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1.0 INTRODUCTION

ANO?2 informed ABB-CE Nuclear Services that top-to-bottom wall temperature differences of
345°F were being recorded at Location | during the current mid-cvcle cooldown of ANO2
{see Figures | and 2).

Based on a request by ANO2, an evaluation of the effect of this stratification on the stresses
and fatigue life of the SDC line was performed. The objective of this evaluation was to
support a return to power of ANO2 from this md-cycle outage (2R9) and operation at least
until the next scheduled outage in /id-1994 (2R10).

This request focused in three specific areas:

l. ldentification of regions for subsequent NDE examinations and justification for the
need for such examinations before the next scheduled outage.

3 Identification and justification for additional thermocouple placements to obtain
further data on the magnitude and distribution of the top-to-bottom wall temperature
differences.

3 Evaluation of the stress levels and fatigue usage due 1o the recorded temperature
differences.

The proposed program (Reference) included rwo Tasks:

Task 1 Preliminary Evaluation: a letter report supporting return to power,
with reliance on current NDE and thermocouple data. This letter
report was based on an engineering-assured, preliminary stress and
fatigue evaluation. (A copy of the letter report is included as Appendix
A)

Task 2 Final Evaluation: this report, which was generated to formaily
document the Quality Assured analyses that were performed and the
conclusions that were reached.
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2.0 PROGRAM

The objective of the program was 1o support the return to power. This can be achieved by
demonstrating that stress levels are acceptable and that the fatigue life of the iine has not
been significantly shortened by the presence of stratification.

Examination for evidence of cracks (NDE), and placement of additional thermocouples are
both related 10 the evaluation of stress and fatigue. NDE is necessary at locations of high
stress and/or high fatgue and the distribution and magnitude of wall temperature influences
the location and magnitude of the stresses.

The tatigue usage factor 1s a function of the magnitude of the stresses and the number of
stress cycles the line has experienced, both since the entering imitial service and since the last
NDE of the SDC line in outage 2R8. The value of usage factor will indicate the design
margin remaining in the line. and the rate at which fatigue damage is being accumulated.
With a small increase in usage factor since the last NDE. it 1s reasonable to assume that
significant damage to the line will not occur before the next scheduled outage.

The evaluation is based on the maximum temperature difference of 350°F and assumes that
the entire horizontal portion of the line from Elbow B to Elbow F (see Figure 1) experiences
the maximum temperature difference.

2.1 THERMAL STRESS ANALYSIS

The thermal stress analysis is documented in the recorded calculation in Appendix B.

Forces, moments, support loads, displacements and stresses for the stratified conditions were
calculated using the SUPERPIPE computer code, based on the foliowing set of assumptions:

1. Tributary hines of .50".1.0" and 3" were ignored.

:. The model was terminated at the first elbow beyond support H1S.

3 Spring hangers were assumed not to have reached their travel limns.
4 Line temperatures were assumed. as follows:
Case a: Stratified Flow

A-B  560°F, Uniform
B-F  560°F Top. 210°F Bottom
F-G BO°F, Uniform

Case b: Umiorm Expansion

A-G  S00°F Uniform
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The umform expansion case was included as a possible enveloping case for other
thermal loading conditions which may have been part of the original design basis.

5. The influence of thermal stratification can be included using the resuits for line
rotation extrapolated from the ANO2 surge line analysis.

The temperature distribution assumed in the analysis 15 based on measurements taken at
ANO?2 (e.g. Figure 2). For the shutdown cooling line, being closed at the valve, the

varation in top to bottom difference in wall temperature 1s due to changes in secondary flows
(“turbulent penetration”) in the lines. Preliminary indications are that the fluid is thermally
stratified without the presence of any interface; region of rapid changes in the temperature
distribution of the flwd. This differs from the surge line in which changes in operating
conditions results in the propagation of fluid relative to a stationary laver. Based on the
absence of this hot 1o cold fluid interface variations in fluid and thus wall temperatures at the
interface location ("striping”) has been neglected.

The thermal stress analysis determined that the highest stressed location for the stratified
conditions was the first elbow directly below the Hot Leg (Figure 1 Elbow B); this
determination was based upon the relative ranking provided by the SUPERPIPE computer
code.

2.2 STRESS AND FATIGUE EVALUATION

The stress and fatigue evaluation is documented in the recorded calculation in Appendix C.
The evaluation calculated stress ranges which resulted from the thermally stratified conditions
in conjunction with the two design basis transients which contributed most significantly to the
usage factor of the elbow. These stress ranges were then compared to ASME Code
allowable and 1t was determined that the ranges were within the limits provided by the Code.
Additonaily, a tatigue usage factor of 0.073 was calculated for Elbow B. This number is
the sum of two values: 1) 0.044, the design basis usage factor for the location and 2) 0.029,
wh.ch accounts for 350°AT thermal stratfication in the SDC Line duning 68 Heatup-
Cooldown cycles and an estimated 436 Power Reduction, Reactor trip, and Loss of Coolant
Fiow transients.

A fatigue usage factor of 0.113 was calculatea for the stress-limiting elbow for an additional
10 Heatup-Cooldown cycles and 1000 additonal Power Reduction. Reactor trip, and Loss of
Coolant Flow transients.

It was noted in the fatigue analysis that the stress-limiting location did not have the highest
usage factor for the entire SDC Line. The location on the Line with the highest usage factor
(0.398) was evaluated for the effects of the additional cycles. It was determined that the
usage factor for this locanon would become 0.467 (by applying the increase in fatigue for the
stress-lumiting elbow to this location). Thus, for either the stress-limiting location or the
fatigue-limiting location, the resulting usage factor is well below the ASME Code limit of
1.0.
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This analysis has been completed based on the largest variation in wall temperature observed
0 date being less than 350°F. The maximum temperature difference possible in the first
horizontal run is directly proportional 10 the Hot Leg temperature (-565°F) less the ambient
temperature in the first horizontal run (-150°F is the lower temperature observed at the
_ bottom thermocouple). While it is possible that a larger AT could be experienced, it is not
expected to have significant effect on the total usage factor and thus the number of additional
? cycles. This is based on the low usage factor observed to date (and near future) and due to
significant conservatism used in this analysis (i.e., using rigid support stiffness, maximum
AT used for even minor power reductions, SDC first horizontal run considered stratified the
entire length, etc.).

Both the thermal stress analysis and the stress and fatigue evaluation were performed

" according to Secuion II1 of the 1986 ASME Boiler and Pressure Vessel Code. The use of the
1986 Code 15 based on the recommendation in NRC Bulletin 88-11 on Pressurizer Surge Line
Thermal Straufication to use the latest ASME Section 111 requirements for high cycle fatigue.
The use of the 1986 Code is consistent with the analyses submitted to the NRC as part of the
response 1o NRCB 88-11 on "Pressunizer Surge Line Flov: Stratification Evaluation * (CEN-
NPSD 546-P Rev |-P) by the Combustion Engineering Owners Group.
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3.0 CONCLUSIONS

Design Analyses were completed that evaluated the effect of top-to-bottom wall temperature
differences of 345°F on the SDC line recorded May 4. 1993 during the reduction in power
for the 2P-93-1 mid-cvcle outage. These analyses support the conclusions that:

L. Based on the 1986 ASME Code. the accumulated fatigue usage factor is below the
Code Iimit of 1.0. Furthermore, the anticipated number of additional thermal cycles
will not increase the total usage factor above the ASME Code limit of 1.0.

tJ

The mighest stress levels due to thermal straufication are calculated in the eibows
closest to the hot leg which were subject to NDE during the 2RR outage. The increase
in fatigue hife usage will not exceed the ASME limit for a limited number of
additional thermal cycles. Thus, the present NDE results can be used as evidence of
the present status of these components and the SDC line should not require additional
NDE pnior to a Return to Power.

3. The addition of more thermocouples to the SDC line pnior to the 2R 10 outage is not
necessary. Additional thermocouples would provide informaton on the extent of
stratification within the line and would allow a refinement of the stress analysis,
leading 10 a possible reduction mn calculated stress levels. However, based on the
present conservative assumptions, the fatigue usage factor i1s sufficiently low that
additional margin would not be needed for a significant number of additional thermal
cycles.
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C-E Proposal No. 93-241-63A, "Evaluation of Thermal Stratification Effects in the

Shutdown Cooling Line on Return to Power of Arkansas Nuclear One-Unit 2," dated May.
1993
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May 11, 1993
A-MECH-93-012

Mr. Rick Lane, Manager

Mechanical, Civil and Structural Design
Entergy Operations, Inc.

Route 3, Box 137G

Russellville, AR 72801

SUBJECT: Return to Power of Arkansas Nuclear One-Unit 2 from Outage 2P-93-1

Dear Mr. Lane:

Attached Is a report provided by ABB-Combustion Engineering summarizing the effort
to-date In support of the Return to Power and operation from outage 2P-93-1, of
Arkansas Nuclear One-Unit 2. The work represents the preliminary evaluation of the
stress and fatigue life in the Shutdown Cooling line following the recording of top-to-
bottom differences of wall temperatures of up to 345°F during cooldown.

This work supports the following conclusions:

1.

te

Eased on the 1986 ASME Code the accumulated fatigue usage factor is below the
Code limit of 1.0. Furthermore, a number of additional thermal cycles will not
increase the total usage factor above the ASME Code limit of 1.0.

The highest stress levels due to thermal stratification are calculated in the elbows
closest to the hot leg which were subject to NDE during the 2R8 outage. The
Increase in fatigue life usage will not exceed the ASME limit for a limited number
of additional thermal cycles. Thus, the present NDE results can be used as
evidence of the present status of these components and the SDC line should not
require additional NDE prior to a Return to Power.

The addition of more thermocouples to the SDC line prior to the 2R10 outage Is
not necessary. Additional thermocouples would provide information on the extent
of stratificationwithin the line and would allow a refinement of the stress
analysis, leading to a possible reduction in calculated stress levels. However, based
on the present conservative assumptions, the fatigue usage factor is sufficiently
low that additional margin would not be needed for a significant number of
additional thermal cycles.



This evaluation, while being engincering assured, should be considered preliminary until
completion of formal Quality Assurance in compliance with ABB Combustion
Engineering Nuclear Services QAM-100 procedures. This final report will be completed
as a program being proposed to ANO2.

Should there be any questions on these results, please call me at 203-285-4996.

Supervisor, Fatigue Evaluation Services

X M.S. McDonald(ABB-CE)

R.W. Bradshaw(ABB-CE)

WA. Goodwin(ABB-CE)

D.F. Baisley(ABB-CE)

R.C. Sykes(ABB-CEANO2 RSSM)

W. Greeson(ANO2)

J. Martin(ANO2)



SUMMARY AND CONCLUSIONS IN EVALUATION OF THERMAL
STRATIFICATION IN THE SHUTDOWN COOLING LINE ON THE RETURN TO
POWER OF ARKANSAS NUCLEAR ONE-UNIT 2

BACKGROUND: On May 4, 1992, ANO2 informed Nuclear Services that top-to-bottom
wail temperature differences of approximately 345°F had been recorded during the
power reduction for the mid-cycle outage of ANO2. These values are above the 300°F
differential temperature previously recorded at Location 1 (shown in the attached
Figure). Temperatures at Location 2 were close to amblent (80°F) and were uniform
around the line. In addition, it was noted that these temperature differences were related
to reductions in power, Increasing in magnitude with larger percent reductions in power.

A request was made by ANO2 to provide assistance In evaluating the effect of this
stratificationon the stressesand fatigue life of the SDC line. The objective of this
evaluation was to supporta Return to Power of ANO2 from this mid-cycle outage
(2P-93-1) and to support operation for a limited number of addidonal thermal cycles.

This request focused in three specific areas:

L. Evaluation of the stresslevels and fatigue usage due to the recorded
temperature differences, with allowances for additional future thermal
cycles.

Z. Identification of regions for NDE examinations.
3. Identification of locations for additional thermocouple placements.

The purpose of this report Is to document this preliminary evaluation and the conclusion
that the presence of thermal stratification in the shutdown cooling line has not, and will
not, for an additional number of thermal cycles, cause the SDC line to exceed ASME
code limits on fatigue, and that ANO2 can return to power and operate safely.

STKESS ANALYSIS: The purpose of the stress analysiswas two-fold: to determine the
locations of the maximum stress for identifying NDE locations and to calculate the

fatigue usage factor for the line, from the initial plant criticality to the end of the current
fuel cycle.

This analysiswas done using the SUPERPIPE code, utilizing experience gained in
analysis of pressurizer surge lines. The analysis conservatively assumed that: the SDC
line Is anchored at the RCS nozzle, top-to-bottom wall temperature differences are
assumed constant over the upper horizontal portion of the line (Figure;B-F), with a
temperature differencc of 350°F, while the remalnder of the line Is taken at a uniform
temperature of 560°F in the vertical section below the RCS nozzle (Figure;A-B) and
80°F at the vertical run before (Figure; F-G) and horizontal run (Figure;G-H) before



and after the isolation valve. The effect of the thermal stra i1s accounted for
using results for line rotation based on the surge line analys,. e for a top-to-bottom
temperature difference of 350°F.

A fatigue usage factor of 0.13 was computed for the limiting elbow (Figure; Elbow B)
based on an estimated number of cycles during which stratificationin the SDC line is
assumed to have occurred since Initlal criticality.

In addition, to support continued safe operation, future thermal cycles must be
accounted for. For the number of cycles specified below, an Incremental Increase in

usage factor of 0.12 would occur, resulting In a total usage factor of .25, which is below
the ASME code allowable of 1.0.

Based en this analysis, continued operation can proceed for the number of SDC thermal
stratification cycles within the SDC line wall temperature differences listed below.
Measured wall temperature differences greater than 350°F will require a re-evaluation of
stresses and of the usage factor.

Wall Temperature Difference Number of Cycles
> 350°F Re-evaluation of usage factor
200°F - 350°F 1000 SDC thermal stratification
cycles
< 200°F Unlimited SDC thermal
stratification cycles

These calculations, done for the elbow below the hot leg nozzle ( Figure; Elbow b) which
showed the highest stress levels due to thermal stratification, were based on methods
and procedures required in Secticn 111 of the 1986 ASME Boiler and Pressure Vessel
Code. The use of the 1986 Code is based on the recommendation in NRC Bulletin 88-11
on Pressurizer Surge Line Thermal Stratification to use the latest ASME Section III
requirements for high cycle fatigue. The use of the 1986 Code Is consistent with the
analyses submitted to the NRC as part of the response to NRCB 88-11 on "Pressurizer
Surge Line Flow Stratification Evaluation " (CEN-NPSD 546-P,Rev 1-P) by the
Combustion Engineering Owners Group.

These results support the conclusion that the margin in fatigue life of the SDC line is
sufficiently high to allow the plant to return to and continue safe operation.

NON-DESTRUCTIVE EXAMINATION: The results of the SUPERPIPE analysis show
that the maximum stress locations are at the elbows closest to hot leg nozzle.

Based on information provided by ANO2, Non-Destructive Examinations at these
locatlons and the weldolet region at the hot leg injection line Junction, were performed



during outage 2R8. The results showed no evidence of flaws Indicative of cracks. In
addition, the UT techniques utilized in this ISI were enhanced in accordance with
recommendations in NRC Bulletin 88-08, Supplement 2. The inspection Included
enhanced UT of welded regions, visual inspection of the weldolet and UT inspections of
base metal in the elbows.

Results of the fatigue analysis indicate that the additional loss of fatigue life from the
2R8 through 2P-93-1 outages and for the additional thermal cycles specified above will
be minor. Thus the NDE results taken during the 2R8 outage should be a sufficient
indication as to the condition of the high stress regions until the next scheduled outage.

ADDITIONAL THERMOCOUPLE LOCATIONS: The current SUPERPIPE analysis
conservatively assumes that the top-to-bottom difference in wall temperature s uniform
over the entire upper horizontal section of the SDC line. A more local distribution in
the effect of the stratificationwould result in a reduction In stress values but Is not
expected to change the location of the maximum stresses. -
The usage factor based on the stresses. calculated with the current assumptions,and
based on the 1986 ASME Code, have & sufficlent margin below the ASME code limit
such that only & limited benefit would be gained from using a more accurate, less
conservative, distribution on wall temperature difference.

CONCLUSIONS: The following conclusions are based on this evaluation:

1. The accumulated fatigue usage factor of 0.13 is well below the ASME Code limit
of 1.0. Furthermore, the additional conservative increase in usage factor of (.12

for a number of additional thermal cycles will not increase the total usage factor
above the ASME Code limit

ra

The highest stress levels due to thermal stratification are calculated at elbows
closest to the hot leg which were subject to NDE during the 2R8 outage. The
increase in fatigue usage factor will not exceed the ASME Code limits for the
recommended number of additional thermal cycles. Thus, the current NDE
results can be used as evidence of the present status of these components without
additional NDE prior to a return to power.

3 The addition of more thermocouples to the SDC line prior to the 2R10 outage is
not necessary. Additional thermocouples would provide information on the
location of stratificationwithin the line and a refinement of the stress analysis
leading to a reduction in calculated stress levels. However, based on the present |
conservative assumptionsthe fatigue usage factor Is below the ASME Code limit |

therefore this additional margin will not be needed for a significant number of |
additional thermal cycles.
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PURPOSE - To analyze the ANO2 shutdown cooling (SDC) line with the

e

Superpipe computer code and determine loads and Eguatien 10 & 12
! (Ref. 5) stress ranges resulting from the analysis of the
following two cases: 1) an arbitrarily selected bounding case

involving only linear thermal expansion, and 2) a thermal flow

stratification case in which stratification occurs in a portion
of the SDC line. These cases are outlined in the discussion

section and the bedy of the calculation.

DISCUSSION - The basic SDC line geometry was based on Ref. 1 & 2
(see pp. 25-26). The 8* line off of the SDC line in the vici-
nity of support H9 was added to the model at a later peoint in
the analysis (see pp. 24-35). This geometry was based on Ref. 8.
See RPef. 10 for a description of the method used for analyzing
thermal flow stratification. See p. 34 for a diagram of the
computer model. A listing of the input file used in the final

iteration run of the final analysis is contained in the appendix.

Ref. & transmitted preliminary results generated by computer
runs #1 & 2, in which flow stratification of delta 340 deg F was
assumed along the first horizontal plane run coff of the hot
leg. The rest of the line was only subjected to linear

{ thermal expansion (see p.32). This analysis, the preliminary
; analysis, was run with the basic SDC line geometry described

above. Subsequently, the model and the stratification case were

ABB Combustion Engineering Nuciear Power

Eoeem & ANGOIET B By, TEAN




miSC-m&-C- o4 ol
Rev.

Calculation Number

L B é;_
4?&,.Nuuﬁnv

modified per pp. 35-36. Computer runs #4,.5, the final analysis,
were made. The initial vertical section of the line off of the hot
leg was at a temperature of 560 der F, followed by the stratified
section of the SDC line, which was subjected to a delta T of
350 deg F, while the remainder of the line was held at a constant
temperature of 80 deg F. Additionally, the vertical hanger (Hl &
H2) stiffnesses were changed to 1600 and 1200 #/in, respectively,
and, as noted above, the 8® line off of the SDC line was added
to the model. Therefore, runs #4-% reflect the most accurate
available model data, and the most complete SDC line modeling.
It should be noted that the addition of the 8" line to the
overall model did not significantly alter the results of the
analysis, and that the change of vertical hanger stiffnesses
from 1500 #/in to their final values had a negligible effect
cn the analysis results. Additicnally, the stratification case
input that was used initially was the more severe of the two
overall thermal inputs used, when considering both the stra-
and unstratified porticns of the line. In all of the computer
runs made, the linear expansion only case was a constant S00 deg F,
which is a conservative overall temperature to apply to the SDC
line.

Because some of the SDC line supports contain gaps in places
(i.e., HI9A & HI9B), the final support configuration was arrived

at iteratively in both the preliminary and final analyses. This

ABB Combustion Engineering Nuclear Power
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was done by assuming an initial set of open and closed support
gaps and altering this configuration during successive computer

runs until the final configuration led to a set of consistent

support loads. If a vertical support gap should have been
closed but was not during a particular iteration, the support

was made rigid in the next iteration and the support peint in

the model was moved a distance egual to the gap size. More

particularly, the support point was moved in the (+) direction
if the support topped out and in the (-) direction if the support
should have bottomed out during the iteration. This was done

by altering the support peint displacement in the stratified

flow input section of the computer run input file. 7If, on the
i other hand, a gap previously taken to be closed opened, the
support was given a negligible spring rate (1 #/in), and the
support poant displacement was restored to A& original value
in the next iteration.

For the preliminary analysis, run #2 reflects the final support
configuration, and for the final analysis, run ﬂjr reflects the

final support configuration, o ﬂ& J"+m{\4?(&‘}'.m Cascs.

Fer the Soo© unidermn case , Yums | o 2 mey

b«ﬂ— ‘uJ'PdE ry-cr Frtf:wimry rt.quS) M‘f unw NC.

4 shenid he uwied for the Fna -
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It should be noted that although loads and stress range values
are available from the analyses run, only loads should be used
to assess piping stresses in an absolute sense. Getting accurate
stress ranges (i.e. egun. 10 & 12 results) requires consideration
of all loading conditions in the original design basis for the
subject line acting in combination with flow stratification. This
analysis does not examine the necessary prerequisite conditions.
However, a comparison of the magnitudes of the egun. 10 & 12 results
along the SDC line can be used to determine locations at which

the stresses are likely to be most severe.

ASSUMPTIONS

jbgauﬁ“i*
1) Thel(—) vertical gap size at supports H9A & HSB is equal to

1/2*. Inspection of the Ref. 3 support drawing shows that
this is a reasonable assumption, and the final results indi-
cate that the downward motion at these supports is much <
the assumed limit.

2) The effects of 3* and smaller lines off of the 14* =DC
line are negligible, and therefore these lines do not need
to be included in the model. Comparison of runs #2 & 5)
in which the model does not and does have the 8" line
included indicates essentially the same behavior. Therefore,

the inclusion of significantly smaller lines would have
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a negligible effect on the results.

3) The horizontal plane clearance at the H16 guide (Ref. I) is
sufficiently large to allow for no contact. This assumption
is valid because the partial stratification case run herein is
unlikely to cause a significantly larger movement at this location
of the SOC line than some of the linear thermal expansion cases
for which the support has been designed. Purther, it is likely
that the stratification analyzed is less severe than the actual
stratification experienced.

4) The end cof the model is fixed in all directions but
axial translation. The true end condition of the portion of
the overall SDC line modeled for this analysis 1s somewhere
between free in axial translation and completely fixed, with
the more reasonable approximaticn being the cone used in this
analysis. Run #3 was made with the end completely fixed, and
the resulting final support configuration along the rest of
the model remained the same, indicating that using either
end condition produces essentially the same results.

§) Vertical hangers Hl1 & H2 hadl an assumed stiffness of 1500 #/in
in the preliminary analysis. Subseguent undocumented data indi-
cated that the stiffnesses were 1600 and 1200 #/in, respectively.
These values were used in the final analyses. All of the other

active supports were assumed tc be rigid. The fact that the
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RESULTS

£)

changes made to the hanger stiffnesses in this calculation’s
runs had a negligible effect on the results indicates that the
final values used will produce results that are within the
accuracy reguirements of this analysis. Similarly, inspection
of the support drawings validates the assumpticn that the
osther supports are rigid, since they only need to approach
being rigid when compared to the stiffness of the SDC line
in order for the analysis to produce sufficiently accurate
results.
It was assumed that neither of the vertical spring hangers
bottomed or topped out in the final support configurations.
In general, experience with surge lines has shown that the
maximum hanger displacements encountered in this analysis
-.342*, +.376") are not sufficiently large to cause the
vertical hangers to top or bottom cut. Therefore, the

assumption is validated.

The results are contained on pp. 11 - 21. They consist of
tabulated SDC line forces and moments in the Superpipe
local coordinate system along with a SDC line diagram
defining the local coordinate systems for the straight
piping sections in the model. Units are inches and pounds .
Therefore, the results on the straight pipe side of a

straight piping/elbow interface are the results that

Corme o
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are consistent with the local coordinate system diagram.
It should also be noted that to be totally consistent,
the signs of the loads at the DCP *"coming out® of an elbow
{e.g., DCP SB) should be reversed, while the signs of the
loads *going into® an elbow/piping juncture (e.g., SA)
should remain as is. For example, the correct set of loads
for SA & 5B for the final analysis stratified flow case
(see p. 19} are as follows:

LoC MX MY MZ

SA -i1704ofo0 - 189299.3> - i44499¢. 50

5B ~/I26943.67 42049269 +1687/33.50

Results are presented for the constant 500 deg F and the
partial stratified flow cases for both the preliminary

and final analyses. The results reported in this calculation
are thermal only loads.

The S00 deg F case (THMN) results are for information only
since there is no real basis for the computer code input for
this case. Flow stratification results (SFL1) should be
selected from run #2 & S cutputs in the most conservative

-manner. It is recommended that the larger of the re.u(f: be
selected on a location by location and component of lcad by

component of load basis.
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