PPG INDUSTRIES, INC. CHEMICAL DIVISION -U.S. P.0.BOX 1000 LAKE CHARLES, LA. 70602

September 8, 1980

Mr. Paul Kelley
Petrocon, Inc.
P. 0. Box 397
Beaumont, TX 77704
SUBJECT: Reliability Study
Dear Paul:
Enclosed are Lamar White's calculations for pressure and
temperature 1imits on the furnace tubes. Also included are

the curves and data supplied by Huntington Alloy for INCOLOY
alloy 800 H.

Please compare these numbers with yours. If there are
sti1l some questions, please give me a call.

Very truly yours,
Walter L. Oglesby
WLO/bjm
cc: S. L. White
File: 4.47
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" INCOLOY alloy 800H

o Rupture strength of the alloy is shown by the data Table 23— INCOLOY alloy 800H Design Stresses from ASME
plotted in Figure 20. Rupture-strength values for Botler and Pressure Vessel Code, ‘
some specific temperatures and times are listed Section | and Divigion 1 of Section Vil
in Table 22.
\ Maximum Maximum Allowable Siress in Tension
ASME boiler and pressure vessel code Metal -
Temperatute Standard " Conditional»
INCOLQY alloy 800H is approved under the " - , -
Boiler and Pressure Vessel Code of the American °F C psi MPa psi MPa

Society of Mechanical Engincers. The alloy is 100 18 16,200 1116 16,200 111.6
approved under Section [ (Power Boilers), Section 200 93 15.400 106.1 16.200 111.6
11 (Nuclear Vessels), and Section VIII (Pressure 300 149 14,500 999 16.200 1116

Vessels). Section I coverage is provided by Code 400 204 13,500 93.0 16,200 1116
Case 1325; Section III design values are contained 288 g?g }gggg gg? igggg Hgg
in Code Case 1592, : .

Design stresses specified for alloy 800H by 630 343 11,300 82.0 16.000 1103

700 371 11,700 80.6 15,700 108.2

Section I and Section V111, Division 1, of the Code
{1977 edition) are listed in Table 23. Stress-intensity ;(5)8 igg i”gg ;g g {gggg }8‘55,;
values for Class 1 components of nuclear vessels 850 154 10,900 75 | 15.100 104 |
900 482 10.700 737 14,800 102.0
Table 22 — Representatve Rupture-Strength Values 950 510 10.500 72.3 14,600 100 6
for INCOLOY alloy 800H 1000 538 10.300 710 14,400 99.2

) IS0 | 366 | 1ol | 695 | 137w | o
‘ 100 | 593 | 10000 | 89 | 13500 | 930
Stress 10 Produce Rupture n 150 | 621 | 9800 | 675 | 1120 | 772

Temperature| 10,000 h 30,000 h 50,000 h 100,000 h 1200 649 8,400 579 - 8.400 579
- 1250 677 6.900 475 6,900 475 .
°F | °C [ psi (MPa} psi {MPa| psi [MPaf{ psi {MPa 1300 704 5,400 37.2 5.400 32
1 132 4, 0 4
1200} 650 117,500 121115.000] 103 114,000 .9/ |13,000} 90 1338 7%0 3 ggg 3}18 3288 g}l g
1300{ 705 |11,000f 76{ 9.500{ 66 €800} 61 | 8,000{ 55 1450 788 3.000 20.6 3.000 206
1400[ 760 | 7,300} S0} 6.300] 431 5.800{ 40 | 5,300] 37 1500 816 2'500 172 2500 172
1500 815¢ 5,200{ 36§ 4.400{ 30| 4,100 28 | 3,700f 26 - .
1600{ 870 | 3,500} 24§ 3.000f 21| 2.800} 19 | 2,500} 17 @ These higher stress values of up 1o 90% of yield sirength at temperature may be f
17001 9251 1,900y 13] 1.800) 11} 1,400) 10 ] 1,200 8.3 used where shighlly greater deformation 1 acceplable The stresses may result in
1800 9801 1,200] 8.3| 1.000] 6.9 9001 6.2 8001 5.5 dimensional changes due o permanent stran and are not recommended for :)J
anplcations such as flanges of gasheted joints. )
Y
100 00 o
Q
U
J
- ’ZOOQF ’ESOOC)
-'"""'l-- - 1300°F (7 ! -
01 e e ——— i ol r Pl att f— 10
10 langre (76677 —
N = 1300°F (g5 —
- r) ———
D )90‘6’50 /'gg'_\‘-f (8707 — e n = g
CACALATED S R L e T, g
ng’$6 2 -—— L] — 1700 F(ggsncj' + = 3
C) ?)90 + 3 i -'..820'3’ 980¢ e
Z e 'T -~ 10
e e, -l o
I
e
01
1 i0 100 1,000 10,000 100,000

Ruptyre Life, h
Figure 20. Typical rupture strength of INCOLOY alioy 800H
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alloy's carbon content and annealing treatment are
designed to produce optimum creep-rupture proper-
tics in material having the standard INCOLOY
alloy 800 composition. Figure 19 shows creep
strength of alloy 800H at various temperatures.

to == e
& p i

- - INCOLOY atiqy 800
5 INCOLOY ailoy 800H h-**"""ﬂuL 4:_: WU 707F (2100
< 10 — \ -
a ; :
3 1400°F (760°C)1

0t

il 102 10? 10* 10

Cycles to Fadure

Figure 16. Low-cycle fatigue strength of INCOLQY alioy 800H Bending
strain was used for alloy 800; axial stram was used for alloy 800H.

CQRF]‘D,:'“ P ve praes
A iect to PEOE SULTLce court
= Subpiec : cial pistx Physical constants and
) R 14th Judlc 1_1145 thermal properties
%“ﬁ No. 9 Mechanical properhes
|
Fatigue strength 10
Low-cycle fatigue strength of alloy 800H at room 2 -
temperature and 1400°F (760°C) is shown in & Ciy, =t
Figure 16.!* Low-cycle fatigue data for alloys 800 < e
and 800H are compared at 1000°F (538°C) and 210 WCOLOY aoy 300
- 1200°F (649°C) in Figures 17 and 18. 3 =
Creep and rupture properties 3 INCOLOY ailoy B0OH
The outstanding characteristic of INCOLOY alloy 01 ”l
800H is its high creep and rupture strength. The W 10° 10¢ 100 1o¢

Cycles to Failure

Figure 17. Low-cycle fatigue strengths of INCOLOY alloys 800 and
800H at 1000°F {540°C).
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L H—= B ivcaLor aioy 800K
< INCOLOY ailoy 800 ™ |l
s 10
3
z i
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0l

10 10? 10 10* 10¢

Cycles to Faiure

Figure 18. Low-cycle fatigue strengths of INCOLOY alloys 800 and
800H at 1200°F (650°C).
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Figure 19. Typical creep strength of INCOLOY alloy 800H
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,AMERICAN NATIONAL STANDARD
« CHEMICAL PLANT AND PETROLEUM REFINERY PIPING

ponents shall be furnished in nominal thicknesses.
Unless limited elsewhere in this Code, such com-
ponents may be rated for the same allowable pres-
sures as seamless pipe of the same nominal thickness,
as determined in 304.] for material having the same
allowable stress.

Piping components such as pipe, for which allow-
able stresses have been developed in accordance with
302.3, but which do not have established pressure
ratings may be rated by rules for pressure design in
304, modified as applicable by other prowvisions of
this Code,

302.2.3 Normal Operating Conditions

Normal operating conditions are those in which
the design pressure and design temperature apply. In
selecting components the following limitations apply:

(a) The rated pressure of components at the
design temperature shall be equal to or greater than
the design pressure.

{b) For components without ratings the design
pressure shall not produce a stress exceeding the
allowable stress for the material at design temperature.

302.2.4 Allowances for Variations from Normal
Operating Conditions

Variations in che cemperature ot pressure, or both,
from normal operating conditions are characteristic
of certain services. If the duration of these variations
is greater than permitted by (a) and (b) below, as in
cyclic operations, the most severe combination of
pressure and temperature shall be regarded as normal
operation, If these variations are infrequent and of
short duration, however, the pressure-temperature
ratings or the allowable stresses of the piping com-
ponents may be exceeded as indicated in (a) and (b)
below. Application of pressures exceeding pressure-
temperature ratings of valves may under certain condi-
tions cause a loss of seat tightness or difficulty of
operation. Such application is the owner's responsi-
bility. These allowances shall not be applied to:
1) materials whose allowable stresses have not been
reduced as specified in Note 3 in 302.3.2(b), nor
2) cast iron or similar non-ductile materials.

(a) If the increased operating condition will not
last more than 10 hours at any one time and will not
total morg than 100 hours per year, it is permissible
to exceed the pressure rating or the allowable stress at
the temperature existing in the increased operating
condition by up to 33 percent.

(b) If the increased operating condition will not
last more than 50 hours at any one time and will not
total more than 500 hours per year, it is permissible
to exceed the pressure rating or the allowable stress at
the temperature existing in the increased operating
condition by up to 20 percent.

ANS| B31.3.1978
302.2.2

302.2.5 Ratings at Junction of Different Services

When two services that operate at different pres-
surc-temperature conditions are connected, the valve
segregating the two services shall be rated for the
more severe service condition. If the valve will oper-
ate at a reduced temperature due to its remoteness
from a high temperature header or piece of equip-
ment, this valve (and any mating flanges) may be
rated at the reduced temperature provided it can
withstand the hydrostatic tests required on cach side
of the valve. Piping on either side of the valve, how-
ever, shall be designed for the conditions of the
service to which it is connected.

302.3 Allowable Stresses and Other Stress Limits
for Metallic Components

302.3.1 General

Appendix A contains allowable stresses (SE) in
tension for metals and design stresses (S) far bolting
materials which shall be used in design calculations
unless modified by other provisions of this Code. For
materials not subject to a specified quality or joint
factor (E), the allowable stresses in Appendix A are
numerically equal to basic allowable stresses (5)
determined in accordance with the bases stated in
302.3.2(b). For certain castings, a casting quality
factor (E) has been applied as defined in 302.3.3. For
components containing longitudinal ot spiral welds, a
joint factor (E) has been applied as defined in 302.3.4.
For steels of structural grade, a quality factor (E) of
0.92 has been applied. For bolting materials, the

" design stresses in Appendix A were determined in

accordance with the bases stated in 302.3.2(a).

The tabulated allowable and design stresses are
grouped by material and product form, and are listed
for stated temperatures up. to the limit provided for
the material in 323.2.1. Straight line interpolation
between temperatures is permissible. The temperature
intended is the design temperature.

(a) Shear and Bearing: Allowable stresses in shear
shall be 0.80 times the basic allowable stress in ten-
sion derived from tabulated values in Appendix A in
accordance with Note 16. Allowable stress in bearing
shall be 1.60 times the basic allowable stress in
tension.

(b) Compression: Allowable stresses in compres-
sion shall be no greater than the basic allowable
stresses in tension as tabulated in Appendix A. Con-
sideration shall be given to structural stability.

302.3.2 Bases for Allowable Stresses

The bases for establishing design stress values for
bolting materials and allowable stress values for other
materials in this Code are as follows:
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CHEMICAL PLANT AND PETRQLEUM REFINERY PIPING

(a) Bolting Muterials: Design  stress values at
temperature {or bolting materials shall not exceed the
lowest of the following:

(1) 1/4 of the specified minimum tensile
strength at room temperature. (If the bolting material
is heat treated, sce Note 1.)

(2) 1/4 of the ‘“tensile strength at tempera-
ture.” (See Note 2.)

: (3) 5/8 of the specificd minimum yield strength
at room temperature. (If the bolting material is heat
treated, sce Note 1.)

(4) 5/8 of the “yield strength at temperature.”
(See Note 2.)

(5) 100 percent of the average stress for a
creep rate of 0.01 percent per 1000 hours.

(6) 67 percent of the average stress for rupture
at the end of 100.000 hours.

(7) 80 percent of minimum stress for rupture
at the end of 100,000 hours.

(b} Other Materials: Basic allowable stress values
at temperature for materials other than bolting
materials shall not exceed the lowest of the following:

(1) 1/3 of the specified minimum tensile
strength at room temperature.,

(2} 1/3 of the “tensile strength at tempera-
ture.” (See Note 2.)

{3) 2/3 of the specificd minimum yield strength

. at room temperature.

(4) 2/3 of the “'yield strength at temperature™
{(see Note 2}, except that for austenitic stainless steels
and for certain of the nickel alloys, this factor may be
as large as 90 percent (see Note 3) of the “yield
strength at Temperature” (but never more than 2/3
of the specificd minimum yield strength at room
temperature).

{5) 100 percent of the average stress for a
creep rate of 0,01 percent per 1000 hours. ’

(6) 67 percent of the average stress for rupture
at the cnd of 100,000 hours.

(7) 80 percent of the minimum stress for
rupture at the end of 100,000 hours.

Note 1: For heat treated bolting materials the design
stress shall be further limited to the lower of
1/5 of the specified minimum tensile strength
at room tempcrature or 1/4 of the specified
minimum yield strength at room tempera-
ture.

Note 2: For an unlisted matenial, the “tensile (or
yicld) strength at temperature” shall be
derived by multiplying the average expected
tensile (or yield) strength atc temperature by
the ratio of the specified minimum tensile
{or vyield) strength at room temperature
to the average {expected) tensile (or yield)
strength at room temperature.

SL 012170
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Note 3: The usc of these stress values (approaching
90 percent of yield strength at temperature)
is not recomm=nded for flanges or gasketed
joints or other applications where slight
amounts of deformation can cause leakage
or malfunction. Where possiblity of such
deformation is present, an allowable stress
value of either 75 percent of the allowable
stress listed in Appendix A or 2/3 of yield
strength value as published in ASME Section
VIII, Division 2 should be used.

302.3.3 Casting Quality Factor (E)

(a) Genmeral: The «casting quality factors (E)
defined herein shall be used for cast components not
having pressure-temperature ratings established by
standards listed in Appendix E, Table 1. Allowable
siresses (SE) for cast materials listed in Appendix A
contain appropriate factors, as noted.

(b) Basic Quality Factors: Static castings which
conform to basic requirements of the material specifi-
cation and have received a visual examination in
accordance with MSS SP-55 shall be assigned a basic
casting quality factor (E) of 0.80. Centrifugal cast-
ings which conform to specification requirements
only to the extent of chemical analysis, tensile,
hydrostatic and flattening tests and visual examina.
tion shall be assigned a basic casting quality factor
of 0.80.

{(c) Increased Quality Factors: Casting quality
factors may be increased when supplementary ex-
aminations are performed on each casting. Table
302.3.3C states the increased casting quality factors
(E) which may be used for various combinations of
supplemenatry examination. Quality factors higher
than those shown in Table 302.3.3C do not result
from combining tests 2a and 2b, or 3a and 3b. In no
case shall the quality factor exceed 1.00.

Several of the specifications listed in Appendix A
require machining of all surfaces and/or one or more
of these supplementary examinations. In such cases,
the appropriate increased quality factor is shown in
the stress table and has been incorporated in the
tabulated allowable stress for such materials.

Table 302.3.3C
Increased Casting Quality Factors {(E)

Supplementary Examimation Factor, £
in Accordance with Note(s)
L e e 0.85
2aor2b ... e 0.85
Jaor3b ... e 0.95
land 2{aorbh) ... ... ... . v v i i v 0.90
land 3(aorb) ...... ... ... v 1.00
2@aorb)and3{aorb) . . .. .. ... L 1.00
L
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PROCESS EQUIPMENT NAME MHEERIL CATIGD  Ditheret Wegwr | PRECSURE  TEmP COMMENTS

YO. CONST  GALS. OPERATING DESIGN

T-1/0 PB-CHLORIDE <STORHGE C.S. 3000 g /0 e /.5 /S0 USE TETRA ClLy Sukce Tk 60-/126
T- 120 FRESH EDR STORARGE C.S. g000 /0.5 /95‘ ey /. & A8

T-2/0 SOLYENT STORHGE C.S. 30,000 /§ Zo 5=/ AME

T-220 BWTHNOL STORRGE C.S. 3, oo0 g /10 s f AmME

T-230 <CRUSTIC STORAGKE c.S. 3,000 4 /0 R ME

T-240 STHRONG CHUsST/IC C.s, /,000 Ky 7 dUs &~ EASrmiwG S76 7k 60-85s

T-ZS$0 ywWHSTE SToffldsce

T-3/0 CRUDE PB-¥DF STORAGCE C.<. /$,000 /3 76 L S-/
T-320 PB-EOR PRODUCT STORAGE C.S. /65,000 30 33 L=/
D-310 #/ pPAY THNK STORAGE C.S ss0o0 ?.5 /2
D-320 #Z DAYy T7ARNK STORAGE c.S. Ss500 7.5 /3
T-330 vAcUuum SysTEM SoLVENT s76 C.S. . .
wrihlt 3
c NF%?;E‘.: ceiv taC(
Subj (')Ci 1 jstxric
of 14D JUE 911145
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PROCESS

N O.

P- 110
P-120
P- 130
P-140
P-150

pP-210
P-220
P-230
P-240
P-250
P-260
P-270
P- 280
pP-290

EQUIPMENT NAME

PB-CHLORIDE FEED
FRESH EDHA FEED

EDA FLASH RECEIVER
PB-EDA WHSH FEED
EDA FLASH VACuUm

SOLVENT FEED
BUTHNOL FEED
CAUSTIC FEED

EDH - WHTER

EDR RECOVERY

WHSTE WHTER

EDA- CAUSTIC CIRCULR TIo
STRONG CHUSTIE ROOITION

EDA RECOVERY VACUUM

MHBTERIAL

C.s.
C.S.

C. S.
HBS r£u.7/

C.3.

C.s.
C.$S.
C.s.
/MS}'Eucy/
C.S.
C.S.
AN/CKEL
NICKEL
C.S.

o pUMP

EFQUIPMENT
G M

s;’v'ogﬁ Uj&

-y /

. 6 /

2.8 s

/.5 5
:.QJ/}) ‘ .
o/ /
/. ¥ 5

A3 /
/%A /
/S K

e 33 /
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vild DENSITY KINEMARTIC B H P

JAY] #HGAL@ aow VISCOSITY - <.

90 /93  6.9¢ /70 1.0

QRO 52K 735 &S .09

/OO0 2o 7.3 PSS +80

Ys= 13 H 647 /00 [10-

PN N

385 93F# 7.4 -7 LYSs

3§ Jook 6.7 Q0O A5

IS 3 /R 65 60 Py

30 79 7.7 9™ x4

Q0 5RH 7.3¥ &5~ oA

/0 QEF 738 i Al 07

40 724 12,33 }.5
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EQUIPMENT NAME MATERIAL HERT  ARERA PRESS u:_r . m : yap Feoueed
A SHELL
"o T ConsT 04TV wi o sueLt TUSE syed TASE e
-0 /fo0 300/3s0 /73
E-/10 PB-CHLORIOE PREMNERTER C.S. /S o /aAs” /a’z";':_ ’g/T:; f:s'//'ﬁ’ao 3:'0;%0 70
- - o /A7 Iy ‘ ‘ -
E-120  EDH- FLASHER [PREAFATER  MASTELY & ) oy 36,36 as v - EGrm Cra oR 19GPm BRInE
75 &/ ~ :
CONPENSER C.S. 63 70 50/ :
E-130 EDA-FLASHER
- 75~ 260/300 3as50/300 -
- H WARTER EcowNoMlZER C.S. - ase6 /300 . 4
£-z/0 s PREHER TER C.S. 49 33 /50 /r785" S0/75 36:/70: arojé‘oo 20
€220 £08 WO MNERTER Niow A1 Y68 195/235 50775 3és/yo
£- 230 WHSH} WATER PROCESS _ S0 A far - 10 6Pm Ccrw
A RECOVERY CONOTENSER cC.s q97 73 S0 /78 1/l daled
£E-240 £o0 o
$0 /450 ago/3as  a80/3 a5
£-3/0 PRODUCT STRIFPER FEED &Comomzet C.S. 136 I/Z: :j‘:r ’;Aro 3’”"//4’0" Joé/350 346
.S. 300 /5 : {6 Pm CTW
ROQUCT STRIPPER REBO/MLER c.S iy a/7 /3oa
€30 S STRIPPER CONOENSER  C.S. /138 350  Sofrs s SFV  10/150 7 ;.?ao R Gem erw
£-330 PRopucT . s 20 J s 575 /75 yo/r50 /%
£ - 31}0 PRopUCT COoLE i
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PROCESS
N O.

V-/00

V- 1/0

V-/Z0
v-/30

Vv-2/0
V-0
V-Z30
yv-240

V- 3/0

c-~//0
c-L/0

Cc-3/0

PRESSURE

EQUIPMENT NAME MATERIAL DIAMETER  HEIGHT
CONST DFPERBTING DESIGN
CCLly FLASH DRUM C.§. / s
EOA REACToR # / GLASS 6.35" 33 /730
4 INED
LOR REA<TOR #2 GLASS. 6.5 33 /50
L INED
EDR FLRSH RECE/NeR C.s 3 & .S so/ry
PHRSE S&EPRA#TOR C.S, 4 30 S0 78
EOR RECOVERYy HACCUMKATR (C.s, hu} s / $o
WASH WRATER £ yglfoRfRToR Ni 2 7 3pnia  BC/FV
SHLT CONCENTRATOR Ne
PRoDUCT STRIFPER ACCamlATIL C.S. 3_ 6 apsia  SOIEK
E£EOA VACuuUmM [FLASH HASTECL oy 2 g Rpsia  SOLfY
EOR RECOVERY Colums” Ni 5. 4 Po7 . ’
= KO0 Coi
C.S. 2 </é JEalie. s/ Fv

PRODWCT STRIPPER

st 012174

TEMRP

COMMENTS

O PERRTING DESIGV
Joo 3 7?5 THCHAETED 76 Pl S7e8m USHAGE
F oo 79
/70 A5 0
o I0o
as o Joo
N4 A5 0O
Fso 400
250 300
oo Iso /& TRAYS , AV
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PROCESS EQUIPMENT NAME TUTDENMSITY  KINEMATIC @ H. A

NO. VIS COS 1 -V
P-3/0 PRODUCT STRIPPER FEEO C.S. 4.3 s ; 50 /kfF 7.4 Jo ].0
P-320 PRopucr STRIPPER BoTiom c.Ss 23 3 aso 30 JooiF 6.6/ $ 15~
P~-320 HQUEOUS PHASF cC. s A 2 20 46 £.3 / 1!
P-340 SOLVENT RECVCLE C.S. .83 / 35 9 é. 99 / A
P-350 FRoDuUCT STRIPPER VACUUNM c.S.
P-360 PRopuct DRY THNK C.s 100 /60 30 &9 7. ys~ 5
P-370 FPRODUCT LORDING C.S. b6 200 ol 53 2. o5 /s~
P-380 VvACyuUmM S£EHRL c.s. 5 < 50 7.2 P e
® ©
o Yedees to AL
‘ Nei?ifl{t?fﬁf& Ordor
114 t Couy,
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PROC £ NAME
NO
)

M-/ EpA REACTOR MIIER /0 ssrimpre !

v-1/0 ’
M-1  EOR GEACTOK  MIAER /0

V- /20
M-3 V-210 DRIVE LS
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