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1. SUMMARY OF RESULTS AND CONCLUSIONS

A detailed analysis was performed for developing new pressure-temperature

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

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

cycles, deveiopment of irradiated material properties dased on NRC Regulatory

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

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

The SwR! evaluation led t» the following conclusions:

I

Based on a calculated neutron spectral distribution, the peak fluxes

incigent on the Reactor Pressure Vesse) (RPV) are 5.04 x 100

n/eme-sec, 4.89 x 10'0 n/enf-sec and 4.10 x 10'0 n/em‘-sec for %
month, '8 month and 24 month cycles respectively.

Adjusting the calculated flux with regspect to the first capsule
dosimeter analysis the 12 month and 18 month cycle peak fluxes on the
RPV was determined to be 4.72 x 10'0 n/cm®-sec and 4.59 x 10'0

n’cm2

-sec respectively.
The calculated lead factors for the vessel 1D based on surveillance

capsule capsule locations are given below!:

0:7¢ 0s14°
Cycle Type Lead Factor Lead Factor
12 month 1.26 0.%4
18 month 1.24 0.,
24 month 1.18 C.7%

PEG/CALVERT 1



The accumulated peak fluence on KPV 1D was calculated to be 1.7 x

10'9 n/enf for the first 7 cycles and 4.28 «x 10"® n/enf to end-of-

life conditions.

§. Displacement per Atom (dpa) for 12 EFPY were calculated to be 2.632 x
10°2, 1,747 x 10°% and 0.5206 x 10°% for RPV 1D, /AT and 3/4T
respectively. For 32 EFPY dpa are 6.498 x 10‘3. 4,302 x 10'2. 1.27%
x 107 for RPVID, 1/4T and 3/4T respectively.

6. The 12 EFPY fluence on the RPV was calculated to be 1.69 x 10'%
n/em€. Fluence rate of 1.2833 x 101° (n/cm®) per year was used to
develop fluence value for 16, 20, 24, 28, 32, 36 and 40O EFPYs.

7. The controlling material for RPV cperations was determined to be weld
2-203 with Cu = 0.72% and Ni = 1,018, 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 '.99, Rev. 2 approach, the end of the life
adjusted reference temperature for the controlling material will be
222°F at the RPV ID and 201°F at the 1/4T location,

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

l1ife irradiation conditions.

PEG/CALVERT e



2. INTRODUTTION

The long-term degradation of reactor vessel structural material properties
due to {rradiation is measured by the evaluation of materia) surveillance
capsules removed periodically from the reactor vessel. Combustion
Engineering, Inc. has provided the material surveiliance program for the
Calvert Cliffs Nuclear Power Plant Unit 2. To date, one surveillance capsule
has been removed and tested (Reference 1), Typically, the capsules contain
Charpy Venotch and tensile specimens in various combinations representing the
present materials, 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 of the surve .lance program is to correlate changes 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 additioral reguirements 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 Purt 50, Appendices, B, C and H, 10 CFR Part 50.61, NRC
Standard Review Plan 5.3.2, Regulatory Guide 1.99, Rev 2 and ASME Boiler and
Pressure Vessel Code Section III, Appendix GC.

In this report a new neutron flux analysis for the reactor vessel 1is
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/CALVERT 3



3. MWATERIAL PROPERTY ASSESSMENT

In developing the pressure-temperature limit conditions for reactor
vessels, the important materizl 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
{nelude nozzle area, closure head region and the beltiine 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
tenc to control the pressuie-temperature limit curves. However, with time the
beltiine irradiated materials become controlling. In the case of (Calvert
Cliffs Unit 2, the controlling material for 12 EFPYs and beyond is the
beltline 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" reguires the closure head region materials to have, &3 a minimum,
RTypr + '20° for normal operations and Rlypr 90¢ for hydrostatic pressure
ano leak tests. In the case of non-availability ol RTyne data or where the
data is not reliable, the RTNDT for closure region is determined using the
method in NRC Standard Review Plan 5.3.2, Branch Technical Position 5-2,
MTEB. Based on this method, the RTypy of the closure hecd material was
assessed to be €0°F,

To provide the submittal to NRC on the Pressurized Thermal Shock issue,
Reference 2 extersive 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 Lu and Ni values for the be.tline

PEG/CALVERT 4



materials are presented in Table 3.1. These chemistry values are used in
Section & of this report to develop the irradiated Adjusted heference
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 identified.

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

e e — Np (o inisias RINTCCR)
2-203' 1 0.12 1,01 -56.0
A,B,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-8906-2 0.11 0.56 10.0
D-8906-3 0.14 0.8 5.0
D-8907-1 0.18 0.60 -8.0
D-8907-2 0.14 0.66 20.0
D-8907-3 0.11 0.74 -16.0

(1) The value used for Ni is an upper bound due to the lack of available
data. The generic initial RTyp. = -56°F, is used for this weld.

PEG/CALVERT 5
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4. NEUTRON FLUENCE CALCULATIONS

In this 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 radiel (R) and azimuthal () fluence-rate
distridbution for the geometry is shown 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 surveillarce capsules i» the
R-6 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
incorporates a homogenized 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 S8 &ngular structure and a
P3 Legendre cross-section expansion were used. The fine-group dosimeter
cross-sections for the 63Cu (n, o )6°Co reaction were obtained from ENDF/B.V
file and were collapsed to 47 groups using a fission plus 1/E weighting
spectrum, The 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. Tho 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 4.15, 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 melhod used in this analysis. Appendix C gives the

PEC/CALVERT 7
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group structure and the dosimeter cross sections used in the calculations.

Appendix D discusses the expressions used in obtaining the measured saturated
activities; and Appendir E gives the power time history for cycles 1-8.

The first surveillance capsule (263°) war removed from Unit 2 following
cycle & after 4,58 EFPYs of operation. A detailed capsule testing and
analysis was conducted and reported in Reference (2). The dosimetry and
vessel fluence evaluation provided information on the vessel fracture
toughness conditions for 3 cycles of 12 months each and one 18 month cycle.
Since the removal of the 263° capsule, 18 month cycles have been used for
cycles 5-7; and beginning with cycle 8, a 24 month is being employed. A 24
month cycle is planned for future operations.

In order to verify the accuracy of the present calculations, 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 FeSb,
NiS8, Cub3, U238, Tidé and Np237 activities was 1.07. The worst C/E obtained
as 1.12 for U238. This good agreement indicates that the transport

ileulation methodology is accurate and that projected fluences should be
reliable, In addition the experimental results can be used to adjust the
calculated values to obtain even better agreement for the '2 and 18 month
cycles (no experimental data is presently available for g4 month cycles). The
adjusted fluence rates, which differs from the original calculated values by
only about 10%, were used to obtain the projected RPV fluence.

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

19
the 0-T location of the Calvert Cliffs Unit-2 RPV will be (a) '.38 x 10

¢ at

n/cm® at the end of the present cycle (cycle B), and (b) 4.28 x 10'% n/em
the end of 32 EFPY, assuming all future cycles to be the 24 month loading

configuration.

PEG/CALVERT 10



Table 4.1 Spectrum Avcrng;d Cross Sections at Center of §.C.

ceff(b) ceff(b) veff(b)
Reaction 12 Month Cycle 18 Month Cycle 24 Month Cycle
8pe(n,p) 0.135 0.138 0.137
88yin,p) 0.17) 0.172 0.174
%30u(n.a) 0.00160 0.00160 0.00168
238(p 1) 0,452 0.452 0.454
rin,p) 0,021 0.0221 0.0236

,r‘; o(E) ¢(E) dE
oeff T

J$ éE) ¢k

PEG/CALVERT



Table 4.2-a Absolute Calculated Neutron Fluence Rate Spectra (i.e., group
flux) at the Center of 7° Surveillance Capsules (S5C) for Calvert Cliffs Unit.2

Upper Energy
Group (MeV)

1 1.733E+0]
2 1.419E+01
3 1.221E+01]
4 1.000E+01
5 8.607r«00
6 7 .40BE+00
7 6.065E+00
8 4 .966E+00
9 3.679E+00
10 3.012E+00
11 2 .725E+00
12 2 466E+00
13 2 .365E+00
14 2 346E+00
15 2 .231E+00
16 1. 920E+00
17 1.653E+00
18 1.853E+00
19 1.003E+00
20 8.208E-01
2] 7.427E-01
22 6 .081E~01
23 4 .879E-01
b2 3 68BE-01
25 2.972E-0]
26 1.832E-01
27 1.111E-01]
28 6.738E-02
29 4 097E-02
30 3.183E-02
31 2.606E-02
32 2 .41BE-02
33 2. 188E-02

PEG/CALVERT
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12 N 16w 24 N
1 .59202E+07 1.52822E+07 1.27832E+07
6.93740E+07  6.65497E+07  5.564820+07
2.B8874E+08 2.76866E+08 2.29367E+08
5.90160E+08  ©5.65460E+08  4.66652E+08
1.06918E+09  1.02397E+09  8.40528E+08
2.68699E+09  2.57274E+09  2.10562E+09
3.87362E+09  3.70630E+09  3.01119E+09
6 B6SBOE+09  6.56254E+09 5. .26914E+09
4.85415E+09 4 .63744E+09  3.70105E+09
3.56590E+09  3.40593E+090  2.71246E+09
4.02853E+09  3.84738E+09  3.06022E+09
1.68716E+09  1.89776F+09  1.50951E+09
5.24276E+08  5.00711B+08  3.98751E+08
2.4B412E+09  2.37234E+09  1.B8732E+09
5 92853E+09  5.66162E+09  4.50071E+09
6.01068E+09  5.73971E+09  «.55887E+09
7.83818E+09  7.48486E+09  5.94153E+09
1.07824E+10  1.02068E+10  8.17687E+09
6.61976E+00  6.32146E+09  5.02059E+09
3 41B30E+09  3.26402E+09 2. 58966E+09
7.39863E+00  7.06202E+09  5.60636E+09
6.20420E+09  6.01018E+09  4.77007E+09
6.70364E+09  6.40121E+09  5.08137E+09
6.70364E+09  5.40516E+09  4.20365E+09
9.26295E+00  B.84492E+09  7.02081E+09
7.82085E+09  7.4€7B4E+09  5.92668E+09
5.97356E+096 6.70375E+09 4 .52540E+09
5.51274E+09 5.26369E+08 4.17532E+09
2.16627E+09  2.00B33E+09  1.64014E+09
9.61249E+09  §.17733E+08  7.27404E+08
1.65836E+09 1.58337E+09 1.25580E+09
1.03785E+09  9.90926E+09  7.86043E+08
2.77008E+09  2.64510E+09  2.09854E+09



Table 4.2-b Absolute Calculated Neutron Fluence Rate Spectra (i.e., group
flux) at the Center of 14° Surveillance Capsules (SC) for Calvert Cliffs Unit-

e
Upper Energy
rou (MeV)
1 1. 788E+01
2 1 419E+0]
3 1.221E+01
4 1.000E+01
5 8 607E+00
6 7.408E+00
7 6 .065E+00
8 4 966E+00
9 3 67¢E+00
10 3. 012E+00
11 2.725E:00
12 2 . 466E+00
13 2.365E+00
14 2 346E+00
18 2 .231E+00
16 1.920E+00
17 1 653E+00
18 1 . 353E+00
19 1.003E+00
20 8 208E~01
21 7.427E-01
22 6 0B1E-0!
23 4 979E-0]
24 3 68BE-~01
25 2 .972E-0!
26 1.832E-01
27 1. 111E~01
28 6. 738E-02
29 4 097E~02
30 3.183E~02
31 2 606E~02
32 2 418E-02
33 2. 18BE~02
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¢ h-t!-ao '
2N ] 2N
1.36555E+07 1.28002E+07 1.08138E+07
5 .90408E+07 5.63381E+07 4 . 4499TE+07
2.39561E+08 2 .24094E+08 1.77171E+08
4 .82710E+08 4.51223E+08 3 64086E+08
8.569415E+08 8.02627E+08 6 .23235E+08
2.13034E+09 1.98863E+09 1.53439E+09
3.00697E+09 2.80412E+09 2 13284E+08
5.19617E+09 4.83870E+08 3 . 59520E+09
3.62438E+09 3 .37305E+09 2 47393E+08
2.64975E+09 2 46516E+09 1.79860E+09
2 .9B304E+09 2 .7748BE+09 2.01863E+09
1 . 46982E+09 1.36719E+09 9. 94068E+08
3. BB458E408 3.61376E+08 2.63181E+08
1.83812E+09 1.708087E+09 1. 24320E+09
4.38728E+09 4.08118E+09 2 .96463E+09
4 44645E+09 4..3607E+09 2 .99903E+09
5.79570E+09 5. 39088E+09 3.90357C+09
7.99680E+09 7 .43919E+09 5.39178E+09
4 .91889E+09 4 .57636E+09 3.31787E+09
2.53234E4+09 2.35656E+09 1.70338E+09
5.50761E+09 5. 12462E+09 3.71182E+09
4 6B8B3E+09 4 .36098E~09 3. 15694E+0P
4 9B422E+09 4 .63761E+09 3.35877E+09
4 .23108E+09 3 .93799E+09 2.86763E+09
6.89253E+09 6.41386E+09 4 .64476E+09
5.82004E+09 6.41600E+09 3 .92080E+09
4 . 44033E+09 4.13191E+08 2.98901E+09
4 02527E+09 3.81070E+09 2 .75518E+09
1 .60846E+09 1.49660E+09 1.08127E+09
7.13880E+086 6.64133E+08 4.79390E+08
1 23418E+09 1.14840E+09 8.30116E+08
7.726322+08 7.19027E+08 6.20131E+08
2 .06304E+09 1.91978E+09 1.387615+09

. .



Table 4.3-a Calculated Saturntid Midplane Activities in Calvert Cliffs
Unit-2 Surveillance Capsules (12 M Cycle)

Saturated Activities for 7° Saturated Activities for 14°

Surveillance Capsule, Bo/g Surveillance ggg'!!o, Bg/g
Dosimeter R = R= R= Re= Re=
or Flux 216 .379cm 217 Ol4ce 217 .649¢cm 216.379¢ce 217.0l4em 217 .649¢m

s‘re(n,p)s‘ln

5.95E6  5.36E6  4.78E6 ¢.68E6  4.13B6  3.70E6
Bhitn,p)%co B.45E7  7.6287  6.81E7 6.48E7  6.86E7 .25
Bouin,a)®%o 7.40Bf  6.66E5  5.98ES 5.95E5  5.36E5  4.82ES
Botn, )" os 22587 2 BT 1.0287 1.68E7  1.88E7 1 44E7
238yn,1)"%%0s «.75B6  4.35B6  3.91E6 3.88¢6  3.29E6 2 90E6
Crin,p)*%sc  1.66E6 ] . 49E6 1 .33E6 1.81E6  1.18E6  1.05E6
$(EB>1.0 MeV)  6.84E10  6.35E10 5.73E10  5.11E10  4.76E10 4. 31E10
$(E>0.1 NeV)  1.22E11  1.17E11  1.08E11  9.11E10 B8.71E10 8.10E0

- - r - 1
FLU k,;\..vEf'.. L



Teble 4. 3-b Calculated Saturated Midplane Activities in Calvert Cliffs
Unit-2 Surveillance Capsuies (18 M Cycle)

Seturated Activities for 7° Saturated Activities for 14°
rveillance sul / Surveillance Capsule, Bg/g

Drsimeter B= R = K= Re= Re= R=
or Flux 216 378cm 217 0ldew 217 648cw 216.379cm 217.0l4ce 217.648¢cn

pe(n,p)®un 5. 69E6  5.12B6  4.8786 4.27B6  3.84E6 3. 44E6
8Nin,p)%%co 8.08E7  7.2087  6.51E7 6.0387  5.46E7  4.88E7
ou(n,a)®co 7.0885  6.38E5  5.73E8 5.85E5  5.00ES  4.80ES
B, 0)"%cs 21587 2.01E7  1.84E7 1.86E7  1.47E7  1.34E7
¥38(n,1)1%7cs «.64B6  4.16E6  3.74E6 3.3386  3.06B6  2.76E6
rinp)*%sc 1.89E6  1.43E6  1.28E6 1.22B6  1.10B6 9 B4ES
$(B>1.0 MeV)  6.53E10  6.06E10 6.48E10  4.76E10  4.43E10  4.01E10
G(E>0.1 MeV)  1.17E11  1.11E11  1.08E11  8.48E10  B8.11E10 7.54E10

- ~ 0 i
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Tetle 4.3-¢

Dosimeter

R =

6‘re(u.p)!“un
88%i (n,p)%8co
30u(n,a)®%o
23%%p(n,1)'370s
238)(n, 1)137¢s
‘sTi(n.p)‘BSc
¢(E>]1.0 MeV)
S(E>0.1 MeV)

PEG/CALVERT

Calculated Saturated Nidplene Activities in Calvert Cliffs

Unit-2 Surveillance Capsules (24 N Cyele)

Soturated Activities for 7°

Surveillance Capsule, Ba/g

4
6.
5
1.
3.
- ¥
5.
9.

6UE6
527
82ES
71E7
64E6
30ES
22EI0
31EI0

R

4.
5.
5.
1.
3.
|

4.
8.

217.0l4cm

14E6
80E7
24E5
61E7
34E8
16ES
84E10
87E10

3.
5.
‘.
1.
3.
A
4.
8.

70E6
26E7
71E8
47E7
OOES
04E6
38E10
24E10

3.22E6
4.54E7
4.32E8
1.14E7
2.47E6
9. 36LE5
3 49F10
6.18E10

2
4
3
1
2.
6
3
5

R = R= R«
217 .649cm 216.379cm 217 Ol4cnm

.91E8
JNE7
.B9ES
.UBE?
2766
42E5
.25E10
.92E10

Saturated Activities for 14°

~Surveillance Caprule, Ba/g

Rs=

17.648cm

2.
3.
3.
9.
8.
7.
2.
5.

61E6
68E?
S1ES
87E6
04Es
56ES
8SEI0
S1E10



Table 4.4 Non-Ssturation Fici;ro(h) Used in Dosimeters Activities

Dosimeter h1*3 (Cycles 1-3)

Feb54 0.7007
Nib8 0.5169
Cué3 0.3211
Ti46 0.5560
U238 0.0698

(‘)h ® non-saturation factor

. P,~“-°"\ Tj) ¢A(T-t))
)

h4 (Cycle 4)

0.6110
0.7384
0.1642
0.7542
0.0313

where factors Pj' Tj and T-tj are given in Appendix C.

PEG/CALVERT 17



Table 4.5 Comparison of Unndjnot;d Calculated and Measured Parametars of
Calvert Cliffs-2 Dosimeters Removed Following Cycle 4

Parameter !o"gtgg(” Q!cglggog(s’ C/E
FeS4 dosimeter activity (dps/gm)'?)  3.761B6 4. 1786 1.1
Nib8 dosimeter mctivity (dpo/n)u) 5.07027 5.40E7 1.06
Cué3 dosimeter activity (dpl/ﬂ)(a) 2.880ES 2.79ES ¢ 1.04
U238 dosimeter activity (dps/gm)‘®) 3. 78ES ¢.23E5 1.12
Tid6 dosimeter activity (dpt/n)(” 1.07E6 1.09E6 1.01

“)A'!OR values taken from Reference 1.

(2)At center of capsule; time of removal from reactor.
(3)“10R)4 ® dosimeter activity at BOC-4

~Ar
= (Aopls ¢+ (Agap)igw Ny

where (Arop)3 = (Agar)ioMMye3

and (Agpr)iom: (Agar)igm * saturated activites for 12 and 18 month cycle:
respectively, and h103' hy = non-saturation factors from Table 3;

r = tipe (d) from BOCS to BOC4 = 578 days.

PEG/CALVERT ' 18



Table 4.6 “Measured"” Seturated Activities (ASAT) for 12 and 18 Month
Cycles, Basel on Cycles 1-4 Dooinctry(z)

Center of S.C. (12 M Cyecle nter of S.C. (18 M Cye¢l

Dosimeter (1) (2 (1) (2)
st Ao Aar Aror Asar
54pe(n,p)un 3.76E6 4.84E6 3.76E6 4. 62E6
58yi(n,p)%8co 5. 10E7 71987 5.10E7 6.88E7
630u(n,a)%%so 2. 68ES 6.41ES 2. 68ES 6. 14E5
238);(n, 1) 137, 3.78ES 3.88E6 3.78ES 3.71E6
461 (n,p)*Cse 1 .07E6 1.47E6 1.07E6 | . 41E6

(I)ATOR values taken from Reference 1.

(2)805 Appendix D for definition of measurad saturated activities

PEG/CALVERT 19



Rp - covesy -

Teble 4. 7-a Dctcrninatio; of "Adjusted” ¢ (>1) in 8§.C. for

12 Month Cycles

Adjusted ¢ 1) (D)

CENTER FLUX
Dosimeter Measured A§AI Calculated a.ff

$4pe(n.p) %m0 4.84E6 0.135
58yi(n,p)%8co 7.19E7 0.17
830u(n,a)®%o0 6.41E5 0.0016

238y, ¢)1370, 3.88E6 0.452

461 (n,p)4sc | .47E6 0.0231

Average

(Mpdjust ¢ (1) »

PEC/CALVERT

[ASAT] measured

No Ia.ff] eslc,

5.73E10
6.00E10
6.11E10
5.65E10
6.25E10

§5.95EI0



Table 4.7-b Dctorn!nntioﬁ of "Adjusted” ¢ (>1) in 8.C. for
18 Month Cycles

CENTER FLUX:

Dosimeter

Measured A§AI

8‘Fo(n.p)“ln
5'Ni(n,p)5°Co
30u(n,a)%%o
238y (n, 1) '370y
‘sTi(n.p)‘GSc

4 62E6
6. B8E7
6. 14ES
3.71E6
1. 41E6

(1)

PEG/CALVERT

Adjust ¢ (>]) =

[ASAT] seasured

No [0.{f1 calc.

Calculated o,

Adjusted ¢ (>1)(1)

ff
0.135
0.172
0.0016
0.452
0.0231
Average

5.47E10
5.71E10
5.85E10
5. 41E1D
6 .00E10

5.68E10



-

Teble 4.8 Reictive Azimutha) Vlriation(.) In ¢ (> 1 MeV)
Incident on Vesse)

X ]
1 1.25000E+00
2 3.75000E+00
3 5.62800E+00
4 6.37750E+00
5 6 .64000E+00
[ 7.00000E+00
7 7.35850E+00
8 7.62200E+00
9 8.37099E+00
10 9 .62500E+00
11 1. 08750E+01
12 1.21250E+01
13 1.30040E+01
14 1.33778E+01
15 1 .36400E+01]
16 ] .40000E+0]
17 1 .43605E+01
18 ].46220E+01
19 | . 49300E+01
20 1.55580E+01
21 1 . 65000E+01
22 1.75000E+01
23 1.85000E+01
24 1.9500CE+01]
25 2 .0500CE+0]
26 2. 15000E+01
27 2.25000E+01
28 2 .35000E+01
29 2 45000E+01
30 2 55000E+01
31 2 .65000E+0)
32 2.75000E+01
33 2 .84000E+01
34 2.98118E+01
35 3.00600E+01
36 3.12330E+0]
37 3 18847E+01
38 3.20500E+01
39 3 .25500E+01
40 3.30500E+01]
41 3.35500E+01
42 3.41962E+01
43 3 . 47000E+01
44 3.49150E+01
45 3.53723E+01
46 3 .60720E-01
47 3 .71220E+01

PEG/CALVERT

12 N Cycle

(=4
<
o

2O D®POW@WOWW WP DO
A PVLWIO®IID —~D D
RSS2 DO—~®WLN

17
680
664
. 683
654
.658
. 648
624
.602
.586
877
875
579
586
.596
.607
817
624
.628
.629
.620
612
611
.60%
607
. 604
.600
. 508
589
. 584
881
573
561
544

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

18 N Cycle
.000
. 987
953
. 906
.878
.858
.854
.864
.880
.B53
. 808
156
17
. 680
.663
637
. 626
.626
.629
.620
585
873
5587
549
.546€
549
.586
. 565
.876
.585
582
586
.587
. 868

.580
578
.876
578
.B70
.566
. 560
566
. 563
546
B34
518

OOOOOOODOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOQ—

24 M Cycle

000
965
%01
. 847
814
788
174
117
.780
740
.6980
. 640
.608
588
.563
.54)
533
. 533
.536
529
5l4
501
491
. 488
. 483
. 483
485
. 488
. 490
492
491
. 487
. 481
. 468
461
459
. 456
4581
447
442
. 437
.431
428
426
. 420
413
402

COO0O0OOOCOCOO0O OO0 O w

COO0 0000000000000 OO0



48
49
50
51
52
83
od
L1
56
87
58
59
60

OB ELIdEOELIILILLDLD®

.81720E+01
.8B720E+01
. 95720E+01
02360E+01
07750E+01
. 12800E+01
. 17800E+01
. 22500E+01
. 27500E+01
. 32500E+01
. 37800E+01
. 42500E+01
. 47500E~01

(a)

=R -R-R-R-R-E-E-N-N-N-N- N

827
817
.508
501
498
490
493
492
492
492
493
494
494

Peak value normalized to unity

<
-

~R-R-R-R-R-R-R-R-R-N-F-N-]

. 803
494
. 486
. 480
477
478
474
473
478
473
474
478
478

0.392
0.388

378
373
.370
. 368
.366
. 364
.863
. 363
. 363
. 363

OO0 O0OO0OO0O0O0OO



Table ¢ & Calculated ¢ (E>]1) in Surveillance Capsules and Lead Phctoru(l)
for Calvert Cliffs Unit 2

AZIMUTHAL LOCATION: 6 = 7°

RPV Lead 1/4T Lead 3/4T Lesd

cle e Factor Factor Factor
12 M 1.26 2.11 10.35
18 M 1.24 2.09 10.23
24 M 1.18 1.97 9.74

AZINMUTHAL LOCATION: © = 14°

RPV Lead 1/4T Lead 3/4T Lead
cle e Factor Factor Factor
12 M 0.94 1.58 7.78
18 N 0.91 1.588 7.48
24 M 0.79 1.32 6.54
(1) $ye (1)
ILF = 35D , where ‘.c is the calculated flux at the center
pv of the surveillance capsule, and ¢ is the

paxisuz calculated flux incident at P' the
indicated RPV location.
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Table 4.10 Peak ¢ (>1) in RPV of Calvert Cliffs-2

Radin1‘®’ 124 Cye1e® 121 Cyete!®) 16M Cyele’®) 18 Month® 24u Oycrel®)
cation adjusted caleculat calculated adjusted calculated
Location Adjusted calculated calculated talculated

IR RPV (R=221.29) 4.72El0 5.04E10 4 .89E10 4.59E10 4.10E10
1/4 T (R=225.98) 2.82E10 3.01E10 2.90C10 2.72E10 2.46E10
3/4 T (R=236.93) 5.75E9 6.13E9 5.92E9 5.56E9 4.97E10

(@)RpY 1iner begins at 220.5

RPV begins at 221.29
RPV ends st 242.4)

®)obtained by dividing adjusted S.C. flux (see Table 4.7) by lead factor
for 7° capsule in Table 4.9.

(c)Obtaincd by dividing calculated S.C. flux in Table 4.3 by lead factor in
Table 4.9. (Note: no experimental data iz available for 24 month
cycles.)

PEG/CALVERT €2



Table 4,11

DPA Values (Displacements Per Atom Per Second) in RPV of

Calvert Cliffs-2 Due to Neutrons with Energies Above 15 KeV

Radial Location 12M
220.885 7.70120E-1!
222.102 7.12429E-11
223.727 6.20802E-1]
225.351 5.30644E-11
226.976 4 .50996E-11
228.601 3.82092E~11
230.225 3.22920E-11
231.850 2.718B42E-11
233.475 2.27459E~11
235.089 1.88462E~11
236.724 1.53728E~11
238.348 1.22209E-11
239.973 9 .27444E-12
24) 598 6.21949E-12

18M

.44786E~11

.88783E-11
.99981E-1]
. 12647E~11
.35827E~11
.68842E-11
.11603E~11
.€2221E~11
.19337E-11
.81679E~11
.48154E~11
17754E~11
.93477E~12
.99104E~12

N e el L K K N W B+ N ]

. 28R28E-"!
808, 4E~1]
.04510E~11
.30185E~11
.64720E~11
.08381E-~11
. 59904E~11
. 18313E~11
.82302E-11
.50774E~11
. 22790E~11
7 BBTE~12
. 3P0OSOE~12
95297E~12



Table 4.12-a Calculated Fl;\oneo Multigroup-Spectra in Reactor
Pressure Vessel at Peak Axial and Azimuthal Location ( © = 0°) for
Calvert Cliffs Unit-2 (12M Cycle)

¢ ngﬁaog"
Upper o-T 1/4-T 3/4-T
Group Bnergy (NeV)  Re221.20 Re225.98  Re236.93
1 1.733E+01 0.13903E+08 0.66299E+07 0.11341E+07
2 1.419E+01 0.60230E+08 0.20019E+08 0.49589E+07
3 1.221E+01 0.24316E+09 0.11322E+09 0.17639E+08
4 1.000E+01 0.48806E+09 0.22636E+09 0.33443E+08
5 8.607E+00 0.86725E+09 0.39420E+09 0.53867C+08
6 7 .408E+00 0.21627E+10 0. 95554E+09 0.11839E+09
7 6.0658+00 0.30616E+10 V.13013E+10 0.14864E:09
& 4 966E+00 0.52688E+10 0.22331E+10 0.25428E+09
9 3.679E+00 0.36265E+10 0.16645E+10 0.21901E+09
10 3.012E+00 0.26524E+10 0.13040E+10 0.18234E+09
11 2.725E+00 0.29983E+10 0.15343E+10 0.22442E+09
12 2.466E+00 0.14882E+10 0.76602E+09 0.11316E+08
13 2.365E+00 0.38856E+09 0.22000E+09 0.36853E+08
14 2. 346E+00 0.18618E+10 0.10640E+10 0.18309E+09
15 2.231E+00 0.45795E+10 0.26908E+10 0.46962E+09
16 1.920E+09 0.47468E+10 0.3188°%+10 0.68395E+09
17 1.683E+00 0.63481E+10 0.44780E+10 0.10201E:10
18 1.353E+00 0.85161E+10 0.78817E+10 0.23706E+10
19 1.003E+00 0.61356E+10 0.55743E+10 0.21183E+10
20 B8.208E-01 0.20278E+10 0.23763E+10 0.8]1196E+09
21 7.427E-01 0.82006E+10 0.89881E+10 0.42637E+10
22 6.08]E-01 0.68423E+10 0.73336E+10 0.36854£+10
23 4.979E-0) 0.73867E+:0 0.82570E+10 0.41833E+10
24 3 .6BBE-0! 0.76526E+10 0.97683E+10 0.58806E+10
25 2.972E~01 0.967859E+10 0.10321E+11 0.54998E+10
26 1. 832E-01 0.88861E+10 0.10286E+11 0.58807E+10
27 1.111E-01 0.60800E+10 0.63931E+10 0.38518E+10
28 6.738E-02 0.51278E+10 0.49138E+10 0.25663E+10
29 4.097E-02 0.17887E+10 0.13060E+10 0.64403E+09
30 3.182E-02 0.90129E+09 0.40188E+09 0.19741E+09
3l 2. 606E-02 0.23025E+10 0.27642E+10 0.17347E+10
32 2 .41BE-02 0.14588E+10 0.16674E+10 0.11334F+10
33 2. 188E-02 0.27861E+10 0.25660E+10 0.14953E+10

......



Teble 4.12-b Calculated Noutro; Fluence Multigroup Spectra in Reactor
Pressure Vessel at Peak Axial and Azimuthal Location ( 8 = 0 )
for Calvert Cliffs Unit-2 (18N Cycle)

©
m
o

¢ goe!'zol"
Upper o-T 1/4-T 3/4-T
roup Energy (NeV)  Re221.20 Ra225.98  Re236.93
| 1.733E+01 0.15469E+08 0.64234E+07 0.10976E+07
2 1.419E+01 0.58343E+08 0.20108E+08 0.4798B6E+07
3 1.221E+01 0.23551E+09 0.10863E+09 0.17062E+08
4 1.000E+01 0.47268E+09 0.21917E+09 0.82348E+08
5 8 607E+00 0.83981E+09 0.38166E+09 0.52098E+08
6 7 .408E+00 0.20943E+10 0.92521E+08 0.11452E+09
7 6. 065E+00 0.29638E+10 0.12507E+10 0.14373E+09
8 4.966E+00 0.50883E+10 0.21604E+10 0.24572E+09
9 3.679E+00 0.35085E+10 0.16087E+10 0.21155E+09
10 3.012E+00 0.25658E+10 0.12610E+10 0.17610E+09
11 2 .725E+00 0.28002E+10 0.14836E+10 0.21672E+09
12 2.466E+00 0.14395E+10 0.740€6E+09 0.10827E+09
13 2.365E+00 0.37086E+09 0.21270E+09 0.35580E+08
14 2.346E+00 0.18008E+10 0.10287E+10 0.17675E+09
15 2.231E+00 0.44204E+10 0.26014E+10 0.45340E+09
16 1.920E+00 0.45004E+10 0.30817E+10 0.66008E+09
17  1.853E+00 0.61384E+10 0.43244E+10 0.98444E+09
18 1.353E+00 0.91989E+10 0.76132E+10 0.22864E+10
19 1.003E+00 0.59284E+10 0.53813E+10 0.20388E+10
20 8 .208E-01 0.28283E+10 0.22045E+10 0.78276E+09
21 7 427E-01 0.79182E+10 0.86704E+10 0.41066E+10
22 §.081E-0] 0.66054E+10 0.70723E+10 0.356B82E+10
23 4 .979E-01 0.71318E+10 0.79628E+10 0.40280E+10
24 3 .68BE-0! 0.73814E+10 0.94122E+10 0.56296E+10
25 2 .972E-01 0.93382E+10 0.99482E+10 0.52924E+10
26 1.822E-01 0.85427E+10 0.99081E+10 0.57241E+10
27  1.111E-0] 0.58661E+10 0.61883E+10 0.34188E+10
28 6.738E-02 0.49478E+10 0.47333E+10 0.24680E+10
29 4.097E-02 0.17364E+10 0.125873E+10 0.6193BE+09
30 3 .183E-02 0.87043E+09 0.38722E+08 0.18986E+09
31 2 606E-02 0.22178E+10 0.26498E+10 0.16663E+10
32 2 .418E-02 0.14009E+10 0.16024E+10 0.10876E+10
33 2. 1BBE-02 0.26844E+10 0.24671E+10 0.14349E+10
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Table 4.12-¢ Calculated Neutron Fluence Rate Multigroup Spectra in Reactor

Pressure Vessel and Azimuthal Loeation ( © = 0°)

for Calvert Cliffs Unit-2 (24N Cycle)

Upper
Group Energy (MeV)
1 1. 733E+01
2 1.419E+01
8 1.221E+0]
4 1.000E+0)
5 8 607E+00
6  7.408E+00
7 6.065E+00
8 4 .966E+00
9 3.679E+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 1.920E+00
17  1.683E+00
18 1.353E+00
19 1.003E+00
20 8.208BE-01
2] 7 427E-0)
22 6.0Bl1E-0]
23 4 .979E-01
24 3.68BE-01
25 2.972E-0)
26 1.832E-01
27 1.111E-01
28 6.728E-02
20 4 .097E-02
30 3.183E-02
31 2.608E-02
32 2 .418E-02
33  2.188E-02
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OO0 O O OO 0000 0000000000000 LO00O0OO0

29

¢ npc.:'o;"
O-T 1/4<7 3/4-7
P-2%) .20 R=225 98 Ra236 .93
. 11881E+08 0.55590E+07 0.94675E-06
.50126E+08 0.24272E+08 0.41304E+07
.20170E+08 0.94309E+08 0.14620E+08
.40426E+09 0.18826E+09 0.27671E+28
.T1678E+09 0.3271€E+09 0.44461E+08
.17856E+10 0.798253E+08 0.97652E+08
.25196E+10 0.10750E+10 0.12216E+09
43157E+10 0.18363E+1v 0.20776E+09
.29651E+10 0.13680E+10 0.17838E+09
.21668E+10 0.10684E+10 0.14832E+09
. 24476E+ 10 0.12560E+10 0.18237E+08
.12148E+10 0.62695E+09 0.91920E+08
.31728E+09 0.17998E+08 0.28906E+08
.16190E+10 0.87010E+09 0.14851E+09
.37360E+10 0.22003E+10 0.38106E+08
. 38682E+10 0.26024E+10 0.55363E+09
.51700E+10 0.36495E+10 0.82514E+09
.T7383E+10 0.64101E+10 0.19110E+10
. 49740E+10 0.45179E+10 0.16982E+10
.23781E+10 0.19283E+10 0.65267E+08
.661958+ 10 0.72511E+10 0.34081E+10
B65162E+10 0.58060E+10 0.20483E+10
.59588E+10 0.66488E+10 0.33378E+10
.61390E+10 0.78256E+10 0.46495E+10
.T7868E+10 0.82842E+10 0.43738E+10
.T1087E+10 0.82270E+10 0.47198E+10
.48838E+10 0.51122E+10 0.28142E+10
41218E+10 0.39300E+10 0.20325E+10
.144988E+10 0.10448E+10 0.51013E+09
.T2818E+09 0.32188E+09 0. 15640E+09
.18316E+10 0.21863E+10 0.13643E+10
J1819E+10 0.13162E+10 0.B8646E+09
.22205E+10 0.20280E+10 0.11692E+10



Table ¢.13 Radia) Gradient of Fast Fluence Rate [ ¢ (E> 1) )
Througn RPV, at Peak Azimuthal and Axial Locations
in Calvert Cliffe-2

‘ (E > 1 MeV)
-8 -l

Em&l IZE .._1![_ i .

220,895 5.19E10 B5.02E10 4.24El10
222.102 4.72E10 4.87E10 8 S6E10
223,727 3.98E10 3.B4E10 3.24El0
225.351 3.28E10 3.14E10 2.64El0
226.976 2.62E10 2.83E10 2.13E10
228.601 2.10E10 2.03E10 1.70El10
230.225 1.67EIC ' 61E10 1.35El10
231.850 1.32E10 1.28E10 1.07El0
233.475 1.04E10 1.01EI0 8.42E9
235.089 8.16E8 7.87E9 6.58E9
236.724 6 .33E8 6.10E9 5.10E9
238.348 4.83B9 4 .66E9 3.89E9
239.973 3.58ES 3 45E9 2.88E9
241 588 2 .43E9 2.34E% 1.95E8
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Table 4.14 Fluence {n RPV after 12 EFPY for Calvert Cliffs.2

PEG/CALVERT

Locati~n
RPV IR (R=221.29)

1/74T (R=225.8R)
3/4T (R=236.93)

N

€e neutrons. -2

1.69E19
1.01E19
2.05E18



Table 4.15 Determination of RPV Peak Fluence for Calvert Cliffs-2

Accusulated rluoneo(a)
Cycles Full Power Days neutrons.om"¢

1-3 (12 month) 1165.94 4.76E:8
¢ (18 month) 508.53 2.02E18
5-7 (18 month) 1242.92 4.93E18
8§ (24 month)' ! 586.17 2.08E18
9-EOL (24 month) 2’ 8184. 44 2.90E19
Totals  11688.00 «.28E19

(I)Projoctcd value based on estimated EFPD/cycle for cycle 8
2)Projocted. based on 32 EFPY lifetime

(3)12 month and 18 month cycle fluence rate bused on adjusted flux values

in Table 6; 24 month values based on calculeted fluxes froo Table 4.10.

o
n
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5. ADJUSTED REFERENCE TEMPERATURE DETERMINATION

NRC Regulatory Guide 1.99, 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 * aRTnpr * Margin (M)
where
ARTNDT s (CF“‘(O.ZB - 0.1 lO‘ f) (2)
and
CF = chemistry factor specified in Reg. Guide

1.99, Rev. 2.

f = fluence (*019 n/cmz, E > 1 Mey)

Margin = 2V012 * 0 é

&
initial standard deviation of data = 0°F

where °I

o, = 28°F for welds and 17°F for plate materials

Table 5.1a and b presents an evaluation of the ART of beltline materials
for 12 EFPY and 32 EFPY respectively. 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.

Fluence at various depths is given by,

f = f surface (Q-O.ZMX) (3)

The thrcugh thickness attenuation of &RTypy is calculated by using
equation (2).

The &RTypy values for the various depths for the controlling weld 2-203
for 12, 16, 20, 24, 28, 32, 36 and LD EFPYs are presented in table 5.2, Table

5.3 presents ART at 1/4T and 3/4T locations for the various EFPY.
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Table 5.1(a). ART Evaluation for Beltline Materials

for 12 EFPY
Chemistry Initial ARTNDT Margin

Material Cu Ni C.F. RTNDT'F Surface °F °F ART
Weld 2-203 0.1 1.0 161 -56 184 §¢ 184
3-.203 0.23 0.23 120 -80 137 56 113
9-203 0.22 0.05 101 60 116 56 112
Plate D-8906-1 0.1 0.56 107 10 122 34 166
D-890€-3 0.6 0.55 98 5 112 34 141
D-8907-1 0.15 0.6 110 -8 126 34 162
D-8907-2 0.4 0.66 102 20 117 34 171

NOTE: D8306-2 and DB907-3 are not included because they are bounded by the
chemistry and initial RTy,o by D8906-1 and DBS07-2, respectively.

Table 5.1(b). ART Evaluation for Beltline Materials for 32 EFPY

Chemistry Initial ‘RTNST Margin

Material Cu Ni CF; RTNDT‘F Surface °F °F A&RT
Weld 2-203 0.12 1.09 161 -56 222 56 222
3-203 0.23 0.23 120 -80 165 56 189
§9-203 0.22 0.05 101 -60 139 56 135
Plate D-8906-" 0.1 0.56 107 10 147 34 191
D-8906-3 0.4 0.55 98 5 135 34 174
D-8907-1 0.1 0.6 110 -8 151 34 177
D-8907-2 0.4 0.66 102 20 140 34 194
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Table 5.2. ARTNDT vs EFPY for Controlling Weld 2-203

ARTNDT ARTNDT ARTNDT

Surface (174 T) (344T)
EFPY F r i J
12 184 161 115
16 196 173 127
20 204 183 136
2k FAR 190 144
28 216 196 151
32 222 201 157
36 224 206 162
40 228 210 166
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Table 5.3 Adjusted Reference Temperatures (ART) at
1/6 T and 3/4 T for Controlling Weld 2-203

ART (/4 T) ART (3/4 T)

EFPY r e ]

12 161 11§

16 173 127

20 183 136

L 190 144

28 196 151

32 20 157

36 206 162

; 40 210 166



6. HEAT-UP AND COOL-DOWN LIMITS

The adjusted reference temperature (ART) for 12, 16, 20, 24, 28, 32, 36
and 40 EFPYs were presented in Section 5. These ART values were used to
develop the pressure-temperature limit conditions for the EFPYs descr!bed
above. An inhouse computer program PTLIMT was used. The generic procedures
for PTLIMT are described in Appendix D.

The following pressure vessel constants were employed as input data in the

Calvert Cliffs Unit 2 analysis:

Vessel Inner Radius, ri * 86.81 in.
Vessel Outer Radius, r, = 95.43 in,
Operating Pressure, P, = 2235 psig
Initial Temperature, Ty z 550°F

128.8 x 10° lom/nr

Effective Coolant Flow Rate, Q

Effective Flow Area, & 39.83 ft°
Effective Hydraulic Diameter, D = 22.44 in.

Heat-up limits were computed for heat-up rates of U0°F/hr, 50°F/hr,
60°F/hr and T70°F/hr. Cool-down curves were computed for cool-down rates of
0°F/hr, 20°F’»r. S50°F/hr, and 100°F/hr.

Figures £.!' and 6.2 presents 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 inservice leak test curves are
incorporated. In developing 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
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allow for possible errors in measuring instruments and account for 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 U0 EFPYs. Appendix F contains the P-T limit tables
for varying cocldown rates for 12 EFPY. Appendix G presents the P-T limit

tables for isothermal conditions,
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APPENDIX A

Determination of Space-Dependent Source Distribution
for Transport Analysis of Calvert Cliffs.2
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Appendix A Determinstion of Space-Dependent Source Distribution

for Trancport Analysis of Calvert Cliffs-2

The spece~dependent source distribution used in the transport
calculations was obtained by combining the assembly-wise power distribution
with relstive pinwise power values for the peripheral assemblies (i » . XY
Zones §, 18, 26, 34, 42, 49 in Figure 1). The relative asseably-wise power
distributions for the 12, 16, and 24 month cycles are shown in Figure A1,
These values were obtained by everaging BOC, MOC, and BOC absolute sssembly
powers provided by Baltimore Gas end Electric as representative for the
eppropriste cycles and then dividing the average assembly power. (The 24
month cycle distribution corresponds tc & projected MOC core ) Note that il
interior ussemblies are approximated as having a unity relative power (§ e ,
producing the average power). Since the interior eleméfits contribute
negligible smount to the RPV fluence, this spproximation is very adeguate.
The sbsolute assembly power distributions provided by BGRE for each type of

cycle is given by Table A.l.(l)

The power density is sassumed flat within the interioY assemblies, but is
represented with a pinwise variation for the boundery assemblies, which
account for virtually all of the RPV fluence. Baltimore Gas and Electric has

confirmed that the relative pin-power variution within the periphera)

assenblies is similar for Calvert Cliffs Units | and 2;(2) therefore the same

relative pin-power values obtained for the previous Unit | nnllylis(a) vere

also used in the present Unit 2 calculations. Exsminstion of the BOC, MOC,
end BOC relative pin powers provided by BGKE shows that the MOC distribution

18 a good approximation for the average over the cycle, and hence was used



8¢ the representative pinwise variation. The relative pin power in the
peripheral assenblies are very similar for the 12 and 18 wonth cycles, and
therefore the 18 month is used for both (the assembly-wise distributions are
different, however). Tables A 3-A 4 give the relative pinwise varintions for
configuration in Figure A ] (given in "FIDO FORMAT').

The combination of the sssembly and pinwise powerr results in an
sbsolute space~dependent power density defined for the quarter core. The

power density values are converted to & source density by multiplying by the

factor,

7 B4 x lCIG neutrons/s

The 1/4 core XY sovrce distribution is then mapped onto the 1/8 core RO mesh

used in DOT by utilizing an interpolating program previously developed for

this purpose.
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Figure A.1 Relative Power Distributions (Assembiy-wise) Zone
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Teble A 1. Absolute Assenbly Powers (II"‘) for Calvert Cliffs-2

Zone 12 Month Cyele 18 Montn Cyele 24 Month Cycle
. 3.1 8.1 3.1
¢ 2 6.22 6.22 6.22
e '3 6.22 6.22 6.22
. 4 6.22 6.22 6.22
* 8 6 22 6.22 6.22
. 6 6.22 6.22 6.22
. 9 7.16 5.96 8.02
' 8 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 19 .44
18 12 44 12 44 12 44
14 12 44 12 44 12 44
15 12 44 12 .44 12. 44
16 10 60 13.43 13.27
117 13.16 12.17 14.10
18 § 82 8.02 « .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 1244 1244
25 12 44 16,12 15 62
26 18.72 11.36 1083
. 27 6.22 6.22 6 22
28 12. 44 12 .44 12 44
29 12 44 12. 44 12 44
30 12 44 12.44 12 .44
3 12 44 12. 44 12.44
32 12 44 12 44 12.44
33 13.41 13.18 13 .53
34 12.16 11.36 10.76
. 35 6 22 6. 22 6.22
36 12 .44 12.44 12. .44
37 12 44 12 .44 12 44
38 12 44 12. 44 12 .44
38 12 44 12. 44 12 44
40 12. 44 12 44 12 44
4 14 45 12.48 13.26
42 9 35 8 .48 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
45 12 44 12 .44 12 44



4 10.18
50 0.0

o w
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o N

(*) indicates |/2-assenbly zone
(**) indicates )/4-asnembly zone
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1.12 1.07 1.06 1.04 1.901 1.056 1.13 1.07 .93 .80 76 .79 .52 .56
1.97 1.92 1.00 .99 .98 1.13 2.90 0.08 .97 .77 .70 .64 .%8 .52
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Table A.3. Continued
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Description of the 3D Flux Synthesis Method
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Appendix B. Description of the 8D Flux Synthesis Method

A 3D (R6Z) flux distribution is synthesized using the following well

estoblished approximation:

(R, 2)
¢(R.6.2) = O..(l..) - € d'. AR Z) B.l

wvhere ‘lﬂ is the flux obtsined from the R® DOT ccleulation; and

¢
ARZ) ® 35£- e axial distribution funccion chinined by
R representing the RI Tlux « (wg,) distribution
and dividing it by the in.cgrai vver Z af the
Re five, j.e.,

by ® Sy vpp &2

In some previcus studies the RKZ flux distridvtion was represenced by the

results obtained from a 0T RZ calculation, while the radial flux é. was

obta'ned from a one-dimensional calculation. However, it has been discovered
thet & simplier approximation gives similar resulte (within a few percent) ue
the results of these transport calculations for locations not outside of the

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

AR,Z) ® :E-’—:ﬁ) 'T;";% B.2

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 MOC, which was provided by
Baltimore Gas and Electric. The relative ,xinl power values were provided at

51 points for the 12 and 18 month cycles, and at 24 points for the 24 month

Bel



Appendix B Description of the 3D Flux Synthesis Method

A 3D (RBZ) flux distribution is synthesized using the fellowing well

established spproximation

(R.2)

¢
$R0.2) = ¢”(n.0)—3§;m—- .« by ARZ) B

vhere ‘BO is the flux obtained from the R® DOT calculation: and

r2
A(R,Z) » 3 = axia) distribution function obtained by
R representing the RI flux = (0gy) cistribution

and dividing it by the integral dver 2 of the
RZ flux, i.e.,

b v Jp o 4.

In nowe previous studies tue RZ flux distribution mus vepresented by the

results oboained from o DOT RZ caleulation, while the radial flax t, wae

obtained frum & one-dimensional caloulation. However, it Fas bees uissovered
that @ siwplier approxisation gives similar results (within o few perient) &s
the results of these transport coleulstions for locations not outs'se of the

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

AR,Z) ® ﬁ&%;_“f’ .TZ—F% B.2

where P(Z) is the average axial distiribution of power in the core. The
function P(Z) has been represented by discrate 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

cycles, and at 24 points (v the 24 month cycle.
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Therefore employing the expression eq. B.2 for axial point k, we
find

P
ACR.Z) w A(Z) = Al . ],quz! ; k=l, 0 of axial points

There are 851 points used for the 12 and 18 month eycles, in the axisl
dimension. The 5] points define B0 nodes (i.e., intervals). To eslculate
the integrated axial power we use the expression

o 50
o P(2)dz kz LA B.3
=)

whery r‘ is the average power (reletive) in the kth axiasl node. This value

P P
16 approximatey by Ft . ~l-3-!!1l , where Pk and Pt': are the print powers

taken from the a.ial power dets provided by BGAE

Equatirn B § wss ased to appronimate the denominetor of eg. B.2, for the
12 and 18 month ¢ycles.

The axial distribution provided by BGAE for the 24 monti cyele only has
24 intervals instead of 5] as for the 12 ard 18 month cycles. A similar

development for this gives
Mrprez ;:‘ B, a2 B4
0 4o} 3%

Equation B.4 was used to approximate the denominator of eq. B.2 for the 24
ponth cycle.

The final axial synthesis factors for the 12 and 18 month cycles are
given in Table B.1, and for the 24 month cycle in Table B.2.

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

B2



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

(a) find the flux or sctivity at the appropriate (I'. QJ) location in the DOT
run

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

(¢) compute the 3D value using expression

‘(.l. oJo H) " ‘.(.l. .J).ﬁ.
(*) For example, in the 18 month cycle the peak power csrresponds
approximately to Z = 3 .20 feet from the bottom of the core. From Table B 1 it
cen be seen that the exial flux fector for this location is equal to 3.17 x

10'3. Therefore 21l mctivities and 7luxes in the DOT PO output should be

sultipiied by this factur in order to obtain the corresponding peak valuss

B-3



Table B.]1 Calvert Cliffs Unit 2 Axial Distribution Facters
for Flux Synthesis: 12 and 18 Month Cycles

Height (feet ﬁ. 12 Month ﬁ. 18 Month

11.4300 1.84446E-03 1.74971E-03
11.2000 2.02698E~03 1.94625E-03
10.9700 2.192587-03 2.12788E-03
10.7400 2.34726E~03 2.29373E~03
10.5100 2 .48415E-03 2.44322E-03
10.2800 2.60497E~03 2.57607E-03
10.0500 2.70972E-03 2.69199E-03
9. 8300 2.79898E~03 2.79155E~-03
§.6800 2.87331E-03 2.87734E~03
9.3700 2 .93320E-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 3.0R053E~0)
8.0000 3.08554F-03 3. (9139E-D3
7.7700 5. 04302803 3. 08652E~00
7.5400 3.03976E~03 3 .07734E~-03
7.3100 3 C2799E~08 3.065287-03
7.0800 3.01565E-02 3 06208E~-03
6 8500 3.003¢28~-03 3. 0386907
6.850C 2.9938. ¥ 03 3.425696~03
6.4020 2 9E500E~22 3.01737F~03
6.1700 2.96180 &~y 3.01077E-v2
*. 8400 % 98005E~LY 3.00781E~02
$. 710 2.98437C~03 3.00:86E~03
5.4800 2.99097E-03 3.00388E-03
& 2600 3.00274E-03 3.03688E~03
£.0300 3.01823E~02 3.02856E~03
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 3.11234E~0%
3.8800 3.12270E~03 3.13357E~03
3.6600 3. 14049E~08 3.15194E-03
3.4300 3.15628E~03 3.16871E-03
3.2000 3.16144E~03 3.17317E~03
2.9700 3.16144E-03 3.17231E-03
2.7400 8.15226E-03 3.16169E~03
2.5100 3.13246E-03 3.13960E~03
2.2800 3.10031E~03 $.10431E~03
2.0600 3.05497E~-03 3.05467E~03
1.8300 2 .99499E~03 2.98925E-03
1.6000 2.91923E~03 2 90690E-03
1.3700 2 B2739E~03 | 2.80733E~03
1.1400 2.71891E~03 2 68940E-02
0.9100 2.59321E-03 2.55369E-03

8ok
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0.6900 2 ¢5029E-03 2.39960E-03
' 0.4600 2.20072E-03 2.22773E-03
0.2300 2.11480E-03 2.06160E~03
0.0 1.92367E~03 1.83349E~03



Table B.2 Calvert Cliffs Unit 2 Axia] Distribution Factors
for Flux Synthesis: 24 Month Cycles

Height (feet) Ay 34 Nonth
11.2500 1. 48084E-03
10.9600 2.02411E-03
10. €600 2.43010E~03
10.3700 2.66129E-03
10.0800 2.87990B-03
9.6200 3.02504E~03
8.9700 3.08738E-03
8.3100 3.10188E-03
7.8300 3.10188BE~03
7.3500 3.10188E~03
6.6900 3.09896E-03
6.0300 3.10188E-03
5.85G0 3.10773E~03
5.0700 3.11649E-03
4.4100 3.13109E-03
3.7600 3.14278E-03
3.2700 3.15446E~03
2.7%00 3.15738E-03
2. 1300 3.11041E~-03
1.4800 3.01134E-03
1.0220 2. B4485E-03
0.7300 2.61703E-03
0. 4380 2.23149E~03
0.1480 1.68990E~03




APPENDIX C

Energy Croup Structure and Dosimeter Activation
Cross Sectiovins Used in Transport Calculations
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Energy Group Structure and Dosimeter Activation
Cross Sections Used in Transport Calculations
are presented in Tables C.1 and C.2.

PEG/CALVERT : c-1



Table C.1 SAILCR 47-Group Library Bnergy Structure

Group lover energy Croup Lover energy
(Mev) (MeV)

! 14,19 28 0.183

2 12,21 26 0.111

3 10.00 27 0.0674

4 8.61 28 0.0409

. 7.41 29 0.0318

. 6.07 30 0.0261

? ‘.97 3l 0.0242

8 3.68 32 0.0219

9 3.0l 33 0.0150

10 2.73 34 7.10 x 1073
1l 2.47 35 3.3 x 1073
12 2.37 36 1.59 x 1073
13 2.3% 37 4.5 x 10
A 2.23 38 2.16 x 1074
15 1.92 39 1.01 x 10=%
1€ 1.6 40 3.73 x 1073
17 1,38 4! 1.07 x 10°3
18 1,00 42 5.06 x 10~6
19 0.821 43 1.86 x 10°6
20 0.743 o 8.76 x 10~7
21 0.608 45 6.16 x 107
22 0.498 46 1.00 x 10°7
23 0.369 &7 1.00 x 10-1!
24 0.298

*The upper energy of Group | is 17.33 Mev.



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

for Calvert Cliffc Unit 2

Group Energy U-238 Np=237 Fe-54 Ni=58 Cu~63
(MeV) (n,t) (n, f) (n,p) (n,p) (n,0)
1 1.733E+01 1.275E+00 2.535E+00  2.6B6E+0! 2.962E-01 3.682£-02
2 1.419E+01) 1.086E+00 2.320E+00 G AITE-01  4.G16E-0) 4,54 0E-02
3 1.221E+01  9.844E-0! 2.334E+00  5.276E-01 6.102E-01 5.357E-02
4 1.000E«01  9.864E~0]) 2.329E+00 5,.781E-01 6.588E-0] 3.811E-02
S 8.607E+00 9.8912-0) 2.248E+00  5.8B8E-01 6.5S3E-01 1.9062-02
6 7.40BE+00 6.574E-01 1.96528+00 5,590E-01 6.2858-01 9.277E-03
? 6.065E+00 5.849E-0) 1.520E+00 4.697E-01 5,365E-01 2.915E-03
8 G.966E+00 5.615E-01 1.538E+00  3,199E-01 3.917E-01 4.437E-04
9 3.679E+00 5.475E~01 1,63BE+00 1,762E-01 2.287E-01 3.568E-0%
10 3.012E«00  5.463E~0I 1.,680E+00  1.1SSE-0] 1.65BE-01 5.83)E-06
11 2.725€E+00 5.527E-01 1.697E+00 T7.755E=02 1.131E-D1 1.707E-06
12 2.466E+00 5.521E-01 1.695E«00 5,.111E-02 9.308E-02 6.834E-07
13 2.365E+00 5.512E~0I 1.694E+00  4.756E-02 9.232E-02 4.637E-07
14 2.346E+00  5.504E~0) 1.693E+00  4,484E-02 B8.614E-02 3.430£-07
15 2.231E+C0  5.390E-0! 1.677E+00 2,.008E-02 4.661E-02 1.1%0E-07
16 1.920E+00 4.685E-01 1.645E+00 4,77)E-03 2.660E-03 |,536E-08
17 1,65)E«00 2.706E-01 1.604E+00 6.335E-04 1,337E-02 0
18 1.353E+00 4.5022-02 L S543E+00 1.311E=05 &.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 6.081E-01 5.378E-04 6.437E-01 0 7.673E-06 0
23 4.979E-01 1.502E-04 2.642E-0] 0 8.903E-0? 0
24 J.68BE-0] 8.333E-05 8.800E-02 0 4.070E-08 0
25 2.972E~01  6.16BE-05 3.552E-02 0 L.832E-15 0
26 1.832E-01  4.668E-05 2.063E-02 0 0 0
27 1.111E=0l 4.015e-05 1.542E-02 0 . 0 0
28 6.738E-02 4.0002-0%5 1.228€-02 0 0 0
29 4. 087E-02 6.176E=05 1.088E-02 0 0 0
30 3.183E-02 - B.610E-0S 1.023€-02 0 0 0
3 2.606E-02 8.700E-05 1,002E-02 0 0 0
3 2,418E-02 B8.700E-05 9.906E-02 0 0 0
33 2.188E-02 8.700E-05 9.723E-0) 0 0 0
34 1.,5032-02  5.650E-0% 1.004E-02 0 0 0
K} 7.102E-03  4.860E-1] 6.506E~03 0 0 0
36 3.355E-03  7.439E-10 8.716L-03 0 0 0
37 1.565E~03  4.199E-04 2.303E-02 0 0 0
38 4.5G0E=04 | ,464LE-08 3.701E-02 0 0 0
39 2.144LE=04 1.044E-08 6.129E-02 0 0 0
40 1.013E-04 1.2432-08 9.027E~02 0 0 0
&) 3.727E-05 1.955E~08 2.296E-02 0 0 0
L2 1.06BE~05 3.086E-08 1,014E-02 0 0 0
(%) 5.043E-06 4,770E-08 4,011E-0Q2 0 0 0
b 1.B55E-06 7.171E=08 9.350E-03 0 0 0
45 8.764LE-07 5.067E-08 1.407E~02 0 0 0
“é 4,140E-07 1.881E-0D8 4,328E-03 0 0 0
47 1.000E-07 1.182E-09 8.332E-02 0 0 0

c-3
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Appendix D. Definition of “Measured Saturated Acitivity"
Used in Calvert Cliffs-2 Capsule Analysis"”

The tem "measured 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

i, the present analysis.

In the Calvert Cliffs-2 263° capsule snalysis following cycle 4, most
dosimeters did not remain in the core long enough to reach "saturation
conditions” (i.e., the activity 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 saturated
activity. However it is common to define a "measured saturated sctivity"”

(ASAT) by the rzlation:

(1) A'mR.hASAT'

(2) Asat = Ator/n

where h is the non-saturation factor given by

AT,  =A(T-t.)
(3) he TP (l-e ) e J
)

In reality the saturated activity is not measured at al] - only the TOR
gctivity is measured, and a "measured saturated mctivity" is then caleulated

using eq.(1),

L@ )



As shown in reference (1), eq. (1)~(3) are rigorous only if the core

power distribution does not change with time. If the distribution is
time~dependent, then the ides of & saturated activity i asbiguous, since the
different power distributions may cause the dosimeters to ssturate at
different sctivities. We encounter this difficulty in analyzing the
surveillance capsule frow Unit 2, which was exposed to eycles 1-3 having o
power distribution representative of a 12 month cyele, and to eycle 4 having
an 18 month cycle distribution. Which cycle type should be used in defining
the saturated activity? Obviously the simplistic expression in eq. (1) breaks
down whenever several different power distributions are involved; and it is

no longer clear how to define a "measured saturated activity" in terms of
ATOR' In the following development we derive an alternate expression to
eq.(2) for defining & "measured satureted activity" in terms of ATOR for the

Calvert Cliffs-2 analysis. [This derivation is easily generalized.)

We assume that a single power distribution can be used to represent all
12 month cycles; and another to represent 18 month cycles. It the dosimeter
were exposed to either of these distributions “or a long enough period of
time, it would obtain » saturated sctivity equal to AQ:T and Aé:T.
respectively. Note that in general

‘g‘r 5 ‘g'r ‘

and that the ATOR value should represert some combined effect of the two

power distribut.ons.

The value for ATOB &t the end of cycle 4 will be given by



‘2 ‘A T

18
() Apep ® Prag Agar

3«4
¢ Msar

« h

where h‘_.3 = non-saturation factor from beginning of cycle 1 to end of

cycle 3.

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

cycle 4.

7344 = time frem the end of cycle 3 to the end of cycle 4.

AéiT and A;: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

34 12

Asat

From this relation we define the "measured saturated activity" for the 12

month cycle to be

A
12 (TOR )meas .
[ Mgt ’ h‘(‘*_srg_'x’) ]
ASAT CALLC.

Note that eq (6) allows us to obtain a "measured” saturated activity by

utilizing the ATOR measurements; however it aleo requires knowing the retio




1

I which must be obtained from the transport calculations.

w3

-3

A

In & similer way we obtain the measured saturated activity for the 18

month eycle:

(M (Aé:T)ueol. . (A?g!;.!lgﬁri-_--
[h‘ . hl*a. M(%I ]C]Am

Agar

The results called measured saturated activities in Tables 62 and 6b

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

R. E. Maerker, M. L. Williame, B. L. Broadhead, "Accounting for Changing
Source Distributions in Light Water Reactor Surveillance Dosimetry Analysis, "
Nucl. Science Engr. 94, 281-308 (1986).

o
s
o



APPENDIX E

Pressure-Temperature Limit Tables For Calve-t Cliffs Unit 2
E-1 Heat-Up Conditions
Rates: U40°F/hr
S50°F/hr

60°F/hr
70°F/hr
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CALVERT CLIFF HEATUP AND COOLDOWN CURVES --- 12, 16. 00, 24, 28, 32, 36 AND 40 EFPY
HEATUP ANALYSIS ~ MEAT RISE RATE = 40.0 (DEGF/HR)

1@ EFPyY 16 EFPY 20 EFPY 24 EFPY 28 EFPY 3R EFPY 36 EFPY 40 EFPY

TEMP PRESS PRESS PRESS PRESS PRESE PRESS PRESS PREGE
70 0 461 0 441 | 427 3 416 3 407 7 400 7 398 2 91 1
7% 0 Aph 7 44 | 427 3 416 3 407 7 400 7 39S 2 2911
80 0 4k 8 641 | 427 3 416 2 407 7 400 7 398 2 291
8% 0 473 2 LY S 427 3 416 3 407 7 400 7 398 2 291 &
%2 0 472 9 bl 427 3 416 3 407 7 400 7 398 2 291 1
9% 0 abb | a4 1 427 3 416 3 407 7 400 7 368 2 911
100 © 42 5 441 | 427 3 416 3 407. 7 400 7 398 2 1.1
109 0 46! & 441 427 3 416 3 407 7 400 7 398 2 3911
110 0 463 0 443 3 427 3 416 2 407 7 400 7 388 2 3911
118 0 466 % 453 & 420 ¢ 416 9 407 8 400 7 98 2 911
120 0 471 8 447 3 431 % 419 1 409 3 401 7 398 ¢ 391.9
128 © 478 7 4%2 ¢ 43% & 422 ¢ a2 2 404 1 397 8 393 2
130 © 487 2 4%% 4 44 4 427 3 416 2 407 8 400 8 398 9
13% 0 497 2 a7 9 446 2 433 1 421 2 412 0 404 § 399. 9
160. 0 08 7 476 @ 4% 2 440 0 427 3 417 & 409 8 404 1
14% O 821 9 497 3 469 3 448 0 434 4 423 7 419 ¢ 409. &
190 0 93% 7 499 | 47% 8 4%7 0 442 4 431 0 22 2 419. 6
188 0 581 4 812 1 48¢ © 4% 9 4%1 9 439 1 429 ¢ 422 ¢
160 0 56 ° 826 4 499 2 477. 9 &A1 1 446 0 437 ¢ 430 3
169 0 %67 2 842 0 512 8 489 9 471 9 37 9 447 0 420.9
170 0 607 8 888 9 827 & 803 0 403 7 408 ¢ 437 0 4483
178 © 629 4 877 3 843 7 817. 3 49 480 3 447 9 450.9
180 © %3 1 897 | S¢1. 0 832 7 810 4 493 0 479 7 49 4
188 0 676 & 618 ¢ $79 6 545 4 828 8 50e @ 492 4 401. 4
190 © % & 641 7 600 1 867 4 S41 7 821 & 806 2 a4 &
198 0 716 0 bbb 7 622 0 %66 8 886 2 837 7 821 1 08 7
200 0 741 0 606 o 4% & 07 @ 878 1 898 0 837 2 | 0
209 © 76% & 709 2 6% 0 630 4 %96 ¢ 873 ¢ 984 8 840. 2
210 0 792 3 731 & 00 4 e%4 7 620 4 893 7 873 2 987.7
218 0 820 ¢ 7986 & 709 2 00 9 44 0 61% 3 993 35 876. 7
220 0 881 & 761 9% 731 ¢ 700. 7 669 & 6 & 614 9 7.1
22% 0 884 & 809 2 798 ¢ 722 9 6%. & o3 ¢ 638 1 619.0
220 0 920 0 8% 704 % 748 @ 710. ¢ %0 9 3 3 3. &
23% 0 9598 ! 8713 809 2 770. 9 741.0 719 0 €% | 640.0
240. 0 999 0 909 8 8.1 797. ¢ 76% 8 741.0 710.0 ¢93.3
248 0 1048 ¢ 943 8 07: ¢ 98¢ @ 798 3 768 @ 74% © . 2 &
as o 1090 0 983 3 909. 9 % 0 820 ¢ 792 3 768 0 748.0
2%% 0 1140 & 1026 9 942. 8 991.9 931 .6 820 ¢ 793 3 770. 9
260 © 11980 1070 ? 288 3 037 & [Ty %1 4 830 ¢ 720
26% 0 1393 3 1120 0 1024 9 %6 0 920.0 [ TS 0% ¢ e 9
£70. 0 1316.0 11720 1070. 7 1007. 9 990. 1 920.0 894 ¢ 0%.0
a’s o 1389 2 1229 % 1120 ¢ 1092. 0 o9 o e 1 99 0 | 4
200 0 1498 2 1290 4 1173. 0 1099 ¢ 1042 9 9 0 956 1 97.4
2080 1932 8 1399 7 1229 9 119, 2 1090. 0 1042 9 oW ¢ 9%4.0
a0 1649 4 1430 0 1390 4 1306 3 11040 6 10% 0 1042 9 1607. 9
a9 0 1704 2 1501 © 1399 7 1369 9 1198 © 1140 & 1090 0 1092. 0
300 0 1799 4 1961. ¢ 1429 0 1329 © 1292.3 119%. 0 1180 ¢ 1099. ¢
208 0 1901 3 1668 © 1904 0 1997. 2 1316. 0 13%3 3 1199 0 1190 8
310 0 2010 3 1760 9 1981 ¢ 1470 3 1383 2 1316 0 1392 3 1206. 9
31% 0 2126 9 1099 7 1668. 0 1948 ¢ 1498 2 1283 2 1316.0 1349. 9



CALVERT CLIFFS NEATUP AND COOLDOWN CURVES --- 12, 16, 20, 24, 28, 32, 36 FPY
HEATUP ANALYSIS - WEAT RISE RATE * 40.0 (DEGF/MR) i oo i b
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CALVERY CLIFF MEATUP AND COOLDOWN CURVES --- 12, 16, 20, 24, 26, 32, 36 AND 40 EFPY

HEATUP ANALYSIS « MEAT RISE RATE » 50.0 (DEGF/MR)

TEMP
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CALVERT CLIFF HEATUP AND COOLDOWN CURVES -« 12, 16, 20, 24, 26, 32. 36 AND 4
MEATUP ANALYSIS = WEAT RISE RATE = 50.0 (DEGF/HR) ok i

12 EFPY 16 EFPY 20 EFPY 24 EFPY 20 EFPY 32 EFFy Je EFPY 40 EFP

TEMW PRESS PRESS PRESS PRESS PRESS PREES PRESS PRESS
320 0 22%1 8 19¢% 8 1760 & 1632 7 1932 8 14%% 2 1383 2 1329 0
328 O 2384 ¢ 2079 3 18%% 7 1722 7 161% 4 1932 ¢ 1455 2 1297 2
330 0 2%26 3 2200 ¢ 19e% & 1819 2 1704 2 161% 4 1832 8 1470.3
338 0O 2678 4 2330 2 2079 3 1922 9 1799 & 1704 2 161% 4 1548 ¢
340 0 282§ § «4eB S 2200 ¢ «033 0 1901 3 1796 4 1704 2 1632 7
34% O 011 8 615 B 2330 2 21%1 1 2010 3 1901 3 1796 o 1722 7
3%0 © 3154 3 2774 | 2468 O 2277 & 2126 § «010 2 1901 3 1819 2
%% 0 3388 © 2%41 & 2615 8 24812 1 229%1 8 Qe ¥ 2010 3 1922 °
360 0 %91 © 3120 0 2774 ) 29%% € 2384 9 2% % 2126 © 2033 ¢
36% O 3808 0 3308 2 2941 & 2709 ¢ %26 2 2384 & 22%1 S 29N .1
370 0 A03% ¢ 3%09 7 3120 0 2873 & 2676 4 2%2e 3 2384 8 2277 4
378 © 4274 7 3720 2 320 2 047 & 2839 ¢ 2678 & %26 3 28121
380 © 4a%26 B 3943 2 3%09 7 R 2 0118 2839 9 2678 4 29%% 6
388 0 4789 9 4177 7 3720 2 2428 1 3194 3 3011 B 2839 9 2709 ¢
390 0 8121 6 4423 & 3945 2 3634 2 3386 © 3194 3 011 8 2073 4
398 0 5479 0O 4692 0 4177 .7 8% ¢ 3991 9 33688 0 3194 3 3047 4
400 0 5863 1 4985 ¢ 4423 ¢ 4082 9 3908 0 <L 3368 ° 23R 2
40% 0 6376 ¢ $333 0 4682 O 4333 ¢ 4039 ¢ 806 O %0, § 3426 )
410 © 6720 © $708 1 4998 ¢ 4%77 © 4274 7 403% o W08 O 3634 23
41% 0 7197 &4 6107 3 $333. 0 48%4 0 4526 6 4274 7 4038 ¢ W92 ¢
420 0 7710 & 6538 o 8704 1 8161 1§ 4709 ¢ 4526 B 4274 7 4002 . ¢
42% 0 8262 4 7002 3 6107 2 9993 ¢ s121. @ 4789 % 4%2¢ 8 4323 .9
420 0 8858 7 7500 ¢ 6938 ¢ 8043 3 8479 0 8121 8 4709 9 4377.0
433 0 9483 & 8036 ¢ 7008 3 6362 3 863 | 5479 O %131 & 4854 0
440 0 10179 4 8613 2 7900. 9 6012 8 6276 O 5663 | 8479 O 8191.1
448 0 10916 7 9233 ¢ 8034 ¢ 7397 1\ 6730 0 6276 © 5863 1 9883 . ¢
4% © 11709 8 9959 ) Setd 2 7617 @ 7197 & 6720 O 6276 O 9943 3
4%% 0 12%1 8 10619 4 232 9 8377 7 7710. 6 7187 A €720 0 62 3
40 0 13476 2 11389 9 9099 8979 ¢ 8263 4 7710 & 7187 4 60123 6
468 0 18463 9 12213 8 10618 4 Sove @ 809%% 7 8262 4 7710 6 73971
470 0 19822 € 13103 7 11388 . 8 10332 ¢ 9493 ¢ 88ss 7 8262 4 7817. 6
473 0 16661 B 14060 6 123213. % 11070. 7 10179 & Q493 ¢ 8ess 7 8377. 7
480 0 17886 3 15009 ¢ 13109. 7 11678 1 10916 7 10176 & 9492 ¢ 979 ¢
489 0 19202 ¢ 16196 3 13060 0 1273%. 0 11709 8 10916 7 10179 & %326 6
490 0 20016 ¢ 1728% 0 15009 ¢ 136469 & 12%1. 8 1709 9 10916 7 10323. ¢
498 0 22140 3 16664 0 1619 3 16649 3 13478 . 2 12%1 6 11709 9 11070.7
%00 0 2377% ° 20029 . ¢ 17309 . 0 19744 1 14463 9 13478 2 12%1 8 11879. 1
%09 © 2%%32 ¢ 219103 18664 8 16099 ¢ 19923 8 14463 8 13478 2 12739. 6
%10 © 27437 3 2367 @ 20000 @ 104432. 0 16661 8 19922 @ 16443 9 13649 ¢
8190 294460 9 24816. 0 21918.9 19477. 9 178084 . 3 16661 6 15932 6 14649.3
820 0 31647 3 264654 3 23107. ¢ 20914. 0 19202 ¢ 17886 3 16661 6 19744 ¢
929 0 399 20639 . 7 OBH B 22490} 20610 ¢ 19208 ¢ 178006 3 16099 6
930 0 365989 . 9 2079%3. 7 206094 3 24110 .3 R2140. 3 20610 4 19202 ¢ 101432.0
93%. 0 ¥212. 9 33037 3 20439. 7 Q%3 3 23779 22140 3 20618 4 19477.8
340 0 42164 b 26492 9 20783 7 27088 3 29538 ¢ 23776 9 2140 3 209164. ©
$48% 0 45308 @ W13 2037 2 29089 . ¢ 27427 .3 29%3% @ 23776 ° 20498 1
9%0.0 48683 1 40970 4 35493 9 R103. ¢ 29460 9 27427 3 29%3%. 8 24119.5
988 O 82314 | 44031 9 W18 2 4409 0 31647 3 20460 © 27427 3 2%90%. &
%60 0 26210 1| 47202. 7 40970 4 37083 4 33996 . | 31647 3 29460 9 27823 5



CALVERT CLIFF MEATUP AND COOLDOWN CURVES --- 12, 16, 20, 24, 28, 32, 36 AND 40 EFPY
HEATUP ANALYSIS - HEAT RISE RATE = 60.0 (DEGF/HR)

12 EFPY 16 EFPY 20 EFPY 24 EFPY 28 EFPY 32 EFey 36 EFPY 40 EFPY
e PREES PRESS PRESS PRESS PRESS PRESS PRESS PRESS
700 a4 ® 402 0 386 8 374 7 364 8 3%7 | 350 8 346 1
7% 0 424 5 402 © T 374 7 364 B 3%7 1 3% 8 346 1
80 ©° 424 9 402 © 386 8 374 7 364 B 3%7 1 3%0 8 346 1§
8% 0 424 5 402 ¢ 386 6 374 7 364 8 387 | 30 e 46 1
90 0 424 S 402 0 384 8 374 7 364 8 %7 1 3%0 ® 36 1
%% 0 424 5 402 0 386 8 374 7 364 8 3%7 1 3%0 B 246 1
100 © a24 5 ‘02 0 386 6 374 7 264 6 as7 i 3%0 8 346 1
109 0 aza ® 402 0 366 6 374 7 364 8 3%7 1 3%0 8 346 1
110 0 aR4 % 402 0 %6 6 374 7 304 ® 387 3%0 8 346 1
119 0 424 3 402 0 380 @ 374 7 364 6 287 1 3% 8 346 1
120 © 424 % 402 © 386 8 374 7 364 6 387 1 3% 8 3461
129 © 4z s 402 0 % @ 374 7 364 8 387 | 3% € %6 1
130 © 28 2 403 3 %7 3 374 7 364 0 387 1 3%0 8 346 1
138 0 432 % 406 1 389 1 37%. 8 369 3 3%7 1 3%0 8 346 1
140 0 4% o 410 23 392 3 378 1 356 9 3% 2 381 % 346 9
148 0 448 8 419 9 3% 7 301 ¢ 3% 7 360 4 383 3 348 0
1%.0 4% B 422 9 402 3 386 2 373 ¢ 363 7 3% 1 3% 4
188 0 48 2 4311 09 2 392 0 37 8 38 0 3%% 6 3830
160 © 477 0 440 7 417 3 396 9 284 4 ar 2 364 8 3% 0
16850 4%0 4 4% 6 426 ¢ 406. 9 391 4 379 & 370 1 33 2
170. 0 508 3 463 6 437 0 416.0 396 8 386 o 376 7 369 R
178 0 821 8 477 4 448 & 426 2 408 9 394 7 364 1 a7é.1
180 2 839 9 492 4 461.0 437 ¢ 4160 7 403 ¢ 392 8 ¥4 0
18% 0 9% § 308 9 476 % 450 2 420 9 a4 | 401 ® 927
190 © 861 ¢ 826 ¢ 491 7 o4 | 442 3 42% 3 412 2 402. 4
19% 0 &0% | S46 9 808 @ 479 2 4%8% § 437 & 423 ¢ 413 1
200 0 630 & 867 © 527 4 498 ¢ o0 7 481 | 436 1 €24 0
209 © 6% 3 891 0 847 & 813 9 486 7 46% 8 445 7 437 ¢
210 0 86 3 616 1 869 9 832 ¢ 804 2 481 & 4pd 8 4%1. 9%
21% 0 720 7 643 2 893 2 383 @ 823 1 499 0 480 § 4bb &
220 © 798 & 672 4 4160 876 7 843 8 817 7 497 @ a2 9
22% 0 793 2 704. 0 o4é. 9 601 2 868 7 837 ¢ 316 & 300. ¢
230 0 833 7 73 © %6 2 azr 7 96 s 859 7 336 6 219. 4
23% 0 877 & 774 & 700 4 5% 2 6193 %83 3 998 7 540. 9
240 0 924 3 914 0 743 9 87 0 643 0 608 7 %82 3 862 9
24% 0 974 @ 0% 9 -700 ¢ 780 o8 ¢ 636 0 607 7 06 &
2% .0 1029 1 902 1 820 2 788 7 708 0 66° 3 3% O 612.2
ass o 1087 4 99 2 863 2 794. 0 739 ¢ 57 2 664 3 6400
260 © 119 © 1000 9 e 0 e 3 776 0 733 % 2 . 9
26%. 0 1217. 3 1060. 9 9992 9.9 0169 748 0 7% 3 703. 0
a70.© 1209 4 1131. 3 1012. 7 9271 899 ¢ 807 4 766 ¢ 736. 6
ars o 1366 8 1106 & $0%0. © 78 .3 0 ) 0447 80¢ 3 773.8
280 0 1849 ¢ 12% & 1131.7 1039. 2 LT 998 3 846 7 $13.0
209 © 1832 9 1391. 7 1197. 0 1093 1 1009 ¢ 944.2 994 2 %7
290. 0 1619 & 1413 4 1240. 0 11080 & 1060 & "¢ 7 943 1 9020
299 0 1704 2 1498 0 1344 ¢ iaas. & 1127. 8 1053 | 999 6 953. 4
200 © 1799 4 1901 & 1429 . 0 1296 3 1193. 0 11137 108%1. 9 1009. &
208 0 1901. 3 1668 © 1804 .0 1374 9 1264 6 1178 7 1112 4 1062. 7
310 0 2010 3 1760 9 1981. 6 1499 3 1340. 9 1348 3 1177 3 1124.0
31%. 0 2126 9 10% 7 1668.0 1540 ¢ 1431 9 1323 | 1246 9 1109.0




CALVERT CLIFF MEATUP AND COOLDONN CURVES «-- 6 .
MEATUP ANALYSIS « MEAT RISE RAJE = 60.0 (DEGF/LR) " o' 24 28+ 32, 36 AND 40 EFPY

12 EFPY 1é EFPY 40 EFPY 24 EFPY 20 EFPY 22 EFPy 36 EFPY 40 EFF

TEN PREBE PRESS PREES PREES PRESS PREES PRESS PRESE
320 0 22%1 % 1968 @ 1760 8 1632 7 1909 1 1403 2 1321 o 1260
328 0 2084 8 207% 3 1699 7 1722 7 1602 8 1489 2 1401 7 1338 ©
3320 ¢ 2%26 3 2200 & 1968 8 1819 2 1702 & 1961 2 1487 9 1017 4
33% 0 2670 4 2330 2 2079 3 1922 1799 4 1679 8 1879 8 1804 ¢
340 0 2039 9 2468 9 2200 & 2033 © 1901 3 1788 & 1678 © 1997
348 0 3011 @ 2615 @ 2330 2 2181 1 2010 3 1896 3 1783 3 1696 ©
2%0 0 3194 3 2774 | 2468 % 2277 & 2126 % 2010 3 1896 1 1803 7
388 0 3388 0 2941 8 261% 8 2812 1 2291 8 2126 % 2010 3 1917. 6
360 0 3891 @ 3120 0 2774 | 2%%5 @ 2364 8 o251 8 2126 9 2033 ¢
368 O 2808 ¢ 3309 2 2941 8 2709 ® 2926 3 2384 8 251 & 21911
370 O 403% ¢ 3%09 7 2120 © 26873 & 2678 o «52¢ 3 *RI64 5 22377. 4
378 ¢ 4274 7 3720 2 3309 2 UCAT & 2029 ¢ 20768 4 2%26 3 24121
e o 49326 B 3943 2 3%09 7 3232 2 3011 8 B35 § 2670 & 2989 ¢
8% 0 4789 % 4177 7 3720 2 428 1\ 3194 3 3041 B 2839 ¢ 2709 ¢
3% 0 5121 8 4423 ¢ 3943 2 634 2 3238 ¢ 3194 3 11 8 2073 4
%% 0 8479 O 4682 0 4177 7 8% ¢ 3961 9 3388 0 3194 3 047 . 4
400 0 8963 1 4985 9§ 4423 ¢ 4082 8 2808 0 3591 9 3388 0 2232 2
408 0 6276 O 8333 0 4682 0 4323 ¢ 4039 ¢ W08 ¢ %91 9 3420. 1
410 O 6720 ¢ $706 1 4995 9 4%77 0 43274 7 403% » 2808 0 3634 .8
415 0 7197 &4 107 3 8333 0 4854 O 45326 6 4274 7 4039 ¢ 092 ¢
420 0 7710 o 6538 ¢ $706 1 8191 4 4789 9 4526 9 4274 7 4082 9
43% 0 8362 4 7008 3 6107 3 8883 ¢ %1231 @ A769 9 4326 € 4323 ¢
430 0 0ess 7 7800 9 6929 & 9943 3 8479 0 8121 @ 4789 8 4877.0
43% ¢ 9493 ¢ 8036 ¢ 7002 3 6363 3 9963 | $479 O s121 8 40%. 0
440 O 10179 & 8613 2 7800 ¢ 6812 8 6376 0 5863 1| 8479 0 9191. 4
44% 0 10916 7 9232 ¢ 8036 ¢ 7397 1 6720 0 276 0 9863 1 9883. ¢
4%0 0 11709 8 9899 1 8613 23 817 @ 7197 4 6720 0 €276 O 943. 3
4%% 0 12%1 8 10619 4 9232 ¢ 8377 7 7710 & 7197 & 6720 0 $362. 3
460 0 13478 2 11389 999% | 0979 & 8262 4 7710 o 7197 4 012 8
4% 0 14463 9 123213 % 10619 4 Se2¢ 6 9988 7 8262 ¢ 7710 & 7397. 1
470 ¢ 198532 @ 13103 7 11388 5 10033 & 493 & 88ss 7 8362 4 7617. 0
47% 0 16661 8 14060 @ 12213 9 11070 7 10179 & 0493 & 86%s 7 8377.7
480 0 17086 3 1508° ¢ 13100 7 11078 10916 7 10179 & 0493 ¢ 97¢%. 4
489% 0 19202 ¢ 1619 3 14060 6§ 12739 ¢ 11709 8 10916 7 10179 & %26. 0

‘ 490 0 20618 4 173058 15089 9 13649 6 12361 8 11709 3 10016 7 10322 ¢
49% © 22140 3 10664 6 16196 3 14649 3 12470 2 1a%1 8 11709 & 11070. 7
00 0 23776 ¢ 20029 @ 17289 6 197644 19443 9 13470 2 13%1 0 11079 1
09 0 295938 @ 21918 3 16664 0 16099 & 19822 . 6 18463 9 13478 23 123739.9

' $10.0 Q7427 3 23107 @ 20000 & 104482 O 16bbdt ¥ 19822 8 18463 9 12649 6
8150 29460 9 24816 0 219180. 3 19477 .0 17084 3 1 1.0 19922 @ 14649. 3
920 © 31647 3 26684 2 23107 0 20914. 0 19202 ¢ 1 .3 16061 0 19744 1
2% 0 3299 ¢ 20629 7 246té § 22488 20610 & 19902 ¢ 17984 I 16099 ¢

| 830 © 36829 8 207%3. 7 26654 2 24110 .3 2W140 3 20810 4 19202 ¢ 10143. 0
3% 0 9242 9 33037 3 20639 7 29903 2 23776 2 22140 3 20618 4 19477. 9
0 0 42164 & 354893 9 0793 ?» a76a_. 3 25838 @ 2776 8 22160 3 20914. 0
943 0 48208 @ 9132 3 33037 3 29000 & 27437 .3 2%%3% ¢ 2377 9% .1
980 © 48683 1| 40970 & 35492 ¢ R103 9 29460 ¢ a74237 3 2%%3% @ “ll..‘
988 © 92314 44021 9 W132 9 4409 O 21647 3 %9460 ¢ 27427 3 29900
30 0 63186 1 a7302 7 40970 4 37083 & 339%9 1 31647 3 294460 ¢ 27822.3



CALVERT CLIFF HEATUP AND COOLDOWN CURVES -~ 12, 1. ‘
HEATUP ANALYSIS - WEAT RISE RATE = 70.0 wuwmml oo 06 80 00 2 00 W0 Srby

12 EFPY 16 EFPY 20 EFPY 24 EFPY a8 EFPY 32 EFPY 36 EFPY 40

TEW PRESS PRESS PREFRS PREBS PRESS PRESS PRESS PRES:
70 0 406 3 382 o 366 6 3%4 | 343 7 33% a4 328 9 323 ¢
7% 0 4d¢ 3 3R 6 Jeé B 3%a | 243 7 33% 4 328 § 223 ¢
80 0 40¢ 3 3682 ¢ 366 6 3% | 43 7 338 4 328 9 323 ¢
85 0 40¢ 3 B2 o 366 8 3%4 | 342 7 33% 4 328 9 R3¢
90 0 406 3 382 & 366 € 3%4 ) 243 7 33% 4 328 ¢ 323 ¢
9% 0 40¢ 3 B2 & 366 6 3% | 343 7 33% 4 328 ¢ 323t
100 0 404 3 382 ¢ 3¢6 © 3%4 | 343 7 33% & 328 9 223 ¢
108 © 406 2 382 ¢ 366 © 3%4 1 343 7 335 4 328 ¢ 323 ¢
110 0 406 3 382 ¢ e £ 3%4 343 7 33% o 320 § 2R3«
i1 0 40¢ 3 82 & s 0 3%4 | 343 7 33% 4 328 ¢ ;MW ¢
120 0 406 3 382 ¢ 366 B 354 1 343 7 33% 4 328 ¢ 323 ¢
128 0 406 3 382 ¢ 66 6 354 1 343 7 339 ¢ 328 ¢ -~ W
130 © 406 4 382 6 366 6 3%4 | 343 7 33% 4 328 ¢ - -« M
135 0 408 2 383 0 266 6 384 1 M3 7 338 4 328 ¢ 3. ¢
140 0 411 8 %4 9 M7 7 3%4 2 343 7 33% & 326 ¢ b~ W
14% 0 416 4 Ja8 1 W9 9 3%% ¢ 44 4 33% ¢ 328 ¢ 3¢
1% 0 «22 7 a7 a73. 3 3% 1 44 2 336 9 329 7 2244
1980 430 % 298 ¢ 376. 0 61 0 49 1 339 2 331 6 2898 ¢
160 0 439 ¢ 405 @ W2 9 366 6 %31 342 9 334 & 330 :
163 0 450 7 414 3 390 ¢ 372 ¢ 3% 1 4é 9 338 2 <}
170.0 463 0 424 2 99 2 379 ¢ 4 2 %2 2 342 9 e ¢
179. 0 476 9 43% % 408 6 387 6 3713 3% ° 348 ¢ 41.35
190 0 492 3 448 | 419 9 3971 3¢ 8 36 @ 398 2 47.5
188 0 509 4 462 2 231 ¢ 407 ¢ %6 0 374 Je2 6 394. 5
190 0 226 2 A77 7 44% 0 419 3 9% 2 383 4 371 2 . 2
198 0 548 6 454 7 4%9 6 432 3 410 7 293 ¢ 280 9 37135
@00 0 871 & 813 & 476 0 t6¢ & 4323 9 409 4 9t 3 1.1
20% © 998 © 833 % 493 7 462 3 437 ¢ 418 1 403 3 M”21
210.0 22 ¢ 288 ¢ 8130 479.3 452 B 432 0 416 1 404. 1
@15 0 651 4 30 ¢ 834 O 483 § &5 3 447 2 430 3 &M?.35
20 0 682 ¢ 604 | 9% .0 218.0 487 ¢ 463 8 449 4 431.7
2% 0 716 4 634 3 581 4 3% 6 307 2 481 7 4462 1 447.3
a o 752 & b4 9 00 1 543 8 5309 8011 400 % 464. 3
3% 0 792 2 %7 0 3. 9 %991 991 9 822 3 499 ¢ 483 7
&80 .0 834 ¢ 733.3 &68.0 616.7 $76. 4 844 9 9320 7 902. 8
248 0 880 2 77+ & ‘70L& i & €03 & 549 4 948 4 534. ¢
a% o 92 3 a0 .7 678 6 33 2 998 9 S48 0 9247, 1
Qs o 982 1 887 2 776. 6 713. @ o 4 624 8 994 6 973.1
a0 0 1038 ¥ %8 @ i 9 700 & o7 6 08 35 636 9.6
269 0 1100 0 9% 23 863 8 790. % .2 08 4 93 ¢ «a28. 0
270 0 1548 9 1011. 8 %130 833.7 7731 784.0 7.9 6939.3
ars. o 1398 ¢ 1070 @ %4 3 80 & 84 O T6d 4 738 7 .9
200 0 1311. 9 1134 & 1080. © Vae. v 899 ¢ 885. 7 761.1 739. 3
20%. 0 1292 ¢ 1202 0 1080 1 L <N 907 4 948 0 902 3 768.©0
a%0. 0 1478 8 1876 Lh44 & 10480 ¢ e84 4 e 84e & 0. 8
298 0 1872 7 i384 0 1313. 9 1168. 7 1019. 2 94e. 9 994 23 894 7
2000 1672 % 1429 3 13808 1 1168. ¢ 1079 2 1001. ¢ 99 4 9°03. ¢
2080 O 1779 8 1999 7 1367 6 1340 . 1 1399 8 1060 ¢ 1006 3 %4 9
310.0 1093 9 i626. o 14353 1316. 4 1300. ¢ 1124 3 1099 3 1010. ¢
3190 2016 2 1730 4 1390. 2 1282 7 1192. 3 1122 ¢ 1070. &

1544. 0



CALVERT CLIFF MEATUP AND COOLDOWN CURVES --- 12, 16, 20, 24, 28, 32, 36 AND 40 EFPY
MEATUP ANALYSIS « MEAT RISE RATE = 70.0 (DEGF/MR)
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E-1 Cool-Down Conditions

Rates: 20°F/hr
50°F /hr
100°F /hr

PEG/CALVERT E-9
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CALVERT CLIFF WEATUP AND COOLDOWN CURVES --+ 12, 16, 20, 24, 28, 32, 36 AND 40 EFPY

COOLDOWN ANALYSIS « HEAT DROP RATE = 20.0 (DEGF/MR)
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CALVERT CLIFF MEATUP AND COOLDOWN CURVES -+ 12, 16, 20, 24
CODLDOWN ANALYSIS « WEAT DROP SATE = 20.0 (DEAFJMR). — " " 20+ 32 36 AND 40 EFPY

12 EFPY 16 EFPY 20 EFPY 24 EFPY &8 EFPY 32 EFPy 3& EFPY 40 EFPY

TEMW PRESS PREES PREIES PRESS PRESS PRESS PRESS PRESS
310 © 2010 3 1760 & 1961 o 1470 3 1383 2 1316 © 1283 3 1206 3
308 0 1901 3 1668 0 180; O 1397 2 131 0 12%3 2 119% O 1181 2
00 0O 1796 4 1961 & 142% @ 1329 0 1293 3 119% © 1180 & 1097 8
29% O 1704 2 1801 © 13%8 7 126% 3 1198 0 1140 & 1087 1 1048 . 9
290 © 1618 4 142% @ 1290 4 1306 3 1140 & 1087 2 103% & 9% 0
28% 0 1832 6 1398 7 1229 ¢ 1181 2 1087 3 103% & 967 & 81 4
200 0 145%% & 1290 & 1172 € 1098 1 1038 7 987 ¢ 942 9 909 3
27% 0 1383 2 1229 8 1120 0 1048 § 967 © 943 © 901 3 9700
270 ¢ 131e © 1172 @ 1066 $ 997 2 043 1 901 & 862 ¢ 833 %
26% 0 12%3 3 1120 © 1016 4 98i © 901 % 862 7 826 ¢ 79%. %
260 0 1:9% 0 1088 7 69 6 909 8 662 § 826 7 793 1 7679
a%® o 1140 o 1016 & 926 4 €70 & 826 & 793 3 762 0 73 9
2% 0 1088 © §70 0 868e O 834 O 793 4 762 | 733 0 7111
4% 0 1036 826 7 640 o 800 0 742 2 7331 706 © 08 7
240 0 968 % 886 3 813 % 768 & 733 2 706 1 680 ¢ 62 0
23% 0 943 ¢ 848 7 781 ¢ 7390 706 3 81 i 37 & 640 0
230 0 Q02 4 g3 @ 7% 7 711. 7 681 2 %7 6 A3% 9 1% 4
2% 0 863 7 781 2 728 ¢ ebs o %7 § 36 1 15 7 &00. 8
2230 0 827 e 781 0 6% 4 662 & 636 2 618 ¢ 897 0 582 0
21% 0 794 3 722 ¢ 672 1 6480 ¢ 616 1 897. 2 879 ¢ 866 4
210 0 763 2 6% 7 649 4 620 2 897 3 879 6 963 4 891.i
20% 0O 734 2 672 & 620 4 6011 $79 © %63 ¢ 848 3 3. 9
200 0 707 2 648 7 08 6 583 9 863 7 548 9 834 2 823.7
198 0 682 2 620 & 890 ¢ 87 0 546 ¢ J34 & 821 3 911. 4
190 0 6% § 608 | 873 7 $81. 7 834 & 221 4 909 2 800.0
16% 0 637 3 8690 © 887 ¢ €37 8 521 6 509 2 497 .9 a9 4
180 © 17 1 873 ¢ 843 3 884 3 809 % 4% 1 a8 8 479. 5
179 0 508 4 %6 2 829 7 812 0 496 2 487 a77. 8 470. 4
170 0 560 ¢ 843 ¢ 817 0 800 & 487. 8 477 9 448 7 1.9
16% 0 Se4 7 $30 0 808 3 49 0 478 1 bol < 460 & 404 0
160 © 849 & $17 3 494 3 490 1 469 0 460 8 482 ¢ 444 6
189 0 839 & 50% & 494 2 471. 0 460 & 452 7 443 3 9.0
180 0 822 & 4% o 474 6 42 9 4%2 9 448 © 420 & 430 4
14% 0 810 & 404 3 466 0 494 . 6 448 & 42 6 432 3 4279
1400 499 3 479 1 487 ¢ 447.2 438 9 432 9% 426 9 4381
139 0 482 0 Abt 3 4% 3> 440 4 438 ¢ &3 7 a8t 1 7.0
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COOLDONN ANALYSIS - WEAT DROP RATE = §0.0 (DEGF/HK)
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CALVERT CLIFF MEATUP AND COOLDOWN CURVES ««- 12, 16, 20, 24, 28, 32, 36 AND 40 EFPY

COOLDOWN ANALYSIS « WEAT DROP RATE = 100.0 (DEGF/MR)
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CALVERT CLIFF MEATUP AND COOLDOWN CURVES --- 12, 16, 20, 24, 28, 32, 36 AND 40 EFPY

CODLDOWN ANALYSIS « HEAT DROP RATE = 100.0 (DEGF/HR)
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APPENDIX F

Pressure-Temperature Limit Table For Varying Cooldown Rates
For Calvert Cliffs Unit 2 (12 EFPY)

Rates: G550°F to 250°F = 100°F/hr
<250°F Rates 50°F/hr
UO°F/hr
20°F/hr
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CALVERT CLIFF UNIT & vaRIABLE COOLDOWN RATE
OOLDOWN - ~EAT DRCP RATEwvARIABLE (DEGF/MR)
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480 0 100 © 17886 3 230 0 0 0 ero 7
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340 © 100 © 28009 ¢ 0 0 %0.0 373
338 © 100 © 2670 4 e% 0 %0 0 3 e
330 © 100 © a%e 2 80 0 %0 © 3238 .7
32 0 100 © 2304 ° 79.0 %0 © 324 0
330 0 100 O 223%1 9 70 © 9. 0© 319 7
31% 0 100 © 2126 9



CALVERT CLLFF UNIT & VARIABLE COOLDOWN RATE
COOLDOWN - HEAT DROP RATE=VARIABLE (DEGF /MR )
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CALVERT CLIFF UNIT & VARIABLE COOLDOWN RATE
2O0LDOWN - HEAT DROP RATESVARIABLE (DEGF/MR)
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4438 0 100 © 10916 7 199 0 20 © 81 ¢
440 0 100 © 10179 & 190 © 20 © 658 7
43% 0 100. 0 9493 & 183 0 20 © 637 1
420 © 100 © gess 7 180 0 20 0 6170
428 0 100 © 8262 4 17% © 20 0 998 3
420 0 100. 0 7710 & 170. 0 20 0 560 ¢
419 0 100 © 7197 & 16% 0 20 0 64 7
410 0 100 © 6720 0 160 © 20 0 849 &
408 0 100 © 6276 © 199 0 20 0 838 &
400 0 100 © TR 1800 20 0 822 ¢
298 © 100 © 8479 © 143 0 20 0 810 8
239 0 100 © 8121 @ 140 0 20 0 499 3
Je% © 100 © 4789 o 133 0 20 0 we &
380 0 100. 0 4%26 @ 1300 20 0 479 1
37%. 0 100 © 4274 7 13%. 0 200 470 1
370 © 100 ¢ 4039 o 120.0 20 © 481 7
36% 0 100 © 3008 © 119.0 20 © 483 ¢
360. 0 100 0 3991 9 1100 20.0 44e 7
I 0 100 © 38 © 109. 0 20 0 4y @
3%0. 0 100 © 2194 3 100. 0 20 0 4.7
249 0 100.© 2011 @ 93 0 200 437.0
340 0 100 © 2099 9 ¥ © 20 0 a2 .
3390 100 © 2670 4 83 0 20 © 417 &
330 0 100 0 2926 3 80 0 20 0 412. 8
329 © 100. © 2304 9 %0 200 408 &
320 0 100 © 2091 9 70.0 20 0 404 4
318 0 100 0 2126 9



APFENDIX C

Pressure-Temperature Limit Tables for lsothermal
Conditions for Calvert Cliffs Unit.2
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CALVERT CLIFF UNIT 2 HEAT UP TABLES

TEMP
70

180
165

275
280

325
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PRESS
“bl .
4bé .
468
473,
477
“B2 .
4BB
494,
500.
507.
514
522
$30.
$39.
549
559
570,
583
595
609 .
624 .
640,
658 .
676.
696
718.
741 .
765 .
762
820
851
884,
920,
958,
999
1042
1090,
1140.
1195%
1253
1316.
1383,
1455,
1832.
1615.
1704 .
1799,
1901 .
2010
2126.
2251.
2384,
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PRESS
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459,
L3,
467 .
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480 .
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4«97

504 .
$11.
519,

527
536
545
585

566 .
578,
590
604

618
634

651.
669 .

688
709

731.
759,
781,

809

839,
871.
905,
9462,

§82

1024

1070
1120

1172.
1229.
1290,
1355,
1425,
1501.
1581.
1668
1760,
1659
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PRESS

&l7 .,
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456 .
459,
463,
L67 .
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“B6 .
L9,
4«97,
504 .
511.
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$36.
545 .
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618.
€34
651.
669

688

709.
731.
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781.
809,
83y,
871.
905 .
942,
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1355,
1425
1501,
1581.
1668
1760.
1859,
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4él.
Lib .
L4l .
451,
454 .
18
4El .
Lbs
469,
474,
W78,
48B4,
489,
495,

501

508

516

523,
$32.
541,
851.
561.
$73.
585,
598
612.
627,
644,
661 .
680,
700.
722.
745,
770,
%%,
Bsv.
858 .
891
927.
966 .
1007.
1052,
1099
1151.
1206.
1265,
1329,
1367,
1470,
1548,

1632

1722.
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443,
“hs.
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651,
W56,
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46l .
Lba .
“68 .
473,
77,
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500.
507,
514,
522.
530.
539,
549
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583,
595,
609,
624
640
6586,
676.
696 .
718,
T4l
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792.
820.
851.
884,
920.
956 .
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1140,
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1316.
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1455,
1532,
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L38.
&40,
443,
Lds
LB .
451,
456,
457,
461 .
Lbd,
L6B .
L73.
477,
L“e2,
“Be
W%,
$00.
$07.
514,
522,
v30,
539,
549 .
559
570,
583,
595,
609 .
624
640,
658 .
676.
696 .
718.
741,
765,

792

820.
851.
884,
920.
956
999
10462.
1090.
1140,
1195,
1253.
1316.
1383,
1455,
1532.
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500
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514,
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$70.
583
595,
609 .
624,
640,
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676,
696 .
718,
a2
765 .
792.
820.
851,
8B4 .
$20.
958
999
1042 .
1090,
1140,
1195,
1253,
1316,
1383,
1455,
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440,
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Lub,
451,
L5,
W57,
461,
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“68
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4«77,
“B2.
LBs .
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L35,
637,
439.
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4l
Lib .
LLB .
451,
&5,
458 .
L6l
“bs
TN
474 .
478 .
4Be
“89 .
495
501
$08 .
516.
523
832,
$41
931,
561
573
585
598
612
627 .
644
661
680
790,
722.
745,
770.
797.
826,
856,
§91.
927,
966
1007,
1052
1069 .
11%1.
1206,
1265.
1329.
1387
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330
335
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
415
420
425
&30
435
&40
44s
450
455
460
465
470
475
480
485
4%0
495
500
505
$10
515
520
525
530
535
540
545
$50
555
560

2526

2678

2839
3011.
31984,
33ee.
3591.
3808
4035,
4274
4526
“789.
5121.
5479.
5863 .
6276.
6720.
7197,
7710.
8262.

8855

9493,

10179

10916.

11709

12561 .
13478,
14463 .
15522.
16661 .
17886 .
19202,
20618
22140,
23776.
25535,
27427 .
29460
31647,
33998,
36525 .
39242.
42164 .
45305.
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52314,

56218
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2200
2330,
2668
2615,
2774,
2941,

3120
3309

3509.
3720.
3943,
“177.
4423
4682
4985,
5333.
$706.
6107.
6538.
7002.
7500.
8036.

8613

9c32.
9899 .
10615

11385

12213
13103.

14060

15086 .
16196
17385,
18664 .
20039
21518,
23107,
24816,
26654 .
28629 .
30753.
33037,
315492,
38132.
40970.
44021,
47302.
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1965
2079,
2200.
<330
2468
2615.
2774,
2941 .
3120.
3309.

3509

3720.
3943.
4177,
4423,
4682 .
L985.
5333,
5706 .
6107.
6538 .
7002 .
7500,
8036 .

8613

9232.

9899
10615,
11385.
12213
13103,
14060

15089

16196.
17385.
18664 .
20039
21518,
23107,
26816 .
26654
28629 .
30783
33037,
35492,
38132.
4«09870.
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1819,
1922.
2033,
2151.
2277.
2612,
2555 .
2709 .
2873,
3047,
3232.
3428
3634.
3852,
4082,
4323,
4577.
LB54.
5191.
9553.
5943,
6362

6812

7297.
7817.
8377,
8979,
9626 .
10322.
11070.
11875,
12739,
13669
14669
15744,
16899
18142,
19477,
20914
22458
24118,
25903,
27822.
29885,
32103,
34489
37053.
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1704,
1799.
1901.
2010.
2126.
2251,
2384
2526.
2678
2829
3011.
3194,
3388,
3591,
3808.
4035,
4274,
L4526
4789 .
5121.
5479
5863 .
6276 .
6720.
7197,
7710,
8262.
8855 .
9493,
10179.
10916
11709,
12561,
13476,
15463
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16661 .
17886 .
19202.
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22140,
23776.
25538,
27427,
29460
31647
33998
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1615.
1704
1799,
1901.
2010.
2126
2251,
2384
2526
2678 .
2839,
3011.
3194,
3388.
3591.
1808 .
4035,
4276
4526
L7869
5121.
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5863 .
6276 .
6720.
7197,
7710,
8262.
8855 .
9493
10179.
10916.
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25535.
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29460,
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1532.
1615.
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1799.
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2010,
2126.
2251.
2384
2526
2678.
2839,
3011.
3194,
3368
3591.
3808.
4035,
4274,
4526
47389
5121.

5479

5863

6276

6720,
7197.
7710.
8262 .
8855 .
9493

10179

10916,
11706
12561 .
13478
14463,
15522.
16661 .
17886 .
19202
20618
22140,
23776.
25538,
27427,
29460,
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6812.
7297.
7817,
8377.
8979,
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10322.
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11875
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13669
14669
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18142,
19477.
20914
22458,
26118
25903,
27822.
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CALVERT CLIFF UNIT 2 HEAT DROP TABLES --

TEMP
56V
559
$50
$45
540
538
530
525
$c0
5158
510
50%
500
495
4%0
4BS
480
L75%
470
“bs
460
Ls5
450
AR
440
435
430
425
420
418
410
405
400
385
390
385
380
375
370
365
360
355
350
345
340
335
330
325
320
315
310
305
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56218,
$2314.
4BERD .
45305,
42164
39242,
36525.
33968
31647,
29460
27427
25535,
23776.
22140,
20618,
19202
17886,
16661
15822
14463
13478,
12561
11709,
1091¢
10179,
9493
BBSS.
8262,
7710.
7197.
6720
276
5863
5479
5121
4789
4526
4274 .
4035,
3808,
3591,
3388
3194,
3011.
2839
267k,
2526.
2384
2251
2126
2010,
1901.
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47302,
44021,

4«0970

3g132.
35492
33037.
30753,
28629 .
26654
24816
23107,
21518,
20039 .
18664 .
17385.
16196

15089
14060

13103,
12213,

11385

10615 .
9899 .
9232.
8613.
8036 .
7500.
7002.

6533

6107.
5706 .
$333.
4985,
4682 .
4423,
4177,
3943
3720,
3509,
3309.
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2941 .
277,
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2200,
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1760.
1668 .
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40970
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28629
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26816 .
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21518
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17385
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15089
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13103,
12213,
11385,
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G899
§232.
8613,
8036 .
7500,
7002,
6538 .
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£706 .
5333,
4985 .
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4423,
4177,
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37083,
34489 .
32103,
29885
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22458 .
20914,
19477,
18142,
16899,
15744,
14669 .
13669.
12739,
11875,
11070,

10322
9626
8979

8377.
7817.
7297.
6812,
6362.
5943,
5553,
$191.
W85G .
4577,
4323,
“w082.
3852.
3634,
3428.
3232.
3047,
2873,
2709,
2555,
2612.
2277,
2151.
2033,
1922.
1819,
1722.

1632
154(

1470.
1397.
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HEAT DRCP RATE= STEADY STATE
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PRESS
33998

31647,
29460
27427,
25535,
23776,
22140,
20618,
19202,
178.4 .
166t .
15822.
14463 .

13478

12561,

11709

10916 .
10179,
9493
8855 .
8262,
7710,
7197.
6720.
6276.
5863
5479
5121.
L78%,
4526,
4274 .
4035,
3808 .
3591.
3591.
3388,
3194,
3011.
2839,
2678,
2526.
2384,
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31647,
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1316.
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29460
274627,
25535,
23776.
22140
20618
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17886 .
16661 .
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16463 .
13478,
12561.
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9493
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5863,
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4526
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4035,
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2194,
3011,
2839,
2678.
2526.
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27822.
25903

26118

22458 .

20914
19477

18142

16899

15744 .
14669
13669
12739

11875

11070.
10322.

9626

8979
8377.
7817,
7297.

6812

6362.
5943,
5553.

5191
“B54

«577.

4323,
4082,

3852

3634

3428
3232
3047
2873

2709.
2555,
2612.
2277.
2151,
2033,
1922,

1619

1722.

1632

1548
1470
1397,

1329

1265
1206 .

1151
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300
29%
290
285

275
270
265
260
255
250
245
240
23%
230
225
220
215
210
205
200
185
190
185
180
17%
170
165
160
155
150
14%
140
135
130
125
120
115
110
105
100
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90

85

80

75

70

1799
1704,
1615,
1532.
1655
1383,
1316.
1253,
1195.
1140,
1090,
1042

999

958.

920

B84
851.
820.
792.
765.
741,

718

696 .

676
658

640,
624

609
395

583,
$70.
559.
549,
539.
530.
322,
514,
507.
500.
49

LBE

482,
w77,

473

4B .
466 .
46! .
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1581 .
1501.
1425
1355.
1290.
1229 .
1172,

1120

1070.
1024
982.
942,
905 .
871.
839,
809 .
781.
755.
731.
708,
588,
669 .
651 .
634,
618.
604

390
578

566 .
555,
545 .
536.
527.
519.
$11.
504 .
497,
491 .
486 .
480,
475,
“71.
467 .
463,
459,
456
452,
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$36.
527.
319.
511.
504.
4«97,
691,
486
“«80.
475,
471,
467,
463,
459,
456,
4s2.
450,
a7,

474,

469

465,
46l
458,
454 .
451,
8.
4bb .
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1140
1090 .
1042 .
996
958,
920,
(1
851.
820.
792.
765
741,
718.
696
676
658 .
640
624,
609 .
593,
583,
570.
559.
549
539
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514,
507.
500,
49 .
488 .
4“82.
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b4,
461,
457,
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1052
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797.
770.
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661 .
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585,
573.
561,

551

541,
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823,
916.
508 .
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495,
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L84
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