
1243341 

•\_ 

Date July 14, 1995 
To From 

D. S. Mcshane J . H. Arslanian 
Project/Work Order Nunber 

Project/Work Order Title 

Subject 200 AREA EFFLUENT BAT/AKART IMPLEMENTATION, ETF TRUCK LOAD-IN FACILITY, PROJECT 
W-291H, INTEGRITY ASSESSMENT REPORT 

No. of 
Copies 

[] 
[] 
[] 
[] 
[] 
[] 

[] 
[X] 

1 
1 

Compeny and Distribution 

!CF KH - ESH&Q PA 
!CF KH - Karl F. Feigner 

Attached Are Purpose 

Prints [] Information 

Specifications [] Action 

Travelers [] Sisnature 

Appr. Dau [ ] Update 

Forms [] Review 

Library Material [X] Per your 
request 

Procedures [] 
Other: Integrity [] 
Assessment Report 

Document Nurbers, Titles, and/or CO!mlents 

G7-12 
G7-12 

[] 
[] 
[] 

[X] 
[] 
[] 

[] 
[] 

Comnents 

Preliminary 

Unchecked 

Checked 

Final 

Approved 

Working Copies 

Control l_ed Copies 

Other: 

Mailing Address 

Please 

[] Corrment 
' 

[] Approve 

[] Dest roy Previous Issue 

[] Return Previous lssue 

[] Note Revision 

[] Note Holds 

[X] File 

[) 

200 AREA EFFLUENT BAT/AKART IMPLEMENTATION, ETF TRUCK LOAD-IN FACILITY, PROJECT W-291H, 
INTEGRITY ASSESSMENT REPORT 

[X] Check here if receipt acknowledgment is req~ired. 
Receipt Acknowledgment: 
Please sign below acknowledging rece ipt of docunents listed 2bove and return receipt to 
J. H. Arslanian at E6-61. 

S19nature 

KEH 0001.00 (05/94) KEF003 

Date 

K.'\iSER E~:GiNE:!=?S :-v..nri::F.U 
PEF.FOR~'iA:~E ASSE3~;,,~=NT 



. ' 

200 AREA EFFLUENT BAT/AKART 
Th1PLEMENTATION 

ETF TRUCK LOAD-IN FACILITY 

PROJECT W-291H 

INTEGRITY ASSESSMENT REPORT 

(System Construction and Tanlc Design) 

Prepared By: . 

Karl F. Feigner 

ICF Kaiser Hanford Company 

Richland, Washington 

· For: 

U. S. Department of Energy 

Subcontract WHC-380393 



: f 

' • 

-------- ------------ -

TABLE OF CONTENTS 

1.0 INTRODUCTION ..... 

2.0 CONSTRUCTION ASSESSMENT. 

3.0 TANK DESIGN INTEGRITY ASSESSMENT 

. 4. 0 STRUCTURAL INTEGRITY ASSESSMENT CERTIFICATION . 

APPENDIX I (References) 

APPENDIX II (Drawing List) 

APPENDIX III (Calculat1on List). 

APPENDIX IV (Waste Characterization) 

W-291H-IAR 
Page 2 of 21 

. p. 3 

. p. 4 

. p. 6 

p. 10 

p. 11 

p. 14 

p. 16 

p. 18 



• I 

1.0 INTRODUCTION 
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This Integrity Assessment Report (!AR) is prepared by !CF Kaiser 
Hanford Co. CICFKH) for Westinghouse Hanford company (WHC) . 
operations contractor and the Department of Energy (DOE).- the 
system owner. The IAR is intended to demonstrate that 
construction has been completed in accordance with the provisions 
of WAC-173-303-640(3)(c) through WAC-173-303-640(3)(h). A design 
integrity assessment was previously performed. ref. [17]. for the 
system excluding the waste storage tanks. Design calculations for 
the tanks were not available for review prior to the start of 
construction. The tanks were designed and built off-site by a 
tank vendor. which was required by the purchase specification .. 
ref. [4]. to design the tanks in accordance with the ASME Pressure 
Vessel Code. Section VIII. Project timing precluded the 
performance of a design assessment prior to installation. · 
Therefore. the. results of this assessment are also contained 
within this report. 

1.2 System Description 

The waste system components included in this assessment are the 
waste storage tanks, pumps. piping, and concrete structures 
required to construct a tanker truck load-in/load-out station. 
The station will store wastes that are generated in the UO~ Plant. 
on a temporary basis. until the wastes can be transferred to the 
Effluent Treatment Facility CETF) for treatment. Components 
included in the station are as follows: 

Ca) Two 304l stainless steel single wall waste storage tanks 
(TK-109 and TK-117). Nominal capacity of the tanks is 
10.000 gallons each. They are located outdoors. above 
grade. set upon concrete foundations. and enclosed within a 
concrete spill containment structure. Electric heat tracing 
for freeze protection is included in the installation. 

(b) The concrete containment pad provides secondary containment 
for the above grade piping, transfer pumps. and storage 
tanks. It also provides secondary containment for a tanker 
during off-loading/loading events. The floor of the 
structure is sloped to a collection sump so that potential 
spills can be promptly detected and removed. AA electronic 
leak detection device is installed in the sump to signal the 
presence of moisture. The signal activates local/remote . 
alarms and interlocks that prevent/stop waste transfer 
activities. 

Concrete surfaces that may be exposed to waste are coated 
with a nonpermeable material to prevent diffusion of waste 
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liquids through the concrete into the surrounding soil 
column. Concrete joints were made·using continuous PVC 
waterstop to prevent potential waste leakage through the 
joints . Because the water table is very deep. and the 
surrounding soil is primarily sand. water seepage into the 
sump in not likely . 

(c) A waste transfer pipeline is installed below grade. The 
piping extends approximately 280 ln. ft. from the load
in/load-out station LERF basins to tank 60A-TK-l Located at 
the EFT. The piping is a double containment design with 
electronic leak detection, and constructed from Fiberglass 
reinforced epoxy resin. Interlocks are installed to prevent 
or halt waste transfer operations in he event a piping leak 
is detected. Leak detection will also activate both local 
and remote alarms. Diameters of the carrier and encasement 
piping are 3 and 6 inches respectively . 

(d) Inter-connecting piping is installed above grade. insulated , 
and heat traced to prevent freezing. This piping is · 
entirely enclosed by the concrete spill containment pad. 

1.3 Scope 

This report applies to the facilities described above in paragraph 
1.2. It is based on periodic inspections performed on a scheduled 
basis by qualified persons. Inspections were performed on the 
system described using applicable codes. standards. and properly 
maintained tools. In addition to the construction assessment. a 
design integrity assess~ent performed in accordance with WAC-173-
303-640(3)(a) for the tanks described above in paragraph l .2(a) is 
included. . · 

1.4 Comments on Certification 

Paragraph 3.0 contains .a certificate attesting to the accuracy of 
the information presented in this report. The certificate is 
signed and sealed by an Independent Qualified Registered 
Professional Engineer (IQRPE) in accordance with WAC-173-303-
810(13)(a). 

2.0 CONSTRUCTION ASSESSMENT 

The system described above in. paragraph 1.2 is properly installed in 
accordance with the drawings. specifications . and applicable codes. 
This assessment is based upon inspections performed by qualified 
personnel during the construction phase of the project. The following 
paragraphs 2.1 through 2.10 discuss specific considerations for the 
construction assessment . 

----- - - --------
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Personnel that joined sections of piping together were pre
qualified before performing the work. In process inspection was 
employed in accordance with ASME 831.3 to ensure properly bonded 
joints. The inspection process was· supervised by a certified 
welding inspector, supplied by an independent contractor. In 
addition. hydrostatic pressure tests performed in accordance with 
the applicable piping code and project specifications. 
demonstrated that the piping was properly joined. Hydrostatic 
pressure tests were performed after each section of pipe was 
completed. but prior to burial (for underground piping) so that 
leaks could be visually detected. 

2.2 Punctures 

The piping hydrostatic pressure tests indicate that none exist. 

2.3 · Scrapes of Protective Coatings 

Protective coatings were not used for corrosion protection. 
therefore this provision does not apply. 

2.4 Cracks 

Based on the inspections and hydrostatic pressure tests performed. 
cracks are not apparent. _ 

2.5 Corrosfon 

Inspections performed during construction indicate that the system 
has not been damaged by corrosion. 

2.6 Other Structural Damage 

Based on inspections performed during construction. no structural 
damage is evident. 

2.7 Backfill 

Installation of this system required excavation and the use of 
backfill. Backfill was comprised of well graded soil materials 
that are native to the construction site. Soil compaction tests 
were performed in accordance with the applicable code to ensure 
proper placement. Placement methods were based on the applicable 
codes. 
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2.8 Tightness Test 

Hydrostatic tests were performed on the piping after construction 
was completed (prior to burial for below grade sections). These 
tests indicate that the system is leak free. Hydrostatic test 
pressures were based on the ASME B31.3 Piping Code, and are as 
follows: (a) below grade waste transfer pipeline. 90. psig for the 
carrier pipe and the containment pipe was pneumatically tested at 
66 psig; (b) above grade interconnecting piping sections. 150 
psig. Design operating pressure for the below grade piping is 60 
psig for the carrier pipe and 60 psig for the containment piping. 
The design operating pressure for the above grade piping is 100 
psig. Test pressures were held for a minimum duration of 10 
minutes . 

A tightness test was also performed on the storage tanks. The 
tanks are designed to operate under atmospheric pressure. 
therefore the tanks were filled with water and observed for leaks. 
No external pressure was applied to the tanks. 

2.9 Support System 

Inspections were performed to determine whether the support 
systems for the piping and the tanks were installed in accordance 
with the plans and specifications. Based on these inspections. 
the support systems are properly installed. 

2.10 Corrosion Protection System 

Cathodic protection is not included in the system design. nor is 
it required. The buried piping is constructed from fiberglass 
reinforced epoxy materials that are inhere.ntly resistant to soil 
corrosion damage. The tanks and above grade piping is constructed 
of stainless steel and are not in contact with the soil. 

3.0 STORAGE TANK DESIGN INTEGRITY ASSESSMENT 

The tanks described in paragraph l.2(a) above are adequately designed to 
prevent failure caused by corrosion or by structural loads imposed by 
the system's intended service. Refer to references [1] and [2] listed 
in Appendix I for a complete description of the system and intended 
service. Tank design fully complies with the requirements of WAC-173-
303-640. These results are based on review of the applicable codes. 
standards. design, and construction documents. Design documents 
included the Functional Design Criteria ref. (1). calculations (listed 
in Appendix III). and drawings (listed in Appendix II). construction 
documents include the construction specifications. and inspection plans 
listed in Appendix I ref. (3]; (6). and [8]. the following paragraphs 
3.1 through 3.9 discuss specific considerations for the design 
assessment . 
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3.1 Codes and Standards used as a basis for design are as follows: 

"Pressure Vessel Code", ASME Section VIII. 1992. 

"Pipe flanges and Flanged Fittings", ASME 816.5, 1988. 

"Heat-resisting Chromium and Chromium-nickel Stainless Steel 
Plate. Sheet, and Strip for Pressure vessels". ASTM A 240. 1992. 

"Forged or Rolled Alloy-steel Pipe Flanges. Forged Fittings, and 
Valves and Parts for High Temperature Service·, ASTM Al82. 1992. 

"Alloy-steel and Stainless Steel Bolting Materials for High 
Temperature Service, ASTM A193. 1992. 

"Wrought Austenitic Stainless Steel Piping Fittings". ASTM A403', 
1991. · 

Manual of Steel Construction Allowable Stress Desian, 9th ed .. 
AISC .. 1989. 

Standard Soecifications for Hidhway Bridaes. 13th Ed .. AASHTO. 
1983. 

"Uniform Building Code". International Conference of Building 
Officials. 1991. 

"Standard Terminology Relating to Soi 1. Rocle and Contained 
Fluids", ASTH 0653. 1990. 

"Road. Bridge. and Municipal Construction". WSDOT M41-10. 1994. 

"Tolerances for Concrete construction and Materials". AC! 117. 
1990. 

"Structural Concrete for Buildings". ACI 301. 1991. 

"Hot weather concreting". AC! 305R. 1991. 

"Cold Weather concreting", ACI 306.1. 1990. 

"Building Code Requirements for Reinforced concrete". 318. 1989 
(Revised 1992) . · · 

ACI Detailing Manual, SP-66, 1988. 

"Deformed and Plain Billet-Steel Bars for concrete Reinforcement". 
ASTM A615. 1992. 

"Steel Wire. Carbon for General Use". ASTM ABSJ°. 1991. 



"Concrete Aggregates", ASTM C33, 1992. 

"Ready-mixed Concrete". ASTM C94. 1992. 

"Portland Cement", ASTM ClSO. 1992. 
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"Air Entraining Admixtures for Concrete", ASTM C260. 1986. 

"Packaged Dry. Hydraulic-cement Grout (Nonshrink)", ASTM C1107. 
1991. 

"Preformed Expansion Joint Filler for Concrete (Bituminous Type)", 
ASTM 0994-71. 1982. 

"Sealing Compound: Elastomeric Type Single Component (For 
Caulking, Sealing, and Glazing in Buildings and Other 
Structures)", Federal Specification TT-S-00230C AMO 2. 

3.2 Waste Characterization 

The waste characterization. included in Appendix IV (stream no. 
5), was reviewed to evaluate the compatibility of the materials. 
Waste is primarily rain water collected from various basins 
located in the U03 Plant. or .water discharged from miscellaneous 
equipment. However, the waste is considered hazardous because 
contaminate materials may be present. The aqueous mixed waste can 
contain trace quantities of inorganic salts, metals, and organic 
materials. The waste can also contain radionuclides that would 
classify it as low level radioactive waste. Typical rain water 
sources include outdoor sumps, yard drains. and pipe trenches 
within radiological control areas. Typical equipment water 
sources include HVAC. and air compressor condensate. 

Based on the characterization, the wastes are not susceptible to 
ignition. or unstable. They do not react violently with water. or 
form an explosive mixture. 

3.3 Potential for Corrosion Failure 

The tanks are constructed from 304L stainless steel. 304L . 
stainless steel is resistant to the compounds listed in .the waste 
characterization (Appendix IV). therefore.the potential for 
failure caused by internal corrosion is very low. The potential 
for failure caused by soil induced corrosion does not exist. The 
tanks are not in contact with soil. They are installed upon 
concrete foundations. and the tank bottoms are elevated so that 
only the fank skirt is in contact with the foundation. 
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The tanks are situated within the confines of the containment 
basis in such a manner that the risk of inadvertent contact 
between vehicles and the tanks is minimized. 

3.5 Foundation Loading 

Calculations were performed to determine the suitability of the 
tank footings. These calculations demonstrate that footings and 
supports are properly designed. 

3.6 Effects of Frost Heave 

The tanks are protected from the effects of frost heave. The 
tanks. are located above ground on concrete foundations. Edges of 
the foundations extent to depths greater than 30 inches. which is 
the accepted limit for the frost zone. In addition the tanks are 
insulated and heat traced . 

3.7 Pressure Effects· 

Design stress calculations were performed for the tanks. These 
calculations demonstrate that the tanks are properly designed. 
Calculations were based on the hydrostatic head generated by a 
completely full tank. 

Hydrostatic pressure tests will be applied after construction is 
complete to verify the integrity of the tanks. The tests will be 
performed in accordance with ASME B31.3 requirements. 

3.8 Thermal Effects 

Does not apply. 

3.9 Seismic Effects 

The tanks are designed in accordance with UBC-1991 to withstand 
seismic zone 2B events. 
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"I certify under penalty of law that this document and all attachments 
were prepared under my direction or supervision in accordance with a· 
system designed to assure that qualified personnel properly gather and 
evaluate the information submitted. Bas~d on my inquiry of the person 
or persons who manage the system. or those persons directly responsible 
for gathering the information. the information submitted is. to the best 
of my knowledge and belief. true. accurate. and complete. I am aware 
that there are significant penalties for submitting false information. 
including the possibility of fine and imprisonment for knowing 
violations." 
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Appendix IV 
(Waste Characterization - Only Stream No. 5 Applies) 
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NOZZLE LOADING •••••••••••••••••••••••••••••• 3 8 

DESIGN CALCULATIONS 

r::?/:) 
·. -.-·_. VI. :;p._" s 7 ~ 7 TMF JOB NO. 18769 

SHT.ci:oo , ;t,3 2 
Bldg. ;;>..oo 6-

EQUIPMENT: 

C2l TANIS 

TANK·: TK-109 & TANK TK-112 
~., z~ /7?+ 

~ .. 3/;~!?5; #//08" 
TMF SERIAL HOS. 18769-01 & 18769-02 

THOMPSON METAL FAB INC. 
3000 SE HIDDEN WAY 
VANCOUVER, WA 98661 

PURCHASE ORDER NO, 76036 

CUSTOMER: 

KAISER ENGINEERS 
P.O. BOX 888 
RICHLAND, WA 9935_2 

NOZZLES AND MANWAYS DO NOT REQUIRE ADDITIONAL REINFORCEMENT TO MEET THE 
SPECIFIED PRESSURE AND TEMPERATURE DESIGN CONDITIONS. ADDITIONAL, 
EXTERNAL, REINFORCEMENT HAS BEEN PROVIDED FOR THE NOZZLE CONNECTIONS TO 
~{EET THE SPECIFIED NOZZLE LOADING CRITERIA. SEE TABLE ATTACHED. 

"P,E," STAMP APPLIES TO; PAGES l THRO 37, 38 i 39, ✓,/-,,rr-£ 
SEPTEMBER 27, 1994 
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, • · . ~-:----,... 
- ptessure ew:a tor pressure rnnJh@r 1 

~i 
r, ftAlt IIAP 

Identifier des1r, 
(psif (deg ) (psi) (psi) -- --- ---- --

roP HEAD o.o 140.0 20.3 31.2 
SHELL o.o 140.0 31.1 43;6 
~. HEAD 0.0 140.0 14.6 25.4 
Wi1'd ?c1culatio~ 14.6 
SelSI C calculation 14.6 
B 41 LEVEL o.o 140.0 o.o o.o 
C3'0\IERFIDf o.o 140.0 o.o o.o 
D 31 m.ET o.o 140.0 o.o o.o 
r r 24• Kif o.o 140.0 o.o o.o 
J J 241 Kif o.o 140.0 0.0 0.0 
EB 4• DRAII o.o 140.0 0.0 o.o 
241 Kif ru;. o.o 140,0 235.4 257.7 
24 1 MW COVER . o.o 140,0 54.6 63.5 

Vessel MAWP bot, corroded is o psi@ 140 degrees r. 
Vessel MAP new & cold is O psi@ 75 degrees P. 

Pe 
e~al 

(psl) ----
2.0 
0.5 
2.0 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

Vessel allowable external -pressure is 0.5 psi@ 140 degrees r. 
Bvdrotest pressure calculation based on P 
= l.S*ftl.005 = 0 psi 

.:-:·::::~ . 
(/):·J vessel hydrotest pressure is o psi. 

i,,r''f' 
Ratio 

-1.oos 
1.005 
1.005 

1.005 
1.005 
1.005 
1.005 
1.005 
1.005 
1.005 
1.005 
-

, . .. .. 

-- .-:,::. ·· Jote; vessel u rating not valid unless hydrotest »res.me based on P, 
IQte; vessel MAP rating not yalid unless bydrotesf pressure based op JJAP, 

. • ·· -.~: .- . . 

Sept 22, 1994 
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Jonlr- SVWU 

--Joule OD tn R~tn 
urk (in) (in) (ln) ll? 12? 

B 4.50 0.3370 0,1428 y y 
C 3.50 0.3000 0.1428 J y 
D 3.50 0.3000 . 0.1428 y 
p 24.00 0.2500 0,0735 J J J 24.00 0.2500 0,0687 
I 4.50 0.3370 0.1428 y y 

tn - nonle ~clcness 
Req tn - nozzle thickness required per OG-45/16 
ROI t - vessel wall thickness 

IOI t R~ t °m,t (in) (in) 

0.2500 0,1244 0.2500 
0.2500 0.1543 0.2500 
0.2500 0,1244 0.2500 
0.2500 0.1244 0.2500 
0.2500 0,1543 0.2500 
0.2500 0,1244 0.2500 

Req t - requj.red vessel wall. thickness due to pressure + corrosion 
User t - looa.l vessel wall thickness (near openl~l 
Aa - area avai+able per tJG-37, goven;ung co~1. ion 
Ar - area r~ed per OG-37, gov~1:D<J condition 
Corr - corrosion allowance on nozzle 1d. 

Sept 22, 1994 

Corr 
Aa'Ar (in) ( ) 

0,0625 1429.0 
0.0625 e1W.t 
0.0625 174 .9 
0.0625 443,3 
0.0625 236.7 
0,0625 1347,9 

Page 2 of 37 
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1on1e :i<:/l)Mgle 
0 ~ . 

{ . ~- . : -~· ~· _::J 
Joule Service She Materials .- _ . .. · ... ... . 1ark lonle I1pact? Jon? Pad Iipact? Ion? Flange 
B 41 level 41 Scb 80 312 TP304L SH D D 240 304L IIGI D D ll8mo.L 
C 31 overflow 31 Sc:b 80 312 TP304L SH D D 240 304L IIGI D D ll821304L 
D 31 inlet 31 Scb 80 312 TP304L SH D n 240 304L IIGI D n ll821304L 
r 241 IV 23.50 jd J0.25 240 304L IIGI n D 
J 241 IV 23.50 1d J0.25 240 304L IIGI D n 
I 4' drain 41 Sch 80 312 !P304L SH n D 240 304L IIGI D n 

_··->. ··.: __ 
1 · • • 
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fllicmess SIIIIHJ 

---
COIP!)DeDt ID IOI t m,t Joint · Gov~ 
Identifier (in) (in) I Load . status --'lop bead 143.50 0.2500 0.1869 1 erternal 
Sbell 143.50 0.2500 0.1543 0.85 erterDal 
Bott.~ 143.50 0.2500 0.1869 1 extmal 

143.50 0.2500 0.0523 0.55 f:inic ~~ cover 31.00 0.9680 0.9680 1 ternal 

101 t - v~ wall thicbless • . • 
Reg t - r~ vessel vaµ thickness due to govemng loading 
I - longitudinal seu Joint efficiency 

~d: . . . 
1nternal - ci.rc stress due to internal pressure governs 
e~ - external pressure governs 
wind • colb~ long stress due to STllOS + wind governs 
seiruc - colb1Ded long stress due to STATUS+ seis11c governs 

op/int 

Deflect 
Stress (in) 

0.000 

co1pres 0.000 

Sept 22, 1994 
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TQPWP 
,r~-~ 

• 1$M1 section VIII Division 1. 1992 Edition, 1.93 lddePda 
Co1ponent: F.D bead 

· Material specification: SA 240 304L IIIGI 

External design pressure: Pe= .5 psi @ 140 deg F 

static liquid bead: Ps= 1.175 psi (S.G.• 1.05, Bs• 31 in) 

Corrosion allowance: Inner C = 0.0625 outer= 0 in 
Pm is not perfoned 

Radiography: category A ioiDts - Full UW-ll(a) type 1 
Bead to shell seu - Spot Oll-ll(a)(S)D 

Estiuted wei~t: new s 1563.2 corr = 1173 lb 
· capacity: new = 1295.96 corr = 1301.35 OS ga 

Operating liquid: 1302.08 OS ga, weight: 11402,8 lb 

OD"' 144 crown L = 116 knuckle r = 8.64 t = .25 in (DOI) 

straight flange = 1.5 foning allowance = .0625 in 

Design thickness: {At 140 deg P} ApJ>endi1 1-C{d) Bq 4 

= .25* 3 + (ll6.062S/8.7025)A,5} 
K = .25*13 + (L/r)A,5\ 

= 1,66 . 

t: r.~;~il~:~;~1~~~ii2?ll6~o~t~i;~~t1~663-o.2>> + o.0625+0.0625 
(}\} = 0,1318 lD 

MAP: {wev i at 75 deg fl Appendix 1-4ld) Bq 4 

P = 2*S*E*t/(M*Lo - t•1M-0.2ll - Ps .· 
= 2*16700*1*0:1875/( .666* 6.25 - 0.1875*(1.666-0.2)) - 1.175 
= 31,20647 psl · 

MAWP: <Corroded i at 1•0 deg U APR@dl.1 1-Hd) r,g f 

p = 2*S*E*t/CM*Lo - t•(H-0.21\ - Ps 
= 2*16620*1*9,125/(1.663*1 6.25 - 0.125*(1.663-0.2)) - 1,175 
= 20,3378 psl 

Ertm@l PJ1!sSJire; {Corroded i at uo deg U QG:JJ{el 

A s .l~/ Ro/t) 
• .125 115.iS/0.06192) 
= o. 7 

Fro• table BA-3: B = 944.4 

Pa: ,,1~~~rl16.25/0.06192) 
= ,503 psl 

Cbedt the external pressure per UG·33(a)(l) 

t = l.67*Pa*Lo*K/(2*S*B + l.67*Pa*(M-0.2)) 
= l.67*0.50~•116.25*1.663/(2*16620*1 + 1.67*0.503*(1.663-0.2)) 
• 0.004886 lD 

Design thickness for erterna,1 pressure PJ = o.5Q3 psi: 
= t +Corrosion+ fa 
= 0.06192 + 0.0625 + 0.0625 

Sept 22, 1994 

Page 5 of 37 



' . 

, .. ·--.:...., 
• ' • . 
i · 

' I 

COMPRESS 5.32 C:\CPSl\18769-01.VSL 

RWP 

• 0.18692 ill 
NuillII illogble lrl;ema1 Pre§&rei {Corroded f 140 deg F) 

1 • .125/.llOLtl = .125/ 116.lS/0.125) 
= 0.000 4 

Fro• table E1•3: 

Pa= B/(Ro/t) 
= 1~5.l/(U6.25/0.125) 
= 2.0492 psl 

B = 1905.8 

Check the MaliJUI External Pressure: OG-33(a}(l) , App. 1·4(d) 

Pe= 2*S*~/((K*Lo - t•(K-0.2ll*l.67) 
• 2*1662~1•01125/((1.663•U&.25 - 0.125*(1.663-0.2))*1.67) 
= 12.88191 psl 

The .axi11m allowable erternal pressure is 2.0492 psi. 

Sept 22, 1994 
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{(I·: '- 1SM1 section VIII Division 1. 1922 Edition, 193 Actienda 
~ • • I 

·, :.-.. · Co1ponent: CV11
2
'n
4
der
0 304

L HIGI 
Material specification: Sl 

External design pressure: Pe• .s psi@ 140 deg F 

static liquid bead: Ps= 5. 723 psi (S.G.• 1,05, lls= 151 in) 
Corrosion allowance: Inner c = 0,0625 Outer= o in 

PWB1' is not perfoned 
Radiography: category A jo,ints - Spot OW-ll(b) type l 

category B JOlDts - Spot Ulf-ll(b) type 1 

Estiaated wei¢.it: new = 3929 corr = 2948 lb 
capacity: new • 8401.611 corr = 8416.255 OS ga 

Operating liquid: 8416,25 OS ga, weight: 73704,l lb 

OD = 144 length Le= 120 t = 0.25 in (new) 

Design thicknessi <At uo deg fl AJ>Jendir 1-Ha) 
t • P'Ro/(S*B + 0.4*P) • Corrosion · 

= 5.72~*7?/(16620*0.85 • 0,4*5.723) • 0.0625 
= 0.0917 1D 

NAP; lie¥ i at 75 deg Pl ARmJ 1-lla) 
P = S*Ett/(Ro - 0,4tt\ - Ps 

..... -:-.. • 16700~0.85.*Q.25/(?2 - 0.4*0.25) - 5.723 
f;· · .. =43.63375psl 
\\ . . MAWP; (Corroded , at uo deg F) APl@di1 1-Ha) 

P • S*E*t/(Ro - 0,4*t) - Ps · 
= 16620*0.85*0.18757(72 - 0.4*0.1875) - 5.723 
= 31.10443 psi 

Erterna1 Pressure: <corroded , at 149 de9 u OG:21 
L/DO = 142,5986/144 =0.9903 Do/t = 144/0.09182 = 1568,286 
Fi"OI table G: l = 0.000042 
Fro1 ·table HA-3: B = 588.4 

Pa= 4*B/(3*Do/tl 
= 4*588.4/(3* 44/0.09182) 
= ,5002 psl , 

Design thickness tor external :eressure PJ = o.5002 :esi; 

= t + Corrosion 
= 0.09182 + 0.0625 
= 0.15432 in 

llillim lllQHble lrternal Pressure; <Corroded @ 140 deg P) 
L/DO = 142.5986/144 =0.9903 Do/t = 144/0,1875 = 768 
Fro1 table G: l = 0,000064 
Fro• table Rl-3: B = 901.6 

Pa• 4*B/(3*Do/t\ 
• 4*901.6/(~•144/0.1875) 
• 1,5653 psl 

.. 
'.-·: ·.·. _:: . Vacuu1 + erternal loading cbeck lBergaan, ASM1 Mt? 54-1-100 

Sept 22, 1994 
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.SBILL 

calculate the coapressive loading due to veigbt + bending: 

PY• i / (pi*DI) + 48 t M / (pi*Dl"2) 
• 45!>6.797 1~(pi*143.8W) + 48 t 115372.8 / (pi*143.8125A2) 
= 95.31761 lb/ln 

llpba • Pf / (Pe * Do) . 
= 95.31161 / (0.5 t 144) = 1.32386 

Fro• rig. 1 of tbe Bergaan paper# lobes@ collapse n • 6 

I: l:~ ~ t~4~.t1;
2
, 144)A2. 1.2543 

P'o= Pe•tnA2 - 1 + 1 + 1 • llpbal , tr2 - 1 + 1) 
= o.sl(6A2 7 1 + 1.2543 + 1.2543 i 1,32386) / (6A2 - 1 + 1.2543) 

= .522901 psl 
As P'o < Pa (1.5653) interaction stresses are ok. 

Sept 22, 1994 
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lPl'T,BJAP 
.•:·,· • 

.'·: · .. : : :: ASKI Section vru Di vision 1. 1n2 Edition. 193 Addenda 
Co1ponent: f'D bead 
Material specification: Sl 240 304L BIG! 

Ertemal design pressure: Pe= .5 psi@ 140 deg r 
static liquid bead: Ps= 6.892 psi (S.G.= 1.05, !s• 181.8378 in) 

Corrosion allowance: Inner C = 0,0625 outer= 0 in 

PWB'l is not perfoned 
Radiography: category 1 joints - Full OW-ll(a) type 1 

Bead to shell seu - Spot OW-ll(a)(5)D 

Estiaated wei¢.t: 
capacity: 

new= 1563.2 corr= 1173 lb 
new= 1295.96 corr= 1301.35 us ga 

Operating liquid: 1302.08 OS ga, weight: 11402.8 ll> 

OD = 144 crown L = 116 knuckle r = 8.64 t = .25 in (no1) 

straight flange = 1.5 foning allowance = .0625 in 

Design thickness; CAt; uo deg F) Appendi1 1-Hd) Bq 4 

K = .25*13 + (L/r)A,5) 
= .25* 3 +.(ll6.062S/8.702S)A,5) 
= 1.66 

t = P*Lo*M{{2*S*E+P*!K-0.2l! + Corrosion+fa (\\}l : ~:f:~~ i!.2s•1.6 3/(2• 620•1+6.892•c1.663-o.21l + o.0625+o.0625 

· '··· JllP: lBew i at 75 deg F) ApJ,endi1 l-4ld) Eg 4 

.· :--. 

P = 2*S*E*t/(K*Lo - tt(M-0.2ll - Ps . · 
= 2*16700*1*0:1875/(1.666* 6.25 - 0.1875*(1.666-0.2)) - 6,892 
= 25.48947 psl · 

MAWP; (corroded ' at UP des f) A1?pepdir 1-4'd) Eq 4 
P = 2*S*E*t/(H*Lo - tt(M-0.2)) - Ps 

= 2*16620•1*0:125/(1.663*116.25 - 0.125*(1.663-0.2)) - 6.892 
= 14,62079 psl . 

External Pressure: ,corroded , at uo deg rl JJG:33(e) 

1 = .125~Ro /t l 
= .125 ll&.25/0.06192) 
• o. 7 

Fro• table Bl-3: B = 944.4 

Pa: ,,1~i~f{16.25/0.06192) 
= .503 psl 

Check the external pressure per OG-33(a)(l) 

t = l.67*Pa*Lo*M{(2*S*E • l.67*Pa•(M-0.2)) 
= l.67*0.503*1 6.25•1.663/(2*16620•1 + 1.67*0.503*(1,663-0.2)) 
• 0.004886 in 

Design thickness for erteml wessre Pa= o.so3 
= t +Corrosion+ fa 
= Q.06192 + 0.0625 • 0.0625 

psi; 

sept 22, 1994 
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lffll. WP 

r.· .·.·· . • 0,18692 in 

· · Kulm Ulonble Brternal Pressrei (Corroded e uo de9 r> 

(/.{) 
·-: - · . · ··.• 

l : :~~f H'~~/0.125) 
• 0.000 34 

Fro• table Jll-3: B • 1905,8 

Pa: r~,}hi6.2S/o.12S> 
• 2,0492 psl 

Qleck tbe Hull\11 External Pressure: OG-33(a)(l) 5 App. 1-C(d) 
Pe= 2*S*Ett/(lK*Lo - t•(K-0,2))*1,67) 

= 2*16620l1*0,125/((1.663*11&.25 - 0.125*(1,663-0,2))*1,67) 
=- 12,88191 psi 

The 1ui1U1 allowable external pressure is 2.0492 psi. 

Sept 22, 1994 
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/:""--:::>1 Material: 
: · :- : . .1 Left end outer diaaeter: 

SUlfflsmT 
SA 240 304L HIGll 
144 in 

Right end outer diaaeter: 
overall le~gtl): 
Corrosion inside: 
Corrosion outside: 
Weld joint efficiency top: 
Weld Joint efficiency botto1: 
Rolinal thickness: 

Estjuted skirt weig!lt, new: 
Esti1ated skirt weight, corroded: 

Skirt lllovable stresses. Corroded 

144 in 
48 in 
0 in 
o in 

I= 0.55 
Eb= 0.55, 

0.25 in 

1571.6 lb 
1571.6 lb 

Allowable tensile stress St= 16620*1,2 = 19944 psi 
Factor 1 = 0.125/(72/0.25l = 4.340278£-04 
Fro1 table RA-3: B = 6146.2 
Allowable buckling stress Sb= 6146.2*1.2 = 7375.44 psi 
Allowable co1pression SC =lesser of st, Sb= 7375,44 psi 

Skirt required thickness. tensile stress at base 
Governing loading is seisaic in the. eapty condition 

t = -W/(pi•D•si•E1 + 48*K/(pi*IY'2*St•El . 
= -7a4s.S/(pl*l 3.75*1?941*0.55) + 48*14441.86/(pi*143.75"2*19944*0,55) 
= 0,0006 1n [co1press1ve stress] 

Skirt required thickness. tensile stress at top 

. .,:-}::::_:•. t = -Wf(pi*D*St*E) + 48*K/(pi*IY'2*St*E) 
(~_'/·/-;':-, = -6~13. 9/(pi*l43. 1s•1?9n•o.ss) + 48*7747.144/(pi*143. 75"2*19944•0.ss) 
'·.::.::-- = 0.0007 1n [co1press1ve stress] 

. . '· 

' . 
-~·· -~ --.•· 

Skirt rm,ired thictnes.,. aressive stress at bast 
Governing loading is seisaic in the operating condition 
t = W/(pi*D*SC) + 48*M/(pi*I>"2*SC) .: 

= lb4355.~/(pi*l43.75*7375.44) + 48*209351.4/(pi*l43.75"2*7375.44) 
= 0,0523 ln 

Skirt required thickness. co,wssive stress at top · 
t = W/(pi*D*SC) + 48*M/lpi*I>"2*SC) 

= lb2783.~/(pi*143.75,7375.44) + 48*115372.8/(pi*l43.75"2*7375.44) 
= 0,0424 1n 

Skirt rewired thickness. largest of the above+ corrosion 
= 0.0523 in 

The skirt thickness is adequate • 

Sept 22, 1994 
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:·/~ Base configuration: 

BAS1 RIIG 
Single Base Plate 

. · . 1 

Foundation allowable stress: 
Concrete ult. 28 4ay strength: 
Anchor bolt aatenaJ.: 
Anchor bolt allowable stress: 
Bolt circle: 
Anchor bolt corrosion allowance: 
Anchor bolt clearance: 

Base plate 1aterial: 
Base plate 4llowable stress: 
Base plate inner d1ueter: 
Base plate outer diaieter: 
Base plate thickness: 

Gusset separation: 
Gusset he1gbt: 
Gusset thickness: 
Esti1ated base ring weight: 

Initial bolt preload: 
JUlber of bolts: 
~lt size & t~: 
D1ueter of anchor bolt holes: 

calculate the load per anchor bolt 

Sc= 1350 psi 
fc'= 3000 ps1 

ll93 B8 
Sb= 18800 psi 
BC= 148 in 

0 in . 
0.0625 ll1 

1 240 304L 
~ 1999? psi 
D1= 141 lll 
Do:: 151 pl 
tb= 0.5 lll 

V = 3,5 pl 
b = 3.5 lll 
~ 0.5 in 
Wr= 332.5 lb 

0 I (O psi) 
I= 8 

1 inch eoarse threads 
!D>= 1.0625 ll1 

Governing vessel weight: W = 7845.5 lb 
Governing ov~rturning 101ent: H = 14441.86 lb-ft 
Bolt root area (corroded): Alr 0.5509999 in"2 

--- .. P = -W / H + 48 * M / (H*BCl 
(:'<··.:,·\ = -7845.5 / 8 + 48 * 1444 .86 / (8*148) 
:-::·:-/.) =-395.2069 lb 
' ... : .•. ·. -_.- :·· 

Tbe anchor bolts are satisfactory (no overturnin9_101ent) 

Foundation bearing stress l<w4ting) 
Ac= pi*1Do"2 - Di"2l/4 - H*Pi*db-'2/4 

= pit 151"? - 141 ~)/4 - B•pi•l.b625"2/4 
= 228 .27 1n"2 

Ic= pi•iDo"4 - Di"4)/64 
= pit 151"4 - 141"4)/64 
= fill 832 in"4 

fc= H*Ab*PreLoad/Ac + W/Ac + 6*H*Do/Ic 
= 8*0.5509999*b/2286.~7 + 104355.~/2286,27 + 6*209351.4*151/6117832 
= 76.6475 psi • 

As fc <= Sc the base plate width is satisfactory. 

Foundation bearing stress r bydro test condition . 
fc= H*Ab*PreLoad/Ac + W/Ac + 6*K*Do/Ic 

= 8*0.5509999*0/2286.~7 + 101310.3/2286.27 +· 6*3136.436*151/6117832 
= 44.77698 psi · 

As fc <= Sc the base plate width is satisfactory. 

QMd the base plate for foundation bejling load 
tr= ~13•fc*L"2 / Spl 

= Sor 3*76.~475*3,5 2 / 19992) 
= .17 3614 1n 

The base plate thickness is satisfactory. 

Sept 22, 1994 
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( f~ . 
·.:. · : ; -'Qleck base p1ata for bolt load {Jam i rarr eg, 12,13) 

Bolt load l • lb*fs • .5509999*0= O lb 
tr= ~(3.9l*F/(SV*(2*b/v+v/(2*l) - db*12/v+l/(2*llllll 

• SGr(3,91*0/(3&000*(~•3.S/3.5+3.S/(2 2) - l.062S {2/3.S+l/(2*2))))) 
• o·iil 

!be base plate thickness is satisfactory. 

am skirt tor gusset reaction (Jmd i 1arr eg, 12,10 
Sr• 1.S*F*b/(~i*tskA2*b) 

= 1,5*0*3.5/(pi•0.25Alt3,5) 
• 0 psi 

Tbe skirt thickness is satisfactory. 

, .-. 

sept 22, 1994 
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COMPRESS 5.32 

Method of wind analysis: 
Elevation of~ al>ove ~ade: 
Increase effective outer diueter: 
Wind force coefficient Ca:. 
structl!fal dalp~ coefficient: 
Basic wind sr>eed: 
I1portance factor, I: . 
EipoSure category: 

C:\CPSl\18769-01.VSL 

UBC 91 
0 ft 
2 ft 
0.7 
0.01 
70 1ph 
1 
R 

wind calculations • 

Period of vibration c:a1cq1ation 
The ~tal ~iod of.vibfation is calculoted 1,1Sjng ~ 
Raylei(JI! 1etbod of approxiution by tbe nuerical integration 
of the following foriulae: 

T • 2tPi*Sqr[ SUI li*yA2 / g(SUI i*y) ] 

Tlo~ating) = .02 seconds 
T eipty) '"' .01 seconds 
T test) = .02 seconds 

Sept 22, 1994 
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COMPRESS 5.32 C:\CPSl\18769-01.VSL 

Jind calculations --~ . 
( . :.: . ' CQlbined stresses due to Wind + Ertemal pressure, Corroded 

--
48.00 3b 0.1875 0.85 0.0056 4556.7 52&3.6 
0,00 0.2500 0.55 0.0322 104355,2 9493.8 

ow e 
co:fiess1ve VaCUIII 

Tablb s .. (psi) 
cont ues (psl) ---- --151.3c 16620.0*l.2 170.2 4683.0tl.2 0.5 

-1626.Bc 16620.0tl.2 952,3 6146,2*1,2 

tfS\ 
\ ::·-. : :·.· . 

~--·· 

,, _,, . 

Sept 22, 1994 
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COMPRESS 5.32 C:\CPSl\18769-01.VSL Sept 22, 1994 

wind calculation., 
, · .-- c-,._ 

· 1 Colbined stresses due to lind + Interal mssm:e, (Brating i eo 
pg 

IOtent 
(lb-ft) 

- ---- --48.00 illrt 0.1875 0.85 0.0305 4556.7 5283.6 o.oo 0.2500 0.55 0.0322 104355.2 9493.8 
-

0V e 
co~ess1ve Pressure 

Tablt s .. (psi) 
continues (psl) 

3251.7 16620.0'1.2 74.6 4683.0*l.2 14.6 
·1626.Sc 16620.0'1.2 952.3 6146.2*1.2 

Page 16 of 37 
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COJIPRBSS 5.32 C:\CPSl\18769-01.VSL Sept 22, 1994 

lind r,alcglations 

. ~ ·. :~ '.-: lfnd deflection mort I QJeOtillg ' corroded ·. · . . 
·.·._:::•:·.•. 

~ ' :, .... . 

48.00 
o.oo 

27.9 10.561 
27.9 14.063 

o.o 899,4 
o.o 1205,6 

o.o 
o.o 

0.0001 
0.0000 

Page 17 of 37 
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1ind caicgJ.ations ,-- -:--..,_ 

: · · · Colbi,ned stresses doe to wind, COrrQded 11pty Condition 

. . · 
... . 

48.00 
0.00 

Tablt 
continues 

~ 

-38.7c 
-72.6c 

0.1875 0.85 
0.2500 0.55 

0 e 
tensile 
str .. 

(psl) 

16700.0tl.2 
16620.0tl.2 

0,0024 4556,8 5283.6 
0.0033 7845,5 9493.8 

e 
co:r;ive Pressure 

(psi) 
(psl 

74.6 4740.6*1,2 o.o 
97.5 6146.2*1.2 

. -.. . 

Sept 22, 1994 

I 
I I 

I 

I 

I 
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COMPRESS 5.32 C:\CPSl\18769-01.VSL 

lilld calauations 
( ?) 1illd deflection mod, wtY i corroded 
. . · · . . . 

• . . 

\.~::' 

48.00 
o.oo 

28.1 10.561 
28.1 14,063 

o.o 899.4 
o.o 1205,6 

o.o 
o.o 

0.0001 
0.0000 

Sept 22, 1994 
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COMPRESS 5.32 C:\CPSl\18769-01.VSL 

wind Ca,lcqlations 

( >·). Qabined messes dge to lind + Jl?drotest p;.me. Corroded 
' ... · ;··.•l ·. . 

I:.:•:_::~•\ ' 
t :: .:· ·:·-
\~~_:_>·; , 

48,00 
0.00 

'l'ablt 
continues 

3k 0.1875 0.85 
0.2500 0.55 

-----
-55.lc 16700.0tl,5 

-1568,2c 16620.0*l.2 

JOleJlt 
. (lb-ft) 

4556.7 1745.5 
0.0301 99535.2 3136.4 

y 
co~ress Pressure 
sti'eq (psi) 

E=l (psl) 

60.6 4740.6*1.5 0.0 
890.8 6146.2*1,2 

Sept 22, 1994 
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COMPRESS 5.32 C:\CP51\18769-01.VSL 

Jin4 ca1cu1atiom 
.:; <: ·-. COlbined stresses doe to Jipcl + IJldrotest pres,m. leY 

(in.) ---48.00 
0.00 

Tabl9 -
Continues 

0,2500 0.85 
0.2500 0.55 

5928.0 
0.0307 101310.3 

·55.6c 16700.0tl.5 57.6 6345.2*1.5 
-1596.Sc 16620.0tl,2 906,6 6146.2*1,2 

1745.5 
3136.4 

0.0 

Sept 22, 1994 
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COMPRESS 5.32 C:\CPSl\18769-01.VSL 

Seiaic calculations 

: Method of seis1ic analysis: UBC 91 
. ' Seis1ic zone: 2B 
· I1pprtance factor, I: 1.25 

~Jl profile; S3 
S1te coeff1c1ent~ S: 1,5 
Coefficient Rw: 3 

Period ot yibration cal,cglation 
The funduental ~iod of vibration is calculated usµig ~ 
Rayleigl) aetbod of approdution by the Jlllltiical integration 
of tbe following foriill.ae: 

! = 2*Pi*Sqr[ SUI ifty"2 / g(SUI ity) ) 

T(ope;-ating) = .Ol seconds 
T(elpty) • ,01 seconds 

Sept 22, 1994 
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COMPRESS 5.32 C:\CPSl\18769-01.VSL Sept 22, 1994 

Seiai,c Ca,lcglations 

<- >·:i Colbined stresses due to Bartbqgake + Erterna1 m,ssure, corroded 

48.00 ~ 0.1875 0.0201 4556.7 115372.8 
0.00 0.2500 0.0523 104355.2 209351.4 

-
ow e 

co~1ve Vacuua 
Tablt (psi) 
Continues (psl 

. ····--
358.9 16620.0tl,2 604.0 4683.0tl.2 0.5 

-554,7c 16620.0tl,2 1543.4 6146,2*1.2 

• -"-
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COMPRESS 5.32 C:\CP51\18769-0l.VSL 

SeJeis calcalations 
COlbilled F!:m5!iffi due to Jartake + Internal ms.we, Operating i co 

48.00 3k 0.1875 0.85 0.0353 4556.7 115372.8 
0.00 0.2500 0.55 0.0523 104355.2 209351.4 

-
ov e 

co1~ess1ve Pressure 
Tablhu s ps, (psi) 
Cont es --

3762.0 16620.0tl.2 -2288,St 4683.0tl.2 14.6 
-554.7c 16620.0•1.2 1543.4 6146.2*1,2 

Sept 22, 1994 
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COKPRESs ·s.32 C:\CPSl\18769-01.VSL 

48,00 
o.oo 

27.9 10,561 23074.5 
27.9 14.063 23914.7 

Seiaic ca1cg1ations 

o.o 
0.0 

Sept: 22, 1994 
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COMPRESS 5.32 C:\CP51\18769-01.VSL 

seiruc calculations 
:'~::?:·:· Colbiped stresses due to Earthquake, corroded BIPtY Condition 

--- ---
48.00 ~ 0.1875 0.0027 4556.8 7747.1 
0.00 0.2500 0.0038 7845.5 14441.8 

-
OW e 

co1fiessi ve Pressure 
Tab!' s «!ff (psi) 
eon urues (psl) ------- -- ---

-27.3c 16700.0'1.2 H,3 4740.6*1.2 o.o 
-48.6c 16620.0'1.2 112.2 6146.2*1.2 

:·-- ·~-.. ··_-'·. -~ :: .. 

- --.--.... -·----....,....,.,c-=---

Sept 22, 1994 
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.. 
COMPRESS 5.32 

(-:"'? .. ,_ se1aic §bear mort, gpty, corroded 

t,. ·: .. 
" :.·.·: . ; 

C:\CPSl\18769-01.VSL 

seio,ic ca1cp.1ations 

o.o 
0.0 

Sept 22, 1994 
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COMPRESS 5.32 C:\CPSl\18769-01.VSL 

4' LmL 

Located on: . TOf HEAD 
Fl~ description: 4 1ncb 150# WI ll82F304L 
AXSI B16.5 flange rating MAP: . 230 psi 
AJISI 816,5 flange rating HAliP: 216 psl 

Houle descrfption: . • 4 inch Sch 80 
Joule uter1ll spec1f icatioa: SA JU TP304L SMIS !IGII 

Pad 1aterial specification: SA 240 304L HIGII 

Jronle orientation: 120 ~ees 
End of nozzle to datUI line: 157 in 
loz,1e calculated as hillside: ves_

479 
in· 

ProJection outside vessel Lpr: 8 

t
->I I<- corrosion allow= .0625 in 

dp-> ,<- noz thick nev tn= .337 in 
- <- d -> - tjl nozzle id. new d= 3.826 in 

-> I tw2 . > <- pad diueter dD = 12 in 
;._J ~ ~d thickness te= .25 µi 

te /I . . I\ fillet weld twl = .25 lD 
---- v -- fillet weld tv2 "' .25 in 

: :tw3 \___ groove weld tw3 = .25 in 
" I ~ fillet weld tw4 = .25 in 

< h 
__ v . projection new b= .25 in 

<-- R -=-> I To liead center R= 24 in 

- -- ~- · 

Sept 22, 1994 
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COMPRESS 5.32 C:\CPSl\18769-01.VSL 

31 QVERM 

Located on: • • ~ 
Pl~ descnptlon: 3 1ncb 150# ii 1182F304L 
AJISI 816,5 flange ratina MAP: 230 psi 
AJISI B16,5 flange rating MAWP: 216 psi 
lfonle descrf ption: 3 incb SCh 80 
Joule uter1il specification: S1 312 TP304L SNLS HIGH 

Pad uterial specification: S1 240 304L !IGB 

Joule orientation: 210 degrees 
End of nozzle to shell center: 80 in 
1oz,1e 9ffset f;o1 center Lo: o !.n 
Pr0Ject1on outside vessel Lpr: a in 

dp->r->I_I<- - ,<-
<- d -> tvl 

->, tw2 >. 1<-

:e ti-' ~ 
--r<--lw3 ~ 

tw4 -> I ' : -,. b __ v 
<---- L -=--> I 

corrosfon allows .06~ in 
noz thi~ new tn= .3 lD 
nozzle 1d. new d= 2.9 in 
pad diaaeter dD = 9 in • 
Md thickness te= .375 1D 
ftllet weld twl s .25 in 
fillet weld tw2 = .3125 in 
gfOOVe weld twl = .25 fn 
fillet weld tw4 = ,25 1n 

projection new b= .25 in 
To aatU1 L= 114 in 

. .. .. ·~~-

Sept 22, 1994 
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COMPRESS 5.32 C:\CPSl\18769-01.VSL 

3• m,rr 
....... .. . , ~ipg D s•w:a 

• •• • j 

• .· _. 

Located on: 'rof HEAD 
Flan~ description: 3 inch 150# WI Al82F304L 
AllSI B16.5 flange rat4ng HAP: 230 psi 
WI B16.5 flange rating HAWP: 216 psi 
lonle description: 3 inch Scb 80 
Joule uterial. specification: SA 312 TP304L SMlS HIGH 

Pad 1aterial specification: SA 240 304L HIGH 

Jozzle orientation: 120 c,egrees 
End of noule to dat11J line: 143 in 
Joz;le calculat,4 as hillside: yes • 
ProJection outside vessel Lpr: 8,655 1n 

dp->t ·>I_I<- - ,<-
<- d ·> tyl 

->, tv2 > 1<-
te Ji----1 ½ 
----- V -----
-.( - -tw3 

tw4 -> I ' ~ -,. rr
- I __ v 

<--- R ----> 

corrosion allow= .06is in 
DOZ thick nev tn= .3 lD 
nozzle id. new d= 2.9 in 
pad diueter dD = 12 in. 
Nd thickness te= .375 in 
fillet veld tvl • .25 in 
fillet weld tv2 = .375 in 
~oove weld tv3 = .25 in 
fillet weld tw4 = .25 in 

projection new b= .25,in 
To bead center R= 60 1D 

Sept 22, 1994 
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COMPRESS 5.32 

Located on: • 
Flange description: 
lfozzle aaterial specification: 
lozzle orientation: 
End of nonle to datul lint: 
Joule calculated as hillside: 
Projection outside vessel Lpr: 

tn->11<-
' - <· d ·> -

twl-> I < 
I V \ 

-i~~~ i-~-
< h 

I __ ! 
<--- R =--> 

C:\CPS1\18769-0l.VSL 

roi~~led 
SA 240 304L HIGH 

o ~ees 
158 1D 

!~347 in 

P 24' II 

corrosfop allow= .06~ in 
DOI thielt De¥ tn= .25 l{I 
nonle id. nev ds 23.5 in 
fill et veld tvl • • 25 in 
fillet veld tv2 • .25 in 
groove veld tv3 = .25 1n 

· projection nev h= .25 in 

To head center R= 48 in 

Sept 22, 1994 
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COMPRESS 5.32 

Located on: •. 
Flange descr1pt1on: 
Hozzle uterial specification: 
lozzle orientation: 
End of nozzle to sbell center: 
lozzle 9ffset fro• center Lo: 
Projection outside vessel Lpr: 

bl ->I I<-
- <- d -> -

twl->1 < 
/ V \ 

----~: _tw3 -1·--
---i'\ /\ /-;.-
tv2-> I" < b 

I __ I 
<-- L =--> 

. . --·- - ---------··- - ------.-_ -. . - -,--.. - .-. ----

C:\CPSl\18769-01.VSL 

~W!nsta1led 
SA 240 304L BIG! 

ilo~ees 
0 ill 
10 ill 

J 24' Ill 

corros!o11 allow= .062S in 
DOI thick new tn= .25 1D 
nonle id. new d= 23.5 in 
fillet veld twl = ,25 in 
fillet weld tw2 '" .25 tn 
groove wed tw3 = .25 in 
projection new b= • 25 in 

To datUI L= 16,5 in 

Sept 22, 1994 
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I 4' IIAII 

CG\ <v»Jw I SJIHtv 
~.. . . . :i 

·.- _ .. · 

' . 
··.•::~:·-~ 

Located on: . . !?'l"ft t .. !ffi>led Flange descr1pt1on: 11\1 ...... 

lfonle descriP!ion: 4 inch SCh 80 
lonle uteriil specification: S1 312 TP304L SMLS HIGH 

Pad uterial specification: S1 240 304L HIGH 

Joule orientation: . O ~ees 
End of nozzle to dat1DI l1J1e: -36 1n 
Joule calculated as hillside: no 
Projection outside vessel Lpr: 4.975 in 

t->I I<- corrosion allow• .0625 in 
· dp-> ,<- noz thick new tn= .337 in 

- <· d ·> - tvl nonlt id. nev d= 3.8~6 in 

re
-e>l,rtw2 > '½ 1<- pad di~ter dD • 12 ~ i>ad thickness te= .25 lD 

fJllet weld tvl = .25 in 
-- v fillet weld tv2 = .25 jn 
---'' : ~w3 _ \\-__ groove weld tv3 = .25 1n 
<--- R ---> I To bead center R= O in 

.. 

Sept 22, 1994 
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COMPRESS 5.32 C:\CPSl\18769-01.VSL 

24• Ii FI,G, 

/:< ·. ~)\ ASKS Section VIII Division 1. 1992 Edition, 193 1ddeDda 
'·. . . , Flange uterial: SA 240 304L HIGH 

. . 
.. ·.-·: ::.:. 

Bolt uterial: SA 193 B8 CLl 

Internal design pressure: P = o psi @ 140 
Flange HAWP: P = 235.413 . psl @ 140 

static liquid bead: · Ps= 5.098 psi (S.G.= 1.05, 11s= 134,5049 in) 

Corrosion allowance: Bore c = o Flange= 0.0625 in 

F.sti1ated weight: 

Flange diJeJJSions, pey 

1 ----------> I c------>1 
D ------->I . ____ , __ -

/_ I gl -> <-

v ~ B -> h- -
,...- <· R-> 

gO -> (• 

PWIIT is not perfoned 

new= 196.4 corr= 196,4 

flange OD, A = 31 in 
fl~ ID, B = 23.5 in 
gasket OD, D = 25 in 
ti~e~:Cie, C: ~::~~ f: 

" bub tbiclcness, gl= 0.625 in 
t bub thickness, QO= 0.25 in 

_v fillet weld, 5 = o.~75 in 
cl~arance, R = 1 1n • 

lb 

thickness, . t = 2.11 ln 
bolting, 24 - 0.875 in dia. 

gasket factor • = 3 
seating stress y = 10000 psi 

·:-:· <-:) Note: this flange is an optional type calculated as integral. 

Gasket details fIQI facing sketch Ha) or (b), coluln II 

Gasket width, H • 0.375 in 

bO = H/2 • 0.1875 in 

Effective gasket seating width, b = bO = 0.1875 in 
G = (OD of contact face+ Casket ID)/ 2 = 24.625 in 
bG = (C - G)/2 = (26.75 - 24,625)/2 = 1,0625 in 

bD = R + gl/2 = l + 0.625/2 = 1,3125 in 

bT = 1R + gl + bG){2 
= 1 + 0.625 + .0625)/2 
= .34375 

Hp= 2*b*3.14*Gti*P 
= 2*0.1875*3.14*24,625*3*5.098 
= 443,4639 

B = .785*G"2*P 
= .785*24.625"2*5.098 
= 2426,733 

BD = 0,785*B"2*P 
= 0.785*23.5"2*5.098 
= 2210.066 

BT= B - BD = 2426,733 - 2210.066 = 216.667 

· . .... - ........ .. ,.--..... . . ---·· · 

Sept 22, 1994 
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COMPRESS 5.32 C:\CPSl\18769-01.VSL 

24' II FLG, 

:--,..) BG = BP = 443.4639 lb 

W11 = B + Bp = 2426.733 + 443.4639 = 2870.197 

W12 = 3.14*b*G*Y 
• 3.14*0.1875*24.625*10000 
• 144979.7 

R@mlired bolt area, Al = greater of 112,sa or 111/Sb so 
b = i12/Sa = 144979.7/18800 • 7.711686 lll"2 

Total bolt area Ab= 10,056 in"2 

W =lb+ Abl*Sa{2 • 7.711686 + 0.056)*18800/2 
= 67016.2 

KD = BI)thD = 2210.066*1.3125 = 2900.711 lb-in 
MT= BT*hT = 216 ,667*1 .34375 = 291.1463 lb-in 
MG = BG*hG = 443 .4639*1.0625 = 471.1804 lb-in 
Operatµig, Mo= MD+ MT+ MG= 2900.711 + 291,1463 + 471.1804 • 3663.038 

lb-ln 
Seating, Hg= W*hG = 167016.2*1,0625 = 177454.7 lb-in 

Hub and Flange Factors 
bO = Sqr(B*gO) = 2.42384 in 
FrOI YIG. 2-7.1, where I= A/B = 1.31915 

T = 1.78919 Z = 3.702141 Y = 7.160606 
b/bQ • 0.15471 gl/99_ = 2.5 

F = 0.8980244 V = 0,3715914 

e = F/bO = 0.3704966 

d = lU/Vl*bO*g0"2 = 7.868781J0.3715914)*2.42384t(),25"2 
= .207937 

stresses at OJ)Wtinq condi tiODS • ApJI I 2•8 

f"' 4.567136 

= 2.0475•0.3704966 + 1)/1.78919 + 2.0475"3/3.207937 L • 1t•e + ll/T + t"3/d 

• .658651 

SB = f*Ho/(L*Ql"2*Bl · . 
= 4.567136•36~3.038/(3.658651*0.625"2*23,5) 
= 498,1229 psl 

U = 7.868781 

= l.33*2.047~•0.370~966 + 1)*3663.038/(3.658651*2,0475"2*23,5) 
SI= u,33•t•e + ll*Mo/(L*t"2*B) . 

= ,41592 psl 

ST= Y*Mo/(t"2*B) - Z*Sl 
= 7.160606•36~3.038/(2.0475"2*23.5) - 3.702141*20.41592 
= 190,6588 psl 

Sfo = 16620 psi 

ST <= Sfo 
. _ . SB <• 1.S*Sfo = 24930 psi 

--- ··- ·----

Sept 22, 1994 
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COMPRESS 5.32 C:\CPSl\18769-01.VSL 

24• • FLG. 

:' ~-~ Sl <= Sf o 
·'. • .· ·:: :1 .5(SI + SR) = 259.27 <~ Sfo 
·. · . .- .. -·· .5(SI + ST) = 344.39 <• Sfo 

.. .,:,... 

st;res.w at gasket seating - APJ>, 2-1 

SB• ftNq/1L*olA2*Bl • 4.S67 36•1774S .7/(3.658651*0.625A2*23,5) 
• 24131. 41 psl 

SR= ll.33•t•e + l)•Nq/(L*tA2*B) 
• l.33*2.04IS*0.3704966 + l)*l77454.7/(3.658651*2.0475A2*23.5) 
= 89.043 ps 

ST• Y*M<l/(tA2*B) - :•SR 
= 7.160606*177454.7/(2.0475"2*23.5) • 3.702141*989.043 
• 9236.404 psl 

Sfa = 16700 psi 
ST<= Sfa 
SI <= l.S*Sfa = 25050 psi 
SR<= Sfa 
.S(SB +SR)= 12560.23 <= Sfa 
.S(SB +ST)= 16683.91 <= Sfa 

Sept 22, 1994 
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24' 111o,yn 

· '"'-, ASIII section VIII Division 1. 1922 Edition. 193 1ddenda 
:-. . ) Co1ponent: Bolted cover 

(/)?) 
.. .. . . _. 

. · . 

. : ·: . / 

Material specification: SA 240 304L HIGB 
static liquid bead: Ps= 5.098 psi (S,G.= 1.05, Hs= o in) 

Corrosion allowance: Inner C • 0.0625 Mer= o in 
PWBT is not perfoned 

Radiography: category A joints - sewess 10 I-Ray 

Estiiated weight: 

OD• 31 t = .968 

nev = 211.8721 corr= 198.2 

in (new) 

lb 

Design thickness; cu uo deg Fl JXi:34 eg m Larger of 
t = d*SQr(CtP/(S*E\ + 1.9•W*bQ/(S*E*dA3)\ + Corrosion 

• 24.62S•Sqr(0.3*5.098/(1662!>tl) + l.9*2870.197•1.0625/(16620*1*24.625A3)) 
+ o.0625 

= 0.327 in 

t = d*S<lr(l.9*W*bQ/(S*E*dA3ll + Corrosion 
= 24.62S!Sqr(l.9•167016,2 .0625/(16700*1*24.62SA3)) + 0.0625 
= 0.968 1n 

IJlPi llev i at 75 deg F) 
W = .785*GA2*P + 2*b*3.14*G*l*P 

= .785*24.62SA2t68.61119 + 2*0.1875•3.14*24.625*3*68.61119 
= 38628.41 

p: ir:~~l~}b~~1l(to:9is);~~~(~;E~dAJ)) - Ps 
, 1,9t~8628,4i•1,0625/(16700*lt24,625A3)) • 5,098 

c 63.5132 psl 

JO.WP; <corroded uo deg Fl 
W = .785*GA2*P + 2*b*3,14*G*l*P 

• ,785*24,625A2*59.7497 + 2*0.1875*3.H*24.625*3*59.7497 
= 33639.35 

p: ir:~~8lt~i:~1l,to:955§~~:~~i1:~·~AJ)) - Ps . 
. l.9•33639.35*1,0625/(16620*1*24.625AJ)) - 5.098 

• 54,6517 psl · . 
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NOZZLE LOAD SUMMARY 

JOB NO. \ f:, 7 ~~ 
\ 

VESSEL NO. :t:\L..-\o°) \ ::S:"- - \ \ 1 

CUSTOMER . '(__~\.SE:CZ.. C::N~ 11.J E:E..tt-S P.O.No.. 1~ O~<o 

: . .- ·.• lGN LOADS: F = P = ± -\-500 ~'os, M= 7~Q ~i- t'o~. 
' , ' 

ALLOWABLE LOADS 
(Ref. WAC Bulletin 107) 

I\ C. \I 

\4-7~ 
~ ~ \leru:t.ovJ \AA.o Al7 

\ P+1.~rs5 ,74- 0 
P- '2,_~\\a 7':,0 7~"2. 

\\&'4 
P+C:SOO 974- cn4-

I 
~- .:"." :·~·:. 

~ P+\\l.ofo 7 0 0 . ~ : :: ~: :·:: ·:_:. 
. • '. P- \ \SS 7~0 0 ....... . 

"' D .. 
P+ soa '1&\ ~E>\ 

"' \NU:...! OD '1 'c~ '1b~ 

i P+ \l\; \ ~o -r D 
P- \~\o 7~0 -, 0 

" (:, .. 
P+~oo ")f>I 9"81 
P- ~O 9b~ 9eo-; 

t P+ \4'o I .,50 7':>o 
P- \?:2::,~ 7SO "1'50 
P+ 

P-
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, NOZZLE LOAD SUMMARY 
r 

J~B N0 .. ___ \"'""'5=-7--'---"l,o;._'")..__ ______ VESSEL NO. ::t:\L.- LO~ ~ ::::C~- \ \J 

CUSTOMER . ~\SE.e. E.J.,JC:,\~~> P.O.NO. 7 (o O~t.o 

/ -~ ' IGN LOADS: F = P = ±_---1::t.....:':=:>-.~O~O_\:....a.'o:::..11$..:...• ____ M = -i~Q ~-l\'.)s 
. . . P-r 

ALLOWABLE LOADS 
(Ref. WAC Bulletin 107) 

~"' ~)l2.C:, 

\ P+ lA-b \ 7~0 7'::>'0 

P- \ b ,~o ,so 
"E.."' o,e, \075 

4-D~.J b(o 6(o 

.. \ . · -· 

. . P-: . :. _ .. _.- .-

P+ 

P-
P+ 

P-
P+ 
P-

P+ 

P-

P+ 

P-
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