accepted references.
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1.0 Background

EPU (Extended Power Uprate) will result in higher Main Steam flow rates, which
may change the acoustical response in the piping. This change in acoustical
response may result in changes in the loads on the steam dryer in the reactor
vessel. One factor in the acoustical response in the Main Steam piping is the
potential resonance driven by vortex shedding over branch piping (SRV/SSV,
HPCI, and RCIC) cavities.

2.0 Purpose

The purpose of this calculation is to calculate the resonant acoustic frequencies
of the fluid contained in the cavities formed by branch piping on the Main Steam
System in the Drywell, and the vortex shedding frequencies resulting from shear
wave instabilities in the steam flow across the cavity openings. A comparison will
be made to determine if resonance occurs, both at CLTP (Current Licensed
Thermal Power) and for the higher flow condition at EPU (Extended Power
Uprate).

3.0 Method of Analysis

The natural frequencies of a cavity may be excited by the shear wave instabilities
flowing over the cavity opening. The potential sources in the VY Main Steam
lines may be evaluated by estimating the natural frequencies of the known
cavities and the shear wave instabilities due to steam flow over the cavity
openings. The resonator is excited when the two frequencies match.

The methods of References 1 & 2 are used to calculate cavity natural
frequencies and the steam flow shear wave instability (vortex shedding)
frequencies.

4.0 Assumptions

None.
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5.0 Design Input

Reactor Operating Conditions:

(Reference Att. A ERFIS Plant Data)

Operating Pressure: 1012.6 psig

Main Steam Line Data:

(Reference Att. A ERFIS Plant Data)

VY CLTP MS Line Steam Flow Rate

ERFIS
Mlb/hr

MSA
B64

1.697

MS B
B65

1.598

MSC
B66

1.595

MS D
B67

1.666

Branch Line Geometry Data:

SRV/SSV/Blanks:
HPCI:
RCIC:

Reference 6, 8, 9, 29-34
Reference 7, 10,12-15,19, 20
Reference 7,11, 16-18, 21, 22

Branch Diameters

Pipe Size
Schedule
ID (ft)

HPCI
10"
80

0.797

RCIC
3"

160
0.219

SSV/SRV/Blank
6"

160
0.432 Ref. 35

Main Steam Line Geometry Data: (Reference 34, 35)
Nominal Pipe Size: 18" Schedule 80
OD = 18"
Wall thickness = 0.938"
ID = 16.124"

= 1.344'
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6.0 References
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7.0 Analysis

7.1 Potential CLTP Acoustic Frequencies

The natural frequencies of a cavity may be excited by the shear wave instabilities
flowing over the cavity opening. The potential sources in the BWR steam lines may be
evaluated by estimating the natural frequencies of the known cavities and the shear
wave instabilities due to steam flow over the cavity openings. The resonator is excited
when the two frequencies match.

Resonator Cavity Natural Frequency

The geometry of the resonator cavity is the critical parameter. The two most common
geometries are the organ pipe and .the Helmholtz resonator.

d _d

L t*A

L

Q

Figure 1
Resonator Geometry

The "organ pipe" type resonator (left image, above) is a cavity with the diameter of the
opening equal to the diameter of the resonator volume. A Helmholtz resonator (right
image, above) is defined as a cavity with a narrow opening that expands to a large
volume.

The following expression represents the natural frequencies of an "organ pipe" type
resonating cavity [Reference 1, Page 378 and Reference 2, Table 13.2, Page 340]:

jc dL
fa . -c; j=1,3,5,7,... ; for a cavity with - >1 (1)

4L d
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The expression above is suitable for the HPCI and RCIC branch lines since the pipe
geometries are good approximations of the organ pipe. The closed end is represented
by the first isolation valve.

A better approximation of the fundamental frequency of relatively short pipes is obtained
from the following formula [Reference 2, Page 360]:

C*w

0 4 L0 (L+4L )05 ; where L = 0.24 x radius (2)

The expression above is best suited for the SRV/SSV stub pipes and valve body cavity
below the disc.

A Helmholtz resonator is defined as a cavity with a narrow opening that expands to a
large volume. The natural frequency for a Helmholtz resonator is estimated from the
following expression [Reference 1, Page 378 and Reference 2, Table 3-3, Page 355]:

C _A

d_ = QL* (3)

The area of the Helmholtz opening is "A"; the volume of the resonator is "Q"; and L* in
the equation is the length of the opening plus a correction factor equal to the radius of
the opening times 1.6 to account for an effective depth.

The natural frequency of the resonator is a function of the speed of sound and the
geometry. It does not depend on the steam velocity. As a result, these frequencies will
not chancie at EPU conditions.
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Theoretical Shear Wave Instabilities

~V

d-

Figure 2
Vortices generated from flow over discontinuities

Vortices generated from flow over bluff objects shed at a frequency which is
proportional to the flow velocity and inversely proportional to the diameter of the
discontinuity. The constant of proportionality is called the Strouhal number. The vortex
shedding frequency for this geometry is the following [Reference 3, Page 138]:

VSD V(4)
D

The Strouhal number is dependent on the Reynolds number. The Reynolds Number
(R.) for the CLTP steam line flow conditions is calculated below using the data from
Table 1 and the ASME Steam Tables [Reference 5].

R, = DVp = 1.347ftx140ft *s- x 2.291bm ft-3 x 32.21bf *S2 *lbm' * f t-' 3.5(1010)
t - 4.0(10-7)lbf-s-ft-2

The vortex shedding frequency for turbulent boundary layer flow over discontinuities,
such as cavities, have the following estimated shedding frequency [Reference 1, Page
376]:

0.33(a-0.25)V ; where a= 1, 2, 3, (5)
fa D
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Equations (4) and (5) have the same form
seems to be the quantity 0.33(a-0.25).
experimentally. However, Equations (5) coul(
frequency to obtain the Strouhal number.

and the Strouhal number in Equation (5)
The Strouhal number is determined

d be used along with a measured shedding

The shedding frequency is a function of the steam velocity and the geometry. Unlike
the resonator frequency. the shedding frequency will change at EPU conditions.

The shedding frequencies calculated by the above expression correspond to sharp
edges at the cavity entrance. The spectral resolutions of the SRV and HPCI should be
poor as a result of the SweepoletO and welding tee, respectively. Experimental data
from Reference 1 [Figure 9-21, Page 379] shows the effect on the attenuation of
shallow cavity acoustic oscillations due to ramping the cavity perimeter. The peaks are
broad and the amplitude is lower. The RCIC branch uses a Weldolet®). This fitting has
a sharper corner than the tee and Sweepolet.

The reactor operating pressure is 1012.6 + 14.7 = 1027.3 psia (Ref. Att. A)
corresponding to a saturation temperature of 5480F, and a vapor density (p) of 2.31
lb/ 3 (Ref. 5). The speed of sound in the saturated steam mixture is approximately
1484.3 f/s (References 23, 24, based on an operating pressure of 1020 psia ).

The following tables provide the VY data during the CLTP steam line measurements at
100% power and plant geometries for the branch lines of interest:

Table I
VY CLTP MS Line Steam Velocity

MSA
B64

MSB
B65

MSC
B66

MS D
B67ERFIS

Flow Rate
Mlb/hr
MS Pipe
ID (ft)
MS Pipe
Area (ft2)
V* (ffs)
V (f/s)

1.697 1.598 1.595 1.666 Ref. Sect. 5.0

1.344 Ref. Sect. 5.0

1.419
143.8 135.4 135.2

139 (Average)
141.2

*Based on the equation V = Flow rate / (p)(Area)
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Cavity Resonance Frequencv

The VY geometries of interest resemble the uorgan pipes type geometries that include
both long and short pipes (e.g., RCIC, HPCI branches and SSV/SRWBlanks branches,
respectively).

Natural frequencies were calculated using Equation 1 for the HPCI and RCIC branch
lines and Equation 2 for the SSV/SRV/Blanks branch lines. The lengths (cavity depths)
used in Eq. 1 for the HPCI and RCIC piping were based on the lengths of piping to the
(normally closed) V23-14 and V13-131 valves (287.7 ft. and 195.9 ft., respectively,
based on the piping isometrics and spool piece sketches listed in Section 5.0). The
SSV/SRV/Blanks cavity depths and frequencies were calculated in a spreadsheet
(Attachment B). Note that the individual cavity depths for the SSV/SRV/Blanks vary
slightly due to differences in branch stub lengths, resulting in slightly different
frequencies for individual locations. The results are presented in the following Table.

Table II
Fundamental Resonance Frequencies for MS Line Geometry

Geometry Resonance Frequency(Hz)
HPCI 1.29
RCIC 1.89
SSV 140,141,142
SRV 118,114,119
Blank 222,223
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Vortex Shedding Frequency over Discontinuities

Vortex shedding frequencies were calculated using Equation 5 for all the branch line
discontinuities. The frequency range provided in the results is due to the variation in
steam line velocities observed during the 100% CLTP data acquisition.

Table III
Vortex Shedding Frequency (CLTP)

Generated from Turbulent Boundary Layer Flow over Discontinuities

Source of Frequency (Hz)
Instability __ _ _ _ _ __ _ _ _ _ _

43±2

HPCI 1501± 35

216±6

RCIC 3157 ± 4
RCIC 367±10

80±2
SSV/SRV/Blanks 186 ± 5

292±8

Note that the highest mode calculated was the first above 200 Hz, which is normally the
cutoff frequency VY will use for data acquisition.
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Table IV provides a summary of potential harmonic signatures in the VY steam line.

Table IV
Frequencies in the VY MS Lines (CLTP)Excitation

Source of Shedding Frequency Resonance Frequency (Hz)
Instability (Hz)

1.29 x j where j = 1,3,5,7...
43 ± 2 j 33 f = 43 Hz

HPCI 101 ± 3 j= 78 f = 101 Hz
MS"B"only 158 5 j =122 f = 157 Hz

216±6 j =167 f =215 Hz

1.89x j where j = 1,3,5,7...
RCIC 157 4 j=83 f =157 Hz

MS 'C' only 367 10 j=194 f =367 Hz

SSV* 80 ± 2 f 141**
All MS Lines 186±5 f5=11**

292±8

SRV* 80±2f16*
AllIMS Lines 186±5f=1*

292±8

Blanks* 80 2 f 223**
All MS Lines 186± 5

292±8

*The resonance value is an approximate average for each set of SSVs, SRVs or
Blanks.
** The SSV, SRV, and Blank RV Lines would not be excited at 100% power. These are
flagged here because at lower power the 186 Hz and 292 Hz excitation frequencies
would be lower and potentially excite these branch fundamental frequencies.
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7.2 Potential EPU Acoustic Frequencies

The VYNPS potential acoustic natural frequencies at the current licensed thermal power
(CLTP) level have been previously estimated. The CLTP evaluation concluded that
natural frequencies of resonators are a function of the speed of sound and the
geometry. Also, the vortices generated from flow over bluff objects shed at a frequency
that is proportional to the steam flow velocity and inversely proportional to the diameter
of the discontinuity. Unlike the resonator frequency, the shedding frequency will change
at the extended power up-rate (EPU) conditions. The following evaluation repeats the
CLTP assessment using the power up-rate steam flow. The same methodology is
being used.

The EPU results are provided below. The frequency uncertainty is the same that was
used in the CLTP evaluation.

Table V
Vortex Shedding Frequency (EPU)

Generated from Turbulent Boundary Layer Flow over Discontinuities

Source of Frequency (Hz)
Instability _____________

52±2

HPCI 121± 3
190 ± 5
259 ± 6
188± 4

RCIC 4408±108I

96±2
SSV/SRV/Blanks 223 ± 5

350 ± 8

The results summarized on the following table show resonances between the shear
wave excitation frequencies and the cavity acoustic frequencies that may exist at EPU
conditions.
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Table VI
Excitation Frequencies in the VY MS Lines (EPU)

Source of Shedding Frequency Resonance Frequency (Hz)
Instability (Hz)

1.29 x j where j = 1,3,5,7,
52 ± 2 j = 40 f = 52 Hz

HPCI 121 ±3 j = 94 f = 121 Hz
MS "B" only 190 5 j = 147 f = 190 Hz

1.89x j where j = 1,3,5,7,...
RCIC 188±4 j=99 f=187Hz

MS 'C" only 440 ±10 j =233 f = 440 Hz

SSV 235±2 f = 141
All MS Lines 23±50±

*SRV 96±211
All MS Lines 223±5 f116

350± 8

Blanks 96±2Blanes 223± 5 f = 223
All MS Lines 350 ± 8
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8.0 Conclusions

The HPCI and RCIC lines fundamental frequencies are very low, 1.29 Hz and 1.89 Hz,
respectively. The lowest vortex shedding frequency associated with these lines (HPCI)
is 43 Hz at CLTP and 52 Hz at EPU. Therefore any excitation of these lines would be at
higher harmonics and therefore are not expected to have significant contribution to
system resonance.

The SSV and RV branch lines have the potential to be excited below 80% CLTP. These
branches should not be excited from CLTP through EPU operation. There is 1 blank
flanged RV line on each MSL that may be excited at EPU conditions. The fundamental
frequency of this branch is -223 Hz. In the EPU Power Ascension Test Program VY will
monitor steam line signals through 300 Hz to assure that this resonance is identified
and measured in the event it occurs.
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VYC-2431 Rev. 0
Att. B P. 2

SSVISRVIBlanks Natural Frequency Calculation

Pipe Inside radius 8.1 Inches 0.675 feet Ref. 34, 35
SRV Bore Length 18.7 Inchos 1.558 foot Ref. 8
RV Bore Length 12 Inches 1.000 feet Ref. 29
Sch 160 Inside Diam 5.187 Inches 0.432 feet Ref. 35
Sonic Velocity 1483 FVsec Ref. 23,24

1 1st Branch 2nd Branch I 3rd Branch
Steam Une A Feet Inches Feet Inches Feet Inches

Vert Dim Ps-1-2 F 32.s 4 6.5 4 6.5 4 6.5
Vert Dim 2 4.625 2 4.125 2 3.625
Vert Dim 2 1.875 2 2.375 2 2.875

Length (1f) 2.15625 2.197917 2.239583
Valve No SRV-71A RV-70A Blank

Bore Length (ft) 1.558 1.000 0
L (Ift) 3.040 2.523 1.565
Lo (ft) 0.05187 0.05187 0.05187
Frequency Hz 118 141 223

1st Branch_ 2nd Branch 3rd Branch
Steam Line B Feet Inches Feet Inches Foet Inches

Vert Dim Ps+1 ets,3e s 4 6.5 4 6.5
Vert Dim 2 3.5625 2 3.1875
Vert Dim 2 2.9375 2 3.3125

Length (It) 2.244792 2.276042
Valve No None Blank SRV-71B

Bore Length (1f) 0.000 1.558
L (ft) 1.570 3.159
Lo (ft) 0.05187 0.05187
Frequency Hz 222 114

l1st Branch 2nd Branch 3rd Branch
Steam Une C Feet Inches Feet Inches Feet Inches

Vert Dim PS-1.0Ref3t3. s 4 6.5 4 6.5 4 6.5
Vert Dim 2 3.8125 2 3.5625 2 3.1875
Vert Dim 2 2.6875 2 2.9375 2 73125

Length (ft) 2.13954 2.244792 2.276042
Valve No RV-7 RV-70 Blank SRV-71 C

Bore Length (It) 1.000 0 1.058
L (ft) 2.549 1.570 3.159
Lo (ft) 0.05187 0.05187 0.05187

Frequency HZ 119 142 223

V edt Branch r 2nd Branch sp 3rd Branch
Feet Ba ches Feet Inches Feet Inches

Steam Line D
Vert Dim PS-1-14 Ref 33.36 4 6.5 4 6.5 4 6.5
Vert Dim 2 4.875 2 4.375 2 3.625
Vert Dim 2 1.625 2 2.1125 2 2.875

Length (ft) 2.135417 2.177083 2.239583
Valve No SRV-71 D RV-70B Blank

Bore Length YQt 1.558 1.000 0
L (11 9 3.019 2.502 t.5MS
La (ft) 0.05187 0.05187 0.05187
Frequency Hz 119 142 223

Notes:
1. Safety Relief Valves (SRV) are numbered SRV-xxx, and Safety Valves

(SSV) are numbered RV-xxx. 'Blank" refers a blind flanged spare branch
location.

2 Branch No. (15t Branch, 2nd Branch, etc) refers to the branch location on
each steam line in order starting from the one nearest the Reactor Vessel.



SSVISRVIBIanks Natural Frequency Calculation
I

Summary
M1SL A PS-1-2 SRV-71A RV-70A Blank

118 Hz 141 Hz 223 Hz
MSL B PS-14 None Blank SRV-71 B

0 222 Hz 114 Hz
MSL C PS.-110 RV-70C Blank SRV-71C

140 Hz 222 Hz 114 Hz
MSL D PS-1-14 SRV-71D RV-708 Blank

119 Hz 142 Hz 223 Hz
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RAI EMEB-B-96

As discussed in Attachment 1 to Supplement No. 27, UWNPS Acoustic Model
Benchmark - Dryer Acoustic Load Methodology," a "blind" benchmark test was
performed using the GE SMT facility to evaluate the ability of CDI's acoustic circuit
methodology to predict dryer loads. The purpose of the evaluation is not clear because
of the use of terms, like the 'viability of the methodology." Entergy should clearly state
the purpose of the evaluation. If a purpose of the report is to use the SMT results to
show that a bounding pressure loading can be obtained for the VYNPS dryer using the
CDI ACA methodology, then Entergy should demonstrate that the SMT adequately
represents the VYNPS steam dryer, the associated steam space, and the VYNPS MSLs.

Response to RAI EMEB-B-96

The purpose of the benchmark was to evaluate the ability of the CDI acoustic load
methodology to predict loads on the SMT dryer using only data measured on the main
steam lines. The SMT model was not intended to be representative of VYNPS
configuration or operating conditions. The SMT also was not intended to be used to
develop bounding or nominal VYNPS steam dryer loads. Entergy compared the
benchmark ACA calculated loads to the measured loads at key SMT locations and
concluded that the ACA methodology provided a reasonably accurate prediction. It was
Entergy's intent to use the results of the benchmark to establish the uncertainty of the
methodology. The uncertainty of the ACA was evaluated based on model predictions
and data from the SMT benchmark. Exhibit EMEB-B-18-1 (see Attachment 1) provides
the results of this evaluation and shows that the uncertainty of the ACA can be
established as 130%. This uncertainty value has been applied to the VYNPS ACA load
definition (see responses to RAI EMEB-B-40 and 52).



BVY 05-084
Docket No. 50-271

Attachment 6

Vermont Yankee Nuclear Power Station

Proposed Technical Specification Change No. 263 - Supplement No. 33

Extended Power Uprate

Revised Steam Dryer Monitoring Plan

| Total number of pages in Attachment 6
| (excludina this cover sheet) is 8.



Attachment 6 to BVY 05-084
Docket No. 50-271

Page I of 8

VERMONT YANKEE NUCLEAR POWER STATION
REVISED STEAM DRYER MONITORING PLAN

Introduction and Purpose

This plan describes the course of action for monitoring and evaluating the performance of the
Vermont Yankee Nuclear Power Station (VYNPS) steam dryer during power ascension testing and
operation above 100% of the original licensed thermal power (OLTP), i.e., 1593 MWt, to the full
120% extended power uprate (EPU) condition of 1912 MWt to verify acceptable performance.
Unacceptable dryer performance is a condition that could challenge steam dryer structural integrity
and result in the generation of loose parts or cracks or tears in the dryer that result in excessive
moisture carryover. During reactor power operation, performance is demonstrated through the
measurement of a combination of plant parameters. The comparison of measured plant data
against defined criteria, based on the steam dryer structural analysis of record, will provide
predictive capabilities toward determining steam dryer structural integrity under EPU conditions.

The Steam Dryer Monitoring Plan (SDMP) is applicable during initial power ascension to 1912 MWt
and continues after full EPU conditions, as specified below. A license condition for steam dryer
monitoring is proposed to require operational surveillances as well as visual inspections of the
steam dryer, which will be conducted during specific scheduled refueling outages following
achievement of full uprate conditions.

Entergy will accept a license condition for VYNPS that is based on the SDMP.

Scope

The SDMP is primarily an initial power ascension test plan designed to assess steam dryer
performance from 100% OLTP to 120% OLTP (i.e., 1912 MWt). Assuming that a license
amendment authorizing EPU is granted during the next operating cycle, power ascension will be
achieved in one step: Elements of this plan will be implemented before EPU power ascension
testing, and others may continue after power ascension testing.

Operating Specifications

When initially operating at a power level above 1593 MWt, the parameters identified in Table 1-
which are indicative of steam dryer integrity - shall be monitored at the frequencies specified and
shall meet applicable performance criteria specified in Table 2. The surveillance requirements of
Table 1 will be effective during power ascension to any power level that was not previously
attained. Any change to the performance criteria, required actions, or surveillance requirements in
Tables 1 or 2 can only be made in accordance with the proposed steam dryer license condition
(see Table 3).

Initial EPU power ascension testing above 100% OLTP will be conducted in 2.5% of OLTP steps
and 5% of OLTP plateaus. The initial power ascension will include hold points at each 2.5% step
and at each 5% plateau. The maximum power increase will not exceed a nominal 5% of OLTP in a
24-hour period.

Table 2 establishes the criteria for verifying acceptable steam dryer performance based on
moisture carryover and main steam line pressure data. If the Level 1 or Level 2 performance
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criteria are exceeded, the actions and completion times specified shall be met for the given
condition. Reactor power operation that results in moisture carryover and steam pressures that are
less than the Level 2 performance criteria in Table 2 is representative of fully acceptable steam
dryer performance.

Additionally, if the performance criteria in Table 2 are exceeded, the following actions will be taken
depending upon the criteria exceeded:

1. Either suspend reactor power ascension (Level 2 Acceptance Criteria) or reduce reactor
power (Level 1 Acceptance Criteria), initiate a Condition Report, and evaluate the cause of
any exceedance of the performance criteria.

2. Prior to increasing reactor thermal power to a level higher than any previously attained, the
plant conditions relevant to steam dryer integrity and associated evaluation results shall be
reviewed by the on-site safety review committee, and a recommendation shall be made to
the General Manager, Plant Operations prior to increasing power for each 5% power
plateau.

3. Strain gage pressure and moisture carryover data collected at each 5% power plateau will
be made available to the NRC through its resident inspector.

4. Each initial increase in reactor thermal power to the next higher 5% power plateau above
100% OLTP must be authorized by the General Manager, Plant Operations.
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Table 1
Steam Dryer Surveillance Requirements During Reactor Power

Operation Above a Previously Attained Power Level

Parameter Surveillance Frequency
1. Moisture Carryover Every 24 hours (Notes 1 and 2)

2. Main steam line pressure data Hourly when initially increasing
from strain gages power above a previously attained

power level.

AND

At least once at every 2.5%
(nominal) power step above 100%
OLTP.
(Note 3)

3. Main steam line pressure data At least once at every 2.5%
from pressure transducers (nominal) power step above 100%

OLTP.
(Note 3)

AND

Within one hour after achieving
every 2.5% (nominal) power step
above 100% OLTP.

Notes to Table 1:

1. If a determination of moisture carryover cannot be made within 24 hours of achieving a 5%
power plateau, an orderly power reduction shall made within the subsequent 12 hours to a
power level at which moisture carryover was previously determined to be acceptable. For
testing purposes, a power ascension step is defined as each power increment of 2.5%
(nominal) over OLTP, i.e., at thermal power levels of approximately 102.5%, 105%,
107.5%, 110%, 112.5%, 115%, 117.5%, and 120% OLTP. Power level plateaus are
nominally every 5% of OLTP greater than 100% (i.e., approximately 80 MWt).

2. Provided that the Level 2 performance criteria in Table 2 are not exceeded, when steady
state operation at a given power exceeds 168 consecutive hours, moisture carryover
monitoring frequency may be reduced to once per week.

3. The strain gage surveillance shall be performed hourly when increasing power above a
level at which data was previously obtained. The surveillance of both the strain gage data
and main steam line pressure data is also required to be performed once at each 2.5%
power step above 100% OLTP and within one hour of achieving each 2.5% step in power,
i.e., at thermal power levels of approximately 102.5%, 105%, 107.5%, 110%, 112.5%,
115%, 117.5%, and 120% OLTP. If the surveillance is met at a given power level,
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additional surveillances do not need to be performed at that power level where data had
previously been obtained.

If valid strain gage data cannot be recorded hourly or within one hour of initially reaching a
2.5% power step from at least three of the four main steam lines, an orderly power
reduction shall be made to a lower power level at which data had previously been obtained.
Any such power level reduction shall be completed within two hours of determining that
valid data was not recorded.
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Table 2
Steam Dryer Performance Criteria and Required Actions

Performance Criteria Not to be Exceeded Required Actions if Performance Criteria Exceeded and Required Completion Times
Level 2:

* Moisture carryover exceeds 0.1%

OR

* Moisture carryover exceeds 0.1% and
increases by > 50% over the average of
the three previous measurements taken at
> 1593 MWt

OR

. Pressure data exceed Level 2 Spectral

1. Promptly suspend reactor power ascension until an engineering evaluation concludes that
further power ascension is justified.

2. Before resuming reactor power ascension, the steam dryer performance data shall be
reviewed as part of an engineering evaluation to assess whether further power ascension
can be made without exceeding the Level 1 criteria.

I-tLevel 1:

* Moisture carryover exceeds 0.35%

OR

* Pressure data exceed Level 1 Spectral

1._Promptly initiate a reactor power reduction and achieve a previously acceptable power level
(i.e., reduce power to a previous step level) within two hours, unless an engineering
evaluation concludes that continued power operation or power ascension is acceptable.

2. Within 24 hours, re-measure moisture carryover and perform an engineering evaluation of
steam dryer structural integrity. If the results of the evaluation of dryer structural integrity do
not support continued plant operation, the reactor shall be placed in a hot shutdown
condition within the following 24 hours. If the results of the engineering evaluation support
continued power operation, implement steps 3 and 4 below.

3. If the results of the engineering evaluation support continued power operation, reduce
further power ascension step and plateau levels to nominal increases of 1.25% and 2.5% of
OLTP, respectively, for any additional power ascension.

4. Within 30 days, the transient pressure data shall be used to calculate the steam dryer
fatigue usage to demonstrate that continued power operation is acceptable.

' The EPU spectra shall be determined and documented in an engineering calculation or report. Acceptable Level 2 spectra shall be based on maintaining S 80%
of the ASME allowable alternating stress (S,) value at 101" cycles (i.e., 10.88 ksi). Acceptable Level I Spectra shall be based on maintaining the ASME Sa at
10' cycles (i.e., 13.6 ksi).
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Data Collection

During initial EPU power ascension, plant data will be measured and recorded, as a
minimum, at power steps corresponding to approximately 102.5%, 105%, 107.5%,
110%, 112.5%, 115%, 117.5%, and 120% OLTP. In addition, Entergy will monitor
pressure data from the main steam strain gages hourly during initial power ascension.
The plant will be held at each 5% power plateau to allow sufficient time to evaluate data
measurements relative to performance criteria. Depending upon actual performance,
smaller power increase increments may be used. Data collected will consist of:

* Dynamic pressure measurements taken from four pressure transducers installed
on transmitters associated with each main steam line venturi.

* Measurements taken from strain gages located on each of the four main steam
lines between the reactor pressure vessel nozzles and the closest inboard
safety/safety relief valve.

* Moisture carryover measurements will be made during power ascension testing
above 100% OLTP in accordance with SIL 6441.

* Plant data that may be indicative of off-normal dryer performance will be
monitored during power ascension (e.g., level, steam flow, feed flow, etc.). Plant
data can provide an early indication of unacceptable dryer performance.

Evaluations

Data collected at each power ascension step will be evaluated relative to the
performance criteria.

In addition, other reactor operational parameters that may be influenced by steam dryer
integrity (e.g., steam flow distribution between the individual steam lines) will be
monitored with the intent of detecting structural degradation of the steam dryer during
plant operation (e.g., flow distribution between individual main steam lines). The
enhanced monitoring of selected plant parameters will be controlled by plant procedures.

If any of the performance criteria in Table 2 are exceeded, the plant conditions relevant
to steam dryer integrity and the associated evaluation results shall be reviewed by the
on-site review committee at every 5% power plateau and prior to increasing power.
Permission to ascend in power will be granted by the General Manager, Plant
Operations.

Reporting to NRC

1. Steam Dryer Visual Inspections: The results of the visual inspections of the
steam dryer conducted during the next three refueling outages shall be reported

GE Nuclear Energy, Services Infortation Lccter, SIL No. 644, Rcvision 1, ̀ BWR Stcam Dryer
Integrity," November 9, 2004



Attachmcnt 6 to BVY 05-084
Docket No. 50-271

Page 7 of 8

to the NRC staff within 60 days following startup from the respective refueling
outage.

2. SDMP: The results of the SDMP shall be submitted to the NRC staff in a report
within 60 days following the completion of all EPU power ascension testing. In
addition the final full EPU power performance criteria spectra (limit curve) will be
submitted to the NRC staff within 120 days. Contemporary data and results from
dryer monitoring will be available on-site for review by NRC inspectors as it
becomes available. The written report on steam dryer performance during EPU
power ascension testing will include evaluations or corrective actions that were
required to obtain satisfactory dryer performance. The report will include relevant
data collected at each power step, comparisons to performance criteria (design
predictions), and evaluations performed in conjunction with dryer integrity
monitoring.

Long Term Actions

The VYNPS steam dryer will be inspected during the refueling outages scheduled for the
Fall 2005, Spring 2007 Fall 2008 and Spring 2010. The inspections conducted after
power uprate implementation will be comparable to the inspection conducted during the
Spring 2004 refueling outage and will meet the recommendations of SIL 644, Rev. 1.

Following completion of power ascension testing, moisture carryover measurements will
continue to be made periodically, and other plant operational parameters that may be
affected by steam dryer structural integrity will continue to be monitored, in accordance
with GE SIL 644 and plant procedures.

Equipment associated with temporarily installed pressure monitoring sensors and strain
gages may be removed from service following the achievement of one operating cycle
after issuance of the EPU license amendment and satisfaction of the license condition
requiring steam dryer inspection.
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Table 3
PROPOSED STEAM DRYER LICENSE CONDITION

1. When operating above 1593 MWt (i.e., at extended power uprate conditions), the
operating limits, required actions, and surveillances specified in the Steam Dryer
Monitoring Plan (SDMP) shall be met. The following key attributes of the SDMP
shall not be made less restrictive without prior NRC approval:

a. During initial power ascension testing above 1593 MWt, each test
plateau increment shall be approximately 80 MWt;

b. Level 1 performance criteria; and
c. The methodology for establishing the stress spectra used for the

Level 1 and Level 2 performance criteria.

Changes to other aspects of the SDMP may be made in accordance with the
guidance of NEI 99.042.

2. During each of the three scheduled refueling outages (beginning with the Spring
2007 refueling outage), a visual inspection shall be conducted of all accessible,
susceptible locations of the steam dryer, including flaws left "as-is" and
modifications.

3. The results of the visual inspections of the steam dryer conducted during the
three scheduled refueling outages (beginning with the Spring 2007 refueling
outage) shall be reported to the NRC staff within 60 days following startup from
the respective refueling outage. The results of the SDMP shall be submitted to
the NRC staff in a report within 60 days following the completion of all EPU
power ascension testing.

4. The requirements of Item 1 above shall be implemented upon issuance of the
EPU license amendment and shall continue until the completion of one full
operating cycle at EPU. If an unacceptable structural flaw (due to fatigue) is
detected during the subsequent visual inspection of the steam dryer, the
requirements of Item 1 above shall extend another full operating cycle until the
visual inspection standard of no new flaws/flaw growth based on visual
inspection is satisfied.

5. This license condition shall expire upon satisfaction of Items 2, 3 and 4 above,
provided that a visual inspection of the steam dryer does not reveal any new
unacceptable flaw or unacceptable flaw growth that is due to fatigue.

2 Nuclear Energy Institute, "Guidelines for Managing NRC Commitment Changes," NEI 99-04, Revision 0,

July 1999
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RAI EMEB-B-18

On Page 6 of Attachment 1 to Supplement 26, Entergy states that input for the acoustic
circuit model is obtained from pressure transducers installed on instrument lines from the
four main steamline (MSL) venturi instrument racks and from strain gauges on each of
the four MSLs between the reactor pressure vessel (RPV) nozzles and main steam
safety relief valves (SRVs). Provide the basis for the assumption that the venturi
pressure transducer measurements are capable of detecting very small pressure
fluctuations in the MSL flow that will provide accurate and synchronized input for the
acoustic circuit methodology in determining the steam dryer loads. Discuss the
validation of the accuracy and synchronization of the venturi pressure transducer
measurements in comparison to the MSL strain gauge data.

Revised Response to RAI EMEB-B-18

In order to assess the uncertainty in using venturi instrument line pressure data to
determine main steam line pressure, the impacts of the following key potential sources
of uncertainty were evaluated:

1. The uncertainty acoustic modeling and methodology used to develop the transfer
function of the sensing lines.

2. The uncertainty in the Rosemount dynamic properties, referred to here as
compliance.

3. The accuracy of the instrumentation used in the mockup testing.

4. The accuracy of the instrumentation used to collect the plant data.

5. The accuracy of the predicted load based on relative location of sensing point in
the steam line versus the location of the sampling point used in the benchmark
test.

This acoustic load uncertainty evaluation is included in Exhibit EMEB-B-18-1. These
uncertainty values described in the evaluation have been incorporated into the Vermont
Yankee Nuclear Power Station (VYNPS) steam dryer acoustic load definition.

Entergy will install 32 new strain gages on the main steam piping and enhance the data
acquisition system in order to reduce the measurement uncertainty associated with the
acoustic circuit model (ACM).

• Attachment 3, revised response to RAI EMEB-B-77, includes a figure EMEB-B-
77-1 that shows the arrangement of the main steam piping and branch lines, the
location of the new strain gages, the location of the existing acoustic circuit
analysis (ACA) monitoring points, and location of the accelerometers used for
vibration monitoring.

* Attachment 12 contains specifications for strain gage and two data acquisition
systems being considered for stain gage data acquisition. We are currently
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bench testing the data acquisition units for comparison of noise and resolution of
the National Instrument and Yokogawa systems.

* Entergy will monitor plant alternating data up to 300Hz. Entergy will monitor both
the new strain gage data and existing strain gage data during power ascension.

* In the event that acoustic signals are identified that challenge the VYNPS dryer
monitoring performance limit curve during EPU power ascension, Entergy will
evaluate dryer loads based on the new strain gage data. The structural analysis
will continue to address frequency uncertainties up to +/-10% and assure that
peak responses within this uncertainty band are addressed.
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NON-PROPRIETARY INFORMATION

Acoustic Load Uncertainty

The performance of the Acoustic Circuit Model (ACM) has been benchmarked on the GE
Scale Model Test (SMT) Facility and at Quad Cities Unit 2(QC2). These benchmarks
provide information that supports Entergy's assessment of the performance of this model
in predicting steam dryer loads based on dynamic or hydrodynamic steam line data.

There were differences in the method of determining the steam line pressure signals
used in the SMT and QC2 benchmark tests and the VYNPS steam lines. This section
will address the uncertainties introduced by these differences.

The uncertainty in the ACM loads is driven by the following sources:

1. UncACM1: Maximum of uncertainty of the ACM based on QC2 data and SMT
benchmark data and location.

2. UncACM2: The uncertainty introduced by steam line pressure measurement
method.

The purpose here is to define the uncertainty in the VYNPS calculated steam dryer load
from each of these sources. These uncertainties will then be combined by the (SRSS)
method to assess the ACM load uncertainty.

UncACM=Sqrt(UncACM1A2+ UncACM2A2)

This approach will be applied for the Root Mean Squared (RMS) uncertainty and the
maximum load uncertainty. The maximum of these two results will be used to define the
UncACM uncertainty used in the limit curve factor assessment.

Uncertainty Identified in the SMT Benchmark Tests

The Entergy benchmark report, supplied in Attachment 1 to Supplement 27 (BVY 05-038
dated April 5, 2005), provided graphs comparing ACM predictions with SMT
measurements in the form of power spectral density (PSD), RMS and maximum
pressure values on all vertical faces and cover plate microphones. From the PSD plots it
was found that the ACM was generally conservative at frequencies between 240 Hz (20
Hz full scale) and 3200 Hz (270 Hz full scale). The ACM was determined to be non-
conservative below 240 Hz. The source of the signals below 240 Hz appears to be due
to flow turbulence and is not associated with acoustic signals. Based on these findings,
Entergy applied an unsteady computational fluid dynamics model (CFD) large eddy
simulation (LES) analysis using the VYNPS operating conditions as inputs to generate
representative hydrodynamic loads. Both ACA and CFD loads were used in the
structural evaluation of the VYNPS dryer. The uncertainty associated with the CFD
loads is discussed in Attachment 5 to this Exhibit.

In the process of assessing the ACM load uncertainty, it was noted that that the non-
conservative RMS and maximum pressure conditions shown on the benchmark report
plots involved test case conditions with flow: VY6RUN2, Burst with 81 CFM Flow and
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VY12R1, Chirp with 81 CFM Flow. Review of the PSDs also suggested the under
predictions occurred at microphones associated with significant frequency content less
than 240 Hz.

To assess this rigorously, the SMT data for VY6RUN2 and VY12R1 were reprocessed
applying a 240 Hz High Pass filter. The revised, filtered plots Max and RMS signal plots
are included as Figures EMEB-B-18-1-1, EMEB-B-18-1-2, EMEB-B-18-1-3, and EMEB-
B-18-1-4. As noted with the low frequency turbulence signal removed, the RMS and
maximum ACM predictions bound the measured data. This work has been
independently reviewed by signal consultant LMS, Inc.

As reported in Attachment 1 (VY-RPT-05-00006) to Supplement 27 the quantified SMT
instrument uncertainties including microphone accuracy are less than 6% which is
insignificant (- one tenth) when compared to the overall ACM uncertainty and therefore
not included in this assessment.

The data is also summarized for all conditions in the following Table EMEB-B-1 8-1 -1.

BURST NO FLOW
(MaxCDI- (RMSCDI-

Source MaxS MT)/MaxSMT RMSSMT)/RMSSMT
VY3R2 Max | 53% l Max 52%
VY3R2 Min 2% Min 19%
BURST & 81 CFM Filtered <240 Hz

(MaxCDI- (RMSCDI-
MaxSMT)/MaxSMT RMSSMT)/RMSSMT

VY6RUN2 Max 55% Max 31%
VY6RUN2 Min 4% Min 3%
CHIRP & 81 CFM Filtered <240 Hz

(MaxCDI- (RMSCDI-
MaxSMT)/MaxSMT RMSSMTJ/RMSSMT

VY12R1 Max | 67% l Max 40%
VY12R1 Min 1% l1 Min 8%
CHIRP NO FLOW

(MaxCDI- (RMSCDI-
MaxSMT)/MaxSMT RMSSMT)/RMSSMT

VY13R1 Max 101% Max 59%
VY13R1 Min 12% Min 16%
Summary of all 4 Cases

(MaxCDI- (RMSCDI-
MaxSMT)/MaxSMT RMSSMT)/RMSSMT

All Cases Max 101% _ Max 59%
All Cases Min 1% Min 3%

Table EMEB-B-18-1-1. Summary of SMT Time Domain Signal Comparison
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Based on the cases studied, in terms of load magnitude between 240 Hz (20Hz Full
Size) and 3200 Hz (280 Hz full scale), the ACM was conservative in maximum load
prediction and RMS values for all four conditions. The minimum margin above 240 Hz
was 1% based on the maximum load predictions. While no additional amplitude
uncertainty should be required because the ACM was shown to be conservative, a 5%
ACM load uncertainty was conservatively assigned from this test.

Entergy originally stated that the ACM enveloped most of the frequency content between
240 and 3200 Hz when a +/- 10% time step was applied. The VYNPS structural
assessment indicated that application of the +/- 10 % time step in the VYNPS model
resulted in an increase in peak stress range for a plus time step (and a decrease in load
for a minus time step). The increase in stress, as shown below based on controlling
locations on the dryer, results in a load uncertainty due to frequency mismatch of
approximately 20%.

Frequency Uncertainty Peak
Stress (PSI) Base Case +10% TS %Change
Front Vertical Hood Top Weld 2417 2900 20%
Front Hood Gusset 3238 3535 9%

Table EMEB-B-18-1-2

The uncertainty estimated from the SMT benchmark is 20%.

Uncertaintv Identified in the QC2 Benchmark Tests

The CDI benchmark report, CDI 95-10 [1], provides a summary of blind benchmark
predictions from QC2 at 790 MWe. At this power level, the average flow velocity in the
main steamlines is about the same as that for VYNPS at EPU conditions. This ACM was
done with the original parameters that matched damping, acoustic speed and reflective
boundary assumptions used in the VYNPS load generation report (CDI 05-06).
Therefore, this benchmark is applicable for the current VY ACA load uncertainty. It
should be noted that Exelon updated their model based on this benchmark and
additional tests at EPU power on QC2 to provide further improvements in the accuracy
of their ACA for their plants. The CDI report CDI 95-10 included limited 790 MWe
pressure transmitter location measurements and ACA predictions.

Entergy contracted CDI [3] to use existing strain gage data from Quad Cities Unit 2
(QC2) to predict the pressure sensor data at all locations recorded on the steam dryer at
790 MWe. The purpose of this effort was to obtain a more comprehensive ACA
uncertainty assessment than was available in CDI report 95-10. The steps in this
prediction process included the following:
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1. The 790 MWe strain gage data recorded at QC2 power ascension test condition
TC32 were used. These data are the same data used to generate the 790 MWe
benchmark evaluation for QC2 as reported in [1]. These data contain a trigger
signal that matches the strain gage record (at 2000 samples per second) with the
pressure sensor record (at 2048 samples per second). With time zeroed at
trigger initiation, the data were grouped into three time intervals, each containing
131,072 time increments. The second of these time intervals was used in the
benchmark comparison, and that time interval was used here as well. Thus, the
strain gage data (and the pressure sensor predictions) begin at 65.536 seconds.

2. The 790 MWe blind benchmark acoustic circuit model parameters were used.
These parameters are the same model parameters used to generate the VYNPS
in-plant load prediction described in [2].

3. The 790 MWe blind benchmark used only one strain gage in each strain gage
pair. Subsequently in the QC2 benchmark analysis, it was decided that strain
gage pairs should be averaged at each main steam line location. This averaging
was done here as well.

4. The 790 MWe blind benchmark did not filter any strain gage data. Subsequently
in the QC2 benchmark analysis, it was decided that the 60 Hz noise spike should
be filtered.

Table EMEB-B-18-1-3 compares the QC2 test data at 790 MWe to the ACA predictions.
The RMS and maximum pressure range of the results are both included. This data is
also presented in the Bar Graphs shown in Figures EMEB-B-18-1-5 and EMEB-B-18-1-
6. This data indicates that the ACM based on the VYNPS parameters is biased low in
predicting dryer load. This summary includes all 27 pressure sensors. In addition, an
assessment was performed of the pressure differential at the three locations where there
are sensors on the inside and outside of the dryer; P3-P13, P20-P14, and P22-P23.

Table EMEB-B-18-1-4 presents the summed RMS and Range values for all the
measured and predicted data at 27 pressure transmitter locations and the 3 delta P
comparisons. As shown in Table EMEB-B-18-1-6 the dryer loads are 73% higher than
the loads predicted by the ACM. Based on this result, a 100% uncertainty is assigned to
the ACA methodology using the VYNPS modeling parameters. The predicted loads plus
100% uncertainty have been recalculated and included in Table EMEB-B-18-1-5 and
Figures EMEB-B-18-1-5 and EMEB-B-18-1-6.

Figures EMEB-B-18-1-7 through EMEB-B-18-1-10 provide a comparison of the PSD's
from the test data with the PSD from the ACA predictions factored to reflect the 100%
uncertainty for dryer sensors P3, P6, P9 and P12. The PSD comparisons for all locations
are included in Attachment 4. Figures EMEB-B-18-1-11 through EMEB-B-18-1-13
provide the location of the QC2 dryer pressure sensors.

In general the ACM predicted reasonably well the dryer loads in the area of the steam
nozzles and under predicted the loads in the other areas of the dryer. Applying a 100%
uncertainty provides for a conservative overall load prediction. The Entergy steam line
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signals are broad band with no evidence of acoustic signal. Therefore applying a high
uncertainty in the development of the VYNPS dryer limit curve factor is the best means
to establish a conservative operating limit curve for power ascension monitoring.

In the event that acoustic signals are identified that challenge the VYNPS limit curve
during EPU power ascension, Entergy will perform a frequency specific assessment of
ACM uncertainty at the acoustic signal frequency to assess if an increase in the 100%
uncertainty is required.

The frequency load uncertainty was based on the +/-10% time step assessment in the
ANSYS finite element analysis. The maximum increase in stress from this analysis was
20%. Therefore the frequency uncertainty was determined to be 20%.
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Table EMEB-B-18-1-5 (page 1 of 2)
Test Data vs. Predictions: Comparison of RMS and Maximum Pressure Range 790 MWe

Location P1 P2 P3 P4
RMS (Test Data) 0.1453 0.1624 0.1848 0.1041
RMS (Prediction) 0.0483 0.0658 0.1556 0.0458
RMS (Pred + Uncert) 0.0966 0.1315 0.3113 0.0915

Location P1 P2 P3 P4
Range (Test Data) 1.1815 1.2350 1.4479 0.9088
Range (Prediction) 0.3930 0.5689 1.2298 0.3684
Range (Pred + Uncert) 0.7859 1.1378 2.4595 0.7367

Location P5 P6 P7 P8
RMS (Test Data) 0.1160 0.1507 0.1212 0.1629
RMS (Prediction) 0.0647 0.0979 0.0441 0.0669
RMS (Pred + Uncert) 0.1295 0.1958 0.0882 0.1337

Location P5 P6 P7 P8
Range (Test Data) 0.9627 1.2720 0.9184 1.2499
Range (Prediction) 0.5172 0.8118 0.3471 0.5518
Rang (Pred + Uncert) 1.0345 1.6235 0.6942 1.1035

Location P9 P10 P11 P12
Range (Test Data) 0.1786 0.1271 0.1434 0.2268
Range (Prediction) 0.1099 0.0462 0.0707 0.1506
Range (Pred+ Uncert) 0.2198 0.0925 0.1413 0.3011

Location P9 P10 P11 P12
RMS (Test Data) 1.2772 1.0526 1.2264 1.6111
RMS (Prediction) 0.8805 0.3727 0.5838 1.2425
RMS (Pred + Uncert) 1.7609 0.7454 1.1676 2.4849

Location P13 P14 P15 P16
Range (Test Data) 0.0765 0.1435 0.2278 0.0806
Range (Prediction) 0.0302 0.0301 0.0829 0.0311
Range (Pred + Uncert) 0.0604 0.0602 0.1658 0.0622

Location P13 P14 P15 P16
Range (Test Data) 0.6543 0.8673 1.5022 0.5706
Range (Prediction) 0.1753 0.1728 0.7009 0.1902
Range (Pred + Uncert) 0.3506 0.3455 1.4019 0.3803
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Table EMEB-B-18-1-5 (page 2 of 2)
Test Data vs. Predictions: Comparison of RMS and Maximum Pressure Range 790 MWe

Location P17 P18 P19 P20
RMS (Test Data) 0.1085 0.1869 0.1136 0.2072
RMS (Prediction) 0.0437 0.0543 0.0603 0.2009
RMS (Pred + Uncert) 0.0875 0.1086 0.1205 0.4017

Location P17 P18 P19 P20
Range (Test Data) 0.8581 1.1786 0.9971 1.5425
Range (Prediction) 0.3403 0.4272 0.4588 1.3741
Range (Pred + Uncert) 0.6805 0.8543 0.9176 2.7482

Location P21 P22 P23 P24
Range (Test Data) 0.3466 0.1731 0.0560 0.1082
Range (Prediction) 0.3002 0.1075 0.0293 0.0874
Range (Pred + Uncert) 0.6003 0.2151 0.0586 0.1747

Location P21 P22 P23 P24
RMS (Test Data) 2.5073 1.4137 0.4610 0.9339
RMS (Prediction) 1.8061 0.9239 0.1637 0.7075
RMS (Pred + Uncert) 3.6123 1.8477 0.3273 1.4151

Location P25 P26 P27
Range (Test Data) 0.1780 0.0503 0.0908
Range (Prediction) 0.1219 0.0315 0.0306
Range (Pred + Uncert) 0.2437 0.0629 0.0613

Location P25 P26 P27
Range (Test Data) 1.3449 0.3897 0.6019
Range (Prediction) 1.0051 0.1882 0.1802
Range (Pred + Uncert) 2.0101 0.3764 0.3604

Location P3-P13 P20-P14 P22-P23
RMS (Test Data) 0.2067 0.2427 0.1556
RMS (Prediction) 0.1540 0.1991 0.1049
RMS (Pred + Uncert) 0.3079 0.3982 0.2098

0 0
Location P3-P13 P20-P14 P22-P23
Range (Test Data) 1.6118 1.7344 1.2872
Range (Prediction) 1.2217 1.3819 0.8463
Range (Pred + Uncert) 2.4435 2.7638 1.6926
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Table EMEB-B-18-1-6
Test Data vs. Predictions: Summation of RMS and Maximum Pressure Range 790 MWe

Development of Uncertainty Values

Sum RMS Test Data all Sensors 4.57
Sum RMS Predicted all Sensors 2.66
Ratio (Sum Test) / (Sum
Predicted) 1.71

Sum Range Test Data all Sensors 34.8
Sum Range Predicted all Sensors 20.1
Ratio (Sum Test) / (Sum
Predicted) 1.72

Maximum Ration RMS & Range 173%
Uncertainty=Ratio - 100% 73%
Recommended Uncertainty 100%

References
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Benchmark QC2 790 MWe Dryer Test Data vs CDI Predictions
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Benchmark QC2 790 MWe Dryer Test Data vs CDI Predictions
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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Uncertainty Introduced by the Measurement Location

The accuracy of the predicted load is based on relative location of sensing point in the
steam line vs. the location of the sampling point used in the Benchmark Assessment.
Table EMEB-B-18-1-7 compares the VYNPS measurement locations to those used in
the SMT and QC2 Benchmarks.

Arcniutic Mndil Prpeiire Sensnr I nLctinn
Description MSL MSL MSL MSL

Facility A B C D
Strain Gage 37.13 37.13 37.13 37.13

VY Plant Location (ft)
Venturi Line 96.84 80.88 80.88 96.84

VY Plant Entrance (ft)
GE SMT P1 (ft) 1.474 1.391 1.391 1.474
GE SMT P2 (ft) 4.438 5.094 5.161 4.438

P1 scaled By 25.50 24.06 24.06 25.50

GE SMT 17.3
P2 scaled By 76.78 88.13 89.29 76.78

GE SMT 17.3
QC2 Elev 651 (ft) 9.50 9.50 9.50 9.50
Benchmark
QC2 Elev 624 (ft) 41.00 41.33 41.33 41.00
Benchmark I I

Table EMEB-B-18-1-7

As noted the sensors in the QC2 benchmark were closer to the reactor steam nozzles
than they are in the VYNPS plant. Therefore due to acoustic losses in the steam line CDI
performed an assessment of the uncertainty introduced in the benchmark load
associated with this difference in location and the difference in optimal QC damping
developed from the steam line QC 2 benchmark and the damping used in the VY model.
The maximum measurement location uncertainty in QC dryer loads from the assessment
included in Attachments 1, 2, and 3 was an RMS uncertainty of 53%.

Maximum Uncertainty of the ACA Methodology

From this evaluation of the VYNPS SMT benchmark and QC2 benchmark, the VYNPS
ACA methodology uncertainty (uncACM1) is calculated by the SRSS method to be
115%. Table EMEB-B-18-1-8 summarizes the uncertainty contributions.
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Bounding Benchmark Uncertainties

QC2
ACM Benchmark 790 SMT
Uncertainty BM BM

Frequency Peak
Uncertainty 20% 20%

Minimum RMS/Max
Uncertainty 100% 5%

Sensor Location
uncertainty 53%

SRSS of Uncertainty 115%] 21%
Maximum ACA
Uncertainty for VYNPS
Model 115%

Table EMEB-B-18-1-8
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Uncertainty Introduced by the Measurement Method

A parametric study was performed by CDI to assess the variation in VYNPS dryer loads
as a function of variation in input data magnitude. This study provided nine sets of time
history loads across the dryer. The first set is the base case used in the analysis of the
VYNPS dryer. The balance varied each of the eight sets that were derived by varying
one input parameter by 10% and determined the impact on the dryer transient loads.

From the structural analysis it was observed that the dryer response under the acoustic
loads was driven by loads on the vertical face of the dryer. The PSD of the dryer loads
shown in CDI Report 05-06 (Supplement 26, Attachment 7) shows that there are no
outstanding acoustic signals of note from 0 through 200 Hz. The dryer load could be
characterized as a broad band signal. Therefore, to assess the impact of input variations
on dryer loads, peak response and RMS values were used to assess the change in
dryer load as a function of input change. Points 7 and 99 as shown in Figure 9 of CDI
report 05-06 (Supplement 26, Attachment 7) are at the location of maximum RMS and
peak pressures on the dryer face. Therefore, these points were used in the assessment.
The result of the CDI parametric evaluation is included as Attachment 1 to this Exhibit.
Tables EMEB-B-18-1-1-1 and EMEB-B-18-1-1-2 provide copies of the final values:

The venturi measurement uncertainty is driven by four sources:
1) UncVentl: The uncertainty acoustic modeling and methodology used to develop

the transfer function of the sensing lines.
2) UncVent2: The uncertainty in the dynamic properties of the Rosemount

transmitters mounted on the sensing lines, referred to here as compliance.
3) UncVent3: The accuracy of the instrumentation used in the mockup testing.
4) UncVent4: The accuracy of the instrumentation used to collect the plant data.

These uncertainties are then combined by the SRSS method to assess the venturi
measurement uncertainty for both the RMS and maximum response of the signal.

UncVent=Sqrt (UncVent12 + UncVent22 + UncVent32 + UncVent42)

Attachment 2 to this Exhibit provides the methodology to assess UncVentl, the transfer
function uncertainty and UncVent2 the uncertainty in the steam transfer function as a
function of the uncertainty in the Rosemount compliance. Table EMEB-B-18-1-9
provides a summary of uncertainty input and calculated values.

The transfer function uncertainty was calculated based on evaluations performed on four
steam line signals from QC2. In this uncertainty assessment Entergy used the maximum
value from the four tests.

The Rosemont transmitters have isolation diaphragm that can be included in the steam
acoustic model of the sensing system as a mass/spring/damper. The spring is the most
important parameter and the combined characteristics are referred to as compliance. In
CDI 95-06 the compliance values were based on published values by Rosemount along
with detailed and proprietary information on the construction of the Rosemount
transmitter that pertains to characterizing the dynamic properties of the transmitter.
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There was no uncertainty information available from Rosemount on the published
stiffness data. In Attachment 2 CDI provides the change in the transferred signal based
on a 1% change in the 100% compliance (value provided by the manufacturer). The
assessment shown in Table 9 provides a acoustic load uncertainty assessment
assumed an uncertainty of 30% in the compliance, UncVent2.

The test instruments used in the CDI mockup and the VYNPS plant were Sensotec high
speed pressure transducers (0.25% accuracy) with a 16 bit data acquisition system. An
uncertainty of 5% was used as a conservative bound to this equipment's uncertainty. It
should be noted that the total uncertainty is primarily influenced by the transfer function
uncertainty, uncVentl. Because the compliance uncertainty and pressure instrument
uncertainty have a small impact on the total uncertainty, further refinement of these
values was not deemed necessary.

Venturi RMS Signal Uncertainty
l UncVent(RMS) UncVentl UncVent2 UncVent3 UncVent4

Transfer
Function Uncertainty Uncertainty

Maximum Error Due due to due to
Venturi Line Transfer Instrument to % Instrument Instrument
Total Function Compliance Compliance Error at Error at in
Uncertainty Uncertainty Uncertainty Uncertainty Mockup Plant

Venturi
A Inlet 179% 177% 30% 82% 5.00% 5.00%

Venturi
B Inlet 177% 177% 30% 33% 5.00% 5.00%

Venturi
C Inlet 177% 177% 30% 35% 5.00% 5.00%

Venturi
D Inlet 179% 177% 30% 86% 5 .00% 5.00%

Venturi Ma imum Signal Uncertainty
UncVent UncVentl UncVent2 UncVent3 UncVent4

Transfer
Function Uncertainty Uncertainty

Maximum Error Due due to due to
Venturi Line Transfer Instrument to % Instrument Instrument
Total Function Compliance Compliance Error at Error at in
uncertainty Uncertainty Uncertainty Uncertainty Mockup Plant

Venturi
A Inlet 128% 128% 30% 25% 5.00% 5.00%

Venturi
B Inlet 128% 128% 30% 23% 5.00% 5.00%

Venturi
C Inlet 128% 128% 30% 32% 5.00% 5.00%

Venturi
D Inlet 128% 128% 30% 30% 5.00% 5.00%

Table EMEB-B-1 8-1-9
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Uncertainty in the dryer loads is driven by uncertainty in the input pressure as calculated
from VYNPS SG data. The uncertainty is from two sources:

a. UnSG1: The uncertainty of using the VYNPS equipment to measure pressure in
the pipe. Entergy has used strain gages and a National Instrument DAS
acquisition to collect stain gage data and correlate that data to average hoop
strain and pressure. This uncertainty value includes the uncertainty of the strain
acquisition equipment and the uncertainty in pipe thickness.

b. UncSG2: At very low strain levels, data from QC2 demonstrated that the dynamic
signal can vary azimuthally around the pipe. VYNPS has two strain gages
orientated in the hoop direction at one azimuth location. Data from QC2 with four
strain gages 90 degrees apart demonstrate that when there are high flow
induced vibration (FIV) signals the local pipe distortion can add significant
content to the signal. This uncertainty is added to reflect the non-conservative
uncertainty introduced by using a single strain input to assess average
circumferential strain.

The UncSG1 uncertainty values were developed by Structural Integrity Associate (SIA)
in Calculation VY-13Q-305. Based on VYNPS pipe thickness data and the accuracy of
the VYNPS SG data acquisition equipment, SIA calculated a measurement uncertainty
of 8.74%. Therefore a conservative assignment was made of UncSG1 = 10%.

The strain gage (SG) configuration used in the development of acoustic loads for the
VYNPS dryer included two strain gages at the same circumferential location on the pipe.
The strain gage signal was converted to a pressure signal assuming the strain could be
directly correlated to hoop strain. It had been subsequently determined through QC2
testing that local pipe strain (e.g., due to bending) can add additional signal that is not
related to hoop strain. This additional strain signal appears as a higher pressure input to
the ACM and results in a conservative over-prediction of the pressure loads on the
steam dryer. Benchmarking of the ACM found that averaging the strain signals from 4
points 90 degrees around the pipe provided a significant reduction in the extraneous
signals. Figures EMEB-B-18-1-14 through EMEB-B-18-1-17 show the individual strain
signals compared to the averaged strain signal. These comparisons show the
magnitude of the extraneous signals. Table EMEB-B-18-1-10 compare the RMS and
range of the individual signals to the RMS and Range of the averaged signals. As noted,
both the RMS and range data from a single strain gage are, in all cases, more
conservative than the averaged data.
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Summary of QC 2 data Comparing Averaged SG Data to the data
from Each Gage

Range RMS Range RMS
Ave MSL B 651' 3.28 0.39 gage/ave gage/ave
S7 4.42 0.49 35% 26%
S9 4.99 0.68 52% 75%
S8 3.78 0.50 15% 30%
S10 5.68 0.76 73% 98%

Range RMS Range RMS
Ave MSL B 621' 2.47 0.30 gage/ave gage/ave
Si1 4.74 0.58 92% 96%
S11A 3.03 0.38 23% 30%
S12 4.30 0.51 74% 72%
S12A 4.77 0.60 93% 104%

Range RMS Range RMS
Ave MSL C 651' 3.85 0.49 gage/ave gage/ave
S31 4.03 0.58 5% 18%
S33 5.96 0.58 55% 17%
S32 5.77 0.87 50% 77%
S34 5.73 0.75 49% 51%

Range RMS Range RMS
Ave MSL C 621' 2.10 0.25 gage/ave gage/ave
S35 3.04 0.38 45% 54%
S35A 4.30 0.58 104% 136%
S36 3.84 0.50 83% 103%
S36A 4.48 0.54 113% 118%

Range RMS
gagelave gage/ave

I Minimum 5% 17%
_ Maximum 113% 136%

Table EMEB-B-18-1-10

In response to RAI EMEB-B-I 18 and based on the above comparison, Entergy assessed
that the VYNPS SG data was broad band and therefore RMS and Max values were an
appropriate method of comparison. Entergy assigned an additional 10% uncertainty to
this the condition where a spike may challenge the VYNPS Limit Curve.

As a result of discussions during the August 2005 VYNPS Dryer analysis audit, Entergy
considered application of a more conservative assessment and incorporating statistical
evaluation of the signal at peak frequencies. Entergy concluded that this type of
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assessment would be more appropriate for the condition where a pressure spike
challenges the VYNPS limit curve.

Entergy's assessment is provided in Tables EMEB-B-18-1-11 and EMEB-B-18-1-12.

The upper section of Table EMEB-B-18-1-1 I provides a summary of the QC2 strain gage
PSD data at peak response frequencies. The PSD values for single SG are shown along
with the PSD value for the averaged time domain signal from the 4 gages. Table EMEB-
B-18-1-12 provides the error associated with the single Strain Gage value when
compared with the average value. These error values are calculated as

%Error=Sqrt(PSDsg/PSDavg)- 100%

The radical converts the Error from PSD, PSIrmsA2/Hz, to Pressure, PSI.

In summary, using the ¼/ point data would likely result in a very conservative estimate of
average strain. Individual signals at the peak frequencies were on average 57% higher
than hoop strain. The standard deviation in the data was 117%. Therefore the SG non-
conservative uncertainty was established as 57.3% - 116.7% = -59%.

The Limit Curve Uncertainty has been recalculated based on the 60% SG uncertainty
(rounded up from 59%). Two strain gage signals contribute to dryer loads on each face.
Therefore it would be unlikely that the SG signal would be underestimated in two lines.
Entergy has also committed to install 4 SGs at two addition points on each line and
monitor all SG signals during power ascension. Including the 60% SG Uncertainty in the
development of the VYNPS Limit Curve is a very conservative approach that is to be
used for the establishing the initial curve. Once additional data from multiple SGs is
available and the Limit Curve developed based on this new data, additional 60%
uncertainty can be eliminated.
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Table EMEB-B-18-1-11

QC2 Strain Gage 114 Bridge PSD Data, PSI(rms)^2/Hz, Sampled at Peak Frequencies
Frequency 98.6 138.7 139.6 151.4 152.3 154.3 155.3 160.2 161.1

S7 1.7E-03 1.5E-02 4.0E-03 5.6E-03 6.2E-03 2.8E-02 2.5E-02 1.1 E-02 2.9E-03
S9 1.9E-03 1.1E-02 2.1E-03 1.5E-01 1.8E-02 1.7E-02 1.5E-02 4.1E-03 1.4E-03
S8 8.5E-05 5.OE-03 2.7E-03 1.8E-02 2.1 E-02 1.3E-02 1.2E-02 4.3E-03 1.1 E-03

S10 6.8E-05 1.8E-02 2.3E-03 1.5E-01 1.8E-02 7.0E-02 6.3E-02 3.5E-04 3.0E-04
Ave MSL B 651' 3.8E-04 1.9E-03 9.3E-04 3.3E-02 5.7E-03 1.6E-02 1.4E-02 5.5E-04 1.6E-04

S11 9.7E-05 7.2E-02 1.6E-02 3.4E-02 5.7E-03 1.9E-03 1.8E-03 1.7E-02 8.OE-03
Si1 A 9.6E-05 5.5E-03 7.0E-04 1.7E-02 2.OE-03 3.4E-03 3.OE-03 8.2E-03 4.5E-03

S12 1.2E-04 1.9E-02 4.8E-03 4.7E-02 8.3E-03 4.0E-03 3.0E-03 2.2E-03 2.3E-03
S12A 5.8E-05 3.2E-02 5.1 E-03 2.2E-02 5.8E-03 5.4E-02 4.9E-02 9.6E-03 5.0E-03

Ave MSL B 621' 6.1E-05 9.4E-03 2.1E-03 8.1E-04 9.9E-04 5.0E-03 4.4E-03 7.6E-03 3.9E-03
S31 2.OE-04 3.3E-03 2.1 E-03 9.3E-02 1.8E-02 1.3E-02 1.1 E-02 1.4E-03 1.OE-03
S33 1.8E-04 2.6E-03 2.3E-03 9.9E-02 1.7E-02 2.4E-02 2.2E-02 5.4E-04 6.9E-04
S32 7.0E-03 3.7E-02 6.9E-03 2.0E-01 2.1 E-02 4.8E-02 4.2E-02 6.5E-03 9.2E-03
S34 5.2E-03 8.1 E-02 3.3E-02 8.7E-02 1.4E-02 2.5E-02 2.2E-02 1.3E-03 1.6E-03

Ave MSL C 651' 1.9E-03 6.5E-03 2.2E-03 8.4E-02 9.5E-03 6.6E-03 5.8E-03 6.8E-04 6.7E-04
S35 2.8E-03 4.6E-03 5.9E-03 8.5E-03 2.1 E-02 1.8E-02 1.5E-02 2.0E-03 5.1 E-03

S35A 1.5E-03 4.0E-02 S.1 E-02 4.2E-02 2.3E-02 6.1 E-03 5.2E-03 2.8E-04 6.0E-04
S36 2.9E-03 1.3E-02 1.8E-02 4.7E-02 9.7E-03 7.9E-03 6.4E-03 6.5E-04 6.7E-04

S36A 2.1 E-03 2.6E-02 3.4E-02 2.8E-02 1.7E-02 1.1 E-02 8.9E-03 1.1 E-03 2.3E-03
Ave MSL C 621' 1.2E-03 5.1E-03 7.9E-03 2.5E-03 2.2E-03 1.6E-03 1.3E-03 3.7E-04 1.2E-03
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Table EMEB-B-18-1-12

Percent Error (1/4 Brdge vs Average)= Sqrt ( Value I Average ) -1 00%
Frequency I 98.6 1 138.7 I 139.6 I 151.4 1 152.3 I 154.3_j_155.3 I 160.2 1161.1

MSL B 651'
S7 110% 182% 108% -59% 5% 32% 33%I 354% 320%
S9 123% 137% 51% 114% 78% 3% 2%1 173% 189%
S8 -53% 63% 72% -26% 91% -9% -10% 179% 158%

S10 -58% 204% 58% 113% 79% 109% 109%1 -21% 36%
MSL B 621'

Sijl 26% 176% 179% 545% 139% -39% -36% 50% 43%
Sl AI 25% -24% -42% 358% 44% -17% -17% 4% 7%

S12 42% 41% 52% 663% 189% -11% -18% -46% -24%
S12A -2% 85%° 56% 417% 142% 229% 232% 12% 13%

MSL C 651'
S31 -83% -70% -45% -31% -8%1 -48%1 -48% -55% -67%
S33 -84% -73% -43% -29% -1% -29%1 -28% -71%I -73%
S32 16% -33% -54% 50% 22%1 39%j 38% 120%[ 137%
S34 66% 253% 290% 2% 20%J 95%j 95% 41%[ 56%

MSL C 621'
S351 -2% -41% -42% -57% 47%I 50%[ 55% 75%[ 176%

S35A1 -2% 74 0 -5% 55%j -12%j -9% -34%j -6%
S36 16% -29% -27% 29% -25% -14% 1 15% -23% -46%

S36A1 35 1228% 107% 234%/ 181"/o 156%j 161% 71%j 41%

Statistics All Uncertainty Data
Min= -84% Average: 57.3%

Max= 663% StdDev= 116.7%
(Average) - (StandardDeviation) = -59%
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Figure EMEB-B-18-1-14
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Figure EMEB-B-1 8-1-16
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These uncertainties were combined by the SRSS method to assess the SG Measurement
Uncertainty for both the RMS and Maximum Response of the signal. The resulting strain
gage signal uncertainty values are summarized in Table EMEB-B-18-1-13. Note these
values are the same for the four steam lines.

Strain Gage (SG) RMS Signal Uncertainty
UncSG UncSG1 UncSG2

SG
Uncertainty SG

due to Uncertaint
SG Signal Instrument due to 1 v

Total and 4 SG
Uncertainty Thickness Sensors

ty
s

Strain
A Gage

Strain
B Gage

Strain
C Gage

Strain
D Gage

61%

61%

61%

61%

10%

10%

10%

10%

60%

60%

60%

60%

Strain Gage (SG) R
UncSG

SG Signal
Total

Uncertainty
Strain

A Gage 61%
Strain

B Gage 61%
Strain

C Gage 61%
Strain

D Gage 61%

MS Signal Uncertainty
UncSG1 UncSG2

SG
Uncertainty SG

due to Uncertainty
Instrument due to 1 vs

and 4 SG
Thickness Sensors

10%

10%

10%

10%

60%

60%

60%

60%

Table EMEB-B-18-1-13

In Tables EMEB-B-18-1-14 and EMEB-B-18-1-15, the SG RMS and venturi RMS signal
uncertainties for each line are multiplied by the sensitivity values to determine the impact
on dryer loads. Because the transfer function uncertainty could be related to a common
characteristic of the ACA of the sensing line, the venturi uncertainty from each of the four
lines is first added by absolute sum. Then this absolute sum is combined by the SRSS
method with the affect of the SG uncertainty on each line to find the total load
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uncertainty due to signal error on each side of the dryer. This is done to both RMS and
maximum uncertainty values. Then the maximum uncertainty value determined from
both sides of the dryer and both the RMS and maximum uncertainties is used to
represent the uncertainty on dryer loads due to signal uncertainty.

Dryer Load Uncertainty due to Venturi RMS Signal Uncertainty

Venturi Line
Del Ld/Del Del Ld/Del Total

P7 Side P99 Side Signal Signal Uncertainty
Un=F2 x

Un=F1 xTU TU F1 F2 TU
Venturi

A Inlet 0% 4% 0 0.024 179%
Venturi

B Inlet 0O/o 37% 0 0.208 177%
Venturi

C Inlet 48% 0M 0.27 0 177%
Venturi

D Inlet 3% 0% 0.014 0 179%
abs sum 50% 41%

Dryer Load Uncertainty due to Strain Gage SG RMS Signal Uncertainty

SG Signal
Del Ld/Del Del Ld!Del Total

P7 Side P99 Side Signal Signal Uncertainty
Un=F2 x

Un=F1 xTU TU F1 F2 TU
Strain

A Gage 0% 24% 0 0.397 61%
Strain

B Gage 0% 25% 0 0.403 61%
Strain

C Gage 23% 0%/0 0.374 0 61%
Strain

D Gage 23% 0%/O 0.372 0 61%

Table EMEB-B-18-1-14
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Dryer Load Uncertainty due to Venturi Maximum Signal Uncertainty

Venturi Line
Del Ld/Del TotalDel Ld/Del

P7 Side P99 Side Signal Signal uncert,
Un=F2 x

Un=F1 xTU TU F1 F2 TU
Venturi

A Inlet 0%/0 1% 0 0.01 128'
Venturi

B Inlet 00/0 39% 0 0.307 128'
Venturi

C Inlet 14% 0% 0.106 -0.001 128'
Venturi

D Inlet 1% 0% 0.011 -0.001 128'
abs sum 15% 40%

Dryer Load Uncertainty due to Strain Gage SG Maximum Signal Uncertainty

ainty

yo

yA

ya

YO

Del Ld/Del
P7 Side P99 Side Signal

Un=F2 x
Un=F1 x TU TU F1

Strain
A Gage 0% 15% 0

Strain
B Gage 0%Y 27% 0

Strain
C Gage 22% 0% 0.36

Strain
D Gage 32% 0% 0.521

UncACM2 = SRSS Dryer Load Uncertainty
SRSS ( ABS Venturi and SRSS SG RMS Signal

Uncertainty)
SRSS (ABS Venturi and SRSS SG MAX Signal

Uncertainty)
Bounding Uncertainty RMS, Max, Either Side

Del Ld/Del
Signal

F2

0.24

0.444

0

0
P7 Side

60%

41%

SG Signal Total
Uncertainty

TU

61%

61%

61%

61%
P99 Side

54%

51%
60%

Table EMEB-B-18-1-15
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Total ACM Uncertainty

As summarized in Table EMEB-B-18-1-16, the total measurement uncertainty was
calculated to be 130 %.

[ Final ACM Uncertainty I
UncACMI: Maximum
Benchmark Uncertainty 115%

UncACM2: Signal
Uncertainty 60%
SRSS(UncACA1,
UncACA2) 130%

Table EMEB-B-18-1-16

CFD Load Uncertainty

The comparison of the turbulence energy in the LES runs was shown to be higher than
in RANS comparison runs. In EMEB-B-18-1 Rev 1 Attachment 5 Entergy provides
further benchmark of these loads against operating data. As demonstrated in
Attachment 5 the CFD prediction for VYNPS are on average 118% above the RMS
values of in-plant data with a standard deviation of 82%. Therefore a conservative
estimate of uncertainty is 118% - 82% = +37%. This would support 0 uncertainty for the
CFD load. Conservatively, Entergy has maintained a 15% CFD load uncertainty in the
Limit Curve Factor assessment.

The CFD analysis with the +/- 10% change in load step had an impact to the limiting
stress of 4%. Therefore the CFD frequency uncertainty is determined to be 4%. The
total CFD uncertainty; uncCFD= sqrt(15A2 + 4A2) = 16%.

Attachments to this Exhibit:

Attachment 1: CDI Parametric Assessment of Dryer Loads as a Function of Instrument
Uncertainty

Attachment 2: CDI Uncertainty Assessment of Venturi Instrument Line Transfer Function

Attachment 3: CDI Uncertainty Assessment of Sensing Point Distance from RPV

Attachment 4: PSD Plots ACA Benchmark QC2 790MWe, Comparison to All Measured
Data

Attachment 5: CFD Uncertainty Assessment
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Attachment 1
Vermont Yankee Error Analysis

The error analysis is carried out at locations on the outer bank hood directly between the
steam lines at the cover plate elevation (low resolution node numbers 7 and 99). The
acoustic circuit analysis can be used directly to access errors in load predictions based
on errors in measurement. Using the 100% power data set, the change in predicted
RMS pressures are computed as a function of changing the strain gage and venturi
pressure measurements, with results shown in the first table. Results for a similar
calculation, for predicted peak pressures, are shown in the second table.

Pressure Data A %(P7/P7RMS) A %/(PWJ/P9RMs)
Location on MSL /A% /__%
A Venturi Inlet 0.000 0.024
B Venturi Inlet 0.000 0.208
C Venturi Inlet 0.270 0.000
D Venturi Inlet 0.014 0.000
A Strain Gage 0.000 0.397
B Strain Gage 0.000 0.403
C Strain Gage 0.374 0.000
D Strain Gage 0.372 0.000
SRSS 0.593 0.603

Table EMEB-B-18-1-1-1
Sensitivity of RMS Dryer Loads to Errors in Main Steam Line (MSL) Pressures

Pressure Data A 0/o(P7/P7Peak) A %(P99/P9gPeak)
Location on MSL /A% /A%
A Venturi Inlet 0.000 0.010
B Venturi Inlet 0.000 0.307
C Venturi Inlet 0.106 -0.001
D Venturi Inlet 0.011 -0.001
A Strain Gage 0.000 0.240
B Strain Gage 0.000 0.444
C Strain Gage 0.360 0.000
D Strain Gage 0.521 0.000
SRSS 0.642 0.591

Table EMEB-B-18-1-1-2
Sensitivity of Peak Dryer Loads to Errors in MSL Pressures
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Attachment 2
Vermont Yankee Instrument Line Error Analysis

The instrument line error analysis is carried out by comparing the transfer function
developed by the instrument line experiment and the instrument line acoustic circuit
model (which was subsequently applied to the VYNPS instrument lines). The instrument
line experiment was patterned after the four venturi instrument lines in Quad Cities Unit
2; thus, the EPU data available from Exelon for these lines were used to compute the
sensitivity of RMS and peak pressure predictions at the four main steam lines. Here,
subscript "mod" refers to the transfer function developed by acoustic circuit
methodology, while subscript "emp" refers to the transfer function developed empirically.

The rationale for the analysis is based on the premise that the venturi line mocked up in
CDI's laboratories when modeled by acoustic circuit analysis introduces the same
amount of uncertainty as would be introduced by modeling a venturi line in a plant. By
experimentally measuring the transfer function (see Ref. B-1) with two transducer errors
AT, and comparing the pressure predicted at the MSL of Quad Cities Unit 2 computed
from the ACM (PRMSmod) to that computed using the empirically determined transfer
function PRMSemp (with error AE) provides an estimate of the acoustic circuit error in
correcting the venturi measurement. The error fraction ATransFunct is shown for venturi
data taken on all four lines (A-D)

Results are shown in the following tables.

Pressure Data I(PRMSmcd-PRMSemp) /

Location PRMSemOI = A TransFunct

A Venturi 0.475
B Venturi 0.639
C Venturi 0.581
D Venturi 0.278
Average 0.493

Table EMEB-B-18-1-2-1
Error RMS MSL Pressures to Transfer Function Accuracy in Instrument Lines

Pressure Data I(PPeakmod-PPeakemp) /
Location PPeakempl = A TransFunct

A Venturi 0.524
B Venturi 0.561
C Venturi 0.434
D Venturi 0.321
Average 0.460

Table EMEB-B-1 8-1-2-2
Error Peak MSL Pressures to Transfer Function Accuracy in Instrument Lines
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Compliance Effects

The tests conducted as described in Ref. B-1 did not include transducers that exist on
branch lines on the instrument racks. However, manufacturer supplied data indicate that
these transducers in the frequency range (0-200 Hz) introduce a compliance (spring)
into the system.

The compliance error analysis is carried out by running the instrument line code for
various percent compliance (A%), and computing the sensitivity of RMS and peak
pressure predictions at the four main steam lines. Results are shown in the following
tables.

Pressure Data I A O/(P/PRMs)
Location /A_%_

A Instrument Line 0.817
B Instrument Line 0.330
C Instrument Line 0.347
D Instrument Line 0.864
Average 0.590

Table EMEB-B-18-1-2-3
Sensitivity of RMS MSL Pressures to Compliance in Instrument Lines

Pressure Data I A O(P/Ppeak)
Location /A%I

A Instrument Line 0.251
B Instrument Line 0.233
C Instrument Line 0.319
D Instrument Line 0.296
Average 0.275

Table EMEB-B-18-1-2-4
Sensitivity of Peak MSL Pressures to Compliance in Instrument Lines

The total error in RMS measured venturi instrument line data corrected to the main
steam line consists of four terms:

Error = SRSS (AT +1 ATransFuncil + AE+ A% (P/PRS XAC)

where AT is the pressure transducer error, associated with the measurement of the
empirically determined transfer function, ATransFunct is the transfer function error provided

in Tables EMEB-B-18-1-2-1 and 2, AE is the pressure measurement error of the



Attachment 8 to BVY 05-084
Docket No. 50-271

Page 42 of 80
Exhibit EMEB-B-18-1 Rev. 1 -VYNPS Steam Dryer Load Uncertainty

NON-PROPRIETARY INFORMATION

transducer in the plant, and | (P' RNts is the sensitivity of compliance error

provided in Tables EMEB-B-18-1-2-3 and 4. The last term is multiplied by Ac, the
compliance error as a fraction of the compliance specified by the manufacturer.
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Attachment 3
Vermont Yankee Instrument Position Uncertainty

With pressures measured at two locations on a MSL, it is possible to compute the
pressure at a third location. This is used to estimate the error associated with measuring
the pressure on the MSL at the venturi location which is further downstream than strain
gage pressure measurements which were made at QC1 and QC2.

The error analysis is carried out by first computing the pressure on the main steam lines
at the same location of the first strain gage location in Quad Cities Unit 2 (9.50 feet from
the RPV nozzle), using the VYNPS strain gage data (at 37.13 feet) and the pressure at
the venturi instrument line entrance (at 96.84 feet for main steam lines A and D, and
80.88 feet for main steam lines B and C). Comparisons of this pressure are made with
model predictions for the VYNPS acoustic circuit model and the benchmarked acoustic
circuit model with modeling parameters used for Quad Cities. The difference in
prediction estimates the error associated with moving the measurement to the venturi
location. An error analysis (for Quad Cities) showed that a 5.03% error in strain gage
RMS pressure measurements results in a 3.56% change in RMS dryer loads. This
factor (0.708) is then applied to the difference in predictions, and an error associated
with instrument locations is determined, as shown in the table.

Venturi Location (Pvy-Poc)/Pvy Dryer Load Error
Fraction

A 0.437 0.309
B 0.736 0.521
C 0.738 0.523
D 0.468 0.331
Average 0.595 0.421

Table EMEB-B-18-1-3-1
Error - RMS Dryer Loads to Instrument Position Uncertainty

Reference
B-1. "Test Report for Validating an Instrumentation Line Acoustic Transmission Model,"
Revision 0, CDI Report No. 04-12 prepared for Exelon Generation LLC, July 2004.
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, 0C2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty

0.1

0.01

0.001

N

0.
E

(n

0.0001

0.00001

0.000001

0.0000001

Frequency Hz

Predict P16 - - -QC2 P16-79OMWe

Figure EMEB-B-18-1-4-14



Attachment 8 to BVY 05-084
Docket No. 50-271

Page 58 of 80

Exhibit EMEB-B-18-1 Rev. 1 -VYNPS Steam Dryer Load Uncertainty
NON-PROPRIETARY INFORMATION

PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, 0C2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, 0C2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSI Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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PSD Comparison, QC2 Data vs. ACA Predictions plus Uncertainty
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Attachment 5
Vermont Yankee CFD Load Uncertainty

The VYNPS CFD results at 120% power were compared against the available
measurements from in-plant testing with instrumented dryers in order to estimate the
uncertainty associated with the CFD prediction. The comparison locations are
summarized in Table EMEB-B-18-5-1. Locations 1, 2, and 4 are in the skirt region.
Location 3 is on the lower horizontal cover plate. Location 5 is on the side of the dryer
hood. The CFD predictions at these locations were compared with the individual in-plant
sensor measurement.

Locations 6 through 9 are the 4 quadrants of the VYNPS vertical face as delineated by
the vertical gussets. Fluent provided the averaged pressure time history data for each of
these quadrants. These locations were compared with the averaged pressure time
history data of the corresponding column of three sensors in the 4x3 array on the face of
the dryer.

Previous reviews of the amplitude of the pressure loads acting on the dryer show that
the amplitude in the frequency range of interest (below 100 Hz) can be correlated with
the average steamline flow velocity. Because the in-plant measurements were taken at
steamline flow velocities lower than those expected for VYNPS at 120% power, the in-
plant data measurements were scaled by the square of the ratio of the steamline flow
velocities:

Amplitudescaed = Amplitudemeasur.d x (Vin.pianlNvy)2

The operating conditions for the in-plant measurements and for VYNPS are shown in
Table EMEB-B-18-5-2.

Table EMEB-B-18-5-3 presents a comparison of the RMS values for the VYNPS CFD
prediction and the scaled in-plant measurements at each of the sensor locations. With
the exception of one point, the VYNPS CFD analysis at 120% power bounds the in-plant
data. The CFD prediction was on average 118% above the RMS values of in-plant data
with a standard deviation of 82%. Therefore a conservative estimate of uncertainty is
118% - 82% = +37%. Entergy has assigned a -15% uncertainty to the CFD loads. This is
based on the Fluent experimental scale benchmark study of confined swirling coaxial
jets using an LES model, referenced in response to RAI EMEB-B-73. Therefore based
on comparison with available plant data the 15% uncertainty is conservative.

The one exception was Location 3, where the CFD RMS pressure is low by about 33%.
Location 3 is on the lower horizontal cover plate at the base of the vertical face.
Because of the proximity of the sensor to the vertical face, it is expected that the
pressure at this location is representative of the pressure on the vertical face. However,
the vertical face comparison for Locations 6-9 show that the CFD results bound the in-
plant measurements. There is insufficient information to determine if the difference in
these face comparisons is due to the type of sensor used in the Plant C instrumentation
(i.e., strain gauges vs. pressure sensors at the other plants) or if the configuration of the
dryer hood has an effect on the pressure loading on the face.
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Figures EMEB-B-18-5-1 through EMEB-B-18-5-6 present a comparison of the frequency
spectra at each of the sensor locations, again with the in-plant measurements scaled to
VYNPS operating conditions. In general, the CFD predictions bound the in-plant
measurements throughout the frequency range of interest (<100 Hz). There are a few
frequencies where the in-plant measurements are slightly higher than the CFD
predictions; however, given the variation in vessel sizes and dryer types between the
plants being compared, an exact correlation in the frequency spectra is not expected. In
addition, there are similar peaks in the CFD predictions at nearby frequencies; the +/-
10% frequency shift in the finite element analysis will bound the observed variations.

Of particular note is the frequency comparison for Location 3 (the lower cover plate)
shown in Figure EMEB-B-18-5-3. The VYNPS dryer was modified with external gussets;
the Plant C dryer does not have these gussets. Therefore, several locations from the
CFD analysis were compared with the in-plant measurement. CFD cover plate locations
1 and 4 are outside the outer gussets and are in the region of the vessel steam outlet
nozzles. CFD cover plate locations 2 and 3 are near the center gusset and are in the
vicinity of the in-plant Location 3. The in-plant measurement shows a strong peak at
approximately 25 Hz. The CFD prediction shows a strong peak at approximately 5 Hz.
It is not known what, if any, effect the external gussets may have on the frequency
content of the pressure loading on the face of the dryer. However, the cover plate and
hood modifications made to the VYNPS dryer have raised the fundamental frequencies
of these components well above this frequency range. Therefore, this potential
difference in frequency for the pressure load is not expected to be structurally significant.

Based on the comparisons of amplitude and frequency spectra between the VYNPS
CFD prediction for 120% power and the available in-plant measurements, an uncertainty
of 15% is assigned to the CFD results to account for the possibility that the CFD analysis
may underpredict the pressure on the dryer face. Based on the ANSYS analysis for the
+/-10% CFD load step assessment a 4% load step uncertainty is assigned. This results
in a total CFD uncertainty of sqrt(15A2+4A2) =16%.
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Table EMEB-B-18-5-1: Summary of Test Data Used in Benchmark

Location Plant Sensor Azimuth Location
ID (Degrees)

P1
Plant A (skirt) 90 47" Below Top of Support Ring

2 Plant B (skirt) 90 Top of Skirt Just Below Bottom of Support(skirt)Ring

3 Plant C S10 90 Top of Lower Horizontal Cover Plate

4 Plant D P25 75 Under Support Ring Between 3rd and 4th
Quadrant

5 Plant D P17 20 about 30% of Bank Height Above Support
Ring

Plant D P1 Vertical Face 1st Quadrant
6 Plant D P2 Vertical Face 1 st Quadrant

Plant D P3 Vertical Face 1st Quadrant
Plant D P4 _Vertical Face 2nd Quadrant

7 Plant D P5 Vertical Face 2nd Quadrant
Plant D P6 _ Vertical Face 2nd Quadrant
Plant D P7 Vertical Face 3rd Quadrant

8 Plant D P8 Vertical Face 3rd Quadrant
8 Plant D P9 | Vertical Face 3rd Quadrant

Plant D PO _Vertical Face 4th Quadrant
9 Plant D P11 Vertical Face 4th Quadrant
9 Plant D P12 Vertical Face 4th Quadrant

Table EMEB-B-18-5-2: Plant Operating Conditions and Geometry

Average Steamline Vessel ID Dryer Type
Plant Flow Velocity Plant Power (Inches)

(Ft/Sec)__ _ _ _ _ _ _

Plant A 149 100% 188 Square Hood
Plant B 141 100% 280 Curved Hood
Plant C 129 100% 251 Curved Hood
Plant D 170 84% 251 New Dryer

Vermont Yankee 168 120% 205 Square Hood



Attachment 8 to BVY 05-084
Docket No. 50-271

Page 74 of 80
Exhibit EMEB-B-18-1 Rev. 1 -VYNPS Steam Dryer Load Uncertainty

NON-PROPRIETARY INFORMATION

Table EMEB-B-18-5-3: Comparison in RMS Values 0-100Hz, VY CFD Data vs. Plant
Data

Location VY CFD 120% In-Plant Measurements Margin Above In-Plant
RMS 0-100 Hz RMS 0-100 Hz* Measurement

1 0.370 [[ 246%
2 0.197 95%
3 0.192 -33%
4 0.202 183%
5 0.135 201%
6 0.110 101%
7 0.108 84%
8 0.113 _ 99%
9 0.106 ]] 90%

*In-plant RMS measurements scaled to VYNPS steamline flow velocity based on the
ratio of steamline flow velocities squared.
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Figure EMEB-B-18-5-1
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Figure EMEB-B-18-5-2
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Figure EMEB-B-18-5-4
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Figure EMEB-B-18-5-5



Attachment 8 to BVY 05-084
Docket No. 50-271

Page 80 of 80
Exhibit EMEB-B-18-1 Rev. 1 -VYNPS Steam Dryer Load Uncertainty

NON-PROPRIETARY INFORMATION

1]
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Overview

This Exhibit summarizes the updated structural analysis of the VYNPS dryer for CFD
loads that include data at both 100% and 120% power conditions. The stress report
submitted in Attachment 5 to Supplement 26 (BVY 05-034 dated March 31, 2005)
included analysis for 100% power (CLTP) CFD data. That report included a structural
review of 17 time point snap shot cases to assess the magnitude of turbulent forces in
the VYNPS dryer plenum. After submitting the stress report Entergy and Fluent
continued to run the CFD analysis over the next two months and developed dynamic,
transient solutions for both the 100% (CLTP) and 120% (EPU) power conditions. The
structural analysis was updated with the new CFD loads.

Entergy also performed +/-10% time step evaluations of the CFD loads to assess the
sensitivity of the results for load and structural frequency uncertainty.

This Exhibit also summarizes the evaluation of Acoustic and CFD load uncertainty. This
evaluation is applicable only to the VYNPS dryer analysis and reflects the specific
measurement and analytical methods used by Entergy. These uncertainties were used
to calculate an uncertainty value for the limit curve factor, for application to the power
ascension to confirm the structural integrity of the VYNPS modified steam dryer. To
respond to NRC questions about VYNPS methodology uncertainty, the final limit curve
factor is determined by subtracting uncertainty from the most limiting factor of any dryer
component. If thel00% plant steam line data stays below the limit curve factor between
100% and 120% operation, the attached information demonstrates that Code limits will
be met and structural integrity will be maintained. This response demonstrates that the
VYNPS modified dryer maintains considerable margin against code limits even with
bounding uncertainties applied.

Summary

The following conservative uncertainty values were determined for the CFD and acoustic
loads used in this assessment:

CFD Load Uncertainty 16%
ACM Load Uncertainty 130%

The load factor shown below is the minimum load factor considering all dryer
components and both 100% and 120% CFD load conditions that could be applied to the
acoustic circuit loads to maintain the peak stress limits shown:

Acceptance Level Level 1 Level 2
Peak Stress Limit 13,600 psi 0.8 x 13,600

ASME C Limit LCF1 80% of ASME C Limit LCF2
Minimum Load Factor 6.78 5.17
Uncertainty of Load Factor 3.91 3.02
Load Factor Minus
Uncertainty 2.87 2.14
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Normally in fatigue analysis, mean values of expected loads are used. The margin for
uncertainty is contained in the conservative fatigue limits included in the ASME Code.
These contain a factor of two for stress and twenty for the number of cycles. The load
factor uncertainties shown above have been subtracted from the minimum load factors
to demonstrate that the VYNPS modified steam dryer maintains considerable Code
margin for EPU operation.

Discussion

The VYNPS steam dryer loads are generated from two fluid models; an acoustic circuit
model (ACM) and a computational fluids dynamics model (CFD). Benchmarking of the
ACM model demonstrated that it does a reasonable job of predicting loads above 20 Hz.
Loading above 20 Hz is predominantly acoustic. The CFD model was used to establish
the VYNPS load definition below 20 Hz, where fluid momentum effects are prevalent.
Stress from both load cases are combined in the VYNPS dryer FIV assessment.

Development of CFD Loads

Transient data from the CFD simulation was saved at a .0001 sec time interval for dryer
dP forces as well as steam line mass flow and other key parameters. Signal analysis of
the new data demonstrated that the plenum region was experiencing more high
frequency load content than indicated by the two discrete data points previously used to
monitor results. Based on this difference, Entergy decided to use the new data to
evaluate the dryer dynamically.

The CFD model was developed to depict hydrodynamic forces. The time step and
model boundary conditions were selected to properly model hydrodynamic forces. The
modeling however assumed compressible steam properties to provide a more realistic
depiction of the turbulence at the outlet of the steam dome. The compressible properties
also resulted in acoustic forces along with the hydrodynamic loads. The CFD load
energy above 30 Hz, as depicted by the PSD charts in Attachment 1 to Supplement 29,
is considered to predominantly reflect acoustic ringing.

Key stress results from three of the cases evaluated are summarized in Table EMEB-B-
143-1-1, including:

* ACM results from the Supplement 26 stress report
* CFD analysis 100% power
* CFD analysis 120% power
* CFD analysis 120% power with a shortened time step. (The plus time step

results were analyzed but not summarized because they had no increase to
stress on limiting components.)

* CFD results for 100% and 120% power with filtered data
It is noted that the CFD stress is still low, but the transient analysis stress is higher than
the static load developed from the original time point snap shot case data. There is not
a significant difference between the stresses from CFD transient analysis at 100% and
120% power.
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The time step change sensitivity assessment did not have a significant impact on the
components most limiting from the standpoint of limit curve factor. The most limiting
component was the modified top outer hood. Here the stress increased from 1112 psi to
1155 psi, or 4%.

The purpose of the CFD analysis was to define the hydrodynamic loads. The CFD
model included compressibility and as a result a sizeable portion of the load above 30
Hz was determined to be acoustic ringing. The ACM model was used to define acoustic
loads. To help characterize the impact of the CFD acoustic loads on the dryer stress the
critical component of the CFD alternating stress was identified for all key stress
locations. The stress data was then low-pass filtered at 30 Hz. A stress ratio was then
calculated between the peak stress with filtering and peak stress before filtering. This
ratio was then used to factor the CFD peak stress to remove the acoustic load.

These factored stresses are presented in the stress summary to help quantify the affect
of hydrodynamic versus acoustic loads on fatigue stress. The significant reduction in the
CFD stress supports the industry position that the important dryer loads are acoustic.
The filtered stress was not used in the evaluation of combined stress or the limit curve
factors presented here.

Calculation of FIV Loads

In order to address the issue of ACA load prediction capability at < 20 Hz and
adequately quantify low frequency loads, Entergy decided to add the CFD hydrodynamic
loads to the stress analysis. Since the acoustic signals in the VYNPS steam lines are
very low the hydrodynamic forces could be a significant part of the dryer load.

Supplement 26 (BVY 05-034 dated March 31, 2005) reflected 17 time point snap shot
load cases from the earlier CFD 100% run. The CFD loads were combined by absolute
sum with the acoustic model stress results and compared with Code stress limits. This
evaluation combines the results from the ACA and CFD transient analyses, two dynamic
transient runs that are based on independent load sets. The SRSS combination is
consistent with the VYNPS design basis for RPV internals. The acoustic and CFD
loadings have frequency content that does not overlap. Therefore, a SRSS approach to
combine the calculated stresses from these two sources is justified. Also, the SRSS
approach is typically used to combine responses from various dynamic loads. For
conservatism the maximum alternating value from each load set without credit for stress
orientation is used.
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Stress Equation for FIV Loads:

(CFD 2 + (LCF*ACM)2)1I2 *Wf * Sif s Lf * Salt

Where:

LCF= Limit Curve Factor

U = Code Factor

Lf (Limit Curve 1)= U = 1.0

Lf (Limit Curve 2)= U = 0.8

Salt = Allowable Alternating Stress=1 3,600 psi

Wf=Weld Geometry Factor

Sif= Stress Intensification Factor

CFD = half the stress range from ANSYS analysis for CFD transient loads, psi.

The most limiting of either the 100% power or 120% power loads were used.

ACM = half the stress range from ANSYS analysis for ACM transient loads,

psi. Based on Plant 100% power Steam Line Data.

The stress summaries for the ACA loads with 100% and 120% CFD Loads are included
in Tables EMEB-B-143-1-2 and EMEB-B-143-1-3. The stress summaries for ASME load
combinations at selected locations and comparison with allowable values are shown in
Tables EMEB-B-143-1-4 (a) through (g) for CLTP case. Tables EMEB-B-143-1-5 (a)
through (g) show the corresponding values for the EPU case (120% power).

Note that the following revisions were considered in these revised tables:

* The FIV primary stress now includes weld size factor when combining with other
loads to obtain total stress

* The faulted condition load combinations in these tables include the revision
where combinations D3 and D4 include FIV stress instead of combinations D1
and D2.

* The acoustic and CFD stresses are combined by the square-root-of-sum-of-
squires (SRSS) method rather than by conservative absolute sum method used
in the March 2005 stress report.

The design basis event for Level D is the main steamline break outside containment.
There are two basic load combinations on the dryer for this event. The first load
combination is the acoustic rarefaction wave that is generated by the pipe opening. The
second load combination is the two-phase level swell impact caused by the flashing of
the water in the RPV. These two loads are separated in time and are analyzed
separately. Load combinations D1 and D2 represent the level swell impact phase of the
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event. Load combinations D3 and D4 represent the acoustic wave impact phase of the
event.

Earlier the load combinations D1 and D2 had the FIV stress included. However, the FIV
stress need not be included in these combinations because the level swell in the annulus
between the dryer and vessel wall and subsequent introduction of two-phase flow in the
steamline will disrupt the acoustic sources that dominate the FIV load component.

On the other hand, for load combinations D3 and D4, where the acoustic loading from
postulated break is considered, the FIV loading needs to be included. The arrival of the
acoustic wave is the first indication to the dryer that the break has occurred. At the time
of the acoustic wave impact, the normal operation DP and the normal operation FIV
loads are present; therefore, FIV is now included in the faulted combinations D3, D4.

Method of Solution Considering Uncertainty

In the development of the limit curve factor, the following methodology was utilized to
evaluate the uncertainty in this factor. Given a ± 0a and b ± ab, the following
methodology is used by Entergy to evaluate the propagation of errors.

Addition
Q = a+b
Cy = [(Csa) 2 + (ab)1112

Subtraction
0 = a-b

Jo = [(Ca)2 + (Cib)2]

Multiplication

Q = a-b

cyc= a * b *[(aa/a) 2 + (Gb/b) 2]112

Square
o = a2

so = a* a* [(Caa) 2 + (Cafa) 21f2

Go = sqrt(2) a2 * (Ca/a)
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Division to Assess Minimum Value (Minimum of Q-ao)

Q = a/b

a0 = a/b-(a-aa)/(b+ab)

Evaluation of the limit curve factor with load uncertainty

Stress Equation for FIV Loads:

(CFD 2 + (LCF*ACM) 2)1I2 *Wf * Sif < Lf * Salt

Rearranging, the limit curve factor is derived:

LCF = [((Lf*Salt)/(Wf*Sif)) 2 -CFD 2)112]/ACM

Load Uncertainty Rations

UncCFD = CFD Load Uncertainty Ratio

= acfd/ CFD (expressed in percent).

UncACM = ACM Load Uncertainty Ratio

= Oaam/ ACM (expressed in percent).

Conservative code SIF and Code allowable limits maintained.

Step 1 solve the following term:

al= ((Lf*Salt)/(Wf*Sif)) 2 -CFD 2)

The only uncertainty term to consider here is with the CFD term.

The uncertainty associated with CFD 2 is expressed as

a, = sqrt(2) * CFD 2 * add/ CFD = sqrt(2) * CFD 2 * UncCFD

Step 2 solve the following term:

a2= ((Lf*Salt)/(Wf*Sif))2 -CFD 2)11'2 = (al )2
Here it is necessary to assess the uncertainty associated with performing the
square root of al. This is expressed as the inverse of the square expression
used in step 1.

02= (al * a2)/ (sqrt(2) * al)
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Step 3 solve the following term:
LCF = [((Lf*Salt)/(Wf*Sif)) 2 -CFD 2)"2]/ACM

a3= a2/ACM

Here it is necessary to assess the uncertainty associated with performing
division.

a3=a2/ACM -(a2-a 2) / (ACM + aa,)
aacm = UncACM * ACM

a0 = a2 / ACM - (a2 - a2) / (ACM + UncACM * ACM)

Development Uncertainty Values used in this assessment

The ACM uncertainty was calculated as 130% in the ACA Uncertainty assessment
included as Exhibit EMEB-B-18-1 Rev 1. Based on information from the CFD model
sensitivity evaluation, Entergy has determined a CFD uncertainty value of 15% for the
projected CFD loads. The comparison of the turbulence energy in the LES runs was
shown to be higher than in RANS comparison runs. Entergy has provided further
benchmark of these loads against operating data in Exhibit EMEB-B-18-1 Rev 1,
Attachment 5. The CFD analysis with the +/- 10% change in load step had an impact to
the limiting stress of 4%. Therefore the CFD frequency uncertainty is determined to be
4%. The total CFD uncertainty; uncCFD= sqrt(15A2 + 4A2) = 16%.

In Supplement 26 Attachment 5, load step run was used to find the maximum acoustic
load stress on the dryer. When looking at uncertainty it is more appropriate to express
the nominal stress based on the best estimate of load and structural frequencies and
use of the +/- time step solutions to assess the uncertainty in the stress as a result of the
frequency uncertainty. Therefore Table 5.1-2 of Attachment 5 to Supplement 26 has not
been revised for this update.

Based on CFD/ACM load uncertainties of 16% and 130% respectively, Tables EMEB-B-
143-1-2 and EMEB-B-143-1-3 provide a summary of the limit curve factors and limit
curve factor uncertainty for ACA loads combined with the most limiting of either the CFD
100% power or CFD 120% power loads. The most limiting values from these two
assessments were used as the final recommended values included in the summary
above.

The limit curve that will serve as the Level 1 and 2 performance criteria described in the
Steam Dryer Monitoring Plan (SDMP) contained in Attachment 6 is based on the 100%
CLTP strain gage measurements used as input to the VYNPS ACA, plus uncertainty as
defined in this revised Exhibit. This purpose of this limit curve is to assure that when
main steam line strain gage measurements stay below the limit, VYNPS steam dryer
structural integrity is maintained during power ascension to EPU conditions. The
following describes Entergy's assessment of the limit curve relative to the applicable
fatigue stress limit and concludes that if the limit curve is not exceeded, the structural
integrity of the VYNPS steam dryer will be assured.
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The ACA and the finite element analysis that calculated the peak stress from those loads
are both linear analyses. Therefore if the steam line signals are factored linearly the ACA
loads will increase by the same factor and the FEA peak stress results will in turn
change by the same factor. Therefore by comparing the peak stress to code allowable,
we can assess the available margin for increase in the steam line signal.

CDI provided additional documentation to support the assertion that the ACM is linear
with respect to load amplitude. In order to prove this assumption, the QC2 790 MWe
benchmark strain gage data were doubled, for the otherwise same conditions as used in
the benchmark assessment described in Exhibit EMEB-B-1 8-1, and the acoustic circuit
model was used to predict the pressure sensor data. One such result, for P12, is shown
in Figure EMEB-B-143-1-1, where it may be seen that the PSD of the prediction is
nominally four times the PSD of the prediction when the strain gage data were not
doubled. A ratio of the two curves demonstrates a factor of four across the frequency
range shown here. This exercise demonstrates that the acoustic circuit model is linear.

PI 2 Prediction

__ 0 o I | Strain Gage Data .
N * t Twicc Strain Gage Data r.

. . . . . . . . _. . i. . . . ._ .. . . . .s. .

0.001

% 0.0001

10~
050 100 ,50 200

Frequency (Hz)

Figure EMEB-B-143-1-1: PSDs of Pressure Sensor P 12, with 1X and 2X
Strain Gage Data.

Not only is the ACA model linear, the structural model is as well. The ANSYS analysis
method used for this analysis is the Mode Superposition Method. No non-linear features
were used in this analysis, as demonstrated in the following equation:

[M](u") + [C](u'} + [K] (u} = {F)

The solution is performed in the Modal coordinate system and then expanded back to
the nodal coordinate system. Further detail is available in the ANSYS Theory Manual



Exhibit EMEB-B-143-1 Rev. 1, Revised FIV Attachment 9 to BVY 05-084
Stress Summary to Incorporate 100% and 120% Docket No. 50-271
CFD Transient Loads and Load Uncertainty Page 9 of 38

NON-PROPRIETARY VERSION

Chapter 15. Therefore if the load vector is increased by a factor LCF then the stress
increases by the same factor.

In the FIV summary table EMEB-B-143-1-1, the most limiting stress location is the weld
at the top of the vertical face. The CFD peak stress at this location is 5124 psi and the
ACM stress is 1857 psi. If uncertainty is not considered, the allowable limit curve factor
would be 6.78. Therefore if the steam line acoustic load increased by a 6.78 factor, the
peak stress from the ACM load would be 6.78 x 1857 psi = 12,598 psi. The SRSS
combination of the CFD and ACM stress would be SQRT(5124A2 + 12598A2)= 13,600
psi, the code endurance limit. This demonstrates that the limit curve would assure that
the code endurance limit would not be exceeded and VYNPS steam dryer structural
integrity would be maintained.

The limit curve factor, 6.78, was reduced by the limit curve factor uncertainty, 3.91, to an
adjusted limit curve factor of 2.87. A 3.91 uncertainty is equivalent to a limit curve factor
uncertainty of 136% and is calculated based on the ACM and CFD loads and load
uncertainties of 130% and 16% as described on page 6 of this Exhibit. If the steam line
acoustic load increased by a 2.87 factor in all 4 steam lines, the peak stress from the
ACM load would be 2.87 x 1857 psi = 5330 psi. The SRSS combination of the CFD and
ACM stress would be SQRT(5124A2 + 5330A2)= 7393 psi, well below the code
endurance limit.

Entergy's criteria on the limit curve factor is to limit the signal in all four steam lines to
less than the limit curve. Therefore if the signal challenged the curve on only one steam
line, the resulting dryer stress would be less than the 7393 psi. Therefore Entergy's limit
curve provides additional conservative in the application of the limit curve.

For the ASME load case assessment provided in Tables EMEB-B-1 43-1-6 and EMEB-B-
143-1-7 the derived uncertainty in the acoustic loading is 130% and that in the CFD
loading is 16%. Thus the acoustic loading stress was increased by 130% and the CFD
loading stress was increased by 16% and then combined by SRSS method. The results
at one limiting location are shown in Table EMEB-B-143-1-6. It is seen that there is still
significant margin to allowable. The limiting primary stress margin (for Load
Combination B3) case was further evaluated to determine the margin for ACM load.

It was determined that for the B3 load combination, the available margin to allowable
stress is 164% in terms of the overall FIV stress. In other words, the FIV stress of 893
psi can increase by 164% before the allowable upset condition stress of 20588 psi is
reached. It is noted that the calculated FIV stress of 893 psi already includes a 130%
uncertainty on the acoustic stress and 16% uncertainty on the CFD stress.

The limiting component for ACM increase is B3 for the Long Gussets. The ACM
available margin to allowable stress is 201 % in terms of the overall FIV stress (see Table
EMEB-B-143-7). In other words, the FIV stress can increase by a factor of 3.01 before
the allowable upset condition stress of 20588 psi is reached. It is noted that the
calculated FIV stress of 2387 psi already includes a 130% uncertainty on the acoustic
stress and 16% uncertainty on the CFD stress. This clearly illustrates that even at the
limiting location, significant structural margin exists to compensate any unforeseeable
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change in calculated acoustic loading stress. In addition the pressure stress used in the
level B evaluation is based on a conservative value (see Appendix A). The 3.01 factor is
higher than the minimum factor minus uncertainty (2.87) calculated for the fatigue stress
assessment. Therefore fatigue margin is controlling in terms of ACM loading.

An assessment of the CFD loading at CLTP with uncertainty and ACM loading with
uncertainty was also performed to ensure that the CFD loading at CLTP was not
governing with respect to the available margin for the ASME load cases. It was
determined that the minimum margin available using the CLTP CFD loading is 184% in
terms of overall FIV stress and 202% in terms of ACM stress. Therefore, the EPU CFD
loading conditions are governing with respect to the ASME cases.

Assessment of Structural Response to CFD transient Loads

The PSD plots CFD load time histories are shown in Figures EMEB-B-143-1-2 and
EMEB-B-143-1-3. These figures demonstrate that the CFD load has significant
frequency content above 30 Hz. Of particular importance for the dryer is the load peak
at 62 Hz. Figure EMEB-B-143-1-4 provides a PSD for key stress locations under the
CFD load condition. Most of the frequency content of the stress is at 62 Hz.

Figure EMEB-B-143-1-5 depicts the transient response of a key stress component. Here
again the sinusoidal response demonstrates that most of the response is at 62 Hz. The
structural response is also shown for the +/- time step sensitivity assessments. The
results indicate shortening of the load period, corresponding to the 0.7273 millisecond
time step, results in higher stresses. Lengthening the load period by 10% has relatively
little impact. The PSD spectrum of Figure EMEB-B-143-1-4 shows energy peaks at 46,
55 and 62 Hz. The 55Hz peak is relatively minor.

The structural mode shapes with a strong component normal to the front face are shown
in Figures EMEB-B-143-1-6, EMEB-B-143-1-7 and EMEB-B-143-1-8. Of particular note
is mode 22 shown in Figure EMEB-B-143-1-7. This mode has a frequency of 62.7 Hz,
well aligned with the 62 Hz peak in the CFD load.

The overall effect of shortening the load period is to 'push' these peaks upwards in
frequency with resultant higher stresses. Lengthening the load period 'pushes' these
peaks downwards in frequency. In both instances, the 62 Hz peak continues to
contribute, but the 46 and 55 Hz peaks are further away from the 62.7 Hz with
lengthened load period and closer with shortened load period.
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Table EMEB-B-143-1: ANSYS Stress
Results, Alternating Stress Amplitude Vortex Shedding Max Surface Stress at

ACM Peak Location (psi)
ACM WL
CLTP Acoustic CFD at CFD 120%
Max Mem- 120% 1000/ Pw

Surface brane CFD CFD 10% Pw Flltere
Stress Stress 100% 120% Time Filterd d >30
(psi) (psi) Pwrl Pwr Step >30 Hz Hz

Horizontal plates:
1 Inner hood base plate 588 288 314 624 470

Modified outer cover plate5/8', both
2(a) tips 4 896 116 492 437 325 133 149

Modified outer cover plate, exclude
2(b tips 530 75 492 439 325
4(a Original top hood (all hood) 412 147 888 943 255
4(b Modified top hood (outer hood) 403 71 935 1,112 1,155 94 167
4(c Hood top plates(Inner hood) 456 405 1987 1.964 1,555 40 39

Vertical plates:
5(a Original outer Hood, strips 989 173 68 108 96 3 2
5(b) Modified outer hood, top weld 430 57 381 301 364 42 60
5(c Modified outer hood, bottom weld 475 130 621 725 260 81 131
5(d Hood vertical plates (inner hood) 484 123 1214 761 905

6 Hood end plates,(inner hood) 446 319 1040 536 1,273 1
7 Hood end plates (outer hood) 1,029 340 713 322 185
8 Outer Hood Brackets(gussets) 719 446 736 573 165 74 74

10 Steam'dam 399 16 818 807 730
11 Steam 'dam gussets 537 352 1598 941 793
0 Other Plates

12 Hood partition plates 288 116 149 94 2331
13 Baffle plates 686 24 1311 1,144 2,034 92 80
14 Outlet plenum ends 536 425 1806 1,891 1,411 54 95
0 Ring, Beams & Gussets

15 Dryer support ring 527 not re 730 675 400
16 Bottom cross beams 226 not req 368 135 274
17 Cross beam gussets 626 40 778 414 1,0611

Gussets for outer Cover plate and
hood
New gusset on cover plate and front

18(c) hood 1,071 952 730 820 907 204 221
18(a) Gusset 350 1187 295 406 427 121
18(b) Gusset foot weld to cover plate 471 440 599 490 244i

Table EMEB-B-1 43-1-1
- FIV Alternating Stress Summary
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Table EMEB-B-143-2: FIV Alternating Part A: Fatigue Stress Assessment
Stress Summary CFD Loads 100% Pwr

with Hydrodynamic (CFD) Loads 100% ACM vortex
Power CLTP Shedding

Max Max Plate Peak
Surface Surface Weld Thick Weld Under- Stress
Stress Stress Conc. ness Size size (psi)

(psi) (psl) Factor (in) (In) Factor (1)

ID Dryer Component Name (J (3) (5 6___ - _
Horizontal plates: _

1 Inner hood base plate 588 314 1.8 0.5 0.5 1.00 1200
Modified outer cover plate5/8., both

2(a) tips 4' 896 492 1.8 0.625 0.625 1.00 1840
Modified outer cover plate, exclude

2(b tips 530 492 1.8 0.625 0.5 1.56 2034

4(a Original top hood (all hood) 412 888 1.8 0.5 0.5 1.00 1762
4(b Modified top hood (outer hood) 403 935 1.8 1 0.625 2.56 469

4(c ) Hood top plates(Inner hood) 456 1987 1.4 0.5 0.5 1.00 2854

Vertical plates:
5(a) Original outer Hood , strips 989 68 1.8 0.5 0.5 1.00 1784

5(b) Modified outer hood, top weld 430 381 1.8 1 0.625 2.56 2647
5(c, Modified outer hood, bottom weld 475 621 1.8 - - - 2034

5(dHood vertical plates (inner hood) 484 1214 1.4 0.5 0.5 1.00 1830

6 Hood end plates,(inner hood) 446 1040 1.8 0.5 0.5 1.00 2037
7 Hood end plates (outer hood) 1029 713 1.8 0.5 0.5 1.00 2253

8 Outer Hood Brackets(gussets) 719 736 1.4 0.5 0.5 1.00 1440
10 Steam'dam' 399 818 1.8 0.5 0.5 1.00 1638
11 Steam 'dam' gussets 537 1598 1.8 0.5 0.5 1.00 3034

Other Plates_
1 Hood partition plates 288 149 1.8 0.5 0.5 1.00 584

13 Baffle plates 686 1311 1.8 0.5 0.5 1.00 2663

14 Outlet plenum ends 536 1806 1.8 0.5 0.5 1.00 3391

CRing, Beams & Gussets
15 Dryer support ring 527 730 1.8 _ 3 3 1.00 1621

16 Bottom cross beams 226 368 1.8 _ 3 3 1.00 777

17 Cross beam gussets 626 778 1.8 0.5 0.5 1.00 1797
Gussets for outer Cover plate
and hood
New gusset on cover plate and front

18() hood 1071 730 1.8 0.5 0.75 1.00 2333

18(a) usset 350 1187 1 0.5 0.75 1.00 1238

18(b Gusset foot weld to cover plate 471 599 1.8 0.5 0.375 1.78 2438

Notes *1: Peak Stress = SRSS ((1), (3)) x (5) x (6)

Table EMEB-B-143-1-2
FIV Alternating Stress Summary with Hydrodynamic (CFD) Loads 100% Power
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Table EMEB-B-143-2: FIV Alternating Part B: Limit Curve Factor minus Uncertainty
Stress Summary CFD Loads 100% Pwr

with Hydrodynamic (CFD) Loads 100%
Power

Level 1 Level 2

LCF1- LCF2-
ID Dryer Component Name LCF1 |jg sig3 LCF2 sig3 sig3

Horizontal plates: _____

1 inner hood base plate 12.84 7.261 5.58 10.271 5.80 4.46
Modified outer cover plate5/8", both

2(a) tips 4. 8.41 4.76 3.66 6.72 3.80 2.92
Modified outer cover plate, exclude

2(b) tips 9.08 5.14 3.94 7.24 4.10 3.14
4(a) Original top hood (all hood) 18.21 10.31 7.90 14.51 8.22 6.29
4(b) Modified top hood (outer hood) 6.95 3.98 2.97 5.38 3.11 2.27
4(c ) Hood top plates(lnner hood) 20.85 11.85 9.00 16.48 9.39 7.08

0 0 ___

Vertical plates:
5(a) Original outer Hood , strips 7.64 4.32 3.32 6.11 3.45 2.66
5(b) Modified outer hood, top weld 6.81 3.86 2.95 5.42 3.07 2.35
5(c) Modified outer hood, bottom weld 9.08 5.14 3.94 7.24 4.10 3.14
5(d) Hood vertical plates (inner hood) 19.91 11.28 8.64 15.86 8.99 6.87

6 Hood end plates,(inner hood) 16.78 9.51 7.27 13.35 7.57 5.78
7 Hood end plates (outer hood) 7.31 4.14 3.17 5.83 3.30 2.53
8 Outer Hood Brackets(gussets) 13.47 7.62 5.85 10.76 6.09 4.67

10 Steam 'dam' 18.82 10.66 8.17 15.01 8.50 6.51
11 Steam 'dam' gussets 13.75 7.82 5.93 10.86 6.19 4.66

Other Plates I
12 Hood partition plates 26.23 14.83 11.40 20.98 11.86 9.12
13 Baffle plates 10.85 6.15 4.69 8.60 4.89 3.71
14 Outlet plenum ends 13.69 7.79 5.89 10.76 6.16 4.61

0 Ring, Beams & Gussets
15 Dryer support ring 14.27 8.07 6.19 11.39 6.45 4.94
16 Bottom cross beams 33.39 18.88 14.51 26.70 15.10 11.60
17 Cross beam gussets 12.01 6.79 5.21 9.58 5.42 4.15

Gussets for outer Cover plate and
_ _ _ _ h o o d__ _ _ _ _ _ _ __ _ _ __ __ _ _ _

New gusset on cover plate and
18(c) front hood 7.02 3.97 3.05 5.60 3.17 2.43
18(a) Gusset 38.71 21.90 16.81 30.90 17.49 13.41
18(b) Gusset foot weld to cover plate 8.93 5.06 3.87 7.11 4.03 3.07

M InLCF1 -sIg3 Min LCF2-sg93
2.95 2.27

Table EMEB-B-143-1-2
FIV Alternating Stress Summary with Hydrodynamic (CFD) Loads 100% Power
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Table EMEB-B-143-3: FIV Alternating Part A: Fatigue Stress Assessment
Stress Summary CFD Loads 120% Pwr

with Hydrodynamic (CFD) Loads 120% AM vortex-
Power CLTP Shedding

Max Max Plate Peak
Surface Surface Weld Thick Weld Under- Stress
Stress Stress Conc. ness Size size (psi)

(psi) (psi) Factor (in) (in) Factor (1)

ID Dryer Component Name (I (3) . 0.00 0 (6) 0
Horizontal plates: ll

1 Inner hood base plate 588 624 1.80 0.5 0.5 1.00 1543
Modified outer cover plate5/8', both

2(a) tips 4" 896 437 1.80 0.625 0.625 1.00 1794
Modified outer cover plate, exclude

2(b) tips 530 439 1.80 0.625 0.5 1.56 1936
4(a) Original top hood (all hood) 412 943 1.80 0.50 0.50 1.00 1852
4(b) Modified top hood (outer hood) 403 1112 1.80 1 0.625 2.56 5450
4(c) Hood top plates(Inner hood) 456 1964 1.40 0.5 0.5 1.00 2823

Vertical plates:
5(a) Original outer Hood , strips 989 108 1.80 0.50 0.5 1.00 1791
5(b) Modified outer hood, top weld 430 301 1.80 1.00 0.625 2.56 2419
5(c) Modified outer hood, bottom weld 475 725 1.80 - - - 1936
5(d) Hood vertical plates (inner hood) 484 761 1.40 0.50 0.5 1.00 1263

6 Hood end plates,(inner hood) 446 536 1.80 0.50 0.5 1.00 1255
7 Hood end plates (outer hood) 1029 322 1.80 0.50 0.5 1.00 1941
8 Outer Hood Brackets(gussets) 719 573 1.40 0.50 0.5 1.00 1287

10 Steam 'dam' 399 807 1.80 0.50 0.5 1.00 1620
11 Steam 'dam' gussets 537 941 1.80 0.50 0.5 1.00 1950

Other Plates
12 Hood partition plates 288 94 1.80 0.50 0.5 1.00 545
13 Baffle plates 686 1144 1.80 0.50 0.5 1.00 2401
14 Outlet plenum ends 536 1891 1.80 0.50 0.5 1.00 3538
C Ring, Beams & Gussets

15 Dryer support ring 527 675 1.80 3.00 3 1.00 1541
16 Bottom cross beams 226 135 1.80 3.00 3 1.00 474
17 Cross beam gussets 626 414 1.80 0.50 0.5 1.00 1351

Gussets for outer Cover plate
and hood

18( New gusset on cover plate and front
c) hood weld 1071 820 1.80 0.5 0.75 1.00 2428

18(a) Gusset 350 295 1.00 0.5 0.75 1.00 458
18(b) Gusset foot weld to cover plate 471 490 1.80 0.5 0.375 1.78 2175

Notes '1: Peak Stress = SRSS ((1), (3)) x (5) x (6)

Table EMEB-B-143-1-3
FIV Alternating Stress Summary with Hydrodynamic (CFD) Loads 120% Power
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Table EMEB-B-143-3: FIV Alternating Part 3B: Limit Curve Factor minus UncertaInty
Stress Summary CFD Loads 120% Pwr

with Hydrodynamic (CFD) Loads 120%
Power Level 1 Level 2

LCF1- LCF2-
ID Dryer Component Name LCF1 sIg3 slg3 LCF2 sIg3 slg3

Horizontal plates:
1 Inner hood base plate 12.81 7.24 5.56 10.22 5.79 4.44

Modified outer cover plate5/8", both
2(a) tips 4' 8.42 4.76 3.66 6.73 3.81 2.92

Modified outer cover plate, exclude
2(b) tips 9.09 5.14 3.95 7.25 4.11 3.15
4(a) Original top hood (all hood) 18.20 10.30 7.89 14.49 8.22 6.28
4(b) Modified top hood (outer hood) 6.78 3.91 2.87 5.17 3.02 2.14

4(c) Hood top plates(lnner hood) 20.86 11.85 9.01 16.49 9.40 7.09

Vertical plates:
5(a) Original outer Hood, strips 7.64 4.32 3.32 6.11 3.45 2.66

5(b) Modified outer hood, top weld 6.83 3.86 2.96 5.45 3.08 2.36
5(c) Modified outer hood, bottom weld 9.09 5.14 3.95 7.25 4.11 3.15

5(d) Hood vertical plates (inner hood) 20.01 11.32 8.69 15.98 9.04 6.94
6 Hood end plates,(inner hood) 16.90 9.56 7.34 13.50 7.64 5.86
7 Hood end plates (outer hood) 7.34 4.15 3.19 5.87 3.32 2.55
8 Outer Hood Brackets(gussets) 13.49 7.63 5.86 10.78 6.10 4.68

10 Steam 'dam' 18.83 10.66 8.17 15.01 8.50 6.51
11 Steam 'dam' gussets 13.96 7.91 6.05 11.12 6.30 4.82

Other Plates
12 Hood partition plates 26.23 14.83 11.41 20.99 11.86 9.12
13 Baffle plates 10.89 6.17 4.72 8.65 4.91 3.74
14 Outlet plenum ends 13.65 7.78 5.87 10.71 6.13 4.58

0 Ring, Beams & Gussets .___
15 Dryer support ring 14.28 8.08 6.20 11.40 6.45 4.95
16 Bottom cross beams 33.43 18.89 14.53 26.74 15.11 11.62
17 Cross beam gussets 12.05 6.81 5.24 9.63 5.45 4.19

Gussets for outer Cover plate and
hood
New gusset on cover plate and front

18( c) hood weld 7.01 3.97 3.04 5.59 3.17 2.42
18(a) Gusset 38.85 21.96 16.89 31.07 17.57 13.51
18(b) Gusset foot weld to cover plate 9.0 5.1 3.9 7.1 4.0 3.1

MInLCF1-sig3 Min LCF2-sIg3
2.87 ' 2.14

Table EMEB-B-143-1-3

FIV Alternating Stress Summary with Hydrodynamic (CFD) Loads 120% Power
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Table EMEB-B-143-1-4 (a)

ASME Code Stresses at CLTP



Exhibit EMEB-B-143-1 Rev. 1, Revised FIV Attachment 9 to BVY 05-084
Stress Summary to Incorporate 100% and 120% Docket No. 50-271
CFD Transient Loads and Load Uncertainty Page 17 of 38

NON-PROPRIETARY VERSION

I I II II

_I I I 1 1 1 1 T
I I I

I I I17111

7 17 TI I
T 7I I IT1

Table EMEB-B-143-1-4 (b)

ASME Code Stresses at CLTP
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Table EMEB-B-143-1-4 (c)

ASME Code Stresses at CLTP
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Table EMEB-B-143-1-4 (d)

ASME Code Stresses at CLTP
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Table EMEB-B-143-1-4 (e)

ASME Code Stresses at CLTP
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Table EMEB-B-143-1-4 (f)

ASME Code Stresses at CLTP
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Table EMEB-B-143-1-4 (g)

ASME Code Stresses at CLTP
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Table EMEB-B-143-1-5 (a)

ASME Code Stresses at EPU
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Table EMEB-B-143-1-5 (b)

ASME Code Stresses at EPU



Exhibit EMEB-B-143-1 Rev. 1, Revised FIV Attachment 9 to BVY 05-084
Stress Summary to Incorporate 100% and 120% Docket No. 50-271
CFD Transient Loads and Load Uncertainty Page 25 of 38

NON-PROPRIETARY VERSION

Table EMEB-B-143-1-5 (c)

ASME Code Stresses at EPU
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Table EMEB-B-143-1-5 (d)

ASME Code Stresses at EPU
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Table EMEB-B-143-1-5 (e)

ASME Code Stresses at EPU
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Table EMEB-B-143-1-5 (f)

ASME Code Stresses at EPU
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Table EMEB-B-143-1-5 (g)

ASME Code Stresses at EPU
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Table EMEB-B-143-1-6

ASME Code Stresses at EPU with 1300/o/l 6% ACM/CFD Uncertainty
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Table EMEB-B-143-1-7

ASME Code Stresses at EPU with 1300 /J16% ACM/CFD Uncertainty
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Figure EMEB-B-143-1-2

Four Quadrants of Cover Plate, Average Pressure Load, 100% Power PSD
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Four Quadrants of Cover Plate, Average Pressure Load, 120% Power PSD
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Figure EMEB-B-143-1-4

PSD of Component Stress Under CFD 120% Power Loads
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Stress Time History results 120% Power and +/- 10% Time Step Variation
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JAR Associates 6/22/05 VY Dryer
CFD Transient Analysis, Rev B
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Figure EMEB-B-143-1-6

CFD Model Mode 19

Frequency 53.3 Hz
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JAR Associates 6/22/05 VY Dryer
CFD Transient Analysis, Rev B

I I

Figure EMEB-B-143-1-7

CFD Model Mode 22

Frequency 62.7 Hz
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JAR Associates 6/22/05 VY Dryer
CFD Transient Analysis, Rev B
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Figure EMEB-B-143-1-8

CFD Model Mode 35

Frequency 73.6Hz
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Attachment 10 to BVY 05-084
Docket No. 50-271

Page I of 17
NON-PROPRIETARY INFORMATION

NRC SMT Review Ouestion 1

Please provide a plot exhibiting the trend of fluctuating pressure with steam velocity for the
high frequency content in the model (-1600-2000 Hz) and plant (-150-160 Hz). Comparison
of the trends exhibited in the model and plant data will demonstrate whether the model
replicates the excitation mechanism present in the plant for f[

]]

Response to Review Question 1

The figures below show the trend of fluctuating pressure with main steam velocity. Figure 1
contains model data. The [[ ]] frequency corresponds to the [[ ]
resonance; whereas, the lower frequencies represent [[

II Figure 2 shows the plant data corresponding to the [[
]] expressed over the same range of Mach number. Figure 3 shows the plant data

over the entire power range. Both the model and the plant data show the same [[
]] which supports the conclusion that the model preserves the

excitation mechanism present in the plant for the safety and relief valve frequency content.

Figure 1: Model latafluctuating pressure trendisfor signlificant zlodelfrequencies.
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[[

Figure 2: Plant data fluctuating pressure trends for the [[
]]
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Figetre 3: Plant datafluctuating pressure trends for the [[
]]
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NRC SMT Review Ouestion 2

Please compare the MSL routing immediately upstream of the inboard MSIV for the model and
plant.

Response to Review Ouestion 2

The images below illustrate the plant (top) and model (bottom) MSL configurations. The pipe
routing upstream of the MSIVs are identified by the circles; the pipe elbows upstream of the
inboard MSIVs have been preserved in the model.

Figure 4: Plant MSL conifiguration.
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II[

Figure 5: Model MSL configuration.
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NRC SMT Review Ouestion 3

Please compare the MSIV geometry for the model and plant.

Response to Review Question 3

The digital images below illustrate a typical BWR valve body configuration. Shown in these
images are the fixed guide in the flow stream and the shape of the valve body. The design
drawing below shows the GE scale model representation of the MSIV. 1[

11

Figure 6. Digital images of a plant MSIV.
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1]
Figure 7: Assembly draw~ing of model MSIV.
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NRC SMT Review Ouestion 4

Please provide plots exhibiting the frequency content of a pressure transducer and strain gauge
on the QC2 dryer skirt so that the presence of forcing frequencies consistent with the dryer
structural response can be confirmed.

Response to Review Question 4

The sensor schematic below illustrates the plant instrumentation locations for pressure transducer
P24 and strain gauge S8. Both of these instruments are located on the Quad Cities Unit 2
replacement dryer skirt in close proximity to each other. The linear averaged peak autopower
spectrum shows an overlay of the frequency spectra obtained for each sensor. This plot
illustrates that the [[

]]i
Fi~gure 8: Schlenatic of Quta~I Cities Unlit 2 replacemrenlt steaom lryer instrumenztationl locations.
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[[

1]
Figure 9: Linear average peak auto power spectra of P24 and S8 at 930 MlVe.
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NRC SMT Review Ouestion 5

Please document the boundary conditions applied to the acoustic finite element model of the
model steam plenum and describe the effect that these boundary conditions created in the normal

modes of the steam plenum.

Response to Review Ouestion 5

The following boundaries exist in the acoustic finite element model and test apparatus:

[[I

For the modal analysis, all boundaries are considered [[ ]

For the characterization testing and model correlation the following boundary conditions

were applied:
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1]

]], Source at Main Steam LineFigure 10: Comparison of [[
Nozzle A on RPV
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Figure 11: Comparison of [[
Nozzle A on RPV

]], Source at Main Steam Line
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NRC SMIT Review Question 6

Please provide animations of the significant frequencies observed in the model data so that the
spatial distribution of the applied pressures can be visualized.

Response to Review (uestion 6

Animations are provided as *.avi files in the compact disk as an enclosure. When interpreting
the animations, the nodes in the wireframe mesh indicate microphone locations. The outer hoods
and top plates of the dryer can be identified easily. The displacement of the animation is
proportional to pressure amplitude. The figure below is a linear averaged peak frequency
spectrum from the Replacement Dryer QC1 tests that can be used to identify the frequency
content for which the .avi files illustrate the running modes of the pressure on the dryer outer
surfaces. Also provided are the acoustic finite element model [[
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Figure 12: Linear average peak autoposver spectrum from replacement steamz dryer model test
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Figure 13: Acoustic mode shapes of test apparatus corresponding to model test data
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NRC SMT Review Question 7

The NRC has concern that obtaining accurate predictions of the [[
amplitudes using scaling relationships may prove very difficult.

Response to Review Question 7

GE recognizes that the task of providing accurate fluctuating pressure predictions from a model
test is non-trivial. GE plans to evaluate the ability of the model and scaling methodology to
provide conservative fluctuating pressure predictions in the final benchmark of the QC2 scale
model against the QC2 plant data. For the preliminary comparison of the QC1 model data
against the QC2 plant data it must be recognized that the QC1 & QC2 MSL configurations and
[[ ]] are different; therefore, the [[ ]] at the two
plants cannot be expected to be identical. In addition, geometric discrepancies have been
identified in the QC1 MSL scale model and plant dimensions. GE is currently working to
resolve the geometric discrepancies in the QC1 scale model and to build a QC2 scale model.
After completing these tasks GE will have a better data set to evaluate the ability of the model
and scaling approach to make accurate [[ ]] amplitude predictions.



Attachment 10 to BVY 05-084
Docket No. 50-271

Page 17 of 17
NON-PROPRIETARY INFORMATION

NRC SMT Review Ouestion 8

Please provide the following reference:

Moody, F.J. "GE Scale Model of Steam Line Acoustic Excitation". August 23, 2004. GE
Proprietary Information.

Response to Review Ouestion 8

The requested document is provided as requested as an enclosure. A non-proprietary version of
this report is not available.
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General Electric Company

AFFIDAVIT

I, George B. Stramback, state as follows:

(1) I am Manager, Regulatory Services, General Electric Company ("GE"), have been
delegated the function of reviewing the information described in paragraph (2) which is
sought to be withheld, and have been authorized to apply for its withholding.

(2) The information sought to be withheld is contained in Enclosure 2 of GE letter, GE-
VYNPS-AEP-402, Revised Responses to VYNPS Steam Dryer RAIs, dated September 13,
2005. The proprietary information in Enclosure 2, Responses to NRC RAIs EMEB-39,
143, and Attachment 5 to EMEB-18-1, is delineated by a double underline inside double
square brackets. Figures and large equation objects are identified with double square
brackets before and after the object In each case, the superscript notation 3 ) refers to
Paragraph (3) of this affidavit, which provides the basis for the proprietary determination.

(3) In making this application for withholding of proprietary information of which it is the
owner, GE relies upon the exemption from disclosure set forth in the Freedom of
Information Act ("FOIA"), 5 USC Sec. 552(b)(4), and the Trade Secrets Act, 18 USC
Sec. 1905, and NRC regulations 10 CFR 9.17(a)(4), and 2.390(a)(4) for "trade secrets"
(Exemption 4). The material for which exemption from disclosure is here sought also
qualify under the narrower definition of "trade secret", within the meanings assigned to
those terms for purposes of FOIA Exemption 4 in, respectively, Critical Mass Energy
Proiect v. Nuclear Regulatorv Commission. 975F2d871 (DC Cir. 1992), and Public
Citizen Health Research Group v. FDA, 704F2d1280 (DC Cir. 1983).

(4) Some examples of categories of information which fit into the definition of proprietary
information are:

a. Information that discloses a process, method, or apparatus, including supporting data
and analyses, where prevention of its use by General Electric's competitors without
license from General Electric constitutes a competitive economic advantage over
other companies;

b. Information which, if used by a competitor, would reduce his expenditure of
resources or improve his competitive position in the design, manufacture, shipment,
installation, assurance of quality, or licensing of a similar product;

c. Information which reveals aspects of past, present, or future General Electric
customer-funded development plans and programs, resulting in potential products to
General Electric;

d. Information which discloses patentable subject matter for which it may be desirable
to obtain patent protection.



The information sought to be withheld is considered to be proprietary for the reasons set
forth in paragraphs (4)a., and (4)b, above.

(5) To address 10 CFR 2.390 (b) (4), the information sought to be withheld is being
submitted to NRC in confidence. The information is of a sort customarily held in
confidence by GE, and is in fact so held. The information sought to be withheld has, to
the best of my knowledge and belief, consistently been held in confidence by GE, no
public disclosure has been made, and it is not available in public sources. All disclosures
to third parties including any required transmittals to NRC, have been made, or must be
made, pursuant to regulatory provisions or proprietary agreements which provide for
maintenance of the information in confidence. Its initial designation as proprietary
information, and the subsequent steps taken to prevent its unauthorized disclosure, are as
set forth in paragraphs (6) and (7) following.

(6) Initial approval of proprietary treatment of a document is made by the manager of the
originating component, the person most likely to be acquainted with the value and
sensitivity of the information in relation to industry knowledge. Access to such
documents within GE is limited on a "need to know" basis.

(7) The procedure for approval of external release of such a document typically requires
review by the staff manager, project manager, principal scientist or other equivalent
authority, by the manager of the cognizant marketing function (or his delegate), and by
the Legal Operation, for technical content, competitive effect, and determination of the
accuracy of the proprietary designation. Disclosures outside GE are limited to regulatory,
bodies, customers, and potential customers, and their agents, suppliers, and licensees, and
others with a legitimate need for the information, and then only in accordance with
appropriate regulatory provisions or proprietary agreements.

(8) The information identified in paragraph (2), above, is classified as proprietary because it
contains detailed results and conclusions from analyses of the Vermont Yankee Steam
Dryer which encompass and takes into account analyses and repairs utilizing analytical
models and methods, including computer codes, which GE has developed. Development
of this information and its application for the design, procurement and analyses
methodologies and processes for the Steam Dryer Program was achieved at a significant
cost to GE, on the order of approximately two million dollars.

The development of the evaluation process along with the interpretation and application
of the analytical results is derived from the extensive experience database that constitutes
a major GE asset.

(9) Public disclosure of the information sought to be withheld is likely to cause substantial
harm to GE's competitive position and foreclose or reduce the availability of profit-
making opportunities. The information is part of GE's comprehensive BWR safety and
technology base, and its commercial value extends beyond the original development cost.
The value of the technology base goes beyond the extensive physical database and
analytical methodology and includes development of the expertise to determine and apply
the appropriate evaluation process. In addition, the technology base includes the value
derived from providing analyses done with NRC-approved methods.



The research, development, engineering, analytical and NRC review costs comprise a
substantial investment of time and money by GE.

The precise value of the expertise to devise an evaluation process and apply the correct
analytical methodology is difficult to quantify, but it clearly is substantial.

GE's competitive advantage will be lost if its competitors are able to use the results of the
GE experience to normalize or verify their own process or if they are able to claim an
equivalent understanding by demonstrating that they can arrive at the same or similar
conclusions.

The value of this information to GE would be lost if the information were disclosed to the
public. Making such information available to competitors without their having been
required to undertake a similar expenditure of resources would unfairly provide
competitors with a windfall, and deprive GE of the opportunity to exercise its
competitive advantage to seek an adequate return on its large investment in developing
these very valuable analytical tools.

I declare under penalty of perjury that the foregoing affidavit and the matters stated therein are
true and correct to the best of my knowledge, information, and belief.

Exccutcd on this 43 of September 2005

Genergae B. SEeric any
General Electric Company



General Electric Company

AFFIDAVIT

I, George B. Stramback, state as follows:

(1) I am Manager, Regulatory Services, General Electric Company ("GE"), have been
delegated the function of reviewing the information described in paragraph (2) which is
sought to be withheld, and have been authorized to apply for its withholding.

(2) The information sought to be withheld is contained in Enclosures 2 and 3 of GE letter,
GE-VYNPS-AEP-400, Responses to NRC Questions from August 2005 Audit of GE
Steam Dryer Scale Model Test Facility, dated September 12, 2005. The proprietary
information in Enclosure 2, Responses to NRC Scale Model Testing Review Questions -
Proprietary, is delineated by a double underline inside double square brackets. Figures
and large equation objects are identified with double square brackets before and after the
object. The proprietary information in Enclosure 3 is the entire compact disk (CD) labeled
GE-VYNPS-AEP-400, Responses to NRC Scale Model Testing Review Question Number
6 and Question Number 8- GE Proprietary Informational. In each case, the superscript
notation(3) refers to Paragraph (3) of this affidavit, which provides the basis for the
proprietary determination.

(3) In making this application for withholding of proprietary information of which it is the
owner, GE relies upon the exemption from disclosure set forth in the Freedom of
Information Act ("FOIA"), 5 USC Sec. 552(b)(4), and the Trade Secrets Act, 18 USC
Sec. 1905, and NRC regulations 10 CFR 9.17(a)(4), and 2.390(a)(4) for "trade secrets"
(Exemption 4). The material for which exemption from disclosure is here sought also
qualify under the narrower definition of "trade secret", within the meanings assigned to
those terms for purposes of FOIA Exemption 4 in, respectively, Critical Mass Energy
Project v. Nuclear Regulatory Commission. 975F2d871 (DC Cir. 1992), and Public
Citizen Health Research Group v. FDA, 704F2dl280 (DC Cir. 1983).

(4) Some examples of categories of information which fit into the definition of proprietary
information are:

a. Information that discloses a process, method, or apparatus, including supporting
data and analyses, where prevention of its use by General Electric's competitors
without license from General Electric constitutes a competitive economic advantage
over other companies;

b. Information which, if used by a competitor, would reduce his expenditure of
resources or improve his competitive position in the design, manufacture,
shipment, installation, assurance of quality, or licensing of a similar product;

c. Infbrmation which reveals aspects of past, present, or future General Electric
customer-funded development plans and programs, resulting in potential products
to General Electric;

GBS-05-05-af GE-VYNPS-AEP-400 VY Dryer SMT RAls 9-12-05.doc Affidavit Page I



d. Information which discloses patentable subject matter for which it may be desirable
to obtain patent protection.

The information sought to be withheld is considered to be proprietary for the reasons set
forth in paragraphs (4)a, and (4)b, above.

(5) To address 10 CFR 2.390 (b) (4), the information sought to be withheld is being
submitted to NRC in confidence. The information is of a sort customarily held in
confidence by GE, and is in fact so held. The information sought to be withheld has, to
the best of my knowledge and belief; consistently been held in confidence by GE, no public
disclosure has been made, and it is not available in public sources. All disclosures to third
parties including any required transmittals to NRC, have been made, or must be made,
pursuant to regulatory provisions or proprietary agreements which provide for
maintenance of the information in confidence. Its initial designation as proprietary
information, and the subsequent steps taken to prevent its unauthorized disclosure, are as
set forth in paragraphs (6) and (7) following.

(6) Initial approval of proprietary treatment of a document is made by the manager of the
originating component, the person most likely to be acquainted with the value and
sensitivity of the information in relation to industry knowledge. Access to such documents
within GE is limited on a "need to know" basis.

(7) The procedure for approval of external release of such a document typically requires
review by the staff manager, project manager, principal scientist or other equivalent
authority, by the manager of the cognizant marketing function (or his delegate), and by the
Legal Operation, for technical content, competitive effect, and determination of the
accuracy of the proprietary designation. Disclosures outside GE are limited to regulatory
bodies, customers, and potential customers, and their agents, suppliers, and licensees, and
others with a legitimate need for the information, and then only in accordance with
appropriate regulatory provisions or proprietary agreements.

(8) The information identified in paragraph (2), above, is classified as proprietary because it
contains detailed results and conclusions from analyses of the Vermont Yankee Steam
Dryer which encompass and takes into account analyses and repairs utilizing analytical
models and methods, including computer codes, which GE has developed. Development
of this information and its application for the design, procurement and analyses
methodologies and processes for the Steam Dryer Program was achieved at a significant
cost to GE, on the order of approximately two million dollars.

The development of the evaluation process along with the interpretation and application of
the analytical results is derived from the extensive experience database that constitutes a
major GE asset.

GBS-O-05-af GE-VYNPS-AEP400 VY Dryer SMT RAIs 9-12-05.doc Affidavit Page 2
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(9) Public disclosure of the information sought to be withheld is likely to cause substantial
harm to GE's competitive position and foreclose or reduce the availability of profit-making
opportunities. The information is part of GE's comprehensive BWR safety and technology
base, and its commercial value extends beyond the original development cost. The value
of the technology base goes beyond the extensive physical database and analytical
methodology and includes development of the expertise to determine and apply the
appropriate evaluation process. In addition, the technology base includes the value
derived from providing analyses done with NRC-approved methods.

The research, development, engineering, analytical and NRC review costs comprise a
substantial investment of time and money by GE.

The precise value of the expertise to devise an evaluation process and apply the correct
analytical methodology is difficult to quantify, but it clearly is substantial.

GE's competitive advantage will be lost if its competitors are able to use the results of the
GE experience to normalize or verify their own process or if they are able to claim an
equivalent understanding by demonstrating that they can arrive at the same or similar
conclusions.

The value of this information to GE would be lost if the information were disclosed to the
public. Making such information available to competitors without their having been
required to undertake a similar expenditure of resources would unfairly provide
competitors with a windfall, and deprive GE of the opportunity to exercise its competitive
advantage to seek an adequate return on its large investment in developing these very
valuable analytical tools.

I declare under penalty of perjury that the foregoing affidavit and the matters stated therein are
true and correct to the best of my knowledge, information, and belief.

Executed on this 2 y of September 2005.

Ge rgebc
General Electric Company
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SCXI Chassis

NI SCXI-1000, NI SCXI-1000DC, NI SCXI-1001
* Shielded endosures Operating Systems
for SCXI modules * Windows 2000/NT/XP

* Low-noise environment Recommended Software
for signal conditioning * LabVIEW

*Rugged, compact chassis * aVidw/V
Forced air cooling * Measurement Studio

* Optional USB data acquisition and *Lookout
control module -VI Lo

* Optional rack mounting V ger
*3 internal analog buses Driver Software'
* Tuming circuitry for * NI-DAQmx
high-speed multiplexing * NI-SWITCH

* AC, DC, or battery-power options I Dduded with DAQ device or switch
* NI-DAQmx driver software
simplifies chassis configuration

Overview
National Instruments offers rugged, low-noise SCXI chassis to house.
power, and control your SCXI modules and conditioned signals.
The unique SCXI chassis architecture includes the SCXabus, which
routes analog and digital signals and acts as the communication
conduit between modules. Chassis control circuitry manages this
bus, synchronizing the timing between each module and the DAQ
device. With this architecture, you can scan input channels from several
modules in several chassis at rates up to 333 kS/s for every DAQ device.

The versatility of SCXI lies in its various chassis options and
expandability. You can choose from a number of different standard
AC or DC power options. You can control the system by connecting
directly to an M Series, E Series, B Series or USB multifunction DAQ
device. You can even daisy-chain up to eight chassis for control by a
single DAQ device. Regardless of your configuration, programming
the system does not change. You use the same function cals you use
with a DAQ device by itself. Nl-DAQ or NI-SWITCH driver software
handles all low-level programming.

The SCXlbus
The SCXIbus is a guarded analog and digital bus located in the
backplane of the SCXI chassis. Modules inserted into the chassis
connect to this backplane automatically. This bus acts as a conduit
for routing signals, transferring data, programming modules, and
passing timing signals.

Chassis Control Circuitry
Each SCXI chassis includes control circuitry. This circuitry handles
all signal routing on the SCXlbus. During high-speed analog input
operations, it controls which input signals are connected to the bus
and routed back to the DAQ device. It also ensures tight
synchronization between the SCXI modules and the DAQ device.

Expandability
If your initial system requires more SCXI modules than one chassis
can hold, or your system requirements change, simply add another
chassis. With the SCXI expandable architecture, you can daisy-chain
up to eight chassis to a single multifunction DAQ device. Whether
you are using a single-chassis or multichassis system, you can still
acquire data at rates up to 333 kS/s.

Power Options
These SCXI chassis offer a number of standard AC power options.
Simply choose the option for your country or a country compatible
with your power specifications. If you move your system to another
country, you can easily reconfigure the system for any of the other AC
power configurations.

National Instruments aTel: 1800) 813 3693 * infotni.com * nicom
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SCXI Chassis

SCXI-1 00
The NI SCXI-1000 is a 4-slot chassis available with a number of
standard AC power options. This chassis is Ideal for single-chassis or
low-channel-count applications. If your application grows, you can
daisy-chain two or more SCXI-1000 chassis. You can also use
off-the-shelf true sine wave DC-to-AC power inverters to power AC
chassis with a DC power supply.

SCXI-1001

The SCXI-l001 is a 12-slot chassis with a number of standard
AC power options. As in the SCXI-1000 Series, you can daisy-chain
up to eight chassis to acquire or control up to 3,072 channels with a
single DAQ device. This chassis is ideal for high-channel-count
systems. You can use off-the-shelf true sine wave DC-to-AC power
inverters to power AC chassis with a DC power supply.

SCXI-1000DC
The SCXI-IOOODC is a 4-slot chassis that accepts DC power.You can
power it with any 9.5 to 16 VDC power supply, or use the optional
SCXI-1382 12 VDC battery pack (shown in the picture). You should
also consider the optional SCXI-1383 power supply/lloat charger to
operate the chassis from an AC power outlet when necessary.
This chassis is ideal for portable applications or other times when AC
power is not always available.
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NI Services and Support
NI has the services and support to meet your
needs around the globe and through the
application life cycle - from planning
and development through deployment
and ongoing maintenance. We offer . EIiet m
services and service levels to meet NEEDS _
customer requirements in research,
design, validation, and manufacturing.
Visit ni.com/services.

Training and Certification
NI training Is the fastest, most certain route to productivity with our
products. NI training can shorten your learning curve, save
development time, and reduce maintenance costs over the
application life cycle. We schedule instructor-led courses in cities
worldwide, or we can hold a course at your facility. We also offer a
professional certification program that identifies individuals who
have high levels of skill and knowledge on using NI products.
Visit nl.com/training.

Professional Services
Our Professional Services Team is comprised of National Instruments
applications engineers, NI Consulting Services, and a worldwide
National Instruments Alliance Partner program of more than 600

Independent consultants and
NNAT IONAL integrators. Services range

I U NT from start-up assistance to
turnkey system integration.

Visit ni.congalliance.

Local Sales and Technical Support
In offices worldwide, our staff is local to the country, giving you
access to engineers who speak your language. NI delivers industry-
leading technical support through online knowledge bases, our
applications engineers, and access to 14,000 measurement and
automation professionals within NI Developer Exchange forums.
Find immediate answers to your questions at ni.comlsupport.

We also offer service programs that provide automatic upgrades to
your application development environment and higher levels of
technical support. Visit ni.com/ssp.

Hardware Services
NI Factory Installation Services
NI Factory Installation Services (FIS) Is the fastest and easiest way to
use your PXI or PXIISCXI combination systems right out of the box.
Trained NI technicians install the software and hardware and
configure the system to your specifications. NI extends the standard
warranty by one year on hardware components (controllers, chassis,
modules) purchased with FIS. To use FIS, simply configure your
system online with ni.comtpxiadvisor.

Calibration Services
NI recognizes the need to maintain properly calibrated devices for
high-accuracy measurements. We provide manual calibration
procedures, services to recalibrate your products, and automated
calibration software specifically designed for use by metrology
laboratories.Visit nicom/calibration.

Repair and Extended Warranty
NI provides complete repair services for our products. Express repair
and advance replacement services are also available. We offer
extended warranties to help you meet project life-cycle requirements.
Visit ni.com/services.

OEM Support
We offer design-in consulting and product integration assistance
if you want to use our products for OEM applications. For
information about special pricing and services for OEM customers,
visit nixconloem.

11QTNATIONAL
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SCXI Universal Strain Gauge Input Module
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Overview
The Nation;i Instruments SCXI-1520 Is an 8-channel universal
strain-gauge Input module that offers all of the features you need for
simple or advanced strain and bridge-based sensor measurements.
With this single module, you can read signals from strain, load. force,
torque, and pressure sensors. Each NI SCXI-1520 is shipped with a
NIST-traceable calibration certificate, and Includes an onboard
reference for automatic calibration in changing environments.

For accurate strain measurements, the SCXI-1520 offers a
programmable amplifier and programmable 4-pole Butterworth flter
on each channel. Each channel also has an Independent 0-10 V
programmable excitation source with remote sense per channel.
In addition, the SCXI-1520 system offers a half-bridge completion
resistor network in the module, and a socketed 350 quarter-bridge
completion resistor In the SCXI-1314 terminal block. A 120
quarter-bridge completion resistor Is also included with the terminal
block. The SCXI-1520 also offers an automatic null compensation
circuit. remote sensing, and two shunt calibration circuits per
channel. In addition, the SCXI-1520 Includes the simultaneous.
sample-and-hold feature using track-and-hold (T/H) circuitry for
simultaneous-sampling applications.

Each SCXI-1520 module can multiplex its signals into a single
channel of the controlling DAQ device, and you can add modules to
Increase channel count. In NI-DAQ 7. parallel mode operation Is
available for high-speed acquisitions. In this mode, each channel is
routed to a unique analog input channel of the DAQ device to which
it is cabled. Parallel mode is not available In NI-DAQ Traditional.

Analog Input
Each of the eight analog Inputs of the SCXI-1520 consists of a
programmable Instrumentation amplifier, 4-pole Butterworth filter,
and simultaneous sample and hold circuiLYou can program the gain of
each channel individually to one of 49 input ranges from t10 mV to
±10 V. You can also program each lowpass filter individually for 10Hz,
100 Hz, I kHz, 10 kHz, or bypass mode. The 4-pole Butterworth
filters provide a sharp cutoff to block noise while maintaining
maximum flatness in the passband. Finally. the SCXI-1520 provides
random scanning capability, so you acquire data from the channels
you select In any order, thereby reducing your overall scan times.
For applications requiring fewer than eight strain gauges, you can use
the extra analog input channels for general-purpose analog signals.

Simultaneous Sampling
Each channel of the SCXI-1520 Includes T/H circuitry so you can
digitize simultaneous events with negligible skew time between
channels. The outputs of the T/H amplifiers follow their Inputs until
they receive a hold signal from the DAQ device (typically at the start
of a scan). At the hold signal, the T/H amplifiers simultaneously
freeze, holding the Input signal levels constant. The DAQ device then
digitizes each frozen signal sequentially, giving you simultaneous
sampling between channels. To calculate maximum sampling rates
for the SCXI-1520, refer to page 795.

luar1!ige H f-Bridw ru-Brd rledMA
M odu e (1 12 .350 ) (120 ,150 ) ' 20 .235 1 T j ,P
SC e 1 | || : * I: I.

Tabe 1. S/9VafConpatiblliey

National Instruments * Tel: (800) 433-3488 * Fax: (512) 683-9300 * lnfoenl.com * nl.com



Attachment 12 to BVY 05-084
Docket No. 50-271
Page 8 of 33

SCXI Universal Strain Gauge Input Module
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Il9tre 1. SCXI-7520 Block Dlagam

Excitation
Each channel of the SCXI-1520 has an Independent voltage
excitation source. You can program each excitation channel to one of
17 voltage excitation levels from 0 to 10 V. These sources can drive a
350 W full bridge to the maximum 10V level. Each excitation channel
Incorporates remote sensing circuitry to automatically compensate
for voltage drops due to lead resistance. This circuitry corrects the
excitation level on the fly so the programmed excitation level Is
accurately applied at the sensor. You can also monitor these excitation
sources to detect open or fault situations.

5a*nGauge Quanrw.rdge aff.ailg. tull-Bridge
120 i 6.2S &9V 1125V
J5.0mv | | OY 1VOWOV

Table 2 £citaticn Vakes

Automatic Null Compensation
Each Input channel of the SCXI-1520 includes a circuit to remove
bridge offset voltage. Driver software nulls the offset voltage to zero

In seconds. You do not need to manually adjust a potentiometer.

By removing this offset through the measurement hardware, you can

Increase your system gain to achieve better measurement sensitivity

and resolution.

'ough I

Bridge Completion
The SCX-1520 accepts quarter, half, and full-bridge sensors.
Half-bridge completion Is provided In the SCXI-1520, and you can

enable It through software. The RN-55 style quarter-bridge
completion resistors are provided in the SCXI-1314 front-mounting
terminal block. They are socketed, so you can replace them with your
own resistors.

Shunt Calibration
Each input channel of the SCXI-1520 includes two independent shunt
calibration circuits, with which you can simulate two separate loading

effects on your strain-based device and compensate for any possible
gain errors. The RN-55 style shunt calibration resistors are In sockets

and located In the SCXI-1314 front-mounting terminal block.
You enable or disable the shunt resistors through software commands.

National Instruments * Tel: (800) 433-34BS * Fax: (512) 683-9300 Info~nl.com * ni.com
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SCXI.Universal Strain Gauge Input Module
Calibration
The SCX-1520 provides simple yet powerful calibration capabilities. j ma i
Each module Includes a precision onboard calibration source, which ilNS -'5414 r4w. ¶.jr :if7@ 62t)i
you can programmatically route to any analog Input channel. : n
By using simple software commands, you perform calibrations to ;Z,@M s,;64*Y zv
compensate for environmental changes without connecting external a
hardware. Each module has an onboard calibration EEPROM that rat B/)VIN <;
stores calibration constants for each channel: factory calibration , f; ;fikA: 3

constants are stored In a protected area of the EEPROM. Additional ' -

user-modiflable locations mean calibration can occur under your
exact operating conditions. NI-DAQ Traditional and NI-DAQ 7 ' i'. .

transparently use the calibration constants to correct for gain and
offset errors for each channel.

el as- ens5.--vo

*So20131. Sz No. 50150 -. (.- fIrtkii 329!

Table a Teurnnl Mob Opnnosrfor Vhe Swir4 ISM

00

C.2.

cc -a

cc .0

g0cW

Specifications
iTy*i for 25 -C UiIss owelse rued

Complete Accuracy Table. Voltage

syu woe 3sgmVTmwanny
F oA~d l. Nomilnal Rage' OW211U IGin f eat OffS(t ut_ __ _ _

o1520 .0 .
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±.0 V 10.0 ±0.1 ±0.mV .0V l~e QS mV i0*42 I O V . 20 ±0,1 *. mV . .: -nY, -. m. Q20mV0 : ; .. , . 2 .:

0S1 V 100.0 *0.1 10 V .01 nmV 403 a25
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SCXI Universal Strain Gauge Input Module
Sipecifications
An~alog Input Characteristics
tumbeorhnbnfd els .. _____ a
Vbltag On setrhes . . X1 to XIOlD with the Mfailw gan settings:1 1. 15; 1.3.

1514 i:22.2:2 Z.4 2.; 3.11:3.6:4.2. 5.6 6.5 7.5:8.1; i0:
11S13.513;1 52It 2Z 24; 21:31; 36.4Z 56, 6 5.1587;
1M IM 1301Sc1?2It2Q 2427 0.31Q c. Z04

bkWi Signal tanGm-s - See Czn~ete meuac y table

Masooma wftning vlap ..e. ........ low kWx OaMd remain within *10 V of gor
Bot lep&~ shmculd be within ol V clone wooeiw

Ovrv ttag rtctionL. ........... i3S Vpoweredcon. oZ V pomered off

Transfer Characteristics
Norie4!rmity_..... . Better than 0.02%
Gain erro L35% of seu. 411% df IEPROI vakie
ottset SWr

Cak-0 .................. - ISO 11Vmaltfnon
GahO ..................-. 3 mV maibroa

Amplifier Characteristics
Ignptkmpedance W ..............- *4 G
kirzt bias vurent ............... .. t20 oP. e~olm
brVAt offset curret ...... ........ . *20 nA etadrriom

outpuit lpeclance
Fora e__ _ _ _2500

NMR (Normal Mode Rejection Ratio)
10HZr .. ; m4c atil

CNMRR rommon Mahde Rejction Ratio)
Cain O*M DC to hz

Dynamic Characteristics
K~tplese performance

scew Interval Far. Channet Any~ammdPle~~a

.5C1520. . 3 -ID;s .. .

Systntoemssme .... complete Amiracy Table

Spot nolse RTI, in-M 0).lO30Ha 16 nV/ i7
Filter Characteristics
towpass rdw type-......- 4oieh Buttermemth 94 cE m roaetlff)
Lcwpass fJ tveticn.. 0 lzIOl Hz Ibltl1klta or bypass
Barwidh.tabypassecl - - .3dBat20 Utz

Track and Hold Characteristics
HowoMode Setto*tlne-.. - 1 Pstypical
blrtarcarel thw..... 20 as typical
Ifent"OdUle Skew. __ _- 50ntyia

Drop rte3D WA/ typical. 100 mn/s maxinmnm

Analog Input Stability
Rermmoenedwamep tire.___ 1S ethesn
Gain dft _ - -. tO ppTnmatinun
Offset drit

Gain>20 - - 2 Ip/rC typical. iS pV/ 'C mavimn
Gainc -__ 10 JtV/C tyita1 o25p Vi/ 'Cmnxmon

Null Comlpensation Characteristics
Ragae ........................ . % ofi oexcitationv ole. 20.000woiresicitimn

io0,500 DC. 4 pe fesouitlan hr tartrser Gf * 2.0D

(A

A)

to

Excitation Characteristics

fErrcr .. .. _ _

Sh-rt cdeita Current limitL.
Regmtatlm no load to 120

With rnoae sense
Worhoit renote seunm

iDrift

co15an geta
0.0 to 12M0 V In 0.625 V incroements
*20 mV .3% absolut
t0.11% of EEPROM settn
50 onAnmirnkoms

a0.073%
to0.5%
*0(05%JC *30 INIC eMarlme

Noise .... DC to t kHz: 200 pN
Renote sense .......... .... .. Errcr i tss tan .29 U ofEr kihd resistnce
Ptection .............. Se grearest hI parael with eccluticr tloronas

siunt toWonuon

Bridge Completion'
OMi bridgeU

Shunt Calibratlon'

Sb pcsbim resistar netwct irtemal b modale
Resistor In aaresety termnkl Mocd SCX-1314

Type -- 2 indeweadet pobsts
stor - Intetminal block

Switch reslatance-..... - 32
Switch offleakape. -dim1 A

lwtchbreidcwoloate.... k6O tI

Physical
Cimensions 3.0 by 17.2 by 20C3 cm

11.2 by 6.9 by 8.0 in

Enrironment
O iperatng tn_ t Oto 50 *C
Stcrage reaervur re _ .20 to 70 C
Relative hm'idity __- 10 to 90X oxscodenseng

Certifications and Comnliances
European Compliance C F
EMC-_ EN 61326 Grup I COass A. lIf Tbble 1 boniy
Saoetly f5,61010.1
Noeth American Compliance
EiWC _ f FCC Pat 15 Class A usir S CISPR
Australia & New Zealand Compliance
E M C_ AS/NZS 204.1/2 ICiPR- 11)

Note"
'Haiifcridge completion Is inside tr rmodlule and conigued waoer software control. Quarter-tridge
cttrnletion resister is In SCaI1314 terminal Mock and socketed. Resistors shped with SCi-1314 are
120 iw 350 RN-SS stye p25 Vw Tderarce is l1% lTeraTmare coefidert ih 10 pprC ra.

'Sh n calib reslsto arme hi SCXI11314 terrin bick and socketed. Resiistors *pped with SCXI-1314
are lOCk RN-SSstyle P1.XW Tderance isi 0.1% Temperte coeftciet kI s10pmCo.

Fora derition of speciric tems, plse vit ni.conmgtlssaqy

cnma

0.

65' a
C)

tag=
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Multifunction DAQ and SCXI Signal Conditioning
Accuracy Specifications Overview
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Every Measurement Counts
There is no room for error in your measurements. From sensor to
software, your system must deliver accurate results. NI provides
detailed specifications for our products so you do not have to guess
how they will perform. Along with traditional data acquisition
speclficaUonsM our E Series multifunction data acquisition (DAQ)
devices and SCXI signal conditioning modules Include accuracy tables
to assistyou Inselecting the appropriate hardware foryourapplication.

To calculate the accuracy ol Nimeasurement products,
visit niLcorn/accuracy

Absolute Accuracy
Absolute accuracy Is the specification you use to determine the
overall maximum tolerance of your measurement Absolute accuracy
specifications apply only to successfully calibrated DAQ devices
and SCXJ modules. There are four components of an absolute
accuracy specification:
* Percent of Reading - is a gain uncertainty factor that is multiplied
by the actual input voltage for the measurement.

* Offset - Is a constant value applied to all measurements.
* System Noise - is based on random noise and depends on
the number of points averaged for each measurement
(Includes quantization error for DAQ devices).

* Temperature Drift - is based on variations In your
ambient temperature.

* Input Voltage - the absolute magnitude of the voltage input
for this calculation. The fullscale voltage Is most commonly used.

Based on these components, the formula for calculating absolute
accuracy is:

Absolute Accuracy - ali(nput Voltage X % or Reading) +
(Offset + System Noise + Temperature Drift)]

Absolute Accuracy lURT - (Absolute Accuracy Input Voltage)
I i - relatbve to Input

Temperature drift Is already accounted for unless your ambient
temperature is outside 15 to 35 'C. For instance, if your ambient
temperature is at 45 'C, you must account for 10 *C of drift. This Is
calculated by:

Temperature Drift - Temperature Differne x 96 Drift per C x Input Voltage

Absolute Accuracy for DAQ Devices
Absolute Device Accuracy at Full Scale is a calculation of absolute
accuracy for DAQ devices for a specific voltage range using the
maximum voltage within that range taken one year after calibration,
the Accuracy Drift Reading, and the System Noise averaged value.

Below is the Absolute Accuracy at Full Scale calculation for the
NI PCI-6052E DAQ device after one year using the ±10 V input
range while averaging 100 samples of a 10 V input signal. In all the
Absolute Accuracy at Full Scale calculations, we assume that the
ambient temperature is between 15 and 35 'C. Using the Absolute
Accuracy table on the next page. we see that that the calculation for
the *10 V Input range for Absolute Accuracy at Full Scale yields
4.747 mV. This calculation Is done using the parameters In the same
row for one year Absolute Accuracy Reading, Offset and Noise +
Quantization. as well as a value of 10 V for the Input voltage value.
You can then see that the calculation is as follows:

Absolute Accuracy - *[(10 X 0.00037) 947.0 pV + 87 pV] - ±4.747 mY

In many cases, It Is helpful to calculate this value relative to the Input
(RMI). Therefore, you do not have to account for different Input
ranges at different stages of your system.

Absolute Acuracy RI - (±0.004747/10) - ±0.0475%

The following example assumes the same conditions except that the
ambient temperature Is 40 'C. You can begin with the calculation
above and add In the Drift calculation using the % Drift per 'C from
Table 2 on page 196.

Absolute Accuracy - 4.747 mV + ((40 - 35 ') x 0.000006 Mc X 10 V) - ±5.047 reV

Absolute Acuracy Rl - (±0.005047/10) - tO.0505%

Absolute Accuracy for SCXI Modules
Below is an example for calculating the absolute accuracy for the
NI SCXI-1102 using the :100 mV input range while averaging
100 samples of a 14 mV Input signal. In this calculation, we assume
the ambient temperature Is between 15 and 35 'C, so Temperature
Drift = 0. Using the accuracy table on page 313. you find the
following numbers for the calculation:

Input Voltage - 0.014
% of Reading Max - 0.02% - 0.0002

Offset - 0.000025 V
System Noise - 0.000005 V

Absolute Ackuracy -±(0.014 x 0.0002) + 0.000025 + 0.0000051 V . *32.8 pV

Absolute Accuracy RT . 2- (0.0000328 /0.014) - ±0.234 %

The following example assumes the same conditions, except the
ambient temperature Is 40 'C. You can begin with the Absolute
Accuracy calculation above and add In the Temperature Drift.

Absolute Accuracy - 32.8 pV + (0.014 x 0.000005 + 0.000001) x 5 * 38.15 pV

Absolute Accuracy [M - 2(0.00003815 / 0.014) - 20.273 %

National Instruments * Tel: (800) 433-3488 * Fax: (512) 683-9300 * lnfoPnl.com * ni.com
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Multifunction DAQ and SCXI Signal Conditioning
Accuracy Specifications Overview

For both DAQ devices and SCXI modules, you should use the
Single-Point System Noise specification from the accuracy tables
when you are making single-point measurements. If you are
averaging multiple points for each measurement, the value for
System Noise changes. The Averaged System Noise in the accuracy
tables assumes that you average 100 points per measurement. If you
are averaging a different number of points, use the following
equation to determine your Noise + Quantization:

System Noise - Average System Nolsetrom table ax (100/number ot points)

For example, If you are averaging 1,000 points per measurement
with the PCI-6052E in the ±10 V (1000 mV for the SCXI-1102)
Input range, System Noise is determined by:

NI PaC-052E
System Noise- 87.0 o pV x (1001000) - 27.5 o pV

NISCXI-1102
System Noise-S 1pV x SQRITJ(100/1000) -1.58 pV

"The System Noise 3pecllcatlons assume that dithering is disabled for single-point
meamuiements and enabled for averaged measurements.

See page 21 or visit nLcom/calibration for more Information
on the Importance of calibration on DAQ device accuracy.

Absolute System Accuracy
Absolute System Accuracy represents the end-to-end accuracy
Including the signal conditioning and DAQ device. Because absolute
system accuracy Includes components set for different Input
ranges, It is Important to use Absolute Accuracy RTI numbers for
each component.

Total System Accuracy RTI - SQRT I(Module Absolute Accuracy Rm)2
+ (DAQ Device Absolute Accuracy RT)21

The following example calculates the Absolute System Accuracy
for the SCXI-I 102 module and PCI-6052E DAQ board described In
the first examples:

Total System Accuracy TI - ±t/ (0.00273)2 + (0.000505)21 -t0.278%

Units of Measure
In many applications, you are measuring some physical phenomenon,
such as temperature. To determine the absolute accuracy In terms of
your unit of measure, you must perform three steps:

L. Convert a typical expected value from the unit
of measure to voltage

2. Calculate absolute accuracy for that voltage
3. Convert absolute accuracy from voltage to the unit of measure a

Note: It is Important to use a typical measurement value In this '

process, because many conversion algorithms are not linearized. :
You may want to perform conversions for several different values In n
your probable range of Inputs, rather than just the maximum and
minimum values.

CA
For an example calculation, we want to determine the absolute X

system accuracy of an NI SCXI-1102 system with a NI PCI-6052. =

measuring a J-type thermocouple at 100 'C.

1. A J-type thermocouple at 100 'C generates 5.268 mV U

(from a standard conversion table or formula)
2. The absolute accuracy for the, system at 5.268 mV is *0.82%.

This means the possible voltage reading Is anywhere from
5.225 to 5.311 mV.

3. Using the same thermocouple conversion table, these values
represent a temperature spread of 99.3 to 100.7 'C.

Therefore, the absolute system accuracy is *0.7 'C at 100 CC. (A G

Benchmarks -

The calculations described above represent the maximum error you
should receive from any given component In your system, and a a. C

method for determining the overall system error. However, you. a n

typically have much better accuracy values than what you obtain a,
from these tables.

If you need an extremely accurate system, you can perform an
end-to-end calibration of your system to reduce all system errors.
However, you must calibrate this system with your particular Input
type over the full range of expected use. Accuracy depends on the E

quality and precision of your source.
We have performed some end-to-end calibrations for some typical

configurations and achieved the results in Table 1:
To maintain your measurement accuracy, you must calibrate your

measurement system at set Intervals over time.

For a current list of SCXI signal conditioning products
with calibration services, please visit ni.comfcalibration

National Instruments * Tel: (800) 433-3488 C Fax: (512) 683-9300 C fnfo~nicom C ni.com
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Accuracy Specifications Overview
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Table 2 NI PCa 52EAnakq kt A spfrriom

Note: Accuracies are valid for measurements following an
internal (self) E Series callbraUon. Averaged numbers assume
averaging of 100 single-channel readings. Measurement accuracles
are listed for operational temperatures within :1 C of Internal

= *=c calibration temperature and 10 *C of extemal or fictory-calibration
° temperature. One-year calibration interval recommended. The
= absolute accuracy at full scale calculations were performed for a

gCZ maximum range Input voltage (for example, 20 V for the ±10 V
5 range) after one year. assurming 100 point averaging of data.

o .fl
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Portable Data Acquisition

USB Data Acquisition
USB High-Performance
Multifunction DAQ
USB DAQ for Sensors and
High-Voltages
, 4-ch, 24-bit Thermocouple

Input (Windows)
. 4-ch, 24-bit Thermocouple

Input (Mac/Unux)
* 8-ch +1-60 V Input
. 16-ch Mixed Sensor/Signal

Input
*Up to 352 Ch, SCXI DAQ

System
. 4-ch, 24-bit IEPE Sensor

Input
1- USB Digital VO

l Low-Cost USB Data Acquisition

PCMCIA Data Acquisition

FireWire Data Acquisition

PDA Data Acquisition

You are here: NI Home > Products & Services > Data Acquisition (DAQ) > Select Your
Portable Data Acquisition > USB Data Acquisition>
USB DAQ for Sensors and High-Voltages>
Up to 352 Ch, SCXI DAO System

NI SCXI-1600
USB Data Acquisition and Control Module for SCXI

Ouestlons? Call (800) 531-5066 Select Your

Are you looking for pricing and purchasing information? Do
want to buy now?
Please select the country where you will use the product so that we can provide you with aco
pricing, availability, and purchasing Information.
Select Your Country

._ .. 16-bit resolution, 200 kS/s sampling rate
External digital trigger, clock, and calibration cot
Multiplexes up to 352 channels per module

3XData Sheet

Description

The National Instruments SCXI-1600 Is a full-featured 16-bit USB data acquisition and c
module for SCXI analog Input, analog output, digital 110, and switching modules. The NI
1600 plugs Into an SCXI chassis and provides data acquisition and control capabilities f
modules In the chassis, communicating with a PC via a USB 2.0 connection. With the S
1600, you can turn any SCXI chassis Into a plug-and-play data acquisition system. Eacl
1600 can multiplex up to 352 channels per module at an aggregate sampling rate of 201
with 16-bit resolution.

Resources

Manuals (8) v Ea Data Sheet
Product Certifications (1) D S

Related Information

Choose the Right DAQ System

Do You Have Questions or Need a Quote?

Option 1: (800) 531-5066 (U.S.) worldwide contact Info

Option 2: orders¢ni.com

My Profile Privacy Legal | Contact NI C 2005 National Instruments Corporation. All rights reserved . E-Mail this Page

httpl/sine.ni.com/nipsfcds/view/p/langlen/nid/14235 09/09/2005
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SCX1 Data Acquisition Systems -
16-Bit, 200 kS/s~ USB Data Acquisition Module
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Tablet. SW 1600aaiy Spee udResodWn Specctions

Overview and Applications
The National Instruments SCQa-1600 USB data acquisition module
acquires data from and controls SCXI signal conditioning modules
installed in the chassis in which it resides, making the chassis a complete
data acquisition system. Conditioned output signals from other SCXI
modules in the chassis are automatically routed to the NI SCXI-1600,
digitized, and transferred to the PC via USB. You can connect the
SCIU1600 directly to any standard USB port (1.0,1.1, or 2.0).

Features
The SCXI-1600 Is a full-featured 16-bit digitizer and control module
for SCXI analog input, analog output, digital 110, and switching
modules. A USB 2.0 full-speed compliant connection makes the
SCM-1600 ideal for remote applications up to 150 ft away from the
PC. In addition, the SCXI-160D features an internal calibration
source and external calibration connection to ensure absolute
measurement accuracy over time.

Software
NI-DAQmx is the robust measurement services software induded
with all National Instruments data acquisition and signal
conditioning products. This easy-to-use software tightly Integrates
the full functionality of your DAQ hardware to LabVIEW,
LabVfindows/CVI, and Measurement Studio. High-performance
features include multidevice synchronization, networked
measurements, and DMA data management. Bundled with
NI-DAQmx, the Measurement & Automation Explorer utility
simplifies the configuration of your measurement hardware with
device test panels, Interactive measurements, and scaled 110
channels. NI-DAQmx also provides numerous example programs for
LabVIEW and other application development environments to get
you started with your application quickly.

.iA.

Vs~z PiI c t cla600.
. , .
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SCXI Data Acquisition Systems-
16-Bit, 200 kS/s USB Data Acquisition Module
Specifications
Then pecificatia awe takal at 25 IC unless eherb*se ne~d.

alScibie M~na e91S all CMRSA d ut Aavyebeg. Wvoeiwt

N.18 elli iK3~iSSfS w

"'IlMabIl 1 WTiOWTi l $ 1$410WttEah~itl; ,nudvI

Analog Input

Input Characteristics
Type of ADO suooessloe apmarfaluiu
P*30ulL. 1I bit& I in K36

mur ln rat 20 S/s
D Cicgin leing

1130V

hrprtA pbg
FFOG buzll di
Datatranzrs
Caetliesunito Mmory shze
KW o eting voltage
fina safar -nd
Wxernal ciartteuionven"a. provfioo
Panvered an
Po~wer 011

Accuracy hnormaticn

Transfer Characteristics
kInegraloo,1reardty (N
omarivental t(0nlOneaitF [DWMJ
Wmks;"a code_____

off set aii
Prqato Wmir after calhration.....
Fregain arorh n beoeclbain
Posigaimafr afte caribadw -
Posvga'urformobare"Sha~tlagu-

Gaiins Ieram tah to caitstorne mresenence
Aftar caflrbation Jgfh -1)
lik a rbrai
Gain ae I WthI gais arm
adjusted lo a at gate -1I

Amplifier Charactorlstlca
Inoweiovedanoelmrmall
External caftbrlon IINC Inful invdanrce

;on..plvv-re-
Powered Oil

DC
.06sampes

USB
512 Yaifd5

Each W shoul Inernuema wiltk te Il V of grrsund

t1.51.SBt,2t.SOirax
±0.5 LS8 tip. ill LSB rax
Is bIts

oli0PV am
ins e muma
&157 tN asi
to40 maxu

IN4 plea of measin Nu
Ile=9 rpm teadhi so

artp elecading eat

100 GO2 pvarallel vtt lO0pF

102f en parabi mvol 102 p

1320a

Seuttal; Omi for iufc~acle step
Galn 10 - ±I.S8.5"pst
Inis WrS Is t.V Redioi vad.Inii lit of IW Niale kpA U
illreq beseorrin bl. leon MeeAM22p WV p~dtk~d OW I~tNSrVOW I st MAto.1 fet. Otvi WV
UUe t. gmt Is N We ae siriwh up Wt. hrpu k I.w ,I mu Orm itsw ft leaiW u Guwttlvcrele,

Gaeoff l.o. t2LS9.Spsm,

Systamrnorise &SR_ krckeing qslartlrataro

10.0 1.3

Stability
Fcerornmended wann-ts~ life . .IS wint
Ocfst lemeraltn acetlhidet

P1`lgain u175PVdC
Cabn W~r~Arrr caeffldenrL. in9 ppyVnC

Triggers

InpuL. Al START TIG
Al 11EF TRIG

Al COW axK
Al SATE

Oespal AlStsrt Trifgme
Nl Seerple Clock

External Wim P fl4A
cornpablely SVTTI
RBoxpRisin ors falliog edge
Putse WMds________ l as mi In edge-defect t~eed
DirecOma Leelmt Maxe

Yi I Vottoc 1 ov I Sty
11Mvo13ltse .r 4.35 V-

Calibrations
flecoomended wannep Om. . , 15mmni
Intarval I year
Extoernal carbraonu reference. .A andl <IOV
0Oboa~d ca~radotu uefenence

S.OtOYV2mVI
lam nt oi peraft tanp~erauvee
cutua value $toed in 1E1MCPA

Tetrnprirtire coefficient . . 5 PPrTVC fma
1cengtemist ablity . . 15 pleoAJ2h

Power Requiremeats
422 VDC____________ 115meabmx
-722 VDC__________ 135roA rta

Physical
Dinnruusous 18.3by17.3by 3.1 cm

depth by helght by width (7.2 by II8 by 1 Irs)~
V/O conneor-c 3 BNC ciewreclurs. I LIS frail CWeacu

brtbas ourent________ *230pA
Comnsewwadtod ruwialo ratio t=91 DC to 62Hzt

101096 dB

Dynamilc Characteristics

agp%THOI 400

National Instruments Tel: (800) 433-3488 * Fax (512) 683-9300 * infodni.com * ni.com



Attachment 12 to BVY 05-084
Docket No. 50-271
Page 17 of 33

SCXI Data Acquisition Systems -
16-Bit, 200 kS/s USB Data Acquisition Module
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NI Services and Support
NI has the services and support to meet your
needs around the globe and through the
application life cycle - from planning
and development through deployment
and ongoing maintenance. We offer
services and service levels to meet ! G o .

customer requirements in research, "'

design. validation, and manufacturing.
Visit ni.com/services.

Training and Certification
NI training is the fastest, most certain route to productivity with our
products. NI training can shorten your learning curve, save
development time, and reduce maintenance costs over the
application life cycle. We schedule instructor-led courses in cities
worldwide, or we can hold a course at your facility. We also offer a
professional certification program that identifies individuals who
have high levels of skill and knowledge on using NI products.
Visit ni.comjtraining.

Local Sales and Technical Support
In offices worldwide, our staff is local to the country, giving you
access to engineers who speak your language. NI delivers industry-
leading technical support through online knowledge bases, our
applications engineers. and access to 14,000 measurement and
automation professionals within NI Developer Exchange forums.
Find immediate answers to your 4uestions at mi.cornsupport.

We also offer service programs that provide automatic upgrades to
your application development environment and higher levels of
technical support. Visit ni.comlssp.

Hardware Services
NI Factory Installation Services
NI Factory Installation Services (FIS) is the fastest and easiest way to
use your PXI or PXI/SCXl" combination systems right out of the
box. Trained NI technicians install the software and hardware and
configure the system to your specifications. NI extends the standard
warranty by one year on hardware components (controllers, chassis,
modules) purchased with FIS. To use FIS, simply configure your
system online with ni.com/pxladvisor.

Calibration Services
NI recognizes the need to maintain properly calibrated devices for
high-accuracy measurements. We provide manual calibration
procedures, services to recalibrate your products, and automated
calibration software specifically designed for use by metrology
laboratories. Visit ni.com/calibration.

Repair and Extended Warranty
NI provides complete repair services for our products. Express repair
and advance replacement services are also available. We offer
extended warranties to help you meet project life-cycle requirements.
Visit ni.com/services.

Professional Services
Our Professional Services Team is comprised of NI applications
engineers, NI Consulting Services, and a worldwide NI Alliance
Partner Program of more than 600 independent consultants and

integrators. Services range
M7NATIONAL from start-up assistance to

riNSTRUMENTS turnkey system integration.
a! CIMAPA..TMIMI Visit ni.com/alliancB.

OEM Support
We offer design-in consulting and product integration assistance
if you want to use our products for OEM applications. For
information about special pricing and services for OEM customers,
visit nLcomo/em.

'%OTNATIONAL
PWINSTRUMENTS

ni.com * (800) 433-3488
National Instruments * Tel: (512) 683-0100 * Fax: 1512) 683-9300 * infoCntcom

C 2004 National instruments Corporation. All rigtit resoreed. LabEttW, CVI, Measurement Studio, Nf.DAO and nicoan ar trademarks
of National Instrunents. Otter preduct end company names lted are trademarks artrade names of their respective companies.



Attachment 12 to BVY 05-084
Docket No. 50-271
Page 19 of 33

YOKOGAWA DL750 SCOPECORDER SYSTEM



Attachment 12 to BVY 05-084
Docket No. 50-271
Page 20 of 33

S. - / r *
TLWJ.-,Pmv% l

I 701210
ScopeCorder
DL750 �rderB

tNPW * Up to 16 analog channels and 16-bit logic Input
* Up to 1 GigaWord total memory
* GIGAZoom function
* DualCapture function
* 10.4-Inch SVGA color TFT liquid crystal display
* 10 MS/s, 12-bit AlD resolution, 2-channel Isolation module
* Floppy disk, ZIP disk and PC card drives available
* 20-GB Internal hard drive (optional)
* DC 12 V Power Supply f

Input Option e 1

!rd0fS 2

3
I_

-
E3

_tiXs.u

ML750(701210)
355x250x180mm 9kg
(13.96 x 98 x 7.09inch),
(Maln urhi ard elg 701250 modules)

safety Stan
Emlssion :1E Y Immunity St

IadsE61010-1
-EN6132S Otass A

701250 701251 701255 701260 701265 701270 701271

701275

Supports 16 CH , High Accuracy e High Noise Immunity s Low Internal Noise

IUSU -U EE * WEEUU "h lU l IJSW pf *SJ*S4)

Please refer to: httpglwww.yokogawa.comotm/DL75OI
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DL750

Irlmmvative Solutions for Long-Term Recordini
*1Iy WV

GIGAZoom Function for Instantaneous Full-Length Display of 1 GW of Data
I GW memory for full-length display and Instantaneous

A large-scale, high speed zooming (to user-specfled sks)
ASIC was created to give (zoig(oue-pcfe ie
the D0150 Me ability to o_ ,
show the onfre t GW I of - -

data on the display In real O

tim e 0 N
Two zoom ndows w* IOUS WestOnl 1.67 0.028 0001
avallable tor dlsplaf P 1 MSs 600 lOmIrsue 0.167 0.00
to 500 MW Of dara 1 too k_ _ 9000 t5c_ _m_ 2 5 hours _tt

Zooming can be done hI
real-Um's or after data 10 kSY 72000 1200 20 hows 0.83 dmy
recording has stopped. 1 kS5s 864000 14400 240.0 10 days

200 SII 252000 43200 720.0 30 d
* Amount of tm data can be recorded whh 1 GW memory

DualCapture: A Powerful Tool for Durability Test Data Analysis

During durability testing, It Is necessary to monitor the long- Using DualCapture, you can now record your trend data with a
term trends of your data as well as capture the high speed slow sampling speed and stl be able to capture the translent
transients that might occur. This presents a challenge as trend phenomena with a faster sampling speed.
data Is usually recorded at a slower sampling speed that might * Integration of a High-Speed Sampler (Oscilloscope) and
miss the transient phenomena. To meet this challenge, the Low-Speed Sampler (Recorder) In a Single Unit
DL750 offers the DualCapture function. Ht-speed samler Trigger on abnormal high-spoed phenomena

REP) riLow-speed sampler Roll recording (trend recording)
* Separate Memory Management for Each Sampler

Maximun memory for low-speed sampler 100 MW
Maxlmum memory for high-speed samerr 10 kW x 100 screons

* High-Speed Sampling Triggered Only by Abnormal
Phenomena Occurring During Long-Term Observation
(Low-Speed Sampling)
Effective for separately capturing data at high speed during

1 measurements.
_ _urements_ * Long Memory Equivalent

to l Teraword
To acquire many hours of
data at the higher sampling
rate (10 MS/s) would require
Terawords of memory

iscren _(8 hr-240 hr) x 60 min x 60
and thesec X lOMWeuX16

channels
- 4.6-138TW

_ ~~~Samet -y I T~
_~~~phenomenon sEE

Maximumn 100 phurnonu

The waveform shown above was captured at a samping rate Wth DualCapture, the user sets triggers for capturing sudden
of 50 kSls. The occurrence of noise can be confirmed In the phenomena. Up to 100 phenomena can be colicted in a memory
graph, but the time resolution Is too low to capture the length of 10 kW at a maxdmum sampling rate of 10 MS/s.
waveform accurately.

Voice Memo Function: Save Audio Comments along with Waveform Data and Images a
_ W

* Voice Memo
Simply press a switch to record your voice while simultaneously
recording waveforms. Make multiple recordings per wavobrm (100
seconds total, min. 3 seconds per recording).

* Voice Comment
Record and save an explanatory comment (approx. 3-10 seconds)
together with your Image files.
The 701951 Earphone-Mc (with PUSH switch) Is required to record
voice memos and to Isten to recorded voice memos.

W..--fV \*;--M i .. Jiil,
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Aqurately Measure and Display Complex Signals

Capturing Signals Using the Longest Memory Capacity Ever

The DL750's standard memory capacity Is 50 MW (2.5 MW per
channel). This can be expanded (optional) to as much as 1 GW
(50 MW per channel).
* Benefits of GlgaWord Recording

You can record data for 10 days (1 day/div) on thoe main screen, while
displaying 1-second recordings (100 ms/div) In real time on the zoom
screen. The large memory capacity lets you capture an of your data
while still maintaining a sample rate fast enough to see any abnormal
phenomena.

* Efficient Memory Use
Sufficient memory length Is available even when 16 channels are
used, so you can conduct extended observations on multiple channels
(2.5 MW per channel with standard memory, 50 MW per channel with
maxlmum memory).

A Wide Range of Trigger Functions for Accurately Capturing a Variety of Waveforms
Having a wide range of triggers Is of course very useful for obtaining stable observations of variety of different waveforms. In
addItion, the GUI menu makes setting trigger conditions easy and Intuitive.
Simple and Enhanced Triggers Action-On Trigger

Edge trigger Set a regular edge trigger
-A - B (N): Triggers the n-lh time that condilion B goes tue alter condition

A has gone true.
-A Delay B: Tdggers Itcondition Bgoest te erconditionA has gone tM

and an Interval at least equal to the delay setmtng has elapsed.
-Edge on A Actvates an edge trigger on another Input during the Interval

when trigger condition A Is true.
-OR Triggers when any one of the indivdual charmel conditions set

with the patterns goes true.
B)- TIME. Triggers when the pulse width Is longer than the set time
B <TIME Triggers when the pulse width Is ls than the time
B TIME OUT: Triggers when a preset time-out Im Is reched
Period Triggers when a preset wavelorn frequency condition goes true.
Window Triggers when a trigger source enters or leases a lb set by two prints
Wve Windov, Triggers when a slgnn leaves an sutomsatNydellned 'we window'

thast.usjnd thle weven

When this trigger Is activated, the DL750
performs a specified action each time a
waveform is captured and displayed on the
screen. This feature Is useful for saving data
automatically and reliably (e.g., for data
collection in automated, continuous tests).
Manual Trigger

With this feature, a trigger can
be executed whenever you ike,
separate from the preset
trigger conditions. IM

Wave WindowTrIggerg97
l

This function comes saindard with the DL750 to ailow observaton power supply waveforms.
In addition to traditional power supply troubles, such as sudden outages, sags, and surges,
you can make effident real time observations of frequency fluctuations and voltage drops.
This trbigger activates when a signal exceeds the allowable values determined by comparing a
defined waveform (wave window) with an actual waveform In real time, Comparative
waveforms can be automatically produced In real time based on measured wavoforms.
Detection on all 16 analog channels Is available (vAth OR conditions).

rlI- wok W indow

History Memory and Smart Search for Effective Access to Large Amounts of Captured Data
History Memory and History Search (Zone Search)
Occasionally, you may capture an abnormal wavelorm and then have it E E
quidcy disappear from the display as now data is acquired It Is not always possble to manuallynStart
and Stop data acquisition to catch the abnormal waveform and have it displayel 11cd.a
The History Memory function was desined for such situations. It divides long memory Into nurnber of
blocks and autornatically stores up to 2000 previously captured waveforms. This means you can
reflably save displayed waveforms to memory even when there are phenomena for whIch trigger
conditons cannot be set.
The Zone Search function lets you define zones on the screen, and find all previously captured
waveforms that either pass or dont pass through the user-defined zoneo Up to four zones can be dolined

Search (Edge Search) and Zoom
The Edge Search counts rising and falling edges in the capttred data. It automatically
searches for the desired edges end displays them on a zoom screen. u.cw
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DL750

Angjyze Captured Waveform Data

DSP Channel Real-Time Math Functionf(withthelG3Optlon)49P

New functions are now available with the DL750. Architecture of DSP-CH
Six digital signal processing (DSP) channels have been added.
The DSP channels enable you to perform math and digital
filtering In real time while acquiring waveforms. Each DSP _ __

channel can perform up to four arithmetic operations and _____

filtering at high speed, without slowing down waveform __.' ____C

acquisitions.

Features:
* Real-time display of calculated waveforms In roll mode
* Triggers on calculated waveforms
* Calculated parameters such as cutoff of digital filtering and frequency

can be changed In real time
E Simultaneously display up to 16 channels (16 analog CHI + 6 DSP CH)
* Provides the same memory length as with analog channels
* Arithmetic calculations between channels (addition, subtraction, multiplication, division),

digital filtering (LPF, BFP, HPF), differentiation, and integration

Automatically Measure Waveform Parameters

FPkRI FO rps-repa M I1nnSUMMa SW MRJn~hAMMMI-*.

User-Defined Math Function (with the /G2 Option)

I T 1 I. I i .1 .4I

Waveform parameters such as voltage, frequency, and
RMS are measured automatically. In addition to general
parameter measurement function, the DL750 comes
standard with functions such as the following:

Cycle Statistical Calculationdt
This function calculates statistical Information about the
waveform. Maximum value, minimum value, average value,
and standard devions are calcuated automatIcally for each
waveform parameter. In addition, you can instantaneously
search for the cycle containing the maxirmum value and
dsplay It on the
zoom screen. This
COle statistical
calculation greatly
Improves your
Insight enabing you
to analyze transient
phenomena
capured using the
long recording
memory.

The DL750 comes standard with basic arithmetic operations
(addidon, subtraction, multiplication, division), FFT (power
spectrum), and phase shifting (calculating a phase shift
between channels). For more flexible and complex
calculations, an optional user-defined math function
package Is available. With this option, you can define up to
eight different formulas using a wide range of functions,
incuding a triangl function, dierentiaton, Integration,
square root, digital flter, and seven different FFT functions.
You can also speciy the results of a calculation as a
parameter In another formula. With these capabilities, the
DL750 makes It easy to perform complex calculations that,
In the past, could
only have been
done by loading
data onto a PC.

Linear Scaling

This function automatically
performs the following
calculation based on a MY
scaling coefficient A and
offset B:Y-AX+8(XIsa

the scale value) .-
The results of this
calculation are reflected in [a ._
cursor measurement values
and waveform parameter
measurement values. In addition, user-determined scale
values can be defined for any two measurement, Pi and P2.

GO/NO-GO Judgment

With this function, the user
specifies a zone or
waveform parameter for a
measured waveform. The
measurement signal Is
evaluated and a speclfied I 'l l
action Is performed
automatically based on the
evaluation. Available
actions Include outputting a
scroenshot to a specified destination, saving waveform data
to a specified storage medium, sounding a buzzer, and
sending email.
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DL750

pRjplay and Data Recording Functions

RealMme Hard Drive Recording (with the CSOption) Memory Backup Function

AM
With the optional Internal
hard drive, you can record
measurements to the hard
drive In real time. This
makes It easier to manage
and analyze data using
PCs and other tools.
Maxknum data capaixty.
1 GW
Maximum sampling rate:
100 kS/s
(usIng 1 channel only)

This function backs up
about 10 hours of data
saved to the acquisition
memory Immediately prior
to power loss. Memory
backup helps you avoid
losing important data even If
te powersupply Is
unstable and gets cut off.
(Backup time varies
according to the usage
environment FourAA
batteries are required for
memory backup.) I

Snapshot Function f
oe I

RRINJE

X-Y Display Function P

Using the snapshot function. you can keep the currently
displayed waveform with the touch of a button. Snapshots
are useful for comparing a reference waveform with an
Input waveform. In addition, snapshots can be saved to
and loaded from the storage media.

This function lets you display multiple X-Y plots together,
making relative phase comparisons easy. The X-Y display
function Is a powerful tool for applications such as
evaluating DC motors based on a Lissajous waveform.

All-Channel Setup Menu

This menu lets you review and modify aN of the channel
setups from a single screen display. Parameters such as
voltage axis sensitivity, screen scale settings, and Inear
scaling can be configured for each channel.

Wide Waveform Display

With the SVGA color TFT liquid crystal display, the number
of display pixels has been greatly Increased. For wide
waveform display, set the resolution to 750 x 512 pixels.
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- n Internal hard drive (optional):
20 GB (FAT32)

- U Drive (select one of three options)
* Floppy
* Zpf (250 MB/100 MB)
* PC card (Flash ATA card, Compact

Flash, Microdrive)1
(up to 5 GB)

..U SCSI Interface

*E USB-PC Jack (comples with USB Rev.
1.1)

|1 USB peripheral Jacks'
For use with a USB mouseJkeyboarzdprlnter

* GO/NO-GO I1O
External start/stop

_ Trigger outpultexternal clock Input (switch)
Outputs TTL level trbigger signals
External docks as fast as I MHz can be
used (with 701250 or 701251).

1. Ask for Information on compatible products.

ggm'R�7wcm= ,
R W717 71 TrZ
1w

* Connecting to a PC
(Supported operating systems: WIndows 98 SE, Windows
2000 Pro, Windows Me)
Just as for RS232 and GB-IB.
you can write your own custom
p~rogramIns~ Vsual C++ 6.0 or
\fisal Baslc 6.0 to control the
DL750 through a USB Inter-
face.
PC communications are made
easy wIth the Waveform Viewer
and WirWeputler sotware programsf
. Connecting USB Peripheral Equipment
USB keyboards, USB mouse and USB printers can be
directly connected to the DL750.

* Connecting to a PC
* Web Server and FrP Server
The DU750 has a variety of
server functions that let you
perform remote controls or
download waveform data
and screen Images onto a
PC. You can also acoess
the DL750 through the
Internet Explorer. Just as
for RS232 and GB-IB, you
can write your own custom
programrs In Visual C++ 6.0 or Visual Basic 6.0 to control
the DL750 through a USB Interface.

W". IW24-*1-71-4-vl.&7miggwm,2==Mmn�,Vlk4w,4
Simply press the
IMAGE SAVE key to
save Image data to a
CompactFlash card or
other storage meda.
The saved Image data
(PNG, JPEG, BMP, or
PostScript format) can
ten be displayed on
the DL750's screen as
thumbnails.
The PRINT key lets you
output Images to the
DL750's build-in printer, a USB printer, or a network printer.

e . 1%



Attachment 12 to BVY 05-084
Docket No. 50-271
Page 26 of 33

e' s-i -

110T"o

DL750
l

vnco Networking and PC Connectivity _

Web Server Functions
Connect the DL750 to your PC through the Ethernet connection. This allows for easy remote
operation using Internet Explorer.

i~ ~. W

Software for Waveform Measurement on a PC
Software for Remotely Controlling the DL Series

_ The Wirepulor software
program displays a sceren
Image of the DWe front panel

_ on your PC so that you can
monitor waveform signals. In
addilon, you can use the PC's
mouse and keyboard to control
the DL The DL can be
controlled via an Ethernet,
US8, or GP-IB.

This software program can be downloaded from the folowing URL
(reqtires registration):
htlpltwww.yokogawa.comtmfwlrepuNerI
Further details are available at the YOKOGAWAweb site.

Software for Using Your PC to Check Waveform Data
Captured In Long Memory

The Waveform Viewer software
program lets you view

>wlirmf-orri signals on your PC Just
-; as they appear on the DL screen.

This Includes zoom display, X-Y
display and the history memory
= thunbnaD displays. In addition,

n ~data can be r onwerted to CSV
format for use In programs like
Excel.

A trial version of this software program can be downloaded from the
following URL:
http:llwar.yokogawa.comtmr/00919/
Further details are available at the YOKOGAWA web site.

Mplni Unit Specifications
'Basic Specilleatlorm

Type
Slots

Flag-Ir modu. (Each uni has a lutd-In AOD convertar)
a

a
J~l.oglnr~ 16 9blibsm2)

Morlximrcod larngtll 2.5 MW/OH. 50 MW tWta (standard)
10 MW/IC. 250 MW local twith /MI cpdon)
25 MW/O. S00 1MW mIota (Wlth /M2 cpton)
50 MWICLI OW total twithAU3 Wpion)

Tine axsxhaccicyl *D.006%
sweip*no 0 . o 5sestpoid OnSto f .2,or ).I 0deodk20

SSCAJIV 30 sedW
3. 41.4 .10. 20.30 sMacdIv

I to 10 tMN (I h slope), 12 M/d*
I cby~ck 2 daya.v. 3 duys&

Inthl (1 auft to 24 Lr t
Enhanced rigger sotsao CM to CH1I6, LOGIC_& LOGIC_B
Enle tlrbeP A -B (M. A daW B. B w Time. B a Time, Blmew Oul.

Perod. Window. On. Edge Or A. Wave WIndow
0 Scrare 4xd" rate Muaxhmn 30 acreaec lor a single wavolorn

1.1Tfics Opeatin conditions: An'tiont lernrke ot 23C s * 0rl hridty (F14
of 55 * 10%

DIsplay
DWIlay 10.4-ch Color TFT Iquld cysta deploy
Etteclve screen aiz 211.2 mmnx 15t.4 mwn
RPoeskdon 600 6oo
WaveFonr dCly pixels 65o 512 f(In nomid wannlor d~splay mode)

7ardisay modes "
Zoom Uk. Main & ZI.t Mn Z1& Z2, Main & Z2. Zt Only, Z2

Oniy, ZI a Z2 (ZI and Z2 w
abbrevitions r zoom arsa I and zoorn 2. repecvly)

XY sgIbModphdkIst Y MIset by usr), Oud Mode
AXYn1r XYZ XY3, XY4)

urldon PElS9T Overlays In one color.
1. Th LCD mny contaIn some pihls VtW are &sys of or a men. in eddiaon.

hiatriness may very due to th a eacledics of tho kM cryl display. This b not on
Indicaton of wry prorem WbM Ino dsplay.

ecordar r.

* t-In printer
Prd mtnod Thmal Ine-dot prntsg
PpeSrwdl 112 mm
Elacve recordig wkdh 104 tmn
Functons Sc rprlthng. lng prlnSig

* Real-lne hard diveron dlar (i/Ooption)
Daa c0p cky I GW (Ior one Vms racord)

0 kcuo n modoz
Normal

Box avrage
Averaging

Model
P eeco

slopo oeedoato

Malmra samping rate: I0 Me
Holds pear valu at masnnn sarnpn rae, regardees of
llmtdvo ealng
Incresee AA) resolution up to 4 bils .p to 16 bits)
Nurdter of averaging: 2 lo 65,536 J atp)
100 moc or 1aa

AM Auto LELI NOWAL. SN3611E, SIstEE M LGO
Ob 100% On 0.1% slop)
CHI to CHI, DSPI t DSPK LINE. EXT. LOGIC-.
LOGICB. TUCE
CHI mCRCHISB. DSPI to OSPS: Alel. lall. use-Iad EXT
{aemal Wiw Inp). LOGICt LOGIC_B: ks, aln
lho: Dab ) mon
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a . unit Specifications

M sap wrog rate 100 Ikb (ung I damel

Ths unction captue to wam wvnnorm date at two difforent samping mus,
MaM (low-ePeed) omxlmul mng aLe

Rd mode ea st 100 S/s
M* hgpeed) madxum MO ate

Maln maximum memory lengh
100 UW fwith &O op"

Sub memory lengt 10 kW (ftoed)
Sfb marisan number of coptured s0Ofl

100

"AnilYsis Funection. ' . .
* Chonnal-lo-clraingl caloiaton kucon

DefinabiM dwavelorras a
Calculable r d length 600 W(usng MXTHI onl

100 kW wNg MATHI tough 1619He)
Strwardoperakors AM Moub. eadun. mnulpicdon~dtAIon b rwy

bonverslon phase twlg. FFT
mIFTp4 PS (Power Sp-urn)

. ffo opois 1000, 2000 10,000
Windo aun. Recranguisr. Hamivg Flat-Top

User-defted moth luncflon ioldh IG2 opdon)
q :erators ABS. SGM LOG. W. NEG. SIN, COS, TAN ATAN. PK

OF. DIF, INTG, SIN. P2. P3, Fl. F2, FV, PWHH. PWHF,
PWILK PW., PWXX. FLTI. FLT2, HIBT. MEA, A,
LOGMA. PHASE. REAL. MAG

FFm Wa L. PS. PSD. C5. TF, CH
Number of polts 1000.t2000. 10,000

Window luncdons Fedanglar, Harving. Flat-Top

PSP Channel Function (with the 13 optlon)
DSP dc viae a
tUh mnn onrpg Mn' 100 ItSM Wm exceefn 100 kS/s. the eamrlng rae Is

rusanpled at 100 kSMt
Operators Ccladdon boween dranneob (adton. s ntracion,

don; dosn), dItere n S WLPF). Intration.
dgt d111ang (LPFMPFWPF. FIR ,pe. 1R type. variable

Digital tiring outoll wtg range
MR lipe 02 to 30% of eerron frequency
FS re: 2 to 30% of sapling frequency

Calculalon delay 4 tnarplng + dgklt Sterling calolaton delay
1. When th DSP diel bI CIe. the Maximum sampling rate ofthe analog channel I

MU.

Wvorm Measuntment Funcrtone
* Cursors

Tys Hortiortal Two acu
VerYtc Two curorn
Matrer Four morker,
Detm Curor me asuroarnt on the hozontal axis Is diplayed bI

tl deg reer TY deploy only)
HIV (lorXY dployenty)

* Autornaft measnoment of wavelonn panuars
MaUnum number of fmeasured paraseter

24
MeUsuard paters P-P. Mex. Ato High, Low, Avg. Am. Atop. StdD, +08ot.

-Oshol. Ise, Fez, Fre Periodr ,Dut% ,Width.-Wdth.
Fs lksrl. Burst Avg Freq, Avg Piod, Delay, kh1TY,

bIEW, Int1XY, tn2XY
* Cycle st#tOcdpromes

MarUnvrnn oeer o cycles 24,000 (s one gprueter)
MaxiUmn btol number of Parameters

24000 toa masured reads)
Statistical Values Wad dealalonalriumber of

Mlnrtramnu nmeurem sengo 10IMW
* Search lundon Edge, voce, auto ecrol
* History atued imcdon Zone
* GO/NaGO A dn.cwnt

Pwnaetor Maajdgmatnbusn hcombinations of16wevelobm

Zone: Make judgment usig combinedon aofup toe wavelorn
zouse (AND. OR)

Actons: Cno ormore of the tollowgs: outputs screen Image dala,
*ris wa eolorm data, ac 1* a tuzra sends ard

Screen Date Output (Printer)

Destinatons Sated bu thI prer. external US5 pdnw, or network
prio roftiCtooption)

Formant Normal Ouputs hard copycoforn ehot
Long Zoomrn dplad wavelorm torg time asa and outputb

(The zoom factor d t depending on the tmark)

Screen Date Output Cbno Saving)
Desinatons bt d drive (loppy taInS, W dtv% or PC card).

external SCSI drbv, hternal hrd dive (wlt ICS op8on).
Formaettd reve(wthiClopfion)

Fonrmat PNO, iI'EG, BMP, PostSalpt

*~~ -- teri w ;-" :;..?,-,:-
* LOGIC Input spoolkctone

tn~aam kng ratae tooitdb7097
C o rb pro SIt non-ioated (700"96). It bolad pOo7)

* ET EXTTRtG OUT
Conne-tr RCA pin lac
krp utpoulevel TTL toSV)

* EXT Clocd IN
Connector RCA pin lt
boputl I TTL lO to V)
rput Irequency Up to I MHz lor modu. 7012570l 251/701 25). p to

100 kHz por nodule 701261701270/701271. DSP.CH), up
toSOOHz(lormtrh70t265O

* Cormnication hntaelace t
GP-I. US5 periheral equrnent jacks (US keybobds
ard US8 pointeres), U3SB (compes ath Rer 1 for
orniction to PC). Ethernet (o nepleswth 100BASE.TX

orMd 10BASE-1 at JC10 optn). seritl R2), and SCSI

Conn ctortp ModlarJ (FU2)
IrO le"e TTL (O bI 5 V)

* Probe power teminl (wih /Pt4 ption)
Masinsn MnTbr of probe. powered 4
Conpatie probes Currnt probec 700937(15 Apa)nd 701930 (150Ari)
Mzximurm nwurebr cd ctantprb t can be usd at one eme

4 1for node 7009t7). 2 (tor mtodhe 701930)

Voice Memo Function :
* Voice mani

Record Vrd mode)
FlexbWe Mut rnecornig (mnL3 sacup to 100 sec, tol 100 uec)

Fh d 5at S tfro 5 se cw 20,10 tac 10, 20 o x 5,
253 SWc . M2. 100 meo 1

S Say tog r n waveform data phnry, sarn Me)
Playback Voco data loaded on ne mt/n unit i oututted from

nxcrbono tertrinal and ter Output tennl rGDNO-
GO)

* Voice coramnt
Rocord 3b1Ou *oc
Save When inag eaving Is executed (separate 11s)
Pleybedk Playback from mirophone brmnnl and speaker uolrt

termina (OGOMi-GO)

Acquisltion Memory Bacikp ; . , ' ! .

Ballare FourAA alcaine dy cedr (A)AMB) PMS and xEC tpa nm:
ILP) or four nickel x ml-hyie rechargesble batotries

Backed op data Acquiton merory wavelorm date, voice dond
Backp duration (reference vals.)

0

Aprooinaktly 10 houe (with A 3 optIon)
2. AtuSl badkup duation wil very somdng so the ueage conddonr

ht10al maedahir Floppy driv, Zips ci-te, or PC card (choose onez mid 20
GB herd -Ir (ah /C8 opton

Ganwol Spodlltectlono : - " ;'

Raed ply vag 100 to 120 VAC1200 t 240 VAC (ainoraicely wAtched)
Rased sl frequency # 60 Hz
Power ornumed Appm We1y 200 VA-MX
Ma#rimn Voltage 1500 VAC ior one minxe noes power ayy ard Wound
Iafing reslahce 10 MD or reoatet 500 VDC wos power upprly and

ground
Exterior 3SS 25S0 U0 mm (WHO). excludrn knobe ard

protrusions
Weight Am 8x lo.eb (mainunit with Out options. kksi M3 CO.

C10. arid P4)
Approx C kg ("loh tunltnd elght 701250 modules)

Operetng temperature range
S to 40'C

Hgh-Speed 10 iYYe 12401lt lioalon Module 701250)

kputr cannmoi 2
Iput coupina AC. DC, GiYD

Mcxlmum piig rate 10MW.
M.-ln Moh 12 *a{1(I50 LSBA*t4A C octearibiamcldonnbstL rw otinput typebucds

Freuey ramge (-3 dB)' DC. tp to 3 1Hz
hpurange (10:1) 50 mVAdvto 200 VAlv(n otepn of . Zor5),

(1:1) SmVdfv o 20VAvOntsopeof1.ZorS)
EJMeasurementrge 20 dv (deploy rang 10r)
DC oedt 5div
MaUlmnumiputvoltage 1 kHzorleas)

In aarbanon tIn 700929 (10:1)'
eoo V (DC ,ACpsak)

DirspI1ut[1:) 1
0  

250V (DCACpeat)
Maximum atlowable h-phse vobe

In cormbnaton with 7D0929 110:1)'
400 Vnnc (CAT I) 300 Vnn (CAT 1)

Incah naton wnh7104 lpe .2,or 570195411rt)I
400 Vine (CAT I, 300 Vine (CAT M)

itunwutoriyp:1)i 42 VDC (DO+ 9Cpe (CAT I and CAT Il 30 Vmas)
D Cm *(O% f10 d24
kpA Impedance I 1ai aSpprox. 35 pF

For detalled spedficatons, go to the foflowing URL: httpJlwww.yokogawacomtilDL750/
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Connector" le Isolation Mmp 3310 connector
kipumle OFF. 500 Hz.56kltz.50kHz, SW ktlz
Tawrator coefficient

Zero point a:.S c=I10&dlY'C yplcalvd.Ie)
0.0% r i 10 dy14C (qypklcvakja)

Input dninmts 2
Inputooupings AC. DC. 6GN0

Mkatsaiu f 9rt I MS/s
AIDon.r.o rebn 16lj200 LSa'llv)

tp uno wbalanced
Frs rancywga (43 dO' C up to 300 " PO2 VA*v to 5 mVkH4v

(101) 0 MVAJIVto 200 VIV (in AMpOf l. or 5)
(1:1) ImV vAWb20 VA (hIn tepe oil.2. of )

Vicotlatonll 00929(10.'1I

Okedb~oA140VCDC+eACpaeii)
Ma =1wmci Invhase voltage

400 Wim (CAT I). 300 Vrms (CAT IQ)
In oombinetion whhi 701901+7019S4 (1:1)

A00 'Vrma (CAT Q,.300 Vrms (CAT IQ)
Main rtoly11:) 42 V (DO + ACpeok) (CAT Iland CAT 11, 30 VWm)

SramVAdfv lo20V/dv s(0.25%e 10 &4
2 mVMY~ e(0.3%oftoclvl

Inputbgaas I MO a %, 4x. 36 p3
Connectr type Isolated Mmp 3SW corrom
input liarFF. 400 Hz, 4 ktik. 40 WEl
Trprauacoefficient

Zaropokti 5mrV~tva(20 VdW:r2% of10 dd)'C Mcal ealue)
2 nV/dkr a(0.05% of lde)rCftyPksa vsu)
I m dVAta. (0.10% o 1 ld~v)PC (typicvalValu)

Gain I MVA* ID20 VW. a(02 of110 divy (typica value)

1119"hpeed 10 MSU 12.833 ltose-Isaltooi Mcdiie (701258)
hip cilwnles 2
hIpulcouplinge AC. C.GND

NPAM co=eoln esuln 12 b 160 LUSB
Frlencriy rag (-3 dB)' DC. upi lo 3 MW1
kIputrange (10:1) S mV/dlv to200 Vjdv (histMmofll,2,or 5)

(1.1) 5 rVA o 20VAv On at"psel .2. or 5)
Eleatmsesuentawrvga 20 dv (dapley, rang. 10 div)
DC oleat a5 dv
Maximu an put voltg (I ktHz or lee.)

In combination wtts 701940 (10-1)
SOO V (C .ACpedc

Mtod Input (I 1) 250V (Dr.+ACpsad.
DC aocuray .030.%of ~dev)
kIpukt Imedance I MO *Mlsrox 35 pF

C wmco ye Meta typia 330 connector
inp"t 11 CFF. S00 Hz. 5 kHz. 50 ld-t. 500 kiz
Temtiut~e~ coefficient

2ato point .10.06% lof I 0*ir (typical vbaki)
Gaki a(0.02% of I dvy- (typical yakl.)

AdWep-Wjvep*. aI) 70194

.hgh-Voltag 100 kWe 16.81t laotation Module, (wfth PMS) (701260)
hkutctannala 2
kotut couplga A.C.01. CAA.D-U
Maximum sampling coae l00ok"
AIDconrrarlon resolullon 16 ts (2400 LS3Bv)
kiput ty laclatedublne
Frsqun=rwge (4dB),

Measuremenat mnoda
DC, tip lo 40 k~z

1048nmeavirmclode DC, 40HzloIa0 04z
bhiut rne (1I-I) 200 mOVW to 2000 VAJV (in slap. of l. 2. or 5)

(1:1) 20 mV/v to 200 VAN (in alpof t2. orS5)
Ela merres amiarage 20 dy (clolay MM*g 1 0 dlv)
DC ocoat as dv

Ma-u nu votg (I k~lz or Ieee)
In conbtnaton wI~h 700029(1 0:1)'

I000 VIOC ACpeak)
Inhoninaon wilth 701 901.701954 (I 1

Maxukurn allowabol. hi-pha vollage
hI corobialon wli 700929 (10:1)

Htside: 3000 Vffs (CAT 1,LaldL:400 Vrms(CAT 1)
hIncomtiwalon wth 701901+701954 (1:1)

Hcik 70VrmvCT rX')1 Lal: 400 %hns (CAT 1)
DWkecpAi (wlhen usnkg a cale whdic doment cOmp4ali with edty ad tandaud)

KI. sides: 30 VWmn (42V DC + ACpeak)l
DO accuray (wavisomro moa. ramant mode)'

a(0.25% of 10 Wl)

DC accuracy. (RMS me asuremant mode)'

Creatfectorol2orlaee a(2.0%of 10 dv)
CraetfactorolS ariea. &(3.r%oflod~v)

Ipuiopedan e I MO. I%,approx 35pF
Connctr te bobad type BNC coronctor
Input ster OFF. 100 Hz. Il lH 101 Hz
Temperatvre coaftent (wwatorn mesurrernen mode)

Zoro point (0.02% f 10 dv)C (tpl value)
Gain &(0.02# d 10ddv) lyCBrlyvaa

FA- 1tnv PAS 910(10)
FlWpto907.dsoEI4 100 me tpcl
Fd(I0to10%cd10G. 250rOtcal)

Crest lator (only et RUS maasuremnad

* Plea use 701 901( (1:1 sdety .deplor (a cr 700929 (10:1 safety probe). WNch
cornpls wlith lho aalstandard. tor IInh-o

* It Is bry dngerou to use cables Ml do not comply wilh lie safety standard.

Treh"I gh-bcislon VolaigeiModule (012.8 )
vudWinb 2

kIputcoupinga TC (termocoule). DC. GND
tnu typ bosted rnalanced
Apcace nors (N vrir TC)

K. E. J. T. L.. U. N.H. S. IL W. kon-dW opedgld/domel
Dais updating ra. 500 HZ
Frequnrge (-3d)' DC. up lo I00 Hz
Vrage accracy' (at voltage mode)

*(0.04% of10dv2 V)
Temperature measurenent accuracy 'q

TYP eaUre rne scuracirr
K -2C to 13001C (m t%6ri edlng*t.S MC)
E -2D0C lo GMC except -20to rC:
J -20DCt IIh 1C &10.2% of readng * 15C)
T -200C to 400C
L -200C to 900C
U -200C 400C
N 0OC t1300-C
RKs loC bt700'C *(0.1% o reading * 3 C)

except 0 t 200 C: S C
200 lo OOOC: *510

B ooC b 1800oC *(0.1 % o reading + 2-C).
except 400 to 700C: dC
Elflctive rp: 400 to I 800,C

W OT Co 2300 *C. I rof .3C)
kobmk ndral O r3 -K 0 to 50Ka4 K

50 to 300 K: *2.5 K
iMaxrwnlnpi* ivoltage@ (1 kHiZ or lea)

42 V (DC A~eek) (CAT I and CAT . t30 Vrms)
ut ra (WI30 ctO dsplay)

I tthhb00V OV loa10Vlv(n ofstopedt 2 orr5)
rpt s- -or Bindiog post
ipt Impedance, Approx. 1 M
tnut lbr OFF 2 Hz. Hz 30 z

Tamperoture coerciant (for volta)
Zero point a((O.01# dtO d4vC* 0.05 pVYC (ypiravue)

Gain (0. 02# dto dv)rC (t"Wval vau)

Straln Module (NM) (71270) ; .

10puldwvteis 2
tIput yp DOC od irput aoe a ig). blanced erert_

Autoatc Wlcing r- 210.000 pST (1 gaugs moeod)
Bridge voluage Seled iromn 2 V. S V, or 1O V
Ge resistances I 20 to I vo(br°dge, voag

Gauge rate
AD resolution
Maximum samping rad
Freqjancy range (-3 dO)'
DC Xcusqc

350 to 1oo0 n prbo voag oatftO I V)
190 2o 220 NN*bIn h staps O 0.01)
16 bt (4800 LSEAdv: Upper.OFS, Lower-FS)
I 00 We
DC. tip lo 20 kHz
&(0.5% d FS +5pSTFQ

IMaanrenn -t ..nn .martcs@5e t t.,.

500 tuSTh K - - 600 TIato50STh
1 000 ISTIR -1000 pSIR to 1000 ILSTR
2000 t 5TF -2000 pSMi to 200O pSTR
5000 MISTR -6000 pSTR to 5000 p5Th
10.000 I&STR -10,000 &iRTR to 1 0.000 tSTi
20,00 9STR -20,000 t STp to 20.000 aSTR

mVN range spp mVN rang . .5 x LaS (Th ronge/l 000)
Maximum alowadle khp voltage (I Miz or be)

10 V (DC ,ACpeelc
Manktum Ailowable gphe voltage

42 V (CCACpeek) (CAT I and CAT 11. 30 Vms)
Tiemperature coefficent

Zero point *S pSTRrC (pical value)
Gain &30.02% of FS)IC (typical value)

Iternal NWar OF, I ht 100Hz, t 10 zH
Input connector NDISasadard
Aarceaary (eap ao connector lIa for oar connection)

2 NODl coroet (A1002JC)
Recomondad brk ihead (NDS type) (sol aeprate)

701955 ldge resistance of 120 0 (W Smcdbl
701958 eridge reeetance, of 350 n) we m abi
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A WZ7i I j Pdixt4 rS Fes) CA,,,,ea DL750 Model Number and Suffix Codes

Input Intobola , balanced d&Wsrs
A ratod E ecSoo ng)-

hu. 2g1Wl(°s
Ac Sma cb l cd c w g *1 0.000 pSTR {1 (I Wu e m ~

vdwil ue bY12v 5 Vor g
GM r 12obI rdge voltagesofo2 V2
Gauereees e 2b J 10 000 ZO~dge v ot ~t

SD r c n 1 ebO1000Dsoo LS .o: t aeolF8 bY) S
l1m bib(00 LSbN rz M0 M.V:O FS)

Fccrus (-3 dOT DC, sp Sb 20 kH
D C * N ya(5S % d F 8 + 5 fiST~ b)

M e. bza n w w ren ge/rn wra b be to +rsa
600 pSTR -600 pSTt o 5OO tp37TR

1000 pMST -1000 F STROb 1000 pSTR

2000 pSTR -2000 pSTR to 2000 pSTR
6000 pSTR -6000 pSTM to 5000 pSTR

10,000 cSTR -10,000 pST to 10.000 aSTR

20,000 pSTR -20,000 pSTF to 20,000 pSTR

mVN range support mnVN rane - 0.5 x (STR rangeI 000)
Modmum alowable dInput vola (1 kHz or es

I IV(DC+=,p)
Maxsmum rWWbe bk m v

42 V (DC + Apeosl) (CAT I and CAT Z. 30 Vrm5)

Zwoi aSpSTtCt value)
ral*(0.02% ofF~()dca FvwCie)

Inloal sr OFF11, HZ, 10Hz
I comecloi OSUD
Aocessory (a of cod r or br -- -o-e

2 DSUB cnnetors
lecommorided Migs bend (6 g an oele)

701 97 P t Ie re ortMsa OeoI 120 0) fW Sm able)
701V6 podge *rsistonoo of 350 0) wd 5 m cbl)

=awn
701210 1 1 OL750 SODPOCordWO ACloo-12OVr2O240 V
Poer cable _p

4- | AS satndard
-H G8 standard I

Warnal media drMi 9'' 1 ZFlopp~y drile 2
12 z ,Os dr"
^ii I PC crud htort .2

D.eauol language IE I EMoleh &A

I aaee X
IX Chknss ,.

4K Kren
aH Ganan3

-HL I talian a
-HS ISopnish 3

Mumory osixon

io MiWCH r
e1C8 I Inrnal 20 GB hard drhs (FAT32)

|R4 - Probe power (4.ouLpul)
I|DC IODCt2VpOet(DCIO-tSV)l

*. =ln mo& we not lededL
2. Chooe on. h
3. Choose nen. D hl llp can be t hwcsd a t tm" br y tb e user.
4. Menu ern. c be tbe di dn am of s" posabe lerngs.g
5. Choose 0n.
4. One DC prr supplyw oxrocr MMWZ soler "ype) s hincuded wrth rhb orAo

r oeue _0 p ws.. s r _ , ds. ,s w
j : Sped Leglo Probe (TOdON)

Nurtier 0i k"pe
hInP I" Nodsol otd omoanon grurd for @l btrer logic modul nd

b lb rw u c n ans
M1oboun Input Vam 1 Id z or WM = P=rt. *0 and r Wrou

42 V (V ACp*Wc (CAT I ard D. 30 WMrns
FtRsponse rm 1 .pS or Ins
M put"orp n Aomraely I00 ko
Thr leve AhIObly 1 VY

Numbter of hiputs a
phiut f leolatsd (M hdvkkd bib bde loolaoid

hnputonecter aor cecoorr m pk) . a
)r*MW = i ,ACIDCM WAvl)bfr each bit

Pk C hput Ht dlosdon tI I o V DC lo 250 V DC
Threshoddvl hAC PA Hldsnleo (5n 0M Hz) for 80 VAC m250VAC

DChput OVDC. 50%
AC 5 eoVACsG.50%Pesponee lines
DC hp I ma or les
AChIps 20m orb"

MaUmum hIput yolag (1 Id4 or lo")
Maibmuman oweble (betlvee M and Lof each bitt 250 Vmrm (CAT I asd l1

250 Vrrns (CAT I and 1)
s)1Urn alo o btwe tbb

250 Vmia (CAT I and I)
hip hmdane 1100 kg

t. Lnbderroersm oai mno=nily trnperaue of 23c * VC, uoblsnt
Iuc*y (RHId 55% * 10%~ after c olkowk 30- umw* awomup pvlod)

12. Doe. r h r dliuc om ntiutotpb sn vxuacw:

hn e sb n~ l s .5 7 0 r 5 2

_ S,

C." . oe i b 5 leoelse,

rnnb t1+01001r n

Ve.. Sooty --wanitigns4 |

1-!4

Do nUt exced fIe r dmroan hIpuoe.wtetand voltage, or suwge uroolre hi rder bi
r ectnd shoM ee d ain uk hI order lo preven electri shockc

be s Wtn b tiemoltoe'e M*a Elvcvcal protoctr funcions and aechanial
prolecOtY lunclon will not be offsll

Standard Accessories
,. , :.: -. Product

Power rcable 1
UseLs manuas (one set) 1

Tanparnt front ower t

Pdor mllpaper(10 me) 3
Crer pansh (for blak modube sbto) 8

Robber lest (tour p~r 8

Sctc c (tir .. o . .aossa s) I

PIua-In Module Hodel umybers '

70125S | lShStpec 8 n-tladon Modudl (2 CHI)
Ion M l te DS) (2 C4701260 IHglOVOb1COtkS1IS-k

7012b5 1 Ton7erair"/ghlp-Proclon Votlage Modie (2 CH)
701270 rs tAMWlilep(NDlS%2CH)

I Probes not Intuded Wth any modules. probe nuts be purchased separately as
accessories I raqulrad.
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DL750

A c essories _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

AIUIe t 71I4

Oflw-.l. Poew V00124)

'IOtqedbbpoe(006

0ow I P4

so Vft W .&.f ." Pet0s0 bva0e P0 den9,1

b0 deW19 oe.ri. .W0) U6k0aiw~uel0

I

11d1d heid 900668710006

El
Measuring Inverter 1/0 signals and control
signals using the 10 MS/s high-speed 12-bit
isolated module, current probe 700937 and
isolated probe 700929
The model 700937 can be powered when
the /P4 option Is selected.

Probes. Cables, and Converters Exterior Dimensions

I NCw00 0r0Oro kor d -_70100 1 W0Wo AT3 br M71251.M 71 (101)
I ohft baln A" 0,4I -

13.5. - . 3SS(13.") T Urit: mm
F.63 VI_

- C=s4�0 EL Onch)

2? 3 1

1 W

3 1

1 i -&.0 3Lt..iF
121

9 (7-09) 0.83
1 11

lFoltow thaftplrse0 1 750661

I cusrord Probe 70031 j5000 Aeon. G z.=pp1xu powor
sellco" Case pOm w M25q 70196 0 elorage pockes. shoLider bet
WlWWWnt probe 1704 1400 pk, 1000 Viror-CA 11

Sedge head pv 700 0) 01001 Who~ 8 m CAie

Earphorw-~ WI PIJSHMAebo) 70110 For voice menon horchon
Speaer. code. Qbf 0bc. merno) I0C0 Forooonoredicner eolrral mrealero
BOJI edopor 7I1SM 500 Voror-CAT 0. SW-banana corvrambn
Prdorero r* ppr BNOWA lmolmato mgxlO

I '.iOgO blAtoatC aduolly beooed Isonthe 1w endof Ire apeebatbre
2 91166 Wtg bobei type WIGSpri 0091701940,42 Vor iaeweoorktrd esal
3 W~hen blono 70133119W)1 Ire DL750s probe power orflo Mre meascurog range kmo the

poower pM capacky limt s 000 A (CD.ACpoak). end I probe hllowed~
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16.12 Module Specifications

Strain Module (DSUB, Shunt-Cal) (701271) Specifications
Item Specifications
Standard operating Temperature:23 C±5- C
conditions Humidity: 55%/±10% RH

After a 30-minute warm-up and after calibration and auto balance
Effective measurement -FS to +FS (set using upper end lower Emits)
range
Number of Input channels 2
Maximum sample rate 100 kS/s
Input format DC bridge (auto balancing), balanced differential input, and Isolated
Auto balance type Electronic auto balance
Auto balance range t10000 it STR (1 gauge method)
Bridge voltage Select from 2 V, 5 V. and 10 V.
Gauge resistance 120 0 to 1000t0 (bridge voltage: 2 V)

350 n to 10000 (bridge voltage: 2 V, 5 V, and 1 0 V)
Gauge factor 1.90 to 2.20 (sot In 0.01 steps)
Frequency characteristics' (-3 dB point when a sine wave of amplitude ±3 divisions is input) DC to 20 kHz
mVN range support Supports the strain gauge transducer unit system.

mVN range . 0.5x(i STR range/l 000)
Measurement range (FS) and measurement range

When using STR range
Measurement Range (FS) Measurement Range
500 p STR -500 p.STR to +500 p STR
1000 p STR -1000 L STR to +1000 p STR
2000 I STR -2000 p STR to +2000 p STR
5000 p STR -000 p mSTR to +5000 p STR
10000 p STR -10000 I STR to +10000p STR
20000 p STR -20000 p STR to +20000 p STR

When using mVN range
Measurement Range (FS) Measurement Range
0.25 mvN -0.25mVN to +0.25 mVN
0.5 mVN -0.5mVN to +0.5 mVN
1 mVN -1mVN to +1 mVN
2.5 mVN -2.5mVN to +2.5 mVN
5 mVN -5mVN to +5 mVN
10mVN -10mVNto+10mVN

DC accuraey 2(0.5% of FS+5 i STR)
Maximum Input voltage Between Input+ and Leput- 10 V (DC+ACpeak)

(At 1 kHz or less)
Maximum allowable Between each terminal and earth ground
common mode voltage 42 V (DC+ACpeak) (CAT I and CAT 11,30 Vrms)
(At I kHz or less)

Input connector
Common mode rejection
ratio

A/D conversion resolution

Temperature coefficient

9-pin D-Sub connector (female)
80 dB (50/60 Hz) or more (typical2)

Bandwidth limit

Function

16 bit (4800 LSB/div: Upper - +FS, Lower - -FS)

Zero point: c5pILSTRr C (typlcal')
Gain: t(0.02Y. of FS)r C (typical2)

Select from OFF,1 Id-Hz, 100 Hz, and 10 Hz
Cutoff characteristics: -12 dB/OCT (typicaP)
mVN support Supports the strain gauge transducer unit system.
Shunt calibration support. Built-In shunt calibration relay (1 gauge method).

Connector shell set for soldering
A1520JD (9-pin D-Sub): 2 pieces, A1618JD (connector shell): 2 pieces

Recommended bridge head 701957 (D-Sub 120 0, shunt-Cal, comes with a 5-m cable)
Recommended bridge head 701958 (D-Sub 350 , shunt-Cal. comes with a 5-m cable)

Standard accessories

Compatible accessories
(sold separately)

IMt l1210-O1E
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16.12 Module Specifications

Item Specifications
Precautions Highly sensitive measurements are made in the t&V level In strain measurements. Therefore, take

measures against noise at the strain sensor perimeter, bridge head, and cable wiring.
* Depending on the noise environment, an error may result In the balance. Check the Influence

before making measurements.
* The bridge head specified by YOKOGAWA has high noise resistance.
* When executing shunt calibration, be sure to calculate the shunt resistance In advance, and

execute it in a range so that the measured values do not exceed the range even when the shunt
resistance Is ON.

* Some of the strain gauge sensors and bridge heads made by other manufacturers do not have
sensing wires connected. (No such problems with bridge heads made by YOKOGAWA.) If such
products are used, an error may result In the bridge voltage leading to measurement errors,
because sensing does not work effectively. Perform sensing as close to the bridge head as
possible. (There Is no conversion cable for sensing on D-Sub connector types.)

* The connector shell Is connected to the case potential.
* When abridge head (701957 or 701958) Is used, the connector shell, cable shield, and the

bridge head case are all connected to the case potential of the DL750.
* When a bridge head (701957 or 701958) Is used, the floating GND is connected to the bridge

head case Inside the bridge head.
* Be sure to execute balancing again when you change the range or the bridge voltage.

1. Value measured under standard operating conditions (section 16.11).
2. Typical value represents a typical or average value. It Is not strictly warranted.

Module frontView
5 4 3 2 1 1: Floating common

4 I2: Sonse. (positive bridge voltage sensing)
3: Shuntcat- (negative shunt signal)
4: Shuntcal (positive shunt signa)
5:Sense+(posilivebridgevoltagesensIng)
6: Bridge- (negative bridge voltage)

9 s 7 77: Input- (negative measurement signal)
8: Input+ (positive measurement signal)
9: Bridge+ (positive bridge voltage)

LI
* Do not apply input voltage exceeding the maximum input voltage, withstand

voltage, or allowable surge voltage.
* To prevent the possibility of electric shock, be sure to furnish protective earth

grounding of the DL750.
* To prevent the possibility of electric shock, be sure to fasten the module screws.

Otherwise, the electrical and mechanical protection functions will not be
activated.

* Avoid continuous connection under an environment In which the allowable surge
voltage may occur.
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4 701955-701956 NDIS bridge heads
NDIS cable (5 m) Induded
Bridge resistance: 120fl (701955)

350Q (701956)

- 701957-701958 D-sub bridge heads
D-sub cable (5 m) Included

,Supports Shunt-Cal
Bridge resistance: 1200 (701957)

350Q (701958)
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-> 700940 NDIS connector cable
A 1.5 m long connector-to-connector adapter cable complying
with NDIS-MIL C26482. Used to connect a MIL-stan-dard cable
to the strain module

- A10023C NDIS connector
An NDIS connector for direct connec-tlon to a strain module.

4 701951 Earphone microphone
For recording and playing voice memos

DL Series Se
Guide
Find the right
youl

Serial Bus A
Selection Gu

For 12C CAN,
analysis

Probes for D
Oscilloscope
Supporting a
measurement

Accessories
series
Accessories o
probes

�22�

-> 701952 Speaker cable
For playing voice memos FAQ
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