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Purpose

The purpose of the Monticello Nuclear Generating Plant (MNGP) Pressure and Temperature

Limits Report (PTLR) is to present operating limits relating to;

1.

Reactor Coolant System (RCS) Pressure versus Temperature limits during Heatup,

Cooldown and Hydrostatic/Class 1 Leak Testing;

‘RCS Heatup and Cooldown rates;

Reactor Pressure Vessel (RPV) to RCS coolant AT (ATeniperature) requirements during
Recirculation Pump startups;

RPV bottom head coolant temperature to RPV coolant temperature AT requirements

during Recirculation Pump startups;

‘RPV boltup temperature limits,

This report has been prepared in accordance with the requirements of Reference [1], Licensing

Topical Report SIR-05-044-A, Revision 0, April 2007.

2.0

Applicability

This report is applicable to the MNGP RPV up to 54 Effective Full-Powver Years (EFPY).

The following MNGP Technical Specification (TS) is affected by the information contained in

this report:

TS 3.4.9 RCS Pressure and Temperature (P-T) Limits
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3.0 Methodology
The limits in this report were derived as follows;

1. The methodology used is in accordance with Reference [1], which has beén approved for
BWR use by the NRC.

2. The neufron fluence is calculated in accordance with NRC Regulatory Guide 1.190 (RG
1:190) [2], as documented in Reference [3]

3. The adjusted referencé temperature (ART) values for the limiting beltline materials are
calculated in accordance with NRC Regulatory Guide 1.99, Revision 2 [4], as

documented in Reference [5].

4. The pressure and temperature limits were calculated in accordance with Reference [1];
“Pressure — Temperature Limits Report Methodology for Boiling Water Reactors,” April

2007, as documented in Reference [6].

5. This revision of the pressure and temperature limits is to incorporate the following
changes:

e Initial issue of PTLR.

Changes to the curves, limits, or parameters within this PTLR, based upon new irradiation
fluence data of the RPV, or other plant design assumptions in the Updated Final Safety Analysis
Report (UFSAR), can be made pursuant to 10 CFR 50.59, provided the above methodologies are
utilizéd. The revised PTLR shall be submitted to the NRC upon issuance.
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Changes to the cutves, limits, or parameters within this PTLR, based upon new ‘surveillance
capsule data of the RPV, cannot be made without prior NRC approval. Such analysis and

revisions shall be submitted to the NRC for review prior to incorporation into the PTLR.

4.0 Operating Limits

The pressure-temperature (P-T) curves included in this report represent steam dome pressure
versus minimum vessel metal temperature and incorporate the appropriate non-beltline limits and

irradiation embrittlement effects in the beltline region.

The operating limits for préssure and temperature are required for three categories of operation:
(a) hydrostatic pressure tests and leak tests, referred to as Curve A; (b) core not critical operation,

referred to.as Curve B; and (c) core critical operation, referred to as Curve C.

Complete P-T curves were developed for 54 EFPY for Monticello Nuclear Generating Plant, as
documented in Reference [6]. The minimum required leak test temperature (Curve A) at 54
EFPY is -above 200°F. Because of the operational challenges presented by this elevated
temperature, additional Curve A limits were developed at intermediate levels of 36 and 40
EFPY. Curve B and Curve C limits were not developed at 36 and 40 EFPY because the 54
EFPY limits for these curves do not present an operational challenge to MNGP. The MNGP
Curve A limits for 36 EFPY are provided in Figure 1, and a tabulation of the curves is included
in Table 1. The MNGP Curve A limits for 40 EFPY are provided in Figure 2, and a tabulation of
the curves is included in Table 2. The MNGP P-T curves for 54 EFPY are provided in Figures 3
through 5, and a tabulation of the curves is included in Tables 3 through 5.  The adjusted
reference temperature (ART) tables for the MNGP vessel beltline materials are shown in Table 6
for 36 EFPY, Table 7 for 40 EFPY, and Table 8 for 54 EFPY (Reference [5]). The resulting P-T
curves are based on the geometry, desigh and materials information for the MNGP vessel. The

following conditions apply to operation of the MNGP vessel:
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o Heatup and Cooldown rate limit during Hydrostatic Class 1 Leak Testing (F igures 1
through 3: Curve A): <25°F/hour' [1].

o Normal Operating Heatup and Cooldown rate limit (Figure 4; Curve B - core-non-
critical, and Figure §: Curve C - core 'crit,ica‘l_):, <100°F/hour? [6]:

o Reciréulation loop coolant temperature to RPV coolant temperature AT limit during
Recirculation Pump startup: < 50°F,

e RPV bottom head coolarit temperature to RPV coolant température AT limit during
Recirculation Pump startup: < 145°F.

o RPV head flange, RPV flange and adjacent shell temperature limit during vessel bolt-up 4
> 60°F [6].

5.0 Discussion

The adjusted reference temperature (ART) of the limiting beltline ‘material is used to adjust
beltline P-T curves to account for irradiation effects. Regulatory Guide 1 .99, Revision 2 (RG
1.99) [4] provides the miethods for determining the ART. The RG 1.99 methods for detérmining

the limiting material and adjusting the P-T curves using ART are discussed in this section.

The vessel beltline copper (Cu) and nickel (Ni) values were obtained from the evaluation of the
MNGP vessel plate, weld, and forging materials [S]; this evaluation included the results of three
surveillance capsules. The Cu and Ni vahies were used with Table 1 6f RG 1.99 to determine a
¢chemistry factor (CF) per Paragraph 1.1 of RG 1.99 for welds. Thie Cu and Ni values were used
with Table 2 of RG1.99 to determine a CF per Paragraph 1.1 of RG 1.99 for plates and forgings.

! Interpreted as the temperature change in any 1-hour period is less than or equal to 25°F.

? Interpreted as the temperature change in any 1-hour period is less than or equal to 100°F.
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Thé peak RPV ID fluéncé value of 6.43 x 10" nfem? at 54 EFPY used in the P-T curve

evaluation was obtained from Reference [3] and is calculated in accordance with RG 1.190 [2].
The intermediate peak RPV ID fluence values of 2.77 x 10" n/em? at 36 EFPY and 3.36 x 108

n/pnga;_.40 EFPY are calculated in [5] based on the flux values in [3]. The flux values in [3] are

calculated in accordance with RG 1.190. Calculation details for intermediate fluence valués,

including ‘benchmarking to the peak RPV ID fluence at 54 EFPY in [3], are given in [5,

Appendix A]. These fluerice values apply to the limiting beltline lower intermediate shell plates

“(Heat No. C2220-1 and C2220-2). The fluence values for the lower intermediate shell plates are

based upon an attenuation factor of 0.738 for a postulated 1/4T flaw. As a result, the 1/4T

10'® wem? at 40 EFPY, and 4.75 x 10'® n/em? at 54 EFPY for MNGP.

The'RPV ID fluénce value of 1,01 x 10'® n/cm? at 54 EFPY used in the P-T curve evaluation of
the recirculation sinlet _n_o__zéle was obtained from Reference [S] and is calculated in accordance
with RG 1.190 [2]. The intermediate RPV 1D fluence values of 4.27 x 10" i/em? at 36 EFPY
and 5.23 x 10"7 n/em® at 40 EFPY are calculated in [5] based on the flux values in [3]. The flux
values in [3] are calculated in accordance with RG 1.190. Calculation details for intermediate
fluence values, including bénchimarking to the peak RPV ID fluence at 54 EFPY in [3], are given
in [5, Appendix A]. These fluence values apply to the limiting recirculation inlet nozzle (Heat
factor of 0.738 for a postulated 1/4T flaw. As a result, the 1/4T fluence for the limiting
recirculation inlet nozzle is 3.151 x 10'7 n/em? at 36 EFPY, 3.86 x 10" n/em” at 40 EFPY, and
7.45 x 10" 1/cm? at 54 EFPY for MNGP. There are nio additional forged or,instfument nozzles
ini the extended beltline at'54 EFPY.

The P-T curves for the core not critical and core critical op_er_aﬁng conditions at a given EFPY
a_p___p'ly for both the 1/4T and 3/4T locations. When combining pressure and thermal stresses, it is

usually nécessary to:evaluate stresses at the 1/4T location (inside surface flaw) and the 3/4T
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location (outside surface ﬂaW). This is because the thermal gradient tensile stress of interest isin
the inner wall during cooldown and is in the outer wall during heatup. However, as a
conservative simplification, the thermal gradient stresses at the 1/4T location are assumed to be
tensile for both heatup and cooldown. This results in the approach of applying the maximum
tensile stresses at the 1/4T location. This approach is conseivative betaiise irradiation effects
cause the allowable toughiiess at the 1/4T to be less than that at 3/4T for a given metal
temperature. This approach causes no operational difficulties, since the BWR is at steam

saturation conditions during normal operation, which is well above the P-T curve limits.

For the core not critical cutve (Curve B) and the core critical curve (Curve C), ‘the P-T clirves
specify a coolant heatup and cooldown température rate of < 100°F/hr for which the curves aré
applicable. However, the core not critical and the core critical curves were also developed to
bound RPV thermal transients. For the hydrostatic pressure and leak test curves (Curve A), a
coolant heatup and cooldown temperature rate of < 25°F/hr must be maintained. The P-T limits
and corresponding limits of either Cuive A or B miay be applied, if necéssary, while achieving or
recovering from test conditions. So, although Curve A applies during pressure testing, the limits
of Curve B may be conseivatively used during pressure testing if the pressure test

heatup/cooldown rate liniits caninot be maintained.

The iriit_i:al RTnpr, the chemistry (weight-percent copper and nickel) and ART at the 1/4T
location for all RPV beltline materials significantly affected by fluence (i.e., fluence > 107 i/om?
for E > 1MeV) are shown in Table 6 for 36 EFPY, Table 7 for 40 EFPY, and Table 8 for 54
EFPY [5].

Per Reference [5] and in accordance with Appendix A of Reference [1], the MNGP
representative weld and plate surveillance materials data were reviewed from the Boiling Water
Reactor Vessel and Internals Project (BWRVIP) Integrated Surveillance Program (_ISP_). The

representative heat of the plate material (C2220) in the ISP is the same as the lower intermediate
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shell plate material in the vessel beltline region of MNGP. For plate heat C2220, since the

scatter in the fitted results is less than 1-sigma (17°F), the margin term (o5 = 17°F) is cut in half

for the plate material when calculating the ART. The representative heat of the weld material

(5P6756) in the ISP is not the same as the limiting weld material in the vessel beltline region of
MNGP.

Therefore, CFs from the tables in RG1.99 were used in the determination of the ART values for
all MNGP materials except for plate heat C2220.

The only computer code used in the determination of the MNGP P-T curves was the ANSYS
Méchanical and PrepPost, Release 11.0 (with Service Pack 1) [7] finite element comiputei
program for the feedwater nozzle (non-beltline) and recirculation inlet nozzle (beltline) stresses.
The ANSYS program was controlled under the vendor’s 10 CFR 50 Appendix B [8] Quality
Assurance Program for nuclear quality-related work: Benchmarking consistent with NRC GL
83-11, Supplement 1 [9] was performed as a part of the compuiter program verification by
comparing the solutions produced by the computer code to hand calculations for several

problems.

The plant-specific MNGP feedwater nozzle analysis was performed to determine through-wall
thermal and pressure stress distributions due to a bounding thermal transient [10]. Detailed
information fegaiding the analysis can be found in Reference [10]. The following inputs were

used as input to the finite element analysis:

o With respect to operating conditions, stress distributions were developed for two
bounding thermal transients. A thermal shock, which represents the maximum thermal
shock for the feedwater nozzle during normal operating conditions, and a thermal ramp
were analyzed [10]. Bécause the feedwater nozzle thermal sleeve is an integral part of
the safe-end, the thérmal shock that occurs in the feedwater nozzle as part of the startup

transient is significantly reduced. As a result, the thermal ramp of 100°F/hr, which is
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associated with the shutdown transient, produces higher tensile stresses at the 1/4T
location. Therefore, the stresses represent the bounding stresses in the feedwater nozzle
associated with 100°F/hr heatup/cooldown limits associated with the P-T curves for the

upper vessel feedwater nozzle region.

o Heat tiansfer coefficients were given in the MNGP feedwater nozzle governing basis
stress report for both forced and free convection in the vessel. The analysis used the
higher forced convection coefficient of 500 ,Bftl/ln'-ﬁz-°F, -and applied it to all wetted
surfaces [10]. Therefore, the heat transfer coefficients used .in the analysis bound the

actual operating conditiofis in the feedwater nozzle at MNGP.

s A one-quarter symmetric, three-dimensional finite element model of the feedwater nozzle
was constructed (Reference 10). Temperature dependent material propeities, taken from

the MNGP Code of Record [11], were used in the evaluation.

The plant-specific MNGP recirculation inlet nozzle analysis was performed ‘to determire
‘through-wall thermal and pressure stress distributions due to a bounding thermal transient [12]
Detailed information regarding the analysis can be found in Reference [12]. The following

inputs weré used as input to the finite éelement analysis:

o With respect to operating conditions, the theimal transiént that would produce the highest
tensile stresses at the 174T location is the 100°F/hr shutdown transienit [12]. Therefore,
the stresses represeiit the bounding stresses in the recirculation inlet nozzle associated
with 100°F/hr heatup/cooldown limits associated with the P-T curves for a nozzle in the

beltline region.

e Heat transfer coefficients were calculated in accordance with the MNGP récirculation
inlet nozzle governing basis stress report. The heat transfer :coefficients were
consérvatively based on the full temperature difference of the transient, rather than the

RPV to coolant temperature difference [12]. The nozzle blend radius heat transfer
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coefficient used the higher of the calculated vessel heat transfer coefficient (675 Btu/hr-
ﬁ2~°F) or the calculated nozzle heat transfer coefficient (265 Btu/hr-ftz-°F). Therefore,
the heat transfer coefficients used in the analysis bound the actual operating conditions in

the recirculation inlet nozzle at MNGP.

e A one-quarter symmetric, three-dimensional finite element model of the recirculation
inlet nozzle was constructed (Reference 12). Temperature dependent material properties,

taken from the MNGP Code of Record [11], were used in the evaluation.

Reference [13] contains NRC approval of Monticello initial RTNDT values which are used in

development of the Pressure-Temperature limits documented in this PTLR.

6.0  Plant-Specific Information
EPU vs. MELLLA+ Fluence Calculations

MNGP is planning to implement both an extended power uprate (EPU) to 2004 MWth and
MELLLA+ (Maximum Extended Load Line Limit Analysis) operation during the current
op_erating license. In preparation for these changes, fluence calculations were performed in
accordance with Reg Guide 1.190 to determirie the effects on the flux profile of the reactor
vessel and its internals. In 2007, a fluerice calculation was developed to determine the projected
fluence accumulation for the reactor vessel considering EPU power level (2004 MWTH) to the
end of the current operating license (54 EFPY/2030). In 2009, an additional fluence calculation
was performed to consider EPU power levels with MELLLA+ operation to the end of the current
operating license at 2004 MWth. Since both calculations were developed in accordance with Reg
Guide 1.190, the fluence values for components used to determine adjusted reférence
temperature and related pressuré-temperature limits and curves were compared in the fluence
calculations and the most conservative value was used. For all components, the 2007 EPU-only
fluence calculation was more conservative than the EPU/MELLLA+ values and the EPU-only

values were used in the determination of the pressure-temperature limits and curves in the PTLR.
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Excess Conservatism in Fluence and Multiple Curves for Hydrostatic Pressure Test

While reviewing the EPU-only fluence calculation, it was determined that fluence values for
locations with an accumulated fluence nearer to the fower bound of 1.0'x 10'7 n/em? were overly
conservative. The fluence values for these locations were given an additional factor of 1.3 to
account for potential variation ‘in future operation and assumed EPU was implemented -after
Cycle 22 in 2005 (28.82 EFPY). The overly conservative fluence values resulted in hydrostatic
press‘ur‘e'te_sﬁt temperatures near 212°F. With pressure test temperatures near 212°F, additional
preparations niust be iade in case of entry into Mode 3 during the pressure test. These additional
preparations will result in lohger outage durations, additional dose and more risk to the site and

site personnel.

In order to-avoid entry in Mode 3, some of the conservatism was removed from the fluence
values for the upper ‘intermédiate shell plates, lower shell plates and the N-2 Nozzles. The
 conseivatism was removed by applying the 1.3 factor only to operation past EPU (33.4 EFPY)
for fluence calculated at 36 EFPY and 40 EFPY. Even with the excess conservatism removed,
the fluence values are conservative because a review of past operation and fluence accumulation
on the reactor vessel show that conditions before 33.4 EFPY (20.1 1') are bounded by pre-EPU
fluence without the 1.3 factor. 33.4 EFPY is determined to be the EFPY as of April 2011 and for
the purposes of this évaluation arid to maintain margin and conservatism it is assumed to be the
beginning of EPU implementation. The flux values used to ¢calculate the fluence values with the
excess conservatism removed were calculated in accordance with NRC Reg Guide 1.190. The
fluence values with the removed excess conservatism were calculated at 36, 40 and 54 EFPY are

shown inthe following table.
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Component Fluence[5] _
RPV Component 36 EFPY 40 EFPY 54 EFPY
wem' went’ nem’
Upper Intermediate Shell Plates 10l 17 | 1
(112 and 1-13) 1.97x10 2.30x10 4.06x10
Lower Intermediate Shell Plates 18 » 18 A 1018
(I-14 and I-15) 2.77x10 3.36x10 6.43x10
Lower Shell Plates (I-16 and I-17) 1.85x10'8 2.28x10'® 4.46x10"
Limiting Weld 2.77x10" 3.36x10'® 6.43%10"
N-2 Nozzles 4.27x10" 5.23x10" 1.01x10'®

Each of the various curves will be used for the hydrostatic pressure-test required at the end of
each refueling outage. The curve that will be used for a specific outage will be determined by the
accurnulated fluence on the vessel. The hydrostatic test procedure will include a step to verify the
vessél accumulation and determiné which curve will bound thé current vessel fluence

accumulation for use in that specific outage.
Monticello 300° Surveillance Capsule

In 2007, Monticello sent the surveillance capsule located at the 300° reactor vessel azimuth out
for testing in accordance with the requirements of the BWRVIP Integrated Surveillance Program
(ISP) of which Monticello is an active member. The results of the testing were received in March
2009 and in accordance with the requirement of the ISP and Reg Guide 1.190, these results must
be included in fluence calculations for the development of any pressure-temperature limits
including the PTLR. Since the fluence calculation used for developing the pressure-temperature
limits was completed in 2007, the surveillance capstle results were not included in the fluence
evaluation. In order to incorporate the 2009 surveillance capsule data, the results were evaluated

by General Electric to determine if the fluence accumulated by the surveillance capsule was
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within the uncertainty range of the fluence calculation performed in 2007. GE found that the

fluence capsule data was within the uncertainty range of the fluence calculation from 2007, [15]
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Figure 5: MNGP P-T Curve C (Normal Operation — Core Critical) for 54 EFPY
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Table 1: MNGP Pressure Test (Curve A) P-T Curves for 36 EFPY
Beltline Region

P-T Curve P-T Curve
Temperature Pressure

60.00 0

60.00 50

60.00 100
60.00 150
60.00 200
60.00 250
60.00 300
60.00 312
60,00 313
61.75 350
86.10 ‘ 400
102.40 450
114.67 500
124,52 550
132.74 600
139.81 650
146.00 700
151.49 750
156.45 800
160.96 850
165.09 900
168.91 950
172.47 1000
175.78 1050
178.88 1400
181.82 1150
184.58 1200
187:19 1250

189.69 1300
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Table 1: MNGP Pressure Test (Curve A) P-T Curves for 36 EFPY (continued)

Plant = N

Component =

Bottom Head thickness, { =
Bottom Head Radius, R =

ad (penetrations portion)

Safety Factor =
Stress Concentration Factor =

Temperature Adjustment

- Ter Adjt °F (applied after bolt-up, instrument uncertainty)
Height of Water for a Full Vessel =

nches

Pressure Adjustment = psig (hydrostatic pressure head for a full vessel at 70°F)
Pressure Adjustment = psig (instrument uncertainty)
Gauge Adjusted
Fluid Temperature Pressure for
Temperature Kie Kim for.P-T Curve P-T Curve
(F) (ksitinch") _(ksi*inch'?) (°F) (psig)
60.0 74.13 49.42 60 0
60.0 '74.13 49.42 60 813
62.0 75.80 - 50.53 62 - 832
64.0 77.54 51.69 64 851
66.0 79.34 52.90 66 872
68.0 81.23 54.15 68 893
70.0 83.19 55.46 70 915
72.0 85.23 56.82 72 939
74.0 87.35 58.23 74 963
76.0 :89.66 59.71 76 088
78.0 91.86 61.24 78 1,014
80.0 94.25 62.84 80 1,041
82.0 96.75 64.50 82 1,069
84.0 99,34 66.23 84 1,099
86.0 102.04 68.03 86 1,129
88.0 104.85 69.90 88 1,161
90.0 107.77 71.85 90 1,104
92.0 110.82 73.88 92 1,229
94.0 113.98 75.99 94 1,265

96.0 117.28 78.19 96 1,302
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Table 1: MNGP Pressure Test (Curve A) P-T Curves for 36 EFPY (continued)

Vessel Radius, R =

Nozzle comer-thickness, {' =
K=

Kig apptied

Crack Depth, &

Safely Factor = |
Temperature Adjustment =
Height of Water for a Full Vessel =
Pressure Adjustment
Pressure Adjustment
Reference Pressure

Unit Pressure

3

lingnes

nches, approximate

{(no therimal effects)
Jiksitinch"?

‘inches

psig (instrument tncertainty)

- Ipsig (pressure at which the FEA slress coefficients are alid)

sig (hydrostatic pressure)

Flange RTupr 'oF s=s===>  All EFPY
Gauge P-T P-T Curve
Floid Curve 10CFR50
Temperature Kic Kip Temperature Adjustments
(°F} {ksi*inch"?)  (ksi*inch'?) {°F) (psig)
60.0 64.13 42.75 60 o
60.0 64.13 42.75 60 313
62.0 65.39 43.60 100 313
640 66.71 44.47 100 616
66.0 '68.08 45.38 100 629
68.0 69.50 46.33 100 643
70.0 70.98 47.32 100 657
72.0 72.52 48.35 100 672
74.0 7413 49.42 100 688
76.0 75.80 50.53 100 704
78.0 77.54 61.69 100 721
80.0 79.34 §2.90 100 738
82.0 81.23 54.15 100 756
84.0 8319 55.46 100 775
86.0 85.23 56.82 100 795
88.0 87.35 58,23 100 815
-90.0 89.56 59,71 100 837
920 91.86 61.24 100 859
94.0 94.25 62.84 100 882
96.0 96.75 64.50 100 906
98.0 99.34 66.23 100 931
100.0 102.04 68.03 100 957
102.0 104.85 69.90 102 984
104.0 107.77 71.85 104 1012
106.0 110.82 73.88 106 1042
108.0 113.98 75.99 108 1072
110.0 117.28 78.19 110 1104
112.0 120.71 80.47 112 1137
114.0 124.28 82.86 114 1172
116.0 128.00 85.33 116 1207
118.0 131.87 87.91 118 1245
120.0 135.90 90.60 120 1284
122.0 140.09 93.39 122 1324
124.0 144.45 96.30 124 1366
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Table 2: MNGP Pressure Test (Curve A) P-T Curves for 40 EFPY

Beltline Region

P-T Curve P-T Curve
Temperature Pressure

60.00 0

60.00 50

60.00 100
60.00 150
60.00 . 200
60.00 250
60.00 300
60.00 312
60.00 313
67.65 350
92.00 400
108.30 450
120.57 500
130.42 550
138.64 600
14571 650
151.89 700
157.39 _ 750
162.35 800
166.86 850
170.99 900
174.81 V 950
178.37 1000
181.68 1050
184.78 1100
187.71 1150
190.48 1200
193.41 1250

196.73 1300
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‘Table2: MNGP Pressure Test (Curve A) P-T Curves for 40 EFPY (continued)

Plant

Component

Bottom Head thickness, t =
Bottom Head Radius, R =
ART=

Kiy=

Safety Factor =

Stress ConcentrationFactor =
Mm =

Temperature Adjustment =
Height of Water for a Full Vessel =
‘Pressure Adjustment =
Pressure Adjustment =

L]

nches

penetrations portion)

F (applied after bolt-up, instrument uncertainty)

psig (hydrostatic pressure head for a full vessel at 70°F)
' psig (instrument uncertainty)

Gauge Adjusted
Fluid Temperature Pressure for
Temperature K Kin for P-T Curve  P-T Curve

(°F) (ksi*inch"?)  (ksl*inch'?) (°F) (psig)
60.0 7413 4942 60 0
60.0 74.13 4942 60 813
62.0 75.80 50.53 62 832
64.0 77.54 51.69 64 851
66.0 79.34 52.90 66 872
68.0 81.23 54.15 68 893
70.0 83.19 55,46 70 915
72.0 85.23 56,82 72 939
74.0 87.35 58.23 74 963
76.0 '89.56 59,71 76 988
78.0 '91.86 81.24 78 1,014
80.0 94.25 62.84 80 1,041
82.0 '96.75 84.50 82 1,069
84.0 99.34 66.23 84 1,099
86.0 102.04 68.03 86 1,129
88.0 104.85 69.90 88 1,161
90,0 107.77 71.85 90 1,194
92.0 110.82 73.88 92 1,229
94.0 113.98 75.99 94 1,265
96.0 117.28 78.19 96 1,302
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Table 2: MNGP Pressure Test (Curve A) P-T Curves for 40 EFPY (continued)

Plant =] . ‘MNGP-" 1
Component = Upjler Vessol:
ART =+

Vessel Radius, R =, |
Nozzle cormner thickness, t' =
Ky =

Kip-agpied
Crack Depth, a =;
‘ Safely Factor =
Temperature Adjustment
Height of Water for'a Full Vesse! =
Pressure Adjustment =
Pressure Adjusiment
Reference Pressure
Unit Pressure

i e E

pslg {hydrostalic pressure head for a full vessel at 70°F)

psig (instrument uncertainty)
“ipsig (pressure at which the FEA stress coefficienls are valid)
“:psig {hydrostatic pressure)

Flange RTnpr All EFPY
Gauge P-T P-T Curve
Flold ] v Curve 40CFR50
Temperature Kic Kip Temperature Adjustments
{°F) {ksi*inch"®)  (ksl*inch"?) (°F) {psig)
60.0 64.13 42.75 60 0
60.0 64.13 42.75 60 313
62.0 65.39 43.60 100 313
84.0 66.71 44,47 100 616
66.0 68.08 45.38 100 629
68.0 69.50 46,33 100 843
70.0 70.98 47.32 100 657
72.0 72.52 48.35 100 672
740 74.13 49.42 100 688
76.0 75.80 50.53 100 704
78.0 77.54 51.69 100 721
80.0 79.34 52.90 100 738
82.0 81.23 54.15 100 756
-84.0 83.19 55.46 100 775
86.0 85.23 56.82 100 795
-88.0 87.35 §8.23 100 815
90.0 89,56 59.71 100 837
92.0 91,86 61.24 100 859
94.0 04.25 62.84 100 882
96.0 96.75 64.50 100 906
98,0 99,34 66.23 100 931
100.0 102.04 68.03 100 957
102.0 104.85 69.90 102 984
104.0 107.77 71.85 104 1012
106.0 110.82 73.88 106 1042
108.0 113.98 75.99 108 1072
110.0 117.28 78.19 110 1104
112.0 120.71 80.47 112 1137
114.0 124.28 82.86 114 1172
116.0 128.00 85.33 116 1207
118.0 131.87 87.91 118 1245
120.0 135.90 90.60 120 1284
122.0 140.09 93.39 122 1324

124.0 144.45 96.30 124 1366
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Table 3: MNGP Pressure Test (Curve A) P-T Curves for 54 EFPY
Beltline Region

P-T Curve P-T Curve
Temperature Pressure

60.00 0

60.00 50

60.00 100
60.00 150
60.00 200
60.00 250
60.00 300
60.00 312
60.00 313
82.85 350
107.19 400
123,50 450
135.78 500
145.62 550
153.85 600
160.90 650
167.09 700
172.59 750
177.55 800
184.05 850
191.16 900
197.39 950
202.93 1000
207.92 1050
212.45 1100
216.61 1150
220.44 1200
224.02 1250

227.33 1300
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Table 3: MNGP Pressure Test (Curve A) P-T Curves for 54 EFPY (continued)

Component =
Bottom Head thickness, t =
Bottom Head Radius, R =

Safety Factor =

Stress Corncentration Factor = §;

Mp =

Temperature Adjustment =

Height of Water for a Full Vessel
Pressure Adjustment

Pressure Adjustment =

&

Shrgind o st v

‘{(no thermal effects)

bottom head penetrations)

=°F (applied after bolt-up, instrument uncertainty)

sinches

[

i psig (hydrostatic pressure head for a full véssel at 70°F)
i - »psig (instrument uncertainty)

Gauge Adjusted
Fluid Temperature Pressure for
Temperature Kic Kim for P-T Curve P-T Curve
(°F) {ksi*inch?)  (ksi*inch'?) (°F) {psig)
60.0 T 7413 49.42 60 0
60.0 74.13 49.42 60 813
62.0 75,80 50.53 62 832
64.0 77.54 51.69 64 851
66.0 79.34 52.90 66 872
68.0 81.23 54,15 68 893
70.0 83.19 55.46 70 915
72.0 85.23 56.82 72 939
74.0 87.35 58.23 74 963
76.0 89.56 59.71 76 988
.78.0 91.86 61.24 78 1,014
80.0 94.25 62.84 80 1,041
82.0 96.75 64.50 82 1,069
84.0 99.34 66.23 84 1,099
86.0 102.04 68.03 86 1,120
‘88.0 104.85 69.90 88 1,161
80.0 107.77 71.85 80 1,194
92.0 110.82 73.88 92 1,229
94.0 113.98 75.99 94 1,265
96.0 117.28 78.19 96 1,302
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Table 3: MNGP Pressure Test (Curve A) P-T Curves for 54 EFPY (continued)

Plant = .

Component =, Upper V

ART =,

Vessel Radius, R =
Nozzle comer thickness, {' =

Ky= -

bKlpappﬁeda L
Cnﬁackpgﬁlh,aé C

‘ Safety Factor =
Temperature Adjustment =
Height of Water for a Full Vessel =
Pressure Adjustment =

Pressure Adjustment
Reference Pressire =
Unit Pressure =

i

iy g

- {°F

jinches
jinches, approximate
" +1(n6 themal effects)
¥ ksi’_inCh"Z
© riinches

a

+°F (applied after boit-Up, instrument uncertainty)
~inches ,
“ 4psig (hydrostalic pressure head for a full wesse! at 70°F)
"psig (insirument uncertainty)
"ipsig (pressure at which the FEA stress coefficients are \alid)
psig (hydrostalic pressure)

Flange RTypr = {°F ======>  AIEFPY
Gauge P-T P-T Curve
Fluid Curve 10CFR50

Temperature Ke Kip Temperature Adjustments
°F) (ksi*inch'®) (ksi*inch"®) . °F) Apslg)
600 &3 4275 o 5
60.0 6413 4276 60 313
62.0 '65.39 43.60 100 313
64.0 66.71 44.47 100 616
66.0 68.08 45.38 100 629
68.0 69.50 46.33 100 643
70.0 7098 47.32 100 657
72.0 72.52 48.35 100 672
74.0 74.13 49.42 100 688
76.0 75.80 50.53 100 704
78.0 77.54 51.69 100 721
80.0 79.34 52.90 100 738
82.0 81.23 54.15 100 756
84.0 83.19 55.46 100 775
86.0 85.23 §6.82 100 795
88.0 87.35 58.23 100 815
90.0 89.56 59.71 100 837
92.0 91.86 61.24 100 859
94.0 94.25 62.84 100 882
96.0 96.75 64.50 100 906
98.0 '99.34 66.23 100 931
100.0 102.04 68.03 100 957
102.0 104.85 69.90 102 984
104.0 107.77 71.85 104 1012
106.0 110.82 73.88 108 1042
108.0 113.98 75.99 408 1072
110.0 117.28 78.19 110 1104
112.0 120.71 80.47 112 1137
114.0 124.28 82.86 114 172
116.0 128.00 85.33 116 1207
118.0 131.87 87.91 118 1245
120.0 135.90 90.60 120 1284
122.0 140.09 93.39 122 1324
124.0 144.45 96.30 124 1386
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Table 4: MNGP Core Not Critical (Curve B) P-T Curves for 54 EFPY
Beltline Region

P:T Curve P-T Curve
Temperature Pressure

60.00 0

60.00 50

60.00 100
60.00 150
89,07 200
116.72 250
134.43 300
137.89 312
138.16 313
147.47 . 350
157.81 400
166.37 450
174.76 500
185.75 550
194.74 600
202.37 650
208.98 700
214.82 750
220.05 800
224.78 850
229.10 900
233.08 950
236.77 1000
240.21 1050
243.41 1100
246.43 1150
249.28 1200
251.98 1250

254.53 1300




Plant

Component

Bottom Head thickness, t
Bottorn Head Radius, R

ART

Kn

Safety Factor :

Stress Concentration Factor =
Mg

Temperature Adjustment =
Height of Water'for a Full Vessel =
Pressure Adjustment
Pressure Adjustment :

"Heat Up aind Cool Down Rate = ;
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bottom head penetrations)
F-{applied aftef bolt-up, instrument uncertainty)
psig (hyd{'o’stét_id pressure head for a full vessel at 70°F)

psig-(instrument uncertainty)
2 °FlHr

Gauge v _ Adjusted
Fluid Temperature Pressure for
Temperature Kic Kim for P-T Curve P-T Curve
F) {ksi*inch'®)  (ksi*inch") F) {psig)
60.0 74.13 3297 60 0
*60.0 7443 3297 60 833
62.0 75.80 33.81 62 547
64.0 77.54 3467 64 562
66.0 79.34 35.58 66 578
68.0 81.23 36,52 68 594
70.0 83.19 37.50 70 610
72.0 :85.23 38.52 72 628
74.0 87.35 39.58 74 646
76.0 89.56 40.69 76 664
78.0 91.85 41.84 78 684
80.0 9425 43.03 80 704
82.0 86.75 44.28 82 725
84.0 99.34 45,58 84 747
86.0 102.04 46,93 86 770
-88.0 104.85 4833 88 794
'90.0 107.77 49.79 90 818
92.0 110.82 51.31 92 845
94.0 113.98 52.80 g4 872
96.0 117,28 54.55 96 900
98.0 120.71 56.26 a8 929
100.0 124.28 58.05 100 960
102.0 128.00 59.91 102 891
104.0 131.87 - 61.84 104 1,024,
106.0 135.90 63.85 1086 1,058
1080 140.09 65.95 108 1,094
110.0 144.45 68.13 110 1,131
112.0 148.99 70.40 112 1470
114.0 153.72 72,76 114 1,210
116.0 158.63 75.22 ‘116 1,251
118.0 163.75 77.78 118 1,295
120.0 169.08 80.45 120 1,340
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‘Table 4: MNGP Core Not Critical (Curve B) P-T Curves for 54 EFPY (continued)

Component

ART =

Vessel Radus, R =

Nozzle comer thickness, t =i
Ky =

Kipggs

Crack Depth, a =,

Salety Factor =
Temperalure Adjuslmenl =
Height of Waler fora Full Vesser =

Unit Pressure —‘

i

‘F
jinches
inches, approxumale

. Xksltinch'?
7 ks irich'?
_iinches

" 1°F (applied after bolt-up, Insirument uncetainty)

lnches

K pslg (hydroslalnc pressum head for a fll \essel al 70°F)
“1psig (if instrument unc alnly)

A pslg (pressure at whtch the FEA siress cogflicients are valid)
i pslg ydroslallc pressure)

Flange RTyor =, All EFPY
Gauge P-T P-T
Fluld Curve Curye
Temperature Kie Kip Tompevaturo Prossure
{‘'F) {ksi*inch"?)  (ksi*inch'?) (°F} {pslg)
60.0 64.13 28.53 60 0,
60.0 84.13 2853 60 313
62.0 6539 20.16 130 313
.64.0 66.71 29.82 130 404
66.0 68.08 30.51 130 414
68.0 69.50 31.22 130 424
700 70.98 31.96 130 435
720 72.52 32.73 130 446
740 7403 33.53 130 458
76,0 75.80 34.37 130 470
780 7754 35.24 130 483
80.0 79.34 36.14 130 438
82.0 81.23 37.08 130 509
84.0 83.19 38.06 130 523
86.0 8523 39.08 130 538
88.0 87.35 40.14 130 554
20.0 89.55 41.25 130 570
92,0 01.88 42.40 130 586
24,0 94.25 43.60 130 603
96.0 86.75 44,84 130 622
98.0 99.34 46.14 130 640
100.0 102,04 47.49 130 660
102.0 104.85 48.89 130 680
104.0 107.77 50.35 130 701
106.0 110,82 51.88 130 723
108.0 113.98 53.46 130 746
110.0 117.28 55.11 130 770
1120 12071 56.82 130 795
1140 124,28 58.61 130 821
11,0 128.00 60.47 130 848
118.0 131.87 62.40 130 876
120.0 135,90 64.42 130 905
1220 140,09 68.51 130 935
1240 144.45 68.69 130 967
126.0 148.69 70.96 130 1000
128.0 183.72 73.33 130 1034
130.0 158.63 75.78 130 1069
132.0 163.75 78.34 132 1106
134.0 168.08 81.01 134 1145
136.0 174.63 83.78 136 1185
138.0 180.40 66.67 138 4227
140.0 186.40 89.67 140 1270
142.0 152.66 92.80 142 1315
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Table 5: MNGP Core Critical (Curve C) P-T Curves for 54 EFPY
Plant-={ "~ MN

‘Cune A Leak Test Temperature
Cune A Pressure

Unit Pressur

Flange RTypr =,

i
Sty

g o

o o
ot
i

(4]

3" .. iipsig (hydrostatic pressure)

B -0 “'""‘ETOF
2 :

i e e e

P-T Cuive , P-T Ciirve

‘Temperature . Pressure .
7000 —0
70.00 50
70.00 100
70.00 150
129.07 200
156.72 250
174.43 300
177.89 312
206.00 313
206.00 350
206.00 ' 400
206.37 450
214.76 500
225.75 550
234.74 600
242.37 650
248.98 700
254 .82 750
260.05 800
264.78 850
269.10 900
273.08 950
276.77 1000
280.21 1050
283.41 1100
286.43 1150
289.28 1200
291.98 1250

294.53 1300
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Table.6: MNGP ART Calculations for 36:EFPY

N

diustrfients Fo
r| MarginTel
oalFlio¢
140

Upper/int Shell 12
. Upper/intShell F13. |
- Lower/intShell |14 -
- Lowerlint Shell 115~
t.ower Shell 16
Lower Shell k17

AR Tion| Margi
R o
S|

Adustments Eor1/at

e

uen’cé_ég*ﬂl‘tt. ) “Fi

Location : + - - AR
i e L T A{nlem? e Lo rim(nlem?) o
Upper/int Shell -12 1.97E+17 0.738 1454E+17 X

Upper/int Shell -13 1.266 1.97E+17 -0:738 1454E+17 0.141
Lowet/Int Shell -14 1.266- -2.77E+18 0.738 2.044E+18 0.575:
Lower/int Shell 15 11266 2.77E+18 :0.738 2.044E+18 0.575
‘Lower Shell H16 1:266' 1.85E+18 0.738 1.365E+18 0.482
Lower Shell {7 1.266: '1.85E+18 '0.738 1.365E+18- 0.482
Limiting Weld - Beltline 5.063 1.266 2.77E+18 :0.738 2.044E+18 0.575

Bounding N-2 Nozzle ' -5.063 1.266 4.27E+17 0.738 3.151E+17 0.226
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Table 7:. MNGP ART Calculations for 40 EFPY

. 1 Adjistinents For4/4t, '«
i [(Margin Terms,| ARTior

escription . - | Cac

b e L # | Cuy(Wt%)| Ni | CF)| 6T(CE) | EF) -
Upper/int Shell I-12 - 0:35. 155 -

_Upper/int Shell 13 . - £2613-1 - 27.0
"Lowerlint Shell 147 1[; P 270
% Lower/int SKall 1115 o
Lower Shell F16 . - -AD946-1 | 27.0
Lower Shell 17 €21931° .

-~ Adjustments For 178t .
. [aRTar| ‘

o b
L illem?d)
pper/int Shell I-12 . 1.698E+17
Upper/Int Shell 113 5.063 1.266: 2.30E+17 0:738. 1.698E+17
Lower/Int Shell 14 5.063 1:266 3.36E+18 0:738 2.48E+18.
Lower/Int Shell F15 5.063 1.266 3.36E+18 0.738 2.48E+18
Lower Shell 116 5.063, 1.266 "2.28E+18 0:738 1.683E+18
Lower Shell 17 5.083 1.266 2.28E+18 0.738 1.683E+18-
Limiting Weld - Beltline 5.063 1.266 :3,36E+18 0.738 2.48E+18 0.622

Bounding N-2 Nozze 5,063 1266 T B3EMT 07T BRE T 0554




Monticello-Nu¢lear Generating Plant PTLR
Revision 0
Page 37 of 38

i

Table 8: MNGP ART Calculations for 54 EFPY

“Upperint Shell 12

_ Upper/lit Shell+13 . _ |

£ -LowerntShell 145 =" ey

. Lowerint Shell 115 o .
Lower Shell 16 A0946-1
Lower Shell 117 €219341

Upper/int Shell 12

4.06E+17

2.996E+17

Upper/int Shell F13 4.06E+17 2.996E+17
Lowe/int Shell 14 6.43E+18 0738 4.746E+18:
Lower/int Shell 15 6.43E+18 0738 4.746E+18.
‘Lower Shell K16 4:46E+18 0738 3.202E+18
Lower Shell k17 4.46E+18 0.738 3.292E+18-
Limiting Weld - Beltine 5.063 1266 6.43E+18 0738 4746E418 0792
“Bounding N-2 Nozzle 5063 17266 101E¥i8 0738 T ABAE T AR
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Appendix A
MONTICELLO REACTOR VESSEL MATERIALS SURVEILLANCE PROGRAM

In accordance with 10 CFR 50, Appendix HA? Reactor Vessel Material Surveillance Program

Requiremerits, a surveillance capsule was removed from the Monticello reactor vessel in 2007,

the vessel materials within the core beltline region.

MNGP has made 4 licensing commitment to replace the existing surveillance program with the
BWRVIP ISP, and intends ‘to use the ISP for MNGP during the periqd of extended ope’rati()n.
The BWRVIP ISP meets the requirements of 10 CFR 50, Appendix H, for Integrated
Surveillance Programs, and has been approved by NRC. Xcel Erieigy commiitted t6 use the ISP
in place of its existing surveillance programs in the amendments issued by the NRC regarding
the implementation of the Boiling Water Reactor Vessel and Internals Project Reactor Pressure
Vessel Integrated ‘Surveillance Program, dated April 22, 2003 [14]. The surveillance capsule
removed in 2007 contained flux wires for neutron fluence measurement, Charpy V-Notch impact
test specimens and uniaxial tensile test specimens fabricated using materials from the vessel
materials within the core beltline region. MNGP coritinues to be a host plant under the ISP. One
more Monticello capsule is scheduled to be removed and tested undér the ISP in approximately
2022.




