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S,ﬁa Florida Power
A Progress Energy Company

Crystal Raver Unit 3
Docket No. 50-302
Operating License No. DPR-72

Ref: 10 CFR 50.90
November 25, 2002
3F1102-11

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

Subject: Crystal River Unit 3 — Submittal of Non-Proprietary Information Re: Proposed License
Amendment Request #270, Revision 0, “Power Uprate to 2568 MWt” (TAC No.
MB5289)

References: 1. FPC to NRC letter, dated June 5, 2002, Crystal River Unit 3 — License Amendment
Request #270, Revision 0, “Power Uprate to 2568 MWt”

2. FPC to NRC letter, dated September 30, 2002, Crystal River Unit 3 — Response to
Request for Additional Information Re: Proposed License Amendment Request
#270, Revision 0, “Power Uprate to 2568 MWt” (TAC No. MB5289)

Dear Sir:

By letter dated June 5, 2002, Florida Power Corporation (FPC) submitted License Amendment
Request #270, Revision 0, “Power Uprate to 2568 MWt.” In response to an NRC request for
additional information dated September 30, 2002, FPC provided proprietary Framatome ANP
document, FRA-ANP 51-5015662-01, “FIV Development, Qualification and Clarification for TMI”.
The attachment to this letter provides the non-proprietary version of Framatome ANP document,
FRA-ANP 51-5015662-01. Also being provided for NRC review is the non-proprietary version of
Framatome ANP document, 86-5022636-00, “CR-3 PT Fluence Analysis Report — Cycles 7-10".

This letter makes no new regulatory commitments.

If you have any questions regarding this submittal, please contact Mr. Sid Powell, Supervisor,
Licensing and Regulatory Programs at (352) 563-4883.

Sincerely,

doe & G0

Dale E. Young
Vice President
Crystal River Nuclear Plant

DEY/pei

Attachments: .
A. Non-Proprietary Information - FRA-ANP 51-5015662-01, “FIV Development, Qualification
and Clarification for TMI” '
B. Non-Proprietary Information - FRA-ANP 86-5022636-00, “CR-3 PT Fluence Analysis Report
- Cycles 7-10”

xc:  Regional Administrator, Region IT ‘A;(ﬁl

Senior Resident Inspector
NRR Project Manager

15760 West Power Line Street ¢ Crystal River, Florida 34428-6708 ¢ (352) 795-6486
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STATE OF FLORIDA

COUNTY OF CITRUS

Dale E. Young states that he is the Vice President, Crystal River Nuclear Plant for Progress
Energy; that he is authorized on the part of said company to sign and file with the Nuclear
Regulatory Commission the information attached hereto; and that all such statements made and

matters set forth therein are true and correct to the best of his knowledge, information, and belief.

Dute o Uoser
Dale E. Young / /

Vice President
Crystal River Nuclear Plant

The foregoing document was acknowledged before me this Z5th day of Noveriber
2002, by Dale E. Young.

e Stlnaeses

igilature of Notary Public

S e, JANET SCHROEDER
o % MY COMMISSION # DD 128063
& EXPIRES: June 20, 2006
STRe™  Bonded Thru Notary Public Undenwrhers

(Print, type, or stamp Commissioned
Name of Notary Public)

Personally Produced
Known -OR- Identification
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A ENGINEERING INFORMATION RECORD
FRAMATOME ANP

Document ldentifier 51 - 5022444 — 00

Titte  F!V Development, Qualification and Clarification for TMI

{(Non-Proprietary Version of 51-5015662-01)

PREPARED BY: REVIEWED BY:

Name JA Burgess Jr Name RR Schaefer

Signature D(Q éBl w Tt Date j1-)9-02 Signature 625 é ./<E g Date/:é‘zéz‘

Technical Manager Statement: Initials =22

Reviewer is Independent.

Remarks:

During a meeting with the NRC and TMI, a number of questions were presented with respect to the development of
the Framatome ANP Flow Induced Vibration (FIV) methods for application to the OTSG. The historical,
experimental, and analytical basis for the FIV methodologies is presented herein.

This document is the non-proprietary version of the proprietary document [51-5015662-01 or Reference 12]. In
order for this document to meet the non-proprietary criteria, certain blocks of information were with-held based on
the following criteria.

a) Information reveals cost or price information, commercial strategies, production capabilities, or budget
levels of FANP, its customers or suppliers.

b) The information reveals data or material concerning FANP research or development plans or programs of
present or potential competitive advantages to FANP.

c) The use of the information by a competitor would decrease his expenditures, in time or resources, in
designing, producing or marketing a similar product.

d) The information consists of test data or other similar data concerning a process, method or component, the
application of which results in a competitive advantage to FANP.

€) The information reveals special aspects of a process method, component or the like, the exclusive use of
which results in an advantage to FANP.

f) The information contains ideas for which patent protection may be sought.
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1.0 PURPOSE

The purpose of this document is to present the methodologies used to evaluate the Flow Induced
Vibration (FIV) concerns of the OTSG tube bundle. This document will present both the techniques
used to determine the OTSG secondary side thermal hydraulic conditions as well as their application
to the structural FIV analysis. The qualification and accuracy of the thermal hydraulic and structural
computer codes used in these evaluations are discussed. Lastly, recent test results of the cable
stabilizer damping properties in regard to the fixed boundary conditions at the tubesheets and tube
support plates, which result from an over-pressurized swollen tube, are presented.

2.0 BACKGROUND OF ORIGINAL OTSG TUBE FIV DESIGN CONSIDERATIONS

In the initial developmental stages of the OTSG design, which occurred during the late 1960’s,
Babcock & Wilcox performed numerous tests to assess the heat transfer characteristics and structural
integrity of the OTSG shell and tube bundlc. The mockup of the OTSG design was similar in length
and other pertinent design considerations to that which was constructed for commercial operation with
the exception of the number of tubes. The OTSG mockup was limited to 37 tubes. The OTSGs in
service today have nearly 15,500 tubes.

The stability of the OTSG tube bundle was examined through qualitative test data and the experience
on stability that were available when the design was first conceived. To provide the necessary
confidence in the stability of the OTSG tube bundle, Babcock & Wilcox conducted an extensive
research and development program to ensure that the OTSG tube would be fluid-elastically stable.
The objectives of this program were to:

(1) Determine experimentally the stability characteristics of the OTSG tube at design conditions;

(2) Study experimentally the effect of various operating and physical parameters on the stability
characteristics of the OTSG tube;

(3) Develop an analytical tool by which the stability limits of the OTSG tube can be predicted.

A large amount of literature on the subject of fluid-elastic instability was reviewed and evaluated
which provided an understanding of the phenomenon and led to an analysis code by which the
stability limits of the OTSG tube bundle could be assessed. This code was also used to evaluate tube
support plate configurations based on the instability ranges of the tube bundle. The capability of the
analytical model used to evaluate the stability of the OTSG tube bundle was compared with the test
results and other boiler designs currently in operation and found to predict the instability of a tube
bundle with reasonable assurance.

Since the stability of the OTSG tube is directly related to the natural frequency of the tube, vibration
testing was performed with a 0.625 inch OD Inconel tube 625.375 inches long, with a wall thickness
of 0.035 inch. The tube was fixed at the ends to simulate the effect of the tubesheet and was supported
between the ends by supports similar to those in the manufactured OTSG. The objective of testing
performed with this mockup was to determine the possibility of buckling, vibration, and wear.

FIV Development, Qualification and Clarification for TMI
Non-Proprietary Version of 51-5015662-01 Page 3 of 10
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Vibration pluck testing of tubes on the actual fabricated commercial OTSG was performed in order to
demonstrate that the production unit’s vibratory response is in agreement with the sample tube test
discussed above. The tubes tested in the production unit were found to have an average natural
frequency of 47 Hz. This compared closely with the predicted value of 45 Hz.

The damping ratio was a second item considered in this program. In the single tube test, the average

. . b . .
percent of critical damping was[ 1"'In the production unit test, the average percentage of
damping was about] T %4

In conclusion, the pluck testing performed on the production unit demonstrated that the single tube

laboratory testing as previously determined was representative of actual condition in the as-built
OTSG units.

3.0 METHODOLOGIES FOR DETERMINATION OF THERMAL HYDRAULIC INPUTS FOR
FIV ANALYSIS

Flow loads on OTSG tubes were originally based on tests on a scale model boiler described in Section
2.0. The velocity and density distributions in the top span were based on the following assumptions:

b,
e The steam density is[ j(lbm/ft3 and is uniform over the top span and over the entire cross
section of the OTSG. bid
e The axial velocity distribution follows the[ ] tubes. Thus, the actual cross
flow velocity for each tube was[

].b.d

The secondary side mean velocity flow conditions. that were determined from testing, varied from
tube-to-tube over the cross sectiop of the OTSG. The maximum peak factor (ratio) from the mean
velocity in e%cll tube was[ ]a?ffi C
] or the TMI Q'ISGS. The highest flow load occurred at]| ad
7. at which the mean cross flow velocity was[ ]ft/s. The highest predicted
mean cross flow velotc‘:tity for tubes[
7 ft/sec.

Framatome ANP now uses a modified version of EPRI’s “PORTHOS” computer code to predict
detailed thermal-hydraulic performance of the OTSG. “PORTHOS” is a three-dimensional
computational fluid dynamics computer code that models the tube bundle between the lower and
upper tubesheet secondary faces. This modified version of “PORTHOS” has been adapted for OTSGs
and its accuracy has been documented in Reference [7]. The OTSG thermal hydraulic model includes
the aspirator port, tube support plates, peripheral gap between the tube support plates and the shroud,
open tube inspection lane, and steam annulus. The current version does not include the feedwater
downcomer, but does include the effects of steam-condensation heating of the feedwater. Applications
of this code have included calculations of:

(1) cross flow velocities and dynamic pressures in the upper span to support power uprates and
definition of tube stabilization criteria,

(2) moisture distributions in the upper span and at the upper tube sheet to establish localized and
overall tube plugging limits. and

FIV Development, Qualification and Clarification for TMI
Non-Proprietary Version of 51-5015662-01 Page 4 of 10
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(3) mixed mean steam temperatures to support overall tube plugging limits.

The OTSG tubes are spaced on a triangular pitch. Thus, the tube orientation provides what appears to
be a staggered alignment in some directions and an in-line alignment in others. The PORTHOS
computer code models this effect using several parameters to account for the “porosity” of a steam
generator tube bundle in its formulation. The volumetric porosity is used in the computation of cell
pressures and the directional porosity values are used to compute gap velocities between the tubes.
The directional porosity values are input for the axial, radial, and azimuthal directions.

It is believed that the hydraulic resistance of the tube bundle does not have a significant azimuthal
dependence and the azimuthal variation in radial velocities is small. Thus, in PORTHOS modeling,
the smaller of the two porosity values are input for both the radial and azimuthal porosity. This
maximizes the velocities and is therefore, conservative. Framatome ANP is unaware of any test data
that would confirm or refute this azimuthal variation of radial velocities.

The accuracy of the PORTHOS thermal hydraulic code and methods have been verified and thus its
use in safety-related calculations is justified through favorable comparisons with model scale testing
and plant data, References [9 through 11]. These comparisons include:

» Two different tests on 19 and 37 Tube Model Boiler tubes defining axial primary, tube, and
secondary temperature distributions over the axial length as well as secondary pressure
distributions

e Babcock-Atlantique Tube Bundle Cross Flow Velocity Distributions (with and without
internal AFW headers)

o Plant Mixed Mean Steam Temperatures for 2568 Mwt nominal, 2772 Mwt nominal, 2568 Mwt
with high peripheral plugging, and 2568 Mwt with three-tube wide inspection lane.

Many of these comparisons are presented in Reference [7] along with the comparison with plant
mixed mean steam temperatures. Therefore, the use of PORTHOS to predict the OTSG secondary side
conditions in the top span is justified for use as inputs into subsequent structural and FIV calculations.

Since PORTHOS lacked a turbulence model, corrections are made to accurately model the lower span
of the OTSG. This short coming in PORTHOS limited the ability of the model to represent effects of
fluid entrainment by the flow of streams jetting through the downcomer orifice which would be
required to accurately predict the formation of any recirculation eddies.

Modifications to the PORTHOS coding have been made for the purpose of adding capability to model
the orifice plate openings, lower downcomer, and baffle ports in the inlet region of the OTSG.
PORTHOS models of the Chalk River (See Section 5.0) and ARC SG model configurations have been
made and results compared with test data. PORTHOS results for velocity distributions over the SG
inlet region at the tube bundle outer radius are considered reasonable. A conservative method is used
to extrapolate velocity distributions at the outer radius to other radial locations within the lower

bundle.

FIV Development, Qualification and Clarification for TMI
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4.0 FIV ANALYSIS METHODOLOGIES

The general guidelines and methods employed by Framatome ANP for FIV analysis of heat exchanger
tube banks are given in References [2 through 4). For a virgin tube model, a single tube is modeled
using finite element techniques provided by the Framatome ANP computer code “CASS”. The tube is
fixed at the secondary faces of the upper and lower tubesheet and pinned at all tube support plate
locations. The effective mass of the tube, including the primary and secondary fluid, is considered in
the modal analysis.

Once the frequencies and mode shapes of the tube have been determined, the Fluid-elastic Stability
Margin (FSM) of the tube is evaluated with the Framatome ANP computer code “PCSTAB2”. When
a tube bundle is subjected to cross-flow with increasing velocity, it will come to a point at which the
responses of the tubes suddenly incrcase without bound, until tube-to-tube impacting or other non-
linear effects limit the tube motions. This phenomenon is known as fluid-elastic instability. The
“PCSTAB2” computer code determines the margin against this instability of the tube from inputs such
as;

The mode shape eigenvalues from the modal analysis,

Connors’ constant,

Damping values,

Cross flow gap velocities,

The linear mass densities of the tube, including non-structural and added masses
Secondary side densities.

The computed Fluid-elastic Stability Margin (FSM) is the ratio of the critical velocity of the tube
bundle (or the velocity at which the tube bundle is predicted to become unstable) to the equivalent
mode shape weighted pitch velocity. An FSM greater than 1.0 implies that the tube is stable while and
FSM less than 1.0 implies that the tube bundle is unstable. The minimum acceptable FSM for design
is 1.0.

The stress from random vibration of turbulent cross flow is determined with the Framatome ANP
computer code “PCRANDWIN?”. These vibrations are small in amplitude and always occur below the
critical velocity and away from the vortex lock-in region. These small amplitude vibrations always
exist and are caused by the turbulent eddies in the flow. The “PCRANDWIN” computer code
determines these stresses using the coherence integral method and from inputs such as;

¢ The dynamic pressure ('/szz),
Damping ratio due to small vibration,

s A table to introduce the frequency dependence of the random lift coefficient and the
correlation lengths

The vibration amplitudes due to vortex shedding are only computed for tubes located at the periphery
of the bundle, as it is believed that the required vortices will not develop intra bundle. This response is
also determined with the Framatome ANP computer code “PCRANDWIN”. When vortex lock-in
does occur, the forcing function becomes fully correlated over the span of the tube. Thus, vortex-
induced vibration is determined by assigning a very large correlation length to the tube spans. The
inputs for this analysis are simila: to those provided for the turbulent buffeting vibration.

FIV Development, Qualification and Clarification for TMI
Non-Proprietary Version of 51-5015662-01 Page 6 of 10
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5.0 VERIFICATION OF FIV METHODOLOGIES

The Chalk River Nuclear Laboratory performed a stability test on a full scale model that consisted of
the lower three spans of the B&W 177 Fuel Assembly OTSG. The actual span lengths, support plate
thickness and tube-to-tube support plate clearances were properly simulated in this test. Results of
these tests show that the tube bundle[ I bid
Ib/sec [Reference 5].

An analytical model of the Chalk River test tube was created to evaluate the FIV techniques and
methodq}lo ies performed by Framatome ANP [Iieference 6]. The analytical models predicted an FSM
off Jwhenusinga F?ggnors’ constant of{ ],‘dn axial damping value of{ ]gﬁg a perpendicular
damping value of [ Jfor the test above. Therefore, the overall analytical model predicted the
instability threshold to within approximately{’ ].b

bd
Framatome ANP has consistently used a Connois' constant of{ ]for single phaste Slows in the bottom
and top spans. An axial damping value o ]ariﬂ a perpendicular value of] Jare employed in the
FIV analysis of OTSG tubes. The[ ]”‘axial damping is used to account for the frictional losses
occurring between the tube and tube support plates as the tube slides vertically through the support
plate. The contradiction in the constants employed in Framatome ANP FIV analysis and those
dctermined from the Chalk River test can be in part eradicated through the relation of damping and the
Connors’ constant. The Fluid-elastic Stability Margin of a tube is proportional to the following

parameters;
bd
pE=1 1

The combination of these two input parameters is believed to be realistic and not overly conserv tive
by industry experts in the field of FIV. It closely corresponds to the Connors’ constant of{ Jan
damping of { 6,d 1 b%sumed in the calculation to correlate with the Chalk River
test results. When B=[ Jand §=i b1‘nputs are used, the fluid-elastic stability margin predicted for
the Chalk River test setup is[ ]b,‘ at is, with an accuracy of about{ | b

The uncertainties in calculating the FSM come from;

(1) uncertainty in the fluid-dynamic input;
(2) uncertainty in the damping ratio;
(3) uncertainty in the stability constant.

Framatome ANP addresses (1) by using two different sets of input from two different sources,
including the input from the “PORTIIOS” computational fluid dynamics code and the older estimates
that were actually extrapolated from a scale model test at the time the OTSGs were being designed.
When all other input parameters are the same, the FSM values computed with these two different sets
of fluid dynamic inputs are comparable, with the “PORTHOS” input giving results that are believed to
be more accurate due to its more detailed modeling capability. Ite 1054(2) and (3) are addressed
together by using a conservative estimate of damping ratio of{ Jior locﬁsely supported multi-span

tube together with a conservative value for the stability constant} ] b

FIV Development, Qualification and Clarification for TMI
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A test conducted at Babcock At]ax%i ue over 25 years ago showed that the stability constant for the 4
OTSG tube bundle was about| ]whxle most of the industry data show stability constants over] ].b‘
An in-air test of the full size OTSG conducted 25 years ago showed that even with moderat&vibration

amplitude well below the half tube-tube gap clearance, damping ratios mostly exceed| ]b ecenj test
in the lab using a one span beam with real OTSG support showed a damping ratio close to &én
for vibration amplitudes in the 0.01 inc}Lrjnge. Therefore. Framatome ANP believes the computed
FSM for the OTSG tube is within[ ] acCuracy.

Finally, we compare the final result with field experience. No OTSG tube in the designed condition
has ever failed because of fluid-elastic instability. The latest incident regarding the severed tube at
TMI verifies the technique. When testing was performed on an OTSG tube expanded against the

support plate, the damping ratio signiticantly decreased. With this reduced damping ratio as input, the
analysis showed that indeed tube 66-130 would be at the threshold of instability.

6.0 FIVDAMPING VALUES

Recent testing of the OTSG cable stabilizer to determine the additional damping the cable provides to
the tube/cable system is presented in Reference [8] and summarized in Table 6.1. This testing was
performed to determine the additional damping produced by the OTSG cable stabilizer in an over
pressurized tube where the tube becomes locked into the tubesheets and tube support plates due to
swelling of the tube. Several configurations are tested and the results for each system are summarized
below.

Framatome ANP has traditionally used[ ]gormal structural damping associated with non-linearity of
the tube to TSP clearance. The test resg}ts shown in Tablebé.‘} show that the non-linearity of the tube
to TSP clearance provides aboutf J damping. About[ 7 of'this damping is lost as a result of a
swelled tube. When the tube pressurized, approximately|{ ] Sfditional damping is created. Since a
pressurized tube would tend restrain the tube more, it was concluded[

i %‘(ﬁiitional damping. This trend was also prevalent in the virgin tube and

stabilized tube tests.

The viscous damping effect of secondary side fluids surrounding the tube that are in single phase is
small, especially at temperatures of 550F, and is not typically considered in FIV analysis. However,
2% additional damping can be accounted for in the lower spans of the OTSG tube bundle where the
secondary side fluid is in the two-phase mixture region.

FIV Development, Qualification and Clarification for TMI
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Table 6.1: OTSG Cable Stabilizer Damping Results [Reference 8]
Support %
Test Case Swelled Tube Pressure Environment Stabilizer TS Sever Arrangement  Damping
(yes/no) (ksi) (air/water) (yes/no) (ves/no) (avg)
Baseline no 0.0 air no no (1s-15) T
1 no 0.0 air no no (1S-D-B-TS)
2 yes 0.0 air no no (TS-D-B-TS)
3 yes 0.0 air yes yes (TS-D-B-TS)
4 no 0.0 air no no (TS-B-B-TS)
5 yes 0.0 air no no (TS-B-B-TS)
6 yes 0.0 air yes no (TS-B-B-TS)
7 yes 0.0 air yes yes (Sever-B-B-TS) b,d
8 no 0.0 air no no (TS-B-B-B) !
9 no 0.0 water no no (TS-B-B-B)
10 yes 8.0 water no no (TS-B-B-B)
11 ves 5.0 water no no (TS-B-B-B)
12 yes 0.0 water no no (TS-B-B-B)
13 yes 0.0 air yes no (TS-B-B-B)
14 yes 0.0 water yes no (TS-B-B-B)
15 yes 8.0 water yes no (TS-B-B-B)
16 yes 0.0 air yes yes (Sever-B-B-B) N
Notes: TS — Tubesheet Bore
D — Dirilled Hole
B — Broached Hole
Summary of Damping Results: r g
Damping of tube (Fixed-Fixed) =
Average damping of virgin tube in air =
Avcerage damping of virgin tube in water =
Average damping of expanded tube w/o Pressure =
Average damping of expanded tube w/ Pressure = i
Average damping of expanded tube & stabilizer w/o Pressure =
Average damping of expanded tube & stabilizer w/ Pressure =
Average damping of swelled tube & stabilizer, with sever at TS, w/o Pressure = { 4

FIV Development, Qualification and Clarification for TMI
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1.0 INTRODUCTION
;(‘?"y‘c_r 1?1(: last fifteen years, Framatome ANP (FANP) has develgped a calculaticnal based

fluence analysis méthodology,’ that ean be 1iséd to adeurately predict thé fast neutron fluence in

the reactor vessel using surveillance capsule dosimetry or cavity dxosime]:ty”\(or both) to verify the
ﬂuencg prgé"dffcﬁons‘.‘ This methodology was_developed through @ “full-scale benchmark
expérimenit that ;was performed at fhe’Davis-Besse “Unit 1 reactor,! and the mcthodology is
described in .détail in Appendix A ffhgj_r_ggi]ﬁs jgf?-tﬁg;iaeqéhmaék experiment demonstrated that
-thé accyracy 6f a ‘fluence analysis that éniploys the FANP-methodology would beiunbiased and
laven precisiori well within the U.S Nlicléar?&;gukitogﬁﬁi de 1190 limit'of 20%.'*
'IheF;\NP methodology was useﬁto qaigﬁ—l/qu_:;ihe neutron fluence exposure for'cycles 7-
8, cycle 9 mid eyele 10 of the Crystal River.3 nuclear rédctar, *The methodology was also used to

estimate fluences on the inner surface of the reactor vessel, as well as at specificd weld locations |

on the'vessel surface. The fast neutrdnflience (E>1 MeV) at eathJocation wis_calculated in
-acéordanice with'the requiréments of U.S. Nuclear Regulatory Guide 11907’

“The cncr_gy-’élependent flux on the cyclﬁcﬂ and cycle 10 capsules‘was used 16" determine
the ¢alculated attivity of each dosiméter, Neutron transport calculations in 'two-dimensional
georfictry Were tsed to obtain energy dcpcndcnf!’fiux distributions '{hrogg_}loui~ihe core. Reactor
conditions yere rgprp§cntaiix'e of an average over the tycle 7-8 imradiation period. Cycles 9 and
10 ‘were treated individually, since there’was:a dosimeter capsule for ¢ach cycle. Geometric
.detail was:sclected to explicitly rcprcseni the dosimeter holder and the reactor vessel. }-‘;_more
dc!a_ﬂcd_ ‘{li§c95$iog ‘of the calculational procédure is given.in Appeéndix A, The caledlated
activities:were adjusted for knovn biases (phiofafission, $hort-halL:life, U-235 impiirity, and non-
saturation), and compared to measured activitics d’i}’ccﬁy{. Ttis no;cci that these measurements are

not used in any way to determine the magnitude df the flux or the fluence. The measurements are
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used only to show-that the calculdtional results are reasonable, and to show t!igat} the results for the

‘CR-3 dosimeters are consistent with the FANP benchriark database of uricértiiritics.

2.0 FLUENCE RESULTS

“Three irradiation periods wert atalyzed 4s part of the CR3 PT fluénce analysis, one for
“cycles 7-8, one for cycle 9, and one for cycle 16;»"@’?]&5 7 and 8 operated for 2 total 'irrad'iat"_ion
period of 1033.8 EFPD, cycle 9 for 5572 EFPD, and cycle 10 for 592.8 EFPD..

“Thi incidént fast fluente (E>1:0 MeV) wis calculated o the inner surface of the reactor

vessel: The layout of the reactor vessel is shown in Figure 2-1.
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TFlux estimates were made for:several points on'the’inner surface of the reactor vessel.-

Cale. #: 86-5022636-00
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These estimates are of particitls¥ irfiportancé in'determining the effect of neutron fluence.on the

properties of the véssel surface and ‘welds: “The points of eigtcr_c)s;,iz‘md ‘the calculated flux by

cycle, are s’hov.-nin/"fgﬁ\]:: ;‘2-1 ,

Table 2-1. 3D Synthesized Fluxcs

Cycle Length Cycles 7and § Cyclc 9 Cycle 10
(EFPD) _ 10338 5570 502.8
(EFPS) _ %.9320E7. 2814257 “5.1218E7,
‘Flux Location l ..E>1.0 McV Flux {n/em'/s)

Inside Surface Max. Flux _ 617389 '6.495T:9 "7.162E9
SA-1769 Peak Flux '5.52459 5.031E9 “6.250E0
WF-70 Peak Fimx 601969 5.159E9 G.90SED
| WF-8/WF-18 Peak Flux 576259 5.863E9 6.60259
SA-1580 Peak Flux ’5.523E9 531369 6.032E0
Lower Plalc Max Tlux 6.169E9 6.303E9 7.16359
Upper Plafe Max Flis G.173E9. G6A9SED _ 7.084E9

Fluences for the vessel cani:also 'bé extiapolated 1o longer time periods in order o

estimate fotal Muénces on the points of interest, . This cxtrapolafion_ig perfgnn‘ed‘ by assuming that’

the average ‘fluence on “ﬁic; -x'ggsél forthe extrapolated timé i§ at*equilibrivm at the -cycle 10

fluence. This assumption is atceptiblé provided that each subsequent cycle.shows an equal or

declining maximum fluence on the vessel surface. End of Jife fluences are determined by taking

the cumulative fluence and then extrapolating forward. . The cumulative flience values for CR-3

through cycle 10 are shown in Table 2-2, along with the extrapolated EOL fluence at 15, 32, and

48 EFPY. The end of life (15, 32,-or 48EFP‘1’) “fluences ‘are calculatéd uSing the following -

formula:
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'“ramg"z-"g.: ‘Cumulative Flueriée Estiriates

- R

Incremental Fluehce (n/fem?) “Cumilative Flience (n)’;:m-’) v ]
Cyele Length CY"“’; T cyeles | cymero, | Eots | .mocid E“";‘;ﬁf“""‘ ISEFPY | 32EFPY | 48EFPY"

(EFPD) 1033.8 '557.2 592.8 “

(EFPS) | 8932057 | A8142E7 | 5.121857

(EFPY). 2.830 1.526 1.623 5876 | 118711 5 32 a5

Flux Incremental Fluence (/em?). Curiilativé Flience {(n/cm?)

Location - - ' L. -
quri o | ss14E17 || 327817 | Se6sriT | 2ddodks 32309E18: | 7.5544B9 | 39768E1S |:£0296518 | 11844519,
s SA'1769 o oy “‘ M e . . . & PN Vi ":,,,:,.. ._X S . " - o
Peak Fluence | 4934B17 | :2856E17 | 320117 | 1.7900E18 | 28891818 | 6592889 | 3540118 | 7.0770E1s LLO406EID
Wi rak | sszeet7 | 2965817 | 3536017 | 19300518 | 31077818, 7283289 | 3.8269E18 | 7.7343E1§ | 21419619
o SVEIB | s iarer | 2saserr | 3asim7 [ sd00mis| 2.9754m18 | 6961sED | 36631518 | 79095E1s LO91GEI9
“SA-1580 : o : IO R v : , ——
Peskc Fluence | 49317 | 2SSSEI7 | 39217 | L7200E(S 27383Bi8 | 65744E9 | 3431EIS | 6964418 | tizsario
yowerPlate | 5510817 | 3.034E17 | 3668817 | 1.9800E18] 32012818 TSSHEY | 3.9472E18 | 7.9990018 | 1.is1aE1
“Upper Phate 7 | 3a27mn7 | acosn 18| 3useomts | 747508 | sesiimie.  ppp—

| Max luence | SSMEIT | 3127B17 | 3628817 | 19300B18) 3a569R18 | 7478785 | 389dsiis| 7907mis [ 1677E00
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3.0  DOSIMETRY ACTIVITY
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The ratio of the spetified activities to the nieasured §pecific activities (C/M) is presented

An;Table 3-1 for cycles 9'and 10. In this table, the target a\'cr;{gcci CM r@prescnts_:tﬂe average oqul(l(tht;

individual target 'dosime‘ters,ana {he overall average is the average C/M for the entire capsule,

Tablé 3-1.-.C/M ratios

Cyele 9’
-Dos Type ‘Dosimeter C M. CM (C/IM) :AVG
(b=bare) R - BY TYPE
Fe (b) F 1.941E+00 1.897E+00 - 1.023EH0
IFe (b) G 1941 EH0 1.921E+00 1.010E+00
Fe (b) J 1.941E+00 1.930E+00 " 1.006E+00
Te(b) AA 1:941E+00 1.911E+00 1.016E+00 -LO21E+00
Te H 1.941E+00 1.897E+00 1.023E+00 )
Fe AB TOHMEHD |, 1.887EH00. 1.029E4+00
Fe AC 1:941E+00 1:844E+00 1.053E+00
‘Fe 1 "7 1941 E+00 1.927E400 1.007EH0
Ni AM 3.018E+00. 3.382E+00 . JO7QEH0
Ni AN 3.618E+H00 3371E+00 1.073E+00 1.0615+00
Ni AD 3.618E+00 3.449E+00 1.049E+00
Ni AP 3.618E+00 3 A444EH0 T.051E+00 . .
Cu G S 997E-03 | G6.034E-03 ‘9.939E-01 o
Cu “H 5. 997E-03 35.975E-03 ~1:004E+00 9.995E-01
Cu | 5.997E-03 5.983E-03 . 1.002Ex00
Cu J 5.997E-03° 06.008E-03 $9,982E-01
1-238 . B4 U238 7.178E-03 6.945E-03 -1.034E+00 1.034E+00
Nb A '5.682E-01 4.852E-01 1.171E400
Nb B 5.0682E-01 4, 824E-01 1.178E+Q0 L’l 89E+00
Nb C 5.682E-01 4.617E-01 1.231E+00
Nb D 5.682E-01 4,834E-01 11756400
OVERALL AVERAGE= 1.029E+H30
; sans Nb & Np237
Framatome ANP Non-Proprictary
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‘Cyclé 10
DOSIM note(s) cC M C/M. (C/M) AVG
) BY TYPE
C 2.033E+H00 -1.737E+H)0 11725400
F - 2.035E+00° 1772E+00 . 148E+00
.G 2.035E+00 . 1767E+00 1.152E+00
B 2.035E+00, JF87TE+00 1139E+00 l .!1 0BE+00
D 2.035E400. 1701 E400 1. 196E+00
B 2.035E400 . 1.733E3+00 1 174E+00
<H 2.035E+00. 1,755E+00 1.160E4+-00
I - 2.035E+00 1.694E+H00) 12015400
10 3. 259E+00. - 2.868E+00 1:136E+00 1T.142E+00
P 3.259E+00 .. 2.842E+00 1147E+00
A 6.627E-03 . | . _ “6,053E-03 1,095E+00 1 .0?9E+QQ
B 6.627E-03 | -~ 6.008E-03 1.103E+00, )
U-1- 7.9108-03 7.682E-03 1.030E+00, 1.012E+00
U-2 7.910E-03 . 7.957E-03 9.941E-01
"NB-1 6.255E-01 5742E-01 1.089E+00 LQSSE':H)O
NB-2 . 6.255E-01 5.756E-01 1.087E+00
-OVERALL AVERAGE = 1,105E+00
§ans "Np237 &Nb
Framatome ANP Non-Propri eta}-}'
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APPENDIX A=METHODOLOGY

The primary tool used in the determination ‘of the “Tlux- 2id. fivierice éxpostire 0 ‘the
surveillance edpsule dosimieters is the two-dimensional discrete ordinates transport code DORT,?

“The CR3 PT: analysis covers irradiation f;'orr} cycle 7 through cycle 10, and includes capsules
).irrad‘x;a’tt;d in eyclés 9 and 10. The power distribiitions in ‘the four ‘irmadiation céycles were
symmetric both in'@ and Z That is, the axiai_ power sfhapg:ﬁisw Toughly the same for'any angle and,
conversely, ihgt the azimuthal power shape is the Samé for any height. This means ‘that the
Ticutron flux it some point (R, 0, Z) can be considered to e a separdble function of (R, 8) and (R,
2). Thercfore, the cyel¢ 7-10 irradiations car

proéedures.’

Figure A~ depicts the analytical procedure that is used to determine the fluenée accumulated

over ¢ich irmadiation period. As shown in the figure, thé analysis is divided into seven tasks: (1)
gerieration of the neutron source, (2) development of {heﬁO'RT-geom;try models, (3) caleutation
of the macroscop_fc material cross sections, (4) synthesis ‘of the Tesults, and (5-7) estimation of the
caleulatiorial bias, the ¢aledlational uncértainty, and the final fluence. Each-of these tasks is

discussed in greater detail in the following sections.
‘Generation of the Neutron Source

The time-avéraged spade “dnd energy-dépendent neutron Sourcés for cycles 7-10 were
cdlculated using the SORREL? code. “The effects of burnup on the -spatial distribution of the
newlron source were accouxgtcd :f".r"bjf calculating the cycle average fission $pectrum for each
fissile isotope on an assembly-by-assembly basis, and by determining the cyf:ié-avcragc specific

neutron emission ratc. This data was then used with the normalized time weighted average pin:

Framatome ANP Non-Proprittary
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by-pin-telative power density {RPD)distribution to determinc the space and. energy-dependént

2 . v 5§ ey N e - .~ m . I -4 - . «
neutron source. The azimuthally averaged, time averagéd axial power shape -in'the peripheral

assemblies was used With the fission"spéetum of the peripheral asserblies to determine the
Teutrénsburce for the axial DORT run. “These two neutron source distributions were input to
DORT as indieated in Figure A-1. “Ihiret scpdrate sources (7-8,39'and 10) were developed in

‘order, to account for the two dosimeiry capsiles thit were irradiated in eycles 9 and 10,
i).e_vc:igpm ent of the Geometrical MNodels

The system geometry models for ihe imid-plane (R, 0) DORT weie dé{'cio;)ed using stanciz}rd
‘FANP interval size and configuration- gx?féig}ines.‘ Thc RO model for the cycles 7-8, 9 and 10
analysis extendeds radially from thé ceriter,of the core to the outer surface of the pressure vessel,
and azimuthally from the major axis to 45“ “The axial model extends fror beléw the active core
Tegion 107 above the dctive goré.fegion. The geometrical models ‘eit_hcr‘m{ct or exceeded -all
guidanceé criteria concerning interval size that are ;prpyidéd in Reg Guide ;,l,l!)().ﬁ" Innll cases,
cold ﬁfmcgs%ons were used. The geometry models were fnput to the.-DORT code as'indicated in
Figure A-1. Thése models will be iised in all subsequent pressure-temperature curve analyses

that may be performed by F. ANP ';'or CR-3
Calculation of Macroscopic Material Cross Scctions

In accordance with Reg Guide 1.190,” thé BUGLE-93° cross section library was used. The
GIP codeé® was used to -caleulate the macroscopic energy-dependent cross sections for all
materials used in the analysis - from 'thie. tore "out through the cavity and info the ¢oncrete and

from core plate to core plate. Thé ENDF/B:VI dosimeter teaction cross sections were used 1o

‘Framatome ANP' Non-Proprietary
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generate the response functions that were-used to calculate the ‘DORT-calculated “saturated”

specific activities.

Assembly x Assembl) RPD | Reastor Geometry i Materfas of
‘Fission Spectrum  pin ¥ pi ‘Construction
by Fissile Isotope, Distribution

¥y P History
r—-' . 4 BUGLE-Y3
o Sy ‘ D(_)RT_modgls‘l Cross Scction
'SORRELcode | ' Library
=
. ) Y-
Timeaveraged Time-averaged || . GIP Code
T{adlnl Source: Axial Source g M bde
S.(R8,E) ! l
= Yy (I Cross sections
Dosinietry o] 'PORT Analysls |
‘Counting *| * ROanaRZ: [°
-and Anll)'51§ oy
(NESH) ‘Pata to Caleulate
- _ Absolute
. 4 Magnitude Resu!ts
Power Hlstor) Synthesized
(satiratidn) 3D Results
| | Measured Calculated Doslmeter
*—% Dosimetry “Activities”
A:ti\ ities’ I
P NQ
B&WOG:
"Benchmark
Analysis ———
Bias and | » Statistical | .| Validate' o1 Validate
Unceriqlnt\ Analvsis g Bias v Uncertnlmv
Apply Bias N
Validation

Removal Functian
ind Specify
Unccrtamt)

" Accepiable

‘i"ina! P}a!xt( [
Specitic Fluences [

"Figure A-1. Fluence Aniilysis Methodology for CR-3 PT Fluence Analysis
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DORT Analjses

The cross sections, geomctry, and 5ppr§pr§aie source were combined to create a set of DORT
models (Re and RZ) for the c){éicg{ 7-8;%,‘;’?(191‘ 10 analyses. Each RO DORT run wtilized a cross
wsection Legendre -expansion of {hree’ '(i’;); iorty-cig’ht ~dimction§ (éa), ,xx:'i.ﬂi the -appropriate
‘boundary -conditions. The RZ:xpo&é]_; used a:cross Section Legendr: ekpansion of thrée’ (Py),
"fé{t)';i;igﬁg -directions (Sy),, with the apptdpridte boundary condifions. -A: tﬁcth—x.vcightcd Aflux
-éxtrapdlation-model was used, and all other rcqui’remegts,pf' Reg Gui(ic 1.190°7 that relate to the

~various DORT parameters were cith_cr_;r}t;g orexcceded for all DORT runs.
:Synthesized Three Dimensional ¢I:Zesui't§

The DORT. analysés produce twa'sets of {wo-dimensional flux distributions, one for a vertical
cylinder and one for the radial plane fbtj g::}cﬁ set o’f~dq§irp<:1ry‘. The vertical cylinder, which will
be referred 1o 2s the RZ plane, is defiricd 83 the plarie boinded above and below the active core
region ﬂ’nd’radiall}f by the center of the core the outside surface of the reactor pressuré vessel,
The hgr‘fzqmaﬁ)faq‘e,_ referrcd 16 as the RO pldne,'is defined as the plane bounded radially by the
center.of the core and the outside surface oF the pressure vgssé},l aqa azimuthally by the major
axis and the adjacent 45°-radius. The vessel fhix, however, varies Significantly in all three
cylindrical-coordinate directions (R, 8, Z). “This means that if & point of interest is outside the
boundariés of both the R-Z'DORT and the R0 DORT, ) the true flux cannot be determined from
cither DORT run. “Under the assumption that the three-dimensional flux-is a separisble function,’
both two-dimensional data sets Wwere mathématically combined to estimate the flux at all three-
dimensional poinis (I‘{,*Q, 7) of interest. The synthesis procedure outlined in Reg Guide 1,190 is
identiéal to the basis uséd for the FANP fluk-synthesis process.
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.Calculated Activities and Measured i&ctjvi't:iels;

The ‘caleulated activities for each dosimeter. type “d* for ‘each irradiation period were

détermined using the following cquatiqn:‘

Ci=2 9,5 )xRE!xB,xNSF (1)

.r.-!
where’
Cy -~ -caleulated specific activity for dosimetet “d" in iCi of
product isotope per gram of targef Isotope

$, (&) s three diniensisial flux fof dosiniétét “d” at position T for
s energy proup “g”

RF: s -dosieter response function for dosimeter “d" and energy
’gr(}‘“i{ t|gar )

B, Sen ‘bizs correction factors for dosimeter “d™

NSF non-saturation cotrection factor (NSF).

For this analysis, two separate sets of actlvities will be calculated, onefor thé dosimetry of éycle

9, and onc for the dosimetry of cycle 10,

The bias correction factors (B,) in the specific activity calcilation above are listed in Table A-1,

Table A-0-1. Bias Correction :];“aqtors

Dosimeter Type - . Bias
’Adtivation Short Half Life -
Fissi Photofission
isston Tmpuritics
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A photofission factor-was applied to correct for the fact that sonie of the "¥Cs atoms present
in the dosimetér werc produced by (v, T) réactions and were not nccounted fér:in DbRT analysis,

The short half life and impurity Tactors were %nsigniﬁchht and therefore vere fiot applied.

C/M Ratios

The following.explanations will défine the meanings of the terms “measurcmeénts” (M) and

“calculafions™ (C) as-used in this analysis:'

»  Mcasurements: The meaning of the téfm “measurements™ as used by FANP:is the
medsurcment Gf the physical .quantity of the dosimeter (specific activity) that
responded to the neutron flaence, not fo the “measired fluence.” For the example of
an firog dosimeter, a-refererice :to thé -medsurements means the specific activity gf‘
*Mn in ﬁéi?g, which is the proﬁdclisptqpc of the dosimeter reaction:

*Fe+ n— *Mn+p*

* “Calculations: The caleulationsl methodology producés two primary results — the
calcilated dosimeter aciivities and the neutron flux at all points of interest. “The'
meaning of the term “calcalations™ as used by FANP is the calculated dosimeter

activity. The calculated-activities are determined in-such a way that they are

directly comparable to-the measurement values, but without recourse to the:

measurements. "That is, the calculated values ‘are determinéd by ‘the DORT
caleulation dind are.directly compatable to the measurement values. ENDE/B-VI
based dosimeter reaction cross »secﬁons? and response functions Wwerc used in

Framatome ANF Non-Proprictary
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:determining the calculaied vai_uﬂqs for.each individual dosimeter: In summary, it

'should be stressed ' that :fh¢ Ealeulation ¥alics in the :FANP approach! are

independent of the measurement values.

Uniértainty

‘The,CR-3-Cycles 7-10 fluenéé prediciions are based on the methodslogy described in the
'FANP*“‘Fluerice and Uncertaiity Methodologies" topical report, BAW-2241P:A." The tifme-
averaged fluxes; and l;hercby the fluericés throughatt the Teactor and vessel, are caléulated with
the DORT .discréte ordinates 'E:Bhiptffef"ié’dﬁéxﬂéir}_g three-dimensional synthesis methods. “The
basic theory for-synthesis is .described :in“Section 3.0 of the topical #nd ke DORT ‘thiee-
dfmens_it_)_r;;ﬂ ‘synthesis results are. the bases for'the fluénée predictions using the FANP “Semi-
Analytical” (calciilafional) methodélogy.

The uncertainties:in the CR-3 fltience values have been’evaluated 1o cristire fhat the, greater
than 1.0 MeV calculated fhience valiies 27¢ s6éurite (with no discermnible bias) andj have 2 mean
standard deviation that is consistent avith the "FANP :Bepqhmax}c database. of tincertaintics.
Consistency between the fluence uncertainties in the updated calculations for CR-3 eycles 7-10
and those in the FANP benchmark dafabase ensures that the .vessel ‘ﬂucm_:p_“predigt:i;:‘ns are
consistént with.the 10 CFR 50.61, I‘rcssurizcgl 'fﬁenn:z'f Shock (PTS) screening eriteria and the
Regulatory Guide 1.99" embrittlement evaluations,

The verification ‘of the fluence uncertainty for the CR-3 reactor includes:

*» estimating the uncéiainties in the ¢ycles 9 and 10 dosimetry measurements;

Framatome ANP Non-Proprietary
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* cstimating the uncertainties in_ the' cycles 9and” 10 -benchmark comparison of
-calculations to measurements,
» -estimaling the queqa‘iqticS’ir} the ejelés 7 through 10 pressure vessel fluence, and
* .determining if the specific measurement and ine_pphql;{k uncertainties for cycles7-10
‘are consistent with the FANP database of genéric iindertainties in the measurements.

and calctlations,

The embrittlement evaluations in Regulatory Guide 1.99° dnd those in 10 CFR.50.61 for ih_e ‘

PTS screening criferia apply a miargin térm to the rcference temperatures.  The margin’ jerm
dncludes the product of o confidence factor of 2.0 and the feari emibrittlciiient siandard deviation.
“Thefactor of 2.0 fmplies a very high level of confideiice iri thé fhucnce uncertainty as well 25 the

Amncertainty in the othet variables contribirting to the embritilement, ‘The dosimeter, measurements

“from the'CR-3 cycles 9 and 10 analyses would not directly support this high level of confidence.

:Hoxve\'cx_'_, the - dosimeter méasuremient Tingérinintizs fte consistent with' the FANP database,
Therefore, the ¢aleulational ucertainties “in the,upﬁitcd"lﬁhcyce predictions for CR-3 #ré
supported by 728 adaitionql dosimeter measurcments and thirty-nin¢ benchmark comparisons of
calculations t6 medsurémerits s shown ‘in Appendix A of the ‘opical.’ The ealeulational
uncertainties arc alsé étxpporie& by ‘the-fluence sensitiyity evaluation 6F the uncertaifitiés in the
}_foysiéal and operational ;parameters, which are included in the Vessél fluence uncertainty.' ‘The
dosimetry measurements arid benchmarks, as well as the flucnce sensitivity analyses in the topical
are sufficient 1o support a 95 percent confidence level, with 4 conlidence factor of #2.0, in the
fuence Tesults from Ihé’“Semi-AnaEﬁica " methodology.

The FANP generic uncertainty in the dosimetry measuréments” has” been détermined to be
unbiased and 'has ‘an estimated standard deviation of 7.0 percent for ihe. qualified set:of

dosimeters. The CR-3 cycles 9 and 10 dosimetry measurement uncertainties were evaluated to
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determine if any biases werc ci'idént\an'il to q{s{i‘matcﬁhe standard .dcviation.. The dosimetry
measurements were found to be appropriatély &alibated fo standards fracesble ‘o the i\{aﬁoqq]

Institute -6f Standards and Technology and arc _thcrél?y* unbiased by definition. The méan

measurement uncertainties associated with cycles'9and 10 arc as follows:

Tsitn = 6.24%

Oy =5.91%.,

“These values werc determined from Equation 76 in the topical' and indicate fhat there is

'consfé;enc;{ with the FANP database; Constquently, when the FANP ‘database is updated, the
CR-3'eyéles 9 and'10 dosimetry mieaStiremeérit uncértainties may be combined with the other, 728
dosimeters. ‘Since the cycles 9 and'10 meas‘u;cm/eth are consistent with the FANP database, it is i
estimated that .;LEIC 'QR;EI dosimeter measurement tincértainly may bé répresented by the FANP
«databasc standard deviation of 7.0 percent, “Based on the FANP database, tﬁe;c appears tobe a 95

pereent Jevel of confidence that 95 percent ‘of the CR-3 dosimetry measureménts, -for fluence

reactions above 1.0 MéV,are wvithin +14.2 percent of the true vaues:

The FANP generic uncertainty fogbgpéhﬂmar}\c comparisons of Hosimetry caleulations relative
1o the measurements indicates that ariy berichark bids i the greater than 1,0 MeV results is too
small'to be. unigtlélytidc‘niiﬁcd. The estimated standard ‘dcv@@ﬁon between the caleulatioris and
measurements ‘3599 percent. ;l‘hig implics that the root mean'square deviation betwecen the FANP
calculations of the CR-3 dosimetry and the méasurements should be approximately 9.9 percent in
general:and bounded by iiO.(M percent ‘féy 2,95 percent confidence interval with thirty-nine

independent bénchmarks.
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The weighted mean valués.of the Tatio of calculted ‘dosimeter activi

The standard deviation in the benchriark comparisons is as ollows:

L N l=‘2"’86%
in
ca -=10,05%.
T *

This standard deviation indicates thaf the bénchmark comparisons iire consistént with the
_FANP database, Consequéntly, when the FANP gigxtap;xse is updated, the ¢ycles 9 arid 10

benchmark uncertaintics may be inchided with the othér thirty-hine benchmark uncertaintics in

the topical. The tonsisténcy betiveen the cycles'9 and 10 benchmark uncertainties'and those in
‘the FANP database indicates that the Cg—é ﬂixcpqe; calculations for cyeles 710 have no
discernible bias in the greater than'l.0 MeV fluénce values. In addition, the cons_istcncy‘iqdiqates

that the fluence vélues can be represenied by the FANP reference'set which includés 4

calculaiional standard deviation of 7.0 percent af dosimetry locdtions. That is:

Tablé A-2. Calculational Fluence Uncertainties

Cale. #: 86-5022636-00
Page 23 of 23

ties t0 measurcments

(C/M) for cycles 9 and i:(_)iha\'c;b’e_’en statistically cvaluated using Equation 7.15 from the'topical.!

) Uncertainty (%) ’ i
Standard Deviation 95% /95% Confidencé
"Type of Calculation _ (a). (~$20).
Capsule ‘7.0 14.2 .
PrQSSLire’VEfSQFI ) 0.0 2000
{maximttm location)
Pressure Vesse] 11.4 228
‘{extrapolation)
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