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IMPORTANT NOTICE REGARDING 

CONTENTS OF THIS REPORT 

PLEASE READ CAREFULLY 

This report was prepared by General Electric solely for the use of Iowa 

Electric Light and Power Company. The information contained in this report is 

believed by General Electric to be an accurate and true representation of the 

facts known, obtained or provided to General Electric at the time this report 

was prepared.  

The only undertakings of the General Electric Company respecting informa

tion in this document are contained in Iowa Electric Light and Power Company 

Purchase Order No. E6-16286-C-DA and nothing contained in this document shall 

be construed as changing said contract. The use of this information except as 

defined by said contract, or for any purpose other than that for which it is 

intended, is not authorized; and with respect to any such unauthorized use, 

neither General Electric Company nor any of the contributors to this document 

makes any representation or.warranty (express or implied) as to the complete

ness, accuracy or usefulness of the information contained in this document 

or that such use of such information may not infringe privately owned rights; 

nor do they assume any responsibility for liability or damage of any kind 

which may result from such use of such information.
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ABSTRACT 

An analysis was performed to develop updated pressure-temperature 

operating limits for the Duane Arnold Energy Center reactor vessel. Fracture 

toughness data from the fabrication test program was adjusted to reflect 

current standards. Vessel peak neutron fluence was determined using established 

flux wire data with a flux distribution computer evaluation. Operating limits 

curves for pressure tests, non-nuclear heatup and cooldown, and core-critical 

operation were developed according to the requirements of the ASME Code and 

the May 1983 revision to Appendix G of 10CFR50. Suggested revisions to the 

Technical Specifications and the Updated Final Safety Analysis Report are 

included which reflect the results of the fracture toughness evaluation.
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1. INTRODUCTION 

1.1 PURPOSE 

Part of the effort to assure reactor vessel integrity involves evaluation 

of the fracture toughness of the vessel ferritic materials. The key values 

which characterize a material's fracture toughness are the reference tempera

ture of nil-ductility transition (RT ) and the upper shelf energy. These 
NDT 

are defined in 10CFR50 Appendix G (Reference 1) and Appendix G of the ASME 

Boiler and Pressure Vessel Code, Section III (Reference 2). These documents 

contain requirements that establish the pressure-temperature (P-T) operating 

limits which must be met to avoid brittle fracture. Updated operating limits 

curves are presented for the Duane Arnold Energy Center (DAEC) reactor vessel.  

1.2 SCOPE 

Initial RT values are calculated to establish a starting point for the 
NDT 

limits curves. A method is used to take the original fabrication material test 

results and convert them to values that would result if current test require

ments were applied. The RTNDT values are used with detailed BWR/6 stress 

analyses of reactor pressure vessel (RPV) nozzles and discontinuities to con

struct operating limits curves for the non-beltline regions of the reactor.  

Irradiation of the RPV beltline causes an increase in RTNDT and a decrease 

in upper shelf energy. The magnitude of the irradiation effect is calculated 

according to Regulatory Guide 1.99 (Reference 3). As input data, Reference 3 

requires data on copper (Cu) and phosphorus (P) composition in the beltline 

materials and on the peak vessel neutron fluence at one-quarter vessel wall 

depth (1/4 T). The fluence at the vessel wall surface at the 36-deg surveil

lance capsule location was determined from flux wires at the end of Fuel 

Cycle 2. The relationship between the 36-deg capsule and the peak fluence 

location is established using a combination of two-dimensional and one

dimensional finite element computer analyses. The Cu-P data are collected 

from fabrication materials records and Iowa Electric Light & Power (IEL&P) 

correspondence (Reference 4). The P-T characteristics of the limiting beltline

1-1
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material, including RTNDT irradiation shift effects, are compared to the 
limits for the non-beltline region to determine the most severe operating 
limits for the reactor.  

The Technical Specifications and the Updated Final Safety Analysis Report 
(UFSAR) have been revised to include the results of this report. The revi
sions are included in Appendices A and B, respectively.

1-2
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2. SUMMARY AND CONCLUSIONS 

2.1 SUMMARY OF RESULTS 

Evaluation of initial RTNDT values, RPV irradiation effects, and fracture 

toughness operating limits are described in Sections 3, 4, and 5, respectively.  

A summary list of significant results contained in those sections follows.  

a. Data from the fabrication program materials certification testing 

were located and adjusted to be equivalent to test results done to 

current standards. Limiting RTNDT values for locations of interest 

in the vessel were determined. They are 40'F for the beltline, 

140F for the closure flange region, and 58'F for the remainder of 

the vessel (Standby Liquid Control Nozzle N10 is limiting).  

b. The chemical compositions of the beltline materials were identified 

through a combination of literature research and IEL&P correspondence 

(Reference 4). The copper (Cu) and phosphorus (P) contents were 

determined for all heats of plate material and for the limiting weld 

material in the beltline. The maximum values for the beltline plates 

are 0.15% Cu and 0.012% P. For the welds, the maximums are 0.03% Cu 

and 0.021% P.  

c. The vessel peak flux location was established using a combination 

of two-dimensional and one-dimensional finite element computer 

analyses. The flux peak occurs at a height of 84 inches above the 

bottom of active fuel, and at the vessel quadrant references (0 deg

ree, 90 degrees, etc.). The lead factors for the flux wires taken 

from the 36-deg surveillance capsule are 0.92 to the peak 1/4 T 

location and 0.72 to the peak inside surface location.  

d. The maximum accumulated neutron fluence at the vessel end-of-life 

(EOL) [32 effective full power years (EFPY)] was determined from the 

flux wire data in the UFSAR, using the lead factor to the peak 1/4 T

2-1



NEDC-30839

location. The calculated fluence includes a 25% addition to account 

for uncertainty of the flux wire testing. The effect of a 4% power 

uprate at 6 EFPY is considered as well. The maximum 1/4 T vessel 
18 2 fluence is 4.4 x 10 n/cm 

e. Irradiation shift in RTNDT was calculated using the methods of 

Regulatory Guide 1.99 (Reference 3). The beltline plate is the 

limiting material. The weld metal experiences less shift because 

of its low Cu content. Instrument Nozzle N16, located 3 inches 

below the top of active fuel, was evaluated; however, the low 

fluence level at the nozzle results in a small shift which is not 
limiting. The RT shift at EOL (32 EFPY) for the plate material NDT 
is 860 F, so the beltline EOL adjusted reference temperature is 1260 F.  

f. Operating limits curves were constructed for three reactor conditons: 

hydrostatic pressure tests, non-nuclear heatup and cooldown, and 

core critical operation. The curves are valid to 12 EFPY of opera

tion. The limiting regions of the vessel affecting the curves' 

shapes are the Standby Liquid Control Nozzle (N10), the feedwater 

nozzle, and the closure flange region. The beltline region, shifted 

for 12 EFPY of irradiation, is not limiting. The minimum permissible 

temperature on the curves of 74F provides some extra margin in the 

closure flange region where a detectable flaw size of 0.24 inch is 

used instead of 1/4 T. The minimum permissible temperature for 

full bolt preload is 740 F. The operating limits curves for DAEC are 

shown in Figure 2-1.  

g. Examination of the normal and upset operating conditions expected 

for the reactor shows that the worst pressure-temperature condition 

expected is 1180 psig at 250'F. This condition occurs after a 

SCRAM, so Figure 2-1 (Curve A) applies. The pressure limit at 

250 0F is over 1400 psig. Therefore, the only operating conditions 

where the operating limits are a concern are those involving operator 

control of the pressure and temperature, such as hydrotest.

2-2
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2.2 CONCLUSIONS 

The requirements which must be met to assure RPV structural integrity are 

contained in Reference 1. One of these requirements is to comply (as closely 

as possible for older plants) with the surveillance program requirements of 

10CFR50 Appendix H (Reference 5). Conclusions related to this and other 

requirements areaddressed as follows.  

a. It is stated in Reference 1 that temperature at a given pressure 

must be greater than the limits of Figure 2-1. For all normal 

conditions and transients with automatic response, the operating 

limits curves are met. Only in operations involving manual adjust

ment of pressure and temperature is it possible to violate the 

limits.  

b. According to Reference 1, if the predicted EOL adjusted reference 

temperature exceeds 200'F, provisions must be made for RPV annealing.  

The DAEC value of 126 0F meets the 200'F maximum limit, so no anneal

ing provisions are needed.  

c. The capsule withdrawal schedule for surveillance in Reference 5 is 

based on ASTM E185 (Reference 6). Concerning withdrawal of capsules, 

Table 1 of Reference 6 shows withdrawal of the first capsule at 6 
18 2 

EFPY, or at the time of accumulated fluence of 5x10 n/cm , or at 

the time of surveillance specimen RTNDT shift of 50'F, whichever 

comes first. For DAEC, 6 EFPY will come first. Using Reference 6 

as a guide, the first surveillance capsule from the DAEC vessel 

should be removed for testing during the next major outage.

2-3
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Figure 2-1. Pressure Versus Minimum Temperature, Valid to 12 EFPY
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3. INITIAL REFERENCE TEMPERATURES 

3.1 FABRICATION TEST PROGRAM IMPACT DATA 

The RPV operating limits for fracture toughness depend directly on the 

RTNDT of the vessel materials at selected locations, namely the core beltline 

region, the closure flange region, and the remainder of the vessel represented 

by the limiting nozzle. The General Electric Quality Assurance records kept 

for DAEC were searched for fabrication material certification test results.  

Charpy V-Notch and dropweight nil-ductility temperature (NDT) data from 

those records are tabulated for selected limiting components listed in 

Table 3-1.  

3.2 ESTABLISHMENT OF RTNDT TO CURRENT REQUIREMENTS 

The methods used to establish the RTNDT from the Winter 1967 edition of 

the ASME Code.used for fabrication can be summarized as follows for the RPV: 

a. Test specimens shall be longitudinally oriented Charpy V-Notch 

specimens.  

b. At the RTNDT, no impact test result shall be less than 25 ft-lb, 

and the average of three test results shall be at least 30 ft-lb.  

c. Pressure tests shall be conducted at a temperature at least 60
0F 

above the acceptable RT NDT for the vessel.  

The current requirements for establishing RTNDT are significantly 

different. For plants constructed to the ASME Code after Summer 1972, the 

requirements are as follows: 

a. Charpy V-Notch specimens shall be oriented normal to the rolling 

direction (transverse).  

b. RTNDT is defined as the higher of the dropweight NDT or the Charpy 

V-Notch transverse 50 ft-lb temperature minus 60'F (T50T-
60-F).

3-1
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C. Bolt-up in preparation for a pressure test or normal operation 

shall be performed at or above the RT or lowest service NDT 
temperature (LST), whichever is greater.  

According to Reference 1 for vessels constructed to a version of the ASME 
Code prior to the Summer 1972 Addendum, fracture toughness data and data 
analyses must be supplemented in an approved manner. General Electric has 
developed approved methods for analytically converting fracture toughness 
data to comply with current requirements for vessels constructed before 1972.  
These methods and example RTNDT calculations for vessel plates, welds, weld 
heat affected zone (HAZ), forgings, and bolting material are summarized in 
the remainder of this subsection. Calculated RTNDT values for selected RPV 
locations are in Table 3-1.  

For vessel plate material, the first step in calculating RTNDT is to 
establish the 50 ft-lb transverse test temperature given longitudinal test 
specimen data. There are typically three energy values at a given test 
temperature. The lowest Charpy energy value is adjusted by adding 20F per 
ft-lb energy to 50 ft-lb. For example, for the beltline plates, the lowest 
Charpy energy from Table 3-1 is 36 ft-lb at +40'F for Shell 1. The equivalent 
50 ft-lb longitudinal test temperature is 

T50L = 40-F + [(50-36) ft-lb * 20F/ft-lb] = 680F.  

The transition from longitudinal data to transverse data is made by adding 

30OF to the test temperature. In this case, the 50 ft-lb transverse Charpy 
test temperature is T50T = 98*F. The RTNDT is the greater of NDT or 

(T50T - 60.F). From Table 3-1, the NDT for shell 1 is +40'F. Therefore, 
the RTNDT for the core beltline is +40aF (greater of +40'F or +380F).  

For vessel weld material, the Charpy V-Notch results are usually 

limiting in establishing RTNDT. The 50 ft-lb test temperature is established 

as for the plate material, but the 30'F adjustment -to convert longitudinal 
data to transverse data is not applicable to weld metal. The limiting 

beltline weld longitudinal Charpy V-Notch energy from Table 3-1 is 28 ft-lb 

at +100F. The corresponding transverse 50 ft-lb temperature is

3-2
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T T = 10aF + [(50-28) ft-Lb * 20F/ft-lb] = 540F.  

As shown in Tablp 3-1, there is no NDT value available for the weld metal, 

so the RTNDT is established as (T50T - 600F), or RTNDT = -6F for the core 

beltline welds.  

For the vessel weld HAZ material, the RTNDT is assumed the same as 

for the base material, since ASME Code weld procedure qualification test 

requirements and post-weld heat treatment data indicate this assumption is 

valid.  

For vessel forging material, such as nozzles and closure flanges, the 

method for establishing RTNDT is the same as for vessel plate material.  

The Standby Liquid Control Nozzle N10, listed in Table 3-1, has the lowest 

Charpy V-Notch energy of any nozzle or discontinuity in the vessel, so it 

provides the highest, or limiting RTNDT for the non-beltline regions of the 

vessel of 580 F. The NDT of +400F is compared to the (T50T - 600F) value; 

T = 40aF + [(50 - 26) ft-lb * 20F/ft-lb] + 30aF = 118 0F, so 

(T50T - 60-F) = 580F.  

All other nozzles and discontinuities are limited by the NDT value of +40'F.  

For bolting material, the current requirements define the LST as the 

temperature at which transverse Charpy V-Notch energy of 45 ft-lb and 25 

mils lateral expansion (MLE) are achieved. If the required Charpy results 

are not met, or are not reported, but the Charpy V-Notch energy reported is 

above 30 ft-lb, the requirements of the ASME Code at construction are 

applied. As shown in Table 3-1, the limiting Charpy V-Notch energy for 

bolting material is 37 ft-lb at +10aF. The current requirements are not 

met, so the construction Code requirements are used. The LST is defined as 

60'F above the temperature at which 30 ft-lb Charpy V-Notch energy is 

achieved. Therefore, the LST of the closure bolting material is 70
0F.

3-3



Table 3-1 

IMPACT PROPERTIES OF RPV MATERIALS 

CONVERTED FOR RTNDT EVALUATION

Component 

Shell 2 

Shell I 

Beltline Welds 

Nozzle N16 

Vessel Flange 

Head Flange 

Shell 4 

SLC Nozzle N10 

FW Nozzle N4 

Closure Bolts 

Closure Nuts

Dropweight 
NDT (oF) 

-30 

+40 

+40 

+10 

+10 

.+10 

+40 

+40

Charpy Test 
Temperature 

(OF) 

40 

40 

10 

40 

10 

10 

10 

40 

40 

10 

10

Charpy Test 
Energy 
(ft-lb) 

57,54,52 

36,48,43 

28,36,39 

44,42,36 

114,96,87 

69,86,90 

37,44,33 

38,60,26 

87,102,110 

48,49,48 

37,38,40

(TSOT - 60F) a 

(OF) 

+10 

+38 

-6 

+38 

-20 

-20 

+14 

+58 

+10

RTNDT 
(OF) 

+10 

+40 

-6 

+40 

+10 

+10 

+14 

+58 

+40 

LST = +70aFb 

LST = +70'F

a 
T 50T is a calculated value based on Charpy Test Energy. It represents the temperature at which a 
transverse specimen would be expected to achieve 50 ft-lb.  

bLST = Lowest Service Temperature.

'S
0 

00



NEDC-30839

4. RPV IRRADIATION EFFECTS 

4.1 FLUX WIRE MEASUREMENT 

As a part of the vessel materials surveillance program, flux wires used 

to measure neutron.irradiation were removed from the DAEC vessel .in March 

1977, after Fuel Cycle 2. The wires were located on the RPV inside wall in 

the 36-deg capsule holder. Analysis of the iron and copper wires is reported 

in Chapter 5.3 of the UFSAR. The full power flux density (>1 MeV) was 

evaluated as 3.1 x 109 n/cm 2-sec with an uncertainty of ±25%.  

4.2 FLUX DISTRIBUTION ANALYSIS 

4.2.1 Procedure 

Determination of the location and magnitude of the peak flux (>1 MeV) 

on the RPV inside wall and at 1/4 T depth is done by using a combination of 

one-dimensional and two-dimensional finite element computer analysis. The 

two-dimensional analysis establishes the relative fluence in the 6 direction 

at the vessel wall and 1/4 T depth. A series of one-dimensional analyses 

are done to determine the core height of the axial flux peak and its relation

ship to the surveillance capsule height. The combination of a and axial dis

tribution data provides the ratio of flux, or the lead factor, between the 

surveillance flux wire result and the peak flux value.  

The two-dimensional DOT computer program used solves the Boltzman 

transport equation using the discrete ordinate method on an (R,6) geometry, 

assuming a fixed source. Quarter core symmetry was used with periodic 

boundary conditions at 0 degree and 90 degrees. Neutron cross sections were 

determined for 26 energy groups, with angular scattering approximated by a 

third-order Legendre expansion. A schematic of the two-dimensional vessel 

model is shown in Figure 4-1. A total of 99 radial elements and 90 azimuthal 

elements were used. The model consists of an inner and outer core region, 

the shroud, water regions inside and outside the shroud, the vessel wall, 

and an air region representing the drywell. The core power distribution

4-1
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assumed for the two-dimensional analysis was the distribution for the middle of 

Fuel Cycle 7.  

The one-dimensional computer code (SNlD) was used to calculate radial 

flux distribution at several core elevations at the azimuth angle of 75 degrees, 

where the vessel wall is closest to the fuel. A one-dimensional test case was 

done at this angle for comparison with the two-dimensional results. This one

dimensional test case had equivalent cross section and power distribution 

values to those used in the two-dimensional analysis. After good correlation 

between the one-dimensional results and the two-dimensional results at 75 deg

rees was verified, the actual operating history for the fuel cycles through the 

middle of Cycle 7 was incorporated into the one-dimensional data base. The 

elevation and magnitude of the peak flux was determined, as well as the flux 

at the surveillance capsule elevation. The surveillance capsule flux value 

was adjusted from the 75-deg value to the 36-deg value according to the azi

muthal correction indicated in the two-dimensional analysis.  

4.2.2 Results 

The one-dimensional flux calculations establish the average elevation 

of peak flux to be 84 inches above the bottom of active fuel, or 9 inches 

above the capsule. The two-dimensional calculation indicates the flux 

to be maximum at the RPV quadrant references (0 degree, 90 degrees, etc.).  

The relative fluxes (>1 MeV) at the vessel surface and 1/4 T depth as a func

tion of e are shown in Figures 4-2 and 4-3 respectively.  

The one-dimensional test case and the two-dimensional analysis results 

agreed within 8% at the vessel surface. The one-dimensional results at the 

peak and capsule elevations were combined with the azimuthal variation to 

develop the >1 MeV flux values in Table 4-1. The lead factors in Table 4-1 

show that the surveillance specimens receive slightly less irradiation than 

the peak 1/4 T location.  

Reported in Table 4-1 are results for surveillance capsule locations 

at 36 degrees and at 108 and 288 degrees. The location of interest is at

4-2
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36 degrees, the azimuth of the flux wire analysis in the UFSAR. The analytical 

9 2 
result of 3.1 x 10 n/cm -sec.  

4..3 REFERENCE TEMPERATURE SHIFT

The shift in fracture toughness 

is a function of neutron fluence and 

(P). The specific relationship from 

SHIFT (-F) = [40 + '1000 (% 

(f/10 19),

properties in the beltline materials 

the presence of copper (Cu) and phosphorus 

Reference 3 is 

Cu - 0.08) + 5000 (%P - 0.008)] *

(4-1)

where

% Cu = wt % of Cu present, 

% P = wt % of P present, 

f = fluence (n/cm') at selected EFPY.  

The neutron fluence is calculated from flux wire and lead factor data 

in Subsection 4.2. The peak flux at the 1/4 T depth is the flux wire test 

result (3.1 x 10 n/cm 2-sec * 1.25 uncertainty) divided by the 36-deg capsule 

lead factor from Table 4-1 (0.92). Thus, the estimated peak 1/4 T flux up 
9 2 

to 6 EFPY is 4.21 x 10 n/cm -sec. At 6 EFPY, a power uprate from 1593 MW to 

.1658 MW is expected. The flux, being directly proportional to reactor thermal 

power, increases by (1658/1593) for a value of 4.38 x 10 n/cm -sec. The 

fluence accumulates linearly with full power years, so the EOL fluence (32 EFPY) 

is: 

f = (3.16 x 107 sec/EFPY) * [(4.21 x 10 n/cm -sec) * (6 EFPY) 

+ (4.38 x 10 n/cm 2-sec) * (26 EFPY)] = 4.4 x 1018 n/cm2

4-3
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Chemical compositions of the materials in the beltline region are shown 

in Table 4-2. All data except for vessel plate copper are from General 

Electric Quality Assurance records for the DAEC vessel. The vessel plate 

copper data were provided to IEL&P by Lukens Steel Company (Reference 4).  

Since copper data was not available for the N16 instrument nozzle in the 

beltline region, it was assumed equal to the highest plate value of 0.15%.  

The limiting Cu-P content values for the plate and weld materials are 

0.15% Cu, 0.012% P for the plates and 0.03% Cu, 0.021% P for the welds. When 

these values are substituted into Equation (4-1), the shift equations are 

SHIFT = 130 (f/10 ) for the plates, and (4-2) 

SHIFT = 105 (f/10 19 ) for the welds. (4-3) 

18 2 
The EOL fluence of 4.4 x 10 n/cm results in shifts of 860 F for the plate 

material and 70*F for the weld metal. The adjusted reference temperatures 

(initial RTNT plus SHIFT) for each are 1260 F and 64'F, respectively. The 

plate material is more limiting than the weld material, but well below the 

200'F reference temperature limit in Reference 1, above which vessel annealing 

is required.  

Since fluence is directly proportional to EFPY of operation, the 

reference temperature shift of the beltline can be expressed in terms of 

operation. Equation (4-2) for the plates becomes 

SHIFT = 14.98 (EFPY)1/2 for EFPY < 6, and 

SHIFT = 36.7 + 15.26 * [(EFPY)1/2 
- (6)1/2] for EFPY > 6. (4-4) 

Equation (4-4) is plotted in Figure 4-4.

4-4
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Table 4-1 

PEAK FLUX (>1 MeV) AND LEAD FACTORS 

FOR RPV SURFACE AND 1/4 T DEPTH

Location 

36' Capsule 

108*/2880 Capsule 

Peak Vessel 
Surface 

Peak Vessel 
T Depth

Flux 
(n/cm2 - sec) 

9 3.46 x 10 

3.74 x 10 

4.83 x 10 

3.78 x 10

360 Capsule 
Lead Factor 

0.72 

0.92

1080/2880 Capsule 
Lead Factor 

0.78 

0.99

4-5



Table 4-2 

CHEMICAL COMPOSITION OF MATERIALS IN RPV BELTLINE

Component

Shell 1 

Shell 2 

Nozzle N16 

Seam Welds b

Material 
Heat No.

C Mn _ P n CwO _ _ _ ___ 

C_ _ Mn_ P__ S Cua Si I Ni IMo
C6439-2 
B0402-1 

B0436-2 
B0673-1 

Q2Q5VW 

E8018NM

0.21 
0.20 

0.19 
0.20 

0.22 

0.06

1.25 
1.35 

1.33 
1.37 

0.81 

1.20

0.012 
0.012 

0.008 
0.011 

0.012 

0.021

0.012 
0.015 

0.010 
0.014 

0.017 

0.017

0.09 
0.13 

0.15 
0.15 

0.03

0.18 
0.16 

0.18 
0.18 

0.21 

0.42

0.51 
0.47 

0.64 
0.61 

0.85 

0.97

0.48 
0.45 

0.50 
0.55 

0.64 

0.55

bValues are from Reference 4 for shell plates.  
Composition is typical of all lots, except Cu and P values are maximums.
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2- CORE EXTERIOR FUEL 

Figure 4-1. Schematic of Model for Two-Dimensional Flux 
Distribution Analysis
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5. DEVELOPMENT OF OPERATING LIMITS CURVES 

5.1 BACKGROUND 

Operating limits for pressure and temperature are required for three 

categories of operation: (a) hydrostatic pressure tests'and leak tests, 

referred to as Curve A; (b) non-nuclear heatup/cooldown and low-level 

physics tests, referred to as Curve B; and (c) core critical operation, 

referred to as Curve C. There are three vessel regions that affect the 

operating limits: the closure flange region, the core beltline region, 

and the remainder of the vessel, or non-beltline regions. The closure 

flange region limits are controlling at lower pressures primarily because 

of Reference 1 requirements. The non-beltline and beltline region operating 

limits are evaluated according to procedures in References 1 and 2, with the 

beltline region minimum temperature limits increasing as the vessel is 

irradiated.  

5.2 NON-BELTLINE REGIONS 

Non-beltline regions are those locations that receive too little fluence 

to cause any RTNDT increase. Non-beltline components include most of the 

nozzles, the closure flanges, some shell plates, top and bottom head plates 

and the control rod drive (CRD) penetrations. Detailed stress analyses of 

the non-beltline components were performed for the BWR/6. The analyses 

took into account all mechanical loadings and thermal transients anticipated.  

Detailed stresses were used according to Reference 2 to develop plots of 

allowable pressure (P) versus temperature relative to the reference tempera

ture (T - RT NDT). These results are applied to the DAEC vessel, since the 

discontinuity geometries are not significantly different from BWR/6 configura

tions, and the mechanical and thermal loadings anticipated are comparable.  

The non-beltline region results are established by adding the highest 

RTNDT for the non-beltline discontinuities (580F for Nozzle N10) to the P 

versus (T - RT NDT) curves for the BWR/6. Shown in Figures 5-1 through 5-3 

are the calculated non-beltline operating limits for Curves A, B, and C,
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respectively. Curve A is set by the BWR/6 CRD penetration results, which 

are limiting for pressure tests. The BWR/6 feedwater nozzle analysis 

establishes the limits for Curves B and C. The CRD penetration and feedwater 

nozzle results bound the results for all other non-beltline components.  

5.3 CORE BELTLINE REGION 

The pressure-temperature limits for the unirradiated beltline region 
are shown in Figures 5-1 through 5-3. As the beltline fluence increases 

during operation, these curves shift to the right by an amount established 

from Figure 4-4. Eventually, the beltline curves shift to become more 

limiting than the non-beltline region curves. The stress intensity factors 

calculated for the beltline region according to Reference 2 procedures are 

based on a combination of pressure and thermal stresses. The mechanical 

stresses were calculated using thin-walled cylinder equations. Thermal 

stresses were calculated assuming the through-wall temperature distribution 

of a flat plate subjected to a 100'F/hr thermal gradient. The initial RT T 

of 40'F for the beltline was used to adjust the (T - RTNDT) values from 

Figure G-2210-1 of Reference 2.  

Instrument Nozzle N16 is 3 inches below the top of the active fuel.  

The EOL fluence at this location is above 1017 n/cm2 , so Nozzle N16 was 

treated as part of the beltline. For the fluence present at the nozzle, 

the expected shift in RTNDT was calculated according to Reference 3.  

Operating Limits for the nozzle were calculated, accounting for the nozzle 

discontinuity stresses. The calculations show that the Nozzle N16 limits are 

less conservative than the non-beltline region through 16 EFPY, and are bounded 

after that by the shell plate limits. The shell plates represent the limiting 

'beltline region component.  

5.4 CLOSURE FLANGE REGION 

Reference I sets several minimum requirements for pressure and 

temperature in the closure flange region beyond those outlined in Reference 2.  

In some cases, the results of analysis at other locations exceed these 

requirements and they do not affect the shape of the P-T curves. However,
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some closure flange requirements from Reference 1 do impact the curves.  

In addition, General Electric recommends some extra margin on bolt preload 

temperature.  

As stated in Paragraph G-2222(c) of Reference 2, for application of 

full bolt preload and reactor pressure up to 20% of hydrostatic test pressure, 

the RPV metal temperature must be at RTNDT or greater. The GE practice is 

to require (RTNDT + 60'F) for bolt preload, for two reasons: 

a. The original ASME Code of construction requires (RTNDT + 60'F); and 

b. The highest stressed region during boltup is the closure flange 

region, and the flaw size assumed in that region (0.24 inches) 

is less than 1/4 T. This flaw size is detectable using ultrasonic 

testing (UT) techniques. In fact, References 7 and 8 report that 

a flaw in the closure flange region of 0.09 inch can be reliably 

detected using UT.  

(RTNDT + 60*F) is not a current ASME Code requirement; it provides extra 

margin for Curves A and B. However, (RTNDT + 600F) is a requirement for 

Curve C, as described in paragraph IV.A.3 of Reference 1.  

Reference 1, paragraph IV.A.2, sets temperature minimum requirements 

for pressure above 20% hydrotest pressure. Curve A temperature must be no 

less than (RTNDT + 90'F) and Curve B temperature no less than (RTNDT + 120 0F).  

The Curve A requirement causes a 30*F shift at 20% hydrotest pressure (312 psig) 

as shown in Figure 5-1. The Curve B requirement has no impact on Figure 5-2 

because the analytical results for the feedwater nozzle require that temperature 

be greater than (RTNDT + 120'F) at 312 psig.  

5.5 CORE CRITICAL OPERATION REQUIREMENTS OF 10CFR50,'APPENDIX G 

Curve C, the core operation curve shown in Figure 5-3 is generated 

from Figure 5-2, accounting for the requirements of Reference 1, paragraph 

IV.A.3. Essentially, paragraph IV.A.3 requires that core operation P-T 

limits be 40'F above any Curve A or B limits. Curve B is more limiting
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than Curve A, so Curve C is Curve B plus 40'F. The (RTNDT + 60*F) minimum 

permissible temperature mentioned in Subsection 5.4 for Curve C is an 

exception for BWRs, as described in'paragraph IV.A.3 of Reference 1.  

5.6 OPERATING LIMITS CURVES VALID TO 12 EFPY 

The shift of the unirradiated core beltline curves in Figures 5-1 through 

5-3 is determined by the amount of operation for which the curves are valid.  

Twelve EFPY was selected because in Figure 4-4 the shift in the beltline 

transition temperature at 12 EFPY is 530 F. With a 530 F-shift, the beltline 

curves affect the operating limits only at pressures above 1400 psig. Below 

1400 psig, the non-beltline curves determine the operating limits. Shown in 

Figure 5-4 are the operating limits curves for all reactor conditions valid 

to 12 EFPY. Figure 5-4 is reported in the Technical Specification revision 

in Appendix A.  

5.7 REACTOR OPERATION VERSUS OPERATING LIMITS 

For most reactor operating conditions, pressure and temperature are at 

saturation conditions,-which are in the operating zone of the limits curves.  

The most severe condition is an upset condition consisting of several 

transients which result in a SCRAM. The worst combination of pressure and 

temperature is 1180 psig at 250'F. Since SCRAM would have occurred, Curve A 

of Figure 5-4 would be applied. At 250aF the permissible pressure is in 

excess of 1400 psig, so the worst case upset condition lies in the operating 

zone of the limits curves. Therefore, violation of the operating limits 

curves is only a concern in cases where manual control of temperature and 

pressure occur, such as hydrostatic pressure testing.
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APPENDIX A 

REVISIONS TO TECHNICAL SPECIFICATIONS 

Appendix A contains suggested revisions to the Duane Arnold Energy Center 

(DAEC) Technical Specifications. Portions of Sections 3.6.A and 4.6.A of the 

Technical Specifications pertaining to the fracture toughness operating limits 

have been revised. The revisions reflect the updated operating limits curves 

and compliance with the current versions of 10CFR50 Appendix G and Appendix H.  

The bases for 3.6.A and 4.6.A have been revised as well.
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LIMITING CONDITION FOR OPERATION

3.6 PRIMARY SYSTEM BOUNDARY 

Applicability: 

Applies to the operating status 
of the reactor coolant system.  

Objective: 

To assure the integrity and safe 
operation of the reactor coolant 
system.  

Specification: 

A. Thermal and Pressurization 
Limitations 

1. The average rate of reactor cool
ant temperature change during 
normal heatup or cooldown shall 
not exceed 100aF/hr when averaged 
over a one-hour period.  

2. The reactor vessel shall be 
vented and power operation shall 
not be conducted unless the 
reactor vessel temperature is 
equal to or greater than that 
shown in Curve C of Figure 3.6.1.  
Operation for hydrostatic or 
leakage tests, during heatup or 
cooldown, and with the core 
critical shall be conducted only 
when vessel temperature is equal 
to or above that shown in the 
appropriate curve of Figure 
3.6.1. Figure 3.6.1 is effective 
through 12 effective full power 
years. At least six months prior 
to 12 effective full power years 
new curves will be submitted.

DAEC-1 

I SURVEILLANCE REQUIREMENT

4.6 PRIMARY SYSTEM BOUNDARY 

Applicability: 

Applies to the periodic examina
tion and testing requirements 
for the reactor cooling system.  

Objective: 

To determine the condition of 
the reactor coolant system and 
the operation of the safety 
devices related to it.  

Specification: 

A. Thermal and Pressurization 
Limitations 

1. During heatups and cooldowns, 
the following temperatures shall 
be logged at least every 15 min
utes until 3 consecutive read
ings at each given location are 
within 5F.  

a. Reactor vessel shell adjacent 
to shell flange.

b.  

c.  

d.

Reactor vessel bottom drain.  

Recirculation loops A and B.  

Reactor vessel bottom head 
temperature.

2. Reactor vessel metal temperature 
at the outside surface of the 
bottom head in the vicinity of 
the control rod drive housing 
and reactor vessel shell adjacent 
to shell flange shall be recorded 
at least every 15 minutes during 
inservice hydrostatic or leak 
testing when the vessel pressure 
is >312 psig.  

6-1 
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LIMITING CONDITION FOR OPERATION
DAEC-1

3. The reactor vessel head bolting 
studs shall not be under tension 
unless the temperature of the 
vessel head flange and the head 
is greater than 740F.  

4. The pump in an idle recircula
tion loop shall not be started 
unless the temperatures of the 
coolant within the idle and oper
ating recirculation loops are 
within 50'F of each other.  

5. The reactor recirculation pumps 
shall not be started unless the 
coolant temperatures between the 
dome and the bottom head drain 
are within 145"F.

SUTRVEILL.ANCERE "FlITRVMWT

I

4. Prior to and during startup of 
an idle recirculation loop, the 
temperature of the reactor 
coolant in the operating and 
idle loops shall be permanently 
logged.  

5. Prior to starting a recirculation 
pump, the reactor coolant temper
atures in the dome and in the 
bottom head drain shall be com
pared and permanently logged.  

3.6-2 

A-4

Test specimens of the reactor 
vessel base, weld and heat 
affected zone metal subjected 
to the highest fluence of greater 
than 1 MeV neutrons were installed 
in the reactor vessel adjacent to 
the vessel wall at the core mid
plane level at start of operation.  
The specimens and sample program 
conform to ASTM E 185-66 to the 
degree discussed in the UFSAR.  

Samples shall be withdrawn at 
6 and 15 effective full power 
years in accordance with 
10 CFR 50, Appendix H. Neutron 
flux wires were installed in the 
reactor vessel adjacent to the 
reactor vessel wall at the core 
midplane level. The wires were 
removed and tested during the 
second refueling outage to 
experimentally verify the calcu
lated values of neutron fluence 
at one-fourth of the beltline 
shell thickness that are used 
to determine the NDTT shift.  
Results of the flux wire test 
and the effects of copper and 
phosphorus on the beltline are 
reflected in Figure 3.6.1.  

3. When the reactor vessel head 
bolting studs are tensioned and 
the reactor is in a Cold Condi
tion, the reactor vessel shell 
temperature immediately below 
the head flange shall be per
manently recorded.

I

I
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DAEC-1 

3.6.A and 4.6.A BASES: 

Thermal and Pressurization Limitations 

The thermal limitations for the reactor vessel meet the requirements of 

10 CFR 50, Appendix G, revised May 1983.  

The allowable rate of heatup and cooldown for the reactor vessel contained 

fluid is 100 0 F per hour averaged over a period of 1 hour. This rate has been 

chosen based on past experience with operating power plants. The associated 

time period for heatup and cooldown cycles when the 100aF per hour rate is 

limiting provides for efficient, but safe, plant operation.  

Specific analyses were made based on a heating and cooling rate of 100 0F/ 

hour applied continuously over a temperature range of 100'F to 546
0 F. Calcu

lated stresses were within ASME Boiler and Pressure Vessel Code Section III 

stress intensity and fatigue limits even at the flange area where maximum 

stress occurs.  

Chicago Bridge and Iron Company performed detailed stress analysis as 

shown in updated FSAR Appendix 5A, "Site Assembly of the Reactor Vessel." 

This analysis includes more severe thermal conditions than those which would 

be encountered during normal heating and cooling operations.  

The permissible flange to adjacent shell temperature differential of 

145*F is the maximum calculated for 100*F hour heating and cooling rate 

applied continuously over a 100'F to 550*F range. The differential is due 

to the sluggish temperature response to the flange metal and its value decreases 

for any lower heating rate or the same rate applied over a narrower range.  

3.6-16 
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DAEC-1 

The coolant in the bottom of the vessel is at a lower temperature than 

that in the upper regions of the vessel when there is no recirculation flow.  

This colder water is forced up when recirculation pumps are started. This 

will not result in stresses which exceed ASME Boiler and Pressure Vessel Code, 

Section III limits when the temperature differential-is not greater than 145'F.  

The reactor coolant system is a primary barrier against the release of 

fission products to the environs. In order to provide assurance that this 

barrier is maintained at a high degree of integrity, restrictions have been 

placed on the operating conditions to which it can be subjected.  

The operating limits in Figure 3.6.1 are derived in accordance with 

10CFR50 Appendix G, May 1983 and Appendix G of the ASME Code. Conditions in 

three regions influence the curves: the closure flange region, the non-beltline 

region which includes most nozzles and discontinuities, and the beltline region 

which is irradiated with fluence above 1017 n/cm2 during the vessel operating 

life. Irradiation causes an increase in the nil-ductility temperature (RTNDT) 

of the beltline materials, possibly to the point where the beltline region 

impacts the pressure-temperature limits for the vessel. However, for Figure 

3.6.1, effective to 12 EFPY, the beltline, with RTNDT of 40*F, is less limiting 

than the non-beltline regions which generally experience higher stresses at 

nozzles and discontinuities. The limiting RTNDT of 58'F for the Standby Liquid 

Control Nozzle (NlO) is the highest RTNDT of any.component in the non-beltline 

region.  

The closure flange region, with RTNDT = 14oF, has a bolt preload and 

minimum operating temperature of 74oF. This exceeds original requirements of 

the ASME Code (Winter 1967 Addendum) and provides extra margin relative to 

current ASME Code requirements.  

Neutron flux wires and samples of vessel material are installed in the 

reactor vessel adjacent to the vessel wall at the core midplane level. The 

wires and samples will be removed and tested according to 10 CFR 50 Appendix H.  

Results of these analyses will be used to adjust Figure 3.6.1 as appropriate.  

3.6-17 
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DAEC-1 

As described in paragraph 4..2.5 of the Safety Analysis report, detailed 

stress analyses have been made on the reactor vessel for both steady-state 

and transient conditions with respect to material fatigue. The results of 

these transients are compared to allowable stress limits. Requiring the 

coolant temperature in an idle recirculation loop to be within 50*F of the 

operating loop temperature before a recirculation pump is started assures 

that the changes in coolant temperature at the reactor vessel nozzles and 

bottom head region are acceptable.  

3.6-18 
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APPENDIX B 

REVISIONS TO THE UPDATED FINAL 

SAFETY ANALYSIS REPORT 

B.1 SCOPE 

Recommendations are made for revisions to the Updated Final Safety 

Analysis Report (UFSAR). The text addressed relates to the updated calcu

lations for the revised operating limits curves. Major revisions occur in 

-Sections 5.3.1.5 and 5.3.2. Some changes and deletions appropriate in 

Sections 5.3.1.6 and 5.3.3 are discussed also.  

B.2 REVISIONS TO UFSAR SECTION 5.3.1.5 

This section contains text that should be used to replace Section 5.3.1.5 

of the UFSAR. Pagination should be changed as needed.
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5.3.1.5 Fracture Toughness 

5.3.1.5.1 Compliance with 10CFR50 Appendix G, May 1983 

A major condition necessary for full compliance with Appendix G is satis

faction of the requirements of the Summer 1972 or later Addenda to Section III 

of the ASME Code. This is not possible with components which were purchased 

to earlier Code requirements. (The DAEC reactor pressure vessel (RPV) was 

manufactured to the 1965 Edition of the ASME Code, to and including the Winter 

1967 Addenda.) 

Ferritic materials complying with 1OCFR50 Appendix G must have both drop 

weight tests and Charpy V-Notch (CVN) tests with the CVN specimens oriented 

transverse to the principal material working direction to establish the refer

ence temperature RT NDT. The CVN tests must be evaluated against both an 

absorbed energy and a lateral expansion criteria. The maximum acceptable 

RTNDT must be determined in accordance with the analytical procedures of the 

ASME Code Section III, NB-2300. Appendix G of 1OCFR5.0 requires a minimum of 

75 ft-lbs upper shelf CVN energy for unirradiated beltline materials, and at 

least 50 ft-lbs upper-shelf CVN energy at the end-of-life. It also requires 

at least 45 ft-lbs CVN energy and 25 mils lateral expansion for bolting mate

rial at the lower of the preload or lowest service temperature.  

By comparison, materials for the DAEC RPV were qualified by drop weight 

tests and longitudinally oriented CVN tests, generally at only one temperature, 

confirming that the material nil-ductility transition temperature (NDT) was at 

least 600F below the lowest service temperature. There was no upper-shelf CVN 

energy requirement on the beltline materials. The bolting materials were 

qualified to a 30 ft-lb CVN energy requirement at 60*F below the minimum pre

load temperature.  

From the above comparison it can be seen that the fracture toughness test

ing performed on the RPV materials cannot be shown to comply directly 

5.3-3 
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with the requirements of ASME Code Section III NB-2300. However, paragraph 

III.A of 10CFR50 Appendix G states that an approved method may be used to 

demonstrate equivalence of pre-1972 Code fracture toughness data with post

1972 Code requirements. The method used to develop RTNDT values to current 

requirements is described in Section 5.3.1.5.2.  

5.3.1.5.2 Method of RTNDT Evaluation 

For the purpose of setting the operating limits, the RTNDT was determined 

from the toughness test data taken in accordance with requirements of the 

Code and the General Electric RPV purchase specification to which the RPV 

was designed and manufactured. These toughness test data, CVN and dropweight 

NDT, were analyzed to establish compliance with the intent of 10CFR50 Appendix 

G. Because all toughness testing needed for strict compliance was not required 

at the time of RPV procurement, some toughness results are not available. To 

substitute for this absence of certain data, toughness property correlations 

were derived for the vessel materials in order to operate upon the available 

data to give a conservative estimate of RTNDT, compliant with the intent of 

10CFR50 Appendix G criteria. These toughness correlations vary, depending 

upon the specific material analyzed, and were derived from the results of WRC 

Bulletin 217, "Properties of Heavy Section Nuclear Reactor Steels," and from 

toughness data for other BWR reactors.  

In the case of vessel plate material (SA-533 Grade B, Class I), the pre

dicted limiting toughness property is either NDT or transverse CVN 50 ft-lb 

temperature minus 60'F, whichever is greater. As a manner of practice where 

NDT results are missing, NDT is estimated as the longitudinal CVN 35 ft-lb 

transition temperature. However, for the DAEC vessel plates, "no break" drop

weight information was available at purchase specification temperatures, so 

the NDT was conservatively taken as 10 degrees below the "no break" test tem

perature. The transverse CVN 50 ft-lb transition temperature was estimated 

from longitudinal CVN data in the following manner. The lowest longitudinal 

CVN energy, if below 50 ft-lb, was'adjusted to derive a longitudinal CVN 

50 ft-lb transition temperature by adding 20F per ft-lb to the test tempera

ture. If the actual data equalled or exceeded 50 ft-lb, the test temperature 
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was used. Once the longitudinal 50 ft-lb temperature was derived, an addi

tional 30 'F was added to account for the orientation change from longitudinal 

50 ft-lb to transverse 50 ft-lb.  

For forgings (SA508, Class 2), the predicted limiting property is the 

same as for vessel plates, and the RTNDT was estimated in the same way.  

For the vessel weld metal the predicted limiting property is the CVN 

50 ft-lb transition temperature minus 60
0 F, as BWR materials experience indi

cates that dropweight NDT values are typically -50'F or lower. The CVN 50 ft-lb 

temperature was derived in the same way as for the vessel plate material, 

except the 30aF addition for orientation effects was omitted since there is no 

principal working direction in weld metal. NDT values were not available, so 

the RTNDT was taken as the transverse CVN 50 ft-lb transition temperature 

minus 60*F.  

For the vessel weld heat affected zone (HAZ) material the RTNDT was 

assumed the same as for the base material as ASME Code weld procedure quali

fication test requirements and post weld heat treatment data indicate this 

assumption is valid.  

Original closure bolting material (ASTM A-540 Grade B23) toughness test 

requirements were for CVN 30 ft-lb energy at 60*F below the bolt preload tem

perature. Current 10CFR50 Appendix G requirements are for 45 ft-lb and 25 mil 

lateral expansion (MLE) at the bolt preload or lowest service temperature (LST).  

Some closure stud materials do not meet 45 ft-lb absorbed energy at +10'F, 

and mils lateral expansion results were not reported. Since compliance with 

current requirements could not be shown, the original requirements were used 

to establish the closure bolting material LST.  

5.3.1.5.3 Calculated Values of Initial RTN 
NDT 

The methods of Subsection 5.3.1.5.2 were used to calculate initial RTNDT 
values for the core beltline plates and welds, closure flange region, nozzles 

and other discontinuities, and LST for the closure bolting material. The cal

culation methods conservatively estimate RTNDT, in order to meet the intent 
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of 10CFR50 Appendix G criteria. The beltline plate RTNDT is +40'F, based on 

the NDT for shell ring number one. The weld metal RTNDT of -60 F was calculated 

by adjusting CVN data. Adjusted CVN data for the closure flanges and adjacent 

plates gave an RTNDT of +140F. All RPV nozzles have an RTNDT of +40'F based 

on NDT results except the Standby Liquid Control Nozzle (N10), where adjusted 

CVN data gave an RTNDT of +580 F. The closure bolting material met CVN 30 ft-lb 

at +10aF, so a 70'F LST is permissible.  

5.3-6 
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B.3 REVISIONS TO UFSAR SECTION 5.3.1.6 

The schedule for sample withdrawal in Section 5.3.1.6 does not agree with 

10CFR50 Appendix H, which references ASTM E185-82. Table 1 of E185-82 recom

mends sample removal at 6 full power years, then at 15 years, and the last 

samples at EOL. The schedule for withdrawal of samples should be

Withdrawal Period 
(Full Power Years) 

6 

15 

32

>1.0 MeV Neutron Fluence 
(1018 n/cm

2)

0.6 

1.6 

3.4

B.4 REVISIONS TO UFSAR SECTION 5.3.2

Section 5.3.2 should be replaced by the text that follows. The three 

paragraphs just before Section 5.3.2.1 in the UFSAR (page 5.3-11) should be 

incorporated into Section 5.3.3. The text on Operating Procedures in Section 

5.3.2.2 (page 5.3-12) can be added to the revised Section 5.3.2.6. Pagination 

should be adjusted as needed. Figures 5.3-1 through 5.3-4 should be deleted 

and replaced with Figure 5.3-1 at the end of this section.
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5.3.2 Operating Pressure-Temperature Limits Curves 

Operating limits curves are required for the Technical Specifications for 

three reactor conditions: (a) system hydrostatic and leakage tests; (b) non

nuclear heatup or cooldown and low level physics tests; and (c) core critical 

operation. The curves are established by requirements of Section III, 

Appendix G of the ASME Code and by 10CFR50, Appendix G. Figure 5.3-1 shows 

all three operating limits curves, including irradiation shift of the core 

beltline region curves to their positions at end of life (32 full power years).  

5.3.2.1 Irradiation Effects on Core Beltline 

Estimated maximum changes in RTNDT as a function of the end-of-life (EOL) 

fluence at the one-quarter thickness (1/4 T) depth of the vessel beltline 

materials are listed below. The updated predicted peak EOL fluence at the 
18 2 

1/4 T depth of the RPV beltline is 4.4 x 10 n/cm after 40 years of service 

(32 full power years). The updated fluence prediction is based on a combina

tion of experimental and analytical results. Flux density at the 36-deg 

surveillance capsule location in the RPV was evaluated by testing flux wires 

removed after Fuel Cycle 2. The relationship between the capsule location 

and the peak flux location at the 1/4 T depth was determined by a combination 

of two-dimensional and one-dimensional flux distribution computer analysis.  

Transition temperature changes were calculated in accordance with the rules 

of Regulatory Guide 1.99, Revision 1.  

Results for the core beltline materials are: 

Plate Weld 

Limiting Material Chemistry: 0.15% Cu, 0.03% Cu, 
0.012% P 0.021% P' 

Transition Temperature Shift at EOL: 860F 70aF 

Reference Temperature (Initial RTNDT): 400 F -60F 

Adjusted Reference Temperature at EOL: 1260F 640F 
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Since the predicted EOL reference temperatures are below 200 0F, provisions 

to permit thermal annealing of the RPV in accordance with Paragraph IV.B of 

10CFR50 Appendix G are not required.  

5.3.2.2 Temperature Limit for Boltup and Pressurization 

The minimum temperature for boltup and pressurization of 74'F was estab

lished by adding 60*F to the RTNDT for the limiting closure flange region.  

The 60'F added to the RT for boltup and pressurization is a requirement 
NDT 

of the ASME Code applicable to the original RPV design work. However, 

Appendix G of the 1984 ASME Code with the Summer 1984 Addendum requires a 

minimum permissible temperature of RTNDT for boltup and pressurization up to 

20% of hydrotest pressure (Paragraph G-2222c). The 60'F added to the RTNDT 

is extra margin included because the closure flange region stress analysis 

assumes a 0.24-in. flaw (which is detectable) instead of a 1/4 T flaw. In 

the case of the core critical operation curves (C and C') in Figure 5.3-1, 

10CFR50 Appendix G, Paragraph IV.A.3 requires a minimum permissible tempera

ture of (RTNDT + 60*F), or 74'F.  

The minimum temperature for boltup prior to pressurization must be 740F 

or greater. Boltup at 740F satisfies the requirements of the original Code 

of construction and exceeds the Summer 1984 Addendum Code requirements. A 

sufficient number of studs may be partially tensioned to seal the closure 

flange 0-rings for the purpose of raising reactor water level above the closure 

flanges, in order to assist in warming the flanges and adjacent shells to a 

minimum temperature of 74oF before they are stressed by the full intended 

bolt preload.  

5.3.2.3 Temperature Limits for System Hydrostatic or System Leakage Tests 

The fracture toughness analysis for system pressure tests results in the 

curves labeled A and A' shown in Figure 5.3-1. Curves A and A' branch off 

from a vertical line which represents a requirement of 10CFR50 Appendix G, 

Paragraph IV.A.2, which says that at pressures above 20% hydrotest (312 psig) 

the minimum temperature for the limiting closure flange region must be at 

least (RT + 90'F). Curve A represents the limiting region outside the core 
NDT.  

5.3-11 

B-9



NEDC-30839

beltline, which in this case is the control rod drive (CRD) penetrations. A 

detailed BWR/6 analysis of the CRD penetrations, assuming a 1/4 T flaw, was 

adjusted to the limiting DAEC RTNDT for forgings of 580 F. Curve A' on Figure 

5.3-1 represents the core beltline plate material with the 860 F RTNDT shift 

caused by 32 EFPY of irradiation.  

5.3.2.4 Temperature Limits for Non-Nuclear Heatup/Cooldown 

The fracture toughness analysis for non-nuclear heatup and cooldown and 

for low level physics tests results in Curves B and B' in Figure 5.3-1.  

Curve B was derived from a detailed BWR/6 feedwater nozzle analysis, assuming 

a 1/4 T flaw, adjusted to the limiting RTNDT of 580 F for the non-beltline 

region. The temperature at 312 psig is high enough on Curve B that the 

(RTNDT.+ 1200 F) requirement of 10CFR50 Appendix G is exceeded, so there is no 

discontinuity as in Curve A at 312 psig. The Curve B analysis assumes a normal 

heatup or cooldown rate of 100 0 F/hour and it also includes the effects of cold 

water injections into the nozzles and other operation transients. The result

ing temperature gradients and thermal stress effects are included. Curve Bi 

represents the tore beltline plate material with 32 full power years' irradia

tion shift in RTNDT included.  

5.3.2.5 Temperature Limits for Core Critical Operation 

Appendix G of 10CFR50, Paragraph IV.A.3 requires that when the reactor 

core is critical, the temperatures of the RPV metal must be 40aF higher than 

the highest temperatures derived for the same pressure on Curves A, A' or 

B, B'. The resulting curves, C and C' in Figure 5.3-1, are Curves B and B' 

plus 40'F, respectively.  

5.3.2.6 Operating Procedures 

By comparison of the pressure vs. temperature limits in Figure 5.3-1 

with intended normal and upset operating conditions, it is concluded that 

the limits will not be exceeded during any foreseeable operating condition.  

Reactor operating procedures have been established such that actual transients 

will not be more severe than those for which the vessel was designed. Of the 

design transients, an upset condition produces the most adverse temperature 
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and pressure condition with a minimum fluid temperature of 250'F and a max

imum pressure peak of 1180 psig. Scram automatically occurs with initiation 

of this event, prior to the reduction in the fluid temperature, so the appli

cable operating limits are given by Figure 5.3-1 Curves A and A'. For a 

temperature of 250aF, the maximum allowable pressure at EOL exceeds .1400 psig 

for the intended margin against nonductile failure. The maximum transient 

pressure of 1180 psig is therefore within the specified allowable limits.  

5.3-13 
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B.5 REVISIONS TO UFSAR SECTION 5.3.3 

The items listed below should be revised, and the pagination adjusted 

as needed.  

a. In 5.3.3.1, paragraph three (page 5.3-13) the statement,.  
... exposed to more than 1.42 x 1018 nvt . . . ," should read, 

18 .. . exposed at the 1/4 T depth to more than 4.4 x 10 nvt . .  

b. The first sentence of 5.3.3.1, paragraph four should be added to 

the end of paragraph three, and paragraphs four and five deleted.  

c. Paragraph seven of 5.3.3.1 (second paragraph on page 5.3-14) should 

be deleted. It neglects to discuss the bolt preload stresses, 

which are significant. However, the closure flange region is 

discussed in the proposed Section 5.3.2.2 found in B.4.  

d. The last paragraph of 5.3.3.1, on page 5.3-14 shows a factor of 

70 for neutron fluence. This factor should be 20, because of the 

revised EOL fluence value.
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Figure 5.3-1. Reactor Pressure vs. Minimum Vessel Metal Temperature, 
Based on 10CFR50 Appendix G
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