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'.0 SUMMARY

This report identifies special CRBRP stress and criteria considerations in
response to NRC questions CS 210.1, CS 210.7, CS 250.3, oS 250.6, CS 250.7
and CS 250.8.

Elastic follow-up is defined and the methodology by which it is accounted
for in the CRBRP component and piping system analyses is presented in detail.
it 1s shown that there is negligible elastic follow-up in the CRBRP piping.

Use of the simplified creep ratchetting bounding rules is discussed and it
is noted that T-1324 (Test 3) is not generally applicable at structural
discontinuities but that its use by analysts on a case-by-case basis with
Justification is not precluded.

The implications on CRBRP design due to recent Appendix T changes are examined
in terms of design margins to ensure safety. [t is concluded that the changes
have no significant effect on the safety of CRBRP equipment for elevated
temperature service. The assured structural integrity of the CRBRP is shown
to be higher than that provided by Appendix T because CRBRP is constructed to
RDT standards as well as the ASME Code.

A review of the design criteria for the core support structure concludes that
the structure is completely adequate for the intended service.



2.0 INTRODUCTLON

A series of questions was sent to the CRBR Project to address concerns about
intended CRBRP materials, high and low temperature reqions of the plant,

design and analyses approaches, and specific welded joints in the nlant, i.e

the reactor vessel transition joint and the IHTS transition joints.

There were five specific questions concerning stress and criteria considerations
which are presented below:

€s ¢10.1

€S 210.7

CS 250.3

In piping systems at elevated temperatures, local deformation
may occur at areas of geometric discontinuity, such as at
tittings. Provide methods and procedures for the following:

A. Define elastic follow-up.
. Evaluate creep rupture and fatigue damage.

C. Justify the use of simplified creep ratcheting bounding
techniques used in computer codes. "

Due to the constant evolution of rules in Code Case 1592 'N-47)
during the period when the PSAR was prepared, identify any
areas where the rules delineated in current Appendix T of Code
Case N-47 have not been satisfied. Provide the basis to show
that such deviations, if any, are acceptable in terms of

design margins to ensure safety.

ldentify the components and supports in the reactor coolant
system and connecting systems (including the steam generator)
which have been constructed, stating the purchase date and

the Code, Standards, and criteria to which they were fabricated.
Describe the procedures used for their storage. Indicate the
difference in the purchase requirements and the Codes, Standards
and criteria in effect at the present time. The use of the







CRBRP HTS MATERIALS AND STRUCTURES

VIi. Special Stress Conséderationst

® Purpose (CS 250.7)
— To describe evaluation of elastic followup in piping

Conclusion
— Main sodium piping exhibits negiligible elastic followup

Purpose (CS 250.6)
— To address applicability of simpiified creep ratchetting
bound

Conclusion
— Use of this technique near gross discontinuities requires
case-by-case justification

* Responds to Q CS 210.1.A, CS 2506, CS 250.7




CRBRP HTS MATERIALS AND STRUCTURES

VIIl. Special Criteria Consideraticns*

® Purpose (CS 250.3)
- To examine implications of recent changes to the code rules for
elevated temperature design

Conciusion
— Recent code changes have nc implications regarding the safety of
components constructed to earlier code effective dates

Purpose (CS 250.8)

— To describe the design criteria for core support structures

Conclusion

— The CRBRP core support structure design criteria (1592-7) are
more stringent than the new ASME code case

= Responds to Q CS 210.7, CS‘ 2503, CS 250.7, CS 2508
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thermal expansion stress during creep, so it's better to use cola-sprung
piping systems. But, apparently, the thinking at that time was that
cold-spruny piping systems should not be used but that selt -sprung piping
systems should be. It was thought that the piping system should be erected,
L€ heated up, and the thermal expansion stresses would relax out at elevated
temperatures.

Kobinson wrote his paper to show that, in some specific instances, if you have
a self-sprung piping system, you can get creep strain concentration in come
areas, where elastic strains from some other parts of the piping system will
be transferred and concentrated in the most highly loaded location in the
piping system,

There are two interesting comments in that paper. The first commert was by
Robinson (in Figure %), who said that excessive plastic strain is
undesirable. Surely, excessive strain is undesirable, but the point is, how
do you calculate that?

In 1955, they did not have the ability that we have now to calculate plastic
strains and evaluate our calculated strains against elevated temperature
strain limits.

The second comment (in Figure %) was by Markl in a rather detailed discussion
of the paper. He stated that, "Most pipelines work and that design
computations must, therefore, be adequate." And that was in 1955! Since
then, we have made trewendous progress in predicting inelastic strains in
piping systems.

The concept that Kobinson described in that paper is rather interesting. He
looked at two cases to show when elastic follow-up is present and when it is
not.

For example, 1f you look at a simple bolted joint (in Figure 6), the initial
pre~load will relax out because of creep, Creep relaxation occurs because the
total strain in the bolt is constant. 50 the creep strains are exchanged for

elastic strains. That's why the stress has to relax out. For example, the

HAY3b-4lob: 12
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parameter on the right-hand side (in Figure 6a), where he plotted bolt creep
divided by the initial elastic extension, the value of 1.0 indicates that
total strain is equal to creep strain, and there is no elastic strain. If you
don't have elastic strain, you cannot get any stress during creep hold time.

Un the other hand, when this parameter is greater than one, that means that
bolt creep -- in this case it's a bolt, but it could be any structure -- the
creep from the strains coming trom that could be nigher than the initial
elastic strains. In that case, there i5 a concern about elastic follow=-up.

Robinson pointed out a specific example of a Creep test, where elastic
follow-up effects are present (Figure 6b). Robinson said that there is not
enough suphistication in running a creep test under constant strain, sc Coffin
uesigned a creep test specimen shown in Figure 6b. In that creep test he

- loaded the specimen in Lne turnace by a displacement loading (F _ure bb).

With the lever and a soft spring attached to it, he was able to ke'r the
applied displacement constant and he attempted to weasure creep in his creep
test program.

Here we see that, if we have stress plotted against the creep hold time, the
stress relaxes but not significantly. That would be a condition of elastic
follow-up, when your stresses are not relaxing out and, because of that, the
(piping) system might be operating at higher stress levels than what you
anticipate. Also you might get creep strain concentration that, in Coffin's

case, 15 more than a factor of ten.

where 15 Lhis creep strain coming from? For exauple, in the bolt that we saw
earlier, the total strain is constant. You can only exchange creep strains
with elastic strains. It there are no elastic strains transferred into one
highly stressed location, the creep strains at that location will be exchanged
with elastic strains; and it elastic strains are reduced, the stress and the

:loao will relax during creep hold time.

50 where is the excessive elastic strain coming from ir Coffin's test? The
test was set up, with a very soft spring, and a ratner stiff specimen. So
what was happening is that, even though this specimen was presumably a

5393B8-4168:2
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that this behavior would not occur. So, basically, by increasing the
flexibility, the thermal expansion load carrying capacity of the piping system
1s increased and, in fact, the resultant moment actually drops. It does not
increase in the mest highly loaded elbow-1.

1o carry this a little further, consider Lhe strains from only one analysis
(Analysis L1l elbow-1 20% weaker than the rest), because others are very
similar. Figure 14 represents Analysis I1I, plotting the effective plastic
strain on the vertical axis and the thermal expansion load on the horizontal
axis. 1f elastic follow-up were present then 1 would, trom some portion in
the piping, expect elastic strains from lightly loaded elbows will reduce and
transter into the weakest and most highly loaded elbow-1. In this analysis,
the first elbow is weak, so we can see if we do or do not obtain strain
concentration in that elbow. These are only plastic strains in Figure 13.

Initial loading yields elbow-1 which is the weak elbow. But because of its
strain-hardening capacity, it is strain-hardened, the thermal expansion lcad
15 redistributed and carried by other elbows. Then the other elbows start
ylelding. But, in fact, one of the elbows (elbow-5, not plotted in Figure 13)
15 still very much elastic; so, if we really had an elastic follow-up
sitaution, we would have founa that the .ower stressed elbows, which are
rather lightly loaded, would start transferring the load to the most
highly-loaded elbow-1. That is not the case. The plastic strains, after
thermal expansion load of ¢, increase nearly proportionately with Lhe increase
in thermal expansion load.

Another way to look at the same thinyg 1s to say that if the plastic strains
are énalyzed, they more or less meet at a certain point here (dotted lines
extrapolated to tne horizontal axis in Figure 13). What it really indicates
1s that, by increasing the thermal expansion load beyond 1.5, which is 1.5
times the operating load, the plastic strains in all the elbows more or less

proportionately increase, not just in elbow-1,

Figure 14 is another plot, which shows the creep strain behavior predicted by
Analysis I11. It plots the creep hold time versus the effective creep

H3936-416b: ¢
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ain. In one of the elbows which is not plottes nere, the strains are so
Il that 1t does not show up on this log-log scale.

in, the most highly-loaded elbow=1 does see higher creep strain, but other
ows also start picking up their share of creep strains, and they do not
nsfer their creep strains into the most highly-loaced elbow. So, again,
S gives us an indication that there is no elastic follow-up in these types
realistic piping systems, which are, in the main, sodium piping systems.

of the reasons why we had to do these three detailed inelastic analyses is
ause il is very easy to show something is present, but it's very difficult
show that something is not present.

summary, elastic tollow-up was first defined by Robinson in 1955 in context
h Coffin's displacement controlled creep test specimen levered to a soft
stic spring. Simple calculations by Kobinson showed that the follow-up
sticity of a soft spring prevents reduction of stress due tc creep, which
racterizes tne simple (preloaded) bolt in an unyielding flange (Figure o).
a preloaded boit the total strain is constant; consequently, during creep
creep strains are exchanged with elastic strains. On the other hand, 1in
fin's experiment, the total strain in the creep specimen is not constant,
stic strains from the soft spring are fed into the creep specimen. This is
ause equilibrium as well as compatibility in the levered system has to be
ntained between the soft elastic spring and the stiff creep test specimen.
sequently, when the stress in the creep test specimen relaxes, additional
sLic strains are fed into 1t, thus preventing stress relaxation during
ep. Thus, elastic follow-up is present in Coffin's test specimen. The
d as well as strain in the soft elastic spring are decreased and this
Jow-up elastic strain is transferred and concentrated into the highly
ded stiff creep specimen.

| low temperature application the ASME B&PV Lode Section 11l considers
;rmal expansion stresses as secondary or displacement controlled (Figure

The Code philosophy changes when we consider the elevated Ltemperature
e Lase 159 (or N-47). For elevated temperature application paragraph
;38 specifically gives the following examples of elastic tollow=up:

I

i

36-4168:2

597) 30

19

|
|
\
r



a) signiticant elastic follow-up include local reduction in size of a
cross-section or local use of a weaker material, b) in piping system of
uniform size ... only a small portion departing from the line (Figures 2 and
3). These two examples are consistent with the elastic follow-up definition
presented by Robinson.

lo summarize, tne following two conditions have to be present for elastic
follow-up: (a) in the creep range, a stift member in the structure should be
most highly stressed, and (b) a lightly loaded more flexible member in the
system must transfer its elastic strains and simultaneously its load to the
hignly loaded staff member. In the main large aiameter piping systems in the
LRBK plant none of the above conditions are present. Consequently the elastic
follow-up according to the Code Case N-47 definition (or Robinson's
detinition) 1s negligible in the CRBR main piping systems, Figure 15.

Three detailed inelastic analyses of the CRBR hot leg piping system were
pertormed using the MARC program according to the inelastic analysis procedure
described by Ur. Corum of ORNL. These inelastic analyses confirmed that
elastic follow=up 1s negligible and the load or strain is not transferred from
the lightly loaded elbows or straight pipes and inelastic strains are not
concentrated in the most highly loaded elbow (Figures 7 to 14). Even when the
most highly loaded elbow was assumed to be 20% weaker than the rest of the
elbows, the plastic and creep strains due to thermal expansion loading were
shared by all elbows in equal proportion. This elastic follow=-up study was
specifically undertaken to satisfy the intent of Code Case N-47 -3138 and to
classity thermal expansion load as a displacement-controlled quantity.

Although there is no elastic follow-up in the piping system, it should be
recoygnized that significant stress and strain redistributions do occur in
elbows, which in effect are doubly curved shells subjected to complex in-plane
and out-ot-plane loading cunditions. For example, when elbow-1 is Z2U% weaker
than the rest of the elbows (in Figure 13), initially only this elbow
experiences plastic strains when others are still in the elastic range. Due
to the strain hardening capacity of the material, additional thermal expansion
load yields other elbows and this additional load is proportionately shared by

other elbows. This plastic redistribution is no different from the plastic

53936-4168 ;¢
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FIGURE 3.0-1

ELASTIC FOLLOW-UP

QUESTION: CS 210.1

DEFINE ELASTIC FOLLOW-UP

QUESTICN: CS 250.7

HOW DO YOU ACCOUNT FOR ELASTIC
FOLLOW-UP ...



ASME B8PV CODE SECTION 111

(CURRENT STATUS - WINTEK 1981)

® LOW TEMPERATURE APPLICATION

NB-3222.3 EXPANSION STRESS INTENSITY

« EXPANSION STRESS INTENSITY. P,. IS TREATED
AS SECONDARY,

NB-3672 EXPANSION AND FLEXIBILITY
(CLASS I PIPING)

*PIPING SHALL BE DESIGNED TO HAVE SUFFICIENT
FLEXIBILITY TO PREVENT MOVEMENTS FROM CAUSING:
*(1) FAILURE OF PIPING OR ANCHORS FROM OVERSTRESS
OR OVERSTRAIN.”

NC-3672.6(b) EXPANSION AND FLEXIBILITY -- LOCAL
OVERSTRAIN (CLASS 11 PIPING)

* ..WEAKER OR HIGHER STRESSED PORTIONS WILL BE
SUBJECTED TO STRAIN CONCENTRATIONS DUE TO ELASTIC
FOLLOW-UP OF THE STIFFER OR LOWER STRESSED PORTIONS.”

ELEVATED TEMPERATURE APPLICATION

-3138 - ELASTIC FOLLOW-UP
“(a)...EXAMPLES INCLUDE:

*(1) LOCAL REDUCTION IN SIZE OF A CROSS-
SECTION OR LOCAL USE OF A WEAKER
MATERIAL.
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SME BePV CODE SECTION I1T (ConTinueD)
URRENT STATUS - WINTER 1981)

“(2) IN PIPING SYSTEM OF UNIFORM SIZE...

WITH ONLY

Y A SMALL PORTION DEPARTING

FROM THIS LINE.

IF POSSIBLE. THE ABOVE CONDITIONS SHOULD BE

AVOIDED IN '[ I(‘ WHERE SUCH CONDITIONS
THE ANALYSIS REQUIRED IN

. T‘r ACCEPTABILITY OF
NST HARMFUL CONSEQUENCES

CANNOT BE AV
-3250 W ‘

MS RELATING TO

LOAD CONTROLLE
SECONDARY STR
OF ELASTIC FOL
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DIEC
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UNLESS OTHERN
ELASTIC FOLI
Fr\um. ‘

EVALUATI

OLLED QUANTITIES
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STRESS (P,)
.T1IS CODE CAv_.
SFLACEMENTS SHAL
CONDARY STRESS
AND -3217).

LIMITS USING ELASTIC ANALYSIS




ASME BgPV CODE SECTION I11 (ConTinueD)
(CURRENT STATUS - WINTER 1981)

T-1500 BUCKLING AND STABILITY

T-1510(4) *...WHERE SIGNIFICANT ELASTIC
FOLLOW-UP MAY OCCUR THE LOAD FACTORS
APPLICABLE TO LOAD-CONTROLLED BUCKLING
SHALL ALSO BE USED FOR STRAIN CONTROLLED
BUCKLING.”




ELASTIC FOLLOW-UP

HISTORICAL BACKGROUND

ROBINSON

« DESIRABILITY OF COLD SPRINGING PIPELINES TO
MINIMIZE CREEP STRAIN CONCENTRATIONS

DISCUSSED PRINCIPALS GOVERNING RELAXATION
OF THERMAL EXPANSION STRESSES DURING SERVICE

DEFINED ELASTIC FOLLOW-UP

DISCUSSION OF THE PAPE \ERATED OLD

R GEN
ARGUMENTS ON ADVANTAGES AND DISADVANTAGES
SELF

OF COLD SPRINGING AND SPRINGING

“EXCESSIVE PLASTIC STRAIN UNDESIRABLE..
*MOST PI ELINES WORK AND THAT DESIGN CCHrUTATIONS MUST.
THEREFORE, BE ADEQUATE.”

CONCEPT OF ELASTIC FOLLOW-UP AS PRESENTED BY ROBINSON.
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THERMAL EXPANSION LOAD

Rate of Increase in Locs! Moment Decreases With Increase in Thermal Expansion
Load (Analysa 1)
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CONCLUSION

ELASTIC FOLLOV-UP EFFECTS ARE NEGLIGIBLE
IN MAIN SODIUM PIPING SYSTEMS.




CREEP RATCHETTING

QUESTION: (S250.6 - PROVIDE JUSTIFICATION . . .







SPECIAL CRITERIA CONSIDERATIONS

By
A. Snow (W-ARD)
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The next item is the implications of the changes in Appendix T of the
High-Temperature Code Case as posed in Question CS210.7 (refer to page 2).
The design of the CRBRP core support structure was identified to be of
particular concern in this regard.

The only reasons to consider the bottom of the core support structure to be an
elevated temperature component is because, under hypothesized accident
conditions, the temperature can, for a relatively short period of time, rise
into the high temperature regime. Its normal operation is at a low
temperature.

The design temperature for the reactor vessel inlet is 775 F. During all of
the specified Normal, Upset, and Emergency Operating Conditions only two types
of cvents result in the bottom of the core support cone exceeding 800 F:

EVENT ; PP t

MAX MAX
RV-3E(B) 825 300 sec x 6 = 1800 seconds
RV-7U(B) 840 500 sec x 1500 seconds
Max imums 840 1 Hour

(learly this temperature/time combination (304SS) does not require explicit
creep considerations.,

We will answer a paraphased question on the implications of Appendix T changes
(Fiaure 7). That question is: Is the level of assured structural integrity
of Clinch River items the same as that provided by today's Appendix T?

The answer 15 yes, with one qualification that we will go into, We consider
that the integrity is actually a little bit higher than that provided by
N-47-20, simply because we have chosen to use NE (RDT) Standards, as well as
the ASML Code. This conclusion can be arrived at by going through the
changes, subparagranh by subparagraph, that have occurred between 1592-4 and
Ltoday's Code Case N-47-20, recognizing two things. One is that there are a

vartety of different code cases that have been utilized tor different
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he object of the bolting rules, in Class 1, is both structural and
unctional. They want the joints to not break. They want the joints to not
eak. In the case of Class CS, they are merely concerned with the
ot-breaking aspect. We are not concerned with the leak for the CRBR core
upport application.

ressure loads are always significant for Class 1. In Class CS, in the
ntroduction, it says pressure loads are not always significant. They are not
Iways 2 more significant load. So, in a couple of places, pressure loads are
e-emphasized a little bit, For example, regarding mandatory pressure tests,
lass 1 requires them, Class CS does not. In the case of the Clinch River
eactor core support structure, we imnosed a pressure test on that component
fter it was installed on the reactor vessel and it passed. So, we used the
ressure tests even though it was a core support structure.

0, we again went beyond the philosophy of the core support structure criteria

d we required it.

inally, considering the weld joint efficiency, Class 1 says you always must

T and can use a value of 1. Class CS says you may use a variable factor
ppending upon your level of inspection, and we, in that one instance, did use
different inspection method; but we did it because we felt that RT would not
ive us good inspection. We used what we felt was the very best inspection
echnique for that particular joint,

is has been sort of a comparison of the philosophical approach. That is why
e believe that the use of Class 1 rules for core support structure gives us a

igh-quality product.
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FIGURE 4.0-1a

SPECIAL CRITERIA CONSIDERATIONS

« CRBR CORE SUPPORT STRUCTURE DESIGN CRITERIA
(CS 250.8)

* CRBR IMPLICATIONS OF APPENDIX T CHANGES
(CS 210.7)
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CORE BARREL
UPPER RING FORGING

CORE BARREL
LOWER RING FORGING

CORE BARREL ASSENMBLY

FT & SA SUPPORT
BRACKETS (2)

FOR VESSEL ATTACHMENT

CORE PLATE ASSEMBLY
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FIGURE 4.0-5

TWO EXCEPTIONS TC CC 1592-7 RULES

« REDUCED CREEP DAMAGE RULE FOR COMPRESSIVE HOLD PERIODS

[t ). [t
z(%) ' ~('i:)tensile ' (g)z(ﬁ)comp. >

COMPRESSIVE: o0

304/316 SS
1<1200°F
INELASTIC ANALYSIS

REF: TID-26135 (FIF 3.42)
NASA-TN-D-6C_ .

» USES NG WELD FACTCRS FOR PLATE/RING WELD

JOINT 20N THICK

RT (PER CLASS 1) NOT FEASIBLE
USED PROGRESSIVE PT (PER NG)
["RATED JOINT STRENGTH PER NG
LOW TEMPERATURE

REF: TABLE NG-3352-1
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APPENDIX T COMPARISON:

I TEM

[-1323
1-1324

TEST NO. 2
TEST NO, 3

T-1325 TEST NO. 4

T-1400
T-1410
T-1411

CREEP-FATIGUE EVALUATION
GENERAL RULES
DAMAGE ECUATION

T-1412 EXEMPTION FROM FATIGUE

ANALYSIS
EQUIVALENT STRAIN RANGE

ALTERNATIVE CALCULATION
METHOD - ECQUIVALENT
STRAIN RANGE

LIMITS USING INELASTIC
ANALYSIS

TABLE T-1420-1A

1-1413

T-1414

1-1420

504 SS FATIGUE

TABLE T-1420-1B 316 SS FATIGUE

T-1430 LIMITS USING ELASTIC
ANALYSIS

FIGURE 4.0-9

1592-4 vs N-47-20 (CONTINUED)

INTEGRITY
CHANGE SIGNIFICANCE
NONE -

STRAIN~CREEP STRAIN
OP, COND.~-SERVICE COND

MINOR WORD CHANGES NONE

|NONE (LR)

NONE
NONE
NUEF-ABCD NONE
“th - at” NONE
DEFINED a. o, NONE
CLARIFIED T, NONE
ADDED NOTE NONE
NONE
“STRAIN"-"STRESS” ~ NONE
NONE
NONE

RAISED ALL,LOWERED NONE (MR)

HIGH CYCLE

LOWERED VALUES BY
FACTOR TIMES ac,e 100

NONE (MR)
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CUNCIY ! OITATWLD

UPHORT STRUCTURE RULES

UBSECTION NG IS AVAILABLE

[EMPERATURE
COUNCIL - 1980

CODE CASE N-201-0

XTENDS NG DESIGN PROCEDURES TO E.T, FOR LIMITED

| TMTT
LITHLTY

REDUCED FATIGLE LIMITS

UTION ANEALING
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PHILOSOPHICAL COMPARISON

wes 1
RADIOACTIVE NOTHING
RELEASE

STRUCTURAL STRUCTURAL
&
FUNCT IONAL

PRESSURE. LOAD ALWAYS NOT ALVAYS

LU LA

T
Ll

1.O/MUST RT VARIABLE
DEP. ON INSP,




FUASS 1, CLASS (S, AND CRBRP CORE SUPPORT STRUCTURE RULES

CURRENT CURRENT
CLASS ] CLASS NG
ET LT

17T

[T

.

25,

v NO N
(EXCEPT FOR ONE WELD)
I
LUTION ANN, WARNIM

AT NN ACAITE
PLACEMENT WARNING

! 1 TA INAL
BULKL NG GU L DANCE




