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ABSTRACT

Flow assisted corrosion (FAC) caused the highest rates of wall loss at outlet feeder pipes in the
regions close to the Grayloc end fittings. In the past, almost all stress analyses on reduced
thickness, above or below pressure based value, were conducted based on ASME III Code
compliance.

However, above assessments were feeders specific in nature and time consuming. For a large
scale planned outage, more than several hundreds outlet feeder baseline and repeat inspections
may be conducted. There is a reasonable risk that a number of feeders may be found with a wall
thickness at or below the pressure based thickness. It is possible that unanticipated results from
the inspection could extend the outage duration due to the need to perform unplanned stress
analyses to demonstrate the fitness for service of the feeder pipes.

To be effective to prevent outage delay it is necessary to conduct a generic feeder structural
integrity assessment prior to the start of the outage. FFSG Appendix E (Reference 1) provides
acceptance criteria and evaluation procedure for assessing local thinning near the Grayloc region
for thickness below pressure based value. The structural evaluation procedure in Appendix E is
not feeder specific in such a preventive assessment could provide predetermined acceptable
thickness limits to be compared with inspection data. The acceptable thickness limits shall result
in significant reduction of feeder disposition time.

1.0 INTRODUCTION

In CANDU nuclear power plant, feeder pipes carry heavy water to and from the reactor fuel
channels to remove heat produced by the fission of uranium fuel. The feeder pipes connect the
inlet and outlet headers to the reactor core. The number of feeder pipes is in the range of 760 to
960 for various types of CANDU designs. The feeders are made of SA106 Grade B carbon steel.
Feeder piping is designed to Class 1 piping requirements of the ASME Boiler and Pressure
Vessel Code, Section III, Subsection NB and CSA Standards. In general, bends closest to the
fuel channel connections represent the most critically stressed sections of feeder pipes. Severe
wall loss due to FAC has been found in CANDU stations, the wall thickness reduction could be
as high as the half of nominal wall values.

The thickness assessment is carried out to show whether or not the analyzed wall thickness
values with excessive local thinning at the Grayloc would meet the Code requirements. The
majority of feeder structural integrity assessments were based on ASME Section III, NB class 1
piping code (Reference 2) and CSA N289.3 for seismic requirements.
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The procedures in ASME SEC III are developed for design analysis for new components, rather
than for the in-service assessment for degraded feeder piping systems. The analysis rules and
methods used in new component design by nature are overly conservative for in-service
evaluation of feeder thinning. Feeders are inspected in accordance with the CSA Standards
CAN/CSA-N285.4. When a detected wall thinning or a flaw does not satisfy the criteria of
acceptance by examination in N285.4, the CSA code allows a fitness-for-service assessment to
determine the acceptability for continue operation. FFSG provides the unique set of assessment
rules with the consideration of feeder fabrication, design, configuration and degrade
mechanisms. The assessment will be used to justify continued operation of feeders in degraded
condition.

Appendix E of FFSG was developed to evaluate thinned region in feeder piping. It follows the
methodologies of ASME Section XI. The evaluation procedures maintain the design intent
margins of Section III. There are three levels of evaluation for internal pressure loading and
pressure coincidence with bending moment respectively. Level 1 refers to ASME III NB-3640
and NB-3650 assessments. But it is not suitable when a local thickness is below the pressure
base value. Level 3 is finite element based approach, including elastic, limited load and plastic-
collapse analyses.

Level 2 evaluation consists of a set of closed form rules which were developed with the first
principle and verified by extensive finite element modeling. It provides an easy-to-use and
conservative tool for the fast disposition of adverse inspection results. This paper is to provide a
proactive measure to develop a set of acceptable local thickness for piping section next to the
feeder Grayloc hub, thus inspection results can be compared and be dispositioned. It would
reduce the potential risk of outage delay due to adverse feeder thickness.

2.0 LEVEL 2 ASSESSMENT METHOD

The evaluation procedure is as per Article E-2 of FFSG Appendix E and shown in Figure 1.
Level 2 evaluation on internal pressure and bending moment coincident with internal pressure
were carried out in this paper.

2.1 Level 2 Structural Evaluation for Thinned Region for Internal Pressure Loading

The design pressure based minimum thickness (tyin"") of NB-3641 is limited by hoop stress
under internal pressure:

tminsp :L’ (1)
2(S,,+Py)

where P — Internal Design Pressure, D, — Outside diameter of feeder (R,=Do/2), Sim—
maximum allowable stress, Y=04

The minimum value of acceptable thickness for local thinning shall be greater than or equal to

0.75 tmin " regardless the acceptance of the assessment, as limited by the line-in-granite rule in
FFSG.
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In Appendix E, a local thinning region is defined when a local wall thickness is less than the
evaluation of wall thickness, teyq, which is defined as 1.10 tin™ or 1.13 twin T L is the
circumferential extent of thickness less than teyar. Ly 1s the circumferential extent of thickness
less than teyar. Ly, 1s the maximum value of Ly and L), as shown in Figure 2. The separation
distance for multiple local regions is 2‘5(Revalteval)0.5: where Reva = Ro - teva/2. Once multiple
thinning regions are detected, the proximity rules should be checked against the separation
distance, then the combination of thinning regions or single separate region can be evaluated
accordingly. The acceptable thickness obtained in this paper is suitable for both combined and
single thinning region.

The geometry characterization of thinning region is defined as (Rmintmin)o'5 , where Ryin (=R, -
tmin/2) 1s the mean radius of the piping item. There are three classifications of local thinned
region geometry based on axial and circumferential extent. The allowable local wall thickness
taloc 18 calculated using formulas or empirical curves defined in each category.

(a) Limited Circumferential Extent (LC): when the circumferential extent, L, of the local
thinned region predicted to be less than t.,, does not exceed Rmintmin)o‘5 )

For a straight pipe, the ratio of tyc/ tmin can be calculated using following formula:

taloc/ tminSp =0.75 for Lm(a) / (Rmin tminsp)o.5 <2.75
tatoo/ tmin” = 0.046%(x - 2.75) + 0.75 for 2.75 <X = Lin(a)/(Ruin tmin™)"* < 6.0 )
taloc/ tminSp =0.9 for Lm(a) / (Rmin tminsp)o.5 >6.0

(b) Limited Axial and Circumferential Extent (LAC): when the maximum extent, L, of local
wall thickness predicted to be less than tey, is less than or equal to 2.65(Rmintmm)°'5 .

For a straight pipe or bend, the ratio of tye/ tmin * is the maximum value of following three
requirements:

(1). Protection against pressure blowout:

taIO(s:p _ 0353|—m(R 1 - )1/2 (3)
tmin mintmin

(ii). Satisfy reinforcement requirement:

taloc =1-15 (RmintminSp )1/2 ( t
t. sp L t. sp
min min

-1 (4)
(ii1). Line-in-Granite of FFSG for local thinning:
tatoc/ tmin” = 0.75 ()

(¢) Unlimited Circumferential Extent (UC): when the circumferential extent, L,,, of the local
thinned region predicted to be less than t., exceeds to (Rmintmin)o's.
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For a straight pipe, the ratio of tyc/ tmin can be calculated using following formula:

tatoc/tmin”™ = 0.75 for X = Luna) /(Ruintmin)”> < 0.725

tatoc/tmin” = -0.0287x"* + 0.2243x” - 0.6768x" + 0.9688x + 0.3251  for 0.725 < X = Luya) /(Runintmin) > < 2.5 (6)
tatoc/tmin T = 0.9 for Loy /(Ruintmin) > > 2.5

2.2 Level 2 Structural Evaluation for Thinned Region for Applied Bending Moment
and Coincident Internal Pressure Loading

The structure integrity is evaluated for membrane plus bending axial stress and membrane axial
stress respectively. The geometry characterization of the circumferential cross-section of the
straight pipe section of feeder pipe is illustrated in Figure 3. In this figure, the pipe original or
nominal wall thickness t,om is assumed to have been uniformly thinned on the inside surface by
FAC to a wall thickness t; (or t in equations below). The local thinning is characterized as having
a uniform wall thickness t; and a circumferential extent 20. The depth of local thinning isa =t; -
t

2.2.1 Membrane plus Bending Axial Stress

For each ASME III Level A, B C, and D loading under evaluation, the following criterion shall
be satisfied:

1 c s . 1
GES—(Gb—Gb)—Gﬁq“—ST) (7)

where SF;, - structural factor on primary bending moment

SFn, - structural factor on internal pressure or primary axial force

(1). The nominal bending axial stress )" at net-section collapse
M, R
Gg _ _nsc ‘0 (8)

Bending moment corresponding to a state of net-section collapse of a straight section (M) is
calculated as following:

(a).  Short thinning region: for thinned region not penetrating the compressive region of the
cross section such that 6 + 8 < «r, the bending moment at net-section is given by

M, =Mo{sin[3 —%[1—(1 +0c%)2(1 —%)]sine} (9)

T 0a t a P F,
=—M-=—=1-a=(1-=) |- (—+=)p,
where P 2{ nt[ OLD( t)} (P0+Fo)}

F, — Primary axial force, o =1
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(b).  Long thinning region: for thinned region penetrating the compressive region of the cross
section such that that 6 + > &, the bending moment at net-section is given by

M, ., =MO{(1 + oc%)2(1 —%)sinB—%[1—(1+a%)2(1 —%)]sine} (10)
T 0.a t a P F
2{1—(2—n)t[1—aD(1—t)}—(&+FO)}

where p=

a t a
1—?[1—(15( —?)]

t t
and P, = 4o, o), Fo=mblo, M= D%s,, & =2a(1+a) Dt :
-5 1- -
( D) ( D)

. 0a t a

c, + O
mean diameter :D =D, —t, flow stress: o, =

“, inside area: A, =%(D —1)2

(ii).  The nominal primary and secondary bending axial stress o,/ and o, in the straight pipe
section due to applied primary and secondary bending moment M, and M; are given by

M.R, or - M:Rs
| |

'
=7 (R -RY)

p_
Oy, =

(11)

(iii).  The effective applied nominal primary membrane axial stress o, " due to pressure, axial
force is calculated by

o P'A+F, (12)
om = nDt

2.2.2 Membrane Axial Stress

For each ASME III Level A, B C, and D loading under evaluation, the following criterion shall
be satisfied

C
S (13)
SF,,
where the nominal membrane axial stress o, at net-section collapse with zero coincident
bending stress is calculated by

P
Om <
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o° :cf{1—%$[1—a%(1—%)}—3cp} (14)

T

1 a a
where ® =sin"{—[1-(1+ a—)2(1- 2)]sin0
{2[ ( OLD)( t)] }

3.0 DARLINGTON FEEDER INPUT DATA

This section is to establish the various input parameters required to perform the structural
integrity assessments of a postulated local thinning region below pressure based value in the
vicinity of the Grayloc weld of Darlington outlet feeder pipes.

3.1 Feeder Pipe Geometric Data
There are only two bend sizes of outlet feeder pipe at DNGS: 2 NPS and 2.5 NPS.

2” NPS feeders:

D,=60.325 mm outside diameter

thom = 5.537 mm nominal wall thickness
tmin = 2.757 mm pressure based thickness
0.75%* tpin = 2.07 mm FFSG line-in-granite value

2.5” NPS feeders:

D, =73.025 mm outside diameter

thom = 7.010 mm nominal wall thickness
tmin = 3.338 mm pressure based thickness
0.75%* tpin = 2.50 mm FFSG line-in-granite value

There are 22 types of feeder bends for all 480 Darlington outlet feeders. Bend type is categorized
by feeder’s size, bend radius, angle, straight pipe length, and etc. It is noted that the maximum
and minimum length of the straight pipe is 45.5 and 3.1 mm respectively.

3.2 Application of Inspection Thickness Data

The 6-probe pack is used by the Inspection Organization to measure wall thickness adjacent the
Grayloc weld. The 6-pack is a 6-transducer array and can be manually moved by the operator in
the circumferential direction while keeping the 6-pack abutting the weld cap. An encoder allows
the collected data to be synchronized with circumferential position. It can measure the thickness
of the pipe material in a zone bounded by the edge of the weld cap to a distance 15 mm from the
edge of the weld cap. The inspection is to cover the full circumference of the pipe where access
and contact conditions permit. The numbering and offset in axial and circumferential offsets are
listed in Table 1. From the table, the closest measured thickness next to the Grayloc weld is 2.5
mm. Past experience indicates that local thinning rarely extends beyond 15 mm away from the
weld cap.
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33 Loading Condition and Material Properties
3.3.1  Design Condition

The design conditions are as per Darlington design specification:

Outlet feeder design temperature: 318.33°C

Outlet feeder design internal pressure: 11.275 MPa(g)

3.3.2  Operating Condition

The maximum transient pressures under ASME III Level A, B, and C conditions are following
(there is no Level D loading in feeders):

Outlet feeder maximum Level A pressure: 11.26 MPa(g)

Outlet feeder maximum Level B pressure:  12.09 MPa(g)

Outlet feeder maximum Level C pressure:  13.60 MPa(g)

The enveloped primary and secondary loads are summarized from the previous OPG feeder
Darlington stress analysis and are given in Table 2.

3.3.3  Material Properties

The feeder pipe is procured to the SA-106 Grade B material specification. The material
properties used in the local thinning assessment are code specified values at the design
temperature of 318.33 °C. It should be noted that the Darlington feeder CMTRs report much
higher values both for yield tensile and ultimate tensile strength. Thus the use of code value is
conservative.

om=119.18 MPa Class 1 allowable stress intensity
oy = 178.23 MPa Specified yield tensile strength
o, =413.7 MPa Specified ultimate tensile strength

4.0 ASSESSMENT RESULTS

Using closed-form equations in given in Section 2.1 and 2.2 or article E.5 of Appendix E. The
Operational Assessments are performed for the end-of-evaluation-period outlet feeder thickness
to demonstrate that the feeders are fit for continue service. The allowable thickness obtained in
this assessment should be compared to the predicted thickness or the inspection thickness minus
the thinning rate times the EFPY value of the next planned outage when the feeder is going to be
replaced.

The evaluation thickness t.ya equal to 3.03 mm for LC and UC and 3.12 mm for LAC mm for 2
inch feeder, the respective values for 2.5 inch feeder are 3.67 mm and 3.77 mm. Once the
inspected or predicted thickness is found to be below tyn, the allowable local thickness
assessment has to be initiated. However, the size of local thinning is determined by the
evaluation thickness of teya, rather than tp,.
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4.1 Allowable Thickness Assessment by Internal Pressure Loading

The applicability of the evaluation is dependent on the axial and circumferential extents of the
local thinning regions of the two different sizes feeders: 2 and 2.5”. The detailed calculations
are carried out in Table 3 and are shown in Figure 4 for 2 feeder. The results are summarized
in Table 4 and Table 5 for 2” and 2.5” feeders respectively.

A thinning extent could fall into two classification regions when Lm/(Rmintmm)O'5 <2.65,1.e. LC
or LAC, UC or LAC, depending on the value of L/ (Rmintmin)o's, the minimum value of t,oc
from two classification calculations is taken as the final acceptable value.

As shown in two tables, if the axial thinning extent is less than 6 mm regardless of
circumferential extent, or the circumferential extent is less than 15° and the axial extent is less
than 15 mm, the allowable thickness is 0.75 tpi, or the “line-in-granite” of FFSG for local
thinning.

If the axial extent exceeds 20 mm and circumferential extent exceeds 20°, the allowable
thickness is approximately 0.90 t., and becomes independent of thinning extent.

4.2 Allowable Thickness Assessment under Moment Loading with Coincident Internal
Pressure Loading

In this assessment, the uniform thickness t; (or t used in equations in Section 2.0 is the t.y, or
higher, while local thinning thickness t; (t; = t; - a) is the minimum allowable thickness of 0.75
tmin OF higher values obtained in Section 4.1 from the internal pressure evaluation. Since it is
unlikely that surrounding wall thickness is uniformly thinned to t.y, around the local region (t;),
thus the calculation is very conservative.

As shown in Table 6, the local thickness is taken as of 0.75 ty, or 2.07 mm, the surrounding
thickness is assumed as teyy Or 1.13ty,;, of 3.11 mm. For the circumferential extent up to 20 = 20°,
both membrane plus bending axial, and membrane axial stresses meet the Appendix E criteria.
When the circumferential extent exceeds 20°, the membrane plus bending axial stress fails to
meet the requirements. In order to meet the requirements, either t; or t, has to be increased, as
shown in Table 7 and 8.

5.0 APPLICATION EXAMPLE

An example is illustrated in this section to show the application of the assessment methodology
as well as the direct use of the result tables obtained in the Section 4.1 and 4.2.

Darlington feeder J24E of Unit 2 was identified to have a predicted below pressure based
thickness local thinning area before the scheduled outage. A detailed NB-3200 stress analysis
was performed and demonstrated that the ASME III code compliance is met for the local
thinning (Reference 3). The same thinning parameters are used here for the demonstration of
Level 2 evaluation of FFSG Appendix E.
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5.1 Predicted Thickness
The predicted minimum and average thicknesses are shown in Table 9.

D2J24E is a 2” feeder, tmin = 2.757 mm

teval = 3.03 or 3.12 mm (3.12 mm is used to be conservative to
estimate the thinning size)

As shown in Table 9, the axial length where the thickness below teya 3.12 mm (not ty;,) is
between the Grayloc weld to Probe 3 or 8.75 mm (2.5+2.5+2.5+2.5/2, i.e. 3 2 probe distance).

The circumferential thickness distribution is shown in Figure 5. The circumferential length of
local thinning, where the thickness is less than 3.12 mm, is 40 mm long. The thickness at the
extrados region is below tey, 0f 3.12 mm but higher than t,,;, of 2.757 mm, thus it is not defined
as a local thinning region and therefore no assessment is required. In the distance of
2.5(Reva1teva1)0'5 of 23.6 mm range, there is no another region where the thickness is below 3.12
mm. Thus this local thinning can be characterized as a single local thinning region.

In summary: the size of local thinning region:
e axial thinning extent L) = 8.75 mm.

e circumferential extent Ly, = 38.2 mm

(40 mm is the circumferential length measured from the outside diameter, it has to be
converted to the circumferential length calculated from the mean radius, 40*R,in/Ro =
40%*28.78/30.163 = 38.2 mm)

e target allowable thickness tyo. = 2.54 mm

e surrounding thickness t,,, = 3.47 mm (conservatively assumed as the average thickness at
probe 1)

5.2 Allowable Local Thickness for J24E
5.2.1 Assessment by Calculation

Assessment on internal pressure loading is performed in Table 10 using the local thinning size
identified above. The minimum allowable thickness is 2.23 mm. Assessment on bending moment
coincident with internal pressure loading is performed in Table 11. The minimum allowable
thickness is 2.09 mm. Thus the minimum allowable local thickness is the maximum value of two
values, i.e. 2.23 mm. It is below the target thickness of 2.54 mm.

In summary, the predicted thickness meets FFSG Appendix E local thinning requirements and
the reactor can operate up to the end of evaluation period.

5.2.2 Assessment by Result Tables

Applying the thinning size and surrounding thickness to the generic allowable thickness for 2
inch feeder in Table 4, the minimum acceptable thickness is approximately 2.29 mm, which is
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below the target thickness of 2.54 mm. Thus the local thinning is compliant to FFSG Appendix E
requirements.

6.0 CONCLUSIONS

Level 2 evaluation provides an easy-to-use and conservative tool for the fast disposition of
adverse inspection results. The allowable thicknesses developed in this paper can be used for the
disposition of inspected or predicted below pressure base thickness in the vicinity of the Grayloc.
It would reduce the potential risk of outage delay due to adverse feeder thickness.
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Table 1 Transducer Numbering and Location for the 6-Pack
Axial . . . . .
Circumferential Incidence Distance relative the
Transducer #| Offset
(mm) offset (mm) Degree Weld Edge (mm)
1 0 3.0 normal 2.5
2 2.5 0.0 normal 5
3 5 -3.0 normal 7.5
4 7.5 0.0 normal 10
5 10 -3.0 normal 12.5
6 12.5 3.0 normal 15
Table2 Enveloped Primary and Secondary Loads for All Darlington Outlet Feeders
2 inch feeders
Level A, B Loads Fres (N) Mes (N-m)
DWT (Deadweight) 921 223
THM (Thermal)
Fixed short feeders 1223 1147
Free short feeders 1630 1630
Long feeders (assume free) 1451 730
Level C (Seismic) Loads
Seismic Anchor Movement (EAM) 497 187
Seismic Inertia (EEM) 1324 831
2.5 inch feeders
Level A, B Loads Fres (N) Mes (N-m)
DWT (Deadweight) 1124 398
THM (Thermal)
Fixed short feeders 2003 1692
Free short feeders 2655 2785
Long feeders (assume free) 2402 1653
Level C (Seismic) Loads
Seismic Anchor Movement (EAM) 688 261
Seismic Inertia (EEM) 2580 1580

Note: Forces and Moments are obtained at the Grayloc sealed face.
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Table 3 Allowable Thickness under Internal Pressure Loading for 2.0 inch Feeders
Inputs |Dar|ington 2 inch Feeders
Design pressure Po 11.3 MPa
Nominal outside diameter Do 60.325 mm
Design stress intensity Sm  @318°C 119.1 MPa
Outside Radius R, = Dy/2 30.163 mm
Geometry Characterization
;;essure based thickness for | <o _p, 2+ Pl 2757 mm
= =
Evaluation Wallat Grayloc toyy =110t~ (LC. UC) 303 . The inspected or predicted thicknesses are required to compared 10 ty,q instead of toe
tavar = 1.13 t, ™ (LAC) 3.12
N Revar= Ro - teyal/2 (LC,UC) 28.65 _ .
Mean Evaluated Radius Rovn = Ro - toa/2 (LAC) 28,60 => Radius at the at surrounding region
. 2.5(Revateval) 2 (LC,UC) 23.30
" o o => The wall thickness in the material surrounding the local thinned region shall be greater than or equal to t,,, from this minimum distance.
Minimum Length for
surrounding material t> toa  2.5(Ryyatvs) 2 (LAC) 23.60
Mean Inside Radius Rinin = Ro - tmin/2 28.78 => Mean radius at local thinning region
Characterized size (Rontin) "> 8.91 => Thinning region characteristic dimension
Cl ification of Local Thinning Region
Classification Extent of Thinning Less Than t,,, Ln Formulas to calculate allowable thickness
imited Ci i taioc/tmin = 0.75 f0r Linga) Rumintmin)*° < 2.75
S):‘:LTI:ES)?'rcumferem'al Circumferential extent, Ly < (Rintmin)"” Where t <t 8.91 aloctmin mie) Tmin mm)os
: taioo/tmin = 0.046%(x -2.75) + 0.75 f0r X = Lyn(ay Ronintmin)® > 2.75
'SPy s$py10.5
(b) Limited Axial and tatoc/tmin 2 0.353Lm[1/(tmin™ Rin ™)1
Circumferential Extent Maximum extent, Ly, < 2.65 (Rpntnn)™?  Where t <to,q 23.61 taiod/tmin 2 1= 1.5(Reintrin)*(tevar / trin = 1)L taoc €quals to the maximum three values
(LAC):
taioc/tmin = 0.75
taoo/tmin = 0.75 £Or Lingay Renintin)”> < 0.725
gt::t";{;'g“ Cireumferential| . mferential extent, Loty > (Rrintrin)? Where t <t 891 taooltmin = -0.0287x" + 0.2243x° - 0.6768x% + 0.9688x + 0.3251 for 0.725 < X=Lyya) Rrintin)”° < 2.5
taoc/tmin = 0-9 for Lina) Rrintin)”* > 2.5
1
Maximum Axial Extent L) 6.0 mm
Lnge)/(Reintin) 067
LAC
§ o Ln= Ln 12| Geometry taoc/tmn™® Results by Thinning
creumforental g ange ceg))  archlength (MM Loy | (| 201 212 | 12.65(R,y Pty )2 | L Rt ™| Gissification | @ | ® © |waxesa| " | MinCLACUC) | Classifcaton
5| 2.51 6.50 0.276| 0. LC or LAC 0.750 0.258 0.733 0.750 .750 n/a .750 LC
10] 5.02 7.83 0.331 0. LC or LAC 0.750 0.310 0.778 0.750 .778 n/a .750 LC
15) 7.54 63 0.408| . LCor LAC 0.750 0.382 0.820 0.750 | 0.820 n/a .750 LC
20) 0.05 70 0.496| UC or LAC nla 0.464 0.852 0.750 | 0.852 0.750 .750 uc
2% 2.56 92 0.590 g UC or LAC nla 0.552 0.875 0.750 .875 0.750 .750 uc
30) 5.07 22 0.687| - UC or LAC nla 0.64 0.893 0.750 | 0.893 0.750 .750 uc
SEI 7.58 53‘ 0.787| UC or LAC nla 0.73¢ 0.906 0.750 .906 0.750 .750 uc
40) 0.09 20.97, 0,@' UC or LAC nla 0.83° 0.917 0.750 .917 0.750 .750 uc
45) 2.61 23, Cﬁl 0.991 . UC or LAC n/a 0.92 0.926 0.750 | 0.927 0.750 .750 uc
55) 7.@' 28.27, 198, 3 uc n/a n/a n/a n/a n/a .750 750 uc
60) 0.14 30.7 .302, . uc a n/a n/a n/a n/a 750 750 uc
90) 5., 45.6 932 . uc n/a n/a n/a n/a n/a .750 750 uc
180 0. 90.6: .839) 10.; uc n/a n/a n/a n/a n/a .750 .750 uc
270 135.64 135.7 .751 15.; uc n/a n/a n/a n/a n/a 0.750 .750 uc
360) 1 O.SEI 180.95 .665) 20. uc n/a n/a n/a n/a n/a 0.750 .750 uc
. .
Table 4 Summary of Allowable Thickness under Internal Pressure Loading
”
for 2” Feeder
2" feeder Maximum Axial Extent Ly, (mm)
- - — Adjacent Wall
Circumferential Thinning 6 8 10 15 20 Thickness
Extent Ly
angle (degree) taioe (MM) tavg (2 teva)
5-15 2.07 2.15
23.12
20
45 2.07 219
2.29
60 242 248 >35
75 2.20 :
90 2.37
. .
Table 5 Summary of Allowable Thickness under Internal Pressure Loading
B
for 2.5” Feeder
2.5" feeder Maximum Axial Extent Ly, (mm)
" - — Surrounding Average
Circumferential Thinning 6 8 10 15 20 Wall Thickness
Extent Ly
angle (degree) taioc (MmM) tavg (2 teva)
15 2.50
23.77
20
2.50 2.50
45 267
50 2.87 2.95 > 431
75 2.67 -
90 2.84
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Allowable Thickness under Bending Moment and Pressure for 2” Feeder

Inputs Darlington 2 inch Feeders
Design pressure Py 11.3 MPa
[ e D, 60.3 mm
Nominal thickness trom 5.54 mm
Design stress intensity 0, 119.1 MPa
Yield strength o, 178.23 MPa
Ultimate tensile strength o, 413.7 MPa
Flow stress o 295.97 MPa
Since the local thinning is within the short section of straight pipe, all calculations are based on a straight pipe assumption
Nominal outside radius R, R, =Dy2 30.15 mm
Nominal inside radius R, Ry = Ry ~toom 24.61 mm
ressure based. o™ =PpDy/[2(0,PY)] 2.756 mm
Evaluation Wall at toga = 110 % (LC, UC) 3.03 mm
Grayloc toa = 1.13 1, (LAC) 341 mm
Mean Diameter atty, D =D, -ty 57.5 at local thinning region
Characterized size (Rein"tmin) "2 8.9 mm
Mean Evaluated Radius 2:::; ;:t::g :ti‘é‘;c) ig:gg at surrounding region
Location of thinning @ 1_inside surface thinning
T —— Resultant Load Primary Load Secondary Load
Fros (kN) Moo, (KN-m) Fy My F, M,
DWT (D 0.921 0.223 0.921 0.223 - -
THM (Thermal) 1.63 1.63 - - 1.63 1.63
EAM (Seismic Anchor Mvt) 0497 0.187 - - 0.497 0.187
EEM (Seismic Inertia) 1.324 0.831 1.324 0.831 - -
Lond Cose primary loads secondary loads structural factors effective load components (not used)
P Fy My F, M, SFy SF, SF, P For Mes
Level AB. 124MPa__| 0.921kN | 0.223kN-m 1.6 kN | 1.630 kN-m 27 [ 23 [ 10 32.59 MPa | 4.12MPa | 2.14 MPa
Level C 121MPa_ | 1.324kN | 0.831 kN-m 0.5kN | 0.187 kN-m 18 | 16 | 10 | 21.73MPa| 2.88MPa | 1.52MPa
Characterization of Feeder Local Thinning Net- tion ClI Collapse
Case N, 075 0/ b adjacent t, R, depth a 28 PDA mean D t,/D alt, alD P, F, M, A P | em
1 2.07 1.13 3.11 27.04 1.05 10° 41.82% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.59 kN'm | 3.01 MPa | 0.24 | 12.10 [ 0.028
2 2.07 1.13 3.11 27.04 1.05 20° 42.35% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.50 kN'm | 3.01 MPa | 0.24 | 12.12 | 0.056
3 2.07 1.13 3.11 27.04 1.05 45° 4367% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.50 kN'm | 3.01 MPa | 0.24 | 12.19 [ 0.125
4 2.07 1.13 3.11 27.04 1.05 60° 44.47% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.50 kN'm | 3.01 MPa | 0.24 | 12.23 | 0.167
5 2.07 1.13 3.11 27.04 1.05 75° 45.26% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.50 kN'm | 3.01 MPa | 0.24 | 12.27 [ 0.208
Level A/B 6 2.07 1.13 3.11 27.04 1.05 90° 46.05% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.59 kN'm | 3.01 MPa | 0.24 | 12.31 | 0.250
7 2.07 1.13 3.11 27.04 1.05 135° | 48.43% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.59 kN'm | 3.01 MPa | 0.24 | 12.43 | 0.375
8 2.07 1.13 3.11 27.04 1.05 180° | 50.81% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.59 kN'm | 3.01 MPa | 0.24 | 12.55 | 0.500
9 2.07 1.13 3.11 27.04 1.05 235° | 53.72% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.59 kN'm | 3.01 MPa | 0.24 | 12.69 | 0.653
10) 2.07 1.13 3.11 27.04 1.05 270° | 55.57% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.59 kN'm | 3.01 MPa | 0.24 | 12.78 | 0.750
11 2.07 1.13 3.11 27.04 1.05 360° | 60.32% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.59 kN-m | 3.01 MPa | 0.24 | 13.02 | 1.000
1 2.07 1.13 3.11 27.04 1.05 10° 41.82% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.59 kN-m | 3.01 MPa | 0.24 | 12.10 | 0.028
2 2.07 1.13 3.11 27.04 1.05 20° 42.35% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.59 kN-m | 3.01 MPa | 0.24 | 12.12 | 0.056
3 2.07 1.13 3.11 27.04 1.05 45° 43.67% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.59 kN-m | 3.01 MPa | 0.24 | 12.19 | 0.125
4 2.07 1.13 3.11 27.04 1.05 60° 44.47% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.59 kN-m | 3.01 MPa | 0.24 | 12.23 | 0.167
5 2.07 1.13 3.1 27.04 1.05 75° 45.26% | 57.19 0.05 0.336 0018 | 72.1MPa | 165.59 kN'm | 3.01 MPa | 0.24 | 12.27 | 0.208
6 2.07 1.13 3.1 27.04 1.05 90° 46.05% | 57.19 0.05 0336 0018 | 72.1MPa | 165.59 kN-m | 3.01 MPa | 0.24 | 12.31 [ 0.250
Lovel G 7 2.07 1.13 3.11 27.04 1.05 135° | 48.43% | 57.19 0.05 0.336 0018 | 72.1MPa | 165.59 kN-m | 3.01 MPa | 0.24 | 1243 [ 0.375
8 2.07 1.13 3.1 27.04 1.05 180° | 50.81% | 57.19 0.05 0336 0018 | 72.1 MPa | 165.59 kN-m | 3.01 MPa | 0.24 | 12.55 [ 0.500
9 2.07 1.13 3.11 27.04 1.05 235° | 53.72% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.50 kN'm | 3.01 MPa | 0.24 | 12.69 [ 0.653
10) 2.07 1.13 3.11 27.04 1.05 270° | 5557% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.50 kN'm | 3.01 MPa | 0.24 | 12.78 | 0.750
11 2.07 1.13 3.11 27.04 1.05 360° | 60.32% | 57.19 0.05 0.336 0.018 | 72.1 MPa | 165.50 kN'm | 3.01 MPa | 0.24 | 13.02 | 1.000
Net-Section Collapse Bending Moment Membrane Plus Bending Axial Stresses, and Membrane Axial Stress. Structural Evaluation
Case (Continue) | No, ~
Bl check alt, 6/ flaw type Bl M;so/M, A | o, o,” 0, [0} O’ o,° Mem + Bending Mem Axial
1 0.404 ok short 0.404 0.941 2296.3 | 2.29E+05 | 51.29 29.31 214.24 0.01 290.74 372.89 0.96 | pass | 0.48 | pass
2 0.399 ok short 0.399 0.923 2206.3 | 2.29E+05 | 51.40 29.31 214.24 0.03 285.53 365.77 0.98 | pass | 0.49 | pass
3 0.388 ok short 0.388 0.879 2206.3 | 2.29E+05 | 5167 29.31 214.24 0.06 272.73 348.07 1.02 | FAIL | 051 | pass
4 0.380 ok short 0.380 0.852 2206.3 | 2.29E+05 | 51.84 29.31 214.24 0.08 265.28 337.71 1.05 | FAIL | 053 | pass
5 0.373 ok short 0.373 0.827 2206.3 | 2.20E+05 | 52.00 29.31 214.24 0.10 258.07 327.70 1.08 | FAIL | 054 | pass
Level AIB 6 0.366 ok short 0.366 0.803 2206.3 | 2.20E+05 | 52.16 29.31 214.24 0.11 251.17 318.15 111 | FAIL | 056 | pass
7 0.345 ok short 0.345 0.740 2206.3 | 2.20E+05 | 52.65 29.31 214.24 0.14 232.76 293.28 119 | FAIL | 061 | pass
8 0.324 ok short 0.324 0.696 2206.3 | 2.20E+05 | 53.14 29.31 214.24 0.16 218.51 275.57 126 | FAIL | 0.66 | pass
9 0.299 ok short 0.299 0.668 2296.3 | 2.20E+05 | 53.74 29.31 214.24 0.14 207.21 264.64 131 | FAIL | 070 | pass
10) 0.282 ok long 0.207 0.664 22963 | 2.20E+05 | 54.12 29.31 214.24 0.11 203.21 263.00 131 | FAIL | 072 | pass
11 0.240 ok long 0.355 0.618 2296.3 | 2.29E+05 | 55.10 29.31 214.24 0.00 200.03 244.87 140 | FAIL | 074 | pass
1 0.406 ok short 0.406 0.943 2206.3 | 2.29E+05 | 5201 109.23 24.58 0.01 290.74 373.70 095 | pass | 048 | pass
2 0.401 ok short 0.401 0.925 2206.3 | 2.29E+05 | 52.12 109.23 24.58 0.03 285.53 366.62 0.96 | pass | 0.49 | pass
3 0.390 ok short 0.390 0.881 22963 | 2.20E+05 | 52.39 109.23 24.58 0.06 272.73 349.01 101 | FAIL | 052 | pass
4 0.383 ok short 0.383 0.855 22963 | 2.20E+05 | 52.56 109.23 24.58 0.08 265.28 338.71 1.03 | FAIL | 053 | pass
5 0.376 ok short 0.376 0.830 22963 | 2.20E+05 | 52.72 109.23 24.58 0.10 258.07 328.75 1.06 | FAIL | 055 | pass
Level C 6 0.369 ok short 0.369 0.806 22963 | 2.20E+05 | 52.88 109.23 24.58 0.11 251.17 319.26 1.09 | FAIL | 057 | pass
7 0.348 ok short 0.348 0.743 22963 | 2.20E+05 | 53.37 109.23 24.58 0.14 232.76 294.56 117 | FALL | 062 | pass
8 0.326 ok short 0.326 0.699 2206.3 | 2.29E+05 | 53.86 109.23 24.58 0.16 218.51 277.00 124 | FAIL | 067 | pass
9 0.301 ok short 0.301 0.672 2296.3 | 2.29E+05 | 54.46 109.23 24.58 0.14 207.21 266.26 128 | FAIL | 071 | pass
10) 0.284 ok long 0.301 0.668 2206.3 | 2.29E+05 | 54.84 109.23 24.58 0.11 203.21 264.65 129 | FALL | 073 | pass
11 0.242 ok long 0.358 0.621 2206.3 | 2.29E+05 | 55.82 109.23 24.58 0.00 200.03 246.08 138 | FAIL | 075 | pass
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Table 7 Revised Allowable Local Thickness under Bending Moment and
Pressure for 2” Feeder

e N Characterization of Feeder Local Thinning N cl Collapse
t, (0.75t ) i adjacent t, R depth a 20 PDA mean D /D alt, alD P, F, M, A P | em
3| 2.07 1.27 3.50 26.65 143 45° 37.70% 56.80 0.06 0.409 0.025 82.8 MPa | 184.85 kN'-m | 3.34 MPa | 0.28 | 12.24 | 0.125
4 2.07 1.27 3.50 26.65 143 60° 38.78% 56.80 0.06 0.409 0.025 82.8 MPa | 184.85 kN'-m | 3.34 MPa | 0.28 | 12.29 | 0.167
5| 2.20 1.27 3.50 26.65 1.30 75° 39.32% 56.80 0.06 0.370 0.023 82.8 MPa | 184.85 kN'-m | 3.34 MPa | 0.28 | 12.32 | 0.208
6| 2.37 1.27 3.50 26.65 1.13 90° 39.54% 56.80 0.06 0.323 0.020 82.8 MPa | 184.85 kN-m | 3.34 MPa | 0.28 | 12.33 | 0.250
Level AIB 7| 2.67 1.27 3.50 26.65 0.83 135° 40.00% 56.80 0.06 0.236 0.015 82.8 MPa | 184.85 kN-m | 3.34 MPa | 0.28 | 12.36 | 0.375
8| 2.76 1.27 3.50 26.65 0.74 180° 41.10% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.41 | 0.500
9| 2.76 1.27 3.50 26.65 0.74 235° 43.12% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.52 | 0.653
10 2.76 1.27 3.50 26.65 0.74 270° 44.41% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.58 | 0.750
11 2.76 1.27 3.50 26.65 0.74 360° 47.72% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.75 | 1.000
3| 2.07 1.27 3.50 26.65 1.43 45° 37.70% 56.80 0.06 0.409 0.025 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.24 | 0.125
4 2.07 1.27 3.50 26.65 1.43 60° 38.78% 56.80 0.06 0.409 0.025 82.8 MPa | 184.85 kN'-m | 3.34 MPa | 0.28 | 12.29 | 0.167
5| 2.20 1.27 3.50 26.65 1.30 75° 39.32% 56.80 0.06 0.370 0.023 82.8 MPa | 184.85 kN'-m | 3.34 MPa | 0.28 | 12.32 | 0.208
6| 2.37 1.27 3.50 26.65 1.13 90° 39.54% 56.80 0.06 0.323 0.020 82.8 MPa | 184.85 kN-m | 3.34 MPa | 0.28 | 12.33 | 0.250
Level G 7| 2.67 1.27 3.50 26.65 0.83 135° 40.00% 56.80 0.06 0.236 0.015 82.8 MPa | 184.85 kN-m | 3.34 MPa | 0.28 | 12.36 | 0.375
8| 2.76 1.27 3.50 26.65 0.74 180° 41.10% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN'-m | 3.34 MPa | 0.28 | 12.41 | 0.500
9| 2.76 1.27 3.50 26.65 0.74 235° 43.12% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.52 | 0.653
10 2.76 1.27 3.50 26.65 0.74 270° 44.41% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.58 | 0.750
11 2.76 1.27 3.50 26.65 0.74 360° 47.72% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.75 | 1.000
Net-Section Collapse Bending Moment Membrane Plus Bending Axial Stresses, and Membrane Axial Stress Structural Evaluation
Case (Continue)  [No. -
B/ check aft, B/ flaw type BIm Mpso/My A | o, ay? 0, [ 0,.° a,° Mem + Bending Mem Axial
3| 0.395 ok short 0.395 0.873 2231.2 | 2.53E+05 45.19 26.59 194.38 0.07 267.68 347.97 0.93 pass [ 0.46 | pass
4 0.386 ok short 0.386 0.842 2231.2 | 2.53E+05 45.39 26.59 194.38 0.09 258.61 335.48 0.96 pass [ 047 | pass
5| 0.382 ok short 0.382 0.828 2231.2 | 2.53E+05 45.49 26.59 194.38 0.10 254.44 329.96 0.98 pass [ 0.48 | pass
6 0.380 ok short 0.380 0.825 2231.2 | 2.53E+05 | 45.53 26.59 194.38 0.10 253.35 328.90 0.98 pass [ 0.49 | pass
Level A/B 7 0.376 ok short 0.376 0.827 2231.2 | 2.53E+05 45.61 26.59 194.38 0.10 252.34 329.47 0.98 pass [ 0.49 | pass
8| 0.368 ok short 0.368 0.819 2231.2 | 2.53E+05 45.81 26.59 194.38 0.10 247.93 326.34 0.99 pass [ 0.50 | pass
9| 0.352 ok long 0.353 0.808 2231.2 | 2.53E+05 46.19 26.59 194.38 0.09 240.83 322.09 1.00 FAIL | 0.52 | pass
10 0.341 ok long 0.364 0.804 2231.2 | 2.53E+05 46.42 26.59 194.38 0.07 238.27 320.36 1.01 FAIL | 0.53 | pass
11 0.315 ok long 0.395 0.764 2231.2 | 2.53E+05 47.04 26.59 194.38 0.00 236.10 304.68 1.06 FAIL | 0.54 | pass
3| 0.397 ok short 0.397 0.875 2231.2 | 2.53E+05 45.83 99.10 22.30 0.07 267.68 348.76 0.92 pass | 0.46 | pass
4 0.388 ok short 0.388 0.844 2231.2 | 2.53E+05 46.03 99.10 22.30 0.09 258.61 336.34 0.95 pass | 0.48 | pass
5| 0.384 ok short 0.384 0.830 2231.2 | 2.53E+05 46.13 99.10 22.30 0.10 254.44 330.85 0.96 pass | 0.49 | pass
6 0.382 ok short 0.382 0.828 2231.2 | 2.53E+05 | 46.17 99.10 22.30 0.10 253.35 329.81 0.97 pass | 049 | pass
Level C 7 0.378 ok short 0.378 0.829 2231.2 | 2.53E+05 | 46.26 99.10 22.30 0.10 252.34 330.40 0.96 pass | 049 | pass
8| 0.370 ok short 0.370 0.821 2231.2 | 2.53E+05 46.46 99.10 22.30 0.10 247.93 327.34 0.97 pass | 0.51 | pass
9 0.354 ok long 0.355 0.811 2231.2 | 2.53E+05 46.83 99.10 22.30 0.09 240.83 323.20 0.99 pass | 0.53 | pass
10 0.343 ok long 0.367 0.806 2231.2 | 2.53E+05 47.07 99.10 22.30 0.07 238.27 321.38 0.99 pass | 0.53 | pass
11 0.317 ok long 0.397 0.766 2231.2 | 2.53E+05 47.68 99.10 22.30 0.00 236.10 305.48 1.04 FAIL | 0.55 | pass
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Allowable Local Thickness under Bending Moment and Pressure for 2”
Feeder with Revised Surrounding Thickness

oo wl Characterization of Feeder Local Thinning Net-section Cf Collapse
t, (0.75tp) t/ tyin adjacent t, R depth a 20 PDA mean D /D alt, alD P, Fo M, A P | em
3| 2.07 1.27 3.50 26.65 1.43 45° 37.70% 56.80 0.06 0.409 0.025 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.24 | 0.125
4 2.07 1.27 3.50 26.65 1.43 60° 38.78% 56.80 0.06 0.409 0.025 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.29 | 0.167
5| 2.20 1.27 3.50 26.65 1.30 75° 39.32% 56.80 0.06 0.370 0.023 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.32 | 0.208
6 2.37 1.27 3.50 26.65 1.13 90° 39.54% 56.80 0.06 0.323 0.020 82.8 MPa | 184.85 kN'-m | 3.34 MPa | 0.28 | 12.33 | 0.250
Level A/B 7 2.67 1.27 3.50 26.65 0.83 135° 40.00% 56.80 0.06 0.236 0.015 82.8 MPa | 184.85 kN'-m | 3.34 MPa | 0.28 | 12.36 | 0.375
8| 2.76 1.27 3.50 26.65 0.74 180° 41.10% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN-m | 3.34 MPa | 0.28 | 12.41 | 0.500
9| 2.76 1.27 3.50 26.65 0.74 235° 43.12% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN-m | 3.34 MPa | 0.28 | 12.52 | 0.653
10 2.76 1.27 3.50 26.65 0.74 270° 44.41% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.58 | 0.750
11 2.76 1.27 3.50 26.65 0.74 360° 47.72% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.75 | 1.000
3| 2.07 1.27 3.50 26.65 1.43 45° 37.70% 56.80 0.06 0.409 0.025 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.24 | 0.125
4 2.07 1.27 3.50 26.65 1.43 60° 38.78% 56.80 0.06 0.409 0.025 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.29 | 0.167
5| 2.20 1.27 3.50 26.65 1.30 75° 39.32% 56.80 0.06 0.370 0.023 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.32 | 0.208
6 2.37 1.27 3.50 26.65 1.13 90° 39.54% 56.80 0.06 0.323 0.020 82.8 MPa | 184.85 kN'-m | 3.34 MPa | 0.28 | 12.33 | 0.250
Level C 7 2.67 1.27 3.50 26.65 0.83 135° 40.00% 56.80 0.06 0.236 0.015 82.8 MPa | 184.85 kN'-m | 3.34 MPa | 0.28 | 12.36 | 0.375
8| 2.76 1.27 3.50 26.65 0.74 180° 41.10% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN-m | 3.34 MPa | 0.28 | 12.41 | 0.500
9| 2.76 1.27 3.50 26.65 0.74 235° 43.12% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN-m | 3.34 MPa | 0.28 | 12.52 | 0.653
10| 2.76 1.27 3.50 26.65 0.74 270° 44.41% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85kN-m | 3.34 MPa | 0.28 | 12.58 | 0.750
11 2.76 1.27 3.50 26.65 0.74 360° 47.72% 56.80 0.06 0.213 0.013 82.8 MPa | 184.85 kN'm | 3.34 MPa | 0.28 | 12.75 | 1.000
Net-Section Collapse Bending Moment Membrane Plus Bending Axial Stresses, and Membrane Axial Stress Structural Evaluation
Case (Continue) | No. -
B/ check aft, O/ flaw type B Mpsd/My A | o o’ o’ @ O’ a,° Mem + Bending Mem Axial
3| 0.395 ok short 0.395 0.873 2231.2 | 2.53E+05 45.19 26.59 194.38 0.07 267.68 347.97 0.93 pass [ 0.46 | pass
4 0.386 ok short 0.386 0.842 2231.2 | 2.53E+05 45.39 26.59 194.38 0.09 258.61 335.48 0.96 pass [ 0.47 | pass
5| 0.382 ok short 0.382 0.828 2231.2 | 2.53E+05 45.49 26.59 194.38 0.10 254.44 329.96 0.98 pass [ 048 | pass
6 0.380 ok short 0.380 0.825 2231.2 | 2.53E+05 45.53 26.59 194.38 0.10 253.35 328.90 0.98 pass [ 0.49 | pass
Level A/B 7 0.376 ok short 0.376 0.827 2231.2 | 2.53E+05 45.61 26.59 194.38 0.10 252.34 329.47 0.98 pass [ 0.49 | pass
8| 0.368 ok short 0.368 0.819 2231.2 | 2.53E+05 45.81 26.59 194.38 0.10 247.93 326.34 0.99 pass [ 0.50 | pass
9 0.352 ok long 0.353 0.808 2231.2 | 2.53E+05 46.19 26.59 194.38 0.09 240.83 322.09 1.00 FAIL | 0.52 | pass
10 0.341 ok long 0.364 0.804 2231.2 | 2.53E+05 46.42 26.59 194.38 0.07 238.27 320.36 1.01 FAIL | 0.53 | pass
11 0.315 ok long 0.395 0.764 2231.2 | 2.53E+05 47.04 26.59 194.38 0.00 236.10 304.68 1.06 FAIL | 0.54 | pass
3| 0.397 ok short 0.397 0.875 2231.2 | 2.53E+05 45.83 99.10 22.30 0.07 267.68 348.76 0.92 pass | 0.46 | pass
4 0.388 ok short 0.388 0.844 2231.2 | 2.53E+05 46.03 99.10 22.30 0.09 258.61 336.34 0.95 pass | 0.48 | pass
5 0.384 ok short 0.384 0.830 2231.2 | 2.53E+05 46.13 99.10 22.30 0.10 254.44 330.85 0.96 pass | 0.49 | pass
6 0.382 ok short 0.382 0.828 2231.2 | 2.53E+05 46.17 99.10 22.30 0.10 253.35 329.81 0.97 pass | 0.49 | pass
Level C 7| 0.378 ok short 0.378 0.829 2231.2 | 2.53E+05 46.26 99.10 22.30 0.10 252.34 330.40 0.96 pass | 049 | pass
8| 0.370 ok short 0.370 0.821 2231.2 | 2.53E+05 46.46 99.10 22.30 0.10 247.93 327.34 0.97 pass | 0.51 | pass
9| 0.354 ok long 0.355 0.811 2231.2 | 2.53E+05 | 46.83 99.10 22.30 0.09 240.83 323.20 0.99 pass | 0.53 | pass
10 0.343 ok long 0.367 0.806 2231.2 | 2.53E+05 47.07 99.10 22.30 0.07 238.27 321.38 0.99 pass | 0.53 | pass
11 0.317 ok long 0.397 0.766 2231.2 | 2.53E+05 47.68 99.10 22.30 0.00 236.10 305.48 1.04 FAIL | 0.55 | pass

Table 9

Probe #

Probe 1

Probe 2

Probe 3

Probe 4

Probe 5

Probe 6

min thickness

2.54

2.80 2

.86

3.48

3.45

3.63

avg thickness

3.47

3.58 3

.70

3.82

3.88

4.00

Table 10

J24E Allowable Local Minimum Thicknes

under Pressure Loading

J24E Minimum and Average Wall Thickness of at 6 Probe Locations (mm)

Maximum Axial Extent

[ 8.75 mm
m(a,
Lt (Reintmn™) " 0.98
LAC
' ; L = L L sp
circumferential thinning angle| m m m(t) Geometry tatoc/tmin
arch length (mm) L, e LC uc t
(deq) gth (mm) Ly (L Ln)"? | 12.65(RuiePtein™) ™ | R mintein™)"™ | Classification @] ®) ] (© | Max ab.c) Min(LC,LAC,UC) | *°°
76 38.2 39.17 1.661 4.3 uc n/aln/a|n/a|n/a n/a 0.810 0.810 2.23
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Table 11 Allowable Local Minimum Thickness under Bending Moment Coincident

with Pressure Loading for J24E

Net-section Characterized Collapse Parameters

Characterization of Feeder Local Thinning

Case N t5 (0.75tmin) 1/ tmin adjacent t; R depth a 20 PDA mean D /D afty alD Py Fo M, A P* AT
Level A/B 1 2.09 1.26 3.47 26.68 1.38 76° 40.20% 56.83 0.06 0.397 0.024 | 82.1 MPa|183.48kN'm|3.32MPa| 0.28 | 12.34 (0.211
Level C 1 2.09 1.26 3.47 26.68 1.38 76° 40.20% 56.83 0.06 0.397 0.024 |82.1 MPa|183.48kN'm|3.32MPa| 0.28 | 12.34 | 0.211

Case (Cortinue) | No Net-Section Collapse Bending Moment Membrane‘P\uS Bending Axial Stresses, and Membrane Axial Stress Structural Evaluation

BhT check aft, B/ flaw type phT MM, A | T o’ o’ [ O’ o’ Merm + Bending Mem Axial
Level AIB 1 0.378 ok short 0.378 0.814 22358 | 251E+05 [ 45.99 26.77 195.65 0.1 250.74 324.21 1.00 ‘ pass | 0.50 ‘ pass
Level C 1 0.380 ok short 0.380 0.816 2235.8 | 2.51E+05 | 46.64 99.74 2245 0.1 250.74 325.14 0.98 ‘ pass | 0.50 ‘ pass

Wall thinning evaluation to predict end-of-
evaluation-period wall thickness — Article E-3.1

[ Determination of loads and stress classification — Article E-3.2

!

Structural evaluation of thinned
region for pressure loading

: 1

Level 1 Evaluation Lr.-ve;z .?s;af;asrion Level 3 Evaluation
- Article E-4 - Article &- - Article E-6
| (THIS PAPER)

Structural evaluation of thinned region
for applied bending moment with
coincident internal pressure loading

§ . v

Level 2 Evaluation
Level 1 Evaluation ] - Article E-8 Level 3 Evaluation ]
- Article E-7 (THIS PAPER) - Arncile E-9

h 4

Evaluation for crack initiation — Article E-10 l

|

Acceptance criteria for no Evaluate postulated planar
crack initiation satisfied? | pg flaw - Article 8.2

|

Yes

L J

[ Evaluation complete ]

Figure 1 Assessment Procedure of FFSG Appendix E
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t eiVal l /J\
| A |

Circumferential
Direction

__
»

Axial Direction

Figure 2 Illustration of Local Thinned Region

26

nam

Figure 3 Characterized Feeder Cross-Section
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2 " DNGS Feeder Grayloc Local Thinning
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Figure 4 Ratio of Allowable Local Thickness versus Pressure Based Minimum
Thickness for a Straight Pipe Section of a 2 Inch Feeder Pipe
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Figure 5 Predicted Thickness Profile for D2J24E near the Grayloc at D1021

Page 18 of 18



	ABSTRACT
	1.0 INTRODUCTION
	2.0 LEVEL 2 ASSESSMENT METHOD
	3.0 DARLINGTON FEEDER INPUT DATA
	4.0 ASSESSMENT RESULTS
	5.0 APPLICATION EXAMPLE
	6.0 CONCLUSIONS
	7.0 ACKNOWLEDGEMENT
	8.0 REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


