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FORWARD '

In order to comply with the requirements of 10CFR50.61 (b)(1) as advertised in the Federal
Register, May 15,1991, Baltimore Gas & Electric Company has compiled the information necessary
to perform the Pressurized Thermal Shock (PE) rule calcul
criteria will be exceeded for Unit #1 at a fluence of 2.61 x 10gons for RTp73. The PTS screening
screening criteria will not be exceeded on Unit #2 at fluences less than 10 gal weld 2 203. The PTS
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1.0 illstorv

*The reactor vessels for Calvert Cliffs Unit #1 and Unit #2 were fabricated by Combustion
Engineering (CE) at Chattanooga Works, Tennessee for Combustion Engineering Power System
Division in Windsor, Connecticut. The vessels were fabricated of formed and welded SA 533,
Grade B, Class 1 plates. This was the normal fabrication technic . at the Chattanooga facility.
For the Calvert Cliffs vessels, CE employed a submerged are welc g process using a hiil B-4
hiodi6ed (hin hio Ni) wire with nickelin the range of 0.6 to 1.1 wtc~c. The hiil B-4 hiodified
(Sin.hto-Ni) welds were produced with either a Linde 1092,0091 or 124 Oux. Welding
procedures included both single and tandem are processes. A list of the reactor vessel beltline
materials for Calvert Cliffs Unit #1 and Unit #2 appear iri''Tble No.1 1 and 12 respectively
(Reference #7 & #S). The location of these materials in the beltline region are shown in
Figure No.1-1.

CALVERT CLIFFS UNIT #1 REACTOR VESSEL BELTLINE SIATERIALS
TABLE NO,11

WELD MATERIALS (Mil'B-4 modined Ni Sin Mo):
ID TYPE WIRE (S) F1.UX TYPE LOT NO.

2 203- Longitudinal 20291
A.B,C Tandem Arc 12008 1092 3S33

3 203- Longitudinal
A,B.C Tandem Arc 21935 1092 3869

Girth
9-203 Single Arc 33A277 0091 3922

PIATE MATERIALS (ASME SA 533, Grade B, Class 1):
ID LOCATION

D-7206-
1,2,3 Intermediate Shell Plate

D-7207-
1,2.3 Lower Shell Plate
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CALVERT CLIFFS UNIT #2 REACTOR VESSEL BELTLINE SIATERIALS
TABLE NO.12

WELD htATERIALS (Mil B.4 modified NI.Mn bio):

ID TYPE WIR E(S) FLUX TYPE LOT NO.

2 202 Longitudinal
A,B,C Tandem Arc 8716 124 387S

1

3 203 Loncitudinal
A,B,C Tandem Arc 33A277 0091 3922

Girth
9 203 Single Arc 10137 0091 3999

*

PLATE SLATERIALS (ASME SA 533, Grade B, Class 1):

IT) LOCATION

D.8906
1,2,3 Intermediate Shell Plate

D.8907
1.2.3 Lower Shell Plate

Outle t Inlet Inlet Outiet inlet Inlet Ou tle: -
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2.0 )helemsi infonnntion On B.tltline Stagrjah

2,1 Elatu

ne six plate sections used to fabricate the beltline region have been well
characterized with respect to chemist:y and mechanical properties by Combustion
Engineering (References #1 and #2).

2.2 Et!!b
The chemical composition and mechanical propert of the wiruflux comainations :

used in the sunelllance programs were well characterized o,iginally (Reference #3). De i

composition and mechamcal proper"es of other welds have been estabibbed by reviews of ;
original fabrication records.

*

BO&E conte-ted CE in late 1951 to perform a search of their records at .

Chattanooga. Thae results were issued in a transmittal from Kruse (CE) to Titland
(E.hE) dated January 11,1982 (Reference #4). Included were available wire chemistries
and chemical analysis of weld deposits for certain wire /Ilux combinations. Although this
information did not provide data necessary for all the welds it was helpfulin providing
insight into the relat;onship between weld wire chemistries and weld deposit chemistries.
The general ccnclusions that have been drawn from the available data are the following
(Rc.ference #4 and #5).

1. In general, tne flux Lot No. has little os no effect on the depotit analysis with respect
to copper and nickel contents.

2. The nickel content of the wire is very similar to that of the weld deposit (See Figure
No. 2).

'

i
3. The copper content of the weld deposit is not accurately reflected by the copper.

content of the wire (See Figure No. 3). It is generally higher in the wdd deposit than
in the weld wire.

4. A review of the data indicated that the composition of the weld deposit made with ,

two different wires (Tandem Arc Process) can be estimated accurately by an
arithmetic average of deposit chemistries ofindividual wires. For a more detailed
explanation, see Reference #5.

During a review of the material surveillance data base MATSURV
. (Reference #6) EPRI discovered that some of the weld wire used in the Calvert Cliffs'

: beltline welds was also used in the fabrication of the surveillance blocks for the Cooper
Station reacMr. Under EPRI Contract #RP 2180-5, the General Electric Company

. generated cv ,ical compositien and mechanical property data on the Cooper weldments
removedi . archival sections at GE Nuclea. Center at Vallecitos, California.

document the materials of the Calvert Cliffs Unit #1 and Unit #froduce records which
In early 1983 BO&E conimted with CE to compile and te

ecactor vessels'

(Reference #7 and #8).
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EPRI compiled a reactor vessel surveillance program data base (Reference #9). .

,

'Ihe data base contains information on irradiated materhl from surveillance programs. A >

search of this data bast. in January,19S6 revesled that a particular w;te.Dux combination
used in Calvert Cliffs beltline wclds was also used in the fabrication of surveillanca blocks

'

for Duke Power Company's William B. McGuire Unie #1. Since this material was used in ,

the production of surveillance o acks, the chemical composition and mechanical properties
'

were both well characterized (Reference #10). ,
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3,0 Dettnninntion of Chemieni Comimition and Mechanical Properties i

!3.1 Chemieni Composition
'

The information compiled in Section 2.0 frum various sources has been used to
determine the chemical composition ci materials in the Calvert Cliffs reactor vessels
beltline regions. The following guidelines were used to determine the chemical ,

composition of the welds (see Appendix A):

1. Copper content for a particular wireiflux combination was determined from I
deposited weld metal chemical analyses using the same wireillux combination (the i

Oux Lot No. may vary). *

2. Nickel content of a weldment was determined from both weld wire chernical analyses
and deposited weld metal chemical analyses. .

averaged to determine the chemical compos. position from the single wires were
For Tandem are processes the chemical com '3.

rion of the weldment when tandem
deposit chemical analyses were not available.

Chemicalcompositions for the welos were determined in Appendix A by averaging -

the data compiled in accordance with the above guidelines. Note that in Appendix A the
!

analysis numbers with an "R" as a prefix indicates a weld wire chemical analysis and the
analyses numbers with ''D' as a prefix indicates a wcld deposit chemical analysis. All
remaining alloy determinations (surveillance capsule, EPRI, etc.) are also from weld
deposit chemical analy es.

The con.pc..tiora of the plates are well documented ic References #1 and #2.

3.2 MecJgnical Properties
,

Initial RTNDT values for some of the weldments ir. the beltline te gion of Calvert
Cliffs reactor vessels were determined by measurements made in the Ca vert Cliffs
surveillance prograns (cr specific wire / flux combinations. Inhial RTNDT or wire / fluxf .

comHaations in some welds at Calvert Cliffs was determined from measurements made in
the William B. McGuire Unit #1 Surveillance Program. For all other wire / flux ,

combinations used, the generic mean value was assigned in accordance with 10 CFR,
Part 50.61,

The initial RTgop for the plates are well documented in Reference #7 and #8.

4.0 Determination of Limitine Flu.sne_g

Estimated chemistries from Appendir A were used in conjunction with the requirements of
10CFR, Part 50.61 (b,2.IV) tu determine the t,emistry factors for each beltline raaterial, Tables
41 and 4 2 provide a summary of estimated chemistries, irzitial RTNDT, initial upper shelf
energies and prescribed chemistry facters for Calvert Cliffs Unit #1 and Unit #2 respectively.
Using the equation prescribed by 10CRF50 51 (b)(2), RTPTS = 1 + M + A RTPTS,and
rearcanging to determine the maximum permissable RTPTS (270' F for plates, torgings, and axial
welds, or 300 * F for circumferential welds) the maximum change in RTPTS was calculated for .

. each material.

A RTPTS (Limiting) . I . M = RTPTS*"*

o Where ! = initial RTNDT .

M = Marg;n 5 ,

i- ,

, _ .m. . .. _. - r . . , , _ . . . . _ . . . . _ , . . . . ~.- _ _ - - _ _ _ _ _ . . _ . . - . . . . . _ . . _ ,
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The actual A RTPTS s cakulated using the equation:i

A RTPT,9 w (CF){(0.2 0.10 log Q

19 n/cm8. The salue at !Where CF is the chemistry factor and fis the neutron fluence in units of 10
whkh the screening criteria is exceeded can be determined by taking the ratio between th: ;

mulmum RTPTS and the chemistry factor.
- ,

,

i.e., F mu = 6 RTpts mu/(CF) ;

Where F mu = fN '0.10 log O
:

The values for Initial RTNDT, Margin, RTpp, and limiting values of F are presented in :
Table 4 3. Thelowest value of Fin Ur.it #1 b 1.257 which ref responds to a f uence of 2.61 x 10,91 >

n/cto8. The lowcat value of F in Unit #2 is 1.615 which corresponds to a fluence greater than 10 0
n!cm8 ;

!*
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TABLE NO, 4.It

CALVERT CLIFFS UNIT #1 REACTOR VESSEL
HELTLINE htATERIAL

INITIAL CHEh!ISTRY INITIAL USE
ID Cu (w/o) N1(w/o) RTNDT ('F) FACTOR (Ft . Lb)

2 203
A.B,C 0.21(a) 0.88(a) 50.0(b)(g) 210 110.0 (b)(g)

; 3 203
A B.C 0.21(a) 0.69(a) 56.0(c) 179 NA

9 203 ' O.23(a) 0.23(a) .SO.0(d) 121 153.0 (d)

D 72061 0.11(c)(h) 0.$$(c)(h) 20.0(0(h) 74 90.0(f)(h)

' D.7206 2 ; 0.12(e)(h) 044(e)(h) 30.0(f)(h) 84 81.0(f)(h)

D.7206 3 0.12(e)(h) 0.64(e)(h) 10.0(f)(h) 84 112.0(0(h)

D 72071 0.13(c)(h) - 0.54(c)(h) 10.0(f)(h) 90 77.0(f)(h)

D 7207 2 _0.11(c)(h) 0 56(e)(h) 10.0(f)(h) 74 90.0(f)(h)

D 7207 3 0.11(c)(h) 0.53(c)(h) 20.0(f)(h) 74 . 81.0(0(h)

a. See chemistry data in Appendix for sources.

b. Davidson, J.A. and Yanicko, S.E.. ' Duke Power Company William B. McGuire Unit #1
Reactor Vessel Radiatbn Surveillance Program", WCAF 91995, November 1977

. c. Generic mean vdue,
-

d. Byrne, S.T., Biemitier, E.L and Ragt A., * Testing and Evaluation of Calvert Cliffs Unit #1-
and Unit #2 Reactor Vessel Materials Irradiation Serveillance Program Baseline Samnles",'

Combustion Engineering, TR ESS 001, January 31,1975.

c. " Summary Report on hianufacture of Test Specimens and Assembly of Capsules for
Irradiation F yeillance of Calvert Cliffs Unit #1 Reactor Vessel hiaterials", Combustion
Engineering,CENPD 34 February 4,1972.'

f. These values have been corrected for the transverse charpy direction in accordance .
Ewith NRC Branch Technical position htTEB 5 2 when required.

gi ' " Reactor Vessel Weld hiaterials for Calvert Cliffs Unit #1 Supplemental Surveillance
'

Program', Combustion Engineering. 02987.hfCC-002, November 1989.

= h. " Baltimore Gas & electric Unit #1 Reactor Vessel blaster Index with Welding Procedures.
POR's, Weld htaterials Test Reports, and Base hinterials Test Reports", Combustion -
Engineering Contract No. 72167,

7
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!' CALVERT CLIFFS UNIT #2 ItEACTOlt
VESSEL BELTLINE MATERIAL

1

INITIAL CIIEMISTRY INITIAL USE
ID Cu (w/o) Ni(w/o) RTNDT (* F) FACTOR (Ft . Lb)

2 203-
A,B,C 0.12(a) 1.01(a) 56.0(b) 161 NA

3-203
A.B.C 0.23(a) 0.23(a) -SO.0(c) 121 15&O(c)

9 203 0.22(a) 0.05(a) 60.0(c) 101 125.0(c)

D-89061 0.15(d)(f) 0.56(d)(f) 10.0(c)(f) 103 77.0(e)(0
~

D-3906 2 0.11(d)(f) 0.56(d)(0 10.0(e)(f) 74 74.0(e)(f)

D 8906 3 0.14(d)(O 0.55(d)(O 5.0(c)(f) 98 75.0(e)(f)

D-89071 015(d)(f) 0.60(d)(O 8.C(e)(f) 110 83.0(e)(0

D 8907-2 0.14(d)(f) 0.66(d)(f) 10.0(c)(f) 102 115.0(c)

D S907 3 0.11(d)(f) 0.74(d)(f) -16.0(e)(f) 77 84.5(e)(f)

a. See chemistry data in Appendix for sources,

b. Generic mean value,

Byrne, S.T., Bicmiller. E.L, and Ragt, A.," Testing and Evaluation of Calvert Cliffs Unit #1 ;e.
and Unit #2 Reactor Vessel Materials Irradiation Surveillance Program Baseline Samples",
Combustion Engineering TR ESS 001, January 31,1975.

d. " Summary Report on Manufacture of Test Specimens and Assembly of Capsules for
Irradiation Surveillance of Calvert Cliffs Unit #2 Reactor Vessel Materials", Combustion
Engineering, CENPD 48, August 15,1972.

e. These values have been corrected for the transverse charpy direction in accordance
with NRC Branch Technical Position MTEB 5 2, where required.

f. * Baltimore Gas & Electric Unit #2 Reactor Vessel Master Index with Welding Procedures,
PQR's, Weld Materials Test Reports, and Base Materials Test Reports *, Combustion
Engineering Contract No. 73167.

8
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TABL8 NO' 4 3: |
l

CALVERT CLIFFS REACTOR VESSEL. j
PTS 'ARAh!ETERSBElXLINE StATERIAL RT l ;

1

i

ID I M RTPTS CF F hlax !
(MTym; (MARCIN) (MAX 1Af UM) (CilDilSTRY TACTOR) ( HTyrWCF)

i

i
<

'

|
UNIT #1 -

. _ .

2 203
A,B,C 50 56 264 210 1.257

3 203
A B,C 56 66 260 179 1.453 .

9 203 80 56 324 121 2.678

D 72061 20 34 216 74 2.919

D 7206 2 30 34 266 84 3.167

D 7206 3 10 34 226 84 2.69

D 72071 10 34 226 90 2.511

D 7207 2 -10 34 246 74 3.324

D 7207 3 20 34 256 74 3.459

UNIT #2

2 203- .

A,B,C 56 66 260 161 1.615

3 203
A B,C -80 56 294 121 2.430

9 203 -60 56 304 101 3.010

D 89061 10 34 226 108 2.093

D S906 2 10 34 226 74 3.054

D 8906 3 5 34 231 98 2.357

D-89071 8 34 244 110 2.218

D-8907 2 10 34 226 102 2.216

D-8907 3 16 34 252 77 3.273

9
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APPENDIX A

Chemical Composition of Weldments in the Beltline Region t

of Calvert Cliffs Reactor Vessel Unit #1 and Unit #2
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Fr.LD SLOI 2 203.A,8,C CCNPP UNIT #1

WIRE (S) F',0X t.OT NO. Cu (w/rd NI (w/o) SOURCE / ANALYSIS NO. ,

1.00 (1) / R.199012003 ~ ..

0.73 (1) / R.224820291 .. .. ..

0.74 (1) / R.229320291 .. .. ..

12008 1092 3692 NA 1.01 (1) / D-4907

20291 1092 3S33 0 21 0.74 (2,3) / NA

20291 1092 3833 0.22 0.73 (4)* / NA

12008 &
20291 1092 3854 0.21 0.SS (5,6)/21117 -

CIIE5flSTRY CALCULATION

Nh (((1.00 + 1,01)/2 + (0.73 + 0.74 + 0.74 + 0.73)/4)/2 + 0.68)/2 = 0.88 w/o Ni

ESTI5 FATED CHE511STRY

0.21 w/o Cu based on the tandem wire deposit analysis

0.88 w/o Ni

Average of five analysis*

NA Not Available

Not apolicable because Flux. Lot No, and Cu are not relevant for wire analyses, only for..

depos:(analyses

(1) Letter from P. Kruse (CE) to LE. Titland (BO&E), C.E Chattanooga Metallurgical
Records Search, BO&E.10577 437, January 11,1982.

(2) Letter from T,U Maston (EPRI) to LE.Titland, Attachment II: Cooper Station
Surveillance Weld Chemistry, March 16,1982.

(3) Strosnider, J., et al.," Computerized Reactor Pressure Vessel Materials Information
System *, NUREG-06SS, U.S. NRC, October 1980.

(4) Cooper Surveillance Weld Evaluation, General Electric, EPRI Contract RP2180-6,
August 1983.

-(5) Oldfield, W., et al., Nuclear Plant Irradiated Steel F ndbook, EPRI Research Projects
NP.1757 36,1757 37, and 2455 5, Septerr.ber 19?'

(6) Davidson, J.A. and Yanicko, S.E., " Duke Power ( .oliam B. McGuire Unit #1. . . . ,.

Reactor Vessel Radiation Surveillance Program", WCAP 91995, November 1977.

. . . _ _ _ . __ - Ai . . _ . _ _



'

WELD SEAh! 3 203 A,B,C CCNPP UNIT #1

WIRE (S) FLUX LOT NO. Cu (w/o) Ni (w/o) SOURCE / ANALYSIS NO.

0.70 (1)/ R 254621935 - - -

0.68 (1) / R 250321935 - .. -

0.71 (1)/ R 249521935- .- - -

21935 1092 3869 0.20 NA (1)/ D 7279

21935 1092 3889 0.13 0.68 (1)/ D 7569

21935 1092 3SS9 0.21 NA (1) / D.7524

.

CHE5flSTRY CALCULATION

Cu: (0.20 + 0.21)/2 = 0.21 w/o Cu'

Ni: (0.70 + 0.68 + 0.71 + 0.68)/4 = 0.69 w/o Ni

ESTIhtATED CHE5f1STRY

0.21 w/o Cu

0.69 w/o Ni

. Note that,one deeosit ana ysis re rted a copper c9ntent of 0.13 w/9. Tais was omitted from*

the chemistry caleulation che to e non-ennservative effects on estimat: ng the average weld
metal coppet content with a samp e size oTthree.

o NA~ Not Available-

Not apnlicable because Flux, Lot No. and Cu are not relevant for wire analyses, only for-

deposif analyses

(1)' Letter from P. Kruse (CE) to LE.Titland (BG&E), C E Chattanooga hietallurgical
Records Scarch, BG&E.10577-437, January 11,1982.
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WELD SEA 319 203 CCNPP UNIT #1

WIRE (S) FLUX LOT NO. Cu (w/o) Ni (w/o) SOURCE / AN.AINSIS NO.

33A277 0091 3922 0.30 NA (1) / D 7947

33A277 0091 3922 0.23 NA (1) / D 7948

33A277 0091 3977 0.23 NA (1) / D.9217

33A277 0091 3922 0.24 0.18 (2)/ NA

33A277 0091 3922 0.14 0.27 (3)/ NA

~

CIIE5fiSTRY CALCUI.ATION

Cu: (0.30 + 0.23 + 0.23 + 0.24 + 0.14)/5 = 0.23 w/o Cu

Ni: (0.18 + 0.27)/2 = 0.23 w/o Ni

ESTIMATED CHEh!ISIR.1

0.23 w/o Cu

0.23 w/o Ni

(1) " Baltimore Gas & Electric Unit #2 Reactor Vessel Master Index with Welding
Procedures, POR's, Weld Material Test Reports, and Base Material Test Reports",
Combustion Engineering Contract No. 73167,

(2) Byrne, S.T., Biemiller E.1., and Ragl, A.," Testing and Evaluation of Calvert Clith, Unit #1
and Unit #2 Reactor Vessel Materials Irradiation Surveillance Program Baseline
Samples", Cotabustion Engineering, TR.ESS4)01, January 31,1975.

(3) Perrin, J.S., et al.,"Calvert Cliffs Unit #1 Nuclear Plant Reactor Pressure Vessel
Surveillance Program; Capsule 263" Final Report, Battelle Columbus Laboratories,
December 15,1980.

{
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,

WELD SEAh! 2 203 A,B,C CCNPP UNIT #2

WIRE (S) ELIIX LOT NO. Cu (w/o) Ni (wlo} SOURCE / ANAINSIS NO.

8746 124 3878 0.12 NA (1)/ D 7314

ESTI51ATED CilE$11STRY

0.12 w/o Cu

1.01 w/o NI'

.

Niis an upperbound estimate since no data could be found for this wire.*

(1) * Baltimore Ons & Electric Unit #2 Reactor Vessel Master Index with Welding
Procedures. POR's Weld Material Test Reports, and Base Material Test Reports",
Combustion Engineering Contract No. 73167,

,

F

:

!

l
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!
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WELD SEA 513 203 A,II,C CCNPP UNIT #2

WIRF(S) FLUX 1p_T NO, Cu (w/o) Ni (w!n) SOURCE / ANALYSIS NO2

33A277 0091 3922 0.30 NA (1) / D.7947

33A277 0091 3922 0.23 NA (1) / D.7948

33A277 0091 3977 0.23 NA (1) / D.9217

33A277 0091 3922 0.24 0.18 (2) / NA

33A277 0091 3922 0.14 0.27 (3)/ NA

'

CliE5fLSTRY CALCUIATION

Cu: (0.30 + 0.23 + 0.23 + 0.24 + 0.14)/5 = 0.23 w/o Cu

Ni: (0.18 + 0.27)/2 = 0.23 w/o Ni

ESIIMATED CITEMISTRY

0.23 w/o Cu

0.23 w/o Ni

(1) " Baltimore Gas & Electric Unit #2 Reactor Vessel Master Index with Welding
Procedures. POR's, Weld Material Test Reports, and Base Material Test Reports",
Combustion Engineering Contract No. 73167.

(2) Byrne, S.T., Biemiller, E.1., a, d Ragt, A.," Testing and Evaluation of Calvert Cliffs, Unit #1
and Unit #2 Reactor Vessel Materials Irradiation Surveillance Program Baseline
Samples", Combustion Engineering. TR ESS-001, January 31,1975.

(3) hrrin, J.S., et al.,"Calvert Cliffs Unit #1 Nuclear Plant Reactor Pressure Vessel
Surveillance Program; Capsule 263", Final Report, Battelle Columbus Laboratories,
December 15,1980.
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,

!

WELD SEAh! 9 203 CCNPP UNIT #2
!

WIRE (S) FLUX I.OT No. Cu (w/o) NI (w/o) SOURCE / ANAINSIS NO.
~

'

10137 0091 3999 0.23 NA (1)/ D-10600

10137 '0091 3999 0.20 0.(M (2)/NA
i

10137 0091 3999 0.24 0.06 (3)/ NA

!
:

CHEMISTRY CALCULATION :
s

Cu: (0.23 + 0.20 + 0.24)/3 = 0.22 w/o Cu ,

N!: - (0.04 + 0.06)/2 = 0.05 w/o Ni !
~

i

ESTIMATED CHEMISTRY ;

0.22 w/o Cu .
,

0.05 w/o Ni - [

:

(1)' " Baltimore Gas & Electric Unit #2 Reactor Vessel Master Index with Welding h
Procedures, POR's, Weld Material Test Reports, and Base Material Test Reports", '

Combt'stion Engineering Contract No. 73167.
A

_(2) Byrne, S.T., Blemiller, E.1., and Ragi, A.," Testing and Evaluation of Calvert Cliffs, Unit #1
and Unit #2 Reactor Vessel Materials Irradiation Surveillance Program Baseline
Samples", Combustion Engineering. TR.ESS 001, January 31,1975.

1

(3). Norris, E.B . " Reactor Vessel Material Surveillance Program'for Calvert Cliffs Unit #2 -

Analysis of 263 " Capsule, Final Report, SwRI Project 06-7524, Southwest Research
Institute, September 1985.

.

t

I
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1. SlH %RY OF RESUL15 AND CONCLUSIONS

A detailed ar.alysis nas performed for developing new pressure temperature

limit curves for the Calvert Clif f s Unit I reactor pressure vessel. The

analysis included re. neutron transport calculations for 12,18 and 24 month

cycles, development of irradiated material properties based on NRC Regulatory

Guide 1.99, Draf t Rev. 2, end the generation of heat-up and cool-down limit

curves for every 4 EFPY from 12 EFPY to end of-life conditions.

The SwRI evaluation led to the following conclusions:

1. Based on a calculated r'eutron spectral distribution, the peak fluxes

incident on the Reactor Pressure Vessel (RPV) are 5.31 x 1010 2n/cm ,

sec 5.09 x 1010 2 10 2n/cm -sec and 4.17 x 10 n/cm -see for 12 month,

18 month and 24 month cycles respectively.

2. Adjusting the calculated flux with respect to the first capsule

dosimeter analysis the 12 month cycle peak flux on the RPV was

determined to be 4.88 x 1010 2n/cm -sec. The value is within 4% of

what was reported in the Unit 1 Capsule report !II.

3. The calculated lead factors for the vessel 10 based on surveillance

capsule locations are given below:

0=7' 0 14'
Cycle Type Lead Factor Lead factor

12 month 1.26 0.93
18 month 1.23 0.90
24 month 1.17 0.77

4. The accumulated peak fluence on RPV ID was calculated to be 1.62 x

10l9 2n/cm for the first 9 cycles and 4.56 x 1019 2n/cm to 32 EFPY.

,



_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _

5. Displacement per Atom (d96) for 32 ETPY were calculated to be 7.62 x

10 2, 4.85 x 10*2 and 1.4 x 10-2 for RPV ID, 1/4T and 3/4T
respectively.

6. The 12 EFPY fluence on the RPV was calculated to be 1.96 x 10I9
2n/cm . Fluence rate of 1.3138 x 10l8 per year was used to develop

fluence value for 16, 20, 24, 28, 32, 36 and 40 CFPYs.

7. The controlling material for RPV operations was determined to be

weld 2-203 with Cue 0.21% and Hi=0.E7%. P-T limit data was developed

fer 12, 16, 20,24, 26, 32, 36 and 40 EfPYs. The data also reflects
different heat-up and cool-doan rates.

B. Based on the Regulatory Guide 1.99, Draf t Rev. 2 aporoach, the 32 i

EFPY adjusted referev temperature for the controli jng inaterial
will be 294'F at the RI 10 and 256'F at the 1/4T location.

9. Based on this study t. t Calvert Cliff Unit I reactor vessel has

adequate material tov ( ess for continued safe operation beycnd 32

EFPYirradiationconditions.

_

PEG /FR-127E 2
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l

!

l

DPA Values (Displacements Per Aton Per Second) in P.PV of Calvert |
'Clif f s-1 Iue to . Neutrons with Energies Above 15 kev

P.adial
Location 12W 1BW 24W

220.695 8.113BE-11 8.8356E-11 6.2720E-11
222.102 7.5060E-11 8.17370-11 5.8022C-11
223.727 6.5401E-11 7.1219E-11 5.0556E-11
225.351 5.5903E-11 6.0876E-11 4.3213E-11
226.976 4.7506E-11 5.17320-11 3.6722E-11
228.601 4.0243E-11 4.3822E-11 3.1108E-11
230.225 3.40090-11 3.7034E-11 2.6289E-11
231.650 2.6626E-11 3.11720-11 2.2128E-11
233.475 2.39SOE-11 2.6080E-11 1. 8513D-11

235.099 1.9644E-11 2.1609E-11 1.5339E-11
236.724 1.6165E-11 1.7625E-11 1.2511E-11
236.346 1.2666E-11 1.4012E-11 9.9467E-12
239.973 9.7644E-12 1.0633D-11 7.54790-12
241.596 6.6633E-12 7.2116D-12 5.1194D-12

|

f
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2. INTRODUCil0N

The long-term degrecation of reactor vessel structural material

properties due to irradiation is measured by the evaluation of material

surveillance capsules removed periodically from the reactor vessel.

Combustion Engineering, Inc. has provided the material surveillance program

for the Calvert Cliffs Nuclear Power Plant Unit 1. To date, one surveillance

capsule has been removed and tested. Typically, the capsults contain Charpy

V. notch and tensile specimens in various combinations representing the parent

material, weld metal and heat-affected zone (HAZ) material of the vessel

beltline region, in addition, the capsules contain iron, nickel, titanium,

sulfur, uranium and copper neutron flux monitors and temperature monitors.

The objective cf the surveillance program is to correlate changes in

vessel material fracture toughness properties with neutron fluence so that the

reatter vessel pressure temperature limits can be determined. Recently, the

conceen about pressurized thermal shock has placed additional requirements to

determine the irradiated condition of vesr1 inner surface. The applicable

regulations and documents that address the continued licensibility of reactor

vessels include 10 CFR Part 50, Appendices B, G and H. 10,CFR Part 50.61, NRC

Standard Peview Plan 5.3.2, Regulatory Guide 1.99, Draft Rev 2 and ASME Boiler

and Pressure Vessel Code Section 111, Appendix G.

In this report a new neutron flux analysis for the reactor vessel is

presented. Based on the analysis, projected vessel fluence conditions were

developed for assessing the long-term integrity of the vessel. Pressure-

temperature limit conditions are presented for 12, 16, 20, 24, 28, 32, 36 and

40 effective full power years of operation.

PEG /fR-1278 3

I



o

3. ETERIAL PROPERTY ASSES $NENT

In developing the pressure-temperature limit conditioni for reactor

vessels, the important material property required is the Reference Temperature

- Nil Ductibility Transition (RTNDT) of various vessel pressure boundary

materials. The locations within the pressure boundary that are of interest

include nozzle area, closure head region and the beltline region. The nozzle

and closure head regions are locations of high stress concentrations while the

beltline region is subject.to neutron embrittlement with time.

Early in the life of the reactor vessel, nozzle and closure head regions

-tend to control the pressure-temperature limit curves. However, with time the

beltline irradiated materials become e.ontrolling. In the case of Calvert
Cliffs Unit 1.- the controlling material for 12 EFPYs and beyond is the

belt 1_ine region material. Between the nozzle and the closure head region, the-

closure head region poses greater restrictions on the PT limit curves.

10 CFR 50 " fracture Toughness Requirements for Light-Water Nuclear Power

Reactor" requires the closure head region- materials to have, as a minimum,

RTNDT + 120' for- normal- operations and RTHDT + 90' for hydrostatic pressure

and leak tests. In the case of non-availability of RTHDT data or where the

-data is not reliable. the RTNDT for the closure region:is determined using the

method in NRC Standard Review Plan 5.3.2- Branch. Technical Position 5-2,
L i4TEB. Based on this method, the. RTHDT of the closure head material was

assessed to be 60'F.

To ' provide the' submittal to NRC on the Pressurized Themal ' Shock

issue,12,5) extensive materials data information was' developed by BG & E for

all the bett11ne materials. Key information needed for these materials is the-

material chemistry, especiati, Cu and Ni, from the data supplied by BG't E to

SwRI, the Cu' and' NL values for the beltline materials are presented in Tab'le
i

|

L PEG /FR-1278- 4
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i 3.1. These chemistry values are used in Section 5 of this report to develop

the irradiated Adjusted Reference Temperature for the critical beltline

materials. Figure 4.1 is a Calvert Cliffs Unit-1, Reactor Pressure Vessel Map

with all the key welds identified.

!

|

,

|

i
|

I

I
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l

1

Table 3.1 Calvert Cliffs Unit No. 1 Reactor Vessel |

Beltline Material Properties

ID , Cu (w/o) Ni (w/0) Initial RTNDT(.r) {

2-203 0.21 0.87 -50.0 .|A.B.C <

3-203- 0.21 0.69 -56.0 iA.B.C ;

9-203 0.23 0.23 -80.0 ;
.

D-7206 1 0.11 0.55 20.0 '

D-7205-2 0.12 0.64 -30.0

0-7206-3 0.12 0.64 10.0 !

0-7206 1 0.13 0.54 10.0

0-7207-2 0.11 0.56 -10.0
1

D-7207-3 0.11 0.53 -20.0

>

F

..

PEG /fR-1278 6 -

|

'
i.

. , , - , . , , . _ , _ , _ , _ _ -~



_ _ _ _ _ - . . _ _ _ _ . _ _ - _ . - _ _ _ _ _ _ . - - - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ - - - - _ _ _ _ _ - - _ _ _ _ _ _ _ _

|

|

J
|e. =

J
'

n . . .

h { I |h.
'
.
. . . ;.
. i .e ;

s e e s

0 0 i !

# i e i

f 4 6

- , , . ,
'

t ' * ' i
f 8 1 1

. . i 1

4 8 i
1 0 1

'!N 84 i N
e a .t if,

'us,
e a e k N a. -[

6 i e i ? g i

e i e a
t t t ed >

0 I

y | e i i e i

| | | W ;
, , , :
4 1 6

.

1'
'

g
8 is

k i mi

w | : | | W .
- , , , : g.. . ..

3 . , g .-
,$ -c yeen e I i w i

| | & | |5 W \

, . . -
.

|-| t e n m s

''
-

-

' ' ' ? Ee i e
. d1 8e g -8 M j(5, 4- ' M i.

d e i 8 i w Iy

. W *

i . .
i e em efn

sk -- h -& 4 N 6

| f |- S 8
''"" '
,

,-i . ,
"

t S e
-

I 3 e
5 e ' |me i I g ($ -

h 4 0 $

a t i e
.

'

4 8 1 ?

k"
6. 0 6 c"
e M t g !

k I4

{
,

#4 -g y.

. . . -,

h I Y 8 4

-(- i i .
e , . . ,
u .. . i :- ,
f e-

g

a I ! I: I I r

. umi
*3 3*!!CN WChe 13kWillC

4

-.

*

7

.

'
>

+ . . , . - - ,



. _ _ . . _ . _ _ . - _ - . . _ , . - . . _ . - _ _ _ _. _. . - _ _ . . . _ ._

'[4 "

^( ^

i,- y_t

-

4.- NEUTRON FLUENCE CALCULATIONS
'

The first surveillance- capsule (263') was removed from Unit -1 following
#

. Cycle 3, _ af ter 2.94 ETPYs of operation. A detailed capsule testing and

trAyris was conducted and reported -in Reference [1]. The dosimetry and

vessel fluence evaluation provided information on the vessel fracture .

toughnest- conditions .or 3 cycles of 12 months cycle each. Beginning with
1

cycle 5, the orarating cycle period cnanged to 18 months. A low leakage core
,

and a' 24-month cycle is planned for future operations beginning with cycle

10. Full power conditions corresoond to.2560 Nth for cycle 1, and 2700 Ath>

,

for all other cycles. .

In this section a cetailed neutron transport analysis for the reactor

. cross section is presented. A discrete ordinates calculation using the DOT-4
3

I3I' code was-performed to obtain the radial (R) and azimuthal (0) fluence-rate

; distribution for the.genmetry is shown in Figure 4.1. As part of~the reactor

crcss - section model the detailsL of tne surveillance capsule geometry and'

'

location has to be modeled. The inclusion of the survetilance capsules in-
:

- the R-o model is mandatory to account for the significant perturbatien effects

from the physical presence of the capsule. Figure 4.2 reprRSents the actual
-

'

the 00T mo' del used in the analysis. The OCT no' delcapsule geometry v6 .s-
-

-

-

n' incorporates a homoge .> . mixture of inconel and water to simplify . the

avet al1~model while maintaining the equired accuracies for the calculation.

Tne spatial distribution of the - core source was cbtained by combining-

- plant specific a3sembly-wise. power values and relative pin-wiss powers for the---

A
2350 wattappropriate cycles. The energy distribution was represented by a

fission spectrum as specified in ENDF/BV. The axial variation 1 of the: flux is

treated with a well known synthesis method.

Tha 00T-4 calculations were performed with the 47- group energy structure

-

PEG /fb1278 8
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- forc the 5AILOR I4kcrosssectionlibrary. An S : angular structure and a Pg 3

.Lengendre-cross-section expansion were used. The fine-group dosimeter cross-
,

63Cu(n,=)60Co reaction were obtained from ENDF/B-V file-and
'

sectionsLforthe

were coMapsed to 47 groups-using a fission plus 1/E weighting spectrum. The

other reaction cross : sections. were taken from the SAILOR cross section,

library, which is based on ENDF/8-IV data. The DPA cross sections were
'

,

obtained from MACLIB.,

The results of the transport calculations for the RPV fluence analysis

are presented ' in Tables 4.1 through 4.13. Table 4.1 presents the calculated-

. saturated activities et the center of a 7 degree surveiliance capsule for 12

-months, 18- months and 24 months cycles of operation. in Table 4.2 the-

.

nonsaturated activities are calculated for end of cycles 3 and 8. The

nonsaturation- f actors developed for the various dosimeters are described in

Table-4.3. The_ measured ASAT for-the capsule is presented in Table 4.4 The

comparison of-- measured _ and- calculated parameters for the capsule- 263* is--

| presented in Table 4.5. Table 4.6 contains the relative azimuthal flux (> 1 i

MeV) variation incident:on the vessel. Adjusted flux for the 12-month cycle

with respect to the 263' capsult is presented in Table 4.7.

Th'e adjusted flux is obtained by. combining the measured dosimeter

-activities with the -calculated spectrum-averaged _ cross E sections using the

1 expressions-given in' Appendix F. Sincei no measured activi*,ies 4 are-available-

fo the 18 -~and 24 month cycles, only ' computed activities are. given for these

areas. . Peak flux for: the various oparation cycle periods in- the . vessel-are

1 described in Table 4.8. Table 4.9 presents the neutron spectra.at the-peak'at

the vessel I.D.. The spectrum averaged cross sections at the center of- the.

Y surveillance capsule are' presented in Table 410 Tab ~le 4.11- presents the. .

L

. calculated - flux. in the- _ surveillance capsules and their lead factors with

-PEG /FR-1278 11
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respect to the vessel 1.D.. The accumalated RPV peak fluence levels for

various cycles is summarind in Tabir 4.12. Table 4.13 presents the vessel

fluence conditions after 12 EFPY.

tppendix A discusses the determination of space-dependent source

distribution for the transport analysis performed for Calvert Clif fs Unit 1.

Appendix B is a description of the 3D Flux synthesis method used in this

analysis. The power-time history data is presented in Appendix C.

FEG/FR-1278 12

:

_ _ -



.
-. . _ _ _ _. _

n'( . Calculated Values for htidplane Saturated Activities at Center. .. '

of "* 5. C. (Calsert Cliffs-1)

(Units = Bq/gt)

A A A
SAT SAT SAT

Dosimeter 12ht Cycle 18h! Cycle 245! Cycle

Fe (n ,p) Mn 5.65E6 S.89E6 4.17E6
5S Ni(n,p)SSCo 8.03E7 6.40E7 5.93E7

__

63 Cu (n , a)60Co 7.00E5 7.30E5 S.27EE

3 U (n.f) Cs 4.59E6 4.81E6 3.36E6
# Ti(n p) " Se 1.57E6 1.64E6 1.17E6

> 1 bieV 6.69E10 7.00E10 4.8BE10

e >.111 bieV 1.23E11 1.29 Ell 8.95E10

.
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ane 2 Calculated Values for Non-Saturated Activities ("ATOR")( }
at Center of '' S.C. (Calvert Cliffs 1)

Ltits = Sq/g:

-(a) (b)Dosimeter CATOR)3 (^ TOR)8
54 Fe(n.p)I#Mn 3.85E6 4.66E6
5SNi(n,p)SBCo 5.95E6 7.4E7
63

Cu(n a)60Co 2.08E5 4.15ES

'36 (n,f)13*
U Cs 2.96E5 8.02E5

46Ti (n ,p) #05: 1.16E6 1.45E6

(a)(gg)3 i desineter activity (Bq/gm) at time of removal (Eoc-3)

(ASA-)::M ..h.*

!

(b) (ggg)3 i des h er ac M y at ECD S

(A73g)3 C' * (Agg7)ggy h.; - 5
*

^ SAT 12' ^5AT 18 saturated activities for 12 and#'

18 month cycles
h ,,3,-h ,3 = non-saturation factors from Table 4.33 4

: = time (d) from EOC3 to EOC8 = 2739 days

,

e

14
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" tle .~ -Ncn Saturatien Fr.ctors(h) Used in Dosi.t.eters Activities 4

i

.

|
|

\

h ,g(Cycles 4-6)Desi eter h),3 (Cycles 1-3) 4

Fe54 0.683 .789

N155 0.741 .854

Cue 3 0.297 463

T146 ' O.735 .882
'

U23$ 0.0643 .115

( a 'i h I ncn saturation factor

r) _ (1-e \ T ) e- A (T-t))
-. j= ,

where factors P). T) and T-t) are given in Appendix C.

-
-
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Table 4.4. "Maasured" Saturated Activities (Ag 7) for Cycles 1 3 of
Calvert Cliffs 1

Location

R = 217.01 cm
0 = 7'

Center of S. C. Maximum of S. C.
(_ middle of compartment) (compartment bottom)

(2) (1) (2)
ATOR (1)Dosireter ASAT ATOR SAT-A

54Fe(n p)b .e 3.45E6 5.05E6 3.57E6 5.23E6

S *RNi(n.p)5'5 Ce 5.46E* 7.37E7 6.09E7 8.22E7

Cu (n ,2) 60Co 1.96E5 6.60E5 2.13E5 7.17ES
63

"38U (n,f)13"Cs 3.17E5 4.93E6 3.56E5 5.54E6
'

,

46 73(n,p)465c 1.29E6 1.75E6 1.36E6 1.64E6

{1)ATOR values taken from lable 4A of Battelle report

(2) A ATOR
SAT h -3l

16
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Tat'c L.5 Cemparison of Unadjusted Calculated and Measured Parameters for |.

Cycles '_1-3 (12 month cycles) of Calvert Cliffs-1 |

A A
TOR TOR

W C/EMeasured (1) CalculatedParameter

Fe54 dosimeter attivity- (dps/gm)I )
-

3.45E6 3.85E6 1.12

NiSS dosimeter activity (dps/ge)(2) 5.46E7 5.95E6 1.09

Cu63 ' dosimeter activity _ (dps/gn)I ) 1.96ES 2.08E5 1.06

U23S dosimeter activity (dps/gn)(2) 3.17E5 2.96ES 0.93

Ti4e dosimeter activity (dps/ge)(2) 1.29E6 1.16E6 0.90

f) b )-Peak d. (>l MeV) at center capsule 6.7E10 7.08E10 1.06
,

I )ATOR values taken from Eatelle Report

( )At center of capsule; time of removal from reactor .

I3At 1ccatien of peak axial value

( )This is a purely calculated value---no modifications are made to in-
corporate the experimental dosimeter results. The " adjusted flux"
given in Table 4-7 reflects the incorporated measured values, and

-

hence is believed to be more accurate.

calculated activity
*

i
experimental-activity

Calculated values obtained from Table 4.2

!.-

h- 17
r

L
I
i

L
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!

!st.e .6 Relative A ,muthal Variation (*) Ir. : (> 1 MeV) Incident '

On' Vessel

,; I 10 Menth Cycle 18 Month Cycle 24 Month Cycle
___

1 1.25000E+00 1.000 1.000 1.000
0 3.75000E+00 .995 .991 .966
3 5.6:900E+00 .973 .965 .906
4 6.37750E*00 .904 .915 .848
5 6.64000E*00 .896 .886 .614-
6 7.00000E+00 .6 9 .868 .787

7.35950E+00 .8 4 .663 .772'

5 7.60000E*00 .557 .873 776
9 6.37099E 00 .910 .895 .781

10 9.62500E+00 .S79 .862 .734
11 1.05750E+01 .533 .815 .650
12 1.01:50E+01 .751 .763 .630
13 1.;0040E+01 . 4: .726 .599
14 1.53775E+01 .709 .695 .572
15 1.36400E*01 .650 .667 .549
16 1.40000E+01 .654 .643 .528 ,

17 1.43605E+01 .640 .630 .517
IS 1.462 0E+01'' ' .639 .630 .517

-19 1.49300E+01 .646 .637 .522
20 -1.55590E+01 .631 .623 .512

-21 1.65000E+01 .595 .595 .492
22 1.750005+01 .570 .570 475
23 1.85000E+01 .545 .553 462
24 1.95000E.01 .534 - .543 .454
25 0.05000E+01 .507 .541 449
26 2.15000E+01 .524 .544 446.

27 -0.25000E+01 .526 .551 .444
05 0.35000E+01- .530 .561 .444
29 2.45000E+01- .535 ,572 .443
30 - 2.55000E+01 .541 .582 443=

31 -2.65000E+01 .545 .590 .441
32 2.75000E+01 .546 .594 .436
33 2.84000E+01- .545 .597 .429
34 2.98118E*01 .535 .588 .418-
35- 3.09600E+01 .526 .579- .413
36 3.12330E+01 .525 .578 411

.40937 3.15847E+01 .524 .577 -

38 3.20500E+01 .521- .575 .406
39 3.25500E+01 .518 .572 .402
40 -3.30500E+01 .515 .569 .399

18



fe

*si'e .f_ Continued.

j I -12 M: nth Cycle 18 Month Cycle _ 24 Month Cycle

al 3.30300E 01 .571- .565 .395
4: : 3.41962E 01 .5C6 .559- .39

'43 |3.47000E-01 .501 .554 .388
44' 3.49150E+01- 495 .551 .357
45 3.537:3E+01 492 .544 .384-
46 3.607:0E 01 453 .534 .379
47 3.712:0E+01 463 .518 .372-
48 -3.517:0E+01 454 .502 .365
49 3.55700E 01 446 49 .360
50 3.95700E-01 435 484 .356.
51 4.02360E+01 433 .478 .352
5: 4.07750E+ 1 430 474- .350
53 -4.1 500E 01 49 472 349

54 4.17500E 01 40' 471 .347
.55 4.0050CE+Cl- 47 470 .346
56 4.27500E 01 47 .470 345

57 4.32500E-01 .4;" 471 .345
58- 4.37500E 01 425 471 .345

59 4.4:500E-01 409- 472 .345
60 4.47500E 01 4:S .470 .345

I") Peak value normali:ed to unity

19
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Tame k.7 Determination of " Adjusted" c (>1) in $.C. for 12 Month
Cycles 13 (Location R = 217.01 cm, 0 = 7*)

PEAK FLUX: (botto comparteen: of S. C.)

}Desiteter Measured Ag4 CalculatedOeff(} Adjusted 0(>1f}
# Fe(n.p) #Mn 5.23E6 .135 6.19E10

Ni(n.p)SS Co 6.22E7 .171 6.86E10
63 60Cu(n,33 Co 7.17E5 .00159 6.BBE10

Average 6.65E10

CENTER FLUA: (middle compartment of S. c.)

Desiteter Measured ASAT Calculated Oeff Adjusted :(>1)
54 Fe (n.p)S4Mn 5.05E6 .135 5.9BE10

55 ;(7,,p)SSCo ~.37ET .171 6.15E103 _

63 Cu(n,a)6CCo 6.60E5 .00159 6.33E10

Average 6.15E10

.

(1) Measure: values from Table 4.4

(2) Calculated values from Table 4.10

(3) Adjust c(>1) E [ASAT} measured
No [c ff) calc.-e

i

!
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~ t'.e .E Feak : (>1) in RFV of Calvert Cliffs.13

Radial ") 10'* Cycle,( 1 M Cycle,IC) ISM Cycle,(') 24M Cycle.I#)
f

location adjusted calculated calculated calculated

1R RFV(R= :1.09) 4.SSE10 5.31E10 5.69E10 4.17E10

1/4T(R=2:5.95) 2.91E10 3.17E10 3.40E10 2.49E10

3/4 7(R=235.c ') 5.94E9 6.46E9 6.93E9 5.0SE9

_

(a)RTV liner begins at 200.5
RTV begins at 221.09
RFV ends at 242.41

S)Cbtained by dividing adjusted S.C. flux (see Table 4.7; by lead factor
in Table 4.11

(#)0btained by dividing calculated S.C. flux in Table 4.1 by lead f actor in
Table 4.11 (Nete : no experimental data is available for 13 and 24 month
cycles.)

_
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't.ne .9 Neutron Spect ra at Peak _0T Location
% = :19. 71. . i 0 . 5 0, - : =M.D=

12 Month Cycle 15 Month Cycle 24 Month Cvele-
,

.p .?y c FLVi FLUX FLUE
_

~

1 : .=-3909E+0? 1.73: %E-07 1.31134E+07
v . t r'13 5 E + 0'' '''.51' hE+07 5.67293E+27 .

J.: Ct-1E*03 3.07 35E+0E '. 30041E+08--
-

').9:~99E+0C- v . I '' 2 F. + 0 e 4.605e4E*00.

.
i a3.736*P= ! .10 /E OF + 0'' O.!;3571E+08

6

!.52210E?09 f. 77 F 1-t: + e4 ..05S37E+09
. i

J.70157E-04 ?.:5'* E+04 0.90.251E+29
*

-;
: .c.-O:!SE+C9 t.86845E+0 5.03439E+29-

u + 0 + % '3 E + 0 4 4 .' 7 :4"!!E*09 3.65386E+29
* ;' ?.:01?OE+09 3.4359*E+09 -0. SO907E+99 -,

.; ?.e0"83E+09 3. 8716 7E+C9 ' 0.90407E+09
;;. 1.7G107E*09 1 . 9 * !.5 7 E + 0 9 1.481*3E+99

t ..v.aOE+0E 4.96.:.;eE+0E -3.63585E+0B-
I ~.11 e 3 c E + 0* 1.7*Fo*E*0' !.73658E+29

~

..

i= 635el;E+09 5 . F.8 1 5 1 E + 0 4 4.25130E*e9
= . f "; - 7 E + 0 5.iS0e5E+09 4.35409E+09. ' , 4. ; s ':7E*09 '.'t/~"E*0' - 5.79095E+29:

1* t 04533E+10 1.17505E+10 9.53567Ew9 4

1 '.CIS57E+0S 7.53394E+29 5.45967E+29| ; ,* A<.1004E+09 3.65c00E+09 . 65397E*e9*

;;; 4.1Sb66E+09 9.85GDIE*09 7.11397E*B9
; ~. N91sE+0: 6.304'a5E 09 5.98543E+09
;;. C.33;96E+0C G.*30"ct+0c 6.4394RE+B9
:. :4.5;5?eE+05 9.1001 *'E * C 4 -6. S e 771E+09 - <.s. .:1 1010E* 10 ' 2.104.eE+10 0. 5 5 200E+09 -:: 1. 00 '45E+ 10 s 1.07d'"E*10 7.73806E+09
,. . 0 *- i b E + 0 9 - 7.56?;20E+0e 5.*055GE*B9

*

*.9 e.O*;c50E+0" 6.~ 4 5 9 "|3E+09 4.63553E+09'
';* ...1013E+09 2.36901E+09 -1.70444E+09
!? 11.;O336E+0' i.311"1E+09 9.45816E+08*

.. % 5 45 E+0* 0.77684E+09 1.97848E+2e
: .' e 511 ? E + 0* ' 1.79995E+09 1.~ 07030E+09

2/ .3. !35 5 31 E+ 09 .!. 5 9 '.T o E + 0 c !. 56025E+09 I

.

22
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yei'e .10 Spectrvr. Averaged Cross Sections at Center of 7' S. C..

Ceff(b)- c gg(b) c gg(b)e e

Reaction 12 Mor.th Cycle 18 Month Cycle 24 Month Cycle
54

Fe (n.p) 0.135 0.135 0.137
58Ni(n,p) 0.171 0.171 0.173
63

Cd(n.o) 0.00159 0.00159 0.00164

238 (n,f)U 0.452 0.452 0.453
46

Ti(n,p) 0.0230 0.0230 0.0236

_

% %

cff=e

["C(E)dE
1

,

4

t

3I
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Tat;t .;' Calculated O '(E>1) i: Surveillance Capsules and Lead Factors-

(LT)(2) for Calvert Cliffs-1

A IMUTHAL LOCATION: 6 = 7'

yc e Type c -(>1)(1) RPY Lead 1/4T' Lead 3/4T Lead
_iact;r Factor Factor

12M 6.69ElIX6.15E10) 1.26 2.11 10.35
ISM 7.00E10 1.23 2,06 10.08
24M 4.SSE10 1.17 1.96 9.61

A'IM7THE LOCATION: i = 14'

Cvele Tvre c (>I1( ) RPV Lead 1/4T Lead 3/47 Lead~ '~
~

Facter Factor Facter

i 12M 4.92E10 0.93 1.56 7.62
184 5.12E10 0.90 1.51 7.39
24M 3.21EIO 0.77 1.29 6.32

II)Results from transport calculations are shown (results for e = 7'
are shown in Table 4.1). For 12 month 7' cLse the " adjusted" flux
obtainea from dosimeter measurements is shown in parenthesis (Table 4.7).

.

(2)LF = 5 , where ?se is the calculated flux at the center
C v (#1) of the surveillance capsule, a6d c y is the max-

-

p

imumcalculatedfluxincidentattkeindicated
RFV location (Tabic 4'.9).

24
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1
i

~ tie-- .11 Determination of.RPV Peak Fluence for Calvert Cliffs-1 |
E;

^CCU 'u at )Cycles Full Power Days gnce

1-4 (12 month) 1441.3 6.0BE18

5-8 (18 month) 1618.1 7.95E18

9 (18 month) 404.5 (1) 1.99E18

10-Ect(24 menth) 8216.1 (2) 2.96E19

TOTALS 11,680 (32 EFPY) 4.56E19-

,

(1) Projected value. based on number EFPD/ cycle for cycles 5-8

( ) Projected,Lbased on 32 EFPY lifetime

:{33 12 month fluence rate based on adjusted flux values in Table 4.8 i

IS and 24 month values based on calculated fluxes from Table 4.8.

.

*
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4

!stle -J 3 Fluence in RPV after 12 EFPY for Calvert Cliffs.1

"'"I# "8FluenceLocation e--

RPV IR (Re:21.09) 1.93E19
1/4T (R=:05.95) 1.15E19

3/4T (R=236.93) 1.35E16

24
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5. ADJUSTED REFERENCE TEMPERATURE DETERMIRATION

NRC Regulatory Guide 1.99, Draf t Revision 2, provides the approach for

computing the adjusted reference nil-ductility temperatures for beltline

materials. The adjusted reference temperature (ART) is given by

ART = Initial RTNDT + aRTNDT + Margin (1)

where

[CF]f(0.28 - 0.1 log f) (2)tRTHDT (surface) =

and CF = chemistry factor specified in Reg. Guide
1.99, Rev. 2.

Muencef = fluence factor =
19

10

Margin 2 +e=
e7

where e; = initial standard deviations of data = 0*F
= 28'F for welds and 17'F for plate materials.e

Table 5-1, presents an evaluation of the ART of beltline materials for 12

EFPY. The large margin of 56'F was used for the weld metal 2-203, since this

material is not in the Unit 1 Surveillance Program. From this table it is

clear that the weld 2-203 is the controlling material for the pressure

vessel. The ART of weld 2-203 at various irradiation conditions are used in

developing the various P-T limit curves.

The through thickness attenuation of aRTNDT is given by Regulatory Guide

1.99, Draft Revision 2, as

ARTHDT = [aRTHDT surfacele-0.067X (3)

The aRTNDT values for the various depths for the controlling weld 2-203

for 12, 16, 20, 24, 28, 32, 36 and 40 EFPYs are presented in table 5-2. Table

5-3 presents ART at 1/4T and 3/4T locations for the various EFPY.

PEG /FR-1278 27
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Table 5-1 ' ART Evaluation for Beltline Katerials
for 12 EFPY

_Che-istry Initial ART Margin
NDT

Material. Cu Ni C.F. RTNDT'F Surface 'T 'F ART

2-203 0.21 0.87 208.2 -50 -246 56 252

A,B,C

3-203 0.21 0.69 178.9 -56 213 56 213

A,B,C

9-203 0.23 0.23 120.L. -80 142 56 118

D-7206-1 0.11 0.55 122.8 20 145 56 221

D-7206-2 0.12 0.64 83.6 -30 99 56 125

D-7206-3 0.12 0.6L 82 6 10 99 56 165

D-7207-1- 0.13 0.54 89.2 10 105 56 171

D-7207-2 0.11 0.56 124.2 -10 147 56 193

D-7207-3 0.11 0.53 119.9 -20 1! 2 56 178

MA& 0.18 0.19 94.2 0 1- 1 56 167

.
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Table 5-2. ART vs EFPYg77

# #
6RT )7NDT NDT g

Surface (1/4 T) (3/4 T)
EFFY 'F 'T 'F

12 246 213 160

16 259 225 168

20 269 233 175

24 277 240 180

25 283 245 164
,

3k 255 250 167

36 293 254 190

40 296 256 192

Tatle 5-3 Adjusted Reference Temperatures
at 1/4.7 and 3/4 T

.RT (1/4 T) ART (3/4 T)
EFPY 'F 'T

.,

12 219 166

16 231 174

20 239 181

24 246 186

28 251 .190

'

32- 256 193

~ 60 19636 2

40 262 198
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6. HEAT-UP AND COOL-DOWN LIMITS-
1

'

The adjusted: reference temperature (ART) for 12,16, 20,: 24, 28 and 32
,

'EFPYs were presented in-Section 5. These ART-values were used to develop the

pressure-temperature limit conditions for the EFPYs described above. A SwRI

. computer- program - PTLIMT was used. The generic - procedures for PTLIMT are
.

1

described in Appendix 0.

The following pressure vessel . constants were -employed _as input data -in :

the-Calvert' Cliffs Unit 1 analysis:

86.81 in.Vessel Inner Radius, r3 =

95.43 in.Vessel Outer Radius, r =
n

2235 psigOperating Pressu.re, P =
o

-550'FeInitial Temperature, Tf =

6128.8 x 10 lbm/hrEffective Coolant Flo( Rate. 0 =

239.83 ftEffective Flow Area. A ='

22.44 in.Effective Hydraulic Diameter, D =

Heat-up limits .were computed for heat-up rates of 40'F/hr, 50*F/hr,
'

60'F/hr and ; 70'F/hr. Cool-down curves were - computed for cool-down rates of

~0'F/hr.:20*F/hr, 50'F/hr,-and 100'F/hr.

Figures 6-1- and- 6-2: present the - heat-up -and cool-down limit _ curves,

respectively, = for .12 EFPY. .These figures .were developed based on the -NRC -

StandardReviewPlan'(5.3.2).- In Figure 6-1, the lowest service temperatures,

minimum . bolt-up temperature (70'F) andL inservice leak test curves- are
.

_ incorporated. In c developing the-' heat-up and . cool-down curves, instrument
,3

error margins'of -60 psig for pressure measurements and +10'F for temperature

monitoring have been included. These margins have been used industry wide to

allow . for possible -errors in . measuring instruments and to account for
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variations between bulk temperatures and local (near beltline) temperatures.

Appendix E presents the tables containing heat-up and cool-down data for --

16, 20, 24, 28, 32, 36 and 40 EFPYs.

) *

_

-
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J

!

.ager.dtx A. !

Pettt tien of Spr:e Dependent Source-

( 14Atritutiet f; *Insport Analysis of Cal' cert C11ffs.1 ,

1
i
''Y

' # ,~ The space *dersndent source distribution uses in the transpeit calcua i
r-

3,

!;[ latsops eas obtoined by combining the assembly + vise tower distribution with i

relatAse pinvise power values for the peripheral assemblies (i.e.. XY Zones ,

t

9, 18.-26, 34. 42, 49 in Figure A.1). The relative as6cably wise power dis.

'? - tributters for the 12, 18. and 24 month cycles are shown in Figure A.I. !

These values were obtained by averaging BOC. M00. and EOC distributions
- i

previded by taltinere Oas and Electric in Refere.tces A 1 and A 2 as repre*
<

sentative fer the appropriate cyclec. (The 24 month cycle distribution

corresponds-t'o i projected MCC sore.) The absolute pover produced for each

assembly is obtained by avitiplying the relative assembly power bf a value of .

2* be MK h Md L
t

I2'#' assecbly fTi'"Is emolles~ * *l

!

The absolute assembly posir distribution for each t>Te of cycle is given ]
'

by' Table A.1.
7

The power density,is. assumed fist vithin the interior assemblics, .
-

.

but is rtyresented with a pinvise' variation for the boundary assemblies,

which account for virtually all' of the RPV fluence. Examination of the
,

BOC LHOC, and EOC relative pin powers provided by SGLE shows that thei
>

'

HOC' distribution is a_ good approxiLa ion for the average over the cycle,:c

and hence was used as-ths representative pinvise variation. The rela-
~ - tivo pin' powers in.thit' peripheral' assemblies are very similar for the >

<

it . .

'

<12 and-:tB cor.th cycles, and therefore the 18 month pinvise distribution

I A1
'

a. ,
;

r
i.

!

i

}
||
!

- i

U _ , - . . , ,. ... . . - _ .-. .%,_- _._ - _ . _ . .- . . . - .___,_.-a. .m,_..._.4
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1s used fet bCth (the asse*blpise distributions are dif f erent , howestr).

Tables A.;* A.) tive the relative finvite variat tens .'or configuration in

Tipre A.l.

Ite t:thtat2cn cf the assently and pinwise powers resv'u :n an

absolute space dependent pcher density defined for the quarter core.

The power density values are converted to a source density by multiplying

by the factor.

it neutron /s.g,3p
Mn

The 1/.i core M sour:e distributien is then rta). onto the 1/8 core Res

mesh used in DOT by utili:ing an interpolating program previously de.

seloped fer this purpose.
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Figure A.1 Delative Power Distributions ;( Assembly-kise)
for 12, 18, and 24 Month Cycles- [2cm*
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t

7atle A.' Abselute Assembly Powers (Vhth) for Calvert Cliffs.1

:CNE :: Menth Cycle 16 Month Cycle 4 Month Cycle'

!1(**) 0.445('') 1.739(**) 2.485(**)(') 6.912(') 4.946(') 6.693(')
3i') 6.66 3 ( *) 6.81 (*) 6.108(')
4(") " .655 (') 5.007(') 6.383(*)3(') 6.644 ( *) 7.459(') 8.523(*)
6 ( "4 " .90t (') 6.103(') 6.433(')
I '' ) 5.767(*) 5.138(*) 6.538(*)
!(*) 5.699(*) 6.451(*) 6.003(*)
9 10.5 5 11.833 9.8!9

10(') 6.906(*; 4.946(') 6.371(*)
11 10.651 15.167 16.076
:: 15.9tJ 11.50 10.778
13 : .tal 15.614 16.490
14 15.043 13.687 13.301
15 14.13! 15.491 16.785
16 10.315 10.128 12.554
1* 13.575 10.688 14.371
Id 9. I t' 5 9.257 4.279
19('' 6.6t 3 ( * ) 6.81 (*) 6.115 ( *)
:D 15.964 11.A20 12.753
21 10.9:4 13.736 16.205:: 13.7:4 11.012 10.368
03 12.!;5 14.5&O' 16.474
24 13.955 10.937 13.114
25 14.8e9 11.833 16.013

6 13.861 13.786 10.414
"('' ".65!(*) 5.027(*) 6.371(*)

25 10.651 15.814 16.474
!? 13.~4 11.01: 12.355
30 15.130 15.453 9.792
31 10.738 11.310 12.306
32 15.167 15.105 16.71
33 10.041 12.007 12.044
34 11.012 12.467 9.892
35(*) 6.644 (*) 7.459(*) 8.492(*)
36 , 15.043 12.567 13.276
37 12.828 14.595 16.449
36 10.735 11.31 17.293
39 14.951 14.371 16.424
40 9.705 13.051 13.749

.

A-4

I

r
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t

Tat te A.1. Ccntinued

::te -1: M: nth Cyc;e 16 Month Cycle 24 Month Cycle

41 11.95* 14.010 12.6:9
4: 6.065 9.666 4.006

43(*) 7.9 6{') 0.105(') 6.371(*)
s 44 14.135 15.491 16.665

45 13.981 10.937 13.069
46 15.167 15.10$ 16 698
27 9.70$ 13.01$ 13.736

46 10.7*8. 13.667 '. 653
49 9.16 10.676 5.027 3

10 0.0 0.0 0.0 7

__

*1* t w
Average-Assert!y Power * 77 * * ; g,ri 10.44g,,,=

7,3,,,

(*)) assembly per :ene

('')1 assembly per :ene

.

A5

.. .
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APPENDIX B

DESCRIPTION OF THE 3D FLUX SYNTHESIS METHOD
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A;;endt: E. :es:ripit:t cf the 3D Flux Synthesis Method

a .t : R :' flux distribution is synthesi:ed using the following

we;l established approximation:

eg-(R, )
:(R. i. :) :g9(R,f) '*

CR(R) Ef * *

where :pg is the flux obtained from the R9 DOT calculation; and

I
R

A(R,:' 1 . axial distribution functien obtained.

'A by representing the R: flux = (t .)g*distribution and dividing it by
the integral over * of the R* flux,
i.e.,

;R I [: #: d*R

In previous studies the R: flux distribution was represented by

the results obtained from a DOT R: calculation, while the radial flux

:g was obtained from a one dirension calculation. However, it has bsen

discovered that a simplier approximation gives sirtilar results (within

a few percent) as the results of these transport calculations for loca-

tions net outside of the RPV and near the reactor nidplane. In this

approach we represent

C.R' (R, ) P(.)A(R,:) I s B.2-

"R f,P()d:
where P(:) is the average axial distribution of power in the core. The

function P(?) has been reprosented by discrete nodal values obtained

by averaging BC~, HQC and EOC relative axial powers provided by Bal".-

mre Gas and Electric for the peripheral assemblies. The relative axial

power values were provided at 51 points for the 12 ano 18 month cycles,

D-1 I

. _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ . _ - - _ - _ - _ _ _ -



ano at_24 points for the 24 month cycle. Therefore employing the espres-

Ston.eq, B.2 for exial point k, we find

F.
"A (R,,:'; * A (: .A e ; 6,el, 8 of =4tal points

|P (:)d*

There are $1 ;oints used for the 12 and 18 month cycles, in the

axial dimension. The $1 points define 50 nodes (i.e.., intervals).

The active core height was assumed to be 136.7 inches, so that the

height of each axial interval will bei j

I
,

,

::3 M) * 6.94 cmU D ''
;

,i

T cal:ulate the integrated axial-power we use the expression

50

|"P(:',d: -{ T 4, 8.3'
'

g
& bel

where 7 is the average power (relative) in the kth axial node. This |3

b+ k.1value is approximated:by T e , where Pk and Pk+1-are they

point powers taken itse the axial power cata provided by SG6E. Sub. .{

stituting this expresstoa, for Ft into: eq. (B.3) gives

i

" bI/ F(*)d* Pk * ( )~ 4:1 8'4 Ie--

L /,g0- 2 -

Eq. 8.4 was used to approximate the denominator of eg. B.2,
|.

for-the 12 and-18 month cycles. !
*

The axial distributien provided by SGIE for the 24-month' cycle

only|has 24 intervals instead of 51 as for the 12 and 18 month-

cycles. A-s milar development for this gives
i

Is

B*2i:

,

-

||
__ . . _ , _ . . _ , . ,__-...-_.- . ,__. _ ... _ _ _ _ . . _ _ . _ _ _ , . . ~ . _ , _ . . . , _ . . _ _ . . _ , . - . , . .
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'

th 'l '

7..... p , ,1 ; * . :a- s_
, . , L . > B.5

,, ,

-*
. .

C . . . .
_

- -

where 10 ; e 51" '''' 'I I = 15.1 cm
23

Eq. B-3 was used to approximate the denominator of eq. B. for the 12 (16
month cycle.

The final axia; syt. thesis factors for the 12 and 18 month cycles

are given in Table !.1, :nd for the 24 month cycle in Table B. .

In order to compute the 30 flux or activity at some axial location

(cerresp ndir.; :: a height ; in Table 2.1 and B.2), for some Re location

one must

(4) findthefluxoractivityattheappropriate(R,f) location
g y

in the DOT R9 run

( b .'. f:nd the axial flux factor at the appropriate node K

(c) ;;mpute the 3' valt.e using expression

C (R , h , *g) = igg(k , 0;)'Agg y g
.

(*$For example, in the 10 month cycle the peak power corresponds approxi.

mately to : a 97.2. From Table B.1 it can be seen that the axial flux

factor for this location is equal to 3.26 x 10*3 Therefore all activties

and fluxes in the DOT R6 output should be multiplied by this factor in

order to obtain the corresponding peak values.
,

.
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- . . .. . _ - . . .. -- -..



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____. _ _ _ _ .- ______ _________ __ ___ __ ______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

Feferer.ces

B.1 R. E. Marker, B. L. Eroodhead, M. L. Willius, "Recent Progress and
Developtents in LWR-PV Calculational Methodolcgy," Feneter Destretry,
D. Feldel Publishing, Dorcrecht, Holland, 1955.

B-2. M. L. Willi es, P. Chowdhary "DOISYN: A Module for Synthesizing
Three.Dittensional Fluxes in the LEPRICON Computer Code System,"
Electric Power Research Institute.

B 3. W. Tsoulranidis, " Calculation of Neutron Energy Spectra in the Core
and Cavity of a PWR (3'0-1)," EPRI NP-3776, F.lectric Power Research
Institute, ISB4 t

B li . Ltr. fro: Stanley to Nair, dated September 10, 1986.

4

*

.

' '

,,~#.- - , . _ . - . . _.. , , .__.,y.y... . . _ , , . ~ , , , , . . _ . . _ . , . . _ . , __ .-, , _ - . - . - - . - , -



_ _ _ _ _ _ _

,

F

Table 5.1. Axial Distributien Factors for Flux Synthesis: 10 and
If Menth Cycles

,

. !

(c.w -) Ak. 1 Month A, 18 Monthk

(TOP) 347.2 1.61E 3 1.55E 3
,

340.3 1.82E 3 1.77E 3
333.3 2.08E 3 1.98E 3
326.4 2.21E 3 2.16E 3
319.4 2.51E 3 2.33E 3 .

312.5 2.52E 3 2.49E 3
305.6 :.65E 3 0.6:E 3
096.6 :.*7E 3 2.47E 3
091.! .67E 3 2.84[ 3 '

004.7 2.96E 3 2.92E 3
0*".6 3.0 I-3 2.96E 3 r
*0,5 3.06E 3 3.04E 3

263.9 3.09E 3 3,08E 3
256.9 3.1 E 3 3.11E 3
250.0 3.14E 3 3.12E 3

t
243.1 3.24E-3 3.13E 3
236.1 3.24E 3 3.13E 3
: 9.2 3.14E 3 3.12E 3
022.0 3.13E 3 3.11E 3
215.3 3.12E 3 3.10E 3
205.3 3.10E-3 3.10E 3
201.4 3.09E 3 3.09E 3
194.4 3.09E 3 3.08E 3
187.5 3.08E 3 3.08E 3
160.6 3.08E 3 3.08E 3

(MID:' E) 173.6 3.08E 3 3.09E 3
166.7 3.07E-3 3.07E 3
159.? 3.08E-3 3.09E 3
152.5 3.10E 3 3.11E 3
145.8 3.12E-3 3.14E-3
138.9 3.153 3' 3.17E 3
131.9 3.17E-3 3.20E-3
125.0 3.19E 3 3.23E 3
118.1 3.21E 3 3.26E 3
111.1 3.23E-3 3.28E 3
104.2 3.25E 3 3.30E 3

(PC$R) 97.2 3.26E-3 3.31E 3
90.3 3. 2 5 E..i 3.31E-3

-83.3 3.24E ; 3.30E 3
76.4 3.21E-3 3.27E 3
69.4- 3.17E-3 3.23E 3
62.5- 3.18E 3 3.18E 3
55.6 3.30E 3 3.09E-3

B-3
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Table E 1. C t r.t a r.u e i

1: ver.t h is Menth

as,e 2.94E 3 2.99E 3
41.- 2.8:E 3 2.6"E 3
34,- : 74E 3 2.iJE 3

2.57E 3 2.57E 3-

jo|6e 2.42E 3 2.38E 3
13,9 2.16t 3 2.18E*3
e,9 1.95E 3 1.96E 3

(BOTTOM;' O.0 l''#E*3 I'77E*3

s
-

%

_.

*h

i

wmm . . . .
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i

l
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Table S.:. Aaial Distribution Factors for Flux Synthesis: !

24 Month Cycle !
t

I,

!

.
Ak, 24 Month !: t.... .,

!

(TOF) 34*.: 1.35E.3 ;

330.1 1.92E.3 ,

!31*. 2 40E.3
301.9 2.70E 3 .

216.5 2.93E.3
2 1.* 3.09E.3 ;

256.t 3.16E.3
041.5 3.18E.3
006.4- 3.18E.3 ;

011.J 3.17E.3 ;

19?.3 3.17E*3 i

I *100EE:,,16*. 3.18E.3M -

#51 3.t 1tt.1 3.18E.3
151.0 3.19E+3
135.9 3.21E.3
100.8 3.22E.3
105.7 3.23E.3 i

(FEAN)- 90.6 3.23E.3 i
~5.5 3.18E.3 '

60.4 3.03E.3 :
!45.3 2.8:E.3

30.3 2.53E.3
15.1 2.06E.3 3

!

(BOTTCM) 0.0 1.f1E.3

.

.
|

b

>

1

| B7
|
!' !

!
1

b

!:
'-
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APPENDIX C

POWER-TIME HISTORY FOR CALVERT CLIFFS, UNIT 1

i
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Appendix C. Fever * Time liistory for Calvert Clifis. Unit 1

,

Tabic C.1 gives the power time history for Cycles 1 3, which

correspond to the 12 month cycles that the first surveillance

capsule was in the reactor.

E

Table C.2 gives the power time history for Cycles 4 8. Cycle
,

4 is a 12 month cycle, while the remainder are 18 month cycles.

I

e

C-1

,

J '''r''' a' Y c w - - - ' , *'n-* ' +--- r-*m- * *- = =



>

Ta':le C.1. Fewer 71re Histery for Calvert Cliffs Unit 1;
Cycles 13 (10 e: nth cycles)

Fraction of
'peratini Reference Irradiation Decay

Ttre Ster Period Power (P3) Time (Tj) Time (T tj)

1 1 *5 0.169 31 1549
2 0 75 0.305 28 1521
1 3 75 0.49 31 1490
4 4 75 0.413 30 1460
$ 5 *5 0.553 31 1429
6 6 *5 0.679 30 1399

- *5 0.801 31 1368 |*
-

'

6 ! 75 0.40: 31 1337
9 9 *5 0.636 30 1307

10 10 *5 0.929 31 1276
11 11 *5 0.861 30 1246
1: 1; ~5 0.906 31 1215
13 1 *e 0.878 31 1184
14 0 *6 0.902 28 1156
15 3 76 0.921 31 1125
16 4-76 0.500 30 1095
17 5 *6 0.931 31 1064

16 6 *6 0.893 30 1034
19 7 76 0.920 31 1003
20 B-76 0.932 31 97;

21 9 *t 0.836 30 942
:: 10 *6 0.907 31 911
03 11-76 0.785 30 881-
24 12 *6 0.614 31 850
25 1 *7 0.0 31 819
26 2 77 0.0 28 791
27 3 *7 00 31 760
!! 4-77 0.68* 30 730
29 5-77 0.745 31 699
30 6 7* 0.871 30 669
31 7-77 0.915 31 638
32 8-77 0.928 31 607

,

33 9-77 0.954 30 577
34 10-77 0.848 31 546
33 11 77 0.961 30 $16
36 12 77 0.872 31 485
37 1 78 0.563 31 454.-

38 2-78 0.0 28 426
39 3 78 0.0 31 395
40 4-78 0.387 30 365

.

C2
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i:

i
i

Tat;e 0.1. Cor. ;rxed

Fraction of
Cperatir4 Reference Irradiation Decay ;

Tine Step Feriod Power (P3) Tin,e (Ti) Tir.e (T t4)

41 5 *$ 0.627 31 334

42 6 76 0.905 30 304

* 76 0.676 31 27343 .

44 8.*! 0.901 31 242 -

45- 9 ?6 0.912 30 212

4 (' 10 75 0.916 31 181-
di 11.*5 0.697 30 151

3! 10 78 0.482 31 120

49 1 *9 0.344 31 69

30 2 *9 0.943 28 61

51 3 *; 0.943 31 30

$2 4 79 0.652 30 0 [

.

Effective Full Power Days = 1073.2

.

C-3
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,

Table C.O. tower 71re Hastery for Calvert Cliffs Unit 1:

Cycles e.8 (1)

traction of
Operating Keference Irradiation Decay

(2) Time (T.) Time (T ty)Tire Step _feriod,_ , Power (Pj)

1 5 79 0.00 31 2708

: 6 *9 0.00 30 2678

* 79 0.373 31 26473 .

4 6 *9 0.881 31 2616

5 9 ,* 9 0.953 30 2586

6 10.?9 0.904 31 2555

11 *9 0.612 30 2525*

5 10 79 0.561 31 2494

9 1-70 0.463 31 2463

10 0 60 0.431 26 2435

11 3 50 0.949 31 2404

1: 4 60 0.3 6 30 2374

13 5 50 0.f;1 31 2343
t

14 6 60 0.943 30 2313

15 7 60 0.955 31 2282
*

16 E.80 0.946 31 2251

l' 9 60 0.956 30 2221

18 10 60 0.460 31 2190

19 11-50 0.00 30 3160

20 10 60 0.00 31 2129

01 1 81 0.539 31 2098

22 0 51 0.979 28 2070

23 3 61- 0.960 31 2039

24 4 61 0.762 30 2009

25 5 81 0.895 31 1978

26 6 81 0.811 30 1948

7 7 61 0.430 31 1917 ,

26 8 51 0.909 31 1886

29 9 61 0.944 30 1856

30- 10 81 0.728 31 1825

31 11 81 0.878 30 1795

32 12-81 0.983 31 1764
^

33 1 82 0.982 31 1733

34 2 82 0.982 28 1705

35 3 82 0.980 31 1674

36 4 82 0.526 30 1644

3* 5 62 0.00 31 1613-

35 6 82 0.00 30 1583

39 8 82 0.725 31 1552

40 6 S2 0.747 31 1521

41 0 62 0.67: 30 1491

4 10 82 0.995 31 1460

43 11 6 0.960 30 1430

CL

'

.

I



..

Table C.2. Continued

44 12 52 0.940 31 1399
45 1 53 0.942 31 1366
4e 2 53 0.691 25 1340 ,

4- 3 S$ 0.950 31 1309
4! 4-63 0.509 30 1279
49 5 63 0.989 31 1245
50 6-53 0.910 30 1218
51 7 63 .988 31 118*
52 5 53 .932 31 1156
53 9-53 .896 30 1126
54 10 83 0.0 31 1095
55 11 83 0.0 30 1065
56 12-63 .531 31 1034
5' 1-54 .932 31 1003
55 2-!J .976 28 975
59 3 64 .607 31 944
60 4-E4 .994 30 914
61 5 64 .176 31 663
62 t.!4 .981 30 853
e3 7-64 .996 31 822-
64 6 64 .882 31 791'-

65 9 54 .992 30 761
66 10 54 .965 31 730
67 11-64 .7E5 30 700
65 12-84 .501 31 669
69 1-55 .585 31 638
'O 2 55- .967 26 610
71 3 55 .979 31 579
72 4-85 .151 30 549
73 5 85 0.0 31 518
~4 6-85 0.0 30 488
~5 7-85 0.0 31 457 -

.

76 S-65 .226 31 426
~7 9-85 .925 30 396
~B 10 55 .776 31 365
79 11-65 .995 30 335
80 12-65 .994 31 304
81 1-86 .932 31 273
82 2-86 .997 28 245-
$3 3 86 772. 31 214
84 4-86 .991 30 184
45 5 66 .986 31 153

!? ?:lt :ll' If 2il.

88 8 66 .977 31 61

88 18:l! :fft 11 36
7

Effective Tull Power Days = 1986.2
(1) Cycle 4 is a 12 month cycles all others, 18 month.
(2) Reference Power = 2700 Mwth.

t. .C5

*
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1. SUKMARY OF RESULTS AND CONCLUSIONS

A detailed analysis was perfor ec for develeping new pressure-temperature

limit curves for the Calvert Cliffs Unit 2 reactor pressure vessel. The

analysis inclucec new neutron transport calculations for 12, 18 and 24 month

cycles, development of irradiated material properties based on NRC Regulatory

Guide 1.99, Fev. 2. and the generation of heat up and cool down limit curves

for every 4 EFPY from 12 EFPY to 40 EFPY conditions.

The SwRI evaluation les to the following conclusions:

1. Based on a calculated neutron spectral distribution, the peak fluxes

10incident en the Reactor Pressure Vessel (RPV) are 5.04 x 10
10 2 122 I0 2 4.10 x 10 n/cm -see forn/cm -sec, 4.6; x 10 n/cm -see and -

month, 18 month and 24 month cycles respectively.

2, Adjusting the calculated flux with respect to the first capsule

dosimeter-analysis the 12 month and 18 month cycle peak fluxer on the
10 2 10RPV was determined to be 4.72 x 10 n/cm -sec and 4.59 x 10

2n/cm -see respectively.

3. Tne calculated lead factors for the vessel ID based on surveillance
*

capsule capsule locations are given below: '

0:7' 0:14'
Cycle Type Lead Factor Lead Facter

12 month 1.26 0.94
18 month 1.24 0.91
24 month 1.18 0.79

PEG /CALVERT 1
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4 The accumulated peak fluer.ce on EPV ID was calculated to be 1.17 X

1019 n/c:2 for the first 7 cycles and 4.28 x 1019 n/cm to end-of-2

life conditior.s.

5. Displacement per Ator. (dpa) for 12 EFPY were calculated to be 2.632 x

10*2 and 0.5206 x 10-2 for RPV 10, 1/4T and 3/4T10-2, -1.747'

x

respectively. For 32 EFPY dpa are 6.498 x 10-2, 4.302 x 10-2, 1.275

x 10-2 for RPVID, 1/47 and 3/4T respectively.

6. The 12 EFPY fluence on the RPV was calculated to be 1.69 x 1019

16 (n/ce ) per year was used to2n/c 2 Fluence rate of 1.2933 x 10

develcp fluer.ce value for 16, 20, 24, 28, 32, 36 and 40 EFPYs.

7. The contro111r.g material for RPV operations was determined to be weld

2-203 with Cu 0.121 and Ni : - 1,011. P-T limit data was developed

for 12, 16, 20,-24, 28, 32, 36 and 40 EFPYs. The data also reflects

different heat-up and cool down rates.

8. Based on the Reg Guide 1.99, Rev. 2 approach, the end of the life -

adjusted reference temperature for the control 11nE material will be

222'E at the FFV ID and 201*F at the 1/4T location.

9. Based on this study the Calvert Cliff Unit 2 reactor vessel has

adequate caterial toughness for continued safe operated to end-of.

life irradiation conditions.

FEG/CALVERT 2
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2. INTRODUCTION

The icng-term cegracation of reactor vessel structural material properties

due to irradiation is meas' : ed ey the evaluation of material surveillance

capsules ren:ve: periodically from the reactor vessel. Combustion

Eng inee rir.g , Inc. has provided the material surveillance proEran for the

Calvert Cliffs Nuclear Power Plant Unit 2. To date, one surveillance capsule

has been removed and teste: (Reference 1). Typically, the capsules contain

Charpy V-notch and tensile specimens in various combinations representing the

present materials, wel: meta' and heat-affected zone (HA ) material of the

vessel beltline regicn. In additien, the capsules contain iron, nickel,

titanium, sulfur, uranium and cepper neutron flux monitors and temperature

monitors.

The objective of the surveillance program is to correlate char.ges in

vessel material fracture toughness properties with neutron fluence so that the

reactor vessel pressure temperature limits can be determined. Recently, the

concern about pressurized thermal shock has placed additional requirements to

determine the irradiated condition of vessel inner surface. The applicable

regulations and documents that address the continued licensibility of reactor

vessels include 10 CFR Part 50, Appendices, B, G ar d H,10 CFR Part 50.61,- NRC

Standard Review Plan 5.3.2, Regulatory Guide 1.99, Rev 2 and ASFI Boiler and

Pressure Vessel Code Section III, Appendix G.

In this report a new neutron flux analysis for the reactor vessel is

presented. Based on the analysis, projected vessel fluence conditions were

developed for assessinE the long term integrity of the vessel. Pressure-

temperature limit conj 1tions are presented for 12, 16, 20, 24, 28, 32, 36 and

40 effective full power years of operation.

PEG /CALVEET 3
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3. KATERI AL PROPERTY ASSESS)G.NT
!

|

In developing the pressure-temperature litit conditions for reactcr

vessels, the Mpertant material property required is the Eeference Temperature

Nil Ductibility Transition (RTNDT) of various vessel pressure 'coundary-

ca te r ials . Tne locations within tne pressure boundary thac .are of interest

include nozzle area, closure head region and the beltline region. The nottle

and closure head aegions are locaticas of high stress concentrattens while the

beltline region is subje:t to neutrcn embrittlement with titro

Ear'y in the life of the reacter vessel, nozzle and closure head regions
,

tend to control tne pressure-temperature licit curves. Hosever, with time the

beltline irraciated materials become cortrolling. In tha case of Chlvert -

,

Cliffs Unit 2, the controlling material for 12 Ert'Ys and beyond is the

beltline region material. Between the nozzle and thu closure head re61on, the

closure head region poses greater ' restrictions on the PT limit curves.

10 CFR 50 "Frt.cture Toughness Requireme*.t s for Llgr.t-Water Nuclear Power

Reactor" requires the closure head reEton materials to have, as a minima =,

120' for normal operations and RT r.- * 90' for rydrostatic pressureRTg37 + g

data or where theand leak tests. In the case of ncn-availability of RTNDT

data is not reliable, the RTgg; for closure region is determined using the

method in NRC Standard Review Plan 5.3.2, Branch Technical Position 5-2,

EEB. Based on this method, the RTyp7 of the closure head material was

assessed to be 60*F.

To provide the submittal to NRC on the Pressurized Thermal Shock issue,

Reference 2 extensive materials data information was developed for all the

beltline materials (Reference 2). A key information needed is the material

chemistry, especially Cu and Ni. The Cu and Ni values for the beltline

PEG /CALVERT 4
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::terials are preser.ted in Table 3.1 These chemistry values are used in

Section 5 of this report to develop the irradiated Adjusted Reference
Temperature for the -critical beltline materials. Figure 3.1 presents the

Calvert Cliffs L' nit-2 Feactor Pressure Vessel map with all the key beltine

Welds identified.
<

Table 3.1. Calvert Cliffs Unit No. 2 Reactor Vessel
Beltline Material Properties

ID Cu (w/c) Ni(w/oj Initial RTNDT(.p)
f2-203 ') 0.12 1.01 -56.0

A,5,C

3-203 0.23 0.23 -80.0
A,B,C

9-203 0.22 0.05 -60.0

D-8906-1 0.15 0.56 10.0

-D-890t-2 0.11 0.56 10.0

D-8906-3 0.14 0.55 5.0

D-8907 1 0.15 0.60 -8.0

D-8907-2 0.14 0.66 20.0

D-8907-3 0.11 0.74 -16.0

II) The value used for N1 is uan upper bound due to the lack of available '

-

-data- The generic initial RTHDT = -56'F, is used for this weld..

|

|
!
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4. NEUTRON FLtTENCE CALCULATIONS

In t h i .* section a detailed neutron transport analysis for the Calvert

Cliffs-2 is discussed, A discrete ordinates calculation using the DOT-4 [3]

code was performed to obtain the radial (R) and azimuthal (0) fluence-rate

distribution for the georr.etry is showr. in Figure 4.1. As part of the reactor

cross section model the details of the surveillance capsule geometry and

location has to be modeled. The inclusion of the surveillance capsules in the

R-0 model is mandatory to account for the significant perturbation effects

from the physical presence of the capsule. Figure 4.2 represents the actual

capsule geometry versus the DOT model used in the analysis. The DOT model

inecrperates a hencFeni:ed mixture of inconel and water to simplify the

overall model while maintaining the required accuracies for the calculation.

The DOT-4 calculations were performed with the first 33 groups of the 47

group energy structure for the SAILOR (4) cross section library. The 47 group

structure is given in Table C.1 of Appendix C. An SS angular structure and a

3 Legendre cross-section expansion were used. The fine-group dosimeterP

63Cu (n, o )60Co reaction were obtained from ENDF/B-Vcross-sections for the

file and were collapsed to 47 groups using a fission plus 1/E weighting

Int other reaction cross sections were taken from the SAILOR crossrM .*

section library. The dosimeter activation cross sections are given in Table

C.2 of Appendix C. The DFA cross sections were obtained from MACLIB.

The results of the transport calculations for the RPV fluence analysis are

presented in Tnbles 4.1 through 4.15. Appendix A discusses the determination

of space-dependent source distribution for the transport analysis performed

for Calvert Cliffs Unit 2. Appendix B is a . description of the 3D Flux

synthesis method used in this analysis. Appendix C Fives the

PEC/CALVEP.T 7
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group structure and the dosimeter cross sections b$ed in the calculatier.s.

Appendix D discusses the expressi ns used in obtaining the measured saturated

activities; ar.d Apper. dix E giv>;s the power time history for cycles 1-8.

The first surveillance capsule (263') was removed from Unit 2 following

cycle 4 after k 56 EFPYs of operation. A detailed capsule testing and

analysis was conducted and reported in Beference (2). The dosimetry and

vessel fluence evaluation provided information on the vessel fracture

toughn ss conditions for 3 cycles of 12 months each and one 18 month cycle.

Since the renoval of the 263' capsule, 18 month cyc4es have been used for

cycles 5-7; and beginning with cycle 8, a 24 mor.th is being employed. A 24

month cycle is p1r.r,r.ed for future operatior.s.

In crder to verify the accuracy of the present calculat;ons, computed

results have been compared on an absolute basis with experimental results from

the earlier capsule analysis, The average C/E value obtained for the Fe56,

NiSS. Cu63, U235, Ti46 and Np237 activities was 1.07. The worst C/E obtained

was 1.12 for U233. This good agreemer.t indicates that the transport

calculation eethodology is accurate and that projected fluences snould be

reliable. In addition the experimental results can be used to adjust the

calculated values to obtain even better agreement for the 12 and 18 month

cycles (no experimental data is presently available for 24 month cycles). The

adjusted fluence rates, which differs from the original calculated values by

only about 101, were used to obtain the projected RPV fluence.

The transport calculations indicate the maximum fast fluence (E)1 MeV) at

the Ob location of the Calvert Cliffs Unit-2 RPV will be (a) 1,38 x 10
I9 2n/cm at the end of the present cycle (cycle 8), and (b) 4.28 x 10 n/cm at2

the end of 32 EFPY, assuming all future cycles to be the 24 month loading

configuration.

PEG /CALVERT 10
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Table 4.1 Spe c t ru:: Averaged Cross Sections at Center of S.C.

eeff(t) eeff(e) eeff(b)
P.e a c t i en 12 Month Cycle 18 Month Cycle 24 Month Cycle

54Te(n.p) 0.135 0.135 0.137
5BNiin.p) 0.171 0.172 0.174
630u(n.o) 0.00160 0.00160 0.00165
23B (n,f) 0.452 0.452 0.454U

46Ti(n,p) 0.0231 0.0231 0.0236

,@c(E) c(E) dE
ce"

gee >de
-

.-

4
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Table L.2-a Absolute Calculated Neutron Fluence P. ate Spectra (1.e., group

flux) at the Center of 7' Surveillance Capsules (SC) for Calvert Cliffs Unit-2

l'pper Energy 6 , n-ce-2,,-l
Group (WeV) 12 W 18 W 24 W

l 1.733E+01 1. 59292E+07 1. 52822E+07 1. 27832E+07
2 1.419E+01 6. 93740E+07 6.65497E+07 5. 56482E+07
3 1.121E+01 2. 88874 E+08 2. 76866E+08 2. 29367E+08
4 1.000E+01 5.90160E+08 5.65460E+08 4.66652E+08
5 8.607E400 1.06918E+09 1.02397E+09 8. 40528E+08
6 7.408E+00 2.68699E+09 2.57274E+09 2.10562E+09
7 6,065E+00 3. 87362E409 3.70630E+09 3.01119E+09
8 4.966E+00 6.86589E+09 6.56254E+09 5.26914E+09
9 3.679E-00 4. 85415E+09 4.63744E+09 3.70105E+09

10 3.012E+00 3.56590E+09 3.40593E+09 2.71246E+09
11 2.725E+00 4.02853E+09 3.84738E+09 3.06022E+09
12 2.466E+00 1. 98716E+09 1. 89776E+09 1. 50951E409
13 2.365E+00 5.24276E+08 5.00711E+08 3.98751E408
14 2.346E+00 2.48412E+09 2.37234E+09 1.88732E+09
15 2.231E+00 5.92853E+09 5.66162E+09 4. 50071E+09
16 1.920E+00 6.01068E+09 5.73971E+09 4. 55897E+09
17 1. 653E+00 7.83818E+09 7.48456E+09 5.94153E+09

.

18 1.3532 00 1.07824E+10 1.02965E+10 8.17687E+09
19 1.003E+00 - 6.61976E+09 6.32146E+09 5.02059E+09
20 8.2080-01 3.41830E+09 3.26402E+09 2.58966E409
21 7.427E-01 7.39563E+09 7.06203E+09 5. 60636E+09
22 6.081E-01 6.29429E+09- 6.01018E+09 4. 77007E+09
23 -4.979E-01 6.70364E+09 6. 40121E,09 5,08137E+09
24 3.688E-01 - 6. 70364E+09 5. 40516E409 4.29365E+09
25 2.972E-Ol 9.26295E+09 - 8. 84492E+09 7.02081E+09
26 1.832E-01- 7.82055E+09 T.46754E+09 5.92668E+09
27 1.lllE-01 5.97356E+09 5.70375E+0h 4.52540E+09
28 6.738E-02 5.51274E+09 5,26369E+09 4.17532E+09
29 4.097E-02 2.16627E+09 2.06833E+09 1.64014E+09-
30 3.183E-02 9.61249E+09 9.17733E+08 7.27404E,08

31 2.606E-02 1.65836E+09 1.58337E+09 1.25580E+09
32- 2.418E-02 1.03785E+09 9.90926E+09 7.86043E+08
33 2,188E-02 2.77008E+09 2.64510E+09 2.09854E+09

|
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Table's.2-e Absolute Calculated Neutron Fluence Eate Spectra (i.e., Eroup
flux) at the Center of 14' Surveillance Capsules (SC) for Calvert C11trs Unit-
2

~2.s'I.l'pper Ene rgy 4 n-en
Group (MeV) 12 W 18 W 24 W

l 1.733E+01 1.36555E+07 1.28002E+07 1.03138E407
2 1. 419E+01 5.90405E+07 5.53381E+07 4.44977E+07
3 1.221E+01 2.39561E408 2.24094E+08 1.77171E+08
4 1,000E+01 4.82710E+08 4.51223E408 3.540860+08
5 8.607E+00 8.59415E+08 8.02627E+08 6. 23235E+08
6 7.408E+00 2.13034E+09 1.98863E409 1.53439E+09
7 6.065E+00 3.00697E+09 2.80412E+09 2.13254E+09
8 4.966E400 5.19617E+09 4. 83870E+09 3.59520E+09 ,

9 3.679E+00 3. 62438E+09 3.3730$E+09 2.47393E+09
10 3.012E400 2. 64975E+09 2.46516E+09 1.79860E409
11 2.725E+00 2. 98304E+09 2.77488E409 2.01863E+09
12 2.466E+00 1. 46982E+09 1,36719E+09 9. 94068E+08
13 2. 365 E+ 00 3. 88458E+0B 3.61376E+08 2.63181E.08
14 2.346E+00 1.83812E+09 1.70987E409 1.24329E+09
15 2. 231 E+00 4. 38728E+09 4.08118E+09 2. 96463E+09
16 1. 920E+00 4.44645E409 4.13607E+09 2.99903E+09
17 1.653E.00 5.79570E+09 5.39088E+09 3.90357E+09

,

18 1.353E+00 7. 99680E+09 7.43919E+09 5.39179E+09
19 1.003E+00 4.91889E+09 4.57636E+09 3.31787E+09
20 8.208E-01 2. 53234E+09 2.35556E+09 1.70335E+09
21 7,427E-01 5.50761E+09 5.12462E+09 3.71182E+09
22 6.081E-01 4.68683E+09 4.36098E+09 3.15694E+09
23- 4.979E-01 4.98422E409 4.63761E+09 3.35877E+09
24 3.688E-01 4.23105E+09 3.93799E+09 2.85763E+09
25 2.972E-Ol 6.89253E+09 6.41386E+09 4.64476E+09
26 1.832E-01 5.82004E+09 5.41600E+09 3.92080E+09
27 1.lllE-01 4,44033E+09 4.13191E+09 2. 98901 E+09
26 6.738E-02 4.09527E+09 3.81070E+09 2.75518E409
29 4.097E-02 1.60846E+09 1.49660E+09 1.08127E+09
30 3.1830-02 7.13850E+08 6.64133E+08 4.79399E+08
31 2.606E-02 1.23418E+09 1.14840E+09 8.30116E+08
32- 2.'418E-02 7. 72632E+08 7.19027E+08 5.20131E+08
33 2.188E-02 2.06304E+09 1.91978E+09 1.38761E+09

|

l
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Table 4,3-a Calculatzd Saturated Midplane Activities in Calvert Cliffs-

l' nit-2 Surveillance Capsules (12 M Cycle)

& *drated Activities for 7' Saturated Activities _ for 14*
'S;rveillance Capsule, Bc/r Surveillance Capsule. Bq/c

_

Dosimeter . Ra- R= R= R= R =_ R=
or-Flux- 216.379et 217.014cm= 217.649em 216.379ea 217.014em -217.649em

54Fe(n.p)54Wn 5.95E6 5.36E6 4.76E6 4.58E6 4.13E6 3.70E6

56Ni(n.p)58Co 8.45E7 7.62E7 6.81E7 6.48E7 5.86E7 5.25E7

630u(n.a)60Co 7.40E5 6,66E5 5.98E5 5.95E5 5.36E5 4.82E5

237Np(n f)I Cs 2.25E7 2. l lE7 1.92E7 1.68m 1.58E7 1.44E7

.238 (n,f)I37Cs 4.75E6 4.35E6 3.91E6 3.58E6 3.29E6 2.96E6U ,

46Ti(n.p)46Se 1.66E6 1.49E6 1.33E6 1.31E6' l.18E6 1.05E6

4(bl.0 WeV) 6 84E10 6.35E10 -5.73E10 5.'11E10 4.76E10 '4.31E10

d( 60.1 WeV) 1.22 Ell 1.17E11 1.06 Ell 9.11E10 8.71E10 8.10E10

F
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Table 4'.3-b Calculated Saturated Widplane Activities in Calvert Cliffs
Unit-2 Surveillance Capsules (18_ W Cycle)

Saturated Activities for 7' Saturated Activities for 14'
Survelliance Capsule. Bo/a Surveillence Capsule. Bo/r

Dositeter. R= R= x= R= R= R=
or Flut 216.379em 217.014ea 217.649ea 216.379ea 217.014em 217.649em

D4Fe(n.p)54Mn 5.69E6 5.12E6 4.57E6 4.27E6 3.84E6 3.44E6

58 .(n.p)58Co a.06E7- '7.29E7 6.51E7 6.03E7 5.46E7 4.88E7.
'1

7

63Cu(n.o)60Co 7.06E5 6,38E5 5.73E5 5.55E5 5.00E5 4.50E5

237gp(n,7)l37Cs 2.15E7 .2.01E7 1. 84E7 1.56E7 1.47 E7 1.34E7

235 (n,f)IO CsE4.54E6 4.16E6 3.74E6 3.33E6 3.06E6 2.16E6- IU

: 46Ti(n.p)46Sc 1.59E6 1.43E6 1.28E6 1 22E6 1.10E6 9.84E5

' 4(C>1.0 WeV)- 6.53E10 6.06E10 5.48E10 4.76E10 4.43E10 4.01E10

- p(E>0.1. MeV) 1.17 Ell 1,llEll' l.03 Ell 8.48E10 8.llE10 7.54E10
'

_

d
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Calculated Saturated Widptr.nc Activities in Calvert CliffsTable 4.3-c -t' nit-0 Sarveillance Capsules (24 W Cycle) ,

' Saturated Art h ities - for 7' Saturated Activities for 14'
. Surveillance Cavu,le J /c Survelliance Capsule. !%/g _

- - Dosimeter- 'E-= R= R= -E= -R= R=

or - Flux - 216.379ee 217,014cm 217.619en 216.370ea 217.014ce 217.649em

$fe(n,p)54Mn' 4.60E6 4,14E6 3.70E6 3.22E6 2.91E6 2.61E6
f .

. 58Ni(n,p)5BCo 6.52E7 5.80E7 5.26E7 4.54E7 4,11E7- 3.68E7

630u(r.o)60Co 5=82E5 5,24E5 4.71E5 4.32E5 3.89E5 3.51E5

237Np(n.f)!3 Cs 1.71ET 1461E7 1.47E7 1.14E7 _1.08E7 9.87E6

236 (n~, f)1.370s 3.64E6 3.34E6 3.00E6 2.47E6- 2.27ES- 2.04E6-
U

_ Ti(n. p)4.6Sc _1.30E6 1.16E6- l.04E6 9.36ES 6.42E5 7.56E546

-df E>1.0_- Kev) 5.22E10 4,84E10 4.3BE10 3.43E10 3.25E10 2,95E10-

6(E>0.1 MeV)L 9.31E10 8.87E10 -B.24E10 6.lSE10 5.92E10- -5.51E10
"

_.

'

.

4

)

6

7

.

16
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Table 4.4 Son-Saturation Factors (h) Used in Dosimeters Activities

Desiteter h),3 (Cycles 1-3) h4 (Cycle 4)

Fe54 0.7007 0.6110
NiS$ 0.5159 0.7394
Cu63 0.3211 0.1642
T146 0.5560 0.7542
U238 0.0699 0.0313

(*)h a non-saturation factor

{ P)(1-e- j) e' ~j= ,

j

where facters P), T) and T-t) are given in Appendix C.

t

-

1
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Table 4.5 Comparison of Unadjusted Calculated and Weasured Parameters of
Calvert Cliffs-2 Dosimeters Removed Following Cycle-4

IO}
Weasured' 9 Calculated C/E

Parameter _

13.7 61E6 4.17E6 l',11 =
Fe54 dostmeter activity (dps/p)(2)

5.079E7 5.40E7 1,06
N158 dosimeter-activity (dps/p)(2)
Cu63 dosimeter activity (dps/p) 2.6SOE5 2.79E5 1.04

3.78E5 4.23E5 1.12
U23S dosimeter activity (dps/p) 2)

1.07E6 1.09E6 1 01
T146 dosimeter activity (dps/p)

,

II values taken from Reference 1.g

(2)At-center of capsule; time of removal from reactor.

(3 (A7pg)} s 'dosime ter ac tivity at D)C-4

70R 3 ' * b T)18WI 4"IA

-

I h
shere (ATOF.I3 *-(ASAT 12M 143'

I IASAT)18M
saturated - activites for 12 and 18' month cyc1C-

and ( ASAT 12M'
respectively, and n g3, hg .non-seturation factors from Table 3;

-

-r = time (d) from EOC3 to E004 = 579 days,
,

,

t

18
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p,

,

*

Tabie 4,6 *Weasured" Saturated Activities (ASAT) for 12 and 18 Month

Cycles, Based on Cycles 1-4 Dostsetry(2)
t-

'

Center of S.C. (12 W Cycle) Center of S.C. (IR W Cycle)

(1) (2) (1) .(2)
Dosimeter A A A .b.iAT;_

70R SAT 1DR

Fe(n.p1 Mn 3,76E6 4.84E6 3.76E6 4.62E6-5454

5BNi(n.p)5SCo 5.10E7 7.19E7 5.10E7 6.88E7

63Cu(n,a)60Co .2.68E5 S.41E5 2,68E5 6.14E5

3B.(n.f) 37Cs 3.7BE5' 3,88E6 3.78E5 3.71E6
g '

46Ti(n.p)46Se 1.07E6 1,47E4 1.07E6 1,41E6

- II}A70 Rya n taken fro:-Refnence 1,

(2}SeeAppendixDfor-definitionofsensured.saturatedactivities.~

.;

i

,;r s

;.

. J

.i

e

..'

i

n ,.

.

3 .y
i
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Table 4,ha Determination of " Adjusted * 4 (>l) in S.C. for
12 Wonth Cycles

CDTER Rn:

Dosimeter Weasured A Calculated a,gg Adjusted 4 (>i)
SAT

54Fe(n,p)54Mn 4.84E6 0,135 5,73E10

58Ni(n,p)58Co 7,19E7 0.171 6.00E10

630u(n.o)60Co 6.41ES 0.0016 6,llE10

23S (n,f)l37Cs 3.88E6 0.452 5.65E10
U

46Ti(n,p)46Se 1.47E6 0.0231 6.25E10

Average 5,95E10

(A ^ ) measured3Adjust 4 (>l) a
b' eff) W e.

PEC/CALVERT 20



- _ - _ _ _ _ _ _ _

i

Table 4.7-b Detettination of ''Adjuste6" 4 (>l) in S.C. for
16 Wenth Cycles

CDTER ful:

Dosleeter Weasured A Calculated a,77 Adjusted 4 (>1)I!}
SAT

54Fe(n.p)54Wn 4.62E6 0.135 5.47E10

58 'i(n.p)58Co 6.86E7 0.172 5.71E10h

630u(n.o)60Co 6.14E5 0.00'6 5.85E10

238 (n f)I37Cs 3.71E6 0.452 5.41E10U

46Ti(n.p)46Se 1.41E6 0.0231 6.00E10

Average 5.69E10
_

iASAT) measuredgj) Adjust 6 (>l) m
b'o l eeff] cale.

.
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Table 4.6 Relative Azimuthal Variation ("} In 4 (> 1 WeV)
Incident on Vessel

J B __ __ 12 M Cycle 18 W Cycle 24 M Cycle

1 1.25000E.00 1.000 1.000 1.000
2 3.75000E400 0.992 0.987 0.965
3 5.62900E+00 0.963 0.953 0.901
4 6.37750E+00 0.918 0.906 0.847
5 6.64000E+00 0.891 0.87a 0.814
6 7.00000E-00 0.870 0.856 0.785
7 7.35950E+00 0.870 0.854 0.774
8 7.62200E400 0.882 0.864 0.777
9 8.37(99E+00 0.901 0.880 0.780

10 9.62500E+00 0.877 0.853 0.740
11 1.08750E+01 0.634 0.808 0.690
12 1.21250E+01 0.764 0.756 0.640
13 1.30040E-01 0.745 0,717 0.60S
I4 1.33775E.01 0.717 0.690 0.585
l! 1.36400E+01 0.690 0.663 0.563
16 1.40000E+01 0.664 0.637 0.541
17 1. 43605E+01 0.653 0.626 0,533

16 1.46220E+01 0.654 0.626 0.533
1 19 1.49300E+01 0.656 0.629 0.536

20 1.55590E+01 0.649 0.620 0.529
21 1. 65000E+01 0.624 0.595 0.514
22 1.75000E+01 0.602 0.573 0.501
23 1.85000E+01 0.566 0.557 0.491
24 1.95000E+01 0.577 0,549 0.465
25 2.05000E+01 0.575 0.546 0.483
26 2.15000E+01 0.579 0,549 0.483
27 2.25000E+01 0.586 0.556 0.485
18 2.35000E+01 0.596 0.565 0.488
29 2.45000E+01 0.607 0.576 0.490
30 2.550000+01 0.617 0.585 0.492
31 2.65000E+01 0,624 0.592 0.491
32 2.75000 E+01 .628 0.596 0.487
33 2. 84000E+01 0.629 0.597 -0.481
34 2.98118E+01 0.620 0.588 0.468
35 3.09600E+01 0.612 0.681 0.461
36 3.12330E+01 0.611 0.580 0.459
37 3.15647E401 0.609 0.578 0.456
38 3.20500E+01 0.607 0.576 0.451
3? 3.25500E+01 0.604 0.573 0.447
40 3.30500E+01 0.600 0.570 0.442
41 3.35500E+01 0.595 0.566 0.437
42 3.41962E+01 0 F99 0.560 0.431
43 3.47000E+01 0.SS4 0.556 0.428
44 3.49150E+01 0.031 0.553 0.426
45 3.53723E+01 0.573 0.545 0.420
46 3.60720E+01 0.561 0.534 0.413
47 3.71220E+01 0.544 0.518 0.402

PEG /CALVEFT 22
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46 3.81720E+01 0.527 0.503 0.392
49 3.66720E401 0.517 0.494 0.385
'' 3.95720E+01 0.508 0.486 0.380

4. 02360D+ 01 0.501 0.460 0.375'

*2 4.07750E+01 0.498 0.477 0.373
s3 4.125000401 0,495 0.475 0.370
54 4.19500E+01 0.493 0,474 0.368
55 4.2 500E401 0.492 0.473 0.366
56 4.27500Ee01 0.492 0.473 0.364
5'| 4.32500E+0) 0.492 0.473 0.363
58 4.37500E+01 0.493 0.474 0.363
59 4.42500E+01 0.494 0.475 0 363.

60 4.47500E+01 0.494 0.475 0.363

I*I reak value normaltred to unity

1

|
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i.

II} fTable 4.9 Calculated 4 (ib)) in Surveillance Capsules and Lead rectors
|for Calvert Cliffs Unit 2 !"

;

!

AZIETHAL liCATION: 0 = 7*
;

t

FJ'Y Lead 1/4T Lead 3/47 Lead !

Cyrle Type Factor __ Tseter Factor (

12 W l.26 2.11 10.35
>

16 W l.24 2.09 10.23

V4 W l.18 1.97 9.74 |

AZlETHAL LOCATION: 0 = 14'
;

,

RPY Lead .1/47 Lead 3/4T Lead
!

Tseter Feetet Tseter.
peleTvre; _ '

12 W 0.94 1.88 7.76
"

18 W . 0.91- 1,63 7.48

24 W _0.79 1.32 6.84
.

.

4'' (>l)' , where 4'' is the calculated flux at the center - 1

LT = #pv UI) of the surveillance capsule, and (P' is the
nextsua calculated flux incident n'. the
indicated P.PY locatiren,

i

!

:

.

, .

l ;

:
*

1

i
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,

;

i

i

Table 4.10 Feak 4 (>l) in RPY of-Calvert Cliffs-2 !

<
t

Radial ") 12W Cycle (b)12W Cycle ') 18W Cycle 'I 18 Wonth(b) 24W Cycle ')I I I >

I '

Loestion adjusted esiculated_ enleulated sdiusted - calculated _-

1R RPV (R=221.29) 4.72E10 5.04E10 4.89E10 4.59E10 4.10E10 f

1/4 T ( R=225.96) 2.82E10 3.01E10 2.90E10 2.72E10 2.46E10
.

I

3/4 T (R=236.93) 5.75E9 6.13E9 6.92E9 5.66E9 4.97E10
.

(a)P.PV liner'begins'at 220.5
~

RPV begins at 221.29
RPV ends at 242.41'

. t.

(b)Obta'ined by dividing adjusted S.C flux (see Table 4.7) by lead factor >

for 7' capsule in Tatie 0.9.,

,

;.
I')Dbtained by dividing calculated S.C. flux in Table 4.3 by lead factor in '

(Note: no experimental data is available for 24 month-Tatie 4.9
cycles.)~ ...

I

h

!

i

,

!

I

'

t

-
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i

I

f

Tatie e.'' li A Va;.ts (;'is;;acements Fer Atet Fer Se:ond) in EFV cf |

fCa; vert C;1ffs.2 Due to Neutrons with Energies Above 15 kev
i

f
IBM 24W

Radial Location 12W _

6.28325E-11 [
220.895 7.701200-11 7.44755E-11 '

222,102 7.124290-11 6.88783E-11 5.80282C-11

273,727 6.208020-11 5.99981E-11 5.04510E-11 i
'

225.351 '5.30644E-11 5.12647E-11 4.30195E-11

226.976 4.509960-11 4.36527 E-11 3.64720E-111

.220.601 3.820920-11 3.68842E-11 3.082515-11

230.725 3.229200-11 3.ll603E-11 2.89904E-11

,231.650 2.71842E-11 2.82221E-11 2.183130-11 :

J's.1. 475 2.27459E-11 2.19337E-ll 1.82302E-11

235.099 1.884620-11 1.81679E-ll 1.50774E-ll :
'

236.724 1.537270-11 1.48154E-11 1.22790E-11

238.348 1.222090-11 1.17754E-Il 9.74867E-12

239.973' 9.274440-12 8.93477E-12 7.39050E-12

241.598 6.219495-12 5.99104E-12 4.95297E-12 ,

t

,

I

.' ;

i
t

.

.

k

t
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1

7able 4.12-a Calculated Fluence Waltigroup-Spectra in Reactor

Pressure Vessel at Peak Axial and Arisuthal Location ( 0 = 0')
for

Calvert Cliffs Unit-2 (12W Cycle)

-2,,-ld nece

Upper 0-T 1/4-T 3/4-T

Group Enerry (WeV1 Em221.29_ R=225.98_ R=236.93

1 1.733E+01 0.13903E408 0.662990407 0.ll341E407

2 1.419E401 0.60230E408 0.29019E+0B 0.495890+07

3 1.221E401 0.24316E+09 0.11322E+09 0.17639E+0S

4 1.000E*01 0.48806E+09 0.22636E+09 0.33443E+08

5 8.607E400 0. 86725E+09 0.39420E409 0.53867E+0B

6 7.40sE400 0.21627E+10 0.95554E+09 0.11839E409

7 6.0650400 0.30616E410 0.13013E+10 0.14864E+09

8 4.9660400 0.52688E410 0.22331E+10 0.25428E409

9 3.679E400 0.36265E+10 0.166450+10 0.21901E+09

10 3.012E400 0.26524E+10 0.13040E+10 0.18234E+09

11 2.725E400 0.29983E+10 0.15343E+10 0.22442E+09

12 2.4660400 0.14882E+10 0.76602E+09 0.11316E+09

13 2.365E+00 0.38856E+09 0.22000E+09 0.36853E+08

14 2.346E.00 0.18615E+ 10 0.10640E+10 0.18309E409 .

15 2.2310400 0.45795E+10 0.269090+10 0.46962E+09 ,

16 1.920E+00 0.47468E+10 0.31886E+10 0.64395E409

17 1.633E400 0.63'81E+10 0.44750E+10 0.10201E+10

18 1.353E+00 0.95161E+10 0.78817E+10 0.23706E+10

19 1.0030400 0.61356E+10 0.55743E+10 0.21153E+10

20 8.208E-01 0.29275E+10 0.23763E+10 0.81196E409

21 7.4270-01 0.82006E+10 0.89881E+10 0.42637E+10

22 6.081E-01 0.68423E+10 0.733360+10 0.36954E+10

23 4.979E-01 0.73867E+10 0.82570E+10 0.41833E+10

24 3.688E-01 0.76526E+10 0.97683E+10 0. 58506E+10

25 2.972E-01 0.96759E+10 0.10321E411 0.54995E410

26 1.832E-01 0.88561E+10 0.102860411 0. 59507 E+10

27 1.111E-01 0.60800E410 0.63931E+10 0.35515E+10'

28 6.738E-02 0.51275E410 0.49135E+10 0.25683E+10

29 4.097E-02 0.17987 E+10 0.13050E+10 0.64403E+09

30 3.183E-02 0.90129E+09 0.40188E+09 0.19741E+09

31 2.6060-02 0.23025E+10 0.27542E+10 0.17347E+10

32 2.418E-02 0.14558E+10 0.16674E+10 0.11334E+10

33 2.188E-02 0,27861E+10 0.25650E+10 0.14953E410

27
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Table 4.12-b Calculated Neutron Fluence Waltigroup Spectra in Reactor

Pressure Vessel at Peak Axial and Arizuthal Location ( 0 = 0 )
!for Calvert Cliffs Unit-2 (16W Cycle)
!

-2,,-14 nece

t%per 0-T 1/4-T 3/4-T
Group Enetry (WeV) R=221.29_ R=225.98_ 3=2,)6.93

1 1.733E401 0.13469E+08 0.64234E+07 0.10976E+07

2 1.419E+0) 0.583430408 0.28108E408 0.47986E+07

3 1.221E401 0.2355)L+09 0.10963E+09 0.17062E+08

4 1.0000401 0.472680+09 0.21917E+09 0.32348E+08

5 8.6070+00 0.Pa9Bs? 09 0.38166E+09 0.52098E+08

6 7. 406E+00 0.Fv245E+ $ 0 72521E409 0.11452E+09

7 6.065E400 0.!943CE4th D s2597E410 0.14373E+09

0. 5et. if.-lo 0.21604E410 0.24572E+09t8 4.966E400
9 3.679E400 0.350.i} 40 0.16097E+10 0.21155E+09

10 3.012E+00 0.25655Ellb 0.12610E+10 0.17F10E+09

11 2.725E+00 0.20002r 10 0.14836E+10 0.21672E+09

12 2.466E400 0.14395E+ 10 0.740665+09 0.10927E409

13 2. 365E+00 0.37586E+09 0.21270E+09 0.35680E+08 ,

14 2. 34 6E+ 00 0.18005E+10 0.10287E410 0.17676E409 .

15 2.231E+00 0.44294L+10 0.26014E+10 0.45340E+09

16 1.920E 00 0. 45904E+ 10 0.30817E+10 0.66008E+09

17 1.653E+00 0.61384E+ 10 0.43244E+10 0.98444E+09

IS- 1.353E+00 0.91989E+10 0.76132E410 0.22864E+10

19 1.003E+00 0.59284E+10 0.53813E+10 0.20388E+ 10

20 8.208E-01 0.28293E+ 10 0.22945E+10 0.78276E+09

21 7,427E-01 0.79182E+10 0.86704E+10 0.41066E+10

22 6.08)E-01 0.66054E+10 0.70723E+10 0.35582E+10

23 4.979E-Ol 0.71318E+10 0.79628E+10 0.40280E+10

24 3.688E-01 0.73814E+10 0.94122E+ 10 0.66296E+10

25 2.972E-01 0,93382E+10 0.99482E+ 10 0,52924E+10

26 1.822E-01 0.65427E+10 0.99081E+10 0.57241E+10

27 1.111E-01 0.58631E+10 0.61583E+10 0.34158E+10

28 6.738E-02 0.49478E+10 0.47333E+10 0.24680E+ 10

29 4.097E-02 0.17364E+10 0.12573E+10 0.61938E+09

30 3.183E-02 0.87043E+09 0.38722E+09- 0.18986E+09

31 2.606E-02 0.221780+10 0.26498E+10 0.16863E+10

32 2.4185-02 ~0.14009E+10 0.16024E+ 10 0.10876E+10

33 2.188E-02 0.26844E+10 0.24671E410 0.14349E+10
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Table 4.12-c Calculated Neutron Fluence Rate Wultigroup Spectra in Reactor

Pressure Yessel and Arleuthal 14 cation ( 0 = 0')
for Calvert Cliffs Unit-2 (24W Cycle)

'-2,,-l4 n.ca

l'ppe r 0-T 1/4-T 3/4-T
Group Energy (WeV) R=221.29 R=225.98 R=236.93-

1 1 733E+01 0.11591E408 0.55590E407 0.94675E+06
2 1,4190+01 0.50126E408 0.24272E+08 0.41304E+07
3 1. 221 E+01 0.20170C+09 0. 94309E+08 0.14620E+08
4 1..)00 E+ 01 0.40426E+09 0.18826E+09 0.27671E408
5 8'.607E+00 0.71675E+09 0.32716E+09 0.44461E408
6 7,406E+00 0.17856E+10 0.79253E409 0.97652E408
7 6.065E+00 0.25196E+10 0.10759E+10 0.12216E+09
8 4.966E+00 0. 43157 E+ 10 0.18363E+ 10 0.207760+09
9 3.679E.00 0. 29651 E+ 10 0.13650E+10 0.17838E+09
10 3.012E+00 0.21668C+10 0.10684 E+ 10 0.14832E+09
11 2.725C+00 0.24476C+10 0.12500E+10 0.18237E409
12 2.466E400 0.12148E+10 0. 62695E+09 0.91920E+08
13 2.365E+00 0. 31728E+09 0.17998E+09 0.29&O6E408
14 2.346E+00 0.15190E+10 0. 87010E+09 0.14851 E+09
15 2.231E400 0. 37360E+ 10 0. 22003E+ 10 0.38106E+09
16 1.920E 00 0. 38682 E+10 0.26024E+ 10 0.55363E+0p
17. 1.653E+00 0.51700E+10 0.36495E+10 0. 82514E+09
18 1.353C+00 0.77353E+10 0. 64101 E+10 0.19110E+10
19 1,003E+00 0. 49740E+ 10 0.45179E+10 0.16982E+10
20 8.206B-01 0.23761E+10 0.19283E+ 10 0.65267E+09
21 7.427E-01 0.66195E+10 0.72511 E+ 10 - 0.34081E+10
22 6.081 E-01 0.55162E+10 0.59050E+10 0.29483E410
23 4.979E-01 0.59595E+10 0. 66488E+ 10 0.33378E+10
24 3.6880-01 0.61390E+10 0.78256E+ 10 0.46495E+10
25 2.9720-01 0.77868E+10 0. 82842E+10 0.437380+10
26 1.8320-01 0.71057E+10 0.82270E+10 ' O.47195E+10
27 1.111E-01 0.488380+10 0.51122E+10 0. 28142E+ 10 -
28 6.738E-02 0.412180+10 0.39300E+10 0. 20325E+ 10
29 4.0970-02 0.14498E+10 0.10448E+10 0.51013E+09
30 3.183E-02 0.72818E+09 0.32145E+09 0.15640E+09
31 2.606E-02 0.18316E+10 0.21863E+10 0.13643E+10
32 2.418E-02 0. ll519E+10 0.13152E+10 0. 88646E+09
33 2.188E-02 0.22205E+10 0.20290E+ 10 0. l l 692E+10

,

.
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Table 4.13 Radial Gradient of Test Fluence Rate ( ( (E > 1) )
Through RPV. at Peak Atituthal and Asial L4 cations

in Calvert Cliffs-?

4 (E > i P.eV)
-2 , ,-l(1) neta

E ( e t ), 12_W ,E 24W

220.895 6.19E10 6.02E10 4.24E10
222.102 4.72010 4.67E10 3.86E10
223.727 3.98E10 3.84E10 3.24E10
225.351 3.25E10 3.14E10 2.64E10
22,'i'6 2.62E10 2.63E10 2.13E10
220,b01 2.10E10 2.03E10 1.70E10
230.225 1.67E10 1.61E10 1.35E10
231.850 1.32E10 1.28E10 1.07E10
233.476 1.04E10 1.0lE10 8.42E9
235.099 8.16E9 7.87E9 6.68E9
236.724 6.33E9 6.1009 6.10ES
238.348 4.83E9 4.66E9 3.89ES
239.973 3.56ES 3.45ES 2.88ES
241.596 2.43E9 3.34ES 1.95ES

FE 3 'C A' 'iE7?; 30.
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f;uer.ce it FfV after 't Efff for Calvert Cliffs 2Tatie L,%

1,ocation yluence neut rers. err-2

P.PV IP. (Pe221.29) 1.69E19
I/47 (P4226.96) },olg}p

3/47 (Pe236.93) 2.05018

,

'
.
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Table 4.15 Detettination of RPV Peak Pluence for Calvert Cliffs-2

Accumulated Fluence (
Cycles Full Power Days neutrons dtt'

l-3 (12 month) 1165.94 4.76E18

4 (18 month) 500.53 2.02E18

5-7 (18 sonth) 1242.92 4.93E18

8 (24 month)III 586.17 2.08E18

9-DOL (24 month)(2) 8184.44 2.90E19

Totals 11688.00 4.28E19

5I) Projected value based on estiasted EFPD/ cycle for cycle 8
2) Projected, based on 32 EFPY lifetime

I3I 12 month and 18 month cycle fluence rate basert on adjusted flux values
in Table 6: 24 month values tased on calculated fluses from Table 4.10.

FE C / C A'.VE FT 22
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5 ADJUSTED REFERENCE TEMPERATURE DETERMINATION

|

NFO Fegulatory Guide '.99. Eevision 2, provices the approacn for cc'tputirg

tne adjuste: referer.ce nil. ductility temperatures for beltline materials. The
:

iadjuste: referer.ce te.perature (AF.T) is Elven by
|
.

EI;DT + Mare n (1)i
ART Initial RT!!DT * A f

where

tETNDT (CF)f(0.28 - 0.1 leg f) (2)

and
chemistry factor specified in Peg. GuideCF :

'4.99, FeV. 2.

I9 2
f a fluence (10 n/cm , E > 1 MeV)

: 2 .cMargin 3

initial stancard deviation of data = 0'Twhere ey

2B'F for welds and 17'F for plate materialse e
3

Table 5.ia an b presents an evaluation of the ART of beltline materials

for 12 ETPY ar.d 32 EFFY respectively. From this table it is cicar that the

weld 2-203 is the contro111nE material for the pressure vessel. The ART of

weld 2-203 at various irradiaticn conditions are used in developing the

various P-T limit curves.

Fluence at various deptha is given by,

f a f surface (e-0.2 u ) (3)

is calculated by usingThe through thickness attenuation of ARTNDT

equation (2).

The 6Rigg7 values for the various depths for the controlling weld 2-203

for 12,16, 20, 24, 26, 32, 36 and 40 EFPYs are presented in table 5.2. Table

! 5.3 preser,ts AFT at 1/47 ar.d 3/4T locations for the various EFPY.

FEG/CALVEET 33
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Tatle 5.1(a). AET Evaluation for Eeltline Materials
fer 12 EFPY

Chemistry Initial LET ;. Margir.g

Materin. Ou Ni C.F. Rigp 'T Surface 'T 'T AET

Weld 2-203 0.12 1.0' 1(1 56 184 56 184

3-203 0.23 0.23 120 -00 137 56 113
9-203 0.22 0.05 101 -60 116 56 112

Plate D-890(-1 0.15 0.St 107 10 122 34 166
'

D-8906-3 0.14 0.55 98 5 112 34 141

D-8907 1 0.15 0.6 110 -8 126 34 152
D-8907-2 0.14 0.66 102 20 117 34 171

NOTE: D8906-2 ar.d 08907-3 are r.ot included because they are bounced by the
- chemistry ar.: initial FT -- by D8906 t and D8907 2, respectively.g

Table 5 1(t). ART Evaluaticn for Beltline Materials for 32 ETPY

Cte.istry_ Initial LRT Margingg7
Katerial Cu Ni C.F. RT *F Surface 'T 'F ART

NDT

Weld 2-203 0.12 1.01 165' -56 222 56 222
3-203 0.23 0.23 120 -80 165 56 169
0-203 0.22 0.05 101 -60 139 56 135

Plate D-6906-1 0.'5 0.56 107 10 147 34 191

D-8906-3 0.14 0.55 98 5 135 34 174-
D-590 i 0.'5 0.6 110 -8 15' 3; 177

D-8907-2 0.14 0.66 102 20 140 34 194

.

(

l

1

l
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|

liatie 5 2 AFT,;.. vs EFFi f:r Cer. trolling Weld 2-203..

AI dT,;;7 di,;);I;;;

Surface (1/4 7) (3/11 T)
'T 'T'TEFFY

12 164 1(1 115 |

|

'6 19( 173 127

!
20 2Ce 153 136

tu 211 190 144
t

2E 2if 196 151
:

32 222 201 157

36 224 206 162

40 228 210 166

:

|

t

n

i

I:

l-

P EG /C A' '''E RT 35
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a. , e i A" uste: Referer.ce Terperatures (API) at-

3 i i ar.: 3/k T for Cer.trollir.g Wel: 2 203" "'''*

ART (1/4 T) api (3/4 T)

grpy *f 'I

32 164 115

-( 173 127

;; 183 136

39) ikk-

! c-

{{ lh6

3; 20i 157

3{ 206 162

ao 210 166

'

.
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6. HEAT-UP AND COOL-DOW LIMITS

T r.e a d ,' s t e : reference terperature ( ART) for 'E. 1(, 20, 24, 26. 32, 36

at: 40 Eff Ys were preser.ted in Section 5. These ART values wer<s used to

cevelep the pressure-temperature limit conditions for the EFPYs described

An inhouse computer program F7LIKI was used. The generic procedures
abcve.

for PTLIMT are described in Apper. dix D.

The following pressure vessel constants were employed as input data in the

Calvert Cliffs Unit 2 analysis:
86.81 Irm

Vessel Inner Radius, ri d

: 95.43 in.Vessel Outer Radius, re
2235 ps:tOperating Pressure, F :

e

550'Finitial Temperature Tr :

6
Effective CoM ant flew Eate, C 128.8 x 10 lbm/hr

239,83 ftEffective Flow Area, A :

Effective Hydraulic Dianeter, D 22.44 in.

Heat-up limits were computed for heat up rates of 40'F/hr. 50'F/hr,
Cool-down curves were computed for cool-down rates of60'F/hr and 70'F/hr.

O'F/hr, 20*F/hr. 50'F/hr, and 100'F/nr.

Figures 6,1 and 6.2 presents the heat up and cool down limit curves

respectively for 12 EFFY. These figures were developed based on the NRC

Standard Review Plan (5.3.2). In Figure 6.1, the lowest service ten:peratures,

minimum bolt up temperature (70'F) and inservice leak test curves are

incorporated, in developing the heat-up and cool down curves, instrument

error e.argins of -60 psig for pressure measurements and +10'F for temperature

monitoring have been included. These margins have been used industry-wide to

FEC/CALVERT 37
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7600

Material Property Basis In service Lealt Test
| NIIllllllililli ]!' li! : 1|: t 'l | [, ]

y

(Reg Caside 1.99 Rev 2) Mi'elmum Temperature 60"F/he | fj :

ri Sicid Metal; Cu=0.127.. NI-l.Ol7 '

) }||[ :| h j | j
Intttal RTNDT= -56*F {

''
.

p at 12 EFPY
|C

-

;

ART at 1/4T=161*F 4

'}g** ,

; 37000 - ART at 3/4T=Il5"F
.}

'

ji
,,

,

h;f!l. j j unacceptable J
j j ! |inon i ! [

| l': 'r1
-

' 'f
j | Operation q |

,
"

'

Ill | . . hh| . g . , | |
. 1600 t i

I Margins: + 10*F and -60 psig |
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* I'UU
l I ||1,| ..d f | f . | f
'

j ,

f
| I

'

Acceptable ! ; e ,

= 1200 | Operation
'

!

'

|| L lIsothermal I
t1000 ,

j . . { !
-

Y"
800 f

| ; q,
,

. , !}{
| i
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,

609 50*F/hr 1,
. f I i 1 ,

:

Criticality Limit
'

T j
400 '

.i i,.. . ,

B It-UP I| 200 j L
''

,

| | b f
- 70*F/hr :

.

'

|
f

'I
tE!!IHL
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60 100 150 200 250 300 350 400 4 ~.0 wo j
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!
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| Figune 6.1 Heat -Up Pressiss e-Temperature Lisair at ion coerves for Calvere Cliff
lin i t 2 Reactor vessel (12 EFFY)
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i

allow for possible errers in n.easuritt instrwrents and account for variations ;

Ibetween tulk temperatures and local (near teltline) teeperatures.
i

Appen:ix E preser.ts the tatles cer.tahing reat-up and cool-down data for '

16, 20, 2L,-25, 32, 36 an: % EFFYs. Appendix F contair.s the F.7 limit tatles
i
i

for varying coc;cown rates for 12 ETFY. Appendix G presents the P.7 limit j

i

!tables for. isothermal conditier.s.

.
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Appendix A. Detettination of Space-Dependent Source Distribution

for Transport Analysis of Calvert Cliffs-2

The space-deper. dent source distribution used in the transport

calculations was obtained by cotbining the assembly-wise power distribution

with relative pinwist ),f.ser r? lues for the peripheral assemblies (i.e., XY

Zones 9,16, 26, 34, 4 /. es 'b figure 1), The relative asseab)y-wise power

distributions for the % it, and 24 nonth cycles are shom in Figure A.1.

These values were cNabit; by sveraging KC, KC, and IXC absolute asseebly

powers provided by Bil! bon Gas and Electric as representative for the

appropriate cycles an; theri dividing the average assembly power. (The 24

morth cycle distribrison t.irrtsponds to a projected EC core.) Note that all

interior assembliwt. are approxiented as having a unity relative power (i.e.,

producing the ave ~ rage power). Since the interior elements contribute a

negligible amount to the RPV fluence, this approximation is very adequate.

The absolute assembly poser distributions provided by BG&E for each type of

cycle is given by Table A.), W

The power density la as**tmed flat within the interlot assemblies, but is

represented with a pinwist variation for the boundary anseeblies, which

account for virtually all of the RPV fluence. Baltimore Gas and Electric has

confirmed that the reintive pin-power variation within the peripheral

assemblies is siallar for Calvert Cliffs Units 1 and 2;(2) therefore the same

W
relative pin-pont values obtained for the previou6 Ut,'1 1 a W ysis were

also used in the present Unit 2 calculations. E,xamination of the DOC, KC,

and EXC relative pin powers provided by DGiE shows that the EC distribution

is a good approximation for the average over the cycle, and hence was used

A1

|
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i

|
1

as the representative pinvise variation. The relative pin poter in the I

peripheral asseeblies are very strilat for the 12 and 18 sonth cycles, and

therefore the 16 tenth is used for both (the assembly-mise distributions are

different, however). Tables A.3-A.4 give the relative pinwise variations for j

configuration in Figure A.) (given in * FIDO FDPJLAT* ) .
1

The conbination of the assembly and pinnise powers results in an

absolute space-dependent power density defined for the quarter core. The

power density values are converted to a source density by tultiplying by the

factor,

16 neutrons /s7 84 x 10
Me

The 1/4 core XY source distribution is then espped onto the 1/8 core P0 mesh

used in DDT by utilizing an interpolating program previously developed for

this purpose.
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Figure A.1 Relative Power Distributions (Assembly. wise) Zone

i for 12,18, and 24 Month Cycles for /
Calvert Cliffs Unit 2 Zj.

A- 12M
y . .. .,a4

C- -- 24M
hv

/
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j 1.0 1.0 1.0 1.0 1.0 1.0 1.00 1.10
4 1.14 .91

1.26 .85
.71

|. 10 . 11 12 13 14 15 16 17 .65
1.0 1.0 1.0 1.0 1.0 1.0 .85 1.06 36

1.08 .98,

'

1.07 1. * 9
.86

1 2 3 4 5 6 7 8 84
1.0 1.0 1.0 *0 1.0 1.0 1.15 .85 .80.

.% 1.07
1.29 90

.
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Table A.l. Absolute Assenbly Powers (MWth) for Calvert Cliffs-2

'
t

1B_Menth Cycle 24 Month Cycle
Zene 12 Month _ Cycle _

3.11
'' l- 3.11 3.11

* 2 6.22 6.22 6.22 '

* 3 6.22 6.22 6.22

* 4 6.22 6.22 6.22

* $ 6.22 6.22 6.22 .

6 6.22 6.22 6.22 :
*

* 7 7.16 $.96 8.02

* 6 5.26 6.68 6.58

9 10.60 10.41 10.00

* 10 6.22 6.22 6.22

11 12.44 12.44 12.44 ,

12- 12.44 12.44 12.44 l

13 12.44 12.44 12.44

14 12.44 12.44 12.44 :

15 12.44 12.44 12.44 i

16 ~10.60 13.43 13.27

17 13.16 12.17 14.10

16 6.62 8.02 4.46

* 19 6.22 6.22 6.22

20 12.44 12.44 12.44

21 12.44 12.44 12.44

22 -12.44 12.44 12.44 ,

23 12.44 12.44 12.44 ;

24 12.44 12.44 12.44

25 12.44 14.12 15,62

26 13.72 11.36 10.53

* 27 6,22 6.22 6,22
'

26 12.44 12.44 12.44

29 12.44 12.44 12.44- '

12.44
30 12.44-- 12.44 .

31 12.44 12.44 12.44

32 12.44 12.44 12.44 ,

'

33 13.41 13.15 13.53

34 12.16 11.36 10.76 i

'' 35- 6.22 6.22 6.22 !'

36 12.44 12.44 12.44

37 12.44- 12.44 12.44

36 12.44 12.44 12.44

39 12.44 12.44- 12.44

40 12.44 12.44 12.44

41 14.45 12.48 13.26 ,

42 9.35 8.46 5.02 ,

* 43 6.22- 6.22 6.22

44 12.44 12.44 12.44- ,

45 12.44 12.44 12.44

:46 - 12.44 12,44 12.44

47 12,44 12.44 12.44

46 12.44 12.44 12.44

A's
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Appendix B. Description of the 3D Flux Synthesis Wethod

A 3D (R9Z) flux distribution is synthesized using the following well

established approximation:

(g3(R Z)
4 A(R,Z) B.14(R,0,Z) = (ROIN'E) *

(g(R) 80

where d is the flux obtained from the RO D0ft calculation; and
gg

3 4,p~
A(R.Z) = = axial distribution function obtained by

# representir.g the R2 flux = (eRZ) distributionR
and dividing it by the integral tver Z of the
P2 f lux , i . e . ,'

4 * [g 4 dZ.g P2

In some previous studies the P2 flux distribution was represented by the

results obtained from a DOT P2 calculation, while the radial flux (g was

obtained from a or.e. dimensional calculation, However, it has been discovered

-that a simplier approximation gives similar results (within a few percent) as

the results of these transport calculations for locations not outside of the

RPV and near the reactor ildplane, in this approach we represent

NPJ'(RZ) Pg)
B.2A(R,Z) = p(g)g=

where P(Z) is the avatage axial distribution of power in the core. 'Ihe

function P(Z) has been represented by discrete nodal values corresponding to

the core-average axial power distribution at M00,.which was provided by

Baltimore Gas and Electric. The relative axial power values were provided at

51 points for the 12 and 18 month cycles, and at 24 points for the 24 month

B-1
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Appendix B Description-of the.-3D Fl. Synthesis Wethod

A 3D (R9Z) flux distribution is synthestred using the following well-

esu bitshed approximaticn:<<

dpy(R,Z)
#fR,0,Z) = (gg(R,0) ,(g) ggp A(R,Z) B.1=

where (gg is the flux obtained from the R9 DOT calculation; and,

2A(R,Z) m = axial distribution funetton obtained by
-.

#
R representing the R: flux (ogg) distribution

S and dividing it by the integrai byer Z of the
P2 f lux , i . e . ,

4 = fz (gz d2.3

-In some previous studies the P2 flux distribution was represented by the

results obtained from a DOT RZ calculation, while the radial flux p wasg

obtained from a one-dimensional calculation. However, it has been discovered'

that a simplier approximation gives similar results (within a few percent) as

the results of these transport cal'eulations for locations not outside of the

RPV and near the reactor midplane. In this approach we represent

4 ,(RZ) P(2)p
A(R,Z) = B.2

* Jg P(Z)dZ

- where P(Z) is the average' axial distribution _of power in the core. The

function P(Z) has been represented by discrete nodal values corresponding to

the core-average axial power distribution at 180C, which was provided by

- Baltimore Gas and Electric for the peripheral assemblies. .The relative-

axial power values were provided at 51 points for the 12 and 18 month-

j. cycles, and at 24 points.for the_24 month cycle.,
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Therefc,re employing the expression eq. B.2 fer axial point k,' we ;
-

find

Py
_ IR,Z) a. A(Z) * Ak * JP(Z)d2 , kal, # of axial pointsA

:

There are 51 points used for the 12 and 18 month cycles, in the axial

dimension. The_51 points define 50 nodes (i.e., intervals). To calculate

the integrated.stial power we use-the expression

50

[P(Z)dZ- E E OZ B.3
k kkul

where P in the average power (relative) in the kth axial node. This value-
k

*

is' approximated by Pk= , where P end P are the point powers
k k=1

taken from the axial power data provided by BG&E.

Equation B.3 was used.to approximate the denominator of eq. B.2, for the

12 and.18 month cycles. .

The axial distribution:provided by BG&E for_the 24 month cycle only has-

24 intervals ~insteac of-51 as~ for the 12 and 18.nonth cycles. A similar

development for this give:

24'
P(Z)dZ-- 1P Al B.4

k k-
kal

: Equation'B.4 was used-to approximate-the denominator-of eq. B.2 for.the 24

month _ cycle.

The final _ axial synthesis factors for the 12 and 18 acnth cycles-are

given in Table:B.I and.~for the 24 month cycle in Table B.2.

In order to compute the 3D flux or ac'tiv'ity at some axial location-

3-2
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,

(corresponding to a height Z in Table B.1 and B.2), for'some RB location one

. aust
~

. (a) find the flux or activity at_the appropriate (R ,-0 ) location in the DOTI Jrun-

(b) find the axial flux factor at the appropriate node K

(c) compute.the 3D value using expression-

((R , O , Z ) = d g(R , O )*A .g g g g g g

(*) For example, in the 18 month cycle the peak power corresponds

ap;.skisately to 2 = 3.20 feet the bottom of the core. From Table B.1-it

can be seen that-the axial f U ' > tl- location is equal to 3.17 x>

10~0 Therefore all activities 'e DOT RO output should be<<> c. .

multiplied by this factor in ordre .
s -erresstnding peak values.

..

'

f

D

..

'
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' Table B.1 Calvert Cliffs Unit 2 AAlal Distribution Factors
for Flux Synthesis: 12 and 18 Wonth Cycles

A , 12 Wonth A , 18 Wonth
kHe i re.: (feet) k

11.4300 1.84446E-03 1.74971E-03
11.2000 2.02698E-03 1.94625E-03
10.9700 2.19258E-03 2.12788E-03
10.7400 2.34726E-03 2.29373E-03
10.5100 2.48415E-03 2.44322E-03
10.2800 2. 60497 E-03 2.57607E-03
10.0500 2.70972E-03 2.69199E-03
9.8300 2.79898E-03 2.79155E-03
9.6800 2.87331E-03 2.87734E-03
9.3700 2.93329E-03 2.94277E-03
9.1400- 2. 97978E-03 2.99642E-03
8.9100 3,01393E-03 3.03659E-03
8.6800 3.03718E-03 3.06471E-03
8.4500 3.05095E-03 3,00221E-03

8.2300 3,05640E-03 3.09053E-03
8.0000 3.05554E-03 3.09139E-03
7.7700 3.04952E-03 3.08652E-03
7.5400 3.03976E-03 3.07734E-03
7.3100 3,02739E-03 3.06528E-03'

7.0800 3.01565E-03 3.05208E-03
6,8500 3.00388E-03 3.03889E-03
6.6300 2.99355E-03 3.02569E-03
6.4000 2.98500E-03 3.01737E-03
6.1700- 2.98150E-03 3.01077E-03
5.9400 2.98093E-03 3.00761E-03
5.7100 2.98437E-03 3.00886E-03
5.4800 2. 99097E-03 3.00388E-0?
5.2600 3.00274E-03 3.03688E-OS
5.0300 3.01823E-03 3.02856E-03

4 4.8000 3.03689E-03 3.04663E-03 ,

4.5700 3.05784E-03 3.06959E-03
4.3400 3.07994E-03 3.08967E-03

,
4.1100 3.12499E-03- 3.ll234E-03
3.8800 3.12270E-03 3,13357E-03
3.6600 3.14049E-03 3.15194E-03'

3.4300 3.15628E-03 3.16571E-03
3.2000 - 3,16144E-03 3.17317E-03

. 2.9700 3.16144E-03 3.17231E-03
2.7400 3.15226E-03 3.16169E-03
2.5100 3.13246E-03 3.13960E-03
2.2800 3.10031E-03 3.10431E-03
2.0600 3,05497E-03 3.05467E-03
1.8300 2.99499E-03 2.98925E-03
1.6000 2.91923E-03 2.906 DOE-03
1.3700 2.82739E-03 2.80733E-03
1.1400 2.71891E-03 2.68940E-C3
0,9100 2.89321E-03 2.55369E-03

B-4
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0.6900 2.45029E-03 2.39960E-03
0.4600 2.29072E-03 2.22773E-03
0.2300 2.I1480E-03 2,06160E-03

0.0 1.92367E-03 1,83349E-03

9
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Table B.2 Calvert Cliffs Unit 2 Axial Distribution Factors
for Flax Synthesis: 24 Month Cycles

A , 24 Wonthg, ; s, (p,,t 3 k

11.2500 1.48084E-03
10.9600 2.02411 E-03
10.6600 2.43010E-03
10.3700 2.68129E-03
10.0800 2.87990E-03
9.6200 3.02594E-03
8.9700 3.08728E-03
8.3100 3.10188E-03
7.8300 3.10188E-03
7.3500 3.10188E-03
6.6900 3.09896E-03
6.0300 3.1018SE-03
5.5500 3.10773E-03
5.0700 3.ll649E-03
4.4100 3.13109E-03
3.7600 3.14278E-03
3.2700 3.15446E-03
2.7900 3.15738E-03
2.1300 3.11941E-03
1.4800 3.0ll34E-03

'

l.0220 2.84485E-03
0.7300 2.61703E-03
0.4360 2.23149E-03
0.1460 1.69990E-03

.
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APPENDII C

Energy Group Structure and Dosirneter Activation
Cross sections Used in Transport Calculations
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Energy Group _ Structure and Dositeter Activation
-Cross Sections Used in Transport Calculations

-are presented in Tables C.1 and_C 2.

,
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Table C.1 SAILOR 47-Group _ Library Energy: Structure- i

;

i

Group tower energy' Group tower energy
,

(MeV) .(HeV)
'

-1 14.19* 251 0.183
-2- 12.21 26 0.!!!

'

3 10.00 27- 0.0674
4 8.61 28 0.0409

-5 7.41 29. 0.0318
61 6.07 30 0.0261

7 4.97 31 0.0242
8 3.6B 32 0.0219

-9- -3.01 33 0.0150
10- 2.73 34 7.10 x 10-3-

L

'll 2.47 -35- 3.36 x 10-3
12 2.37 36 1.59 x 10-3

.

13- 2.35 37 4.54 x 10-'
14- -2.23 38 ~2.14 x 10*'
15 1.92 39 1.01 x 10-'

.

,

- i 6 --- 1.65 40 3.73 x 10'5
'

17 1.35 41- -1.07~x 10-5
18 -1.00 42 5.04 x 10-6

'19' .0.821' '43 1.86 x 10-6
220 - -0.743 44 8.76 x 10~7
21~ 0.608- 45 4.14 x110-7

, - .' 2 2 0.498 46 1.00 x 10-7
:23 -

0. 36 9 - 47 !!.00-x 10-11-
24' O.298-

'The' upper energy of GroupLt is 17 33 MeV-

-

. . .

-

C-2-

-
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Table C.2 Reaction Cross Sections (Barna) Used in Calculations

for Calvert Cliffs Unit 2

Group Ene rgy U-238 NP-237 - Fe-54 Ni-58 cu-63
(MeV) (n,f) (n,f) (n,p) (n,p) ( n ,o )

,

1 1.733E+01 1.275E+00 2.535t+00 2.686t+0! 2.962E-01 3.682E-02
2 1.419E+01 1.086E+00 2.320t+00 4.137E-01 4.416 E-01 4.540E-02
3 1.221E+01 9.844E-01 2.334E+00 5.276t-01 6.103E-01 5.357t-02
4 1.000E+0! 9.864E-01 2.329E+00 5.781E-01 6.588E-01 3.811t-02

-5 8.607t+00- 9.891E-01 2.248E+00 5.8881-01 6.553E-01 1.906t-02
6 7.408t+00 8.574E-01 1.965E+00 5.590E-01 6.285t-01 9.277E-03

-7 6.065E+00 5.849E-01 1.520t+00 4.697t-01 5.365t-01 2.915t-03
8 4.966t+00 5.615E-01 1.538t+00 3.199E-01 3.917t-01 4.437E-04
9 3.679E+00 - 5.475E-01 1.638E+00 1.762E-01 2.287E-01 3.568t-05

10 3.012E+00 5.463E-01 1.680E+00 1.155E-01 1.658t-01 5.831t-06
11 2.725E+00 5.527E-01 1.697t+00 7.755t-02 1.131E-01 1.707E-06
12 2.466E+00 5.521E-01 1.695E+00 5.!!!E-02 9.308E-02 6.834E-07
13 2.365E+00 5.512E-01 1.694E+00 4.756E-02 9.232E-02 4.637E-07
14 2.346E+00 5.504E-01 1.693E+00 4.4841-02 8.614E-02 3.430E-07
15 2.231E+00 5.390E-01 1.677t+00 2.008E-02 4.661E-02 1.150E-07

~ 16 1.920E+00 4.685t-01 1.645E+00 4.771t-03 2.660 E-03 1.536t-08
17 1.653E+00 2.706E-01 1.604E+00 6.335E-04 1.337E-02 0

18 1.353t+00 4.502E-02 1.543E+00 1.311E-05 4.438E-03 0.

19 1.003E+00 1.102E-02 1.389E+00 0 5.023E-04 0

20 8.208E-01 - 2.881E-03 1.205E+00 0 1.729E-04 0

21 7.427E-01 1.397E-03 9.845E-01 0 4.914E-05 0

22 6.081t-01 5.378E-04 6.437E-01 0 7.673E-06 0

23 4.970E-01 1.502E-04 2.642E-01 0 8.903E-07 0

24 3.688E-01 8.333E-05 8.800E-02 0 4.070E-08 0

25 2.972E-01 6.168E-05 3.552E-02 0 1.832E-15 0

26 1.832E-01 4.668t-05- 2.043E-02 0 0 0

27 1.111 E-Ol' 4.015E-05- 1.542E-02 0 .0 0

28 6.738E-02 4.000E-05 1.228E-02 0 0 0

29 4.087E-02 6.176t-05 1.088E-02 0 0 0

30 -3.183E-02 8.610E-05 1.023E-02- 0 0 0

31 2.606E-02 8. 700 E-05 1.002t-02 0 0 0-

32 2.418E-02' 8.700E-05 9.906E-03 0 0 0

33 2.188t-02 8. 700 E-0) 9.723E-03 0 0 0

34 1.503t-02 5.650E-05 1.004E-02 0 0 C

35- 7.1022-03 4.860E-11 6.506E-03 0 0 0

36 3.355t-03- 7.4391-10 8.716E-03 0 0 0

37- 1.585t-03 4.199E-04- 2.303E-02 0 0 0

38 4. 540 E-04 1.464E-06 3.7011-02 0 0 0

39' 2.144E-04 1.044t-08 6.129E-02 0 0 0

40 1.013E-04 1.243E-08 9.027E-02 0 0 0

41 3.727E-05 1.955t-08 2.296E-02 0 0 0

42 1.068E-05 -3.086t-08 1.0145-02 0 0 0
'

O O O43 5.043E-06 4.770E-08 4.011E-03 *

44 1.655t-06 7.171E-08 9.350E-03 0 0 0

45 8.764E-07 5.067E-08 1.407E-02 0 0 0

46- 4.140E-07 1.881E-08 4.328E-03 0 0 0
'

47 1.000E-07 1.182E-09 8.332t-02 0 0 0

- _ _ .

_
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APPENDIX D

Definition of " Measured Saturated Activity" Used in
Calvert Clifft-2 Capsule Analysis
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Appendix D, Definition of "Weasured Saturated Acitivity"

Used in Calvert Cliffs-2 Capsule Analysis"

The_terc *eessur9d saturated activity * is a somewhat ambiguous term which

is extensively-used, but often misunderstood. In this appendix we will

discuss the definition of_ saturated activity and derive the expressions used

in the present analysis.
,

in the Calvert Cliffs-2 263' espsule analysis following cycle 4, most

dosimeters did not remain in the core long enough to reach " saturation

conditions" (i.e., the ectivity at which the rate of decay is equal to the

rate of production) _This_is'often the case for doslaeters removed relatively

early in the life of a plant. Thus the "tlae-of-removal" activity (A MR

which is physically measured does not actually correspond to a naturated

activity. However it is' common to define a " measured saturated activity"

(ASAT) by.the relation:

(1) Agg=hASAT'
9

(2) ASAT " A%R/h

where h-is the non-saturation-factor given by

- I) e-A(T-t )
-AT -

I--(3)- h-= -IP)(1-ej

in reality the saturated activity'is not seasured at all only the MR

activity is measured, and a "sensured saturated activity" is then calculated

using eq.(1).

D-1
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As thorn in refereras (1), eq. (1)-(3) are rigorous only if the core

power 61stribution does not change with time. If the distributior,is

time-dependent, then the idea of a saturated activity is ambiguous, since the

different power distributions may cause the dosimeters to saturate at

different activities. Te encounter this difficulty in analyzing the

surveillance capsule from Unit 2, which was exposed to cycles 1-3 having a

power distribution representative of a 12 month cycle, and to cycle 4 having

an 18 month cycle distribution. Which cycle type should be used in defining

the saturated activity? Obviously the staplistic expression in eq.(1) breaks

dom whenever several different power distributions are involved, and it is

no longer clear how to define a " measured saturated activity" in terms of

^10R.
In the following development we derive an alternate expression to

eq.(2) for defining a " measured saturated activity' in terms of A for thegg

Calvert Cliffs-2 analysts. (This derivation is easily generailred.)

We assume that a single power diet-ibution can be used to represent all

12 month cycles; and another to represent 18 month cycles. If the dosimeter

were exposed to either of.these distributions for a long enough period of

time,itwouldobtainasaturatedactivityequalto(T andA[AT'

respectively. Note that in general

12 18
Agg7 * ASAT '

and that the A value should represent some combined effect of the two
TOR

power distributions.

The value for A at the end of cycle 4 will be given by
TOR

-
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)

12 -A T ,4 gg
,

3

a b *3 ^ SAT ' *h4ASA'I- (4) A lmg

where b *3 = non-saturation factor from beginning of cycle I to end ofl

cycle.3.

h = non-saturation factor from beginning of cycle 4 to end of
4

cycle 4.

T *4 = time fr a the end of cycle 3 to the end of cycle 4.3

A T ""d AS T = saturated activity associated with the power

distribution for the 12 and-18 month cycles, respectively,

A- = dosimeter._ decay
. ;

Equation (4) can be written as

18-A T A
.

). (#4
(5) Agg = l h *3 e +h

l 4

SAT

From this relation we define the " measured saturated' activity" for the 12-

. nonth cycle to be

12 A( MR) seas.(6) (ASAT} seas. * -AT 18- .

h *3'l *
,

' Calf, ''

' -

T

Note that eq.(6) allows us to obtain a "sensured" saturated activity by-

utilizing the A sessurements; however it also requires knowing the ratio
TOR

D-3
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1

- A ^8gI shleh sust be obtained from the transport calculations;
3

^ SAT |,

,

'

In a similar way_we obtain the measured saturated activity for the 18

sonth= cycle:

IATOR)se a s .18(7) (ASAT} ness. " -A T 12. . .

h' 4 + h *3' 8A
'

l '

8 ,C'LC'A Ag

The'results called measured saturated activities in Tables 6a and 6b

were obtained using'eqs.(6) and (7) respectively.

.

- i
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