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FORWARD

In order to comply with the requirements of 10CFRS0.61 (b)(1) as advertsed in the Federal
Register, May 13, 1991, Baltimore Gas & Electric Company has compiled the information necessary
to perform the Pressurized Thermal Shock (PTS) rule calcul gcns for RTprs. The PTS screening
criteria will be exceeded for Unit #1 at a fluence of 2.61 x 10*7 ./em? on qﬁu\l weld 2-203. The PTS
screening criteria will not be exceeded on Unit #2 at fluences less than 10°Y a/cm? .
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CALVERT CLIFFS UNIT #2 REACTOR VESSEL BELTLINE MATERIALS

TABLE NO. 12

WELD MATERIALS (Mii B-4 modifiea Ni-Mn-Mo):

D

2:202-

ABC

3.203.
A8C

9.203

Pl & ¢ < .

Longitudinal
Tandem Are

Longitudinal
Tandem Arc

Girth
Single Arc

WIRE(S) JSLUNTYPE LOT 0,
8746 124 3878

33A277 0091 3922
10137 0091 3999

PLATE MATERIALS (ASME SA 533, Grade B, Class 1)
LOCATION

D
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Background [nformation On Beltline Materials
21 Plates

The sx plate sections used to (abricate the beltline region have been well
characterized with respect 1o chemistzy and mechanical properties by Combustion
Eogincering (References #1 and #2).

72 Welds

The chemical composition and mecianical propert [ the winy flux com.unations :
used in the surveillance programs were well characterized o, iginally (Relerence #3). The ‘
composition and mechunical proper ‘es of uther welde have been established by reviews of
original fabrication records.

BGA&E cont~~1ed CE in late 1981 to parform a search of their records at |
Chattanooga. These results were issued in a transmictal from Kruse (CE) to Titland
(B.xE) dated January 11, 1982 (Reference #4). Included were available wire chemistries
anu chemical analysis of weld deposits for cectain wire flux combinations. Although this
informetion did not data necessary for all the weids it was helpful in providing
insight into the relationsnip between weld wire chemistries and weld deposit chemistries.
The general ¢r nclusions that have been drawn from the available data are the following
(Reference #4 and #5),

1. In general, tne flux Lot No. has little ot no effect on the depoiit analysis with respect
1o copper and nickei contents.

2 The ;;icnel content of the wire is very similar to that of the weld deposit (See Figure
Nao. 2).

3. The copper content of the weld deposit is not accurately reflected by the copper
conmz.:m of tmre (See Figure No. 3). 1t is generally higher in the wold deposit than
in the weid )

4, A rnvview of the data indicated that the composition of the weld deposit made with
two different wires (Tandem Arc Piocess) can be estimated accurately by an
arithmetic average of deposit chemistries of individual 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
Stetion reac . Under EPRI Contract #RP 2180-5, the Geaeral Electric Company
generated ¢ ical compositica and mechanical property data on the Cooper weldments
removed & archival sections at GE Nuclea, Center at Vallecitos, California.

In early 1983, BG&E coniv. sted with CE to compile and reproduce records which
document iise materials of the Calvert Clil's Unit #1 and Unit #2 reactor vessels
(ieference #7 and #8),




EPRI compiled & reactor vesse! surveillance program dawa base (Reference #9).
The data base contains information on irradisted materinl from surveillance programs. A
search of this data base in January, 1986 revealed that a parucular wire/flux combination
used in Calvert Cliffs beltline welds was also used in the fabrication of surveillanca blocks
for Duke Power Comnany's William B. McGuire Unit #1. Since this material was used in
the production of surveillance v acks, the chemical composition and mechanical properties
were both well characterizec (Reference #10).
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The information compiled in Section 2.0 from various sources has been used 1o
determine the ckemical composition ¢f 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 contenr for a particular wire/flux combination was determined from
deposited weld metal chemical analyses using the same wire flux combination (the
{lux Lot No. may vary).

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

3. For Tandem arc processes the chemical composition from the single wires were
averiged to determine the chemical compos.cion of the weldment when tandem
deposit chemical analyses we’e not available.

Chemical compositions for the welds were determined in Appendix A by averaging
the data compiled ‘n accordance witl: the abuve guidelines. Note that in Appendix A the
analysis numbers with an "R" as a prefix indicates a weld wire chemical analysis and the
analvics numbers with "D as a prefix indicates a weld deposit chemical analysis. All
remairan ﬁg:'l“by determinations (surveillance capsule, EPRI, etc.) are aiso from weid
deposit izal analy-es.

The con.pe. tions of the plates are well documented in Reisrences #1 and #2.

3.2 Mechenical Properties

Initial RTypT valuss for some of the weldments it the beltline region of Caivert
Cliffs reactor vessels were determined by measurements made in the Calvert Cliffs
surveillance prograris Jor specific wire flux combinations. Initial RTnpT for wire/flux
comtizatiuns in some welds at Calvert Cliffs was determined from measurements made in
the Williem B. McGuire Unit #1 Surveillance Program. For all other wire/flux
;omb;g;ﬂom used, the generic mean value was assigned in accordance with 10 CFR,

art 50.61.

The initial RTNpTs for the plates are well documented in Reference #7 and #8,
40 Determination of Limiting Fluence

Estimated chemistries trom Appendi> A were used in conjunction with the requirements of
10CFR, Part 50.61 (b.2.IV) 1 determine the . .emistry factors for each beltline waaterial. Tables
4-1 and 4-2 provide a summary of estimated chemisiries, iritial RTNDT. initial upper shelf
ener gies and prescribed chemistry factors for Calvert Cliffs Unit #1 and Unit #2 respectively.
Using the equation prescribed by 10CRFS0 51 (b)(2), RTprs = | + M +4 RTp7s, and
mmagir_:&lo determine the n.aximum purmissabie RTprs (270 F for plutes, torfn , and axial
wel:: or 321 F for circumferential welds) the maximum change in % TpTs vas calculated for
each material.

A RTm (Limiting) [-M= RTprs max

Where | = initial RTNDT
M = Mul’g-l’! 5
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The sctual & RTers is calevlated using the equation:

A RTpre = {me(o.u-o.xomm
Where CF is the chamistry factor and { is the neutron fluence in units of 10'? aem’ . Tt value at
which the screening is exceeded can be determined by taking the ratio between iz

maximem RTpTs and the chemistry facior,
i€, Fmax = § RTprs " cp
Where F max = I(O.ZS' 010D

The values for Initial RTNDT, Murfn. RTprs. and limiting values of F are presented in 9
Table 4-3, The lowest value of F in Urit #1 & 1.257 which corresponds to a fluence of 2.61 x 101%
neni? . The lowest value of Fin Unit #2 is 1,615 which corresponds to a fluence greater than 10°
n'em’ .




TABLE NO, 4.1:

CALVERT CLIFFS UNJT #1 REACTOR VESSEL
BELTLIE MATERIAL

1D Cu (who) Ni(w/o) R'll';g;l'A(l"F) CH"%ST;‘RY lN%‘i.b‘:ss

2-208.

ABC 0.21(2) 0.88(a) -50.0(b)(9) 210 110.0 (b)(g)

3.203

ABC 0.21(a) 0.69(a) -56.0(¢) 179 NA

9.203 0.2%a) 0.23(a) 80.0(d) 121 158.0 (d)
D-7206-1  0.11(e)(h) 0.55(e)(h) 20.0(f)(h) 74 Q0.0(f)(h)
D-72062  0.12(e)(h) 0.64(e)(h) 30.0(0)(h) 84 81.0(f)(h)
D-7206-3 0.12(e)(h) 0.64(e)(h) 10.0(f)(h) L2 112.0(0(h)
D-7207.1 0.13(e)(h) 0.54(e)(h) 10.0(6)(h) 90 77.0(H)(h)
D.7207.2  C.il(exh) 0.56(e)(h) A0.0(6)(h) 74 90.0(0(h)
D-7207.3 0.11(e)h) 0.53(e)(h) -20.0(0)(h) 74 81.0(D(h)

See chemistry data in Appendix for sonrces.

Davidson, J.A. and Yanicko, S.E., “Duke Power Company Willlam B. McGuire Unit #1
Reactor Vessel Radiation Surveillance Program®, WCAF-21995, November 1977

Generic mean value.

Bymne, S.T., Biemilier, EL., and Ragl, A., *“Tesiing and Evaluation of Calvert Clitfs Unit #1
and Unit #2 Reactor Vessel Maierials Irradiation Surveillance Program Baseline Samples”,
Combustion Engineering, TR-ESS-001, Jenuary 31, 1975,

"Summary Report on Manufacture of Test Specimens and Assembly of Capsules for
Irradiation § veillance of Calvert Clifts Unit #1 Reactor Vessel Materials”, Combustion
Engineering, CENPD-34, February 4, 1972,

These vaiues have been corrected for the transverse charpy direction in accordunce
with NRC Branch Technical position MTEB 5.2 when required.

"Reactor Vessel Weld Materials for Calvert Cliffs Unit #1 Supplemental Surveillance
Program®, Combustion Engineering, 02987.MCC-002, November 1989.

"Baitimore Gas & electric Unit #1 Reactor Vessel Master Index with Welding Procedures,
PQR'’s. Weld Materials Test Re;;om. and Base Materials Test Reports”, Combustion
Engineering Coniract No. 72167,




CALVERT CLIFES UNIT #2 REACTOR
YESSEL BELTLINE MATERIAI

INITIAL CHEMISTRY  INITIAL USI
Rinpr (*] FACTOR (Ft«Lb
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TABLE NG, &5
CALVERT CLIFFS REACTOR VESSEL
BELTLINE MATERIAL RTpys PARAMETERS
iD 1 M RTprs C¥F F Max
(RTNpT! (MARGIN (MAXIMUM) (CHEMISTRY FACTOR)  ( RTpreCh
UNIT #1

2:203.

A.8,C -50 5o 264 210 1.287

3.203

ARC -56 66 260 179 1.453

9.203 -80 56 324 121 2678
D-7206-1 20 34 216 74 2919
D-7206-2 -30 34 266 o 3167
D-7206-3 10 34 226 L2 269
D-72071 10 4 226 90 2511
D-7207-2 -10 14 246 74 3324
D-7207-3 -20 34 256 74 1459

UNIT #2

2-203-

ABC -56 66 260 161 1.615

3.203

ABC -80 56 204 121 2.430

9203 60 56 304 101 3.010
D-8906-1 10 M 226 108 2093
D-8906-2 10 4 226 74 3.054
D-8906-3 s 34 231 98 2357
D-8907-1 -8 34 244 110 2218
D-8907.2 10 34 226 102 2.216
D-8907.3 16 34 252 77 33273
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VLD SEAM 2.203ABC CONPP UNIT #1

12008 = - - 1.00 (1)/R1990
<29 o . - 0.73 (1)/ R-2248
20291 - . - 0.74 (1)/R-2293
12008 1092 3692 NA 1.01 (1)/ D-4907
20291 1092 3833 021 0.74 (23)/NA
20291 1082 3833 0.22 0.73 (4)* /NA
12008 &

20291 1092 3854 0.21 0.88 (5,6) /24117

CHEMISTRY CALCULATION

Ni:  ([(1.00 + 1.01)2 + (0.73 + 0.74 + 0,74 + 0.73)/4)2 + 0.68)72 = 0.88 w/o Ni

ESTIMATED CHEMISTRY

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

(\.RE w/o Ni

" Average of five analysis
NA  Not Available
- &wﬂn&:&cﬁ&um Flux, Lot No, and Cu are not relevant for wire analyses, only for

(1) Letter from P. Kruse (CE) to L.E. Titland (BG&E), C-E Chattunooga Metallurgical
Records Search, BG&E-10577-437, January 11, 1982

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

(3) Strosnider, 1., et al., "Computerized Reactor Pressure Vessel Materials Information
System”, NUREG-0688, U.S. NRC, October 1980.

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

(5 Oildfield, W., et al., Nuclear Plant Irradiated Steel F¥ ndbook, EPRI Research Projects
NP-1757-36, 1757-37, and 2455-5, September 19¢°

| (6) Davidson, J.A. and Yanicko, S.E., "Duke Powert .., . liam B. McGuire Unit #1
Reactor Vessel Radiation Surveillance Program®. wCAP-91998, November 1977,



WELD SEAM 3.203-AB.C CCONPP UNIT #1
WIRES) FLUX LOTNO. Cuiwo) Ni(wo) SOURCE/ANALYSIS NO,

21935 - - - 0.70 (1)/ R-2546

21938 - - - 0.68 (1)/ R-2503

21938 . . . 0N (1) / R-2487

21935 1092 3869 0.20 NA (1)/ D-7279

21935 1092 31889 0.13 0.68 (1)/ D-7569

21935 1092 3889 0.21 NA (1)/D-7524
CHEMISTRY CALCULATION

Cu: (020 +0.21)2 = 0.21 wio Cu*
Ni: (0.70 + 0.68 + (.71 + 0.68)/4 = 0.69 w/o Ni

ESTIMATED CHEMISTRY
0.21 wio Cu
0.69 w/o Ni
' Note that one d mn ana rted a co nient of 0.13 w/o. This was omitted wrom
the chemis u latio wp 3': rva ve effects on estimating the average weld
metal coppe eomcm tha ump ree,
NA  Not Available
- Not a?{»ln:: le because Flux, Lot No. and Cu are not relevant tor wire analyses, only for
a

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



WELD SEAM 9.203 CONPP UNIT #1
WIRES) ELUX LOINO. Cu(wo) Ni(wio) SOURCE/ANALYSIS NO.

33A2T 0091 3922 0.30 NA (1)/ D947

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

13A277 91 3977 0.23 NA (1)/ D217

33A277 0091 3922 0.24 0.18 (2)/ NA

33A277 0091 3922 0.14 0.27 (3)/ NA
CHEMISTRY. CALCULATION ‘

Cu: (030 + 023 + 023 + 024 + 0.14)/5 = 0.23 wio Cu
Ni: (018 + 0.27)22 = 0.23 w/o Ni

ESTIMATED CHEMISTRY
0.23 wio Cu
23 w/o Ni

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

(2) Byrne, S.T., Biemillet, E.L, and Ragl, A., "Testing and Evaluation of Calvert Clitls, Unit #1
and Unit #2 Reactor Vessel Materials Irradiation Surveillance Program Baseline
Samples”, Cotnbustion Engineering, TR-ESS$-001, January 31, 1975,

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




WELD SEAM 2.200AB,C CONPF UNIT #2
WIRES) FLUX LOTINO, Cuiwo) Ni(weo) SOURCE/ANALYSIS NO,

8746 124 3878 0.12 NA (1)/D-7314
ESTIMATED CHEMISTRY
0.12 w/o Cu
1.01 wio Ni*
. Ni is an upperbound estimate since no data could be found for this wire.

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



WFEFLD SEAM M20MABC CONFPP UNIT #2

] OOT NO w0 \ | SOURS

CHEMISTRY CALCULATION

ESTIMATED CHEMISTRY




WELD SEAM 9203 CCONPP UNIT #2
WIRE(S) FELUX LOTNO. Cu(wo) Ni(wo) SOURCE/ANALYSIS NO.

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

10137 0091 3999 0.20 0.04 (2)/NA

10137 0091 3999 0.24 0.06 (3)/NA
CHEMISTRY CALCULATION

Cu: (023 + 0.20 + 0.24)3 = 0.22 wio Cu
Ni:  (N.04 + 0.06)2 = 0.05 wio Ni

ESTIMATED CHEMISTRY
022 wio Cu
0.08 w/o Ni

(1) "Baltimore Gas & Eleciric Unit #2 Reuctor Vessel Master Index with Welding
Procedures, PQR's, Weld Material Test Reg)om. and Base Material Test Reports”,
Combustion Engineering Contract No. 73167,

(2) Byrne, S.T., Biemiller, E.L. ana Ragl, 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) Norris, E.B.., "Reactor Vessel Material Surveillance Prgg'nm for Calvert Cliffs Unit #2
Analysis of 263 * Capsule, Final Report, SWRI Project 06-7524, Southwest Research
Institute, September 1985,
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Unit 1 Fluence Calculations
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PRESSURE-TEMPERATURE LIMITS FOR
CALVERT CLIFFS NUCLEAR POWER PLANT UNIT 1
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1. SUMMARY OF RESULTS AND CONCLUSIONS

A detelled ara’ysis was performed for developing new pressure-temperature
1imit curves for the Calvert C14ffs Unit ] reactor pressure vessel. The
analysis included rew neutron transport calculations for 12, 18 and 24 month
Cycles, development of irradiated materia) properties based on NR(C Regulatory
Guide 1.99, Draft Rev. 2, #nd the generation of heat-up and coo)-down 1imit
curves for every 4 EFPY from 12 EFPY to end-of-11fe conditions.

The SwRi evaluation led to the following conclusions:

1. Based or 8 calculated neutron spectra) distribution, the peak fluxes
ircident on the Reactor Pressure Vesse) (RPV) are 6,31 x 1040 n/emf.
sec, 5.65 » 10'0 n/emfosec ane 417 x 1010 n/emligec for 12 month,
18 month and 24 month cycles respectively,

2. Adjusting the calculated flux with respect to the first capsule
gosimeter analysis the 12 month cycle peak flux on the RPYV was
determined to be 4.88 x 107 n/cm2-|CC. The value 15 within 4% of
what was reported in the Unft | Capsule report!}),

3. The calculated lead factors for the vesse) 1D based on surve!)lance

capsule locations are given below:

(T 0=14*

Cycle Type  Lead factor  Lead factor
12 month 1,26 0.93
18 month 1.23 0.%0
28 month 1.17 0.77

&, The accumylated peak fluence on RPV [D was calculated to be 1.62 «x
10'% n/en? for the first 9 cycles and 4.56 x 1017 n/en? to 32 EFPY.






DPA Values (Displacesents Per Atog Per Second) in RPV of Calvert
C1iffe-1 Due to Neutrons with Energies Above 15 KeV

Radial
Losation

220 895
222 102
223 727
225 381
226 976
228 601
230 228
231 .850
233 .475
238 099
236 724
238 248
239 873
241 56

. W—
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1138E-11

8060E~11
5401E-11
6903E-11

7806E-11
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T644E-12

§633E-12

P -

L}
1737811
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AT732E-11
D822E-11
T034E-11
11780-11
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8356E-1

0633E-11
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5 B022E-1)
6 0556E-11
43213811
3 6722811
3. 1108E-11
2 6289E-1)
2.2128E-11
1.8513E-11
1. 8330E-11
1.8811E-11
§ 9467E-12
7.5478E-12
5 1194E-12







3. MATERIAL PROPLRTY ASSESSMENT

In developing the pressure-temperature 1imit condition” for resctor

vessels, the important materia) property required 15 the Reference Temperature
« Ni1 Ductibility Transition ('TNDT) of various vesse! pressure boundary
materials. The locations within the pressure boundary that are of interest
Include nozzle ares, closure head region and the beltline region. The nozzle
and closure head regions are locations of high stress concentrations while the
beltiine region s subject to neutron embrittlemert with time.

Early in the Tife of the reactor vessel, nozzle and closure head regions
tend to contro’ the pressure-temperature 1imit curves. However, with time the
beltline frradiatec materia’ls become rontrolitng, In the case of Calvert
CIiffs Unit 1, the controlling materis) for 12 EFPYs and beyond 1s the
beltiine region material, Between the nozzle and the 2losure head region, the
closure head region poses greater restrictions on the PT 1imit curves.

10 CFR 80 “Fracture Toughness Requirements for (ight-Water Nuclear Power
Reactor” requires the closure head region materials to have, as @ minimum,
KTypr + 120° for normal operations and RTypy + 90° for h drostatic pressure
and leak tests. In the case of non-availability of RTy,. data or where the
data is not relfable, the RTynr for the closure region is determined using the
method 1in NRC Standard Review Plan §.3.2 Branch Technical Position 5.2,
MTEE.  Basec on this method, the RTyny of the closure head material was
assessed to be 60°F,

To provide the submittal to NRC on the Pressurized Therma! Shock
1stue.'z'5] extensive materials data information was developed by BG & E for
all the be'tiine materials, Key information needed for these materials is the
material chemistry, especia:  Cu and Ni. From the data supplied by BG L £ to

SwRI, the Cu and N' values for the beltline materials are presented in Table

PEG/FR-1278 4



3.1, These chemistry values ore used in Section § of this report to develop
the irradiated Adjusted Reference Temperature for the critica)l belt)line
materfals, Figure 4.1 45 a Calvert C14€fs Unit.l, Reactor Pressure Vesse' Map

with @) the key we ds identified.

PEG/FR.1278 5
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Teble 3.1 Calvert C1iffs Unit No. 1 Reactor vesse!

. N by (w/o)

2-203
AR, L

3.203
AB,C

9-203

D-7206-1
D.7206.2
D-7206-3
0-7206-1
072072
0-7207.3

PEG/FR-1278

Belt)ine Materia) Properties

0.1

0.23
0.11
0.12
0.12
.13
0.11
0.11

0.87

0,69

0.23
0.5%
0.64
0.62
0,54
0.5¢
0.63

Inigial RINOT (o5

-‘0.0

0".0

-80.0
20.0
-30.0
10,0
10.0
10,0
-20.0
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4, NEUTRON FLUENCE CALCULATIONS

The first survei'lance capsule (263°) was removed from Unit 1 following
Cucle 3, after 2.94 E7Pvs of operation, A detailed capsule testing and
arJuiysis was conducted and reportec in Reference (1], The dosimetry and
vesse) fluence evalustion provided information on the vessel fracture
toughses: conditions .or 3 cycles of 12 months cvcle each. Beginning with
cvcle 5, the oparating cycle period cnanged to 18 months. A low leakage core
and a 24-month cycle s planned for future operations beginning with cycle
i0. Fyl) power conditions correspond to 2560 Mwth for cycle 1, and 2700 Mwth
for a1} other cvycles,

In this section a getailec meutrorn transport anal,sis for the reactor
eros, secticn 18 prosented, A discrete ordinates calculation using the DOT-4
13 coge wos serformes 1o cdrain the radial (R) and azimuthal /o) fluence-rate
distribution for the genmetry is shown in Figure 4.1, As part cf the reactor
cress section mode) the details of the surveillance capsule geometry and
location has to be modeles. The inclusion of the surveillance capsules in
the R-0 mode! is mardatory to account for the significant perturbation effects
from the physical presence of the capsule. Figure 4.2 vepresents the actual
capsule geometry vo the D07 mode! used in the analyiis. The NCT mode!
incorporates 2 homoge .. mixture of dinconel and water to simplify the
sverall mode! while maintaining the -equired accuracies for the caiculation.

Tne spatia’ distribution of the core source was chiained by combining
plant-cpecific assembly-wise powe~ values and relative pin-wise powers for the
appropriate cycles. Tne energy distribution was represented by a 235U watt
fission spectrum as specified in ENDF/BV. The axial varistion of the flux is
treated with a we'l known synthesis method.

he 00T-4 calcuiations were performed with the 47- group energy structure

PEG/FR-1.TE &
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for the SAILCOR 4] cross section library, An 58 &ngular structure and @ Py
lengendre cross-section expansion were used., The fine-group dosimeter cross-
sections for the 636u (n.-)eOCo reaction were odbtained from ENDF/B-V file and
were col'apsed to 47 groups using a fissfon plus 1/E weighting spectrum, The
other reaction cross sections were taken from the SAILOR cross section
Tibrary, which 1is based on ENDF/B-1V data. The DPA cross sections were
obtained from MACLIB,

The results of the transport calculations for the RPV fluence amalysis
are presented in Tables 4.1 through 4.13. Table 4.1 presents the calculated
saturated activities at the center of & 7 degree survei)l’ance capsule for 12
months, 18 months aend 24 months cycles of operation, In Table 4.2 the
nonsaturated activities are calculated for end of cycles 3 and 8. The
nonsatyration factors developed for the various dosimeters are described in
Table 4.3. The measured Ag,y for the capsule is presented in Table 4.4, The
comparison of neasured and calculated parameters for the capsule 263° 1s
presented in Table 4.f. Table 4.6 contains the relative azimutha) flux (> 1
MeV) variation incident on the vessel., Adjusted flux for the 12-morth cycle
with respect to the 263° capsule is presented in Table 4.7,

The adjusted flux 1s obtained by combining the measured dosimeter
activities with the calculated spectrum-averaged cross sections using the
expressions given in Appendix F. Since no measured activities are available
fo the 18 and 24 month cycles, only computed activities are given for these
areas. Peak flux for the various oprration cycle periods in the vesse! are
described 1n Table 4.8, Table 4.9 presents the neutron spactra at the peak at
the vessel 1.0.. The spectrum averaged cross sections at the center of the
surveillance capsule are presented in Table 4.10. Table 4.11 presents the

calculared flux in the surveillance capsules and their lead factors with

PEG/FR-1278 11




s

respect to the vesse! 1.D.. The accumulated RPV pesk fluence levels for
varfous cycles is summarized in Table 4,12. Tadble 4.13 presents the vesse)
flvence conditions after 12 EFPY,

Pppendix £ discusses the determination or space-dependent source
distribution for the transport analysis performed for Calvert Cliffs Unit 1.
Appendix B s a description of the 30 Flux synthesis method used in this

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

~o
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Tatie «.2 Calculated Values for Nonm-Saturated Activities ("ATOR')
at Center of °° §.C. (Calvert Cliffs.1)

Units « Bg/ge
losimeter “ATOR)S(.} (ATOR)Q(bﬁ
e n,p) 3.85E6 4.66E6
iin,p) %% 5.95E6 7.4287
©3¢un,2%%e 2.08E5 4.18ES
$38m, 01 0 2.96ES 8.02E5
i (0,01 %%: 1. 16E6 1,456

a) " =
{ ’(A,QRFS T cosimeter activity (BQ/ym™) at time of removal (EOC-))

*i%oriy * * (Agupdigm hetS

vhere (A ) 2t (A ) * saturated activities for 12 and
18 month cycles
- h‘_t * nonesaturation factors from Table .]

T = tige (&) from EOC3 te EOCSH & 2738 dayvs

14



Dogireter h:0} (Cyeles 1-3) h‘.‘[Cvclos 4.8
Fesd 0.683 789
Nib8 0.%4] 884
Cutl 0.297 463
Ti4dt 0.738 882
Yol 0.0643 1%
‘2" % 7 non-saturation factor

where factors P, T and T-t, are given

. v

in Appencix C.

Nor-Saturation Factors(h) Used in Dosimeters Activities



Table 4.6 "Mzasured" Saturated Activities (A ) for Cycles 1+3 of

Calvert Cliffs«l SAT

Location
R = 2;'.0; e
R A
Center of §. C, Maximum of §. C.

(middle of compartment) (compartment bottem)
ogineter arop ASAT(z) Aron(l) *SAT(:)
1.88E¢ $.05E6 3.57E6 §.23E6
§.46F° 7.3787 6.09E7 8.22E7
83cuin,2)%¢co 1 9EES €. 60ES 2.13E8 7.17E8
3, o, 04 ey 3.1°83 4.93E¢ 3.56ES §.54E€
0 tn.p)4%sc 1,296 1.7586 1.36E6 1.84E6

16



Terie «.5 Comparison of Unadjusted (alculated and Measured Parameters for
Cveles 1-3 (12 month cycles) of Calvert Cliffs.)

1
.

Aror Ator

Parameter Mcl:ured(l] Calculuted(s) ELE&?)
FeSd dosimeter activity (dps/gm)‘®)  3.4sEe 3.85E6 1.12
NiS8 dosimeter activity (dps/gm) ¢  s.eeE” $ .98 E6 1,09
Cub3 dosimeter sctivity (dps/gm)®)  1.96Es 2.08ES 1.06
U238 dosimeter sctivity (dps/gm) (¥}  3.17E8 2.96ES 0.93
Tide dosimeter activity (drs/gv)(:) 1.29E¢ 1.16E6 0.90
Peak ¢ (>] Me\) at center capsule(s) $.7E10 7.08210(4? 1,06

(I)ATOR values taken from Bateile Report

%
(')At center of capsule; time of removal from reactor

"
\wJat location of peak axial value

¢ 5 : i - . :
his is & purely calculated value-~-no modifications are made to in-
corporate the experimentz] dosimeter results. The "adjusted flux"
given in Table 4+7 reflects the incorporated measured values, and
hence is believed 1o be more accurate.

(%)

C/E = calculated activity
'

experimental activity

(6)C11culated values obtained from Tahle 4.2

17
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)

- 2 i O " 5%
Tef =0 Relative Arimuthal Vaviation It 2 (> 1 MeV)

on \essel

T 12 Menth Cvgle 18 Month Cycle
1.25000E<00 1.000 1.000
3.75000E«00 985 991
5.82800E«Q0 53 965
6.3TT30E800 924 915
6.6400CE-QD R86 886
*.00000E«0Q0Q A78 868
T.33950E«00 B4 863
T 62eR0E=00 .BET 873
8.37080E~00 818 885
9.62500E«C0 878 B62
1.08730E~01 B33 813
1,21350E+01 Bl 163
1,5004C0E«0] B § 726
1.3.7T8E«C] Pl 685
1.3640CE«C1 5680 667
1.40000E+01 H54 643
1.43605E+C1 640 630
1.46220E 0] B39 630
1.,49300E-01 646 537
1.58590CE~0) $31 623
1.65000E~01 358 585
1.780008+01 810 370
1.85000E<C1 548 .553
1.95000E+01 534 543
< .05000E=Ci et .541
+.15000E-C! 524 544
c+40000E«01 526 381
«-35000E~0] 530 561
2.45000E+01 533 ST
2.55000E+01 . 541 .58
2.65000E+01 545 .590
2.75000E~01 546 594
2.84000E+01 +545% 597
2.98118E+01 535 .588
3.09600E-01 526 579
3.12330E+01 « 525 578
3.15847E+01 524 877
3.20500E+0! 321 578
3.25500E+01 518 978
3.30500E+01 515 569

18

Incident

832
£12
492
475
L
454
(449
446
444
(444
(443
443
44l
436
L4289
418
413
411
409

402
399
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LEARE S N S TR O SR S
A 3O U e b

Y U TR e A 4 e
PO W Be e 2

o8 U un
L

-

-

S WA
2 Lentinyed

Menth Cvecle

cle

3.,30300E-C1
3.41962E-01
3,47000E~C1
3.4913CE~01
3.83723E+01
3,60720E-0]
3.T1220E <01
3.81720E<0]
3.88720E~0!1

4.02360E+01
4.0%"30F+01
4. 13500801

4. 17500E«(

4.2350Ck-C1
4,27500E-21
4.32500E0C]
4.,37800E-C]
4,43500E-01
4,473500E-0]

371

&) 3 :
““‘Peak value normalized to unity

Month Cyvele <4 Month Cv
565 385
558 382
554 .388
551 387
544 384
53 379
518 372
502 365
AR + 360
(484 356
478 382
474 350
av2 (348
471 347
470 . 346
470 345
471 345
Y 345
A3 . 345
AT . 345
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seile «.7 Determination of “Adjusted” & (>1) in §.C. for 12 Month
Cyvelies 1+3 (Location R = 217.0)1 ¢cm, 6 = 7°)

’

Calculated a.ff(z)kd]uttod g;>l‘

138
A7

PEAR FLUXN: (bottos compartmen: of §. C.)
Dosimeter rgasurod Ai!él)

$pe(n,p)*mn 5.23%6

84 (n,p)*8co 8.2267

6scuih.a\60Co TATES

CENTER FLUN.

Dosimeter Measured AgaT

Mo (n,5)% mn §.08£6
i g o =35
65Cuin,3?6;Co 6.60ES

(1) Measurec velues from Tadle &.4

(2) Calculated values from Table 4.10

i/

(3) Adjust ¢>1) = lAsar] measured
A [Ceff] calc.

(middle compartment of §.

00159

Average

c.)

Calculated cesf

6.19E10
6.86E10
6.88E10
6.65E10

Adjusted §(>1)

138
A7
00158

Average

5.98E10
6.15E10
6.33E10
€.15EI0

3)
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P n =
¥
B0 .8 m ol

‘."f{(!»\
16 Month Cycle

Spectmr Averaged Cross Sections at Center of 77 §. C.

24 Month Cvcle

“erglb)

Reaction 12 Morth Civcle
séFe{n.p) 0.133
saM(n.p) 0.171
°3Cu(n.a) 0.00159
23°U(n.fﬁ 0.452
‘67i£n.p? 0.0230

fo o) it &

il [ ety e
1

0.13%
0.171
0.0015%
0.452

0.0230

0.137
€.173
0.00164
0.453
0.0236
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ceile =l Caleulated ¢ (E>1) 1 Surveillance Capsules and Lesd Factors
(Lr)(z} for Calvert Cliffs~l

ACIMUTHAL LOCATION: € = ?°

(1) RPV Lead 1/4T Lead 3/4T Lead
Crele Type £.020 _i88yes Factor Factor
12M 6.69E10(6.15E10) 1.26 4.11 10.38%
18M 7.00E10 .23 2.06 10.08
c4M 4,.88E10 3517 1.86 8.6l
ASIMUTHMAL LOCATION: 2 = 1&°
(yecle Tape ¢ (»1?51& RPV Lead 1/4T Lead 3/4T Lead
Facter Fagtor Factor
1M &4.82E1C 0.93 1.56 762
18M 5.12E10 0.80 1.51 o f
o8N S.21E1¢C 0.7 1.29 6.32
(1)

Results from transport calculations are shown (results fore¢ = 7°¢
are shown in Table 4.1). For 12 month 7° cuse the “adiustec" flux
obtainec from dosimeter measuremenis is shown in parentnesis (Tahle &4.7).

@,, . Sac OV

- -, Where {go is the calculated flux st the center
Py (>3 of the surveillance capsule, and ¢n. is the max-
imur calculated flux incident at the indicated
RPY location 'Table 4.%).

24



WP TP P T SR e— .

Cvcles

~2

i*4 (12 monthk)
58 (18 month,
® (18 month)

10-E0L {24 month)

TOTALS

i T T A A ey L B R S P

Full Power Days

1641.3
1618.1
4045 (1)
8216.1 (%)

11,680 (32 EFPY)

R R I T N ———

Accumulated Flu nce(s)
(neutrens/eme)

6.0BE18
7.95E18
1.99E18
2.96E19

&.56E1¢

L""Projected value based on number EFPD/cycle for ¢ycles 5-8

(2)Projocted. based on 32 EFPY lifetime

ST

month fluence rats based on adjusted flux values in Table 4.8,

18 and 24 month values based on calculated fluxes from Table &.8.

T —
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282.% =423 Fluence in RPV after 12 EFPY for Calvert Cliffs.!

Fluence B!HEI&&!
—al”

Location

RPV IR (Re221.3% 1.93€19
1747 (Re0C05 .98 1.15E19
3/4T (Rell6 .83 «.35E18

26



REFERENCE TEMPERATURE DETERMINATION
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Table 5-1,  ART Evaluation for Beltline Materials
for 12 EFPY
Lhepistry Initial  &RT .o Margin
Materia. Cu NI C.F. Tnor‘F Surface °F °F ART
2-203 0.2' 0.87 208.2 -50 2uE 56 252
A, B, C
3-203 0.21 0.69 178.9 «56 213 5¢ 213
4, B, C
G203 0.23 0.23 136.u -80 18e -1 118
D=T20€-1 C. 0.8%8 122.8 20 s 66 ee!
D-720€-2 0.2  0.E& 83.€ =30 93 13 12%
Da720£.3 g% 0% 82 ¢ o 8% $6 €5
D=7207=1 0,13 0.% 85.2 10 105 56 1
DeT20T-2 ¢.1Y 0.5 2.2 «10 Wt 13 193
D-7207-3 0.1t 0.53 118.9 «20 e 56 178
Hhe ¢ & 0.%% gs.2 0 L 8¢ 167
28



Tab.e 8-2. Ak?N:T vs EFPY
M npr Shnet Tyt
Surface (1/8 T) (3/4 T)
EFF ] o § ]
12 24k el 160
16 25% 225 168
e0 2t9 233 178
is 21 20 180
28 283 28 184
P 28¢ 25¢ 187
3¢ é33 &5+« 160
Lo 29¢ 25¢ 192
Tatle 5.3, Acjusted Reference Temperatures
at /4 Tand 3/4 7
BT (14 T) RRT (374 T)

EFPY b ] i i

18 els 16€

1% 23! 174

e0 235 181

2 246 186

28 251 190

32 256 193

3 260 196

L0 2€2 198

28



6. HEAT-UP AND COOL-DOWN LIMITS

The adjusted reference temperature (ART) for 12, 16, 20, 24, 28 and 32
EFPYs were presented in Section 5. These ART values were usec to develop the
pressure-temperature limit conditions for the EFPYs described above. A SwRI
computer program PTLIMT was used. Tne generic procedures for PTLIMT are
described in Appendix D,

The following pressure vessel ronstants were employed &s input data in

the Calvert Cliffs Unit | analysis:

vessel Inner Radius, r, . 86.81 in,

Vessel Outer Radius, rg = 95.43 in.
Operating Pressure, P, = 2235 psie

Initial Temperature, T, =  580°F

Effective Coolant Flow Rate, C = 126.8 x 108 10om/br
Effective Flow Area, & = 29.83 ftl
Effective Hydraulic Diameter, D = 22.44 in,

Heat-up limits were computed for heat-up rates of 40°F/hr, S0°F/hr,
60°F/hr and 70°F/nr, Cool-down curves were computed for cool-down rates of
0°F/nr, 20°F/hr, SO°F/hr, and 100°F/hr.

Figures 6-1 and €-2 present the heat-up and cool-down limit curves,
respectively, for 12 EFPY, These figures were developed based on the NRC
Standard Review Plan (5.3.2). In Figure 6-1, the lowest service temperatures,
minimum bolt-up temperature (70°F) and 1inservice leak test curves are
incorporated. In developing the heat-up and cool-down curves, instrument
error margins of -80 psig for pressure measuremerts 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

PEG/FR-127% 30
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APFENDIX A

DETERMINATION OF SPACE-DEPENDENT SOURCE DISTRIBUTIOM
FOR TRANSPORT ANALYSIS OF CALVERT CLIFFS-1
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Aspendix A,
Petey vien of Sprie-Dependent Source
vistgibusion 1, ingport Analyvsis of Caliert Cliffs-l

The spacedepondent sourtce distribution used in the transpe:t calcus
letione vas obtpained by combining the assembly vwise pover distribution with
relgtive pinvise pover values for . he peripheral 4ssemblies (i.e., XY Zones
$, 16, 26, 3, 42, 49 in Figure A 1), The relative assvmbly-vise pover dis*
tributiers for the L7, 18, and 24 month cyclee are shown in Figure AL,
These valuey vere sbtained by averaging BOC, MOC, and EOC distributions
provided by "gltimere Cas and Electric in Refereices A+l and A+2 as repres
sentative for th¢ appropriate cyclec. (The 24 wonth cycle distribution
corresponds te v projected MOC cvore.) The absolute pover produced for esch

sisembly is obiained by evitiplving the relative sssembly pover b, & value of

e BC My Mo

Apembiles
The absoiute assendly poror distribution for vach type of cycle is given
by Tadie A.l.

Tne rower density if assumed flat within the interior assesblies,
but i represerted vwich @ pinwise variation for tie boundary sssemblies,
which sccount for virtusily all of the RPV fluence. Examination of the
BOC, MOC, and EOC relative pin powers provided by BGEE shows that the
MOC distribution is & good approximasion for the average over the cycle,
And hence was Lsed ad the representative pinwise varistion. The rela-
tive pin powe,s in the peripheral assemblies are very similar for the

I end 18 murch cycles, and therefore the 18 month pinwise distribution

A+l






Relative Power Distribut jons {(Assesbiy-swise}

for 12, 18, and 23 Month Cycies

Figure /.1
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:4.135
10.31%
13,58
2.8
f.063(")
15.9¢64
10.93¢
13.734
12,858
13,985
14.86%
13.861
" 688 (%)
12.68)
13 68
15,130
10.738
15,167
10.04)
11,012
6.644(*)
15.043
12.83¢
10,738
14.588)
$.708

R R R R R TR RN rEERN==,

dbsolute Agserdly Powers (Mier'

s Month Cyrele

Asé

R b S e B A

18 Month Cyvele

1.739(**)
4,840 (%)
6.810(%)
.037(*)
T80 (*)
6. 108 (")
§.138(%)
6.45](*
11.833
4.946(*)
is.1e7
11.82
15.8:4
13.68°
15.45)
10,138
10,688
9.25°
6.812(%)
11.820
13,736
.02
14.882
10,937
11,833
13.786
$.027(*)
15.814
13.043
15.453
11.310
15,108
12.007
12,467
7.459(*)
12,567
14,595
11.31
14,371
i3.081

PP L.

for Calvert Cliffs.)

«4d Month Cvcle

2.488(v")
6.683(%)
6. 108(*)
6.383(*)
8.523(*)
6.433(*)
6.538()
6.0038(*)
$.8%%

0. 3% (%)
16.07¢
13.7%%

16 .480
13.301
16,785
12.554
14.3%1
4.2%9
6.118(*)
12.753
16,238
12.368
16.4%4
13.114
16.013
10,414
6.3°1(*)
16,474
12,355
§.782
12.306
16.7]
12.044
9.882
8.492(*)
13.27¢
16,449
12,293
16.424
13.749
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APPENDIX B
DESCRIPTION OF THE 3D FLUX SYNTHES!S METHOD
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ang &t 24 points for the 24 month cycle. Therefore employing the espres.

sion ¢g. B.2 for exia) noint b, we fing

4
AR, 1 AIS @ A 9 cmese sel, ¢ of scinl points

. .
Plales

There are 51 points used for the 12 and 18 month cycles, in the
Sxial dimension, The 51 points define 50 nodes (i.e.. intervals).
The active core height vas assumed to be 136.7 inches, #0 that the

height of each axial intervel will be!

. -: 't‘.
.: . -—-——-—*- .‘,9‘ c"

~
. P

-

P odalzulate the inteprated axinl power we use the expressien

$0
P! % 8 .3
- e
where Fh is the average nower (relative) in the kth axial node. This

Ph e Phel . where Py and Prel 4Te the

value L5 approvirzated by Yh'
$oint powers taken from the axial power cats previded by BCEE. Subd-

stituting this expression for FL  into eq. (B.3) gives

o p, = P
T e A ] B4
< o > ] ‘ -

Eq. B.4 was used to approximate the denominator of eq. 8.2,
for the 12 and 18 month cycles.

The axiai distribution provided by BCAE foi the 24 month cycle
enly has 24 irtervals instead of 51 as for the 12 and 18 month

cveles, A savilar develonment for this gives



kil S

AAm s
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where .‘.:: . Al danteilte | 15.]1 ¢n

Eq. B-3 was used to approximate the denominator of eq. §.2 for the 12 { /&
month cvele,
The final axia. symthesis factors for the 12 and 18 month cycles

are given in Tablie B.1, and for the 24 menth cycle in Table 0.3,

In orcer to compute the 3D flux or activity at some axial locat.on
(corresponging 2 & “eig*t I in Table B.1 and B.2), for some RE location
one must

(4] find the flux or sctivity at the appropr;ato(kx, £,) lecation

in the DCT RE run

BT fing the axial flux factor at the approsriate node &

(€] sempute the 30 value using expression

$Rye Bge 30 0 Gyylige 0,00
(*YFor example, in the 12 month cycle the peak power éorrouponds spproxi-
mately 1o I w §7.2. From Table B.l it can be seen that the axial flux
factor for this location is egqual to §.26 x xo". Therefore all activties
and fluxes in the NOT RE outnrut should be multiplied by this factor in

order to obtain the corresponding peak values.

B+)
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Tadie B.1. Axial Distribution Factors for Flux Symthesis: 12 and
18 Month Cyvgles

s fam | A!. 1J Menth A!: 18 Month
(TOP) 34%.2 1.61E-3 1.85E+3
340.3 1.820.3 1.7%€-3
353.3 ¢.0BE-3 1.98E-3
32‘0‘ 3-2‘!', 211.“’
318, . 51K} 2.33k+3
312.% $.52E-3 . 49E-)
305 .6 d.65E-3 $.62E-3
b L Ry L3 . ATE-D
ofl." P b £ | «.B4E.D
04" ¢.96E.1 L M T
P | 3.02E-3 ¢ BBE-2
$°0.8 3.06E-3 3.04E-3
$63.% 3.08E-3 3,08E-3
56.9 3.12E-3 3.11E-)
¢80.0 3.14E-3 3,12E+3
edd.] 3,24k} 3.13E-3
ed¢.1 3. 3483 3,13E-3
b2 3.14E-3 3.12E-3
edd.3 3. 13E.3 3.11E-}
315.3 3.12E.3 3.10E-3
¢08.3 3.10-3 3.10E-3
s01.4 3.09E.3 3.09E-3
1944 3.09E-3 3.08E-3
18°.5 3.08E-3 3.08E-3
180.¢ 3.08E-3 3.08E-3
IIDELEY 173.6 3.08E-3 3,093
166.7 3.07E-3 3.07E-3
159.° 3.08E-3 3.08E-2
15:0‘ ’ll‘.’ ’.l‘!’s
145.8 3.12E-3 J.14E-3
138.9 3.15%.3 3.17E-3
131.9 3,173 3,20E-3
135.0 3.19E-3 3.23E-3
il 3.23E-3 3.28E-3
104.2 3.28E-3 3.30E-3
(PeiK) §%.2 3.26E-3 3.31E-3
90.3 3.35E-7 3.31E-3
83.3 3.24E-, 3.30E-3
6.4 3.21E-3 3.27E-3
69 .4 3.17E-3 3.23E-3
6.5 3.18E-3 3.18E-3
§5.6 3.30E-3 3.08L.3
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Axial Distribution Factors for Flux Symthesis:

o4 Morth Crcle

A, 34 Month

1':‘!.,
1.92E-3
2.40E-3
2.T0E-3
¢33
3,00E.3
s-l.."
3.18E-3
3.18E.3
3,17k}
’a"t"
30).:‘3
301“"
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’033!'3
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Appendix C. Power-Time Mistory for Calvert Cliffs, Unit |

Table C. 1 gives the pover time history for Cycles 13, which
correspond to the 12 month eycles that the first surveillance
capsule was in the reasctor.

Table C.2 gives the power time history for Cycles &-8. Cycle

“ is o 12 month cycle, while the remainder are 18 month cycles.

c-1
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Fower Time Mistom

Tadie &
Cvgies |-}
.perating
Tine Ste: Perids
! 1«75
pd FOhe
L 3.%5
4 4-"5
5 $-°%
& "5
d s
$ §-73
9 §-":
10 10-7%
e 10+7F
it 176
14 R
15 .76
i6 4:7¢
17 T
18 b-"¢
19 T8
<0 -7¢
sl §-"¢
ee 1076
o3 11-76
o4 1276
3 $2%7
6 e-"7
:. 3...
2 4.7
¥ T
30 67"
. $1 277
32 8-%7
33 677
3 1077
33 1177
36 go7?
37 178
38 2-78
18 3-78
40 4-"8

Fraction of
Reference

JLover (P

0.169
0.308
0,429
0.413
0.553
0.679
0.891]
0.403
0.636
0.93%
0.861
0.906
0.878
0,802
C.821
0.500
0.931
0.883
0.9230
0.332

for Calvert Cliffs Wnit-};
is Month cyCles

Irradiation
Time (TI)

3
i8
3
30
3
30
3
3
30
3
30
3
3

Decay

Time (T-t4)
o ———— o

1549
1521
1490
1460
1429
1399
1368
1337
1307
127
1248
1215
Lika
1156
1125
1095
1064
1034
1003
§7i
g4l
#ll
881
850
819
79
760
730
699
669
638
607
577
546
§l6
485
454
426
395
365



Fraction of

Jperating Reference Irradiation Decas:
Time Step Period Pover (F)) Time (74) Time (Tet)

4l 578 0.62°7 3 334
4 678 0.90% 30 30

43 R 0.6%¢ 3 273
ad B4 0.901 3 4l
as T 0.912 30 did
at 107§ 0.916 3 181
4" 1i+7% 0.69°7 0 151
is 12-78 0.482 ) B 120
48 1-%% 0,344 ) 3]
80 ok 0.94} o8 6l
5l 3-%% 0,841 3 30
Se i-"p 0.652 3 0

Effective Full Power Davs = 1073.2

c-3




Table C.2. Power Time Mistory for Calvert Cliffs Unit )
Cveles o8 (4

Fraction of

Jperating Reference Irradistion Decay
Time Step Feriod Power (Pi) (2) .Il!!.ll&l Il&l.‘l:l&l

| 578 0.00 L)) 2708
: 6.9 0.00 30 b 0
3 T8 0.3%% 3| 647
] -9 0.881 3 616
5 §78 L9853 30 2586
[ 107§ 0.904 3] b$13 1
Y 11-%% 0.612 30 «52%
£ ieeTH 0.501 3 2494
- 170 0,463 31 FETS
10 «+80 G.431 28 2438
i3 380 0.pe9 3 s404
i3 de80 0.8 30 374
13 5«80 0.821 3l 2343
14 6-80 0.942 30 2313
1% Teh0 0.958 3 z2n
16 £.-80 0.§46 3 2381
Y p.80 0.95¢ 30 2321
18 10-80 0.460 33 2180
19 1180 0.00 30 3160
s0 13-8( 0.0¢ 3l 2149
sl i-81 0.539 3 2098
i c+81 0.8%9 od 2070
: 3.8) 0.960 1l 039
: 4.8 0.782 30 2009
: §.8) 0.88% 3 1978
: 6-81 0.811 30 1948
4 8 0.430 3 1947
: fok) 0.908 3 188¢
o8 §-81 0,944 50 185606
30 10«81 0.728 51 1825
3 1i-81 0.878 30 1765
2 12-81 0.983 L)} 1764
33 1-82 0.982 n 1733
34 82 0.982 ] 1708
1 -0 0,980 n 1674
113 4.8 0.52¢6 30 1644
3 S+82 0.00 L} ; 1613
38 682 0.00 30 1583
3% §-82 0,728 3 1582
40 842 0.747 3 1521
4] D82 0.6%2 30 1481
. 10-82 0.995 3 1460
él 11-82 0,960 10 1430

b
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1. SUMMARY OF RESULTS AND CONCLUSIONS

A desailed analysis was performes for developing ne« pressure-temperature
limit ourves fur tre Ca.vert Cliffs Unit @ reactor pressure vessel, The
analysis imcluces ne« neutron transport calculations for 12, 18 and 24 month
eycles, development of irradiated material properties based on NRC Regulatory
Cuide 1.9%, Fev. 2, anc the generation of heat up and cool down limit curves
for every 4 EFPY froz 12 EFPY to 40 EFPY conditions.

The SwR! evaluation led to the fellowing conclusions:

¥ Bases on a caloulates ne.tron spectral distribution, the peak fluxes

incident or the Reactor Pressure Vessel (RFV) are 5.04 x 100

- -
n/emcesec, 4.B: x 1G’C n/en‘-sec and 4,10 x 10’0 n/emz-sec for 2

month, 18 month ang £« month cycles respectively.
2. Adiustirg the calculated flux with respect to the first capsule

dosimeter analysis the 12 month and 18 month cycle peak fluxer on the

RPV was determined to be 4.72 x 100 n/cmf-sec and 4.5¢ x 10'°

n’caz

=$€C respectively.
. Tne calculated leac factors for the vessel 1D based on surveiliance

caps.le capsule locations are given below!:

0s7° AN
Cycle Type Leag Factor Lead Factor
12 month 1.26 0.6&
18 month 1.24 0.91
24 month 1.18 0.79

PEG/CALVERT 1
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The accumulated peak fluerce on RPV 1D was calculated to be 1.17 x
0'9 nienf for the first 7 cycles and 4,28 «x 10'? n/en® to end-of-
1ife conditions.

Displacement per Ator (¢pa) for 12 EFFY were calculated to be 2.632 x
10°2, 1,747 x 10°2 amg 0.5206 x 10"2 for RPV 1D, 1/NT and 3/4T
respectively. For 32 EFPY dpa are 6.498 x 1072, 4.302 x 10°%, 1,275
x 10°¢ for REVID, 1/4T and 3/47 respectively.

The 12 EFPY fluence on the RPY was calculated to be 1.69 «x 10'9
n/em€, Fluence rate of 1.2933 «x 10'® (n/ee?) per year was used to
develop fluerce value for 16, 20, 24, 28, 32, 36 and 4O EFPYs,

The controlling material for RPV operations was determined to be weld
2-203 with Cu = 0.72% and N{ « 1,078, 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.

Based on the Reg Guide 1,95, Rev, 2 approach, the enc of the life
adjusted reference temperature for the controlling material will be
222°F at the %PV ID and 201°F at the 1/4T locatior.

Based on this study the Calvert Cliff Unit 2 reactor vessel has
adeguate material toughness for continued safe operated to end-of«

life irradiation conditions.

VERT e



2. INTRODUCTION

The Lorgetert cegracation of reactor vessel structural material properties
due to irraziatisr is meas. ec by the evaluation of material surveillance
caps.les rermsves periodically from the reactor vesse.. Combust ion
Engineerirg, Inc. has provided the material surveillance progran for the
Calvert Cliffs Nuciear Power P.ant Unit 2. To date, one surveillance capsule
has beern remcvesd and testes (Reference 1), Typically, the capsules contain
Crarpy Venotoh and tensile specimens in var.ous combinations representing the
presert mater.als, we.: metal and heat-alfected zone (HAZ) material of the
vesse. belt.line regicr. I»n adgition, the capsules contain iron, nickel,
vitaniur, Sulfur, uranium and copper neutron flux monitors and temperature
moniters.

The objective cof the surveillance program is to correlate changes in
vessel material fractu.re toughness properties with neutron fluence 80 that the
reactor vesse. pressure temperature limits can be determined. Recently, the
concerr about pressurized thermal shock has placed additional requirements to
determine the irradiated condition of vessel inner surface. The appiicable
reg.lations and documents that agdress the continued licensibility of reactor
vessels include 10 CFR Part 50, Appendices, B, C and K, 10 CFR Part 50.6!', NRC
Standard Review Pian 5.3.2, Repulatory Guide 1.99, Rev 2 and ASHE Boiler and
Pressure Vessel Code Section 11l, Appendix G.

In this report & new neutron fiux analysis for the reactor vessel s
presented. Based on the analysis, projected vessel fluence conditions were
developed for assessing the long term integrity of the vessel. Pressure-
vemperature limit conmjitions are presented for 12, 16, 20, 24, 28, 32, 36 and

U0 effective full power years of cperation,
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materials are presested in Tab.e 3.1, These chemistry values are used in

Section 8§ of this report to develop the irradiates Adjusted FReference
Temperature for the critical beltline materials. Figure 3.1 presents the
Calvert Cliffs Unit-2 Reactor Pressure Vessel map with all the key beltine

welds jdgentifies.

Tatle 3.°, Calvert Cliffs Unit No. 2 Reactor Vessel
Beltlire Material Properties

s cy (8/0) Ni (u/6) Initia) RENDT (o)
z-203" "’ ¢.12 1.01 56,0
A,8,2
3-203 0.23 0.23 -80.0
A,B8,C
§-203 0.22 0.05 -60.0
D~8506+ 0.18 0.56 10.0
D-Bg0k -2 0.11 0.56 10.0
D~B90E-3 0. 14 0.55 5.0
D-8907. 0.15 0.60 -8.0
D-8907-2 0.14 0.66 20,0
D-8907-3 .11 0.74 -16.0

(1) The value used for Ni is an upper bound due to the lack of avallable
gata. The generic initial RTypr = =56°F, is used for this weld.

PEG/CALVERT 3
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4. NEUTRON FLUENCE CALCULATIONS

Ir thix sectisn a detailed neutron transport analysis for the Calvert
Cliffs-2 is discussed. A discrete ordinates calculation using the DOTe4 [3]
code was performes to obdtain the radial (R) and azimuthal (@) fluence-rate
distribution for the geometry is showr ir Figure 4.1, As part of the reactor
Aress section mode. the details of the surveillance capsule geometry and
locatior has to be modeled. The inclusion of the surveillance capsules in the
R-0 model is mandatory to account for the significant perturbation effects
frox the physical presence of the capsule. Figure 4.2 represents the actua.
capsule geomeiry versus the D07 model used irn the analysis, The DOT model
incorporates a homogenized mixture cof inconel and water to simplify the
overall mode. 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 S@ Angular structure and 8
P3 Legencre cross-section expansion were used, The fine-group dosimeter
eross-sections for the 63Cu (n, o )6°Co reaction were odbtained from ENDF/B-V
file and were collapsed to 47 groups using a fission pilus 1/E welghting
3 SRR Tre other reaction cross sections were taken from the SAILOR cross
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 Tables 4.1 through 4.15. Appendix A discusses the determination
of space-dependent source distribucion 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 gives the

PEC/CALVERT 7
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Teble 4.1 Spectrun Avoug'ul Cross Sections at Center of § C

celf(s
ztien J2 Month Cacle
Mpetn.p) 0.138
Bin.p) 0.171
$3ouin.a) 0.00160
28,0 1) 0,452
1. (n,p) 0.023
% otk olE) o
ceff @ <

)] ",E‘ dE

PEG/CALVEFT

ceffip)

18 _Month Cyele

0.138
0.172
0.00160
0.452
0.0231

celf(p)

n 'cle

0.137
0.174
0.00165
0. 454
0.0236



Table &.2-a Absolute Calculates Neutron Fluence Rate Spectra (i.e., group

T - y 1iffs Unit-2
flux) at the Certer of "¢ Surveillance Lapsu.es (SC) for Zalvert Cliffs Unite-¢

Upper Energs ¢ neen 2oy

Group (Me\ ! 12 ¥ BN 24.M
l ] .733E-»0) 1.59292E+07 1.52822E+07 1.27832E+07
2 | . 418E+0] 6. 93740E+07 6. 65487E407 5 56482E+07
3 1 .$21E+0) 2 BBBT4E408 2 T6B66E+08 2 .29367E408
4 1 000E~0] 5 S0160E+08 5 65460E+08 4. .66652E+408
5 8 607E+00 1 . 0691BE+09 1.02387E409 B .40528E+08
6 7 408BE+00 2 6BEOSELOS 2 .57274E+09 2.10862E+09
? 6.065E+00 3 B7362E+09 3.70830E+09 3.01118E+08
8 4 96€EE-00 6 BRESBOE40D 6. 56254E+08 5 26914E+08
9 3.6790-00 4 BE415E-08 4 63744E408 3.70105E+06
10 3 .012E-0( 3 56590E+09 3.40583E+0% 2 .71246E+09
1] 2 728E«00 4 02B53E+08 3 .B473BE«08 3. 06022E+08
12 2 46EE+00 1 887 6E-08 1 .B8776E+08 1.50851E+08
13 2.365E-00 5 24276E-0B 5 00711E+08 3. 98751E+08
14 2 346E-00 2 48412E409 2.37234E+09 1. 88732E+09
15 2.231E«00 5 S2B53E«09 5. 66162E+09 4 .50071E+08
16 1 .820E~00 6 0106BE~CS 5. 73871E+09 4 B5B9TE~08
17 | . G53E«00 7 .B381BE«09 7. 48456E408 5 S4155E+08
18 1.3530+00 1 07824E+10 1 . 02865E+10 8. 17687E+08
19 1.003E-00 6. 61976E+09 6.32146E+09 5. 020859E+09
20 8. 208E-0! 3 41B30E+08 3.26402E+09 2 .5B866E+09
21 7 .427E-01 7.38563E+09 7.06203E+09 5 E0836E+09
22 6.081E-0) 6 28420E408 € .01018E+09 4 .7T7007E+09
23 4 878E-01 6. T0364E408 6.40121E+08 5. 0B137E«09
24 3 6BBE~0! 6 T0364E<09 5 40516E+08 4 20365E+0%
25 2.872E-0) © 26298E408 B B44H2E.08 7 .020B1E+08
26 1. B32E-~01 7.B2088E+08 | . 467B4E+08 5 9266BE+09
7 1.111E-C1 5 97356E408 5.70375E+0% 4 . 52540E+08
28 €.738E-02 5. 51274E+08 5 . 26369E40% 4. 17532E+09
28 4 097E~02 2 16627E+08 2.06833E+08 1. 64014E+08
30 3 183E~02 9 61249E+09 9.17783E+08 7.27404E-08
31 2.606E~02 | 65836E+08 | .6B337E+08 1 255B0E+08
32 2.418E-02 1 .CI785E-09 $ . 90826E+086 7 .88043E+08
33 2. 188E-02 2. .77008E+08 2.64510E-08 2 .09R54E+09



Table « .2+ AbDsolute Caleoculated Neutron Fluence Rate Spectra (i{.e., group
fiux) at the Center of 14° Surveillance Capsules (SC) for Calvert CLiffs Unit-

€

Upper Energy ¢ n-g!'zn"]
roup (Me\ ) PN 18 M 4N
] 1.733E+01 1.36555E+07 1. 28002E+07 1.98138E+07
2 1 . 418E+01 5 90405E+07 5. B33R1E407 4 4492TEA07
3 1 .221E+01 2. 38561E+08 2.24084E408 1. 77171E+08
“ 1.000E+0) 4 B2710E+08 4 51223E+08 3 540B6E.08
5 8 .607E-00 B . 58415E+08 8. 02627E+08 6 23235E+08
3 7 . 40BE~00 2.13034E+08 1 .98863E+09 | 53439E+09
7 6 065E+00 3 00687E~08 2.8B0412E+08 2. 13254E+09
g 4 966E-00 5 19617E+08 4 B3BT0E+08 3 .59520E+09
8 3 .679E-0D 3 6243BE+0% 3.37305E+09 2 47393E+08
10 3.012E+00 2 64875E408 2 46516E+08 1.78B60E+08
11 2.728E-00 2 9B304E+08 2 TT48BRE+08 2.01B63E+09
12 2 466E-00 | 46982E+08 1.36719E+09 9. 9406BE-08
13 2 .365E-00 3 BB4SBE«OE 3.61376E+08 2. 631B1E-08
14 2 34E€E~00 | . B3B12E+0% 1 . 70887E+08 1.24328E408
15 2 231E+00 4 3B72BE«08 4 0811BE+09 2 96463E409
16 1.920E+00 4 44645E408 4 . 13607E+08 2.99803E+08
? | 653E-+00 5.78570E+08 5 39088E+09 3 90357E+0%
18 1.353E+00 7. .99680E408 7 43919E+09 5. 39178E+09
19 1. 003E+00 4 91B89E~08 4.857636E+409 3.31787TE+086
20 8 208E-0] 2 53234E+08 2. 35556E+409 1.70335E+08
21 7 . 427E-0) 5 50761E+08 5. 12462E+09 3 71182E+08
22 6. 081E-0! 4 6BEBIE+A09 4 . 36088E+09 3.15684E+08
23 4 879E-0) 4 98422E409 4 . 63761E+:08 3. 35877E+08
24 C.6BBE~0) 4.23108E+08 3.93798E400 2 85763E+08
28 2.972E-0] 6 B9253E408 6 413B6E+08 4 B4476E408
26 1.832E~-01 5. B2004E+0% 5. 41600E+09 3 .920B0E.09
27 1.111E~01 4 44033E+08 4.13191E.08 2 .98801E+08
28 6 738E-02 4 08527E+08 3.81070E+09 2.75518E+09
9 4 087E-02 | . 80B46E~08 | 49660E+08% 1. 08127E+08
30 3 |B83E-02 7 . 13850E+08 6.64133E+08 4 T9398E408
31 2 606E~02 1.23418E+08 1.14340E408 8 30116E+08
32 2 418E-02 7./2632E+08 7.19027E+08 5 20131E+08
33 2. 18BE~-02 2 06304E+08 1.91978E+08 1.38761E+09

™
[ ]

£



Table 4 3-2 Caleulat 4 Satursated Midplane Activities in Calvert Cliffs
Unit-. Surveillance Capsules (12 M Cycle)

Satarated Activities for 7° Saturated Activities for 14°
fn,;r\'!‘i”lht! C!DUUIL*BQ ‘ Mﬂ-—w
Dosimeter R R = R = R =

or Flux 216.376cn 217 Oldcn 2] ggse z_gig_ggg 217.014cn 217 649¢n
s‘F‘e(n.p)“ln

§ 9586  5.36E6  4.76E6 «88E6  4.13E6  3.70E6
8yin.p)%ce 04587  7.6207  6.01E7 64807 5 B6ET  4.25E7
830uin,a)®%0 7.40E5  6.66E5 & .98ES 5.95E5  5.36E5 4 82ES
Boin. )% 2,258 2. 1IET 1.92E7 1.68E7  1.88E7 1. 44E7
838, 0. r)"% 4786 ¢ 35E6  3.91E6 3.68E6  3.29B6 2 96EE
Crin,p)*%c  1.66E6 ] 49E6  1.33E6 1.31B6  1.18E6  1.08E6
S(E>1.0 MeV) € B4E10  6.3SEI0  S5.73E10  B.11E10  4.76E10 4.31E10
S(B>0 1 MeV)  1.22E11  1.17E11  1.08E11  9.11E10  8.71E10 8.10E)0

PEC/CALVERT L



Saturated Activities for 14
Surveillance Capsule, Ba/g




Toble 4. 3-¢ Celtulated Satnrated Nidplene Astivities in Calvert Cliffs

Unit -2 Sarveillance Capsulns (24 M Cvele)

i ¢
Sutursted Artivities for 7

Saturated Astivities for 14°

Surveillance Cajoule, Ba/g Surveiliance Capsule, Ba/g
Dosimeter R = R = R= R = R = R =
or Flug 216 376cr 217.014cy 217 fa3cm 216 379en 217, 217 649¢cm
S4pe(n. p s 4. BEE 4 )4E6 37086 32286 91B6 2 61E6
8. (n p)%e 6.8267  5.80E7  5.26E7 4 B4ET Q17 3.68E7
63, ir 0%, 5 B2ES  5.24E¢  4.71ES 43268 B9ES  3.51ES
Wl 01370 10187 1OIET 1ATET 1 14E7 OBE7  9.87E6
838 91370, 3. 64E6  9.34E6  3.00ES 2 47E6 2706 2.04E8
6pi(n.p)408c 1.308 | 1666 ) 04EE 9. 365 4265 7.86ES
o(B>1.0 KeV)  §.25E10  4.B4E10  4.36EI0 3 49F10 25E10 2 .88E10
SE>0 1 MeV' 8 21E10 8 B7EI0  8.24El0  8.18E1D 92E10 & S1E10

PEG/CALVEFT i






Table 4 5 Comparison of Unadjusted Calculated and Measured Parameters of
Calvert Cliffs-% Dosimeters Removed Following Cycle 4

Parazete: 2 nentureg(l) le;plnted(S)
Fe54 dosimeter activity ldps'p)m\ 3.761E6 4.17E6
Ni58 dosimeter mctivity (dpnf't)(Z) 5.078E7 5. 40E7
Cub3 dosimeter mctivity (dps/gu)(z) 2.680ES 2.79ES
U238 dosimeter activit) (dp‘/")(2? 3.78E5 4 .23E5
niat dosineter activity (dpesgn)'®’  1.0708 1.09E6

(1)ATOR values taken from Reference |

(2}At center of capsule, time of removel from resctor.

(3) | g
(ATORH‘ » dosipeter activity st BOC-4
AT
« (Apog's ¢ * Agat)1ow e

and (Agat!)iam: (Rgat)18m °* saturated activites for 12

C/E
11
1.06
1.04
1.2
1 01

and 18 month eycle

respectively, and Ny 3, hy * non-saturation factors from Tahle 3,

f'-.till (d) from BOC3 ts BOCA = 5§79 days.

o
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Teble 4« 6 Measured Saturated Activities (ASAT) for 12 and 18 Month

Cycles, Based on Cycles 1-4 Dooinotry(a)

Center of 8.C. (12 M Cyele) Center of 8C (18 N Cycle)

Dosimeter A?DR(l) ! lr(2) ! (1) fgg;iﬁl
S4pe(n, p) Mun 3, 7686 4.B4E6 3.76E6 ¢ 626
88yi(n.p) %80 5 10E7 7. 1987 5. 1087 6 BEE7
630, (n,a)%%o 2 6BES 5.41ES 2 6BES 6. 14ES
2380 (n 1)1 7cs 3. 78ES 3 BREE 3.78ES 3 71E6
46p (n,p)48se | 07E6 | 47E6 1.07E6 | 41E6

(1)ATOB values tsken froz Reference 1.

(2)Sce Appendix D for definition of measured saturated activities

pEs /ALY

-
.-u-an!EF. -



Teble ¢ 7-a Deterpination of "Adjusted” @ (»1) in §.C. for

CENTER FLAX:

Dosigeter

s‘l‘o(ﬂ.p)“ln
Sxitn,p) %o
30u(n,0)%%e
238, 1)137cy
‘sTi(n.p)‘GSc

Newnsured AEAI

4 . B4E6
7.18E7
€. 41ES
3 BBEE
1 .47E6

§ .
(1) a4 T
Adjust @ (»]) ® ?%610.

PEC/CALVERT

12 Month Cycles

Calculated qgff

Adjusted ¢ (

sy (1)

peasured

-
ff

0.135
0.17]
0.0016
0.452
0.0231

Average

§.73E10
6.00E10
6.11E10
5.65E10
6.25E10

§ 95E10



Teble 4 7-b Deterzination of "Adjustec
18 Month Cycles

CENTER FLIX

Dos imeter

s‘l‘o(n.p)“lﬂ
ssh'i(n,p)”(':e
&3ou(n,a)%%c0
238, (n,1)'%70s
‘ﬁTi(n.p)‘GSc

Measured A§AT

4 62E6
€. 88E7
6. 14E8
3. 71E6
1 41E6

(1)

A e
3 =
e R e

Adjust ¢ (>1) »

IAEAT] measured
No

Calculated ’.f(

‘ccff} cBic

0.135
0.172
0.00°6
0.452
0.0231

Average

¢ (1) in 8.C. for

Adjusted ¢ (V)

()

5 47E10
5§ 71E10
5.85E10
8 41E10
6.00E10

§.69E10



¢ % ! YeLEd
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' £ b 1.0 ] .0(
2 : 882 0.9687 0. 96%
4 5 0. 9¢ 0 883 0.90)

4 ¢ (
¢ t 5 0.87 0 4
¢ 7 87 Q. B5E 0. 78¢
7 7 g7 0. 854 0.774
. 7.6 REZ 0. 86¢ 0.77
‘ 37(39E+ 801 0.880 0. 78¢
9 €25 Lo ¢ 0. 853 0 .74
§750E~ B34 0.808 0.68¢(
y 21250E 784 0.75¢ 0 64(
40~ 148 0.717 0. 608
4 37758 N (69! 0. 565
\ 36400E~ 6% 0.663 0. 8¢
£ | . 40000F 0. 664 0.637 0.%4)
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w0
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s
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»
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~
L+

21 |  BS000E~( 0.624 595 0. 514
23 1 T5000E«( 0.60; 8§73 0 50
23 | 85000E+C) 0. 58¢ 0.5857 0 A8

24 | . 85000E~ 577 D 549 0 485
% 2 CSO00E~ 0.5%¢ 0.54¢ 0.48.
ok 2. 18000E«( C.579 0. 549 0. 488
27 2. 25000E~ 0. 58¢ 0. 556 0 485
‘8 2 .35000E«01 548¢ 0.5868 0. 488
28 ¢ 4500VE-0) 1 K7€ 0. 48¢C
3 2. 55000 7 E85

3 0 482
8§92 Q.45

D 487
48

2 65000E~C
2. 7500CE~C

84000E+01

O
C

. OB R h
Ly - “
> 2

L )
o
»
o
o
w0
3

o~ o~

(

34 2.98)18E- 0.620 0.588 0 468
35 3. 09600E«01 0.612 0.881 0 48]
3€ 3.12330E+01 0.611 0.5680 0. 459
37 3. 158476401 0.608 0.578 0.456
J8 3.20500E«0 0. 8607 0.576 0. 451
3y 3. 25500E+01 0.604 0.573 0 447
4C 3.30500E-0) 0.8600 0.87¢C U 442
4l 3. 358008+0 0. 565 0.566 0.437
42 3.41962E+0! 0.F%9 0.5660 0.43]
3 3. 47T000E+0] 0 4 0.5566 C. 428
44 3 48)150E~C 0. L 0.883 0. 428
45 3. 837238+ 0.57 0. 54F 0. 4210
4t 3.60720k¢ 0.561 0.534 0 4
47 3.712208¢ £44 0. 5|8 0. 40%

O AR AR '
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P O I

8172080
EET20E-0)
$5720E-0)

02360E01
0T780E+01
13800E+0)
175600801
2L500E40)
27800801

32500E+01

37800E+0)

42800801

47800E-0)

0OV DDOODDOOD

R L)
454

“‘r.-u velue norealized to unity

PEC/CAL

VER?

0

ocococoDOoOCOoOCT

803

494

Abs
480
477
478
)
475
473
473
AT
478
478

0.3%2
0.388
0.380
0.378
0.373
0.4870
0 368
V. 366
0. 364
0. 363
0,363
0.363
0 363



Table ¢ § Caleulated ¢ (B»)) in Surveillance Capsules and Lead roctovo()
for Calvert Cliffs Unit 2

RPV Lead 1/47 Lead 3/47 Lesd

Cyzle Tape Jacter actor dactor
12 ¥ 1.26 2.11 10,35
16 W ] .24 2.08 10.23
I | 1.18 1.97 9 74

AZINUTHAL LOCATION @ = 14"

RPY Lead 1/47 Lead 3/47 Lead
Cvele Type Factor Factor Factor
12 N 0 84 1.88 7.7¢
BN 0.8 1.63 7 .48
“N 079 ].32 6 54
(1) 4, PV
LF » 1) . where ¢ 18 the ealealated flux at the center
pv of the surveillance capsule, and ¢__ 18 the

perimun caleulated flux incident & PY ihe
indicated RPV locatinn,

PEC CALVERT P



Teble 4 10 Pesk ¢ (bi) in RPV of Calvert Cliffe-2

hdul“' HICnlJ
Loeatjon  .adlusted

IR RPYV (Re221 26) 4 72E10 5. 04%10
1/4 T (Re225.98) 2 82EI0 §.01E10
3/4 T (Re236.93) & 75E9 6 13E9

(8)ppy Liner begins at 220.¢

RPV begine ot 22) .29
RPV ends at 242 4

B)yow cyele'®) 16 Cyele' ) 1 wonth'®) 24M Cyele’
; caleulnted

4 BSEND 4 BOEI0 4 10E10
2.90E10 2.72E10 2 46E10
5. 92E9 5. 5659 4 97E10

(b)Obtuinod by dividing adjusted §.C flux (nee Table 4.7) by lead factor

for 7° capsu.e .n Tatlie &.§

(')Obtlinid by dividing
Taczie &.§.  (Notre:
eyeles )

PEC/CALVERT

caleclated 8.C. flux in Teble 4.3 by lead factor in
no experimental data is available for 24 month

¢)



"ak.¢ ®,"

P

Badia) Location

220 888
222 102
220,127
220 38
220 .97%
228 601
230 728
F VN LAY
24 478
235 089
236 734
236 348
239 973
24) 868

PES/CALVERT

vers ¢

a. .88 (Tisp.acements Fer Ator Per Second) in RFV of

. | —

7.70120E~)
7.124208-11
€.20802E~11
5 30644E-1)
4 B0996E-1)
3.82092E-1)
3.22920E-1)
2. 718428~
2 27480E-1)
| BB462E-))
1.8378%E-11
) . 82208E~1]
§ 27444E-12
6 21940612

Ciffg.2 Due to Neutrons with Energies

L
7.447888~1)
6 BETBIE-1]
5 99981E-1)
5 12647E-1)
4. 35527E-1)
3. 6BB42E-1)
3. 11608E-11)
2.622218-1)
2. 19337E-1)
1. 81679E-1]
| 4B184E-1)
1. 17784E-11
B 9347TTE~12
5 90104812

hbove 15 KeV

T S

6. 28320E~1)
5.80282E-))
§.04810E~11
4. 30198E~11
8.64720E~1)
3.08281E~1)
2 .89904E-11
2.18313E~1)
1. 823028~
1.80774E~11
1.22790E~11
§ T4867E-12
7.89080E-12
4 95207612



3903E~
0.60230E+08
0.24316E+0¢
4BBOGE4OS
BET725E«0¢
216271
6168~
E26BRES )
E265E-
"Rt‘§‘v
209R3E« ]
|4BR2E~
ARBBEE-D
|86 15K+

) 45T7956E~ 11

474688+
63.81E+]
85161E+1¢C
61356E~1¢
20275« 11
ﬁ2006l4}\
6R423E+ i (
) T3867E+ 10
76526E+10
) 96T60E~ 1 (
BEEAIE.I(
) B0BO0E~ 10
51276E+10
17987« 1

) $0128E409

) 23028E«\(
0. 14858E+10
), 27861 E~ |

66290407
2901 9E-0
118228(

). 22636E+01

394208408
O5554E40¢
| i} 2

;f}fii‘“
| 66450+ | ¢
| 3040E+

15343E+ ) (

) T6602E+09

22000E-+08
10640E+ 1€

0. 26008E~ I

318B6E+10
44750E+ 1 (
T8817E+1C

). 55743E+ 1 (

237638+
89881 E« I (
73336E+10

) B2570E« 10

§7683E~1(
103216+ 1)
102868+ 11
63031E+10
481 85E+1C
13080E+ 10
401BBE+OY
276428410
16674E+10
25650E+10

1341 E4 07
49589407
1 7638E408
J3443E408

) B386TE08

1B3SE«00
14864E~
2542840
;:9“‘QJ“
| B234E-08

/ :;“2‘.4‘(':'

|316E408
:“,-“!‘3[4\'01
18308E409

) ABB62E409

6RIDEEADD
10201E+1(
23706E+10

0.21153E+I(
). B1196E409

42637E+10

} . 36854E+ 1 (

41833E- 10
55506!~-L

) B4985E+
) B9B0TE~ I

S36518E+1(C

) 256830410

64403E+09
19741 E+08
17347+ 10
1 1334E+ 10
14983E+ 10




Table 4.12<b Calculated Neutron Fluence Multigroup Spectra in Resctor
Pressure Vesse! st Peak Axisl and Azisutha! Location ( @ = 0
for Calvert Cliffs Unit«2 (18N Cycle)

- ) noq:zn"
Unper O-T 1/4-T 8/4-7
Group Energy (MeV)  Begzlge  Beg2bpe.  BaRi6Bd
) 1 733E+0) 0 13469E+08 0. 64234407 0 10976E+07
2 | 4186401 0 5B343E408 0 2010BE+0B 0 47986E407
3 | .221E-0) 0.25581%+09 0. 10963E+09 0.17062E+08
4 | O00E-0! 0 47268108 0.21917TE«09 0 3234BE«08
5 § 60TE«00 0 Papi; T\ 08 0. 38166E«09 0.52098E+08
€ 7 40BE«00 0. 4udeils O 0 2521E+09 0. ) 1452E+09
7 6 065E«00 0.!9.388410 Bo28697E+10 0.14373E+09
k 4 966E-00 0. 558 e 19 0.21604E410 0 24572E40%
“ 3 679E00 0. 3800, 7 0. 160876410 0.2)185E+09
10 3. 012E«00 0.28684E«17 0.12610E+10 0.17¢ O0E+0%
11 2.735E+00 V. 28009% (0 0. 14836E+10 0.21072E+09
12 2 466E+00 0. 143958410 0 .74066E+09 0.10927E+08
13 2.365E+00 0. 37586E+09 0.21270E+09 0.35880E+08
14 2 346E«00 0. 18008E~10 0.102870+10 0.17678E+09
15 2.231E-00 0 44204E+410 0.26014E+10 0. 45340E+09
16 1.920E<00 0 45804E+10 0 30B17E+10 0.66008E+0%
17 1.653E-00 0 61384E+10 0 43244E410 0 9B8444E400
18 1.353E+00 0 919B9E410 0.76132E+10 0.22864E+10
19 1.003E+00 0 59284E+10 0.53813E+10 0.20388E+10
20 B .208E-01 0 28283E+10 0.22045E+10 0.78276E+0%
21 7 .427E-01 0.79182E+10 0.86704E+10 0.41066E+10
22 6.081E-0) 0. 66054E+10 0.70723E+10 0. 35862E+10
23 4 .979E-0] 0.71318E+10 0. 79628E+10 0 .402B0E+10
24 3 68BE-0) 0. 73R14E+10 0 94122E410 0. 56206E+10
25 2 .972E-01 0. 93382810 0 99482E410 0.52924E+10
26 1.822E~0) 0.65427E410 0. 990B1E+10 0.57241E+10
27 1.111E=0] 0 886816+10 0. 61583E+10 0.34188E+10
28 6 7T38E-02 0 48478E410 0. 473338410 0.246B0E+ 10
20 4.097E-02 0. 17364E+10 0.12573E+10 0.6193BE+09
30 3.183E-02 0. 8T043E+00 0.88722E+09 0.18986E+0F
31 2 606E-02 0 22178E+10 0 26498E+10 0.16663E+10
32 2.41BE-02 0. 14008E+10 0.16024E+10 0.10876E+10
33 2.188E-02 0. 26844E410 0.24671E+10 0. 143486410
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Teble 4. 12-¢

Coleulnted Neutron Fluence Rate Multigroup Spectrs in Resctor

Pressure Vessel and Azimuths) Location ( & « 0°)

for
Uppet
Sroup Energy (Med)
| 1 733E.01
Py ] 418E«01
J ] 221E+01
4 1. W0E«0]
5 8 $07E«00
é 7 408E00
1 6§ 065E-00
- < 966E-00
K 3 67T9E-00
10 3 012E«00
11 2.728E+00
12 2 466E+00
13 2.365E+00
14 2 346E-00
15 2. 231E+00
16 | 920E+00
17  1.853E+00
i8 1. 883E400
18 1.0038E«00
20 & .208E-0)
21 7 .427E-0)
22 6.081E-01
23  4.979E-0)
24 3 6BBE-0)
25 2. 972E-0)
26 | .832E-0)
1 1. 111E-0]
28 6 .738E-02
25 4 097E-02
30  3.)183E-02
31 % 606E-02
32 2.418E-02
33 2. 188E-02
PEC /CALVERT

Calvert Cliffs Unit«2 (24N Cycle)

- X-L-X-X-F-2-F-F-R-R-N-R-H-E-R- R RN ~ Rl =~ -

25

¢ no;lfz !
1 /4T 3/4-7
kﬂ.l...!.L B=225 98 Re236 83
18916408 0. 85890E+07 0 94675E+06
BOI26E+08  0.24272E+08 0. 41304E407
20170E+09 0 94309E-08 0. 14620E408
40426E400 0. 18826E+09 0.276718408
71678E409 0.32716E+08 0 44461E408
17886E+10 0.79253E+09 0.97652E408
25196E+10 0.10789E+10 0.12216E+09
431878410 0 18363E+10 0.20776E+09
29651E-10 0.13650E+10 0. 17838E+05
2166BE+10 0 10684E+10 0. 148328089
24476E4 10 0. 12500E+10 0.18237E+08
12148E+10 0.62696E+409 0 91920E+08
31728E+09 0. 17998E«08 0. 20006E08
18190E«10 0. B7010E+09 0 14851E«08
37360E+10 0 .22003E+10 0. 38106E+08%
36682E-10 0 26024E+10 0 85363E+09
51700E+10 0 36485E+10 0. 82514E-08
T7383E+10 0.64101E+10 0.19110E+10
AST40E410 0. 45179E+10 0.16882E+10
23761E+10 0.19283E+10 0 65267E«08
66195E+10 0.72511E+10 0.34081E+10
68162E+10 0.50060E+10 0. 20483E+10
59585E+10 0 66488E+10 0.33378E+10
61390E«10 0.78286E+)0 0. 46485E+ 10
TT868E+10 0 826428410 0. 43738E+10
T1067E«10 0.82270E+10 0. 47198E«10
4BB3BE~10 0.51122E+10 0. 281428410
A41218E+10 0.39300E+10 0.20325E+10
1 4498E« 10 0. 10448E+10 0.851013E+08
TE818E+08 0.321856E+09 0. 15640E+08
18316E+ 10 0. 21863E+10 0. 13643E+10
J1819E410 0.13162E+10 0. BB646E+08
22208E410 0.20290E+10 0.11692E+10
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Table &, th Fiuence ir BEL after 3 EFPY for Caivert Cliffesd

RPYV IR (Re22) .29)

1.
14T (Re225 98) 1 0IE1®
3/47 (Re236 93) ‘
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Teble 4 18 Detersination of RPV Pesk Fluence for Calvert Cliffs-2

Accusulated F) 0.:0(3)

Cucles Full Power Days heutrons . opts
1-8 (12 sonth) 1165 984 4.76E18
¢ (18 menth) 506 53 2.02E18
8-7 (18 sonth) 1242 92 4 B3EIB
8 (3¢ sonthy'V 586 .11 2 0BE18
9-BOL (24 sonth)'?’ 8164 44 2 90E19
Totals 11688 00 4 2BE19

(])Projoetod value based on estimated EFPD/cycle for cycle &
‘2’Pro)octod. based on 32 EFPY lifetime

(3)12 ponth and 18 month eycle fluence rate based on adjusted flux velues
in Teble 6 24 month values tased on calculated fluzes from Table &.°0.
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§  ADJUSTEL REFERENCE TEMPERATURE DETERMINATION

NEC Beguiatory Cuice ' .53, Revision 2, provices the approach for computing
the asiustes reference nil«ductility temperatures for beltiine materials. The

adjustes reference temperature (ART) is given by

ART & Initial pTupT ¢ aRTypr ¢ Mergin (1)

where
"FTNCT s (c”r(O.EQ « 0.1 log 1) (2)

and
CF &+ cremistry factor specified in Reg. Guice
1,95, Rev, ¢
£ s {iuerce (109 n'cmz. E > 1 MeV)
A7 € ¢
Marg.t @+ & TR

where oy ¢ initial standard drviation of data « O°F

¢ ¢ 2B'F for welds and '7°F for plate materials

Table §.1a ano b presents an evaluation of the ART of beltline materials
for '2 EFPY an¢ 37 EFFY respectively. From this table (i is clear that the
weld 2-203 is the controlling material for the pressure vesse.. The ART of
weld 2.203 at various irradiation conditions are used in cdeveloping the
various PT limit curves.

Fluence at various depths 1s given by,

f = § surface (0'0'2“x) (2)

The through thickness attenuation of ARTNDT is calculated by using

equation (2).
The &RTyne values for the various depths for the controlling weld e-203
for 12, 16, 20, 24, 28, 32, 3¢ and 40 EFPYs are presentec in table 5.2. Table

§.3 presents ART at 1/4T ang 3/47 locations for the various EFPY.

PEC/CALVEFT 33
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Tat.e & .%(a1. ART Evaluatiorn for Beltline Materia.s

for '2 EFPY
] Lhemiasry initial AFTﬂ:T Margin

Materia. Cu Ni g.7 Typr'f Surface °F 'F ART

Weld 2.203 0.'% 1,00 1€ N1 184 6f 184

3-203% 0.23 0.3 120 et ) 137 6¢ 113

§-202 0.28 0.0% 101 60 116 gt 112

Plate D-Bg0€." 0.'8 0.5 107 10 122 34 166

DsB906-3 C.'4 0.58% ¢ s 112 34 1

D-B907." 0.1 | 0.4 110 -8 12¢ 34 182

DB90T-2  0.'4  0.6¢ 102 20 17 W 171

NOTE: DBGOf«2 anc CB307T+3 are not inciuded because they are bounded by the
chem.stry ane initial BT, .. by DEQO€-" ang DBCT.2, respectively.

Table §.1(p), ART Evaluaticn for Beltline Materials for 32 EFPY

Shemistry Initial A"’Nbf Margin

Materiazl Cy Ni ol A R?NDT‘F Surface °F °F ART
Weld 2203 0.'¢ 1.0% 1§ 51 es 5¢ 2ée
§+203 0.23 ¢.23 129 «80 16¢ &g 16%
D-203 0.22 0.08 104 -60 13¢ 6é 138
Plate D-B90€." 0,18 0.5¢ 107 10 W? 3 191
D-850¢-3 0.%% 0,5 ¢E ] 13¢ 34 174
DS 0.6 0.6 110 -8 18 3« 11
De8§L7.2 ¢. '8 ¢.6¢ 1¢2 20 140 34 164

PEG/ CALVERT 3
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Taple §.2. &8 .. v# ErPy for Comtrolling Welid 2-203

| 6Flye s FTyee  RTgpe
’\I.: i lu:;u« (1:: 1) (3:‘; T
| e —
‘e 184 1€ 11§
“* 19¢ 113 127
} 2 204 183 136
u 2 190 o
[ it sis 15¢ 15
#j | 3 2 20" 187
3t 224 20¢ 162
ue 2:¢ 210 166
%if PEG CALVERT 3
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6, MEAT-UP AND COOL-DOWN LIMITS

Tre af u.ste: refererce temperature (ART) for ‘2, Y6, 2C, 2, 28, 32, 36
ars &0 EFPYs were presertec .n Section &, These ART values were used Lo
gevelop the pressure-temperature 1imit conditions for the EFPYs gescribed
above. An inhouse computer pPrOgram PTLIM! was used. The generic procedures
for PILIMT are described in Appendix D,

The following pressurc vesse. ponstants were emp.oyed as input Gata in the

-

Calvert ClLiffs Unit & anaiysis:

Vesse. Inner Ragius, ri ¢ 86.81 in,

vesse. Outer Ragius, r, ¢ 95,43 in.
Operatirg Press.re, F. r 2238 psig

Initial Temperature, T s 880°F

Effective Cos.ant Flow Rate, Q s 128.8 x 106 ibm/nr
Effective Fiow Area, & ¢ 39.83 ref :
Effective Hysraulic Diameter, [ s ¢2.44 In.

Meat-up iimits were computed for heat-up rates of LO°F/hr, §0*F/hr,
60¢F/hr and 70°F/hr, Cool-down curves were computed for ccoledown rates of
O°F/nr, 20°F/hr. S0°F/hr, and 100*F/nr.

Figures 6.1 and €.2 presents the heat up and cool down limit curves
respectively for 12 EFFY. These figures were developed pased on the NRC
Standard Review Plan (5.3.2), In Figure §.1, the lowest service temperatures,
pinimum bolt-up temperature (T70°F) and inservice leak test curves are
incorporated. In developlag the heat-up and cool down curves, instrument
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

PEC/CALVERT 37
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ressure (PS:G

De
¥

2604 g
I Materizl Property Basis
| {Reg Cuide .99 Rev 27)
Weld Metal; Cu=0_122, Ni
il 1oitial BTy~ -56°F

i at 12 EFPY
i ART at 1/4T-161°F
i ART a2t 3/4T=315"F

D00 N

2200

&0 100 150

Figuwre 6.1

1.81%

Margins: + 10°F and -68 psig

Hear -
Hair

In-service Leak Test
Minioum Temperature

nacceptablie
Operation

Acceptable
Operat ion

Criticality Limit
200 259 Yiw: 150 “00
Teuperatwre F

itp Plf'!ﬁu.f’-fr”"'.llht' Linftat ion Curves for Calwest C1ift
? Reactor Vessel (12 EFPY)
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allow for possitle errors in measuring irstruments and account for variations
batweer DLk temperatures and local (hear deltline) temperatures.

irpersin © preserts the tatles contal logp feat-up and cooledown data for
16, 20, @s, &8, 32, 36 ang &0 EFFYs. appentix F contains the Fe7 limit taties

for varying coc.gows rates for 12 EFFY., Appendix G presents the P.T Jimit

= tabies for isothermal conditiors.
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85 the representative pinwise variation. The relative pin porer in the
peripheral assesblies are very similay for the 12 and 18 month cycles, and
thetefore the 18 gonth 18 used for both (the assenbly=wise distributions are
different, however Tables A 3<A 4 give the relative pinwise variations fo?
configuration in Figure Al (given in "FIDO FORMAT ).

The combination of the assesbly and pinwise powers results in an
absolute space~dependent power density defined for the quarter core  The
power density values are converted to & source density by multiplying by the

factor,

T8¢ x 10'® u’-ﬁ{-ﬂl——'

The | 4 core XY source distribution is then sapped onto the 1/8 core RO mesh
used in DOT by utilizing an interpolating prograz previously developed for

this purpose

REFERENCES
(1) J. B Couch, letter to M L. %illiams from Baltimore Gas and Electric
dated January 7, 1968
(2) J. B Couch, persons] comsunication to M. L Williams, Jenuary 6, 1988

(3) P. Nair, ¥. L Willisms, "Pressure-Temperature Limits for Calvert Cliffs
Nuclear Power Plant Unit 1", Southwest Research Institute, Final Report



Figure .1 Relative Power Distribut ions {Assembiy-wise)
for 12, 18, and 24 Month Cycles for
Calvert Cliffs Unit 2

-V

W3 1] W
1.0 1.9 1.0
£ 6 37
1.0 1.0 1.0
27 28 )
1.0 1.0 1.0
19 20 21
1.0 1.0 1.0
10 1" 12
1.0 1.0 1.0
1 2 3
1.0 1.0 1.0




Teble A ) Absclute Assenbly Powers tl\‘h’ for Calvert Cliffs-2

gone 12 Month Cyvele 18 Month Cucle 24 Month Cyele
o | a N 3.1 i
¢ 32 6 .23 6 22 6.22
¢ 3 6 23 6 .22 6 22
¢ 4 6 22 6 22 6. 22
LI 6.22 6. 22 6 22
¢ 6 6 22 6 .22 6 22
L | 7.1€ 5 06 8.02
L | 5. 26 6.68 5 .58
§ 10.60 10 . 4) 10.00
¢ 10 6 22 6 22 6 22
1 12 44 12 44 12 44
12 12 44 12 .44 12 44
13 12 44 12 .44 12 44
14 12 .44 12 44 12 44
1% 12 44 12 44 12 44
16 10 60 13 .43 13.27
? 13 16 12.11 14.10
18 8 82 .02 4 45
* 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
i€ 18.78 11.36 10.83
o i 6 .22 6.22 6 22
28 12 44 12 44 12 44
26 12 44 12 44 12 44
30 12 44 12 44 A & 1)
3l 1% 44 12 44 12 44
a2 12 44 12 .44 12 44
aa 13 4l 13.1% 13.83
a4 12.16 11 36 10.76
* 35 6 22 6.22 6.22
36 12 44 12 44 12 44
317 12 44 12 44 12 4
36 12. 44 12 44 12 44
39 12 44 12 44 12 44
40 12 44 12 44 12 .44
4) 14 45 12.48 13 .26
42 $. 35 B .48 §.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 14 44 12 44 12 44

4f 12 44 12 .44 12 44
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APPENDIX B

Description of the 3D Flux Synthesis Methoc

PEG/CALVERT



Appendix B Descript f the 8D Flux Synthesis Met?
A REZ) flus distribution is synthesized using the following we
established approxina
¢ R Z
¢(R,© # OpalR B)Foypr— 8 @oq AlRZ Bl
v . b ¢ R) P
K
where Qoo 18 the flux obtained frow the RO DNOT calculation; and
-
AR, 2) & === « pxinl distribution function obtained b)
v} representirg the RZ flux = (eg,! distributior !
and dividing it by the integral dver Z of the
RZ flux ¢ /,
)
op* Jz ¥p &
¥
b In some previous studies the RZ flux distribution was yepresented by the

results obtained from a NDOT RZ calculation, while the radial flux cx WA 8

tained from a ore«Clmens na. ca.cu.latic € it has Deen glsdovereg

tion gives similar resulte (within & few percent) as

¢ results of these transport caiculations |

RPY and near the reactor widplane in this approsch we represent

" ¢ (RZ Piw
Y A F > 5 ...f:‘~-.-—--0 g e mea—— B "
Sy . Pe jo P(Z)42 ‘
i‘ . ~
.
where P(Z) is the avirage axial distribution of power in the core The
function P(Z) has been represented by discrete nodal values correspoending to
the core~average axianl power distribution at MOC, which was provided by
Baltimore Gas and Electric The relative axial power values were provided at
i poir for the 12 and 1B month cycles, and at 24 points for the 24 sonth
o
%




Appendix B Description of the 3D F1. Synthesis Method

A 3D (ROZ) flux distribution is synthesized using the following well

es.:blished spproximaticn

é..(R.2)
¢'R6.2) = éaefa.e;—-%-m—— * dpg ARZ) B

R

where ‘RG 1s the flux cbtained from the K® DOT caleulation; and

¢
A(R,2) = 35£— = axial distribution function obtained by

R representing the RI flux = (ep,) ¢istribution
and dividing it by the integral dver Z of the
RZ flux, i.e.,

¢R. fz ‘u az.

In some previous studies the RZ flux distribution was represented by the

results obtained from o DOT RZ calculation, while the radial flux ‘R was

optainesd from a one-gimensional calculation, However, it has been discovered
that @ simplier approximation gives similar results (within a fev percent) as
the results of these transport calculations for locations not outside of the

RPV and near the reactor widplane. In this approach we represent

¢ny (RZ) P
ARZ) S shihomen o (%) B.2
¢ i
R Z
where P(Z) is the average axial distribution of power in the core. The
function P(Z) hes been represented by discrete nodal values corresponding to
the core-average axial power distribution at MOC, which was provided by
Baltimore Cas and Electric for the peripheral assemblies. The relative
axial power values were provided at 51 points for the 12 and 18 month

cvcles, and at 24 points for the 24 month cycle,

s
B~
l



Therefore exploving the expression eq. B.2 fer axial point k, we
flrud
Py
AR, Z) w A(Z) = Ak = m . k=1, # of axial points
There are 8] points ussd for the 12 and 18 month cycles, in the exial

digension. The &) points define 80 nodes (i.e., intervals). To calculate

the integreaied exial power we use the expression

jﬁmz«az- \51 F, &2, B.3

where ﬁk is the sverage power (relative) in the kth axisl node. This value

P P
is approximated by Fk = -5~=-3111 , where Ph and rk-l are the point powers

taken from the axial power dats provided by BGAE.
Equation B.3 was used to spproximate the dencsinator of eq. B.2, for the
12 and 18 month cycies
The saxisl distribution provided by BGAE for the 24 month eyele only has
24 intervals instes. of 51 as for the 12 and 18 month eycles. A similar
development for this gives
24

Araez- I Foa B.4
k=1

Equation B.4 was used to spproximate the denominator of eq. B.2 for the 24
gonth cycle.

The fine! sxial synthesis factors for the 12 and 18 menth cycles are
given in Table B.1, and for the 24 month eycle in Table B.2.

In order to compute the 3D flux or activity st some axial location



(corresponding to & height Z in Table B.1 and B.2), for some RO location one

must

(@) find the flux or mctivity at the appropriate (Rl, QJ) location in the DOT
run

(b) find the axial flux factor at the sppropriste node K

(¢) compute the 3D value using expression

O(Rl. OJ' Z‘) = ‘.(Bl. OJ)'A‘.

(*) For example, in the 18 month cycle the peak power corresponds

ap,  ‘xigately to 2 = 3 .20 feet the bottom of the core. From Table B.1 it
can be seen that the axia] i loeation is equal to 3.17 x
10'3, Therefore all sctivitie: ¢ DOT RO output should be
sultiplied by this factor in or. rresponding peak values.



Table B |

for Flux Synthesis:

ight (feet

Calvert Cliffs Unit 2 Axiel Distribution Factors
12 and 18 Month Cycles

>
>

11.4300
. 2000
.9700
7400
8100
. 2800
0500
8300
9. 6800
.3700
, 1400
9100
, 6800
. 4500
. 2300
0000
.7700
. 5400
3100
L0800
8500
.6300
. 4000
.1700
. 9400
7100
. 4800
. 2600
0300
. 8000
8700
. 3400
L1100
.BBOO
. 6600
. 4300
. 2000
L8700
. 7400
.5100
. 2800
0600
.8300
, 8000
.3700
1400
9100

— — — o —
WOODOO O

O it ok it e B PO DNV NV W W W WS S A AANNNDOOHN-III-A2®O 0P DD

12 Month

B RO B0 B RO G0 G €0 GO G GO GO O GO W WW LN B RO R O A0 (0 00 SO 0O 0O O O GO W W KSR R R KSR K N R —

B4446E-03
02688E~03
19258E~03

. 34726E-03
484158-03
.60497E~03
.T0972E-03
T$89BE~03
.B7331E~03
93328E~03
97978E-03
01393E~03
03718E~03

05085E~03

(05640E-03

05554E-03

04852E-03
03976E~03
.02799E~03
01565E~03
.00388E~03
.99355E~02
- 98500E~03
. 98150E~03
.98083E~03
(9843TE-03
99097E~03
.00274E~03
.01823E~03
(03689E~03
05784E~03
.07994E~03
12499E-03
.12270E-03
. 14048E~03
. 15628E~03
.16 144E~03
. 18144E-03
. 15226E-03
1 3246E-03
.10031E~03
.05497E~03
. 99489E~03
.91923E-03
. 82739E~03

71891E~03
58321E-03

B

<

A\' 18 Month

»»unnuuuauuuauaouuuuuuuuuoauuuuuuuuu»nnunw»nn---

T4971E~03
. 94625E-03
12788E-03
.29373E~03
44322E-03
.87607E~03
.69 199E-03
.T9185E-03
.87734E~03
.94277E~03
99642E~03
.03659E~03
06471E-03
.00221E~03
09053E~03
09138E~03
08652E-03
07734E-03
.06528E~03
.05208E~03
03889E~03
.02868E-03
.01737E~03
.01077E~03
.00761E~03
.00886E-03
.0038BE-0?
03688E~00
.02858E~03
.04663E~03
.06989E~03
.08967E~03
. 11234E~-03
. 13357E-03
18194E~03
.16871E~03
17317E-03
.17231E~03
. 16168E~03
. 13960E~03
.10431E-03
.05467E~03
. 9B8925E-03
. POEPOE-03
.80733E~-03
. 68940E-C3
. 55369E~03



0.6900
0.4600
0.2300
0.0

2 45028E-03
2 29072E-03
2. 11480E-03
1 .92367E-03

BeS

2.39960E-03
2.22773E-03
2 06160E~03
1. 83349E-03



1ffe Unit 2 Axial Distribution Factors

nes £N M se

A, 24 Month
o etk
4B0B4E~03
0241 1E-03
43010E~03
68128E~03
B7890E~03
CES94E-03
0B728E-03
10188E~03
10188E~023
10188E~03
09896E~03
101 B8E~03
10773E~03
1 1648E~03
13108E~-03
14278E-03
1 5446E-03
15738E~03
11941E-03
01134E-03
B4485E-03
1703E~03
23148E-03
68990E~03

WWW W WWWWWWwWNPOOW

(&)

LA

2
2
1
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APPENDIX C

Energy Group Structure and Dosimeter Activation
Cross Sections Used in Transport Calculations



i AT, R R R i e
i e A SRR S e R e e
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_‘ tnmv hmsm and mmm mtmm'
Cross Sections Used in mmm Calculations
are mmm in Tables C.! and C.2.

c-1 A i




Teble C.)

SAILOR 4¢7-Group Library Energy Structure

Group Lover energy Croup Lover energy
(MeV) (MeV)

] 14.19® 25 0.18)

2 12,21 26 0.111

3 10.00 27 0.0674

‘ 8.6 28 0.0409

s 1.41 29 0.0318

6 6.0? 30 0.0261

' “.97 3l 0.0242

8 3,68 n 0.0219

5 3.0 33 0.01%0

10 .1 3 7.10 x 1073
1 2.4? 1% 3.3 x 1072
12 2.3 36 1.59 x 10°3
13 2,35 3 4.5 x 10°¢
14 2.2 38 2.16 & 10%¢
18 .92 39 1.01 = 10=¢
'8 1.6% 40 3,73 x 1073

! 1.3% 4) 1.07 x 103
18 1.00 2 $.06 x 1078
19 c.82i 43 |.86 x 1078
20 0.743 &b 8.7 x 10°7
21 0.608 45 4. 16 x 1077
22 0.498 6 1,00 x 10°7
23 0.369 47 1.00 x 10-1!
2 0.298

*The upper energy of Group | is 17,33 Nev.



Table C.2 Reaction Cross Sections (Barns) Used in Colculations

for Calvert Cliffs Unit 2

Group Energy V=238 Np=237 Fe=54 Ni=58 Cu=63
(MeV) (o, f) _ (n, f) (n,p) (n,p) (n,a)

l 1.733E<01 1.275E+00 2.935E+00  2,6BLE+0] 2.962E-01 J.6820-02
b 1.619E«0] 1.,086E+00 2.3208400 & 1DVE-DL1  4.G16E-O1  4.540E-02
3 1,221E+01 9.844E-Q] 2.334E400  5,276E-01 6,103E-01 5.357E-02
“ 1,000E+0! 9.864E-0) 2.329E+00 $.781E-01 6.588E-0) ).811E-02
S B.607E«00 9.851E-0! 2.26BE400  5.8B8E-01 6.553E-01 1.906E-02
6 7.408E«00 8.574E-0) 1.965E+400  5,590E-01 6.205E-01 9.277E-03
7 6.065E00 S .BLYE-DI 1.520E400 4.697E-01 5.365E-01 2.915E-03
8 4, 966E+00 $.615€~0] 1.538E+00 3.099E=01  3.917E-01 4. 4D7E-04
9 3.679E+00 $.475E-01 1.63BE«D0 1.762E-01 2.287E-01 3.%68E~0S
10 3.012E+00 5.46)E~DI 1.680E+00 1. 195E~C) 1.658E-01 $.831E-06
1l 2.725€+00 $,527E-01 1.697E+00 7.755€-02 1.131E-01 1.,707E-06
i2 2.666E+00 5.5218-0! 1.695E+00 S.UI1E=02 9.3N8E-02 6.834E~07

i3 2.365E+00 $.512E-01 1,694E¢00  &.756E-02 9.2328-02 <&, 637E-07

14 2.346E+00 § . SO4LE-OI 1.6938«00 &, 4B4E~02 B.614E-02 3.430E-07
15 2.231E«00 $.390E-0! 1, 677E+00 2.008E-02 &.661E-02 1.150E-07

16 1,920E00  &,685E-0! 1,645E+00 &.771E~03 2.660E~0) 1,536E-08

17 1.653E«00 2.706E-01 |, 604E«00  6.335E-04 1.337E-02 0

18 1.353E00  &.502E-02 1. 5¢3E+00 1,311E-05  &,438E-0) 0

19 1 .003E+00 1.102€-02 1.389E+00 0 $.023E-04 0

20 8.208E-0! 2.881E-03 1.205E+00 0 1.729E-04 0

2l 7,427E=01 1.397E-03 9.845E-01 0 4.914E-05 0

2 6.081E~0] $5.378E~04 6.4378-01 0 7.673E-06 0

23 4.978E-01] 1.9502E~04 2.642E-01 0 8.903E-07 0

24 J.688E-0) 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. 668E-0F 2.043E~02 0 0 0

27 1. 111E-0) 4. 015E-0% 1.5642E-02 0 . 0 0

28 6.738E-02 «.000E-0S 1,228E-02 0 0 0

29 4, 087E-02 6.176E=05 1.088E-C2 0 0 0

30 3,183E-02 - 8.610E=05 1.023€-02 0 0 0

3l 2.606E-02 8.7002-05 1.002e-02 0 0 0

32 2.418E-02 8.700E~05 9.906E~03 0 0 0

33 2.188E-02 8.700E-0> 9.723E-03 0 0 0

34 1.503e-02 $.650E-05 1.004E-02 0 0 ¢

38 7.1028-03  4.860E-1! 6.506E~03 0 0 0

36 3,355e-03 7.639E-10 8.716E-01 0 0 )

» 1,5852-03 4, 199E-04 2.303E-02 0 0 0

38 4.5 0E~04 1.664E-08 3.701e-02 0 0 0

3% 2. 164E-04 1.064E-08 6.129€-02 0 0 0

40 1.013E-04 1.26432-08 $.0278-02 0 0 0

&l 3.727E-05 1.955e-08 2.2962-02 0 0 0

L2 1.068E-05 J.086E-08 1,0148-02 0 0 0

%) 5.043E-06 &,.770E-08 4&.011E-03 0 0 0

A 1.855E-06 7.1712~08 9.350E-03 0 0 0

b5 8.764E~07 5.067E-08 1,407E-02 0 0 0

b 4, l40E-07 1.8815-08 4,328E-03 0 0 0

&7 1.000E-07 1.182E-0¥ 8.332e-02 0 0 0

Ce3
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Appendix D, Definition of “"Measured Saturated Acitivity’

Used in Calvert Cliffs~2 Capsule Analysis”

The terz "messur.d 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 sanaliysis.

In the Calvert Cliffs-2 263° capsule analysis following cycle 4, most
dosimpeters 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 dosimeters removed relatively

early in the life of a plant. Thus the "time-of-removal” activity (ATOR}

which is physically measured does not actually correspond to a eaturated
sctivity However it is common to define a "measured saturated activity”

(ASAT) by the relation

i Asat = Ator/n

where h is the non-saturation factor given by

AT, eM(T-t))
(3) he TP (1= ")
)

In reality the saturated mctivity is not measured at all - only the TOR
gctivity is measured, and & "messured saturated activity™ is then caleulated

using eq.{1)

Lo
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The value for A, at the end of cycle 4 will be given b




AT
, 12 34 18
(4 Aog ® Plag Asar ¢ he Agar

where hl~3 = non-seturation factor frow beginning of cycle 1 to end of

eyele 3.

h‘ = non-saturation factor from beginning of cycle 4 to end of

evele 4.

Ta*‘ = tipe from the end of cycle 3 to the end of cycle 4.

18
SAT

12

ASAT and A

= saturated activity sssociated with the power

distribution for the 12 and 18 month cycles, respectively.

A = dosimeter decay

Equation (4) can be written as

18
AT
o 1 12
(8 Apop * | By "‘4(%%'5”'*&1
SAT

From this relation we define the "measured satursuted activity” for the 12

month eycle to be

A
12 (1?82;0-:.
(6) (ASAT)IOI.. 1y -A 18

L @?w]

Note that eq.(€) allows us to obtain a "measured” saturated activity by

utilizing the measurements; however it alsoc requires knowing the ratio
R



18
At
—%%4 which sust be obtained from the transport caleulations.

Agat

In @ siziler way we obtain the measured saturated activity for the 18

ponth eyele:

(ATDB) ean.

‘ [h, + hmc.1 3“(2%%1_) ]

18
(7 (ASAT)aeun

The results callied measured saturated activities in Tables 6a and 6b

were obtained using eqs (6) and (7) respectively
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