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SECTION 1.0
INTRODUCTION

This fracture mechanics evaluation has been carried out to determine the
largest size of indications which can be accepted for the residual heat
exchanger inlet and outlet nozzles. The results of this evaluation are
presented in the form of flaw evaluation charts contained in Section 4. The
technical basis for these charts is contained in the remaining sections, and
also in Appendix A.

1.1 Code Acceptance Criteria: Class 1 Components

The evaluation procedures and acceptance criteria for indications in Class 1
austenitic stainless piping are contained in paragraph IWB 3640 of the ASME
Boiler and Pressure Vessel Code, Section XI.[1] The evaluation procedure is
applicable to all the materials within a specified distance from the weld
centerline, V/rt, where r = the pipe nominal outside radius and t is the
nominal wall thickness. For example, at the RHX nozzle, this distance is
calculated to be 1.62 inches, which encompasses regions of the heat exchanger,
as well as part of the RHR line. A1l the materials in this region are SA 240
Type 304 stainless steel, but these acceptance criteria are applicable for all
grades of Typec 304 and 316 stainless steeis.

The evaluation process begins with a flaw growth analysis, with the
requirement to consider growth due to both fatigue and stress corrosion
cracking. For pressurized water reactors only fatigue crack growth needs be
considered, as discussed in Section 3. The methodology for the fatigue crack
growth analysis is described in detail in Section 3.

The calculated maximum flaw dimensions at the end of the evaluation period are
then compared with the maximum allowable flaw dimensions for both normal
operating conditions and emergency and faulted conditions, to determine
acceptability for continued service. Provisions are made for considering
flaws projected both circumferentially and axially.
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The allowable flaw sizes have been defined in the tables of IWB 3640 based on
maintaining specified safety margins on the loads at failure. These margins
are 2.77 for normal and upset conditions and 1.39 for emergency and faulted
conditions. The calculated failure loads are different for the base metal and
the flux welds as they have different fracture toughness values, as discussed
in Section 2. (Non-flux welds, such as gas tungsten arc welds, have the same
properties as the base metal.) The failure loads, and consequently the
allowable flaw sizes are larger for the base metal than for the welds.
Allowable flaw sizes for welds are contained in separate tables in IWB 3640.

1.2 Acceptance Criteria for Class 2 Components

Section XI in its present form contains no acceptance criteria specific to
Class 2 components. Instead, the user is referred to the criteria for Class |
components, which have been described above. Work has been underway for some
time in the Section XI committee to develop evaluation criteria for Class 2
and Class 3 components. This work has been used to develop a flaw evaluation
chart specific to the Byron and Braidwood Residual Heat Exchangers. The
detailed technical basis is contained in Appendix A of this report. This
appreach is consistent with the approach used for Class 1 components, and in
fact allows one to reproduce the acceptance criteria for Class 1 systems. The
approach utilizes the original design criteria for the component and maintains
this design margin in the presence of a flaw. The corrections for flux welds
are exactly the same as those for Class 1 components.

1.3 Geometry

The geometry of the residual heat exchanger is shown in Figure 1-1, the
details of the inlet and outlet nozzles of the tube side is shown in

Figure 1-2. The tube side of the residual heater exchanger is designed to
Class 2 criteria, while the shell side is designed as Class 3. The notation
used for surface and embedded flaws in this work is illustrated in Figure 1-3.

The fracture and fatigue crack growth evaluations carried out to develop the
handbook charts have employed the recommended procedures and material
properties for stainless steel prescribed in paragraph IWE 3640 and Appendix C
of Section XI.
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SECTION 2.0
LOAD CONDITIONS, FRACTURE ANALYSIS METHODS AND MATERIAL PROPERTIES

The loading conditions used in the analyses described herein were taken

directly from the equipment specification. The latest fracture analysis
technology has been employed in conducting this analysis. The material

properties have been taken from the latest version of the Reference 1

ASME Code.

2.1 Transients and Load Conditions

The design transients for the residual heat exchanger are very minimal,
because this component operates only during plant shutdown conditions.
Therefore, the only transient conditions which it experiences are the startup
and shutdown of the system. This coincides with the shutdown and startup of
the plant, respectively. The appropriate Timiting load conditions for the
location of interest are discussed next.

The loading conditions which were evaluated include thermal expansion (normal
and upset), pressure, deadweight and seismic (OBE and SSE) Toadings. The

RHR piping forces and moments for each condition were obtained from the ASME
Code Section III calculations performed by Sargent and Lundy and Westinghouse
for Byron and Braidwood Units 1 and 2 in References 2 through 5. These loads
[6] were found to be bounded by the equipment specification design loadings
for the heat exchanger nozzies (G-679150 Rev. 1). Consequently, the
evaluation performed using the design loadings is applicable to Byron and
Braidwood Units 1 and 2. Residual stresses were not used in this portion of
the evaluation in compliance with the Code guidelines. A further discussion
of residual stresses is contained in Section 3.2. The stress intensity values

were calculated using the following eguations:
SI = P, + P,
14

F R
SI & =T _!_ [M'.' % MZ & MZ]OJ
A F S .
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where
F, = axial force component (membrane)
M, M, M = moment componenis (bending)
A = cross-section area
.l = section modulus
The section properties A and Z at the weld location were determined based on
the minimum pipe dimensions. This is conservative since the measured wall
thickness at the weld is generally larger.
The following load combinations were used.
A. Normal/Upset - Primary Stress
Pressure + Deadweight + OBE
B. Emergency/Faulted - Primary Stress
Pressure + Deadweight + SSE
C. Normal/Upset - Total Stress
Pressure + Deadweight + OBE + Normal Thermal

D. Emergency/Faulted - Total Stress

Pressure + Deadweight + SSE + Normal Thermal

2.2 Stress Intensity Factor Calculations

One of the key elements of the fatigue crack growth calculations is the
determination of the driving force inherent to the flaw, or stress intensity
factor (Kl)' This was done using expressions from available literature. In
all cases the stress intensity factor calculations utilized a representation
of the actual stress profile rather than a linearization. This was necessary
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to provide the most accurate determination possibie. The stress profile was
represented by a cubic polynomial:

2 3
X X X
o) = A+ A 2 < a, [_t.} " [?] (2-1)
where % is the coordinate distance into the wall
i = wall thickness
o = stress perpendicular to the plane of the crack
A = coefficients of the cubic fit

For the surface flaw with iength six times its depth, the stress intensity
factor expression of [McGowan and Raymund [ ]]** was used. The stress
intensity factor K1 (@) can be calculated anywhere along the crack front.
The point of maximum crack depth is represented by ¢ = 0. The following
expression 15 used for calculating KI (@), where d is the angular location
around the crack.

05
K(o) = [.'.'Q.!:] (cos’@ + ;_: sintg) ™ (AH, %.fAH (2-2)

+ _“n_A P __A
2t2ﬂ2 3" t’ﬂ:’

The magnification factors Hy(@), H, (@), H,(@) and H,(¢@) are obtained by the

procedure outlined in reference [8].

The stress intensity factor calculation for a semi-circular surface flaw,
(aspect ratio 2:1) was carried out using the expressions developed by [

[ 11**. Their expression utilizes the same cubic representation of
the stress profile and gives precisely the same result as the expression of
| 1*“* for the 6:1 aspect ratio flaw, and the form of the

equation is similar to that of | ]** above.
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The stress intensity factor expression used for a continuous surface flaw was
that developed by | { 1]1**. Again the stress profile is
represented as a cubic polynomial, as shown above, and these coefficients as
well as the magnification factors are combined in the expression for K

s

K = Jra (2-3)

where F,, F,, F,, F, are magnification factors, available in [9].

2.3 Fracture Toughness

The residual heat exchanger is constructed of SA 240 stainless steel,
type 304. The weld at the nozzle was made by the shielded metal arc process
as verified by the shop traveller and the weld procedure referenced therein.

The fracture toughness of the base metal has been found to be relatively very
high, even at operating temperatures [10], where the J, values have been found
to be well over 2000 in-1b/in’. Fracture toughness values for weld materials
have been found to display much more scatter, with the lowest reported values
significantly lower than the base metal toughness. Aithough the J, values
reported have been lower, the siope of the J-R-curve is still large for these
J, cases. Representative values for J_ were obtained from the results of
Landes, et. al. [11], and used in the development of the fracture evaluation
methods

[ ] ece

This value of toughness was used in the original development of the flaw
acceptance criteria, and has been shown to be extremely conservative relative
to test results for larger specimens obtained since that time. This subject
is further discussed in Section 4.2.

WP0453 10/081497 2-4



2.4 THERMAL AGING

Thermal aging at operating temperatures of reactor primary piping can reduce
the fracture toughness of cast stainless steels and, to a lesser degree,
stainless steel weldments. Because of the Tower operating temperature (400°F)
of the residual heat exchanger, and the fact that the materials are type 304
stainless (not cast), thermal aging in this compcnent will be negligible.

2.5 Allowable Flaw Size Determination

The critical flaw size is not directly calculated as part of the flaw
evaluation process for stainless steels. Instead, the failure mode and
critical flaw size are incorporated directly into the flaw evaluation
technical basis, and therefore into the tables of "Allowable End-of-Evaluation
Period Flaw Depth to Thickness Ratio," which are contained in paragraph IWB
3640. The same is true for the revised acceptance criteria for Class 2
components.

Rapid, nonductile failure is possible for ferritic materials at low
temperatures, but is not applicable to stainless steels. In stainless steel
materials, tne higher ductility leads to two possible modes of failure,
plastic collapse or unstable ductile tearing. The second mechanism can occur
when the applied J integral exceeds the J, fracture toughress and some stable
tearing occurs prior to failure. If thic mode of failure is dominant, the
load carrying capacity is less than that predicted by the plastic collapse
mechanism.

The allowable flaw sizes of paragraph IWB 3640 for the high toughness base
materials were determined based on the assumption that plastic collapse would
be achieved and would be the dominant mode of failure. |

].,G.l
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SECTION 3.0
FATIGUE CRACK GROWTH

In applying Code acceptance criteria as introduced in Section 1, the final
flaw size ag is defined as the flaw size to which the detected flaw is
calculated to grow at the end of a specified periced, or until the next
inspection time. This section will examine each of the calculations, and
provide the methodology used as well as the assumptions.

3.1 Analysis Methodoloqy

The methods used in the crack growth analysis reported here are the same as
those suggested by Section XI of the ASME Code. The analysis procedure
involves postulating an initial flaw at specific regions and predicting the
growth of that flaw due to an imposed series of loading transients. The input
required for a fatigue crack growth analysis is basically the information
necessary to calculate the parameter AKI which depends on crack and structure
geometry and the range of applied stresses in the area where the crack exists.
Once AKl is calculated, the growth due to that particular stress cycle can be
calculated by equations given in Section 2.2 and figure 3-1. This increment
of growth is then added to the original crack size, and the analysis proceeds
to the next transient. The procedure is cuntinued in this manner until all
the transients known to occur in the period of evaluation have been analyzed.

The only transients considered in the analysis were the startup and shutdown
of the RHR system. These transients are spread equally over the design
lTifetime of the vessel.

Crack growth calculations were carried out for a range of flaw depths of three
basic types. The first two types were surface flaws, one with length equal to
six times the depth and another with length equal to twice the depth. The
third type was a continuous surface flaw which represents a worst case
condition for surface flaws.
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3.2 Crack Growth Rate Reference Curves

The reference crack growth law used for the stainless steel was taken from
that developed by the Metal Properties Council - Pressure Vessel Research
Committee Task Force in Crack Propagation Technology. The reference curve has
the equation:

92 _ ks Ak (3-7)
an

where .gg = crack growth rate, inches per cycle

C = Material coefficient (C = 2.0 x 10“19)

F = Frequency coefficient for loadings (F = 2.0)

S = R ratio correction coefficient (S = 1.0 = 0.502 Rz)"4'0
n = Material property slope (=3.0321)

AK = Stress intensity factor range, psi |in

This equation appears in Section XI, Appendix C (1989 Addendum) for air
environments and its basis is provided in reference [12], and shown in

figure 3-1. For water environments, an environmental factor of 2 was used,
based on the crack growth tests in PWR environments reported by Bamford [13].

3.3 Residual Stresses

Since the residual heat exchanger vessel-to-piping welds have not been
stress-relieved, residual stresses are likely present. For fatigue crack
growth analyses, these stresses are included directly.

In general, the distribution of residual stresses is strongly dependent on the

degree of constraint of the structure. The stiffer the structure, the higher
the residual stresses. |

]I,GJ
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3.4 Stress Corrosion Cracking Susceptibility

In evaluating flaws, all mechanisms of subcritical crack growth must be
evaluated to ensure that proper safety margins are maintained during service.
Stress corrosion cracking has been observed to occur in stainless steel in
operating BWR piping systems. The discussion presented here is the technical
basis for not considering this mechanism in the present analysis. The
residual heat exchanger tube side nozzles are exposed to only primary coolant
water.

For all Westinghouse plants, there is no history of cracking failure in the
reactor coolant system loop piping. For stress corrosion cracking (SCC) to
occur in piping, the following three conditions must exist simultaneously:
high tensile stresses, a susceptible material, and a corrosive environment.
Since some residual stresses and some degree of material susceptibility exist
in any stainless steel piping, the potential for stress corrosion is minimized
by proper selection of a material immune to SCC as well as preventing the
occurrence of a corrosive environment. The materiail specifications have taken
into consideration compatibility with the system's operating environment (both
internal and external) as well as other materials in the system, applicable
ASME Code rules, fracture toughness, welding, fabrication, and processing.
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Figure 3-3. Through Wall Distribution of Residual Stress in a 10 Inch,
Schedule 160 Pipe, in a Cross Section Adjacent to the Weld Center Line [15]
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SECTION 4.0
SUMMARY AND RESULTS
4.1 Flaw Evaluation Charts Construction

The acceptance criteria for surface flaws have been described in Section 1 for
both Class 1 and Class 2 components. For flew evaluation in stainless steels,
only the fatigue crack growth results must be calculated. The allowable flaw
depths were determined directly from the tables in IWB 3640 and from tables
developed specifically for Class 2 components, as detailed in Appendix A.

The first set of data required for surface flaw chart construction is the
final flaw size a,. As defined in IWB-3611 of ASME Code Section XI, a, is the
flaw depth resulting from growth during a specific time period which can be
the next scheduled inspection of the component or until the end of design
lifetime. Therefore, the final depth, a, after a specific service period of

time must be used as the basis for evaluation.

The final flaw size, a,, can be calculated by fatigue crack growth analysis,
which has been performed covering a range of postulated flaw sizes, and flaw
shapes. The crack growth calculational methods have been discussed in

Section 3. The results of the crack growth calculation showed that growth for
a compiete range of crack sizes was inconsequential for the entire service
life of 40 years. This was expected, since the region experiences so few

cycles.

The allowable flaw size for Class 1 stainless steel piping and components is
obtained directly from tables in paragraph IWB 3640, so the evaluation process
is straightforward. The allowable flaw size for Class 2 piping and components
was obtained directly through use of Appendix A.

The allowable flaw size is calculated based on the most 1imiting transient for
all normal operating conditions. Similarly, the allowable flaw size for
emergency and faulted conditions is also determined. The theory and
methodology for the calculation of the allowable flaw sizes have been provided
in Section 2 and Reference 16 for Class 1 components, and in Appendix A for
Class 2 components. Allowable flaw sizes were calculated for a range of flaw
shapes,

WP0453 1b/081682 4-1



Two dimensionless parameters which fully address the characteristics of a
surface flaw, have been used for the evaluation chart construction:

o Flaw Length divided by the circumference, £/c
o Flaw Depth parameter a/t

where,
t = wall thickness, in.
a = flaw depth, in.
£ = flaw length, in.
¢ = pipe circumference, in.

The flaw evaluation chart for the residual heat exchanger inlet and outlet
nozzles is shown in Figure 4-1. The chart has the following characteristics:

]I.C.l
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A detailed example on the use of the charts for a surface flaw is presented

below:

Surface Flaw Example

Now suppose an indication is to be evaluated using the charts. For the
circumferential orientation:

a=0.10" £ =6.1"
t = 0.40" c = 44.0"

The flaw characterization parameters then become:

a/t = 0.250
£/c = 0.139

Plotting these parameters on the surface flaw evaluation chart of Figure 4-1,
it is quickly seen that the indication is acceptable, for both the class 1 and

class 2 curves.

Embedded Flaw Example

The flaw evaluation charts are equally useful for embedded flaws. Suppose an
embedded indication were discovered with the following dimensions:

2a = 0.2" 1=7.0" § =0.1"
t = 0.4" ¢ = 44.0"

The indication would be characterized as an embedded flaw, because the S
dimension exceeds 0.4a. The flaw characterization parameters then become:

2a/t = .5
1/¢ = 0.160

Plotting { =~ narameters on the flaw evaluation chart in Figure 4-1 shows
that the ina:cation is acceptable for both the Class 1 and Class 2 acceptance

WP0453 1b/081492 4-3



criteria. Note that for embedded flaws, the total depth "2a" of the flaw is
plotted on the chart.

4.2 Conservatisms in the Flaw Evaluation

The stress and fracture analysis results presented herein have been structured
to be conservative at each step to ensure conservatism in the final result.

The stresses applied to the heat exchanger nozzles were taken from the vessel
equipment specification loads, which represent bounding loads for the

structure., The actual loads for the Byron and Braidwood Units 1 and 2 heat
exchangers [6] are approximately 60 percent of the design loads.

]l.‘.l
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Figure 4-1 Flaw Evaluation Chart for Byron and Braidwood Units 1 and 2
Residual Heat Exchanger Tube Side Nozzles
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Figure 4-2 Comparison of Fracture Toughness Results for Different
Specimen Sizes, Submerged Arc Weldments
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APPENDIX A
DEVELOPMENT OF UNIFIED FLAW ACCEPTANCE
CRITERIA FOR AUSTENITIC PIPING

A.1.0 INTRODUCTION

There are currently rules in the ASME B&PV Code, Section XI, (Ref.(A3), for
the evaluation of flaws in austenitic piping when the discovered indications
exceed the allowable acceptance standards. These rules are complex, use
relatively arbitrary "safety factors", require the knowledge of a "flow
stress” that is very difficult to determine, and have arbitrary limits on the
maximum flaw depths allowed, with the result that the compounded conservatisms
have produced very conservative results.

The approach taken in developing these rules is that austenitic piping is very
ductile and a failure of a pipe, whether flawed or not, will be by plastic
collapse of the pipe cross section and has been verified by numerous
experiments. A solution for the collapse load of a flawed pipe was developed
in terms of the applied primary loads and the flawed pipe geometry using limit
load theory with the yield stress replaced by a flow stress. This collapse
stress is divided by a fixed safety factor (2.77 for Level A and B loadings
and 1.39 for Level C and D Toadings) to establish allowable stresses in the
flawed pipe and these were back calculated to establish the allowable flaw
size. It should be noted that the collapse equations were developed for a thin
walled tube (R » t), for this is the only practical solution, and again is
conservative for real pipes which have thicker cross sections.

These solutions of Ref. (A3) have several limitations:
a) They are available for Class 1 piping only.
b) The allowabie design stresses of Ref. (Al) have different values for

each of the lToading categories (Levels A, B, C, and D) that are not
always consistent with the safety factors used.

WP0480 1b/081792 A-1



c) The accumulated conservatisms are such that, for many cases, a new
unflawed pipe will fail the criteria of Ref. (A3).

d) There is no limit on axial membrane stress. Although the predominant

failure mode in piping is by bending, there are cases such as a flaw in
an end cap weld where the membrane stress governs.

[ ]l.t..
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A.2.0 CRITERIA

The criteria of the ASME B&PV Code, Section III, "Nuclear Power Plant
Components”, (Ref. (Al)) for the design of new components is based upon the
premise that the materials used will be ductile and the failure mode will be
by plastic collapse. The resulting minimum safety margin is the ratio of the
collapse load of the structure to the maximum permitted loads in the
structure. The collapse load of the structure is conservatively defined in
Section III using 1imit load theory with the collapse stress equal to the
yield strength of the material. These criteria are discussed in "Criteria of
Section II1 of the ASME Boiler and Pressure Vessel Code for Nuclear Vessels",
ASME, 1964 (Ref. (A2)). Figure A2.1 is a reproduction of Fig. 2 of Ref. (A2)
that demonstrates the safety margins for a beam of rectangular cross section
for both longitudinal membrane and membrane plus bending stresses.

[ ]l,‘,l
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Figure A2.1
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A.3.0 FLAW NOMENCLATURE FOR A CIRCUMFERENTIAL FLAW

The nomenclature used in evaluating a pipe with a circumferential flaw is
illustrated in Figure A3.]1 and defined specifically as:

a = the maximum measured flaw depth projected to the end of the
evaluation period.

e =  the maximum measured half flaw length in radians projected to the
end of the evaluation period.

B = angle in radians to the neutral axis.
t = pipe wall thickness.

R = mean radius of pipe,

R, = inside radius of pipe.

R, = outside radius of pipe.

o; = flow stress at plastic collapse.

a +0r
e —
p
i
/:eutral Axis
~Ow

Figure A3.1 cross section of flawed pipe.
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A.4.0 FLAW EVALUATION DEVELOPMENT

A.4.1 Limit On Membrane Plus Bending Stress

[ ] ace

5 i
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[ ] LA

[ 1**

FLAW
DEPTH FLAW LENGTH ©/m
RATID

At 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0.1 .984 | .970 | .958 | .950 | .947 | .947 | .947 | .947 | .947 | .947

0.2 .969 | .939 | .915 | .897 | .888 | .886 | .B886 | .886 | .886 | .886

0.3 .953 | .907 | .869 | .840 | .822 | .818 | .818 | .818 | .818 | .818

0.4 .936 | .875 | .821 | .778 | .751 | .740 | .739 | .739 | .739 | .739

0.5 .920 | .84] 770 | 713 | .674 | .653 | .650 | .650 | .650 | .650

644 | .591 | .55% | .547 | .547 | .547 | .547

<
o
o
<
Lar
o
c
o
~3
——
o

0.7 .886 | .770 | .663 | .572 | .503 | .457 | .435 | .431 | .431 | .431

0.8 869 | .734 | .606 | .496 | .409 | .349 | .314 | .301 | .300 | .300

0.9 .851 | .696 | .547 | .416 | .310 | .233 | .185 | .161 | .155 | .155

Table A4.2 Calculated values of the flaw reduction factors in equations
(7a) and (8a), primary membrane plus bending stresses in a pipe
with a circumferential flaw.

A.4.2 Limit on Membrane Stress

[ 1%

[ ]l,t.!
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FLAW
DEPTH FLAW LENGTH ©/m
RATIO
w 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.1 0.99 [ 0,98 | 0.97 | 0.96 | 0.95 | 0.94 | 0.93 | 0.92 | 0.91 | 0.90
0.2 | 0.98 | 0.96 | 0.94 | 0.92 | 0.90 | 0.88 | 0.86 | 0.84 | 0.82 | 0.80
0.3 | 0.97 | 0.94 ; 0.91 | 0.88 | 0.85 | 0.82 | 0.79 | 0.76 | v./3 | 0.70
0.4 | 0.96 | 0.92 | 0.88 | 0.84 | 0.80 | 0.76 | 0.72 | 0.68 —Bi;; 0.60
0.5 | 0,95 | 0,90 | 0.85 | 0.80 | 0.75 | 0.70 | 0.65 | 0.60 | 0.55 | 0.50
0.6 { 0.94 | 0.88 | 0.82 | 0.76 | 0.70 | 0.64 | 0.58 | 0.52 | 0.46 | 0.40
0.7 | 0.93 | 0.86 | 0.79 | 0.72 | 0.65 | 0.58 | 0.51 | 0.44 | 0.37 0.§E~
0.8 | 0.92 { 0.84 | 0.76 | 0.68 | 0.60 | 0.52 | 0.44 | 0.36 | 0.28 | 0.20
0.9 [ 0.91 | 0.82 | 0.73 | 0.64 | 0.55 | 0.46 | 0.37 | 0.28 | 0.19 | 0.10
Table A4.3 Calculated values of the flaw reduction factors in equation (9),

WP0480:1b/081782

primary membrane stress in piping with a circumferential flaw.



A.5.0 DEVELOPMENT OF ACCEPTANCE CRITERIA FOR THE RESIDUAL HEAT EXCHANGER

NOZZLES
[ ]l.t.l
The loads from Section 4 and appropriate class 2 allowable stresses are listed
below:
Loading Case P, + P, (ksi) - Allowable Stress
o, (ksi)
Level A 12.3 1.449 1.5 S, = 24.3
Level B 12.3 1.449 1.8 §, = 29.2
Level C 16.8 1.449 2.25 §, = 36.45
Level D 16.8 1.449 2.0 S, = 40.7

WP0480.1b/081792 A-11



a/t O/n
Level A Level B Level € Level D
0.1 1.0 1.0 1.0 1.0
0.2 1.0 1.0 1.0 1.0
0.3 1.0 1.0 1.0 1.0
0.4 1.0 1.0 1.0 1.0
0.5 0.365 1.0 0.529 1.0
0.6 0.283 0.462 0.368 0.509
0.7 0.235 0.357 0.295 0.382
0.8 0.201 0.296 0.252 0.316
0.9 0.176 0.257 0.219 0.272
i
[ 1™
WPD4BO 1b/082087 A-13
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Flaw Evaluation Chart for Residual Heat Exchanger
Tube Side Inlet and Outlet Nozzles

A-14




A.6.0

(A1)

(A2)

(A3)

(A4)

(A5)

REFERENCES

ASME Boiler and Pressure Vessel Code, Section III, "Nuclear Power Plant
Components". 1989 Edition with the 199] Addenda used for specific
references.

"“Criteria of Section 11I of the ASME Boiler and Pressure Vessel Code for
Nuclear Vessels", ASME, 1964.

ASME Boiler and Pressure Vessel Code, Section XI, "Rules for Inservice
Inspection of Nuclear Power Plant Components”. 1989 Edition with the
1991 Addenda used for specific references.

J. P. Houstrup; Presentation to the ASME Section XI Task Group on Fipe
Flaw Evaluation, in minutes, Nov. 1988.

EPRI Report No. NP-4690SR, "Evaluation of Flaws in Austenitic Steel
Piping", July, 1986.
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APPENDIX B

WELDING PROCEDURES AND SHOP TRAVELLERS
BYRON AND BRAIDWOOD RESIDUAL HEAT EXCHANGERS
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E_F_LDH!G PROCECURE SKECITICATINN WPS-0

SHIFLDED METAL-AKC WELDING

STAINLESS STEEL TO STAINLESS STEEL

Welding Frocess:

A. 21! weldinn shall be done by the Shie'Zed Metal-Arc Velding Process (S™AV)
in accordance with ASME Section IX,

Bas~ Metale:

A. tarh hace metal shall conform to a specification listed in Section IX groun
P-8.

Filler l'etels and FElectrodes:

A. The electode shall conform to ASME specification number SFA 5.4, group F=5
and Weld Metal Anaiysis A-8 as indicated ir Table A.

Chicldine Cag and Packine Rings:

~. Shielding gas shall not be used.

B. Gas backing, nonmetallic retainers, or nonfusing metal retainers shall not
be used.

Base Meta! Thickness:

A. This procedure covers groove welding of material thicknesses from 3/1¢' to ‘
1-1/2" and a'l size fillet welds on any material thickness, l 1

Prepara: ion of Base Haterial:

A. The edoes or surfaces of the parts 1o be welded mey be cut by wachining,
grinding, sawing, abrasive disc, plasma, or arc cutting to conform essentiully
with Figure | and shall be cleaned by wire brushing or grinding as nccessary.

8. When plasma or arc cutting is used, 211 oxides and scale shall be removed
by machining or grinding zway 1/16" cf material.

C. Prior to welding, the surface shall be frce of oil, grease and excessive
amounts of scale or rust.

Position:

A. The welding may be done in the flat (16, 1F), horizontal (2G, 2f), vertical
(36, 3F), overhead (4G, 4F), or multiple (56, 6G) position.
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B. The weld progression for positions 3G, 3+, 56, and 6C shall be wpward.

Preteat and Postheat Treatment:

A, Preheat temperature - SOOF minimun,
8., Interpass temperature - 350°F max imum,

C. No postweld heat treatment requicec.

Flectrica) Characteristics:

A. All welding shall be done with direct current, reversed polarity (base
meta! on negative side of line).

Joint Welding Procedute:

L. The current and voltage shall be essentially as indicated in Table B.

8. The wel.ing sequence shal: be essentially as shown in Figure 1 using stringer
beads. The width of the bead shall not exceed 2-1/2 times the electrode
diameter.

C. Prior to welding the underside or second side of a groove, this side

shall bc'bcukgtuugcd L Lizan meiel by grinding, chipping, or arc gouging. 'ii
Arc gouging shall be followed by grinding away 1/16" of material.

D. Star*s and stops which show excess reinforcement or excessive depressions
chall be ground out prior to depositing next pass.

Cleaning:

e e e e el

A. All slag or flux remaining on any bead of welding shall be removed pefore
laying down the next successive bead of welding. Interpass cleaning shal!
be by wire brushing, grinding, cr siag gun as necessary.

Lefects:

A. Any defects such as cracks, porosity, etc , which appear on the surface
of any weld bead shall be removed by grinoimg, chipping, or arc gouging
prior to the deposition of the next succescive weld bead. Arc gouging
shall be followed by grinding away 1/16'" of material.

B. Peenina is prohibited.

Prepared by: Reviewed by:

41#; )7;L~ »'3'1\-4-' s R P giM?_‘\
Jay Hurpny 4 gngineqring

Quality Control Manager
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The following material - electrode cumbhinations may he used unless specified
otherwise on the shop drawings.

BASE MATERIAL ELECTRODE S
For Group P-B materials of the
fol'owing types:
304 to 304 E308-15, £308-16
204L to 304L, 304 F308L-15, E308L-16
316 to 316, 304 E316-15, E£316-16
316L to 316L, 316 E316L-15, E316L-16
317 to 317 E317-15, E317-16
317L to 3171, 317L E317L-15, E317L-16
309 to 309 £309-15, E309-16
TABLE B
’ MIN. TRAVEL
CLECTROCE SIZE VOLTAGE RANGE AMPERAGE RANGE SPEED* (IPM)
3/32" 18-20 40-80 2-4
1/8" 20-22 80-120 4-7
5/732" 20-24 100-150 3
3/16" 20-24 130-190 6-11

* As voltage and amperage are increased, the minimum travel speed shall be

Increascd through the range indicated.
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FIGUPE |

RECOMMCNDED JOINT CONFIGURATIONS AND

WELDING BEAD SEQUENCES™

A. Materia! thicknesses of 3/B'" and less:

60—
L owah/ ¢ !
Tof0- Vi ‘ T3

B. Materia! thicknesce: greater than 3/08':
Y 60

o- %e”%é

e

e0°

C. All thicknesses for any size fillet:

M

B

bp

P .

*0ther configurations acceptable upoan Engineering approval,
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Ow-483 PROCEDURE QUALIFICATION RECUKL (POR)
(Sec QW-201.2, Section IX, 1974 ASME Boiler and Pressure Vesse! Code)

T R B o e e e
Company Name JOSEPH OAT CORPORAT I ON
Procedure Qualitication Record No. PQR~-9 Date 1/11/77
¥PS No, 9:
Welding Process(es) SMAW Types _ Manual

{Manual, Automatic Semi-Aut,)
r JOINTS (QW402) BASE METALS (QW403)

o
e
AR

Matenal Spec. SA-240

Type or Lrade TP-304

. toP No, 8

P No 8

AWS Classification E-308-16

Thickness 3/ b
Diameter iy
Groove Design Used Other it
FILLER METALS (QW-404) POSITION (QW<405)
Weld Metal Analyms A No 8 Psition of Groove Elat 1G
Size of Electrode 5/32" Weld Progression Forehand ],
Filler Metal F No 5 (Uphill, Downhill)
SFA Specification SFA 5.4 Other Figer

Other o PREHEAT (QW-406)
Preheat Temp. 50°F
Interpass Temp. 150%F max.
Other

POSTWELD HEAT TREATMENT (QW-407) GAS (Qw-408)

Temperature None Type of Gas or Cases —None

" T . Composition of Gas Mixrure b o

Qo - " " Other b

ELECTRICAL CHARACTERISTICS (QW-409) TECHNIQUE (QW-410)

Current Direct String or Weave Bead ____Stringer

Polanry Reversed Oscillation ==

Amps. 130 Volts 22-24 Multipass or Single Pass __Myltipass
Trave! Speed 10 ipm (per nide)

Other e Single or Multiple Electrodes ___Single

F770 Thes 104 (11 7) may B8 0LLIAGE b T A St Ordwr Clwwte, MS (L 42 Si, Now Yo, MY, 10017




PQR=-9

Qw-483 (Back) Sheet 2
. 1/11/77
TENSILE TEST (QW - 150)
[
ULTIMATE ULTIMATE [CHARACTER OF
SPECIMEN TOTAL LOAD !UNIT STRESS FAILURE &
NO. WIDTH ITHICKNESS (AREA LB PS! LOCATION
911 [1.569 | 0.731 [i.147! 87 250 Bl 790 Nase Matale Brufc
jTZ l.f)éi 072‘0 ll}!:l 964000 eulilo Bace Met‘gl-“l'Or\'(‘
l —._
GUIDED BEND TESTS (QW-160)
TYPE AND TYPE AND
FIGURE NO. RESULT FIGURE NO. RESULTY
QW-a0v2..48) N ides Sardsfacrary Qu=462.2(a) . Side-Satisfactary |
QW-462.2(a) ISide- Saricfarrary N'1-489 27aY Side-Saticefacrary
TOUGHNESS . ESTS (QW-170)
SPECIMEN | NOTCH |[NOTCH | TEST | IMPACT RAL EXP. PWEIGHT
NO. LOCATION | TYPE [TEMP |VALUES % SHEAR MILS [BREAK |NO BREAK
TR,

Type of Test

Deposit Analysis ul

Other

FILLETWELD TEST (QW-180)
Result - Sausfactory Penetration into Parent Metal __ _

Yes, No Yes, No
Type and Character of Failure .Macro—Results -
Welder's Name John F. Bover Clock No. _72 ____ StampNo. ____
Tests conducted by: __Pitts. Test Lab Laboratory Test No. 012676

per R. 0. Eavey

We certify that the statements in this record are correct and that the test welds were prepared, welded
and tested in accordance with the requirements of Section (X of the ASME Code.

Signed Joseph Dat Corporation

(Manufacturer)

puse . MALIIY by il VIl

~ i
{D=tail of record of tests are iilustrative only and may be modificd (L conform to Jhe type and num-
ber of tests required by the Code.)
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Joseph Dat Cnrporatlon Job No. o= 2267 _[‘1/%4 INITIAL DATE INITIAL E DATE
> ‘/3 // . PraT ‘//‘ :
Customer VESTINGHOUSE P. O. § Sh6-AAZE 215150} P Q.C. ;! 125 | AT L il =
Item No. Dwg. No. _____FB. 4 ENG. PPOD.
Code ASHE 111 Class 2 Tube Side 3 Shell Side Sheet 1 of 3
-3~ Revisi i
Welenotes Mestinghouse Hold Point. HOTE: Inltlals indicate acceptance. i i g
Al=Denotes Cod= Hold Point. WELD PROC. JIOLD | NDT PROC., |OAT INSP.|CUST.INSP|AUTH INSP
STEP DESCRIPTION Number IRev im _Number Rev |Sign [Date [Sign |Date |Sign [Date
i MATERIAL RECEIPT
1. Shells
2, Heads
3. Nozzles
b, Tubes
5. Tube Sheets’ ¢
6. MHiscellaneous
ii SHELL FABRICATION
1. Cut and roll shell plates to Dwg.
Bimension (!nspect).
2. WVeld shell long scams Inside ; 22
background. (LPT) 15 Al Qc 100 ,
3. Complete welding shell seams 22
(LPT) {INSPECT) 35 QC 100
4. Fit-up shell sections. ¢ Al

- —— . . . .- : .

L PN



Sheet 2 of 7

Job No. J-___ 2267 Item No.
6-3-75 Revision | =3
WELD PROC. |HOLD| NDT PROC., |[OAT INSP |CUST INSP jAUTH INSP
'TEP DESCRIPTION Number {Rev|{ PT.|Number [Rev |Sign |Date |Sign |Date |Sign [Date
i SHELL FAB. (Contlinued)
5. Fit-up shell head and shell flange
“nspecl) A!
6. Weld all girths Inside, backgrind 22
(LPT) 35 qc 100
7. Complete weiding on girths 22
LPY Fina! welds then spot RT 35 QC 100
s QC 215
8. Layout she!l for nozzles
9, Flt-up nozzles to shell
10. Weld nozzles to shel! Inside 22
1i. Cut holes for nozzles ~ Grind flush
inside - Backgrind outside - LPTY i gc 100
12. Complete welding nozzles outside -
LPT final nozzle welds QC 100
13. Flt-up and weld nozzle
reinforcement pads {LPT) 22 oc 100
1A, Spot RT shell welds Al SHE RAD [OGRAPHIC
Y] Qc 215 READER SHEET F(R ACCWPTAR(E.
i15. Llayout shell for selsmic lugs -
Fit-up then weld (inspect) LPT 22 QC 100 .




Job No, J- 2267 Item No. Sheet 3 of 7 '

6-3-75 Revision 1
WELD PROC., HOLD! NDT PROC. OAT INSP [CUST INSP [AUTH INSPE
STEP DESCRIPTION Number !Rev| PT.|Number IRev Sign |Date |Sign |Date |Sign {Date |
i CHANNEL ASSEMBLY
1. Cut shell then roll to Dwg.
dimenslon = tack seam {Inspect)
2. Weld seam inside 3
Backgrind (LPT) ko QC 100 "
o 3. Complete Welling seam 9
{Ley) L1y Qc 100
L
&, Radiograph seam 100% Al SEE [RADIOGRAPHIC READER
w QC 200 SHERT FORIACCEPTIANCE.
5. Fit-up head and flange (inspect) Al
~ ~ 9
6. Weld inside - backgrind - LPY 40 ac 100
i cad and fl ' 3
7. Complete head an ange welds {LPT) 40 ot 100
Al SE& RAD I (GRAPH REAMER
8. Radlograph 1002 head and flange v ac 200 SEET FAR AcCHPTANC.
9. Llayout channel for nozzies and
couplings {!nspect)
10. Flt-up nozzlies - weld Inslide then
cut holes and grind flush (LPT) ! 9 Al QC ico
1. Backgrind cutside
(LpT) oc 100 E
12. Complete outside nozzle welds
then LPT 9 QC 100




. Job No. J- 2967 Item No, Sheet & of 7
6-3-15 Rexision 1 _ |
WELD PROC. HOLD| NDT PROC. OAT INSP |CUST INSP |AUTH ISP
;TEP DESCRIPTION Number (Rev| PT.|Number [Rev |Sign [Date |Sign |[Date |Sign [Date
iii CHANNEL ASSEMBLY
13. Fit-up and weld reinforcement pads (LPT) s Q¢ 100
14, Flit-up pass partition plate and
Internal pipe support Insp - weld 9 QC 100
1S. Fit-up baseplate to skirt 23
Insp - weld - LPT
35 Qc 100
16. Overlay skirt edge with §/S
filler 19
17. Fit-up skirt to channel head
Insp then weld - (LPT) Qc 100
1B. Fit-up (inspect) then weld elbows
for channel drain (LPT) 9 QC 100




Job No. J- 2267 Item No. Sheet 5 of 7
£-3-158 Revision 1
WELD PROC. |HOLD| NDT PROC. OAT INSP |[CUST INSP [AUTH INSP
;TEP DESCRIPTION Number |Revi PT.|Number [Rev |Sign |pate |Sign Date |Sign [Date
v TUBE BUNDLE ASSEMBLY
1
1. Overlay tubesheet :gz
2. Machine tubesheet to Dwg. Dim (LPT) Qc-100
J. Layout for tube holes drill {Insp)
k. Layour and dr!l) baffles (inspect)
S. Deburr baffles and tubesheet
6. Clean tubesheet, baffles, tle rods,
and spacers. Qc-700
7. Assemble tube bundle and Insert
tubes
8. Set tubes flush with tubesheet
then weld 305
9. Clean entire assembly QC-700




[_ Job No. J-_ 2267 Item No.

Sheet 6 of 7
| 6-3-75 Revision 1
' WELD PROC. HOLD| NDT PROC. OAT INSP |CUST INSP [(AUTH 1InSP
STEP DESCRIPTION Number [Rev| PT.|Number Inev Sign |[Date |Sign [Date !Sjgn [Date
v FINAL ASSEMBLY
I. Take completed shel! and
clean Qc_700
2. Inspect shell internal Al
3. Clean tube bundle QC-700
.
4. Insert clean tube bundie In shell
W
5. Bolt up tubesheet to shell .
.
6. Blank off shell connections
7. Alr test tube welds Gage No. W Qc-500
8. Drop alr pressure and
roll tubes IP-30%
9. Clean tube sheet and tubes QC-700
10. Hydro shell per dwg. reqg's Al
pressure obhserved ..... Gage WNo. W QC-600
1. LPT tube tc tubesheet walds W Qc-110 §
12. Clean tubes ¢ tubesheet after
penetrant exam QC-700




Job No. J- 5443 Item No. Shect 7 of 7

Revision ! 6-31-2%
WELD PROC, HOLD| NDT PROC,. OAT INSP |[CUST INSP |AUTH INSP

TEP DESCRIPTION Number |Rev| PT.|Number [Rev |Sign [Date |Sign [pate Sign |[Date
v FINAL ASSEMBLY (Continued)
13. Clean channe!l {Bonnet) QC-700
1h. iInspect Internal Bonnet Al

1S. Bolt up bonnet to tubesheet

16. Blank off connectlons

17. Hydro tubeside

Ail
Pressure observed .... Gage No. v QC-£00
18. Draln tube side and clean and
dry shell & tubeside QC-700
19. Palnt shell per drawing req's. ’
20. Apply nameplate
2. Skid
22. Flinal Q.C. release w
i [ Al







