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J.T.McKEON

Table 1

Tentative design specificationa. Primary piping system.

Allernale pump arrangements

Pumyp suction

Pump discharge

Plpe size Pipe size )
{in.] T[oF]  Plpsig] {in.] T {°F] P [paig)
1. Hotl pump: 36 1200 6 30 1200 100
Reaclor elfiuent to pump
2. Cold pump: 36 850 40 30 950 100
Heat exchanger cffluent lo
pump
Table 2
Loop  Design Loop Line size  Wall thick- Tempera- Pressure Maximal thermal
No. study description 0.D, [in.] ness [in.] ture [9F) {psi] stress [pai]
reactor to
1 CE pump 36.0 0.375 1200 5 18187
pump to
2 CE exchanger 30.0 0.375 1200 100 20786
exchanger
3 CE to reactor 30.0 0.375 850 100 19214
4 AC reactor Lo 30.0 0,375 1200 40 6507
exchanger
exchanger
5 AC to pump 36.0 0.375 950 40 6284
pump to
6 AC reactor 30.0 0.315 950 100 12 400
Table 3
Number of ;
Reinforced (R} L
Joint size bellows Percenlage deviilion
analyzed Unrelnfcreed (U}
4" 12 u -11.3 to -4.8%
6" 7 1} ~11.1 to  +8.3%
ar 6 U -7.810 +3.2%
207 6 U +9.9 Lo +22.9%
4" 5 R +37.7 to +82 54
6" 3 R +22.3 to +44.6%
g 2 R +27.0%
12n 1 R -5.1%
207 5 R -11.8 Lo =17.5%
Takle 4 _
Bellows expansion joint dala
Ring reinforced convoluted bellows. material: AISI type 316,
Metal wall thickness: 0.054 inch, Convolution pitch: 2.5 inches.
Number of convolutions required for
Bellows Tempera= Pressure Convelution No. of o
size {in] ture [OF]  [psigl  ©.0, [inj  Plieg cxvansion of 10 foct pipe from 607t
36 1200 5 42 1 15
36 850 40 42 i 10
a0 1200 100 35 15/16 p- 9
a0 950 100 35 15/18 1

#7)
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REACTOR
VESSEL

PRIMARY PUMP

INTERMEDIATE
HEAT EXGHANGER

7

*R"s 3-9"(TYP, ALL BEND RADII)

ALL DIMENSIONS SHOWN ARE
APPRONIMATE

SCALE: NONE

Fig. 1. AEC~primary piping analysis design study by: A-C.

PRIMARY COQLANT

NOTE!
P

ALL DIMENSIONS SHOWN < |] uMP

WERE SCALED FROM PRINTS - C .

OF REDUCED SIZE AND ARE . 556 INTERMEDIATE

APPROXIMATE HEAT EXCHANGER

REACTOR

SCALE: NONE

Fig. 2. AEC primary piping ana%lg;is design study by: CE.
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PROCESS 3. TIME OR CYCLES TO CRACK iNITIATION
BY FATIGUE AND STRESS CORROSION COMBINED

7 T T T T T
TIME TO INITIATION IN ENVIRONMENT, '
CONSTANT LOAD EFFECT OF ENVIRONMENT O
8 T — Py CYCLES TO INITIATION n
\\ ’I' OR
5b- ’ 4 EFFECT OF CYCLING ON ]
A Pd p THAE TO INITIATION
8 g ’ \{
£ s s Vd %
& af & s s A< -
g & L0 S oA
= & 2 S B FOR ONE STRESS LEVEL
I ™ s s /7 V -
o S e i s’ -3 I
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fasd ’ 7 r'd ’I =]
2 F 4 Vi y 4 p—
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8 s s Yo, s w2
pur 7 ’/ ~, ’I a&
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V4 s =}
1 F’ ” " \@ " 5 = n
s 7/ g ”
VA ard /'
ok £ L " 1 1 i
0 1 2 3 4 5 6

LOG CYCLES TO INITIATICN

Note: This Diagram is Intended Only To lllustrate Relationships

GEAP-10143

PROCESS 12. LOW-CYCLE FATIGUE
PROCESS 13. STRESS CORROSION
PROCESS 14. FATIGUE AND STRESS CORROSION COMBINED

Crack Growth Through— Characteristic Axial Length/Depth Ratio, Depending on Type of Loading

|
8
=
E § PRIMARY MZMBRANE STRESS
, |
g
=
]
g PRIMARY BENDING STRESS
a
§ ]
£
0 2 3 4 8 10 12 16

AXIAL LENGTH 'DEPTH RATIO

A DIAGRAM OF SIMILAR FORM IS RECQUIRED FOR SECONDARY STRESSES, AND FOR CIRCUMFERENTIALLY ORIENTED CRACKS.

Note: This Diagram is Intended Only To Hustrate Relationships.
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LOG da/dt (in./h)

LOG A

GEAP-10143

PROCESS 5. CRACK GROWTH RATE BY FATIGUE
AND STRESS CORROSION COMBINED

LG AK
I T ] T
(B)

1M ENVIROMMENT ]
EFFECT OF EN-
VIRONMENT ON LOG A

1 | i i

0 001 0.1 1 10

CYCLING RATE (cycles
Note: These Diagrams are Intended Only To Hlustrate Relationship
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GEAP-10143

PROCESS 9. FLOW RATE VERSUS THROUGH CRACK LENGTH

PROCESS 10. PROBABILITY OF LEAK DETECTION VERSUS FLOW RATE

PROBABILITY OF DETECTION
10 0.5

PROBABILITY OF DETECTION

FLOW RATE

0 . L]
THROUGH CRACK LERGTH (in.}

Note: This Diagram is Intended Only To Hlustrate Relationships.

(a)

10

10
FLOW RATE (gpm)
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0 1 T llllllE T ¥ Illilll

LOG [A)UAL CRACH LENGTH ( il'l.)]

THROUGH WALL, t = 0.432 6 in. SCHEDULE 89

(75
CRACK DEPTH (in.)

TYPICAL

CONSTANT
CRACK
LENGTH DEPTH | - 7 WEAN
RATIO LINES ~ g~ CRITICAL CRACK
SIZE LINES
o i g oo e L~ [ T T N T
i 2 3 & 5 6 1 8 910 2 30 0 50 60 70 80 30 100

AXIAL CRACK LENGTH (in.)

NOTE: AXIAL SEVERANCE IS AXIAL OPENING OF PIPE TO-AN AREA EQUIVALENT TO THE P{PE CROSS SECTION.
A DIAGRAM OF SIAILAR FORM IS REGQUIRED FOR CIRCUMFERENTIALLY -ORIENTED CRACKS. oo

This Diagram is Intended Only To lllustrate Relationships. SEE SUBSECTION 3.4 FOR DISCUSSION,

Figura 3-2. Conditions tor Axial Ssverance. Pracsss 11—Part-Through Asisl Crack, Process 15—Through-Wall Asdal Crack
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BURST PRESSURE, FRACTION OF UNFLAWED VALUE
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Figure 5-2. Fracture Disgram Developed for Straight Pipe, Showing New Data for Elbows for Comparison
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GEAP-10143

Tabls 6-1

FAILURE STREMGTH OF FLAWED ASTM AZ34 STEEL FIPE COMPONENTS

Flaw(ﬂ

Snecimen Typs Lia) ale)
T18 None 0 (1}
EL-18 Nonz 0 (1]
EL-1A8 A 313 0.30
EL-2A-8 A 6.31 0.154
EL-3A-8 A 8.30 0.322
EL-1B8 B8 1.25 0.216
{&8 L = Flaw length, inches
) d = Flaw depth, inches
{cb T = Wall thickness, inches

X = Ligamant thicknass, inches
d P = Failure pressure, psi
{e) Po = Failura pressure, unfiawed
{f)  See Figure 5-1 {GE Drawing 106D4074)
58 REFERENCES FOR SECTIONS

1.

Reynolds, M. B., Failure Be savier in Axistly Flavad
ASTR A-1088 Pipes, Paper 69-SESA-3, presented at
meeting of Society for Exparimental Stress Analysis,
Houston, Texas, October 1869,

Quirk, A., Effects of Material Properties and Com-
ponent Geometry on Unstable Propsgstion of
Defects, Paper 69-SESA-2, presented at meeting of
Society for Experimental Stress Analysis, Houston,
Texas, Qctober 1969,

x/friel pld) pfpoto) TN
1.00 8880 1.00 -
1.00 8680 1.00 -
0.39 6560 076 0.32
0.30 4700 054 0.169
0.63 6470 0.76 0.169
0.23 5860 0.68 -

Eiber, R. J., Maxey, W. A, et al., Investigation of the
Initistion and Extent of Ductile Pipe Rupivra,
Report BMI-1866, Sattelle Memorial Institute,
Columbus, Ohio, July 1969,

Reynolds, M. B., Failure Behavior in ASTM A-1068
Pipes Containing Axial Through-Wall Flaws, GEAP-
5620, July 1968

Reynolds, M. B., A Failure Disgram for Axiglly
Flawed Pipes, GEAP-5622, April 1968,

GEAP-10024, Quarterly Report No. 16, P. A. 37,

GEAP-10143

12 in,

1 in. THROUGH SLOT

CIRCUMFERENTIAL
BUTT WELD

REDUCED SECTION
THICKNESS 0.20in.
LERGTH 2.50 in.

Figure 6-1. Shetch Showing Two Halves of Butt-Weldsd Pips Spacimen
Asrranged for Cyelic Vensile Loeding
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Figure 8-2. Crack Growth Curves for Weld in A108—8 ButtWelded Pipe
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Figure 6-3.
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Crack Growth Curves for Weld in Type-304 Butt-Welded Pipe
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GEAP-10143

PREVIONS RESULYS
FOR UNWELDED
PIPE, QUARTERLY
REPOAT KD. 16
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Figure 8-4. Crack Growth Correlation for Butt Weid Compared to
Bags Materisl in A908-B Pigin Carbon Steel Pipe
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PREVIOUS RESULTS
FOR UNWELDED
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Figure 8-6. Creck Growth Corvelation for-Butt Weld Comparsd with
Bazs Material in Type-304 Stainless Stea! Pipe
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