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[ QS Inspection Services, Inc, Inspection & Expediting Services

117 Cotnerstone Ct. Richard Duke —Owner
Sapulpa, OK 74066 Office: 918-224-7472
Cell: 918-640-7911

Email: rmduke@cox.net

L.Q.S. Work Order 556
Inspection Shipping Release Notice 08-BB
Client: SOUTHERN CO. Purchase Order #:  MPC-17645; MPC17496 &
MPC- 17497
EWO: MPC9117.T61401 Supplier: ENERGY EXCHANGERS
Shop Order # SO #7930 A/B Location: TULSA, OK
Project: KEMPER COUNTY IGCC Supplier Ref. #:
UNIT
Item # Description Qty Ordered | Qty Released Balance
21-216-NEU exchangers 2 2 0
Tag # HX1027/HX2027--SO# 7930 A/B
THE UNITS & FINAL
DOCUMENTATION ARE
COMPLETE

This (is not) a complete shipping release.

This does not relieve the Vendor of any responsibility to ensure that the material or equipment meets all contractual requirements. This
notice is issued according to IQS’ best knowledge, experience, codes and specifications available to us during this inspection. Neither
QS nor any member of its inspection force is to be held liable for the acceptance of or payment for released items, or the default or
negligence on the part of the vendors' obligation to supply quality equipment and materials or breach the conditions of his contract with
the purchaser. Actual acceptance of equipment/material is predicated on the purchaser’s site inspection, operational integrity and the
fulfillment of all contractual warranties connected thereto,

Date: 6/29/12
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tTt|€nergy €xchanger C
5 N ne'gy xc Qngef Ompony HEAT EXCHANGER SPECIFICATION SHEET
# '
- Py
i Y
‘.e-
2] 1 E—— P.0. No.: 17496-0001
of 2 - REV. 0 AS PURCHASED
2| 3|Customer SCQUTHERN COMPANY SERVICES Job No.: X-7930 "AS BUILT"
2| 4[Address BIRMINGHAM, AL Rev.: 2 Date: 5/31/2012
5|Plant Location KEMPER COUNTY, MS File: 10-7309
6|Service of Unit PROCESS CONDENSATE TRIM HEATER Item: HX1027/2027
2} 7|Skze 20-218 Typs NEU Horizontal Connected In 1 Parallel 1 Series
8|Surf./Unit . Gross . Eff 959.77 f12; Shalls/Unit 1 Surf./Shell Gross || Eff. 959.77 2
9 PERFORMANCE OF ONE UNIT _
10|Fluid Allocation Shell Side Tube Side
11|Fluid Name LP STEAM CONDENSATE
12|Fluid Quantity, Total Ib/hr 5528 X 1.1 108315 X 1.1
1]13 Vapor {In/Out) 28 X 1.1 (2)
14 Liquid 108315 X 1.1 108286 X 1.1
15 Steam 5528 X 1.1
16 Water 5528 X 1.1
17 Noncondensable
18| Temperature (In/Out) °F 281. 266.9 2151 261,
19| Density (Vapor/Liquid) Lb/Ft8 60.44 2.6 57.90
20| Viscosity cP 0.29 0.0200 022
21|Molecular Weight
22|Molecular Welght, Noncondensable
23|Specific Heat Btu/lb-F 0.8510 0.2940 0.9740
24| Thermal Conductivity Btu/hr-ft-F 0.3050 0.0250 0.2590
25(Latent Heat Btu/lb
26|inlet Pressure psia 40, 628.5
27|Velocity ft/sec 21.13 4.72
28|Pressure Drop, Allow./Caic, psi 2.00 / 0.20 7.00 / 7.00
29| Fouling Reslstance (Min.) Hr-Fi-°F/Btu 0,0005 0,001
30|Heat Exchanged 5204000 X 1.1 Btu/hr; M.T.D. {Corrected) 20,12 °F
31| Transfer Rate, Service 296.43 Btu/hr-f2-F; Clean - 776.67 Btu/hr-ft2-F
32 CONSTRUGTION OF ONE SHELL _ Sketch (Bundle/Nozzle Orientation)
33 Shell Side Tube Side
1 34|Design/Test Pressure psig 85/F\V/280 790 /1030 (6)
35| Design Temperature (Max/Min) °F 350/10 285/10
36|No. P Per Shell 1 4
37|Corrosion Allowance inch 0,125 0.125
38 Connections In 1-6" 150RF 1-4" GO0RF
39 Size & Out 1-2" 150RF 1-4" 600RF
40 Rating Intermadiate _ -
41[Tube No, 133US 0D 075 in;Thk. {v| Min| | Avg 0.083 in;Length 18, ft; Pitch 1 In  30°
0 | 42{Tube Type BARE Materlal SA-179
1| 43{Shell SA-106B |« I0 1 OD 21,25 In ;Shell Cover SA-516-70 v Integ. Remov)
1| 44|Channel or Bonnet SA-516-70N (FWHT) Channel Cover  SA-266-2or4N Integ. (~v] Remov,
1| 45|Tubesheet-Stationary SA-266-20r4N Tubeshest - Floating
1 | 46|Floating Head Cover Impingement Protection DEFLECTOR BEYOND BENDS (SA-36)
1 | 47|Baffles-Cross 14 - SA-36 Type V D-SEG % Cut(({v] Dig | Area) 25 _Spacingcic 150 Inlet in
48|Baftles-Long Seal Type
49}Supports - Tube U-Bend Type
50|Bypass Seal Arrangement Tube-Tubesheet Joint FULL STRENGTH WELD PER UW-20 (5)
§1|Expansion Joint Type
52|pv? - Inlet Nozzle Bundie Entrance Bundle Exit
1 | 53|Gaskets - Shell Side Tube Side 321 SS GMGC
54 - Floating Head
1| 55|Code Requirements ASME SECTION VIil, DIV, 1 (STAMP: YES) TEMAClass R
1| 56|Weight/Shell 8250 Fllled With Water 11500 Bundle
57 — REMARKS
58|1) THERE ARE TWO TRAINS AND EACH TRAIN HAS ONE EXCHANGER (HX1027 & HX2027). FLOW RATE AND DUTY ARE FOR ONE TRAIN,
59|2) FLASHING IS DUE TO DISSOLVED GAS.
6013) BAFFLE AT U-BEND IS FULL CIRCLE BAFFLE WITH WINDOW CUT-QUT AT CENTER (WxH = 7.125" x 5.5%)
6174) APPLY NACE FOR WET H25 SERVICE ON TUBE SIDE.
62|5) PER FIG UW-20.1 () or (d).
63(6) TUBESIDE IS SUBJECT TO STEAM OUT OF 15 PSIG @ 250°F (BOTH BELOW THE DESIGN PRES./TEMP)
64
65

WEesbs01\d\data sheets's\X-7930
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PART ' MATERIAL {QTY [TOT |R nore] PR

Ng Twl REQ'D, DESCRIPTION OF [ONE SPEC, oNe |aTy [5 NG |PROMISED

2t | TUBES 3/4¢ DX 0083° THK (MIN) PER BEND SCHEDULE SA-179 133 | 2s6)| (1 P
FORGED RING MATERIAL

2 |FLG 27 7/8" ODX 20 1/2°  IDX 4 9/16°  THK sh-ces-2oraN | 1 1 2 | |1 P
TUBESHEETS & COVERS

4 |TupESHEET 22+ DODX 3* THIK sh~ge6-2ord | 1 | 2 1 11

1 {cover 27 7/8'  0DX 2 /4 THK sa-zeg-goraN | 1 | 2 | |1 "
BAFFLES

22 | BAFFLES 21 1/16° DD.X 1/4° THK SA=36 12 | 24 P

224 FIRST & LAST BAFFLES 21 1/16° [0IX 1/2° THK SA-36 2 | 4 o
HEADS

18 | ELLIP HD. 2* DX 5/16°  THKGmin) W/2* SF SA-516~70 1| 2 o
CYLINDERS

12 |RuW CYL 20 1/2° 1DX 3/4°  THK X 1=7 7/16* LG, SA-516~70N 1| 2] 1 "

67" WRAP) X 3/4"  THK X 19 1/16° LG,
15 | SMLSPIPE 22° ODX(03750° SchSTD Y% 19-9 1/16° LG. SA-106B 1] 2 "
MATERIAL MAY NOT CRIGINATE FROM CHINA OR NORTH KOREA ¥ DENOTES PRELIMINARY ORDER
1) BASE MATERIAL HARDNESS SHALL NOT EXCEED 22 HRC
2) SA-105N BASE HARDNESS SHALL NOT EXCEED 167 HB
CERTIFIED AS-BUILY REQ Nos  HC202
SERVICE:  PROCESS CONDENSATE TRIM HEATER

A €ner‘gy exchanger Co.

A 1844 No. Garnett Rd. - Tulso, Dklo.74116

Nl CUST: MISSISSIPPI POWER CO. c/c SOUTHERN COMPANY SERVICES

A P04 17496~0001 ITEM: HX1027/2027

i PB/M  |DRi DN |Cki MD |DATE: 118711 WG NO. REV

NO.| DATE DESCRIPTION FB/M DRt DM [CKeS77g |DATE: 3-t1-11 X~7930-~1BM 0

MM187157



[ ——

BILL OF MATERIAL

AR, ‘ MATERIAL [QTY {TOT |R PO
E [NGTE
NO Twh _REQ‘D, DESCRIPTION OF ONE SPEC. ONE [@TY |5 ND PROMISED
ASME FLANGES
71 | ASME & - 150 # RF WN W/ ¢ SchXH BORE) $A-105 1 2 »*
72 | ASME 2* - 150 # RF LWN X 10° LG¢ 2,000°BORE> SA-105 1 2 -
Bl | ASME 47 - 600 # RF LWN X 13" LG (MIN> ¢ 4,000°BORED SA~105N 1 4 e -
82 | ASME 4 - 600 # RF LWN X 13’ LG (MIN> ¢ 4.000°BORE> SA-105N 1 2 2 »
83 | ASME 2* - 600 # RF LWN X 12’ LG < 2.000°BORED $A-105N 1 2 |1je »
84 [ASME 2* - 600 # RF LWN X 12’ LG ¢ 2.000°BORE> SA-10SN 1 e iz »
71A| SMLSPIPE 6 S5/8° DODX(0.4320° SchXH >X 7° LG, SA-106B i 211 L
71B| WELD PAB 9 3/4* on X 38" THK SA-516-70 1 2 "
83D ASME 2* ~ 600 # RF BLIND SA-105N 1 4 e »
84D ASME 27 - 600 # RF BLIND SA-10SN 1 2 e E
SEE DWG X-7930-1BM FUR MATERIAL NUTES ¥ DENDTES PRELIMINARY DRDER
d Iy by T
CERTIFIED AS-BUIL
REQR No. MC202
SERVICE!  PROCESS CUNDENSATE TRIM HEATER

€ner*gy Exchanger‘ Co

1844 No, Gornett Ro.* Tulse, Okla.74116

CUST: MISSISSIPPI POWER CD. c/o SOUTHERN COMPANY SERVICES

P.0.+ 17496-0001

ITEM: HX1027 /2027

3-24-11

REV'D PER EEC DM/ 597 {PB/M

DR DN |cki MD |DATE: 11811 PWG. NQ

] e B e e e e

DATE

DESCRIPTION FB/M

DR DM |CKi <t | DATE: 3-n-y | X-7930-2EM

REV
1

MM187157



S

BILL OF MATERIAL
. . - =
FoE TWO REQ'D, DESCRIPTION OF ONE MR Lo o2y [Epeme| BB | proMIsED
BOLTING & GASKETS '
40 [LOT OF GASKETS PER DWG X-7930-0 2 | 4
41 |11/87  ROUND X_ 8-THREAD STUDS X 9 I/8° LG 182 $A-19387 24 | 48
42 [1 178 HEAVY HEX NUTS B-THREAD $A-194-2H 48 | 96
43 |5/8° ROUND X 1i-THREAD STUPS X 4 3/6° LG,  (2°-600# RF) SA-19387 6 | 3@
44 | 5/8° HEAVY HEX NUTS  1i-THREAD (21-G00# RF> SA-194-2H 3 | 64
45 | GASKET 075" THK 321 STN STL SP, WD FLEXIBLE GRAPHITE FILLED
W/ 1/8° THK C'ST DUTER COMPRESSIDN RING FOR1  (2'-800# RF> 2 | 4
MISC, MATERIAL
60 | STD. NAME PLATE STNSTL. 1| e
61 | STD, NAME PLATE BRK'T, SA-516-70 1| 2
82 | LIFTING LUGS 3 1/2° X /2 THK X 6 7/8° LG SA-516-70 1
23 IFT. 1/2° 0D, TIE RODS T'STL 107 | ei4
23AlFT. 3/4' 0.3 SPACER TUBING SA-214 107 | 214
23B{1/2° TIE ROD HEX NUTS 8T 12 | p4
63 | DEFLECTOR PLATE 7 1/8* X 3/8° THK X 19 3/4° LG SA-516-70 ECRE
50 | PASS PLATES 9 15/16" X 3/8° THK X 24° LG, SA=516-T0N 1| e
5t | PASS PLATES 20 3/8° X 3/8° THK X 24’ LG. SA-516-70N 1] e
NITROGEN PURGE MATERIAL
100 |1/4¢ PIPE NIPPLE X 2’ LG. (THRD. DUTSIDE EACH END) t. STL. 4« |8 |3
101 |174* STRAIGHT TEE CTHRD. INSIDE EACH END) €. STL. 2 a4 |3
102 [1/4* PIPE VALVE CINSIDE THRD) (HSX713) BRASS 2 14 |3
103 |174" PRESSURE GAUGE G5X939XPS70K-G0LMM0-60 PSIG 2 |4 |3
104 |1/4” PIPE PLUG C. STL. g |« 3
SUPPORT MATERIAL
120 | PLATE 10 X 3/8° THK X B6 1/8° LG, $A-516-70 2| 4
121 ] PLATE 197 X 1/2° THK X 13 LG SA-516-70 z | 4
122] PLATE 6 X 12 THK X 19 LG, $A-516-70 gl 4
193] PLATE 5 1727 X 1e* THK X 13° LG, SA-516-70 4! B
185[5/8" DIA X 11 THD HEX HD BOLT X 2° LG C'STL 1} 2
= DENOTES PRELIMINARY ORDER
CERTIFIED AS-BUILT
REQ Nos  MCROZ
SERVICE  PRUCESS CONBENSATE TRIM HEATER
ﬁ €ner‘gy Exchanger‘ Co.
A 1844 No, Gernett Rd, + Tulse, Tkia.74116
/| 6/85/12| ADP NITRDSEN PURGE PER CUST DM/ 'y | CUST: MISSISSIPPI POWER CD. c/o SOUTHERN COMPANY SERVICES
/2| 5/31/12 | CORRECT P/N 63 THK, / EEC  MB/SG P.0. 17456-0001 ITEM: HX1027/2027
/\[5/12/m | REV. PER CUSTOMER MD/SG PB/M  {DRy === |CKi === | DATEI === WG, ND. REV
no.| DaTE DESCRIPTION FB/M (DR DM |CKi SM |DATE: g-pon | X" 7930-3BM 3

MM187157



X-=7930 PACKING LIST

LINE]
NG

SPARE PARTS LIST

MATERIAL |QTY {TOT

< M

PO
SPEC,  |ONE |ty (™ | NO [PROMISED

SPL

SPARE GASKETS PER Dwg, X-7930-D

lseTeslsefes

ISF2

SP10

SPARE PARTS TO BE BOXED & TAGGED WITH P, NO, ITEM NO, SHIPPING WT. & "SPARE GASKETS AND PARTS'

LINE]
NO

STACKING MATERIAL

" MATERIAL |QTY|TOT

<Mmx

PO
SPEC,  |ONE [@TY {5 No |PROMISED

51

Ise

S3

S4

ST

S6

S7

S8

$2

$L0

SL1

Si2

S13

S14

S15

Si6

S17

S8

519

S20

$21

S22

S23

S24

525

DO NOT ORDER

FROM PACKING LIST

CERTIFIED AS-BUILT

% DENOTES PRELIMINARY DRDER

REQ Nos mc202
SERVICEr  PROCESS CONDENSATE TRIM HEATER

ener‘gy exchanger‘ Co.

1844 No. Garnett Rd. « Tulsa, Oklo,74116

CUST: MISSISSIPPI POWER / SOUTHERN COMPANY SERVICES

P.01 174960001

ITEM: HX1027 /2027

PB/M

DR ====

CKs o [DATE: e [PWGs NO. REV

s DPPPDD

DATE

DESCRIPTION

FB/M

DR DM

i Syn DATE 37141 | XTI0PL 0
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€nergy €xchanger Company

DATE: _ 1/18/2011
PAGE: 10F25 /N

MECHANICAL CALCULATIONS
CUSTOMER: MISSISSIPP] POWER c/o SOUTHERN COMPANY SERVICES
DESTINATION: KEMPER COUNTY, MISSISSIPP!
P.O. No.: ' 17496-0001 N
ITEM No.: AX1027/2027
E.E.C. SERIAL No.: X-7930 A/B
SERVICE: PROCESS CONDENSATE TRIM HEATER
REQ No.: MC202 s

DESIGN DATA
SHELL SIDE TUBE SIDE

DESIGN PRESSURE 85 PSIG / FV 790 PSIG
DESIGN TEMP. 350°F 285°F
M.D.M.T. 10 °F 10 °F
CORR. ALLOW. 1/8" 1/8"
NO. PASSES ONE FOUR
MAW.P. (H&C) 215 PSIG 792 PSIG
LIMITED BY 150# FLANGE RATING CHANNEL COVER

NOTE: ALL LOADING CONDITIONS REFERENCED IN
PARA. UG-22 HAVE BEEN ADDRESSED

* DESIGNED TO ASME SEC VI, DIV 1, 2007 ED, '08 AD.
» MATERIAL ARE IMPACT TEST EXEMPT PER UG-20(f)

REVISION LOG
DATE PAGE REV. DESCRIPTION
2/18/2011 [asNOTED] 1 PER CUSTOMER COMMENTS
41772011 25 2 REV'D ANCHOR BOLT DIAM PER CUSTOMER
6/23/2011 [AS NOTED 3 ADDED FV FOR STEAM OUT TUBE SIDE PER CUST.

W.0O. No.: X-7930

MM187157



Energy Exchanger Co. Mechanical Calculations X-7930
SHELL SIDE
SIZE PRESS. TEMP. C.A. RT H.T. TEMA
22.000™ 85.0psig 350deg.F 0.1250™" SPOT odeg.F R
ASME CODE SEC.VIIT DIV.I UG-27 [ CYLINDER 1}
====DESICN CONDITIONSs=ssm=========CYLINDER CALCULATIONS ON O.D. FORMULA====
SHELL YL
MATERIAL: SA-106B PRESS = 85.0psig TEMP = 350deg.F
G.D. NOM. THK. RW=0/PIPE=1 CORR.ALLOW EFFICIENCY
22.0000" 0.3750% i3 0.1250" ¢ .85
ATM. STRS DES.STRS STRE/STRS MAWP N-C MAWP CORR.
17100.0psi 17100.0psi  1.000 438.808psig 270.399psig
P* (RO}
—————————— = 0.06418" + CORR. ALLOW. = 0.18918" + MIOL. = 0.21620"
S¥E+ (.4%P)
Rk kR kR AR A AR A A AR A AR AR A AT A I IA AT AR AL AR AARFR ARSI RA R R AR TR AR I AR A AR Ik dh ke ddx
ASME CODE SEC.VIII DIV.I UG-32 [ ELLIPTICAL HEAD 1}
====DESIGN CONDITIONS=======ELLIPTICAL HEAD CALCULATIONS ON O.D. FORMULA====
SHELL HEAD
MATERIAL: SA-516-70 PRESS =  85.0psig TEMP = 350deg.F
0.D. (min) THK. CORR.ALLOW EFFICIENCY
22.0000" 0.3125" §.1280" ¢.85
ATM.STRS DES.STRS STRS/STRS MAWP N-C MAWP CORR.
200060.0psi 20000.0psl  1.000 495.627psly 294.287psig
P* (RO) ¢.0000
————————— = 0.05475" + CORR. ALLOW. = 0.17975" + MTOL. = 0.17975"
S*E+ {.9*P)
****'k***-kk****i:**********‘k***‘k**********ki—**‘k***-k-k******k*******************
————— External Pressure Calculations ----- Eilip. Head External pressure calculations:
Ext Press Chart No.= 1
° Ext Press Chart....= cs-2 Ext Press Chart No.= 1
OD. . i e i = 22.00000 Ext{ Press Chart....= C5-2
o e it e = G.206313 OD. ... = 22.0060600
L e = 240.00000 RO, .. = 19.80000
TEMR . oo v i e e = 350.00000 T e e s = 0.18750
Stress from MT..... = 20000.060000 Temp. . ..o = 350.00000
Yield from MT..... = 33050.00000 Stress from MT..... = 20000.00000
2 x Stress......... = 4G600.00000 Yield from MT..... = 33050.00000
Bl from Chart@Right= 0.00000 Bt e = 0.00118
vield= 2 x Bl x 0.9= 0.00000 B, = 12212.38477
- = 0.00000 PAL.. ... = 115.64759
DO/T. i = 108.20502 PAZ. ... . e = 207.31763
L/DG. ..o = 10.20909 PA. ..ot = 115.64759
B e e e = 0.00011
B e = 1481 .60242
N = 0.000G0
PR2 ..o = 0.00000
PR . e = 18.23987
Item No.: HX1027/2027 REV.1 P.0. No.: 17496-0001
Job No.: X-7930 By: DN/MD 2/16/2011 Page: 2

MM187157




Energy Exchanger Co. Mechanical Calculations
FRONT CHAN.

SIZE PRESS . TEMP . C.A. RT H.T. TEMA
28.000% 790.0psig 285deg.F 0.1250" SPOT 1150deg.F R
ASBME CODE SEC.VIII DIV.I UG-27 [ CYLINDER ]
====DESIGN CONDITIONSs=s==sr===r==rCYLINDER CALCULATIONS ON I.D. FORMULAs===

CHAN. CYL
MATERIAL: SA-316-70N PRESS = 79%0.0psig TEMP = 285deg . F

I.D. NOM., THK. RW=0/PIPE=1 CORR . ALLOW BEFFICIENCY

20.5000" 0.7500% 0 0.1250" 0.85

ATM.STRS DES .STRS STRE/STRS MAWP N-C MAWP CORR.
20000.0psi 20000, 0psi 1.000 1191.589%9psig 988 .372psig

P* {R+CA)

---------- = 0.4%5%6" + CORR. ALLOW. = 0.620%6" + MTOL. = 0.6209%6"
S*E-(.6%P)

K EAFF AR KA T A AFIFFARAAERRFRATARRF AR AR AR A A AR R Ak ATk khhkhdhhhbrhhhhhhkhkhdhkddhixd

~~~~~ External Pressure Calculations -----

X-7930

Ext Press Chart....= 1 C8-2

Actual Chart Used..= 1 ¢s-2
Material........... = SA-516-70

O, v e 22.00000

L = 0.62500
Lo e = 25.00000

B 11 = 250.00000

Stress from MT... ..= 20000.00000

vield from MT..... = 34200.00000 AN
2 X Stress......... = 40000.00000

Bl from Chart@Right= 0.00000

Yield= 2 x Bl x 0.9%9= 0.00000

- = 0.00000

DO/T. oo = 35.20000

L/DO. .. = 1.13636

A e = 0.00578
Bt E 17235.64648

PAL ... ... . = 0.00000

PAZ .. = 0.000060

PRttt e = 652 .86536

Item No.: HX1027/2027 REV.3 P.0O. No.: 17496-0001
Job No.: X-7930 By: DN/MD 6/23/2011 Page: 3

MM187157



Energy Exchanger Co. Mechanical Calculations X-7930
NOZZLE REINFORCEMENT CALCULATIONS/ ASME SEC.VIII DIV.I UG-37 & UG-16

NOZ NO= 81 6.00" 150 LB RF WHN

[INLET } SHELL SIDE

PRESSURE = 85.0psig TEMP = 350.0deg.F

------- CYLINDER » v« = == w === ==t e = = NOZZLE - - = = = =

SA-106B SA-106B

OPER STRS=  17100.0 psi OPER STRS=  17100.0 psi

ATM STRS =  17100.0 psi ATM STRS =  17100.0 psi

C.A. = 0.12500" C.A. = 0.12500"

I.D. = 21.34375" I.D. = 5.76100"

0.D. = 22.00000" 0.D. =  6.62500"

THK. = 0.32812" THK . XH=  0.43200"

T = 0.20312" TN = 0.30700%

TR = 0.05457" TRN = 0.01643"

BT 0.14856" ETN = 0.29057"

MIN STD. WT. PIPE+C.A.= 0.37000% TR+C.A. 0.17957"

LIMITS= 12.02200%

fri= 1.0000 fr2= 1.0000 fri= 1.0000 fr4= 1.0000 F=  1.00000

Min weld sizeg:NS= 0.0000" NP= 0.3039" PS= 0.1436" IF= 0.0000"

AREA REQD. A = 0.32802in"2

EXCESS IN CYL. Al=  0.89296in"2

EXCESS IN NOZ.(OUTSIDE) A2=  0.2951lin"2 = 0.50781"

AREA OF FILLETS = 0.28125in"2

AREA AVAILABLE 1.46932in"2

NOZ. NECK WELD= 0.37500" AREA= 0.14062in"2

PAD MATL.= SA-516-70 S= 20000.psi

PAD O.D.= 9.62500" THK.=  0.37500" AREA=  1.12500in"2

PAD TO CYL. WELD=  0.37500" AREA= 0.14062in"2

ARC=  §.729"

PAD RET. DIM.= 9.625" X 9.750"

« AREA REQD-AREA AVAILABLE > = -2.26630in"2

MAWP COR=  411.0psig LIMITED BY AR

211 Weld Paths are stronger than the required strength /[UG-41 UG-45 UW-15]
EXTERNAL PRESSURE:

NOZTYP[ ©.0] X-7930 6.00"- 150# RF WN  PRESS= -15 TEMP= 350

ccccee CYLINDER »>55> <ccccc NOZZLE »2>2>>>

SA-106B SA-106B

OPER S§TRS=17100.0000 OPER STRS=17100.0000 Area regd. A= 0.5654

ATM STRS =17100.0000 ATM STRS =17100.0000 Bxcess in cyl Al= 0.0902

C.A. =  0.12500 C.A. =  0.12500 Excess in noz A2= 0.2838 H= 0.5078
T.D. = 21.3243%5 T.D. = 5.76100 BExcess in noz A3= 0.0000 H= 0.0000
0.D. = 22.0000C CO©.D. = 6.62500 Area fillets = (0.2812

THK. = 0.32812 THK. Xi= 0.42200 Area avail. = 0.6552

T = 0.20312 TN = 0.30700 Noz neck weld = 0.3750 A= 0.1406
TR = 0.18813 TRN = 0.02760 Pad weld 0.3750 A= 0.1406
ET = 0.01500 ETN = 0,27940 Internal weld 0.0000 A= 0.0000

PIPE F=1.0000 E1=1.0000 SHELL TOL=0.8750 {(Min USED)
MIN STD. WT. PIPE+C.A.=0.37000

LIMITS= 12.02200

£ri= 1.0000 fr2= 1.0000 fr3=

Min weld sizes: NS= 0.0000 NP= 0_3039% P3= 0.1436 IF= 0.0000
0.37500 AREA= 1.12500 8= 20000,

PAD MATL.= SA-516-70

0.D.= 9.62500 THK.=

Area regd-Area availl =<< -1.21477>>

Item No.: HX1027/2027

JobNo.: X-7930

By: DN/MD

REV.1

2/16/2011

KGZ TOL=0.8750 (Nom USED}
TRI[using abs(P)]+C.A.=0.13465

CHORD= 0.0000

1.0000 £r4= 1.0000

P.0. No.: 17496-0001

Page: 4
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Energy Exchanger Co.

NOZ NO= T1 & T2

4.00"

Mechanical Calculations
NOZZLE REINFORCEMENT CALCULATIONS/ ASME SEC.VIII DIV.I UG-37 & UG-16

{INLET/QUTLET]) FRONT CHANNEL SIDE

PRESSURE = 790.0psig

TEMP = 28%.0deg.F

OQFFSET VERTICAL NOZZLE: OFFSET = 4.00000"
------- CYLINDER~ =« m~wmmwmm v = e = = NOQZZ L
S5A-516~70N SA-105N
GPER S5TRS= 20000.0 psi OPER S5TRS=
ATM BTRS = 20000.0 psi ATM STRS =
C.A. = 0.12500% C.A. =
I.D. = 20.50000" I.D. =
0.D. = 22.000007 0.D. =
THK . = 0.75000" THK. =

T = 0.62500" TN =
TR = 0.4187¢6* TRN =
ET = 0.20524" ETN

MIN STD. WT. PIPE+C.A.= 0.33237% TR+C. A, =

LIMITG= 8.50000"

fri= 1.0000 fr2= 1.0000 fri= 0.0000 fré= 0.0

Min weld sizes:NS= 0.

3536™ NP= 0.0000" PS=

600 LB RF LWN

20000.0 psi
20000.0 psi
0.12500"
.00000"
OG000T
.0cogoo"
.87500"
.08598%
.78902"

[T e B S I

0.54476%

Qoo F= 1.00000
0.0000% IF= 0.0000"

AREA REQD. A = 1.78398in"2
FXCESE IN CYL, Al= 0.87227in"2
EXCESS IN NOZ. {OUTSIDE) AZ= 2.46570in"2 H = 1.56250"
AREA OF FILLETS = 0.14062in"2
AREA AVAILABLE 3.47859in"2

NOZ. NECK WELD= 0.37500" AREA= 0.14062in"

2

< AREA REQD-AREA AVAILABLE > = -1.69461in"2

MAWP COR= 1127.0psig

LIMITED BY AR

External pressure for steam out:

WOZTYP[ 9.0] X-793¢C
<<c<ccs CYLINDER »>>>>
SA-516-70N
OPER STRS=20000.0000
ATM 8TRS =20000.0000

C.A. = 0.12500
1.D. = 20.50000
0.D. = 22.00000
THK. = 0.75000
T = 0.62500
TR = 0.07480
BT = 0.55010

LWN  ¥F=1.0000 BEi=1.0000 SHELL TOL=0.8750 (Min USED)
=0.33237 TR {using abs(P)1+C.A.=0.13278
Erl= 1.0000 £r2= 1.0000

MIN STD. WF. PIPE+C.A.

LIMITS= 8.50000

Item No.: HX1027/2027

Job No.. X-7930

£.00"- 6004 RF
c<ccegs NOZZLE »>>5>>>
SA-108N
QPER STRS=20000.0000
ATM STRS =20000.0000

C.A. = 0.12500
I.D- = 4.00000
0.D, = 6.00000
THK. = i.c000¢
TH = 0.87500
TRN = 0.02580
ETN = 0.84920G

By: DN/MD

LWN PRESS= -15 TEMP= 250

Area regd. A=
Excess in ¢yl Al=
Excess in noz AZ=
Excess in noz A=
Area fillets =
Area avail. =
Noz neck weld =
Pad weld =
Internal weld =

REV.3

6/23/2011

coocowuooNS

L1592

3379

L6537
L0000
L1446
L1323
.3750
L0000
0000
NOZ FOL=0.8750

X-7930
INLET
H= 1.5625
H= 0.0000
A= 0.1406
A= 0.0000
A= 0.0000
(Nom USED)

CHORD= 4.6240
fr3= 0.0000 frd4= 0.0000
Min weld sizes: NS= 0.2536 NP= (.000C PS= 0.0000 IF= 0.0€00
Area regd-Area avall =<< ~4,97313>>

A

P.O. No.: 17496-0001

Page: 5
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Energy Exchanger Co.

+

Mechanical Calculations

X-7930

|ASME SEC.VIII DIV.1 APPENDIX 2

Front Channel to cover flange |

P.O. No.: 17496-0001

DESIGN CONDITIONS GASKET and BOLTING CALCULATIONS  TABLE
Design Pres= 790.0 psig Eff.Gsk OD= 21.6875" No.Passes= 4
Neg. Pres= None Eff.Gsk ID= 20.9375" N= 0.375"
Design Temp= 28% deg.F  THK= 0.1250" col.=1 b= 0.188
¥lg Mabl=SA-266-20r4lN Gsk Matl=8S5 GMGC y= 10100psi
Bolt Matl=SA-193B7 Gsk Face=FLAT FACE w= 0.0000% m= 4.250

-

Corr Allow= 0.1250" Wm2= 194201 # Am = 16.4378in"2

Flange Desn Sfo 20000.0 psi Hp = 129115 # Ab = 17.4720in"2
Atm. Sfa 20000.0 psi H = 281828 # W = 423872 #

Bolting Desn 8b  25000.0 psi Wmnl= 410944 # Wil= 410944 #
Atm. Sa 25000.0 psi Gagket Width Check Nmin = 0.3230"

+
| CONDITION LOAD X LEVER ARM = MOMENT
| HD = 267148 # hb= 1.96875" MD= 525948 in#
|Operating HG = 129115 # hG= 2.15625" MG= 278405 in#
| HT = 14680 # hT= 2.29688" MT= 33718 in#

} Mo= 838072 ind
Gasket
ISeating HG = 423872 # hG= 2.15625" mo= 913974 in#

¥
|nilow.Stress-STRESS CALCULATIONS-Operating | SHAPE CONSTANTS
|1.5 8fo Long Hub,SH 23080.3 psi K 1.3434 h/ho= 0.3471
| Sfo Radial ¥lg, SR 4103.6 psi T = 1.7788 F = 0.8718
| sfo Tang Flg,S8T 13546.1 psi |2 = 3.4855 V = 0.3537 |
| sfo .5{SH+SR)or.5{SH+3T) 18313.2 psi | = §.7336 £ = 1.0168
] J{APP.2-14)= 0.6421 ju = 7.3996 e = 0.2421in"-1 |

+
nllow.Stress-STRESS CALCULATIONS-Gsk.Seating|gl/gos 1.5000 d = 29.428In"3
1.5 Sfa Long Hub,SH 25170.6 psi |ho = 3.6012"

sfa Radial Flg,S5R 44775 .2 psi
¥
gfa Tang Flg,ST 14772.% psi | OTHER STRESS FORMULA FACTORS
sfa .5(SH+SR)or.5(SH+ST) 19971.7 psi | t 3.1250"
J(APP.2-14)= 0.6757 | Alpha 1.7565 |
+
} Beta 2.0087 !
] Gamma 0.9875
| Delta 1.0370
| Lambda 2.0245
| M 40389 #
| m 44046 #
[

+
0.D. 27.8750" THEK . = 3.3125"

I.D. = 20.5000" T-Adder = 0.0000"
co = 0.7500" G1 = 1.0625%
HUB O0.D. =  22.6250" HUB LEN = 1.2500"
HUB ANG =  14.0363deg RIB LENGTH = 35.5938"
| G (MEAN) = 21.3123%" G (CALC) = 21.3128"
|G{MIN.} = 21.1250" G(MAX.) =  23.5000"
B.C. =  25.6250" B.S.C.F. = 1.0000
No. BOLTS = 24 BOLT DIAMETER = 1.1250"
R = 1.5000% E = 1.1250"
BOLT SPAC = 3.3447" TORQUE = 462fCH
MIN. SPAC = 2.5000" TEMA MAX. SPAC= 6.1974"
FLG TURN = 0.1875" FACING = RECESS
BPRIME = 0.0co00" BE1 = 0.0c00"
FLG RWT = 362Lbs FLG FWT = 273Lbs

-

Ttem No.: HX1027/2027 REV. 1

JobNo.: X-7930 By: DN/MD 2/16/2011 Page: 6
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Energy Exchanger Co.

Mechanicat Calculations X-7930

///// FRONT COVER CALCULATIONS /////
| BEXCHANGER TYPE....= N E U MATERIAL. .. ........ = BA-266-20r4N
PRESSURE.......... = 790.0 psig CORROSION ALLOWANCE= 0.1250"
TURN LOW.......... = 0.1875" TURN HIGH. ......... = 0.2500"
S COVER STRESS...= 20000.0 PSE E.oiiiienii = 1.0
Sb STRESS BOLTS. .= 25000.0 P8l Ab.....i.aiienaa... = 17.4720 in”2
- S = 21.3125" o = 0.3000
L L= 423872 # 1% A = 410944 #
hG (ASME) ......... = 2.1562" hG (TEMA) .. ........ = 2.1562"
G (TEMA} . .........= 21.3125" E {(MOD.) x {10)-6..= 28.2 psi
COVER THK SET HOLD= [ NOj
[ PER ASME SECT.VIII UG-34 USING Wml (OPERATING) )
/ CcP 1.9 Wil hG
THK = d _ [/ =---- L = 3.0549%
1/ 5 E 53 E 473
[ PER ASME SECT.VIIT UG-34 USING W (GASKET SEATING) )
/ 1.9 W hG
THK = d [  —emereemeemeo = 2.0184"
|/ s E 43
[ PER TEMA RCB-9.2 FLAT CHANNEL COVER ]
MAXIMUM DEFLECTION = 0.0300"
DEFLECTION at 2.7262" THICK = 0.0300"
G I -
L e |0.0435 G*3 P + 0.5 Sb Ab hG | = 0.0212"
BE { 3.062 373 | _
{ COV THK Min ] TEMA Deflection = 2.7262" + 0.1875" = 2.9137%
{ COV THK Min } CODE Operating 3.0549" + 0.1875" = 3.2424"
{ cOV THK Min |} CODE Gasket Seating = 2.0184"% + 0.1875" = 2.2059"
ACTUAL COVER THICKNESS USED (SET HOLD[ NOJ)= 3.2500"

MAIN FLG IS FLANGE MARK # 2
COMP FLG IS FLANGE MARK # 0

/// INDIVIDUAL
MAWP CORR. MAIN FLG
MAWP CORR. COVER

Item No.: HX1027/2027
JobNo.: X-7930

COMPONENTS ///
792.0 Limited by: Flange stress.
792.0

REV. 1
2/16/2011

P.Q. No.: 17496-0001

By: DN/MD Page: 7
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Energy Exchanger Co. Mechanical Calculations X-7930
Input Echo, Tubesheet Number 1, Description: X-7930 TS

Shell Design Pressure Ps 85.00 psig
Shell Thickness ts 0.3750 in.
Shell Corrosion Allowance cas 0.1250 in.
Inside Diameter of Shell Ds 21.250 in.
ghell Temperature for Internal Pressure Ts 350.00 F
Shell Material SA-106 B

Note: Using 2 * Yield for Discontinuity Stress Aflowable (UG-23(e)), Sps.
Make sure that material propertiies at this temperature are not
time-dependent for Material: SA-106 B

Shell Material UNS Number K03006

Shell Allowable Stress at Temperature Ss 17100.00 psi
Shell Allowable Stress at Ambient 17100.00 psi
Channel Type: Cylinder
Channel Design Pressure Pt 790.00 psig
Channel Thickness tc 0.7500 din.
Channel Corrosion Allowance cac 0.1250 in.
Inzide Diameter of Channel Dc 20.500 im.
Channel Design Temperature TEMPC 285.00 F
Channel Material SA-516 70N 133

Note: Using 2 * Yield for Discontinuity Stress Allowable (UG-23{e)), Sps.
Make sure that material properties at this temperature are not
time-dependent for Material: SA-516 70

Chanpel Material UNS Number K02700
Channel Allowable Stress at Temperature sc 20000.00 psi
Channel Allowable Stress at Ambient 20000.00 psi
Number of Tubes Holes Nt 266

Tube Wall Thickness et 0.0830 in,
Tube Outside Diameter D 0.7500 in.
Total Straight Tube Length Lt 216.00 in.
Straight Tube Length (bet. imner tubsht faces) L 213.00 in.
Design Temperature of the Tubes 220.00 F
Tube Material SA-17%

Tube Material UNS Number K01200¢

Is this a Welded Tube No

Tube Material Specification used Smis. tube

Tube Allowable Stress at Temperature 13400.00 psi
Tube Allowable Stress At Ambient 13400.00 psi
Tube Yield Stress At Operating Temperature Syt 23640.00 psi
Tube Pitch (Center to Center Spacing) P 1.0000 in.
Tube Layout Pattern Triangular
Fillet Weld Leg af 0.1250  dm.
Groove Weld Leg ag 0.1250 dn.
Tube-Tubasheet Joint Weld Type Full Strength
Method for Tube-Tubesheet Jt. Allow. UW-20
Tube-Tubesheet Joint Classification d

Radius to Cutermost Tube Hole Center ro 9.525 in.
Largest Center-to-Center Tube Distance ul 1.5000 in.
Length of Expanded Portion of Tube ltx 2.5000 in.
Tube-side pass partition groove depth hg 0.0000 im.

Tubesheet TYPE: U-tube, Integral both sides, Conf. a

Tubesheet Design Metal Temperature T 350.00 F
Tubesheet Material Specification Sh~266 2014N

Note: Using 2 * Yield for Discontinuity Stress Affowable (UG-23(e)}, Sps.

Make sure that material properties at this femperature are not
time-dependent for Material: SA-266 20r4N

Ttem No.: HX1027/2027 REV.1 P.O. No.: 17496-0001
Job No.: X-7930 By: DN/MD 2/16/2011 Page: 8
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Energy Exchanger Co. Mechanical Calculations X-7930

Tubesheet Material UNS Number K03506
Tubesheet Allowable Stress at Temperature s 20000.00 psi
Tubesheet Allowable Stress at Ambient Tt 20000.00 psi
Thickness of Tubesheet h 3.0000 in.
Tubesheet Corr. Allowange (Shell side) Cats 0.1250 in.
Tubesheet Corr. Allcowance (Channel side} Catc 0.1250 in.
Tubesheet Cutside Diameter A 22.000 in,
Area of the Untubed Lanes AL 74.250 in?
Is Exchanger in Creep range (skip EP, Use 35 for Sps) NO
Stress Reduction Option Perform Elastic-Plastic Calculation
Perform Differential Pressure Design NO

Run Multiple Load Cases YES

Shell Side Vacuum Pregsure Pexts 15.0000 psig
Tubesheet Integral with Both
Tubesheet Extended as Flange No

ASME TubeSheet Results per Part UHX, 2007 A-09
Elasticity/Expansion Material Properties ;

Shell  -TM-1  Carbon Steels with C<= 0.3%

Elastic Mod. at Design Temperature 350.0 F 0.28100E+08 psi
Elastic Mod. at Amblent Temperature 70.0 F 0.29400E+08 psi

Channel -TM-1 Carbon Steels with C<=0.3%
Elastic Mod. at Design Temperature 285.0 F 0.28375E+08 psi
Elastic Mod. at Ambient Temperature 70.0 F 0.29400E+08 psi

Tubes -TM-1  Carbon Steels with C<= 0.3%
Elastic Mod. at Tubsht. Design Temp. 350.0 F 0.28100E+08 psi
Elastic Mod. at Amblent Temperature 70.0 ¥ 0.29400E+08 psi

TubeSheet - TM-1  Carbon Steels with C<= 0.3%
Elastic Mod. at Design Temperature 350.0 F 0.28100E+08 psi
Elastic Mod. at Amblent Temperature 70.0 F 0.29400E+08 psi

Tube Required Thickness under Internal Pressure (Tubeside pressure) :
Thickness Due to Internal Pressure:

= {P*(D/2-CAE)) / (S*¥E+(.4*P) per Appendix 1-1 {(a) (1)

= {805.00%{0.7500/2-0.000}/(13400.00%1.00+0.4*%805.00)

= 0.0220 + 0.0000 = 0.0220 in.

Tube Required Thickness under External Pressure {Shellside pressure) :

External Pressure Chart cs-1 at 220.00 F
Elastic Modulus for Material 29000000.00 psi

Results for Max. Allowable External Pressure (Emawp):
TCA ODCA SLEN D/T L/D Factor A B
0.0830 0.75 222.52 9.04 50.0000 0.0124718 13500.00
EMAWP = {2.167/(D/T)-0.0833)*B = 217%.5540 psig

Results for Reqd Thickness for Ext. Pressure (Tea):

TCA ODCA SLEN n/T L/D  Factor A 8
0.0128 0.75 222.82 59.69 50.0000 0.0003087 4476.86
EMAWP = (4*B)/(3*(D/T)}) = ( 4 ¥4476.8633 }/{ 3 *59.6889 ) = 100.0044 psig

Summary of Tube Required Thickness Results:

Total Required Thickness including Corrosion all. 0.0220 in.

Allowable Internal Pressure at Corroded thickness 3253.95 psig

Required Internal Design Presgure 805.00 psig

Allowable External Pressure at Corroded thickness 2175.55 vpsig [CL

Regquired External Design Pressure 100.00 £
Item No.: HX1027/2027 REV.3 P.O. No.: 17496-0001
Job No.: X-7930 By: DN/MD 6/23/2011 Page: 9
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Energy Exchanger Co.

Mechanical Calculations

Results for ASME U-tube Tubesheet Calculations for Configuration a,

Per Edition 2007 A-09, Original Thickness :

Minimum Required Thickness for Shear [HregS]:

on o

1.2461 in.
UHX-12.5.1 Step 1:

Compute the Equivalent Outer Tube Limit Circte Diameter [Do]:
= 2 % ro + dt
= 2 * 9.8246 + 0.7500 = 19.799 in.

Determine the Basic Ligament Efficiency for Shear [mu]:
= (p -dt) / p
= (1.000 - 0.750 ) / 1.000 = 0.250

UHX-12.5.2 Step 2 :
Compute the Ratio {Rhos}:
= Ds / Do (Configurations a, b, <}
= 21.5000 / 19.79%2 = 1.0859
Compute the Ratio [Rhoc]:
= D¢ / Do (Configurations a, e, f}
= 20.7500 / 19.799%2 = 1.0480

Moment on Tubesheset due to Pressures {Ps, Pt) [Mts]:

= Do2/16 * [{Rhos-1)*{Rhos?+1)* Ps - (Rhoc-1} *

1/(a * Mu) * {Do/(0.8 * 5)) * |Ps - Pt| + Cats + Catc
1/(4 * 0.250 ) * (19.80 /{0.8 * 20000.00 }} * }-15.00 - 790.00 | + 0.250

{Rhocz+1)

= 19.799*/16 * [ {L.086 - 1) * (1.0862 + 1) * -15.000 -

(1.048 - 1) * (1.0482 + 1) * 790.000 }
= ~2019.1654 psig*in.?

UHX-12.5.3 Step 3, Determination of Effective Elastic Properties :

Compute the Ratio [rhol:

¥ Pt ]

= 1tx / h = 2.%000 / 2.7500 = 0.9091 { must be 0 <= rho <= 1)

Compute the Effective Tube Hole Diameter {d*]:

3

max( dr - ztt*{ BL/E ) ( 8:/8 ¥ { rho ), dt - 2t4)

= max{ 0.7500 -2%0.0830 *(.28L00HE+08/.28100E+08)*

{ 13400 /20000 »*(0.9208 )}, 0.7500 -2%0.0830

0.6489 in.

H

Compute the Effective Tube Pitch [p*]:

)

=p / sgrt( 1 - 4 * min{ AL * CNV_factor, 4*Do*p) /(P1 * Do?) }
= 1.0000 / sgre{ 1 - 4 * min{ 74.25 *¥1.000 , 4%19.799 *1.000 }

(3.141* 19.7992%) )}
1.1480 in.

#

Compute the Effective Ligament Efficiency for Bending [mu*]:
= (p* - d%) / p* = (1.1480 - 0.6489 ) / 1.1480

E*/E and nu* for Triangular pattern from Fig. UHX-11.3.
h/p = 2.750000 ; mu* = 0.434743
E*/E = 0_.459088 ; nut = 0.304726 ; E¥ =
Note: As hp (2.750) is > 2, data values for hip = 2 were used.
UHX-12.5.4 Step 4:

Compute Shell Ceefficient [betaS]:
({ 12 * (l-nus?))”0.25 }/((Ds + te) * £s )¥

noon

0.7796 1/in.

Ttem No.: HX1027/2027 REV.1
Job No.: X-7930 By: DN/MD 2/16/2011

0.43474

12900383, psi

X-7930

(( 12 * (1 - 0.302) Y*0.25 } / ({ 21.5000 + 0.2500 ) * 0.2500 )%

P.0O. No.: 17456-0001

Page: 10
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Energy Exchanger Co. Mechanical Calculations X-7930

Determing Shell Coeefficient [ks]:

betas * Es * ©s® / (6 * (1 - rnus?) )

0.780 * _2R8100E+G8 * ©.250? / ( 6 * {1 - 0.3002) )
62688.7617 psigrin.?

4 1 n

Determine Shell Coefficient [Lambdas]:

= (6*Ds*ks)/h? * (1 + h*betas + * (h*betas}?/2 )

= 6% 21.500 * G2688.762 /2.750% ¥ ( 1 + 2.750 *¥0.780 + 2.298 )
= 2116043.2500 psig

Determine Shell Coefficient [deltaS]:

Ds*/{4 * BEs * Tg) * {1 - nus/2 )

21.5002/{ 4 * .28100E+08 * 0.250 ) * {1 - 0.3 /2 )
0.0000139827

o

Calculate Parameter [OmegaS}:

rhos * ks * beta8 * deltaS{ 1 + h * beta$S )

1.0859 * 62688.76 * 0.7796 * 0.000014 ( 1 + 2.7500 * 0.7796 )
2.3328 in.?

uoEH

Determine Channel Coefficient [betac]:

({ 12 * (1 - nue?) )70.25 )/{(Dc + te) * to }70.5

({ 12 * (1 - £.30%) }70.25 )/{{20.7500 + 0.6250 ) * 0.6250 }"0.5
0.4974 1/in.

LI O 1}

Determine Channel Coefficient [«c]:

betac * Ec * te? / ( 6 * {1 - rnus?) )

0.497 * .28375E+08 * 0.625% / ( 6 * {1 - 0.300%) )
631024.0000 psig*in.:?

Wouou

Determine Channel Coefficient [Lambdac]:

(6*Do*ke)/h? * (1 + h*betac + (hrbetac)?/2)

= 6%20.750 *631024 /(2.750%) * {( 1 + 2.750 *0.497 + 0.935 )
= 12477578.0000 psig

it

Determine Channei Coefficient [deitaC]:

= De2/{4 *x Be * Tcy * (1 - nue/2 )}

20.7502/{ 4 * ,28375HE+0B * 0.625 } * {1 - 0.3 /2 )
0.0000051592

o

Calculate Parameter {OmegaCl:

rhoc * ko * Betac * deltaC{ 1 + h * betac )

1.0480 * 631024 * 0.4974 * 0.000005 { 1 + 2.7500 * 0.£4974 )
= 4,0178 in.?

UHX-%2.5.5 Step 5:

Diameter ratio [K]:
= A / Do = 22.0000 / 19.7992 = 1.1112

Determine Coefficient [F]:

= {1 - nu*)/E* * ( Lambdas + Lambdac + E * In(K} )

= {1 - 0.30 )/.12900E+08 * ( .21160E+07 + .12478E+08 +
= .2B10CE+08 * In(1.11 ) )

= 0.9462

t

UHX-12.5.6 Step 6:

Moment Acting on Unperforated Tubesheet Rim [M*]

Mts + OmegaC * Pt - OmegaS * Ps

-2019.165 + 16.143 * 790.000 - 5.442 * -15.000
1189.8807 psig*in.?

UHX-12.5.7 Step 7:

Maximum Bending Moment acting on Periphery of Tubesheet [Mp]:
((M*) - Do?/32 * F * {Ps - Pt} } / (1 + F)

([}

({1189.88 ) - 19.7992/32 % 0.946 * {-15.00 - 790.00 ) } / {1 + 0.95 )
= 5405.7222 psigrin.?
Item No.: HX1027/2027 REV.1 P.0.No.: 17496-0001
Job No.: X-7930 By: DN/MD 2/16/2011 Page: 11

MM187157



Energy Exchanger Co. Mechanical Calculations X-7930

Maximum Bending Moment acting on Center of Tubesheet [Mo]:

Mp + Do2/64 * (3 + rnu*) (Ps - Pt)

5405 .72 + 19.7992/64 * (3 + 0.305 ) (-15.00 - 7%0.00 )
~10889.0059 psig*in.?

oo

Maximum Bending Moment acting on Tubesheet [M]:
Max( {mp|, |Mo]| )

Max({ |5405.722 |, |-10889.006} )
10889.005% peslg¥in.?

bhonon

UHX-12.5.8 Results for Step 8:

Tubesheet Bending Stress at Original Thickness:

s+ M/ { (mu*) * ( h - hg'}? )

& * 10889.006 / ( (0.4347 ) * ( 2.7500 - 0.0000 )2 )
= 19871.,9941 psi

The Allowable Tubesheet Bending Stress [SigmaAll]:
= 2 % 8§ = 2 % 20000.00 = 40000.00 psi

Tubesheet Bending Stress at Final Thickness [Sigma]:

=6 * M/ { {mux} * ( h - hg')?

= 6 * 9502.534 / { (D.4436 ) * ( :.7970 - 0.0000 )°?
= 39807.1680 psi

Required Tubesheet Thickness, for Bending Stress [HregB]:
= H + CATS + CATC = 1.7970 + 0.1250 + 0.1250 = 2.0470 in.

Required Tubesheet Thickness for Given Loadings (includes CA) [Hreq].
= Max{ HregB, HregS ) = Max{ 2.0470 , 1.2461 ) = 2.047Q in.

UHX-12.5.9 Step &:
|ps - Pr| = |-15.00 - 790.00 | = B05.000 psig
Shear Stress check [Tau_limit}:

3.2 * §* MU *h / Do
3.2 % 20000.00 * 0,250 * 2.750 / 19.80 = 2222.31 psig

I |

Average Shear Stress at the Outer Edge of Perforated Region [Taul:
1/(4% Mu) * (Do/h} * iPs - Pt}
1/(4%0.250)*{19.80/2.75)*|~15.00-790.00 [psi
5795.77 psi

0o

UHX~12.5.10 Results for Step 10:

Note: For a given Shell thickness of: 0.250 in.
Min. Shell len. adjacent to the tubesheet is: 4.173 in.

Axiat Shell Membrane Stress [Sigmasm}:

= Ds? / (4 * ts * (Dg + ts) ) * Ps

21.50002 / (4 %* 0.2500 * {21.3000 + 0.2500 )} } * -15.000
-318.793 psi

B

Axial Shell Bending Stress [Sigmasb]:

= 6*ks/ts? * { betad * P's + 6% (1L - rmu*) / (E¥) *

De/h? * (1 + h * betas/2} * (Mp + Dc2? / 32 * (Ps - Pt) })

- 6%G2688.76 /0.2502 % { 0.780 *0.00 + 6*{1 - 0.305 )/.12900E+08 *
19.799  /2.750% * (1 + 2.750 * 0.780 /2) *(5405.72 + 19.7992/32 *
(-15.00 - 790.00 }) 1

= -18088.387 psi

Sheil Membrane + Bending Stress [Sigmas]:
= |Sigma_sm! + |Sigma_sb| (Should be <= 1.5%*5s)
= 1B407.180 psi (Should be <= 25650.00)

Note: For a given Ghannel thickness of: 0.625 in.
Min. Channel len. adjacent to the tubesheet is: 6.482 in.

Item No.: HX1027/2027 REV. 1 P.0O. No.: 17496-0001
Job No.: X-7930 By: DN/MD 2/16/2011 Page: 12

MM187157



Energy Exchanger Co. Mechanical Calculations

Axial Channel Membrane Stress [Sigmacmy:
= Dc? / (4 % te * (Do + ko) ) * Pt

= 20.7800% / (4 % 0.6250 * {(20.7500 + 0.8250 )} )} * 720.000

= £365.275 psi

Axial Channel Bending Stress [Sigmacb]:
= 6xkc/te? * { Betac * (deltaCxPt) - 6*(1 - nu*) / (Br)
Do/h? * (1 + h * Betac/2) * {Mp + Do?/32 * (Ps-Pt)) ]

= G*¥§31024 /0.625% * [ 0.497 % 0.00 - 6*(1 - 0.305 )/.12900E+08 *

*

X-7930

19.799 /2.78503 % (1 + 2.750 * 0.497 /2) *(5405.72 + 19.7992/32 *

(-15.00 - 790.00 )) ]
= 42035.566 psi

Channel Membrane + Bending Stress {Sigmac]:
= |Sigmacm| + |Sigmack| (Should be <= 1.5*8c)

= 48400.840 psi (Should be <= 30000.00) (0K FOR SIMPLY SUPPORTED PER UHX 12.6.3)

Step 11, The Cylinder-to-Tubesheet Juncture is Overstressed.
Performing a simplified Elastic-Plastic calculation
(option 3 } {o reduce the overstress condition.
Modify Es andfor Ec and Recompute from Step 4 onwards.

FBc = Eo * { 1.5 * S¢ / Sigmac )%
L28375E+08 * { 1.5 % 20000.00 / 48400.8¢ }¥%
22339326.0 psi

1
Q
[}

Tubesheet Bending Stress at Original Thk., after Elas-Plas iteration:
=6 * M/ ( tmu*) ¥ { h - h'g)?

6 % 11242.491 / { (0.4347 )} * { 2.7500 - 0.000C }*

= 20517.0898 psi (Should be <= 40000.00)

]

Note: Tubesheet is Not overstressed after Elas-Plastic iteration

the design is acceptable. Recomputing tubesheet required thkickness,

Required Tubesheet Thk., for Bending Stress after Elas-Plas iteration [HreqB]:
= H + CATS + CATC = 1.8421 + (.125C + 0.1250 = 2.09%21 in.

Required Tubesheet Thk. after Elas-Plas iteration (includes CA} [Hreq]:

= Max( HregB, HregS } = Max{ 2.0921 , 1.2461 } = 2.0921 in.

Tube Weld Size Results per UW-20:

Tube Strength [Ft]:
3.1415 * £t * {do -t ) * Ba
3.1415 * 0.083 % { 0.750 - 0.083 } * 13400.00 = 2330.551 1b.

Fillet Weld Strength [Ff]:

.55 % 3.1415 % af * (do + 0.67*af) * 8w (but not » Ft)
.55 % 3.1415 % 0.125 * (0.750 + 0.67%0.125 ) * 13400.00
2330.5510 1b.

k]

Groove Weld Strength [Fg]:

.85 * 3.1415 * ag * (do + 0.67%ag) * Sw (but not > Ft)
LB5 % 3.1415 ¥ 0.125 * {0.750 + 0.67%0.125 ) * 13400.00
2330.5510 1b.

[ | B 3

Max. Allow.
FL = 2330.5510 1b.

Tube-Tubesheet Joint leoad, Tmax

Design Strength Ratio [fd]:

1.0000

Weld Strength Factor [fw]:
sot / { Min(Sot, 8) } = 1.0000

Item No.: HX1027/2027 REV.1

Job No

X-7930 By: DN/MD 2/16/2011

P.O. No.: 17496-0001

Page: 13
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Energy Fxchanger Co, Mechanical Calculations X-7930

Min Weld Length [ar]:
=2 %( { (0.75 * do}? + 1.07*t*(do - t)% fw * £d ) 1% - .75 * do)
= 0.1008 in.

Minimum Reguired Fillet Weld Leg afr 0.0504 in.
Minimum Required Groove Weld Leg agr 0.0504 in.

Tube-Tubesheet Jt allowable, 2330.55 is »= tube strength 2330.55 l1b.
Note: This tube-tubesheet joint is a Full Strength joint

Stress/Force summary for loadcase 1 corr. (Fvs + Pt):

Stress Description Actual Aliowable Pass/Fail
Tubesheet bend. stress 20517.1 <= 40000.0 psi Ok
Tubesheet shear stress 5795.8 <= 16000.0 pei Ok
Stress in Shell at Tubesheet 18407.2 <= 25650.0 psi Ck
Stress in Channel at Tubesheet 48400.8 <= 67560.0 psi Ck

Thickness results for loadcase 1 corr. {Fvs + Pt):

Thickness {in.) Reguired Actual P/F
Tubesgheat Thickness : 2.0821 3.0000 Ok
Tube-Tubesheet Fillet Weld Leg : 0.6504 G.1250 Ck
Tube -Tubesheet Groove Weld Leg : 0.0504 0.1250 Ok

U-Tube Tubesheet results per ASME UHX-12 2007 A-09
Results for 8 Load Cases:

--Regd. Thk. + CA  ~—~~---~ Tubesheet Stresses Case Pass/
Casett Tbsht Extnsn Bend Allwd Shear Allwd Type Fail
luc 1.687 P 15616 40000 5313 16000 Fvs+PL Ok
2uc 0.634 .. 2128 40000 560 18000 Pe+Fvt Ok @5
3uc 1.566 . 13358 40000 4653 16000 Ps+bt Ok
suc C.249 - 325 40000 99 16000 Fvs+Fvh Ok
1c 2.092 A 20517 40000 5796 16000 Fvs+PL-Ca Ok &
2c 0.878 - 2768 40000 720 16000 Ps+Fvt-Ca Ok
3e 1.921 - 17504 40000 5076 16000 Ps+PL-Ca Ok
8¢ 0.49% e 423 40000 108 16000 Fvs+Fvt-Ca Qk
Max: 2.0921 in. 0.513 0.362 (Str. Ratio)

Load Case Definitions:

Fvs,Fvt - User-defined Shell-side and Tube-side vacuum pressures or 0.0.
Ps, Pt - Shell-side and Tube-side Design Pressures.

Ca - With or Without Corrosion Allowance.

Shell and Channel Stress Summary:

-- Integral Cyl. Regd. Thk. Shell Stress Channel Stress Pass
Cagelf Shell Channel Stress  Allwd Stress Allwd Fail
luc 12937 25650 36249 67560 Ok
2uc 6811 25650 2851 30000 Ck /’E\
3uc 7553 25650 33696 67560 Ok Hoetd
8uc 1163 25650 383 30000 Ok
lc 18407 25650 48401 67560 Ok
2c 10131 25650 4091 30000 Ok
3¢ . 10474 25650 44656 67560 Ok &
8c . 1732 25650 562 30000 Ok
Max - 0.718 0.716
Item No.: HX1027/2027 REV.3 P.O. No.: 17496-0001
JobNo.: X-7930 By: DN/MD 6/23/2011 Page: 14
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Energy Exchanger Co. Mechanical Calculations X-7930

Summary of Thickness Comparisons for 8 Load Cases:

Thickness {(in.)} Required Actual BPB/F
Tubesheet Thickness : 2.0921 3.0000 Ok
Tube Thickness : 6.0220 ©.0830 Ok
Tube-Tubesheet Fillet Weld Leg : 0.0504 8.1250 Ok
Tube-Tubeshaet Groove Weld Leg : 0.0504 0.1250 Ok
Given Shell Thickness: 0.3750 din.
Given Channel Thickness: 0.7%00 in.
Min Shell length of thk, (0.375) adj. to tubesheet: 5.081 in.

Min Chapmel length of thk, {0.750) adj. to tubesgheet: 7.058 in.

Note: This is a full strength Tube to Tubesheet Joint.

Tubesheet MAWP used to Compute Hydrotest Pressure:

Stress / Force | Tubeside (0 shellside) } Shellside (0 tubeside) |
Condition | MAWP |Stress Rat. | MAWP |stress Rat. |
Tubesheet Bending Stress | 1624.73 | 1.000 | 1419.19 | 1.000 |
Tubegheet Shear Stress | 2222.30 | 1.000 | 2222.30 | 1.600 |
Shell Stress (Axial, Junc) | 2222.30 | 0.770 | 527.43 | 1.000 |
Tubesheet -Channel Junction | 1115.57 | 1.600 | 527.43 | 0.375 |
Tube Pressure Stress | 3253.94 | 1.000 | 2175.54 } 1.000 |
Minimum MAWP | 1115.57 | i 527.43 | ]
Tubesheet MAPnc used to Compute Hydrotest Pressure:
gtress / Force | Tubeside {0 shellside) | Shellside (0 tubeside) |
Condition | MAPRC |Stress Rat. | MAPOC {8tress Rat. |
Tubesheet Bending Stress i 2089.65 | 1.000 | 1843.79 | 1.000 |
Tubesheet Shear Stress | 2424.33 | 1.000 | 2424.33 | 1.000 |
Shell Stress (Axial, Junc) | 2424.33 | 0.518 | 897.94 | 0.995 |
Tubesheet-Channel Junction | 1677.87 | 1.000 | 857.94 | 0.495 |
Tube Pressure Stress | 3253.94 | 1.000 | 2175.54 | 1.000 |
Minimum MAPRC | 1677.87 | ] 897.94 | |
Ttem No.: HX1027/2027 REV. 1 P.O. No.: 17496-0001
Job No.: X-7930 By: DN/MD 2/16/2011 Page: 15
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Energy Exchanger Co. Mechanical Calculations X-7930
/// TEMA PASS PLATE CALCULATIONS ///
Per RCB-9.132

TUBE SIDE PRESSURE DROP g = 11.00000C

FRONT PASS PLATE THK....... = 0.37500
MATERIAL. . ... .0 ieann = SA-516-70N
STRESS OPER. . .. ..o v v irn e s = 20000.00

FRONT Chan ID.............. =  22.00000

FRONT Chan OAL. ............ = 0.00000

= = 23.56250
3 = 9.93750

TABLE RCB-9.132............ = Short sides fixed
=« = 2.37107

Bt e e = 0.75000

.......................... = 0.16479

t
Min fillet leg [both sides] = 3/4t =.75 x 0.16479 = 0.12359

i

Item No.: HX1027/2027 REV. 1 P.O. No.: 17496-0001
Job No.: X-7930 By: DN/MD 2/16/2011 Page: 16
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€nergy €xchanger Company

Page . 17
Customer SQUTHERN / MISS. POWER CO. item No. HX1027/2027 W.0.: X-7930
Subject Seismic and Wind Loading Factors Date 6/26/2011 By : DN/MD
wWind Leading Seismic Loading
Given Data: Frem Custoemer Spec Given Data: From Customer Spec
Exposure Cat C
Occupancy Cat 1 Oceupancy Cat: i
tmportance Fact 1.150 Design Cat: B
Kzt §.000 Reliabitity 1
v 100.000 mph Impaortance Factor 1.25
qz = 0.00256KzKztKd VA2l Site Class c
Ss 0.204 g
Height of vessel 15.000 # or less S1 0.087 ¢
Alpha 9.5 Table 6-2 R (Table 15.4.2) 3
Zy 800 Table 6-2
Kz 0.849 Table 6-3 Fa 1.2
Kd 0.950 (Table 6-4) Fv 1.7
ilaz = 23.742 8ms 0.2448 g
Smi 0.1479 ¢
G 0.850
Cf= 0.800 (Fig 8-21) Sds 0.1632 g
Wind Pressure = qz*G*Cf Sd1 00986 g
16.144 psf
Cs = Sds/(R/1} 0.0680
Min Cs = 0.0100
SNOW LOADRS
Pg 5 psf
CAT Cc
Ct 1.2
1 1.4
Pi=0.7*Ct" 6.6 psf
SNOW LOAD AREA 48 sf
ADDITIONAL WEIGHT 316.8 lbs
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Energy Exchanger Co. Mechanical Calculations X-7930

Input Echo, Horizontal Vessel Item 1, Description: X-7930 SPTS

Design Internal Pressure 85.00 psig
Degign Temperature 35¢.00 F
Corrosion Allowance for Vessel 0.1250 in.

Shell Material SA-106 B

Shell Material UNS Number K03006 ZCS
Shell Operating Allowable Stress 17100.00 psi
Shell Ambient Allowable Stress 17100.00 psi

Head Material 8A-516 70 &
Head Material UNS Number K02700

Head Operating Allowable Stress 20000.00 psi

Head Ampient Allowable Stress 20000.00 psi
Density of Shell and Head Material 0.2830 1b./in?
Density of Stored Liguid 59.7420 1b./ft:?
Liguid Height in Vessel 21.5000 in.

NOTE: Liquid Height is not entered, it is being set equal to the vessel ID.

Extra Weight 6888.490 l1b. € INCLUDES SNOW LOAD
Saddle Reaction Force Factor ftr 3.00
Distance from Center of Vessel to Support B 19.75 in.
Baseplate Length 12.0000 in.
Baseplate Thickness 0.5000 in.
Baseplate Width 6.0000 in.
Number of Ribs { inc. outside ribs ) 2
Rib Thickness 0.5000 in.
web Thickness 0.5000 din.
Web Location Side
Height of Center Web 8.2500 in.
Design Temperature of Bage Structure 100.00 F
saddle\Baseplate\Rib\Web Material SA-516 70
Saddle\Baseplate\Rib\Weh Material UNS Number KO2700
Operating Allowable Stress 20000.60 psi
Ambient Allowable Stress 20000.00 psi
Force Coefficient (Shape factor)} cf 0.800
Extra Area 0.0000 in®
User defined Wind Pressure on Vessel Wpre 16.14 psf
Seismic Zone Tdenifier, Zone 0 Zone O
User Entered Seismic Zone Coefficient 0.0689
Diameter Basis for Vessel [6)3]
Shell Diameter 22.000 in.
Shell Length Tangent to Tangent 12.984 ft.
Thickness of ghell 0.3750 in.
shell Joint Efficiency €.8500
Head Type Elliptical
Head Thickness 0.3125 dn.
Head Joint Efficiency 0.8500
Distance from Saddle to Vessel Tangent 29.250 in.
Saddle Width 6.000 in.
Saddle Bearing Angle 120.0000 degrees
Waar Pad Thickness 0.37%0 in.
Wear Pad Extension above Horn of Saddle 2.0000 dn.
Wear Pad Width 10.000 in.
stiffening Ring Present N
Item No.: HX1027/2027 REV. 1 P.O. No.. 17496-0001
JobNo.: X-7930 By: DN/MD 2/16/2011 Page: 18
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Energy Exchanger Co. Mechanical Calculations X-7930
Results for Horizonta} Vessel Number 1, Description: X-7930 SPTS

Vessel Stress Summary

shell Allowablie Stress used in Calculation 17100.00 psi
Shell Compressive Yield used in Calculation 30450.00 psi
Head Allowable Stress usged in Calculation 20000.00 psi
volume of Vessel 51.89 ft.**3
Weight of Vessel, Empty 8717.06 1lb.
Weight of Vessel, Full 11816.80 1lb.
Shell Thk. + CA, Regd. vs. Actual 0.1%0 0.375 in.
Head Thk. + CA, Regd. vs. Actual 0.188 0.312 in.
Shell M.A.W.P. , Regd. wvs. Actual 85.00 333.37 psig
Head M.A.W.P. , Regd. vs. Actual 85.00 294.29 ©psig
Actual Allowalble

Long. Stress at Top of Saddles 4952.41 14535.00 psi
Long. Stregs at Bottom of Saddles ~1331.41 -15118.57 psi
Long. Stress at Top of Midspan -543.10 -15118.57 pseil
Long. Stress at Bottom of Midspan 4164.10 14535.00 psi
Tangential Shear in Shell 2281.790 13680.00 psi
Cire. Stress at Horn of Saddle -10187.31 ~25650,00 psi
Circ. Stress at Tip of Wear Plate -7370.686 -25650.00 psi
Circ. Compressive Stress in Shell ~892 .24 ~15225.00 psi

Wind( ASCE #7 ) and Seismic Results :

Transverse Wind Load Component, Ftw:

Ftw = { AFT * Cf * Q% % Cnv_Fac) * 0.5

Ftw { 8276.812 * 1.000 * 16.1440 * 0.00694 )* 0.5
Ftw = 463.961 1lb.

[

Longitudinal Wind Load Component, Flw:

Flw = { AFL * QZ * Cnv_fac)

Flw = { 855.299 * 16.1440 * 0.00694 )}
Fiw = 95.888 lb.

Transverse Earthquake | .oad Component, Fte:
Fte = ( Cs * Wo )} * 0.5

Fte = { 0.0680 * 11816.80 ) * 0.5
Fte = 401.771 lb.

i

Longitudinal Earthquake |.oad Component, Fle:
Fle = s * Wo

Fle = 0.0680 * 11816.80

Fle = 803.543 1b.

Saddle Reaction Force due to Transverse Forces, Qr:

Qr = ftr * Max( Ftw, Fte ) * B / E

Qr = 3.0 * Max( 463.96 , 401.77 } * 19.7500 / 19.2691
Or = 1426.624 lb.

Saddle Reaction Force due to Longitudinal forces, Ql:

Ql = Max{ Flw, Fle, F1f, Flu ) * B / Ls

Ol = Max{ $5.89 , B03.54 , 0.00 , 0.00 } * 19.7500 / 181.3125
QL = 87.528 lb.

Load Combination Results for G + Wind or Seismic or Friction or User
QO = Wo/2 + Max{ Qr, Q1 }

Q = 5908.40 + Max( 1426.62 , 87.53 )

Q = 7335.026 1b.

Item No.: HX1027/2027 REV.1 P.O. No.: 17496-0001
Job No.: X-7930 By: DN/MD 2/16/2011 Page: 19

MM187157



Energy Exchanger Co. Mechanical Calculations X-7930
Summary of Loads on this Saddle Support:

Vertical Load on this Saddle 7335.03 1b.
Transverse Shear Load on this Saddle 463.96 1b.
Longitudinal Shear Load on this Saddle 803.54 1b.

Formulae and substitutions for ZICK Analysis
Shell and Head Required Thickness and MAWP ;

Shell:

Thickness Due to Internal Pressure:

(P* {D/2~CAK)) / (S*E+0.4*%*P) per Appendix 1-1 (a) {1}
(85.,74% (22.0000/2~-0.000}/(17100.00%0.85+0.4%85.74}
0.0647 + 0.1250 = 0.18%7 in.

T onoH

Max. All. Working Pressure at Given Thickness (MAWP):
Less Operating Hydrostatic Head Pressure of 0.74 psig
= {(S*E* (T-CA-CAE}) / ((D/2-CBAE)-0.4* (T-CA-CAE)) per Appendix 1-1 {a) (1)
(17100.00%0.85% (0.2500))/({22.0000/2-0.000-0.4%0.2500)
333.37 - 0.74 = 332.63 psig

oW

Maximurn Allowable Pressure, New and Cold (MAPNC):

(saxE+«Ty / (D/2-0.4%7) per Appendiz 1-1 {a) (1)
(17100.00%0,85%0_3750)/(22.0000/2~0.4%0.3750}
502.36 psig

IEoE

Actual stress at given pressure and thickness (Sact):

(P* {(D/2-CAE) ~0.4% {T-CA-CAR))} / (B*{T-CA-CAE})

(85.74% {((22.0000/2-0.000)-0.4%(0.2500)))/{0.85%(0.2500))
4398.13 psi

FLI L

Elliptical Head:

Thickness Due to Internal Pressure:

(P* (D-2.0%CRAE) *K) / (2*G*E+2*P* (K-0.1)) per Appendix 1-4 (¢}
(85.74% (22.0000-2%0.000)*1.00)/{2%20000.00%0.85+2%83_74*(1.00-0.1}}
0.055%2 + 0.1250 = 0.1802 in.

0.0625 in. ( Per Ug 16b )

nonouou

Max. All. Working Pressure at Given Thickness (MAWP):

Less Operating Hydrostatic Head Pressure of 0,74 psig

(2#S*E* {(T-CA-CAE)) / (K* (D-2%CAE)-2% (T-CA-CAE)* (K-0.1}) per Appendix l-4(c}
(2%20000.C0%0.85%(0.1875))/(1.00%22.0000-2% (0.1875)* (1.00~0.1))

294.29 - 0.74 = 293.54 psig

]

{13

Maximum Allowable Pressure, New and Cold (MAPNC):

= (2%SRA*E*T) / (K*D-2*T*(K-0.1)) per Appendix 1-4 {c)
(2%20000.00%0.85%0.3125) /(1.00%22.0000-2%0.3125%{1.00-0.1)}
495.63 psig

it

Actual stress at given pressure and thickness (Sact):

(B (K% (D-2%CAE) -2* (T-CA-CAE} * (K-0.1))) / (2*E* (T-CA-CAE)})
(85.74* (1.00%22.0000-2*%(0.1875)%(1.00-0.1)))/(2%0.85%(0.1875))
5827.18 pai

oo

Longitudinal Bending (+-) at Midspan

= {3 % Q* L ¥ K.2/ (PI*R'2% (T-20Cn)))
(3 % 7335 * 19.98 * 0.4858 ) /
( PI * 10.7500 * 10.7500 * ( 0.3750 - 0.1250 })}
= 2353.60 psi

It E

Compute the area ratio {K]:
= Pi * (Sin{Delta)/Delta - Cos(Delta) ) / (DPelta + Sin{(Delta) * Cos(Delta) -

(Delta + Sin{Delta) * Cos{Pelta) - 2 * Sin(Delta) * Sin{(Delta)/Delta)
= Pi * (8in(1.396 ) / 1.396 - Cos(1.3%6 )) / ( 1.3%6 + Sin(1.396 ) *
Cos(1.396 ) - 2 * 8in{(1.396 } * Sin(1.396 )}/ 1.3%6 )
= 5.3799
Item No.: HX1027/2027 REV. 1 P.O. No.: 17496-0001
JobNo.: X-7930 By: DN/MD 2/16/2011 Page: 20
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Energy Exchanger Co. Mechanical Calculations X-7930
Compute the moment fraction [X}:
= {1 - {1 - A/L + { R? - H2 )/(2 * A*L )} }/{1L + (4%H }/( 3 * L) } )
= {1 - {1 - 2.438 /19.984 + (0.B962 - 0.4522)/( 2 * 2.438 * 19.984 ) ) /
(1 + {4 % 0.452 )/(3 * 19.984 )} )} )
= 0.1417

Intermediate Product [K.1]:
= K*X *4 %A /L
= 9.3B0 * 0.142 * 4 * 2.438 / 19.984 = 0.6485

Longitudinal Bending (+-) at Saddle
= {3 % Q*L*XK1/ {PL*R2* {T-Ca)))
= (3 % 7335 % 19.98 * 0.6485 ) /
{( PT * 10.7500 * 10.7500 * { 0.3750 - 0.1250 )})
= 3141.91 psi

Longitudinal Pressure Stress

DP* ( (SID/2+CA) -0.4% (T-CA)}/ (2.0% (T-CA))

8%.0 * ({ 21.25 / 2 + 0.1250 - 0.4 * ( 0.375 - 0.1250 }) /
(2.0 * { 0.375 - 0.1250 })

1810.50 psi

i

il

Note: The Longitudinal Stress from Zick Analysis is comnbined with the
Longitudinal Pressure Stress to get the total stress.

Tangential Shear in Shell near Saddle

= Q * K.4 % {{ L-H-2A )/ ( L+KE })/{ R*(T-CR))

= 7335 * 1.1707 * {{ 19.98 - 0.45 - 2 * 2.44 )/

{ 19.98 + 0.45 ))/{ 10.7500 * { 0.3750 - 0.1250 })
2291.70 psi

n

Circumferential Stress at Tip of the Wear Plate (L >= 8R)

= -Q/ (4% (T-CA)* (SADWTH+1.56*S5QRT (R* (T-CA}) )} -3.0%Q*K13/

(2% (T-CA) “2}

7335 /{4 * 0.2500 * {6.00 + 1.56*SQRT{(10.7500 *0.2500 )))
-3 % 7335 % 0.0370 / { 2 * 0.2500 "2 )

= -7370.66 psi

Note: Wear Plate thk. could Not be considered in this formula because,
Saddle-Tangent Distance A (222 }is > R/2(5.4in.)

Circumferential Stress at Horn of Saddle (L >= 8R}

= «Q /(4*TEM* (SADWTH+1.56*SQRT (R* (T-CA) ) ))-3.0%Q*K.7/ (2*TER)

= -7335 /(4 * 0.2500 * (6.00 + 1.56%SQRT(10.7500 *(0.2500 )))
-3 % 7335 * 0.0530 / ( 2 * 0.0625 )

- -10187.31 psi

Circumferential Compression at Bottom of Shell
(Q* ( K.9/{ TEMZ * WPDWTH ) ) )
{ 7335 *{ 0.7503 /( 0.6250 * 10.000 )} ) }

I | S 3

-892.24 psi
Item No.: HX1027/2027 REV.1 P.O. No.: 17496-0001
Job No.: X-7930 By: DN/MD 2/16/2011 Page: 21
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Energy Exchanger Co. Mechanical Calculations X-7930
RESULTS for VESSEL RIBS, WEB and BASE

Moment of Inertia of Saddle - Lateral Direction

¥ a AY Ay"2 Io
Shell 0.1250 3.1394 0.3924 0.0491 0.0164
Wearplate 0.4375 3.7500 1.6406 0.7178 0.0439
Web 4.1875 3.5625 14.9180 62.4690 15.0710
BasePlate 8.0060 3.0000 24.0000 192.0000 0.0625
Totals 12.75600 13.4518 40,9510 255.2358 15.1938
Value Cl = Sumof (Ay)/Sumof (A) = 3.0443 in.
Value T = Sumof (Ay?) + Sumof(Io) - Cl#*Sumof{dy) = 145.7632 in**4
Value As = Sumof(A) - Ashell = 10.3125 in?
%1 = (1+Cos{b)-.3*Sin{b) "2 }/(pi-b+Sin{b)*Cos{b)) = 0.2035

Fh = K1 * @ 0.2035 * 7335.026 = 1492.837 ib.

i

Tension Str., St = { Fh/Ag ) = 144.7600 psi
Allowed Str., Sa = .6 * Yield Stress = 22800.0000 psi
d = B - R*8in(theta) / theta = 10.1098 in.
pending Moment, M = Fh * d = 1257.6931 fr.lb.
Bending Stress, Sbnd = (M ¥ C1 / I} = 315.2018 psi
Allowed Str., Sa = .66 * Yield Str. = 25080.0020 psi

Minimum Thickness of Baseplate
= { 3 * Q * BasePlateWidth / ( 2 * BasePlateLength *
AllStress ))4%
= {3 % 7335 * £.00 / { 2 * 19.000 * 25080.002 })¥%
= §.372 in.

Calculation of Axial Load, Intermediate Values and Compressive Stress:

#ffective Baseplate Length (e)
= { Bplen - Clearance ) / ( Nribs - 1}
{ 29,0000 - 2.0} / (2 - 1) = 18,0000 in.

i

Baseplate Pressure Area (Ap)
= e * Bpwid / 2
= 18.0000 * €.0000 / 2 = 54,0000 in?

Axial Load (P)
= Ap * Bp
= 54 .00 % 64,34 = 3474.49 1b.

Area of the Rib and Web (Ar)
= { Bpwid - Clearance - Webtk )} * Ribtk + e/2 * Webtk
= ( 6.000 - 1.0 - 0.500 )} * 0.500 + 18.0000 /2 * 0.500
= 6.750 in?

Compressive Stress (S8c¢)

= P/Ar
= 3474.49 / 6.75%00 = 514.7387 psi

Item No.: HX1027/2027 REV.1 P.O. No.: 17496-0001
Job No.: X-7930 By: DN/MD 2/16/2011 Page: 22
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Energy Exchanger Co. Mechanical Calculations X-7930
Check of Qutside Ribs
Inertia of Saddle, Outer Ribs - Axial Direction

Y A AY Ayt2 Io
Rib 2.7500 2.5000 §.8750 6.4573 6.9323
Web 0.2500 4.5000 1.1250 3.5874 C.1875
values 1.1429 7.0000 8.0000 10.0446 7.1198

KL/R < Cc ( 8.4659 « 123.2882 ) per AISC E2-1 9th Edition

Sca = (1-(Klr)z/(2*Cc2))*Fy/ (5/3+3% (Klr)/ (8*Cc) - (Klx2) /(8*Cad)
Sca = { 1-( 8.47 )2/(2 * 123.292 )) * 38000 /

( 5/3+3%(8.47 )/ (8% 123.29 )-( 8.473)/(8%123.29%)
Sca = 22400.70 pesi

AISC Unity Check on Qutside Ribs { must be <= 1.0}

Check = S¢/Sca + {(Rm/Z)/Sha
Check = 514.74 / 22400.70 + (2569.22 /4,450 } / 25080.00
Check = 0.05

PV Elite is a registered trademark of intergraph Corporation [2010]

Item No.: HX1027/2027 REV. 1 P.O. No.: 17496-0001
Job No.: X-7930 By: DN/MD 2/16/2011 Page: 23
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€nergy €xchanger Company

Page : 24
Customer : MISSISSIPPI POWER/SOUTHERN COMPANY SERVICES tem No HX1027/2027 WO X-7930
Subject : LIFTING LUG CALCULATION Date 21162011 By: DN/MD
Note:  Lugs are not designed for side loading. Do not side load lugs,
T T
Material SA-518-70
Yield Strength 38000 psi
T= 12 in
Tw = ta in Y ] ——
W= 4 14 in
L= 4 34 in JENEE T N S
£ 2= 2 18 in
OAL = 6 7/8 in
Cc= 2 in T T
Analysis Type  Full Penwi Fillet /)
Impact Factor 1.500 2
Gccasional Load Factor 1.128
Y | '
Heaviest Lug L.oad 600 # | W l / f
(CHANNEL COVER) FILEET DmLY Pl PR
Weld Group Area (Aw) 3.182 in"2 Calculated toads
Weld Group Inertia {lw} 5.321 in"4 Primary Shear in Welds 282.89 psi
Shear Area (As) 0.563 in"2 Load*impact/{Aw)
Lug Inertia {1 3.199 in*4 Bending Shear Stress in Welds 401.72 psi
Load*Impact* (W+2*Tw)/2/(lw)
Allowable Loading Total Combined Shear 684.60 psi
Shear Stress 17100 psi Shear in Lug Above Hole 1066.67 psi
0.4 ™ Yield * Occ Factor Load*Impact/(As)
Pin Hele Bearing Stress 800.00 psi
Bearing Stress 32062.5 psi Load*Impact/(T*C)
MIN(Q.75*Yield*Occ Factor, 0.9*Yield) Bending Stress @ Lug Base 2840.14 pst
Load*Impact*L{W"2*T/8)
Combined 28215 psi Tensite @ Lug Base 423,63 psit
MIN(.66*Yield*Qcc Factor, 0.75"Yield) Load*Impact/{Ww*T)
Total Combined Stress @ lug Base 3283.67 psi
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(&> €nergy €xchanger Company

Page: 25
Customer ; MISSISSIPPE POWER c/o SOUTHERN COMPANY SERVICES item N¢ HX1027/2027 W.0.: X-7930
Subject : ANCHOR BOLTING CALC Date 4/772011 By: DN/MD

Static Balance
Near Saddle Ref Dimension: 40 in Number of Boits (Fixed only)* 2
Far Saddle Ref Dimansion: 196 in Boit Diarn. 1in
COG Ref Dimension: 94 in Bolt Area (Ab) 0.551 in"2
Weight 11500 b Bolting Material F1554 (Gr 38}
Dim A 19.75 in Aliowable Stress Shear 41808 psi
Dim dt 15 in Aliowable Stress Tension 11800 psi
Dim d2 156 in
Reaction Forces Greatest Transverse Load (Ft) 484 |b
Near Saddle (Rfn) 7519 |b Greatest Longitudinal Load (FI) 804 Ib
far Saddle (Rff) 3881 lb
Rf = 0 or Rff if COG outside saddles 0
Transverse Shear Calculation: * Longitudinal shear foces cownttered by bolting
Ss = F/(total boits*boit areg) = 211 psi in stationary support only.

iransverse forces counter by full bolting
Longitudinal Shear Caleutation; {fixed support bolts * 2}
Sl = Fif{fixed bolts*boit area) = 730 psi

Al calcualted stresses are less than allowable
Transverse Overturning Mement Cale Anchor bolting design is accebtale
St = (48*(F* A/ 2)/(d1*total bolis)-(Weight/total bolts))/Ab
Stm = -4109 psi

CALCULATION IS FOR SIZING OF SUPPORT
Longitudinal Overtumning Moment Calc HOLES & SLOTS. THIS CALCULATION DOES
Sim = (48*(FI*Af12)/(d2*totas bolts)-(Weight/total bolts)yAb NOT REPLACE OR RELIEVE THE
Sim = -5033 psi CIVILISTRUCTURAL ENGINEERING DESIGN

FOR THE PARTY SUPPLYING ANCHOR BOLTS
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FORM U-1 MANUFACTURER'S DATA REPORT FOR PRESSURE VESSELS
As Required by the Provisions of the ASME Code Rules, Section VIil, Division 1

1. Manufactured and certified by ENERGY EXCHANGER COMPANY, 1844 NORTH GARNETT ROAD, TULSA, OK 74116
~(Name and address of Waniaciorer;
2. Manufactured for SOUTHERN COMPANY SERVICES, INC. 42 INVERNESS CENTER PARKWAY BIRMINGHAM, AL 35242
TNemo end address of Purchaser]
3. Location of installation MISSISSIPP| POWER, DEKALB MS.
Name 8rd acdress)
4, Type: HORIZ. HEAT EXCHANGER X-7930 A
N , or g, s #0 ", JKL ve&aal, hy 1 & gandl 3]
NIA X-7930-A REV.5 6044 2012
[(+:10 ) I Orawing 1o,y NATEd. Ro) Year Guly
5. ASME Code, Section VI, Div. 1 2007 EDITION, '08 ADD. N/A N/A
= [Eanon and Addenda (dele)] [Code Casa ey [Spocial Service per UG
ltems 6-11 incl. to be complsted for single wall vessels, jackets of Jacketed vessels, shell of heat exchangers, or chamber of multichamber vessels.
B. Shell (a) No. of course(s): 1 (b) Overall length (ft & in.): 19'-8 13/16"
Course(s} Material Thickness Long. Jeint (Cat. A} Circum. Joint {Cat. A, B, & C) Heat Treatment
No. Diameter, in. | Length (t & In.) Spec./Grade or Type Nom. | Corr. | Type | Full, Spct, None | Eff. | Type | Full, Spot, None | Ef. Temp. Time
1 22"0.D. 19'-8 13/16" SA-1068 | 18] S NONE 0.8511(17) SPOT 0.85 N/A NIA
7. Heads: (a) SA-516-70 (k) NA
pec. No., or Type) (H.T. - Time & Temp.) pec. No., or {ypa) (H.T. - Time & Temp.
Location (Top, | Thickness Radius Ellipical | Conical | Hemispherical |  Fiat Side to Pressure Category A
Bottom, Ends} { Mmin. { Com. [ Crown | Knuckle Ratio  |Apex Angle Radius Diameter | Convex | Concave | Type | Full, Spot, None | EF.
{a) END 5/16"| 1/8" 2:1 X S NONE 0.85
(b)
If removable, bolts used (describe other fastening) NA
VaiTSpec. No., Grads, 626, 10.)
8. Type of jacket NA Jacket closure NA
T (Describe as ogee L weM, bar, &lcy
If bar, give dimensions NA If bolted, describe or sketch,
9. MAWP 215 15 psi at max. temp. 350 350 °F Min. design metal femp. 10 °F at 215 psi.
T (nemay T (edeman T (meEray T (exerna)
10. Impact test NO, EXEMPT PER UG-20(f) at test temperature of NA °F.
Tindicala yes of 0 and the componenta) Impack tested] -
11, Hydro., preu—ercomb-Test press. 280 P.5.1.G. Proof test NA
iterns 12 and 13 fo be completed for fube sections.
12. Tubesheet: SA-266-4N 22" 3" 1/4" Welded
~Tohalonary (MatTSpec. No.)] . [Dia, In. (subject fo press.)] M) TCorr. Allow., ) welded or
NA NA NA NA NA
"~ [Fioating (Mall Spec. WOl O, m,) Ram. thi, 1n.) TCorr. Allow., 0.} (Afachieny
13. Tubes: SA-179 3/4" 0.083" THK (MIN) 133 “u
“MRET Spec. No., Grade of Type) [(s2: 0] "~ {Nom, TRE_ T, or gauge} TRumber) TTyee Gwat or O
ltems 14-18 incl. to be compieted for inner chambers of jacketed vesseis or channels of heat exchangers.
14, Shell (a) No, of course(s): 1 (b) Overall length (ft & in.): 1-7 716"
Course(s) Material Thickness Long. Joint {Cat. A} Circum. Joint {Cat. A, B, & C) Heat Treatment
No. Diameter, in. | Length {ft &in.) Spec./Grade or Type Nom. | Corr. | Type | Full, Spot, None | Eff. | Type | Full, Spot, None | Eff. Temp. Time
1 201/2"1.D. 1.7 716" S5A-516-70N 3/4" | 18" | 1 SPCT 0.85]1(1) SPOT 0.85] 1150°F.| 1-HR.
15. Heads: (a) SA-266-4N (b) NA
paC. NO., Grace or 1ype, « £y = 1iNG Bmp.) pec. g 8 or Type 1. - Tima amp,
Location (Top, | Thickness Radius Eliptical | Conical | Hemispherical Flat Side to Pressure Category A
Bottom, Ends) | Min. | Gom.| Crown | Knuckie Ratio  |Apex Angle Radius Piameter | Convex | Concave § Type| Full, Spot None [ Ef.
(a) END 3 114" 316" 21 516"
(b)
If removable, bolts used (describe other fastening) a) SA-193B7 ;1 1/8"DIA; 24
pec. No., @, 8iz8, NO.)

ASME Form EQ0108
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FORM U-1 (Back)
16, MAWP 792 NA psl at max. temp. 285 NA °F Min, design metaltemp, 10  °Fat 792 psi.
—T— e —— e

17. Impact test NO, EXEMPT PER UG—Z%;!. _ at test temperature of NA °F.
RS ———

18. Hydro., preu—or-comb. Test press. 1030 __P.8.G. Proof test ) NA

19. Nozzles, inspection, and safety valve openings: '
Purpose Diametsr | Flange | Material Nozzie Thickress |  Reinforcement How Altached Lecation

(Inet, Outlet, Drain, etc) | No. or Size Tyoe | Nozzie | Fidnge | Nom, | Com. Material Noxzle |. Flange (insp. Open,)
INLET 1 8"-150# | RF-WN SA-1OBB| SA-105 | 0.4320"] 1/8" SA-516-70 WELDED | WELDED SHELL
OUTLET 1 2"-150# | RF-LWN SA-1051 — 0.5300°] - 178" WELD WELDED L — SHELL
INLET 1 4"-800# | RF-LWN SA'1°5NI — 1.0000"} /8" WELD * WELDED . CHANNEL
OUTLET 1| 4"800# [RFLWN|SA-I05N] — |10000"[ 58" | WELD | WELDED| — CHANNEL
VENT 1 2~800# |RF-LWN|sa-105N] — ] o.esoor] 1/e* - WELD WELDED - -— CHANNEL
DRAIN 1 2'.600% |RF-LWNISA-105N| — 0.6600"] 1/8" WELD WELDED e CHANNEL

20, Supports: Skit __NO__tugs Legs Others {2)Seddles ___Attached WELDED TO SHELL

Tescrro} ey B {Descrbe)

21. Manufacturer's Partial Data Reports properly identified and signed by Commissioned Inspectors have been furished for the following items of the report:
(List the name of part, tem number, mfg's. name and identifying number)

22. Remarks: SERVICE: PROCESS CONDENSATE TRIM COOLER; P.O. NO: 17496-0001; ITEM NO.: HX1027

SIZE:20-216, TYPE:NEU, TUBES DESIGNED W/ 0" C.A,, SAFETY RELIEF DEVICES BY OTHERS
LINES 14-18 INCLUDES (1) 27 7/8" Q.D. X 20 1/2" 1.D. X 4 8/16" THK., 5A-266-4N RING
(1} Tubesheet to cylinder circumferential seams are Type T Joints w/effictency of 1.0
CERTIFICATE OF SHOP COMPLIANCE
We cerlify that the statements in this report are comect and that all details of design, material, construction, and workmanship of this vessel conform to the
ASME BOILER AND PRESSURE VESSEL CODE, Section VI, Division 1. :
U Certificate Authorization No. 12370 Expires SEPTEMBER 27 120 13

Date =22~/ Name ENERGY EXCHANGER COMPANY _ Signed %%{_/
) 2 Na H \ __Sign M L/,

CERTIFICATE OF SHOP INSPECTION
1, the undersigned, holding & valid cornmision issued by the National Board of Boiler and Pressure Vessel Inspeciors and/or the State or Province

of OKLAHOMA and employed by ONEBEACON AMERICA INSURANCE COMPANY _ of LYNN, MA
have inspecied the pressure vessel described in this Manufacturer's Data Report on . . z ,and

state that, fo the best of my knowledge and belief, the Manufacturer has constructed this pressure vessel in accordance with ASME BOILER AND
PRESSURE VESSEL CODE, Section Vill, Division 1. By signing this certificate neither the Inspector nor his employer makes any wamanty, expressed or
implied, conceming the pressure vessel described in this Manufacturer's Data Report, Furthermore, neither the Inspecior nor his employer shall be liable in
any manner for any personal injury or property damgfig’Pr a loss of any kind arising from or connected with this inspection.

Dele o 2.2 +{ & Signed gj.l,_ Vo I Commissions N.B# 12064 A OKLAE7

J j Q.

FICATE OF FIELD ASSEMBLY COMPLIANCE

We certify that the statements on this report are correct and that field assembiy construction of all parts of this vessef conforms with the
requirements of ASME BOILER AND PRESSURE VESSEL CODE, Section Viil, Divislon 1. U Certificate of Authorization No.

U Certificate of Authorization No. Expires 20

Date Name Signed

“{Rssarrbier]
CERTIFICATE OF FIELD ASSEMBLY INSPECTION
1, the undersigned, holding a valid commision issued by the National Board of Boller and Pressure Vessel Inspectors and/or the State or Province

of and employed by

(Mapeesriadve]

of , have compared the statements in this Manufacturer's Data Repott with the described pressure vessel

and state that parts referred to as data items , hot included in the cettificate of shop inspection, have been
inspected by me and to the best of my knowledge and belief, the Manufacturer has constructed and assembled this pressure vessel in accondance

with ASME BOILER AND PRESSURE VESSEL CODE, Section VIl Division 1. The described vessei was inspected and : psk.

By signing this certificate neither the Inspector nor his employer makes any warranty, expressed or implied, conceming the pressure vessel described in
this Manufacturer's Data Report. Furthermore, neither the Inspector nor his employer ghall be liable in any manner for any personal injury or property
damage or a loss of any kind arising from or connected with this inspection,

Date Signed Commissions
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OKLAHOMA FORGE, INC.  [FSu—=m"

Certification of Analysis and TestS pate: 62011

Toll Free (866)909-5553 e:Mail ~ sales@oklahomaforge.com P.O. Box 701500
Local(918)446-5653 FAX (918)446-4150 Web Site ~ www.oklahomaforge.com Tulsa, Oklahoma 74170-1500

[ENERGY EXCHANGER COMPANY  [ORIEEN 1199 T IR 111 51903
1844 N. GARNETT ROAD B JiM ELDER e DELIVERY
TULSA, OK 74116 USA e 5/17/2011 SRR 6/20/2011

[ 1 Ix-7926-4/9 111-51203-01 !DISC 16.000"0D x 3.000"TH
Cr

P ARCELOMITTAL |[227N5 SA266- 10 GR4 NORMALIZED+"

[ Mn ¥ P S ¢ Si Ni_7 Cu/] Ma’| V. 4 Cb+ Al Pb_| Ce Other
18 | 116 ] 014 | 008 [ .23 | 10 | .09 | .27 | .027 | .oa7 [ <001 | .021 | .42 | SN-.011; B-.0003
Yietd Lb/Sqin_|_Tenello Strength Lb/Sgin_| Elong%in 2In [ Red of Area% | Brinell [Rckwi C|Bend Test|Grain Size] Type | Temp |Average | #1 | #2 | #3
48,600 V] 75,500 v 34 68 v| 146 | | FINE [ CVN | -50F | 114 {127]137] 80

[ 2 [x-7926-111A 111-51903-02 DISC 21.125"0D x_ 1.625"TH
/ RCELOMITTAL [227N568 S$A266-10 GR4 NORMALIZED

C"| Mn P S Si -] Ni -] cCr Cu - Mo”| V Cb™ | Al Pb Ce Other
18 [ 116 [ .014 [ 008 [ 23 | 10 | .09 | .27 | .027 | .017 | <001 .021 .42 | SN-.011; B-.0003
Yield Lb/Sqin_| Tenslte Strength Lb/Sqln_| Elong®%in 2in | Red of Area% | Brinelt Rokws G|Bend TestjGrain Size] Type | Temp |Average | #1 | #2 | #3
4 4 75,500 " 34 1 68 -T146 4 | | FINE | CvN | -50F | 114 [127/137] 80

71
| g !x-7930-4 ) 111-51903-03 DISC 22.000"0D x_3.000"TH \J/ 7
ARCELOMITTAL [227N568 SA266-10 GR4 NORMALIZED ToA L

[+] Mn P 8§ 4 Si Ni_ -+ Cr 4 Cu Mo~ | V| Cb Al Pb Ce Other

A8 1.16 | .014 | .008 .23 | 10 .09 27 | 027 | .017 | <001 | 021 42 SN-.011; B-.0003

Yield Lb/Sqin | Tensile LbiSqin_] Elong%in 2in | Red of Area% | Brinell [Rokwl ¢{Bond Test|Grain Si Type | Temp |Average | #i | #2 | #3
49,600 4 75,500 - 34~ 68 1 146 1 | | FINE | cvN | -50F | 114 [127[937] 80

2 ]

2 |

2

4 [X-7930-1 111-51903-04 __ |DISC 27.875"0D x_ 3.250"TH f S 4 2
— o 4

6 2 |

ARCELOMITTAL [227N568 SA266-10 GR4 NORMALIZED /
Ce Mnd P T 84 Sie] Nis] Cro Cu- Mot V + Cb-f Al Pb_| Ce Other
18 [ 146 | .14 [ 008 | 23 | 10 | .09 | 27 | 027 | .017 | <004 | 021 42 | SN-011; B-.0003
Yield Lb/Sqin | Tensile Strength Lb/Sqin | Elong%in 2in | Red of Arsa% | Srinell Rekwi C|[Bend TestiGrain Size] Type Tomp | Average | #1 | #2 | #3
49 I 75,500 34 A 68 - 146 |~ | | FINE | cvN | -50F | 114 [127]137] 80
\

=
| & Ix7930-2 ) 111-51903-08  [RING 27.875"0D x_20.500"iD x 4.188"TH _ [ /
( T —— NUCOR 110786 SA266-10 GR4 NORMALIZED
f C TMn P A S Si.f Nl Cr [-Cu Mo -V & Cb.J Al | Pb | Ce Other_ 7 |
A7 | 147 [ .010 [ 002 [ 20 | 10 | 10 | 19 [ .03 | .016 | .003 | .024 41 | SN-.008;TI-.002
Yieid LbiSqin | Tenslle Strength Lb/Sqln | Eleng%in 2in Red of Area% | Brinell |Rl;kw(C|Bondesthrlln Size{ Type Temp | Average | #1 ¥2 | #3
48,800 ] 73,500 " 35 /1 74 J143F ] | FINE | cvn | -50F | 85 | 85104 67

[ 9 [X-7920-2/2A [111-51903-09 RING 28.188"0D x_23.000"ID x 3.063"TH 2 |
NUCOR 110786 SA266-10 GR4 NORMALIZED
4 " Ni_ " Cr Cu 4 Mo {1 V + Ch {4 Al Pb Ce Other

[ Mng P 1 S A
A7 147 | .010 | .002 20 .10 A0 A9 .03 016 | .003 | .024 il SN-.008;TL-.002
Yield LbiSgin | Tenaile Strength Lb/Sqin_| Elong%in 2in | Red of Arsa% | Brinsll [Rckwl C|Bend Test|Grain Size| Type | Temp | age | #1 | #2 | &
48,800 1 73,500 35 A 74 4’ 143 L | | FINE | cvN | -50F | 85 |85 [104] 67

Notes: Reviewed / Accepted VERIFIED BY msp[cnﬂN DEPARTNIGS: 1
1.Q.S.#3 REVIEWED

%«m @"mna{yﬁ- JUN 2 7 20" W THESSED :l DATE:& [%

1 CERTIFY THAT THERE IS A TRUE COPY OF THE ORIGINAL TEST SHEET NOW ON FILE AT THE OFFICE OF -
OKLAHOMA FORGE, INC. AND THAT THIS MATERIAL WAS MANUFACTURED IHWH* OF AMERICA.
Anneal by heating to 14501550 degmu F for one hour/inch of thnnest section. Slow cool fumace to 730 degreas F then air cool by apening door. 0

ize by g to 1650 deg F, Hold at 1650 d Ffor ona b finch of tion and air cool.
Solution Anneal by heating to 2000- 2050 dagraes F and Water Quenching,

O(@W#%/

n
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Page 1 of 1 IQ\Q\/

FORGED 14527 Smith Ry REPORT NUMBER 50080
F ‘ I COMPONENTS :::":';:)i’f: 707:: DATE 6/20/201
: -4
INC. FAX: (281) 441.8809 FCI ORDER NUMBER 52462 J
Processed |.A.W. EN10204 3.1
CUSTOMER ORDER NUMBER  56074-12
SOLD/SHIPPED TO PROGRESSIVE SUPPLY
P.O. BOX 470748 -, .
/V2>z. ) 1T,
TULSA o OK 74147 USA

Item Quantity' Déséription

L] 4 Afl"XSODXM"LGRF_LWN >(,7(1c3»\0 ... g 1 Q’L g 9\ o

HEAT NUMBER: MATERIAL TYPE: Material Origin:  Manufactured in
B847 SA105N + USA ¥~ USA
— LAW. ASME 2010 ED.
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
c 210 7
n S Yield PSI 55700 v
S 0130 7 Tensile PSI 79,600 ~~
Si 230 - Elongation 30 o
Cr 080 < Reduction of Area 67
Mo 030 ~ Hardness 183HBW <
v 050 ~
Cu 160 ~
Ni 080 ~
Cb .002

~ VERIFIED BY

Al 024
JUL 11201
CE 4 ___ EEG ¢ DEPT
S
Heat Treatment NORMALIZED 4 <
Temperature 1650 °F INSPECTICN DEPARTMES:
i REVIEWED
Time at Temperature  1/2 HR/IN THK MIN ‘
Cooling Media AIR WITNESSED O DATEf2clct

We hereby certify that all test results and process information contained herein are correct and true as contained in the
records of the company.

=7

Name: Helen Fielder Title: QA Representative
jewed | Accented
%‘é‘wq\fyd { Accepted
O ~1.Q.8.#3
vv@/‘tf/t"«m @;wmqyé
Page 1 of 1 Date printed: 6/20/2011 12:14:35 PM
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\ﬂwé #3

This M1 R applies 1o your

_ pok t
Material Test Report i

Heat Code: c855aN An Ameri-Forge Group Company

2525 De Soto Houston, TX 77091
Sales: (713) 868-4421 Fax: (713) 455-8366

G

"
& A eifOrg O comn

1SO 8001:2008 Certified

Progressive Supply
Attn:

PO: 57063-12
item Code:

] Sales Order: 97178
1wn020600120a002al

Line: 1
| Gty Shipped: 10

Accounts Payable
P.0O. Box 470748

ltem Desc: LWN, SA105N, 600#, 2 x 12", RF&D
Tulsa, OK 71147 Supplier: STEET, DYNAMTCS TNC - Supplier Heat: A110108
Spec: ASME SA105N, 2007 Edition, 2009 Addenda
Element {Yowt) Ladle Product EPCRA CAS# [Element {Yowt} Ladle Product EPCRA CAS#
c Carbon 0.19 ° .Cb Columbium 0.000 »
M1 Manganese 113« 7439-96-5 :Sn Tin 0.009
P Phosphorous 0.008 Al Aluninum 0.031
5 Sulphur 0.003 N Nitrogen 0.0058
51 silicun 0.za~ iAs  arsenic 0.004 7440-38-2
Cu  Ccosper 0.18~ 7440-50-8 :Sb  Antimony 0.002 7440-36-0
Ni  mickel 0.08 7440-02~0 iCE  GeMn/6+{Critiorv}/s  0.43
Cr chromium 013 7440-47-3 :CutNi+CriMo 0.42
MG Molybdenum 0.03 ECE-H*!D 0.11
v Vanadium 0.03 i :
Mechanical Testing : Other
HBW 149 ~ i Country of origin USAR  m
Elg (%) 32.0 —~ iManufactured In USA .~
RA (%) 68.0 ~ ! Production Method "EAF
Tensile (ksi} 77.687 ~ {EF YES
vield {ksi) 24,911 7 tup vea
Charpy Temp (F) IFully Killed YES
i Reduction Ratio (Mill) x:1 14.9:1
Heat Treat - Made to Fine Grain Practice YES
Heat Treatment NORMALIZEU

VERIFIED BY
AUG 35 201

/Voz-. ViteDl/ _ EEC 0 DEPT
: X1920 - 95 ¢ 84- KonDtps

NACE MRC175 & MRO103 LATEST EDITION. CE=C+(Mn/&6)+({Cr+Mot+V]}/5)+{{Ni+Cu}/15}, Elong’a’tx.on in 2" round specimen.
EVC STANDARD MANUFACTURING PRACTICES:
1) FLANGE DIMENSIONS & BOLTING COMPLY - ASME BLlG.5

2)SELE-REINFORCING NOZZLES COMPLY WITH SPECIFICATION OF SECTION VIII DIV. 1 OR DIV. 2 PER CUSTOMER
DESIGN/FVC DESIGN

3) MATERIAL SPECIFICATION COMPLIES WITH ASME SECT. II PART A h
4) ALL ¥VC MATERIAL MANUFACTURED PER FINE GRAIN PRACFICE INSPECTION DEPARTME
5} ALL FvC MATERIAL CERTIFIED PER EN 10204, 3.1.B UNLESS OTHERWISE SPECIFIED R{lewED
6) CERTIFICATE OF INSURANCE AVATLRELE UPON REQUEST

WITNESSED (3 DATE: +ruf"-

EPCRA Supplier Nofificatien: This product may conlain ene or more loxic of Seclion 313 of the Emargancy Plannmg and
Community Righi-lo-Knaw Act {Title I of the Superfund and F ization Act of 1986) and 40 G. F R, Parl 372. f cf wilh 2
checkmark in the "EPCRA” column and a Chemical Absiract Services {CAS) regisiry number is provided for 2ach such chemical in addition Lo Ihe percent by walgm of the chemical
presant in Lhis product, It is your respansibility alone to determine whelher your facility is required te submit a Toxic Release inventory Repert under EFCRA Sectlion 313.

ed S

Puneet Saggar - Plant Metallurgist

su‘n|ecl te the

Certification No.:
Certification Date:  7/29/2011

Issued By: Stephanie Kobs
This report is issued in compliance wilh the requirements of EN10204 3.1 /150 10474 3.1.6

Reviewed /
l Qs.#3

m@»‘wm,c l’/;

1006739

MM187157
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GALPERT, iNC. ) F# 3.
160 Eauthbsalt Induntrial Driva PROGRESSIVE SUPPLY =
Housten, Texas 77047
PH. 713-433-0700 ~ FAX 713-433-6680 . .
Emali: galpmali@galperi-am.caom P, O. BOX 470748 This MTR applies to your
TESTIGERTIFICATE £ 10204  (INTERNALJOB TULSA OK 74145
T 111106 pop A
M.T.CERTIFICATE N. = DATE YOUR P.O. DATE
002929/8 04/01/2011 | 119520 )(7«7 A0 - g3D ¥ g/.}. D  03/25/2011
ITEM DESCRIPTION QUANTITY (B/P) MATERIAL HEAT N° &
037/037 3" 150 BL RF AlD5 BY F 25|B | ASTM A/SALOS 03¢ 3021550 A
0407040 4" 300 BL RF AlDS Bl F 2018 | ASTM A/SALDS 03c 3019786 B
041/041 6" 300 BL RF AlDS BIF 20|B | ASTM A/SALDS 03¢ 101952N/02 C
042/042 2" 600 BL RF Al05 Bl F 258{A | ASTH A/SALDS 03c 3021551 D
A/ﬂz Vi4p
2 CHEMICAL ANALYSIS
C%, | MNES] Si% LP% [/s% |[-ca% T N% ‘| mo%f cuxs] va [ oNw% | ALx | nE% | % | W% | CBY 4 FLY
A 0,200 1.070] 0.250f 0.009¢ 0.01el 0.070) 0.0800 0.0207 0.210) 0.002 0.001 0.001 0.41
A (C| ©.190 1.080| 0.270] 0.012| 0.019| ©.080| 0.090| 0.010| 0.220] 0.002 0,001 D.001 0.41
B 0,3180| 1.030( 0.24b) 0.005( G,015( 0.050| 0,000( 0.025} 0.180| 0.002 0.002| 0.001 0.001
B [C| 0.180( 1.050| 0.220| 0.002| 0.014| 0.040| 0.100} 0.035| 0.150] 0.002 0.005] 0.001 0.001
c 0.180| 1.180| 0.190] G.010f 0.004( 2.100) 0.090| 0.030 0.200f 0.017 0.026] 0.002 0.002 C.42
CIC| 0.170| 1.168| 0.170] 0.007| 0.001] 0.096( 0.100] 0.040} £.210] 0.012 0.027| 0.002 0.002 0.41
D 0,210 1.050( 0.240] ©.008| 0.019| G.070( 0.080! 0.030[ 0.220| 0.002 0.002) 0.001 0.001 0.42
D {C| 0.200] 2.030( 0.260[ ¢.01L| 0.022] 0.060( 0.090; 0.020] ©.230| 0.002 0.004) 0.001 0.001 G.40
'}T—Et?arbon Equivalent Long Formula © = GHEGK ANALISYS
T MECHANICAL PROPERTIES
TENSILE ' CHARPY TEST
# TYPE “TEMP. VALVES HB
cype |BDIAMETER| AREA | LENGHT [ TEMP. TENSILE YELD zz.%ws REDUCT. Hanonees
. meg. | mo. F PSI ., PSE/ i ~
AlS 12.50 122,70 50,00 o8 70,000 36,000 | 22.0 30.0 187
AiD 12.50 122.70] 50.00 68 78.735 47.993 | 28.0 68.0 150
B1S 12.50 122.70| 50.00 58 70,000 36.000 ) 22.0 30.0 187
B |0 12.50 122.70] 50.00 68 77,641 47,567 | 28.0 67.2 158
C1IS 12.50 122,701 50.00 68 70,009 36.000 | 22.0 30.0 187
[ R 12.50 122,70{ 50.00 68 77,992 49,358 | 28.0 65.0 180
0|5 12.50 122,70 50.00 68 70.000 36,000 { Z2.0 30.0 187
AR 12.50 122.70{ 50,00 68 78.075 46,845 | 31.0 68.9 157
[NOTES G = CBTAINED
5 = STANDARD
# HEAT TREATMENTS GENERAL NOTES
A | Normalized at 900 dgr.C for 1 h.-Cooiing from 900 dgr.C in still air RCUGHNESS
g\ N Vized at 900 for 1172 F  =5T0CK FINIS! *50 micrainch
f t 90 . . .- ing Tl Li i
: ormalized a gr.C for 1.1/2 h.-Cooling from 900 dgr.C in still air INSPECTION DEPARTMEN
C |Normalized at 900 dar.C for 1.1/2 h.-Cooling from 800 dor.C in still air ) REVIEWED
¢ . . VERLEJED m'wnufsssn O DATE:& Tl e
D [Normalized at 900 dgr.C for 1 h.-Cooling from 900 dgr.C in still air Bl = ASME B16.5
b | JUN 15 2011
NOTES 7
Haterial 1.A.W. Nace MR-0175-2003 COUNTRY OF ORIGIN: USA
___EEC 4@ DEPT
,L</ 7 A
[TRADE MARK /1630 TNT. INSPEGT DATE INT.TNSPECTOR g ,\\M)\M AL
 Stamped on product @ 04/01/2011 D.RUZICKA A A ISORE;:)/OI?C -
TErEE T ARG \n ISO 8001/2008 certified company.
. . Certification issued by:
‘ Reviewed / Accepted Lloyds register quality assurance
Ay L LQS.#3 Certificate No. UQA 0110391
PN
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Material Test Report

c Heat Code: JFS An Ameri-Forge Group Company
13770 Industrial Rd. Houston, TX 77015
O ffe]" ® IS0 9001:2008 Certified Sales: (713) 8684421 Fax: (713) 455-8366
Progressive Supply Inc. PO: 119532 ]Sales Order: 94151 Line: 10
PO Box 470748 ltem Code; 0151600102-0020F | oty Shipped: 104
Tulsa, OK 74147-0748 ltem Desc: FLG 06.00 0150 WN RF XH
Supplier: cMC Supplier Heat: 3021470

Spec: ASTM Al05/R105M-(10)/ASME SA 105/SR 105M-(08a) Section II Part A

Element {owt) Ladle Product EPCRA CAS# | Element (Yowt) Ladle Product EPCRA CAS#

c Carben 0.20, :€r  Chromium g.07" v 7440-47-3
Mn  Manganease 1.04 ~ 7439-96-5 1Mo Maolybdenum 0.02 «
P Phosphorous 0,020~ 'V vanadium 0.003 ¢
5 Sulphur 0.020~ iCh  columbium 0.001 7
8i  ailicen D.24 iC.B. 0.41
Cu  Copper 0.23 7 7440~50-8 :CuNiCrMo 0.401
Ni  Nickel 0.08” 7440-02-0 | ciMo 6.091
. \V-7930-71 0z, Dl
Mechanical Testing : Other
Test Lab AFG iMILL CMC-TEXAS &
Test Bar Size Test Piece MI{C 3021470
HBW 156 - 156 ~ : Country of Origin USA (08)
Elg (%) 27
RA {3} 55 - i
Tensile Specimen Size (in} .497 [
Tensile (ksi} 8.4 : . .
vield (ksi) an.6 = : This MTR applies to your
Gauge Length 2 H PO#
INSPECTION DEPARTMLS,
: REVIEWED
: WITNESSED ) BATE: LMl

Wo Weld repair performed. Chemical Mnalysis results shown are actual. Forgings are capable of passing
hydrostatic test compatible with the appropriate rating, Elongation taken from a round specimen. All material
supplied under this order is certified to be free of mercury contamination and no mercury bearing equipment was
used in manufacturing, fabricatiom or testing. Yisld strength was determined using the 0.2% offset method.

No weld repair performed on thls product.

Product compliant with NACE MR0175, latest edition and dimensions to ASME B16.5

EPCRA Supplier Noiffication: This product may cortain one or more toxic chemicals subject to the reporiing requirements of Section 313 of the Emergency Planning and
Community Righi-to-Know Act (Title 11 of the Superfund Amendments and Reauthorization Act of 1986) and 40 C.F.R. Part 372, Potentially reporiable chemicals are indicated with &
checkmark In the “EPCRA" column and a Ghemical Abstract Ssm lr#nu i5 provided for each such chemica! in addition o the percant by weight of the chermical
present in this product. Itis your raspongibility alone to detarmi uf FaCAty | ulred fo submit a Toxic Release Inventory Report under EPCRA Section 313,

JUN 16 201 Reviewed / Accepted
1.QS.#3

EEC GC D}EPT @ﬁ‘/@m@%m@
Certification No.: 205991 o 4y .
Certification Date:  4/20/2011 - L7‘-<' Wm\//\p&s@m& QLVN*QQ

This repart is issued in compliance with the requirements of EN10204 3,1/ 150 10474 3.4.b Nicholas Tepovich - Metallurgic Lab Manzager
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F FORGED 14527 Smith Rd.
COMPONENTS Humble, Texas 7739
CIINC. TEL: {281) 441-4088
FAX: (281) 441-8809
119533
PROGRESSIVE SUPPLY
P.0. BOX 470748

CUSTOMER ORDER NUMBER
SOLD/SHIPPED TO

. . TULSA
item Quantity Description

OK 74147

)(77510 —.'79~ /\[93. 54

Page 1 of1
REPORT NUMBER 48289
DATE 5/2/2011
FCI ORDER NUMBER 52051
Processed LAW. EN10204 3.1

M

This MTR applies to your

por_| 2\

USA

5 5 2"X150X12' LG RF LWN
HEAT NUMBER: MATERIAL TYPE: Material Origin:  Manufactured in
G136 SA105 ITALY .- USA e
1AW. ASME 2010 ED.
CHEMICAL ANALYSIS PHYSICAL PROPERTIES
C 160 v
Mn 1.220 ~
P 0130 ~ Yield PSI 48,992 L/
] 0060 Tensile PSI 76,623 »
Si 220 Elongation £ g
Cr 200, Reduction of Area s 7
Mo 005 .~ Hardness 150 HBW *
v 004 |
Cu 036 .
Ni o5 -
cb ‘003 -
Sn .002
Ti 70
Al 025
CE 41
VERIFIED BY
INSPECTION DEPARTMEMR
JUN 16 20 BEUEAED
Heat Treatment AS FORGED 7 EEC ac DEPT WITNESSED L) DATE:
Temperature -
Time at Temperature (£ @W
Cooling Media SN AT

We hereby certify that all test results and process information contained herein are ¢orrect and true as contained in the

records of the company.
Preparedg;y\ 2 2 z / :

Name:  Helen Fielder Title: QA Reprasentative

Dana 1 nfd

Ofidtam m}ﬁna(y/i
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09/19/2011 From:AMERICAN. ALLOY STEEL

P.O.# 1346 S.0.# :396462

To: ENERGY EXCHANGERS

Irzem :7 (1 PC) 3/4" X 60" X 96" _
ag: - X-79 30 -1 .2
TEST CERTIFICATE
ARCELORMITTAL PLATE LLC PAGE NO: 01 OF 02
SHIP MRATCAN ALLOY STEEL MILL ORDER NO: 32071 3032
6230 N _HOUSTON ROSSLYN RD : h
NORTH HOUSTON TX 77091 SIAB No: MY
DATE: 01/16/10
SOLD TO: SEND TO: 01-C
ICAN ALLOY STEEL, INC
P. O. BOX 40469
BOUSTON TX 77240-D46%
PLATE DIMENSIONS / DESCRIPTTION Jnlo
TOTAL ' PIECE BHN 70
QTY GAUGE ~ WIDTH  LENGTE  DESCRIPTION  weIger GERTIFIEDD “;f! | OV STEEL
1. .75% 750 480" RECTANGLE 76578 AN ERICAN AL T
By YIS
CUSTOMER INFORMATION.
CUSTOMER PO: 80702
SPECIFICATIONC(S) ‘
THIS MATERIAL HAS EEEN MANUFACTURED AND TESTED IN ACCORDANCE WITH PURCHASE
- ORDER REQUIREMENTS AND SPECIFTCATION {(5) . :
AM ALLOY-TUF-37 REV 8 ¥R 06
ASME SA516€ GR 60
ASME SABIC 9B 04 GRADES 60/65/70 06 AODESDA
THE MANAGEMENT SYSTEMS FOR AL UCT ARE CERTIFIEN
20 180 9001:2000 (CERTIFICATE Ko. 300505 AND 250 12 12 001 (CERCETCATE o
® INSPECTION DEPARTM: $
CEEMICAL COMPOSITION REVIEWED
ol s T st s mm;ss £) 0 oTEgrele
P cg ¥ sp < NI
MELT:RA137 "T19 1.08 .006 .600 <06 35 64 “ha
v / AL~ 5B SN E
MELT:R4137 .ouf/ 003‘/0007 8% V5 ot o%go B0 & ‘/
CARBON EQUIVALENT FORMULA
CEF + 0 L 1567) ucn + MO+ V) * 2000) + ((CU + NI) * .0667)
MANUFACTURE
FINELINE- - VACUUM DEGASSED - MCQUATD-EHN GRAIN SIZE PER E112 - 7-8 g\
S
HEAT TREAT CONDITION \‘\"
O \
OF HEAT - TREAT o HOLD COOL A4 Q'\-
TEST DESCRIPTICN MINS MTHD c§b
PL/TEST NORMALIZE / 1650F / 28 ATR COOL

WE HEREBY CERTIFY THE ABOVE

INFORMATION 1S CORRECT:

ARCELORMITTAL PLATE LLC
QUALITY ASSURANCE LABORATORY
139 MODENA ROAD

COATESVILLE, PA 18320

SUPERVISOR ~ TEST

OR
ELINORE ZAPLITNY

NG
' Reviewed / Accepted
LQS. #3 .

Pk
Yiltrarne TBrarcdh

MM187157



05/19/2011 Fiom: AMERICAN ALLOY STEEL

P.O.# :1346

Irem :7 (1 PC) 3/4" X 60" X 96"
:TAG: X-7994 & 95 LN 15B

To: ENERGY EXCHANGERS

ARl P '590937OE

8.0.# :396462

TEST CERTIFICATE
PAGE NO: 02 OF 02
FTIE NO! 0284-03-32
MILL ORDER NO: 36071-002
MELT NO:
STAB No: 1iB .
DATE: 01/16/10
TENSILE PROPERTIES
.. YINID ELONGATION
SLAB STRENGTE  BTRENGTH GAGE
No.  roc DIR PSI X 1y PST X 17) LETH % jR.A.
118  BOT. TRANS. 485 739 8.00" 28.0 “64.0
GENERAL INFORMATION
ALL STEEL HAS BEEN MELTED AND MANUFAC THE U.S.A. i/
mzuummuwnz@smmcm
FOR SULEIDE SEAFE CONTROL.
TEST CERTS. ARS DED ACCORD. WITH PROCEDURES
OOTLINED IN BN 10504 "5‘4 TYPE 3.1.
B/L #01202 UMP 63044
INSPECTION DEPARTMES:

WE HEREBY CERTIFY THE ABOVE
INFORMATION IS CORRECT:

ARCELORMITTAL PLATE LLC
QUALITY ASSURANCE LABORATORY
139 MODENA ROAD

COATESVILLE, PA 18320

REVIEWED
WITNESSED T DATEWR&Ir%

Fucalend DT L 0T

Ritrowad By

~SUPERVISOR = TEST KEPORTING

ELINORE ZAPLITNY Rewewed ! Accepted
1.Q.S. #3

- %{m @mngﬁf

MM187157
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ArcelorMittal Bums Harbor Plate

DF TEST AND ANAYLEER

CAR OR VEHCLE NG,

GHIPMENT NO.

8Q3- 11-24- B BNS 3 g
s| # 003 s RYERSON PROCUREIENT CORP

f RYERSON PROCUREMENT CORP " TEEIR SIDING

of PO BOX 4725 6434 N ERIE

Il NORCROSS GA 30091-4725

9] eemL PAT MEAY [y THICKNESS |  WITH OR DIA. omt STRENGIH| B.0NG. RED.
Il wumsex | Mo NUMBER Fes

£ INCHES INCHES INCHES UNDE PSI PSI IN % %

QUALITY STEBL. MELTED & MANUFACTURED IN THE U. S. A.
PLATES - ASTM AS16-06 GR 70 PVQ, ASME HA516
GR 70 PVQ 2010 EDITION --- MILL
TEST PCS NORM 1650F FOR 1HR/IN
AIRCL
NO WELD REPATR WAS PERFORMED ON BELOW PLATE (8)
TEST CERTS ARE PREPARED IN ACCORDANCE WITH PROCEDURES OUTLINED

IN EN 10204:2004-TYPE 3.1

CO# M1&661579 GH 841-0659

TEST SPECIMENS LABORATORY HEAT TREATED AND YIELD STRENGTH ® .5% E.U.L. P
B066332 811P02140 5 3/8 96 240 JioA ) 12250 52900,/ 7510078 21
(M55) MFST REPF#:35992

H066333 811P02140 4 3/8 96 240 HU)GB 9800 53800 75400 8 23
(MS5)MFST REF#:35992

HO066337 B811r02170 4 3/8 96 240 H[UCOC/”“ 53700 75100 8 24

(M55)MFST REF#:35992

(Lpe) X793/ “h°

N-NORMALZE TEMPERATURE

GGUENCH TEMPERATURE
SERIAL PAT|  HEAY WARD | menp THUELE E{&ZE o BT | ENeRe¥T LBS i BHEARON) ALEr MILS
WUMBER  |mO.[  NUMBER

Bt INCHES i 0 e S e S

il B S5 N4 WA WP B v B, X, % 4% 6% WU S [ o w [ale

4’311?02140 .16 1.05 .020 .007 -314.242 .16 .04.007.002.002.032.0003 .002.005.005
811P02170 .16 1.06 .013 .005 .330.228 .18 .03.0D06.002.003.044.0003 ,002.006.006

1 cartity thal the above cesults am & trus und COMSE SOy B BENSE teEyite contRined v mmnwnmbmhlmuuhwmn in fulf complieyrcs with the

Iaquinsments of tho spaciioelion oied above. Thix W pod connct b akemc end rurst be " Thare marly lert repovia, ¥ reqainett
BHPLTRPT.TF S D. W. ELWOOP ., WNK
VERIFIED BY
lHSPEBTlUN DEPARTMES: .
REVIEW Y {8 201 Reviewed / Accepted =
WITNESSEB qumu/zc(rz LO.S. #3 %
EEB ﬂﬂ “EPT @i’lf«{.’fﬂm @j}ﬁﬂ(l{/y/‘,

ﬁ O\CCCJL {48 1—

MM187157
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TUBES INC. /ut %

900 E. PECAN
SAND SPRINGS, OK 74063
918-245-5100

MANUFACTURER’S CERTIFICATE OF COMPLIANCE

IN ACCORDANCE WITH EN 10204 3.1

CUSTOMER: ENERGY EXCHANGER COMPANY

CUSTOMER ORDER NO: 1200 TAG: X7930

OUR ORDER NO: T-44125-20

PRODUCT DESCRIPTION: SA179 CARBON STEEL U-BENDS
266 PCS 3/4” OD X .083 MW X V/L

CUSTOMER FURNISHED MATERIAL.

ALL U-BENDS WERE STRESS RELIEF ANNEALED @ 1150 +/- 25°F PLUS 12” PAST TANGENT
IN ACCORDANCE WITH SA-556 AND PURCHASE ORDER REQUIREMENTS. e

WE CERTIFY THAT THIS MATERIAL HAS BEEN MANUFACTURED, INSPECTED, AND TESTED IN
ACCORDANCE WITH THE SPECIFICATIONS TO WHICH IT WAS ORDERED, AND THAT THE ABOVE
INFORMATION IS CORRECT AS CONTAINED IN THE RECORDS COF THIS CORPORATION.

JO7— 5ol

BRIAN TURNER - QUALITY

CERTIFICATION COORDINATOR
MEsh
VERIFIED BY \NS?E‘\';“;g““m wﬂ&
AEviE ~y nATE:
MAY 2.4 201 s DK

_. EEC OC DEPT

&’f W Reviewed ! Accepted
R . 118 #3 g’
s ~ L4 A

(;9,/»'.'“‘5‘ .. /;:'t-.W(.'.‘, -4

MM187157



DATE: @1/12/12 W. M. HEITGRAS COMPANY ' :#L
P.0. BOX 2044 M / {
1316 N. OSABE DRIVE
TULSA, OKLAHOMA 74121
(918) 5B83-3131

CERTIFIED MATERIAL TEST REPORT

ENERGY EXCHANGERS LoOT # 188465

1844 N. GARNETT RD. HEAT # 1838463
TULSA OK 74116 STOCK # BYS112C918

1-1/8~-8 X 9-1/8 ASTM A-193 B~
CUS FO# 1744
ORDER # 28168

SPECIFICATIONS: )/, 7430 .41

ASTM A193 BY ALL THREAD ROD

VENDOR: VULCAN THREADED PRODUCTS, INC. GTY SOLD 48

~ CHEMICAL. COMPOSITION -

1 C %4 mMN% A P % A 8 %71 SI 2 A NI % | CR% 4

i 22.4202 | 20.9020 | 20.9159 |1 20.0260 | 2B.2402 | 20.1038 | V8. 8410 |

i MO % 1 Cu =% 1 co % | vVox al % | FE % | TA % |
I @a. 1638 | b, 2408 | | 22.0@70 | 29.0014 | ! |
i T % | IN % 1 8E % | CB x 1 W % 1 No% SN % |
| I | l { o t ! | 29.9988 !

—~ CHARPY IMPACT -
FIRST: @ SECOND = @ THIRD: ? OUERAGE: @

INSPECTION DEPARTMEN
~ MECHANCIAL PROPERTIES - REVIEWED
; WITNESSED 0 DATE: LS.
TENSILE STRENBTH: 134,200 Psi . HARDNESS : 27 HRC™
YIELD : 119,000 - PROOF STRESS: ® Psi
ELON : 20.00 7
RA H 6. 0@ _
COMMENTS = VERIFIED By
MELTED & MFG IN THE uUsA” JAN 17w W. M. BR ANY
TEMPERING TEMP 1430 F .
META S2/51/53 —__EEC a¢ pepy
Reviewed / Accepted W
1.Q.8.#3
Ot Pronangh LITY 0L MANGGER

MM187157



faut P

B3/3L/711 W, M. BELTGRAS COMPANY
r.0. BOX 2844
1Zi& N. DBABE DRIVE
ULBA, OKLAHDMA 74181
(Fig) B83-F131

r
h g
ot
it
n

CERTIFIED MATERIAL TEET RERORT

){ ) 745 J - 42 LoT & MRESL

ENERGY EXCHANGERS

1844 N. BARNETT RD. HEAT # B@Y3I6L

THLZA BE 74114 STOCK # HZHHMILZ-D ‘
1-1/8-8 ASTM A-194 Z-H HEAVY

CLUS PO# 1242

ORDER # 27L2F1

TAG # STOCK

=700 K

g7y S0LD 728

SPECIFICATIONS:
ASTH A-124 2H HEAVY HEX NUT

VENDOR: LINYTITE, INC.
- CHEMICAL COMPOSITION -

PRI ST Sy S
\ o2.4c08 | 02.7120 | @0.0110 | 08.8i%0 | ©8.2300 | 02.8i20 | B2.06ED |
?“*“éé‘;‘"?”'";;-;"? cao % v aL %« i FE 4 _{ TR %
:es.oie0 ;i : D :
v Tiu : % ¢ SE% I CB¥ § W 4 ! N Z i SN% I

FIRST: 2 SGECOND: 2 THIRD: & AVERAGE : a

-~ MECHANCIAL FROPERTIES -

TENSILE STRENGTH: Psi HARDNESS : oeooHre ©
YIELD H i) FROOF STRESS: ﬂﬁMEﬁ
ELGN H & .88 mﬁgﬁﬁggmﬁ
R s .20 REVI [
WITNESSED 2 DATES! 261 1
COMMENTS 2
HREB 162.3 HARDNESS -
TEMFERING 1831 F/45H W.C.
HEAT TREAT TiMIN. 538 F VER'F,ED Bv
COUNTRY OF GRISIN: U.S.A. MAY 3 1 201
Reviewed / Accepted
1.Q.S.#3 — EEG @e DEPT
&WM@E%W@%

MM187157




09/19/2011 From:AMERICAN ALLOY STEEL - To: ENERGY EXCHANGER,

P.O.¥# :1 5.0. # 1396462 AR PL 09135
Ttem :;@C) 3/8" X 98" X 164" ) /
6 NG Ao TI0NS] | Tat ™ /7

ArcelorMittal Burns Harbor Plate
REPORT OF TEOF Ah AocALoES
EHIPMENT NO.
803-08925

AMERICAN ALLOY STEEL INC
PO BOX 40469 "
HOUSTON TX 77040-0469

mﬂ'SF TRi# 7226 MILE 66.4 LN SEC 4.92
6230 N HOUSTON ROSELYN RD

HOUSTON TX
W ' ELONG l RED,

INCHES INCHES INCHES DUNDS P8I 'PSI IN % %
QUALITY STEEL )ELTED & MANUFACTURED IN THE U, §. A.

PLATES - ASME SA516 GR 70 PVQ 2010 EDITION,

p-Horoe

seraL | PAT HEAT NO, THCKNESS |
NUMBER NO. NUMBER PCS,

jn-ioz

ASME 82516 GR 65 PVQ 2010 EDITION. : . ‘/
ASME Sa516 GR 60 PVQ 2010 EDITION, BHN \5?3_70 [&
CE-V SA2085 PLT L 15/12 FTLBS AT . CERTIFIED BY
-50F --- PLT NORM & COOL IN SPILI : BICAN ALLOY STEEL
AIR --- TEST CERTS ARE PREPARED IN - AMERICAN / L?}-“T -5 -1]
. ACCORD WITE PROCEDURES OUTLINED TN BY_ {05 DATE

EN 10204:2004 TYDPE 2.1

NC WELD REP, .WAE PERFORMED ON BELOW PLA'.T.'E(S)
CO# B5354 GE 361-7984

PLATES HEAT TREATED Y TEST SPECIMENS ATTACHED & YIELD STRENGTE @ .5% EUL
3031961 813862790 2 .375 96 360 7350 54300 77200 8 24°
) ,/”x N 1650 DEG F - 21 MIN

./ B .
- J031860 ~>B21T00580 _3 .375 96 360D 11025 50200 ‘/ue '/ /
w/ N 1650 DEG F - 21 MIN

Certified 2 true copy of the
-original, revained in our file,
AMERICAN ALLOY STEEL

Rewawid By:

ol

e, |rar ﬁz BEND TS S f— m_,'r% BEWFT LES I SHEAR(N] UTSF WILE

INCEES 1 J 2 "3 [ 7] 2] = v |z
JU3I56L 52790 -390 ¥V 3/47L -850 BB E& BB
JO031560 B821TO0580 T .375 VvV 3/4 L -50 79 81 80O
INSPECTION NEPARTMEM:
REVIEWED

[~ 7 ‘ 7 7 GGl BT : SRESSE __,%%lld"t
e [T WVl v sVl s ¥ adwtelnls An¥udrs Toadn | o]

813862790 .17 1..06 .0L7 .003 .345.229 .18 .03.005.002. 002.037. 0002 .002.004.007

o>

=
4’ B21TO0580 .17 1.03 .01& .005 '.320.217 .18 .a;.ooa.ooz.uaz.aso.ooaz .002.005.002 E’;%
m--
O

iB_LLLEst
{ certity thet the above MELES e A - by sl B Huarbe mhl inCo With the
i of thesp e o, snd ¥ suimquert burd party et reports, I requires,

Eb:EPLTRP\'.'ITF SEPZ 1 20" BUPY, QUALITY ASSURANCE D. W. ELWoOD pm WNE ol
Reviewed / Accepted . :
_. EECacmEPT 1Q.5.#3 W <

C% ; g @ff/j‘(m@ @ﬂl!d{:’y/‘

MM187157
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ENERGY EXCHANGER COMPANY

CUSTOMER SouTHEeN éﬂee.«_fq Sey. P.O#:_ 174G - 000/

TAG: _HY 1027 ENERGY JOB# _X- 7720 &
Mo/ e dpex
Part # | Consumabie| WPS Weld ’Sta_n?) NDE Procedure NDE Techﬂician
i N&e-z0p8-¢ | 77! H Mr My [ B
2 =y A-1H U My 2T £y
32 | 2-el A-fH | E WMt
o | L-¢/ A-1l £ My
s le-7006-7 | m-6 w Mr ]
¢ [ M-Il o/s mr RT ]
7 U1 S mr
£ W14 (2 M1~
4 M- j-H 3 e
/0 -1 S Mt
i 724 (& M
/2 MA £ Mr
| 3 M-l L mr /
14 V.o S Mt
rs -/ < M
i — M-/ E mr —
INSPECTION DEPARTMENA
1 REVIEWED '
108 #3 ;E %
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ENERGY EXCHANGER COMPANY

soBr X~ 79200 &
P.O# [7Y49¢ —000 (
PART IDENTIFICATION __ CHAVNEZ SFer vt S
TYPEOFMATERIAL _SA S74 -70 MATERIAL THICKNESS _ 22 '« 374"

SPECIFICATION NO: __Q.C. WELDMENT CODE/STANDARD: _ASME SEC. VIl DIV. 1, A-
D Pi

1. RTDATE _&=1- %+

2. MATERIAL EXAMINED:
( ) WELDMENT
( ) CASTING
( ) OTHER

REJECTED
UNDERCUT

POROSITY
CRACKS

FILM
IDENTIFICATION
ACCEPTABLE
FILM ARTIFACTS
SLAG INCLUSIONS
INCOMPLETE FUSION
INADEQUATE
PENETRATION
BURN THROUGH
REMARKS

SURFACE INDICATIONS

. i 3. METHODS:
H pl t-z i 6-Efz (";ﬁ\IGLEEXPOSURE

N

- e ey ] L-%12 } MULTIPLE EXPOSURE

Ll -z ) DOUBLE WALL TECHNIQUE

} SINGLE WALL TECHNIQUE

(
%
{ ) DOUBLE WALL VIEWING
{ ) SINGLE WALL VIEWING
{

ol -2

} SINGLE FILM LOADING
{ ) DOUBLE FILM LOADING

3-¢

4. 1QI (PENETRAMETER) DATA:

4-5 DESIGNATION 24

SENSITIVITY LE\IEL._.__Z.'_l

LOCATION {FS) @

5. FILM DATA:
FILM TYPE 12

FILM DENSITY MAX

CH Ll -2
2-3

NAYAYAYANARR

St

FILM DENSITY MI...___ —

6. SOURCE DATA:

INSPECTION [DEPARTMER sotosEIL e sz G106

REVIEWED 1~ t curies_ &% er.- 29
mﬁfgﬁ-&ﬂu}; DATE.

son_ /] _ssor 4

mnlocmpnmé;;ﬁmrrj

INTERPRETER

DATE REVIEWED 4 -&- 1%

CUSTOMER INSPECTOR DATE REVIEWED
wed / Accepted
1.Q8.#3

readersheet(A9S).doc %m @"mﬁa{yg
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ENERGY EXCHANGER COMPANY

JoB# X-7930 A
P.O# /1 749¢ 0001 A FoHT
PART IDENTIFICATION _(C4{ SFPOT
TYPE OF MATERIAL _SA Syl 78 MATERIAL THICKNESS __ &2 &£ ?/c_,l

SPECIFICATION NO: Q.C. WELDMENT CODE/STANDARD: _ASME SEC. VIIl, DIV, 1. A-
RADIQGRAPHIC DATA

1. RTDATE £-/2-/Z

2. MATERIAL EXAMINED:

(-7 WELDMENT
( ) CASTING
( ) OTHER

Z

FILM
IDENTIFICATION
REJECTED
POROSITY
CRACKS
INADEQUATE
PENETRATION
UNDERCUT

ACCEPTABLE

FILM ARTIFACTS
SURFACE INDICATIONS
SLAG INCLUSIONS
INCOMPLETE FUSION
BURN THROUGH
REMARKS

3. Mepéns:

R (¥) SINGLE EXPOSURE

{ } MULTIPLE EXPOSURE
72 |7 { ) DOUBLE WALL TECHNIQUE

cqd Ll {(-}-SINGLE WALL TECHNIQUE

( ) DOUBLE WALL VIEWING
7= L~ (~"SINGLE WALL VIEWING

(_}-SINGLE FILM LOADING
(") DOUBLE FILM LOADING

4. QI (PENETRAMETER} DATA:

DESIGNATION d.o lﬂ:

sensmviTy LeveL_2-0\e

LOCATION (FS)

5. FILM DATA:

FM TYPe _ LU

FILM DENSITY MAx._&2 ~ 4~

FILM DENSITY MiIN,_S>— ¥~

6. SOURCE DATA:

isoTorelZ QL size 0- 14

VSPEchoN pereiWER | cures Q4= er. /3D

LVik soo._2Z/ " ssorF. ‘3/4

JTHESSED [ DATE:

RADIOGRAPHER SS._]_Z:,)MQ/

- -
INTERPRETER g/\,_,_; Vl) — T 143237 DATE REVIEWED _ &-/2- /2

CUSTOMER INSPECTOR _WM_‘GG ' REVIEWED é/é/ﬂ
1.Q.S.#3 /S

readersheet(A99).doc WMeltam @ﬁmza(g#f
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ENERGY EXCHANGER COMPANY
JoB#_X-7930 A

P.O# /7496 - ool
PART IDENTIFICATION __ She. !l Spot U/ =51

o
TYPE OF MATERIAL _s4-/06 R MATERIAL THICKNESS 22 “0.p x 3%

SPECIFICATION NO: __Q.C. WELDMENT CODE/STANDARD: _ASME SEC, VI DIV. 1. A- 0
RADIOGRAPHIC DATA
1. RTDATE_S§-2/-/2.

2. MATERIAL EXAMINED:
{X) WELDMENT
() CASTING
( ) OTHER

REJECTED
POROSITY
CRACKS
UNDERCUT

FILM
IDENTIFICATION
ACCEPTABLE
FILM ARTIFACTS
SURFACE INDICATIONS
SLAG INCLUSIONS
INCOMPLETE FUSION
INADEQUATE
PENETRATION
BURN THROUGH
REMARKS

” 3. METHODS:
SH ez -2 |V (Y SINGLE EXPOSURE

{ ) MULTIPLE EXPOSURE
) DOUBLE WALL TECHNIQUE

) SINGLE WALL TECHNIQUE

DOUBLE WALL VIEWING

SINGLE FILM LOADING

)
) SINGLE WALL VIEWING
)
) DOUBLE FILM LOADING

4. QI (PENETRAMETER) DATA:

DESIGNATION___ &

SENSITIVITY LEVEL, zl‘r'

LOCATION (FS) (SS)

5. FILM DATA:

FILM TYPE 0

FILM DENSITY Max,_ 2 ~ 7

FILM DENSITY MIN__2—

6. SOURCE DATA:

1SOTOPELC 192 size_+ (0 ¢

! s " curRes 2 ErT.

WITNESSED oTg: 8.0.D. 5.5.0F.

RADIOGRAPHER

INTERPRETER Lju/:_ F 149333 y 2 DATE REVIEWED S~ ZZ (%

CUSTOMER INSPECTOR < DATE REVIEWED
é :ﬁ R ieWEd ! Accept
1LQ.S g3 pied

readersheet(A99).doc William. @fzw««fﬁ
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office (918) 437-3000
fax (918) 437-7144

@ ene €XC|'IOI| er com °n¥ info@energyexchanger.com

1844 N. Garnett Rd. « Tulsal, OK 74116 » www.energyexchanger.com

DATE: _4-2/- iz

CERTIFICATION OF EXAMINATION
BY
MAGNETIC PARTICLE (DRY POWDER METHOD)
" {Procedure MT-1 Rev. 6)

M1 oF THE Follsawg:

P.O.#_1145¢ - 000! LiIFTING LUl weDs

ALl TBmP ATTRHMGNTS AND
TAG# HX /027 P AR
ENERGY JOB# X— 5920 A Al Noz Bade cuTs

ALL INT. + EXT eH wELDS
BEFE < AFTERL PwWHT
This certification is made to document that all Magnetic Particle Examinations
have been performed on in accordance with the requirements
of ASME Section Vill, Division I, Appendix VI, ASME Section V, Article 7, customer
specifications and Energy Exchanger Company drawings.

TEST INSTRUMENT: ESC-Y400/ESC MS-27D
PARTICLE TYPE & COLOR: DRY/GRAY Lot / 7T7YE
MATERIAL AND THICKNESS: SA-/60B _ x %

LIGHTING: 100 FT CANDLES MIN. @ SURFACE

ENERGY EXCHANGER COMPANY

—_— NSPECTION DEFARTMER: %//

Brent Wilson REVIEWED
Quality Control Manager WITNESSED (3 DATE:

ASNT NDT Level ill, #193332

CWI # 10082731 Revievivgd SI I;c;:epted

@;ﬂ,@mﬂ, ;\wm(g/ff
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office (918} 437-3000
fax (718) 437-7144

@ enelgl GXChQngeI‘ compony info@energyexchanger.com _

1844 N. Garnett Rd. « Tulsa, OK 74116 - www.eheryexchcnger.com

DATE: _&-24 -2

CERTIFICATION OF EXAMINATION
BY

LIQUID PENETRANT - WATER WASHABLE

(Procedure PT-1 Rev. 6)

P.O.# /7776 - 0001 | P Tu8e 70 TusSsHee T

weLDS BeFeeE
TAG # (027 sTeENETH
221 AND  grref- MotuUNE

ENERGY JOB # X- 7920 A

This certification is made to document that all Liquid Penetrant Examinations
have been performed on _Y~ 793¢0 A in accordance with the requirements
of ASME Section Vill, Division I, Appendix VIli, ASME Section V, Article 6,
customer specifications and Energy Exchanger Company drawings.

PENETRANT: ARDROX 806
REMOVER: WATER

DEVELOPER: ARDROX 9D1B
MATERIAL AND THICKNESS: SA4-244-6 ¥ X 2°°

LIGHTING: 100_FT CANDLES MIN. @ SURFACE

ENERGY EXCHANGER COMPANY

LS

INSPECTION DEPARTMEST

Brent Wilson
REVIEWED w
Quality Control Manager wiTHESSED 3 DATE: //%
ASNT NDT Level lil, #193332

CWI #10082731
Reviewed / Accepted
LQS.#3

%ﬂa @;mmg%
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€nergy €xchanger Company

BRINELL HARDNE EPORT

JOB NO: Y- 7930 A

COMPONENT : LOCATION WELD METAL HEAT EI‘%CTED BHN PLATE V:I%[i\fl)BPE?QOCEDURE
FROMNT  EHAMNEL £/ 175 /71 : A f14
P L 1ES /g0 : A==
i 185 /77 A/t
AN Tl /2 /7 e,
' 72 lEe /£© st —l-Hf
SHELL ’ /2 286 167 41
/ rZ /72 /177 A1
( s/ /74 /13 | =7
— Sz /258 /75 7 -/
ﬁévif\;v’e‘d sl'i\“c;:ep e(‘%d A /
Y L L
INSPECTION DEPARTHET

REVIEWED
YiTNESSED L DATE:

MM187157
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office {918) 437-3000

- fax (918) 437-7144
B energx exchag ger camganx mfo@energ%x(chaLger com

1844 N. Gamett Rd. « Tuls@, OK 74116 « www.energyexchanger.com

DATE:_¢ 72012

CERTIFICATE OF WELD/SUPPORT PAD AIR TEST

P.0.NO: /74% — 00O |

TAGNO: _HX 10621

ENERGY JOBNO: X- 7930 A

This is to certify all weld/support pads on the above referenced
equipment were air tested @ __ /S~ P.S.l. and found to be
satisfactory. ' ’

ENERGY EXCHANGER COMPANY

=-—A~=

Brent Wilson . Reviewed / Acce 7
Quality Control Manager I Q.s. # /j 7//

Weltam @Qomm

INSPECTION BEFARTMEN

REVIEWED
WITHESSED fa DATE:
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office (918} 437-3000
fax {918) 437-7144

(} enel g! exChonger COI'I'IPO“Y info@energyexchanger.com

1844 N. Gamett Rd. « Tulsd, OK 74116 » www.energyexchanger.com

DATE:; S-27-:2

CERTIFICATE OF TUBE TO TUBESHEET AIR TEST

P.O.# /749¢ - 600 ¢

TAGHE X027

ENERGY JOB #__X- 7752 4

This is to certify that all tube to tubesheet welds on the above
referenced equipment were airtested @ /5 P.S.l. and
found to be satisfactory.

ENERGY EXCHANGER COMPANY INSPECTION DEPARTHEM

REVIEWED
WITNESSED ET DATE.

a‘—_s W t_:— ' ReviewedlAccéﬁgé g%”

Brent Wilson 1L.QS.#3
Quality Control Manager Weltarn PBronaug

MM187157
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office (718) 437-3000
fax (718} 437-7144

(} el‘le!g! eXChﬂngel‘ Company info@energyexchcnger com

1844 N. Gamnett Rd. « Tulsa, OK 74116 « www. energyexchanger.com

DATE: 4~ 2/ 12

CERTIFICATE OF HYDROSTATIC TEST

P.O.#_[ 749 oO!
TAGH_Hy 1627

ENERGY JOB # X~ 77320 4

This is to certify the above referenced equipment was
hydro tested at the following pressures:

AEO PSIG SHELL SIDE

/030 PSIG TUBE SIDE

~ INSPECTION DEPABIMER:
ENERGY EXCHANGER COMPANY REVIEWED

WITNESSED T DATE:

Brent Wilson @ M‘gﬁ
Quality Control Manager /am o

it

MM187157



office (918) 437-3000

[ ® €nergy €xchanger Company ifoGensroyaxchanger com

1844 N. Gamett Rd. « Tulsa, OK 74116 » www.energyexchanger.com

Date: é'.Zb' Lz

CERTIFICATE OF NITROGEN PURGE

P.O.NO: _/749¢ -6pp |

TAGNO: 4 X 10247

ENERGY JOB NO: X-74920 A

This is to certify the above referenced equipment was purged

with {5 PSl dry nitrogen after hydro test.

ENERGY EXCHANGER COMPANY

=——"
e
Brent Wilson

Quality Control Manager

Reviewed / Accepted
1.Q.8.#3

@M‘mm- @;amuyd

MM187157



ENERGY EXCHANGER COMPANY
PAINT CHECK LIST

Contractor: _&3720_INDVeTerde CoaTines

Unit Serlal No: X227 A' Customber Specification No:

Aoy ve
Paint Required: =~ 7—5___mils 50 __ Primer;

CARBoc g
4-¢  mits Y52 Finish

1. Paint Shelf Life
A. Nstevials in accordance with Project
Specifications & Drawings
2 mmmcﬂw

3. Weather Conditions:

_Z___mmmm ___ahumw__za__mm__!_cwpm,

‘4 SwimcePrap: . ¢ C/’-""'.i
{Req'd) SSPC-SP-_/( Z2-3 mits; (Actual) SSPC-5P-_/2 2.7 _mis

5. Surfate Contamination . L\ et

6. Surfece imperfections '

7. Paint Contractor Re-check above

8. Storage, Mbxing, Appiication _,

8. Masked Surinces
10. Check Compressed Alr for Contamination

. 1. Wet Film Thickness:

AR, (Actual)
12. Dry Film Thickness:
Reqd) Fvo (AM_Z_/__
13. Tie Down/Shipping Prepasation .o copT
TEwpw G5

Sremg 2F .
Homt 1y 262
Pawpowr

mils Intermediats;

" Tegtox PRESS-O-FILM™ HT

o G2 o ._&_.u“ :

g ——-—__"
’ o, 1 4.5 mil
i, 3 ‘wm

25 L

— 4
B
%‘6/“42 |
Claesf,

f e

e

Reviewed / Accepted M

1.Q.S.#3

MM187157
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€nergy €xchanger Company

Installation, Operation
and Maintenance Manual
for
SHELL AND TUBE
HEAT EXCHANGERS

A Member of the
Tubular Exchanger e
Manufacturers Association

Energy Industrial Park/1844 North Garnett/Tulsa, Oklahoma 74116-1698
918 437-3000 / FAX 918 437-7144

© Copyright 1990 Tubular Exchanger Manufacturers Association, Inc.
containing copyrighted material from the 1988 Tubular Exchanger Manufacturers Association, Inc. 7th Edition Standards.
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FOREWORD

Included in this manual are Tables and Figures which are reprinted in their entirety from
the Standards of the Tubular Exchanger Manufacturers Association Seventh Edition (1 988).
Pages containing such material contain a citation to that publication.

Additionally, there are extensive extracts of text reprinted from the 7th Edition TEMA
Standards. Pages containing such excerpts contain a footnote to that eftect.

No part of this publication may be reproduced in any form, in an electronic retrieval
system or otherwise.

The information in this publication is based on the collective experience of industry
engineers and technicians. While the information is intended to be comprehensive and
thorough, it is subject to change based on particular applications, field experience and
technological developments. The Tubular Exchanger Manufacturers Association expressly
disclaims any warranty of fitness for a particular application, as well as any claims for
compensatory, consequential or other damages arising out of or related to the use of this
publication.

MM187157
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GENERAL INSTRUCTIONS FOR INSTALLATION, OPERATION
AND MAINTENANCE OF SHELL AND TUBE HEAT EXCHANGERS

SAFETY CONSIDERATIONS

LIFTING DEVICES

When eyebolts, lugs, clips or other devices are installed by the manufacturer, it is intended that these litting devices are to lift
only the empty components to which they are attached and not the assembled heat exchanger, unless explicitly specified
otherwise.

Proper rigging must be used in lifting assembled heat exchangers. Exchangers are usually much heavier than pressure
vessels of comparable dimensions; therefore, weights should be carefully evaluated. Where available, determinations should
include reference to manufacturers drawings, added components, bill of lading, etc. Special care must be exercised in
handling exchangers with expansion joints.

ROUTINE PRECAUTIONARY PROCEDURES

A heat exchanger is a multi-chamber pressure vessel designed at specific limits of pressure, temperature and fluid flow
conditions as shown on the exchanger specification sheet and heat exchanger nameplate(s). The process system, which
includes the heat exchanger, must be safeguarded so that the heat exchanger design conditions and operating limits are not
exceeded. All operating and maintenance personnel should be made aware of specific limitations including pressures and
temperatures, flow rates, start-up/shut-down procedures and cleaning procedures.

Do not remove channel covers, shell covers, floating head covers, bonnets or connecting piping until all pressure has been
relieved and both shell and tube sides are completely drained. Exceptions are permissible when design permits independent
pressure testing of shell or tube sides.

Plugged tubes and double tubesheets, uniess vented, may remain pressurized after shell and tube sides are depressurized.
Caution may be exercised in loosening of tube plugs or opening of vents to avoid sudden release of pressure or harmful
fluids.

Many heat exchangers circulate fluids which are toxic, lethal or flammable and dangerous to the human system. These fluids
could cause problems if bolted or threaded joints are not maintained in lsak-tight condition under operating or no-flow
ambient conditions. Proper precautions, such as effective draining and purging, must be taken in handling and decontamina-
tion when exchangers are opened for any reason. It is essential that the user advise maintenance or repair personnel,
including outside contractors, when toxic, lethal, or flammable conditions exist.

When heat exchangers are cleaned, it is important that full characteristics of the circulating fluids, fouling material, and the
cleaning agent be known and care exercised in handling them. Use eye protection, a respirator, or other appropriate
protective devices.

Do not blow out heat exchangers with air when the process fluids or the cleaning fluids -being handled are flammable or
reactive.

MM187157



SECTION 1

HEAT EXCHANGER NOMENCLATURE

N-1 TYPE DESIGNATION-RECOMMENDED PRACTICE

It is recommended that heat exchanger type be designated by letters as described below.

Type designation shall be by letters describing stationary head, shell (omitted for bundles only), and rear

REAR END
HEAD TYPES

er=gs
<

==

FIXED TUBE SMEET
UKE “A" STATIONARY HEAD

[yt Ad]
no

FIXED TUBESHEET
LIKE “B STATIONARY HEAD

FIXED TUBESHEET
LIKE “N" STATIONARY HEAD

= 1

OUTSIDE PACKED FLOATING HEAD

FLOATING HEAD
WITH BACKING DEVICE

PULL THROUGH FLOATING HEAD

N-1.1  TYPE
head, in that order, as indicated in Figure N-1.1.
Figure N-1.1
FRONT END
STATIONARY HEAD TYPES SHELL TYPES
1
A ONE PASS SHELL
TWO PASS SHELL
WITH LONGITUDINAL BAFFLE
T
B EI
s
BONNET (INTEGRAL COVER) SPLIY FLOW
c REMOMBLE. 'L
TusE
BUNDLE DOUBLE SPLIT FLOW
ONLY ?] 1
CHANNEL INTEGRAL WITH TUBE-
SHEET AND REMOVABLE COVER
DIVIDED FLOW
"
L | :
=30 1 j
CHANNEL INTEGRAL WITH TUBE- 1
SHEET AND REMOVABLE COVER —_
KETTLE TYPE REBOILER
D , l
|
SPECIAL HIGH PRESSURE CLOSURE CROSS FLOW

)

e}
U.TUBE BUNDLE

Sveuirt]

e g/m

1L
EXTERNALLY SEALED

FLOATING TUBESHEET

conzaining copyrighted matenai from the 1988 Tubular Exchanger Manufacturers Association, Inc

® Copynght 1995 Tubular Exchanger Manufacturers Association, Inc.

— 5 —
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SECTION 1
HEAT EXCHANGER NOMENCLATURE

N-2

©ONOOVAWGN

[ U W N G R (. g . Y
OCENDONARBR 2D

NOMENCLATURE OF HEAT EXCHANGER COMPONENTS

For the purpose of establishing standard terminology, Figure N-2 illustrates various types of heat exchangers.
Typical parts and connections, for illustrative purposes only, are numbered for identification in Table N-2. (See Note)

Stationary Head — Channel
Stationary Head — Bonnet

Table N-2

20.
21.

Stationary Head Flange — Channel or Bonnet

Channel Cover

Stationary Head Nozzle
Stationary Tubesheet

Tubes

Shell

Shell Cover

Shell Flange — Stationary Head End
Shell Flange — Rear Head End
Shell Nozzie

Shell Cover Flange

Expansion Joint

Floating Tubesheet

Floating Head Cover

Floating Head Flange

Floating Head Backing Device
Split Shear Ring

22.
23.
24.
25,
26.
27.
28.
29,
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

Slip-on Backing Flange

Floating Head Cover — External
Floating Tubesheet Skirt
Packing Box

Packing

Packing Gland

Lantern Ring

Tierods and Spacers
Transverse Baffles or Support Plates
Impingement Plate

Longitudinal Baffle

Pass Partition

Vent Connection

Drain Connection

instrument Connection

Support Saddie

Lifting Lug

Support Bracket

Weir

Liquid Level Connection

NOTE: Manufacturers may identify corresponding parts
using numbers differing from the above.

Figure N-2

4@@ L)
@i },'\‘l .
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SECTION 1
HEAT EXCHANGER NOMENCLATURE

Figure N-2 (Continued)
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SECTION 2

HEAT EXCHANGER IDENTIFICATION AND DEFINITIONS

D-2.1  EXCHANGER IDENTIFICATION

D-2.11

D-2.12

COMPLETE EXCHANGER

Manufacturers normally assign a serial number which is unique and permanently identifies each
exchanger. Inquiries to the manufacturer should reference this number when it is shown on the
nameplate and manufacturer's drawings. Additional useful information nomnally shown includes
size, type, and item number.

EXCHANGER PARTS
Exchanger parts should be identified by the exchanger serial number and by the name and part

number corresponding to those shown in Section 1, Table N-2, or as shown on the manufacturer’s
drawings.

D-2.2  DEFINITIONS

D-2.21

D-2.22

D-2.23

D-2.24

D-2.25

D-2.26

D-2.27

D-2.28

EXCHANGER UNIT

One or more exchangers designed for a specific service.
ITEM NUMBER

The purchaser’s identification number for an exchanger unit.
NORMAL OPERATING CONDITIONS

The thermal and hydraulic performance requirements generally specified for designing the heat
exchanger.

UPSET CONDITIONS
A departure from specified operating conditions.
PULSATING FLUID CONDITIONS

Conditions of flow generally characterized by rapid fluctuations in pressure and flow rate resulting
from sources outside of the heat exchanger such as: pumps, compressors, blowers, etc.

START-UP CONDITIONS

The conditions of operation which exist from the time that flow of either or both process streams
is initiated to the time that steady-state operating conditions are achieved.

SHUT-DOWN CONDITIONS

The conditions of operation which exist from the time of steady-state operating conditions to the
time that flow of both process streams has ceased.

CODE
All references to Code herein mean the ASME Boiler and Pressure Vessel Code, Section VI,

Division 1, Pressure Vessels.

© Copyright 1990 Tubular Exchanger Manutacturers Association, Inc.
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SECTION 3

INSTALLATION OF HEAT EXCHANGERS

E-3

INSTALLATION

E-3.1

INSTALLATION PLANNING

E-3.11

E-3.12

E-3.13

E-3.14

E-3.15

E-3.16

CLEARANCE FOR DISMANTLING

For straight tube exchangers fitted with removable bundies, provide sufficient clearance at the
stationary head end to permit removal of the bundle from the shell and provide adequate space
beyond the rear head end to permit removal of the shell cover and/or floating head cover.

For fixed tubesheet exchangers, provide sufficient clearance at one end to permit withdrawal and
replacement of the tubes and enough space beyond the head at the opposite end to permit
removal of the bonnet or channel cover.

For U-tube heat exchangers, provide sufficient clearance at the stationary head end to permit
withdrawal of the tube bundie, or at the opposite end to permit removal of the shell.

FOUNDATIONS

Foundations must be adequate so that exchangers will not settle and impose excessive strains on
the exchanger. Foundation boits should be set to allow for setting inaccuracies. In concrete
footings, pipe sleeves at least one size larger than bolt diameter slipped over the bolt and cast in
place are best for this purpose, as they allow the bolt center to be adjusted after the foundation
has set.

PIPING
E-3.131 THERMAL EXPANSION

It is essential that adequate provisions be made in the connecting piping to aliow for
thermal expansion without imposing unspecified piping loads on the exchanger. This is
particularly important for single pass internal floating head designs, outside packed
floating heads, and fixed tubesheet types with shell expansion joints. Unless precautions
are taken, leakage or damage may result.

E-3.132 PULSATION AND VIBRATION

In all installations, care must be taken to eliminate or minimize transmission of fluid
pulsations and mechanical vibrations to the heat exchangers.

CLEANING

Convenient means should be provided for cleaning the unit as suggested under “Maintenance.”
(Section 5)

LEVELING

Exchangers must be instalied so that pipe connections are made without forcing, disassembling
or loosening of flanged assembilies.

STACKED HEAT EXCHANGERS
The manufacturer normally stacks exchangers prior to completion of fabrication to insure proper
alignment of interconnecting nozzles. Shims separating the intermediate shell supports are nor-

mally used. Therefore, it is important that shims, if used, match the thicknesses and locations
used by the manutacturer.

© Copyright 1990 Tubular Exchanger Manufacturers Association, Inc.
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E-3.17 CONNECTION PROTECTORS
Remove shipping covers and plugs immediately prior to installation. Before connecting to piping,
inspect all openings in the heat exchanger for foreign material. The entire system should be clean

and free of foreign objects before starting operation. Do not expose heat exchanger internais to
moisture or harmful contaminants.

E-3.18 PIPE CONNECTIONS
Pipe connections must be in accordance with the manufacturer‘s dimensional outline drawing.
E-3.19 FOUNDATION BOLTS

Foundation bolts should be loosened at one end of unit to allow free expansion of shells. Siotted
holes in supports are provided for this purpose.

E-3.20 If the heat exchanger is equipped with a beliows type expansion joint, the expansion joint must be
adequately protected during shipping and setting. Shipping supports must be removed in accor-
dance with instructions.

E-3.3 HEAT EXCHANGER STORAGE
Heat exchangers normally are not protected for storage. If storage is necessary, a covered location at

uniform temperature is preferable and provisions must be made to protect the heat exchanger interior from
moisture, freezing, or harmful contaminants.

© Copyright 1990 Tubular Exchanger Manufacturers Association, inc.
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SECTION 4

OPERATION OF HEAT EXCHANGERS

E-4.

OPERATION

E-4.1

E-4.2

PERFORMANCE OF HEAT EXCHANGERS

Satistactory performance and service life can be expected only from heat exchangers which are properly
instalied, operated in accordance with design conditions, and receive preventive maintenance and clean-
ing on an appropriate schedule. These requirements are the responsibility of the user.

E-4.11

PERFORMANCE FAILURES

The failure of heat exchanger equipment to perform satisfactorily may be caused by one or more
factors, such as:

(1) Excessive fouling.

(2) Air or gas binding resulting from improper piping installation or lack ot suitable vents.
(3) Operating conditions differing from design conditions.

(4) Maldistribution of flow in the unit.

(5) Excessive clearances between the baffies and shell and/or tubes, due to corrosion.
(6) Improper thermal design.

{7) Flooding resulting from inadequate drainage of condensate.

OPERATION OF HEAT EXCHANGERS

E-4.21

E-4.22

E-4.23

E-4.24

OPERATING PROCEDURES — NORMAL

Before placing any exchanger in operation, reference should be made to the exchanger drawings,
specification sheet(s), and name plate(s) for any special instructions. Local safety and health
regulations must be considered. Improper start-up or shut-down sequences, particularly of fixed
tubesheet units, may cause leaking of tube-to-tubesheet and/or bolted flanged joints.

START-UP OPERATION

Most exchangers with removabie tube bundies may be placed in service by first establishing
circulation of the cold medium, followed by the gradual introduction of the hot medium. During
start-up all vent valves should be opened and left open until all passages have been purged of air
and are completely filled with fiuid. For fixed tubesheet exchangers, fluids must be introduced in a
manner to minimize differential expansion between the shell and tubes. (Refer E-4.24)

SHUT-DOWN OPERATION

For exchangers with removable bundles, the units may be shut down by first gradually stopping
the flow of the hot medium and then stopping the fiow of the cold medium. If it is necessary to
stop the flow of cold medium, the circulation of hot medium through the exchanger should also
be stopped. For fixed tubesheet exchangers the unit must be shut down in a manner to minimize
ditferential expansion between shell and tubes, (Refer E-4.24). When shutting down the system,
all units should be drained completely when there is the possibility of freezing or corrosion
damage. To guard against water hammer, condensate should be drained from steam heaters and
similar apparatus during start-up or shut-down. To reduce water retention after drainage, the tube
side of water cooled exchangers should be blown out with air.

START-UP AND SHUT-DOWN PROCEDURES FOR FIXED TUBESHEET EXCHANGERS
When start-up and shut-down instructions are fumished, they must be followed. When specific

instructions are not supplied, the recommended procedure is to start, or stop, the circuiation of
both shell and tube side fiuids gradually and at the same time.

© Copyright 1990 Tubular Exchanger Manufacturers Association, Inc.
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E-4.3  OPERATING LIMITATIONS

E-4.31

E-4.32

E-4.33

E-4.34

E-4.35

E-4.36

NORMAL OPERATING CONDITIONS

Equipment must not be operated at conditions more severe than those specified on the heat
exchanger specification sheet, and/or name plates. A change in service or deviation from the
specified operating conditions may require that 2 mechanical design check be made in order to
avoid possible damage to the heat exchanger.

SUPPLEMENTAL NAME PLATE DATA

The manufacturer may supply supplemental data where it is pertinent to the operation or testing
of the exchanger. This may include information pertaining to differential design and test pressure
conditions, restrictions on operating conditions for fixed tubesheet type exchangers, or other
restrictive conditions applicable to the design and/or operation of the unit or its components.
Such information may be noted on the standard name plate or on a supplemental plate attached
to the exchanger at the name plate location.

FLOW RATE

Heat exchangers are not to be operated at flow rates greater than those shown on the heat
exchanger spacification sheet. Excessive fiow rates can cause vibration and/or erosion and severely
damage the heat exchanger.

HYDRAULIC HAMMER

Exchangers shouid not be subjected to pulsating, slugging, or unstable flow conditions which
may impair performance or result in destructive hydraulic hammer. Adequate condensate drain-
age is essential for steam heaters and similar apparatus.

TEMPERATURE SHOCKS

Exchangers normally should not be subjected to abrupt temperature fluctuations. Hot fluid must
not be suddenly introduced when the unit is cold, nor cold fluid when the unit is hot.

FLUID TEMPERATURE LIMITS

E-4.361 Heat exchangers are not to be operated at fluid temperatures more severe than those
shown on the heat exchanger specification sheet.

E-4.362 For fixed tubesheet exchangers fiuid inlet temperatures may be severely limited when
there is no fluid on the opposite side. Operation with fiuid circulation on one side only
should be avoided, unless specifically provided for in the design of the heat exchanger.

E-4.4 BOLTED JOINTS

E-4.41

RECOMMENDATIONS FOR RETIGHTENING

Heat exchangers are pressure tested before leaving the manufacturer’'s shop in accordance with
ASME Code requirements. However, normal yielding of gasket joints may occur in the interval
between testing in the manufacturer's shop and installation at the job site. Therefore, all external
boited joints may require retightening after installation and, if necessary, after the exchanger has
reached operating temperature.

© Copynght 1990 Tubular Exchanger Manufacturers Association, Inc.
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E-4.42 RECOMMENDED BOLT TIGHTENING PROCEDURE

It is important that all bolted joints be tightened uniformly and in a diametrically staggered pattern
as illustrated in Figure E-4.42 except for special high pressure closures when the instructions of
the manufacturer should be followed.

Figure E-4.42

START
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SECTION 5
MAINTENANCE OF HEAT EXCHANGERS

E-5.

MAINTENANCE
E-5.1  INSPECTION OF UNIT

At regular intervals and as frequently as experience indicates, an examination should be made of the
interior and exterior condition of the unit Neglect in keeping all tubes clean may result in complete
stoppage of flow through some tubes which could cause severe therma! strains, leaking tube joints, or
structural damage to other components. Sacrificial anodes, when provided, should be inspected to determine
whether they shouid be cleaned or replaced.

E-5.11 INDICATIONS OF FOULING
Exchangers subject to fouling or scaling should be cleaned periodically. A light sludge or scale
coating on the tube greatly reduces its efficiency. A marked increase in pressure drop and/or
reduction in performance usually indicates cleaning is necessary. The unit should first be checked
for air or vapor binding to confirm that this is not the cause for the reduction in performance.
Since the difficulty of cleaning increases rapidly as the scale thickness or deposit increases, the
intervals between cleanings should not be excessive.

E-5.12 PREVENTIVE MAINTENANCE

Additional important reasons for inspections include:

(1) Comosion and erosion may weaken various parts of an exchanger and may eventually cause
mechanical failure, or impaired performance. .

(2) Determination of fouling and corrosion rates for prediction of service life and scheduling
down-time.

(3) Implementation of preventive maintenance procedures which reduce rates of fouling and
general deterioration, or eliminate leaks.

E-5.13 ACCESS TO TUBES

Before disassembly, the user must assure himself that the unit has been depressurized, vented
and drained, neutralized and/or purged of hazardous materials.

To inspect the inside of the tubes and also make them accessible for cleaning, the following
procedures should be used:

(1) Stationary Head End

(@) Type A, C, & D, remove cover only.
(b) Type B, remove bonnet.

(2) Rear Head End

(a) Typel, N, & P, remove cover only.

(b) Type M, remove bonnet.

(c) Type S & T, remove shell cover and floating head cover.
(d) Type W, remove channel cover or bonnet.

© Copyright 1990 Tubular Exchanger Manufacturers Association, Inc.
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E-5.14 LOCATING LEAKS IN TUBES

The following procedures may be used to locate perforated or split tubes and leaking joints
between tubes and tubesheets. In most cases, the entire front face of each tubesheet will be
accessible for inspection. The point where water escapes indicates a defective tube or tube-to-
tubesheet joint.

(1) Units with removable channel cover:
Remove channel cover and apply hydraulic pressure in the shell.

(2) Units with bonnet type head:

(@ On fixed tubesheet units where tubesheets are an integral part of the shell, remove
bonnet and apply hydraulic pressure in the shell.

(b) On fixed tubesheet units where tubesheets are not an integral part of the shell and on
units with removable bundles, remove bonnet, re-bolt tubesheet to shell or install test
flange or gland, whichever is applicable, and apply hydraulic pressure in the shell.

See Figure E-5.14-1 for typical test flange and test gland.

CAUTION: Bolting directly to the edges of the tubesheets may result in overstress unless
it was considered in the design of the tubesheets.

Figure E-5.14-1
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(3) Units with type S or T floating head:
Remove channel cover or bonnet, shell cover and floating head cover. Install test ring and
bolt in place with gasket and packing. Apply hydraulic pressure in the shell. A typical test ring
is shown in Figure E-5.14-2. When a test ring is not available it is possible to locate leaks in
the floating head end by removing the shell cover and applying hydraulic pressure in the
tubes. Leaking tube joints may then be located by sighting through the tube lanes.

NOTE: Care must be exercised when testing partially assembled exchangers to prevent
over extension of expansion joints or overloading of tubes and/or tube-to-tubesheet

joints.

Hydrostatic test should be performed so that the temperature of the metal is at least
30°F above the minimum design metal temperature, MDMT.

Figure E-5.14-2
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E-5.2 TUBE BUNDLE REMOVAL

Bundles must be withdrawn from the stationary end as noted on the drawing. All parts such as giands,
retainer rings, split shear rings and closure packing must be removed before attempting to remove bundie.
Threaded eyebolts may be attached to the stationary tubesheet when tapped holes have been provided for
this purpose. When eyebolt tappings are not provided, rods may be passed through two or more tubes
and attached to a steel bearing plate over the floating tubeshieet. Provide a protective spacer between the
bearing plate and tubesheet to protect the tube ends.

E-5.21 HANDLING TUBE BUNDLES

Tube bundles should not be handled with hooks or other devices which might damage the tubes.
Bundles should be supported on cradles or skids. Horizontal tube bundies should be lifted by
means of suitable slings. Baffles can be bent and damaged by dragging a bundle over a rough
surface. All gasket and packing contact surfaces should be protected from accidental damage
since these areas are generally difficult to repair.

E-5.3 CLEANING TUBE BUNDLES
E-5.31 CLEANING METHODS

The heat transfer surfaces of heat exchangers should be kept reasonably clean to assure satisfac-
tory performance. Convenient means for cleaning should be made available.

Heat exchangers may be cleaned by either chemical or mechanical methods. The method selected
must be the choice of the operator of the plant and will depend on the type of deposit and the
facilities available in the plant. Following are several cleaning procedures that may be considered:

(1) Circulating hot wash oil or light distillate through tubes or shell at high velocity may effectively
remove sludge or similar soft deposits. .

(2) Some salt deposits may be washed out by circulating hot fresh water.

(3) Commercial cleaning compounds are available for removing sludge or scale provided hot
wash oil or water is not available or does not give satisfactory results.

(4) High pressure water jet cleaning.

(5) Scrapers, rotating wire brushes, and other mechanical means for removing hard scale, coke,
or other deposits.

(6) Employ services of a qualified organization that provides cieaning services. These organiza-
tions will check the nature of the deposits to be removed, fumish proper solvents and/or acid
solutions containing inhibitors, and provide equipment and personnel for a complete cleaning
job.

E-5.32 CLEANING PRECAUTIONS

{1) Tubes should not be cleaned by blowing steam through individual tubes since this heats the
tube and may result in severe expansion strain, deformation of the tube, or loosening of the
tube-to-tube sheet joint.

(2) When mechanically cleaning a tube bundie, care should be exercised to avoid damaging the
tubes.

(38) Cleaning compounds must be compatible with the metallurgy of the exchanger.

(4) Cleaning procedures, especially those which circulate hot fluids through the tubes. can cause
significant temperature differentials between the shell and tubes. Such clearing procedures
can cause damage to fixed tubesheet heat exchangers and should be avoided uniess specif--
cally provided for in the design of the heat exchanger.
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E-5.4

E-5.5

E-5.6

GASKET REPLACEMENT

Gasket and gasket surfaces shoulid be thoroughly cleaned and should be free of scratches and other
defects. Gaskets should be properly positioned before attempting to retighten bolts. It is recommended
that when a heat exchanger is dismantled for any cause, it be reassembled with new gaskets. This will
tend to prevent future leaks and/or damage to the gasket seating surfaces of the heat exchanger. Compo-
sition gaskets become dried out and brittle so that they do not always provide an effective seal when
reused. Metal or metal jacketed gaskets, when compressed initially, flow to match their contact surfaces.
In so doing they are work hardened and, if reused, may provide an imperfect seal orresult in deformation
and damage to the gasket contact surfaces of the exchanger.

Bolted joints and flanges are designed for use with the particular type of gasket specified. Substitution of a
gasket of different construction or improper dimensions may result in leakage and damage to gasket
surfaces. Therefore, any gasket substitutions should be of compatible design.

Any leakage at a gasketed joint shouid be rectified and not permitted to persist as it may result in damage
to the gasket surfaces.

When metal jacketed filled type gaskets are used with a tongue and groove joint without a nubbin, the
gasket should be installed so that the tongue bears on the seamiess side of the gasket jacket. When a
nubbin is used, the nubbin should bear on the seamiess side.

SPARE AND REPLACEMENT PARTS

The procurement of spare or replacement parts from the manufacturer will be facilitated if the correct
name for the part, as shown in Section 1, Table N-2, of this manual is given, together with the serial
number, type, size, and other information from the nameplate. Replacement parts should be purchased
from the original manufacturer.

EXPANDED TUBE JOINTS

E-5.61 TUBE HOLE FINISH

Tube hole finish affects the mechanical strength and leak tightness of an expanded tube-to-
tubesheet joint. In general:

(1) A rough tube hole provides more mechanical strength than a smooth tube hole. This is
influenced by a complex relationship of modulus of elasticity, yield strength, and hardness of
the materials being used.

(2) A smooth tube hole does not provide the mechanical strength that a rough tube hole does,
but it can provide a pressure tight joint at a lower level of tube wall reduction.

(3) Very light wall tubes require a smoother tube hole finish than heavier wall tubes.

(4) Significant longitudinal scratches can provide leak paths through an expanded tube-to-
tubeshest joint and should therefore be removed.

E-5.62 TUBE WALL REDUCTION

The optimum tube wall reduction for an expanded tube-to-tubesheet joint depends on a number
of factors, some of which are:

(1) Tube hole finish.
(2) The presence or absence of the tube hole serrations (grooves).
(3) The tube hole size and tolerance.

(4) Tubesheet ligament width and its relation to tube diameter and thickness.
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(5) Tube wall thickness.

(6) Tube hardness and change in hardness during cold working.
(7) Tube O.D. tolerance.

(8) Type of expander used.

(9) Type of torque control or final tube thickness control.

(10) Function of tube joint, i.e., strength in resistance to pulling out, minimum cold work for
corrosion purposes, freedom from leaks, ease of replacement, etc.

(11) Length of expanded joint.
{12) Compatibility of tube and tubesheet materiais.

E-5.63 TUBE EXPANDING
A suitable tube expander should be used to tighten a leaking tube joint. Care should be taken to
insure that tubes are not over expanded. Do not re-expand tubes which are not leaking. Do not
expand tubes beyond 1/8" from the back face of the tubesheet.

E-5.64 TYPICAL COMPUTATION OF TUBE WALL REDUCTION

EXAMPLE OF DETERMINING THE EXPANDED TUBE INSIDE DIAMETER
FOR A SPECIFIED AMOUNT OF WALL REDUCTION

GIVEN: TUBE DIAMETER = 0.750
TUBE HOLE DIAMETER = 0.760
TUBE WALL THICKNESS = 0.065
SPECIFIED WALL REDUCTION = 5%

SOLUTION: WALL REDUCTION
FINAL WALL THICKNESS
FINAL EXPANDED TUBE 1.D.

0.065 x 0.05 = 0.00325
0.065 — 0.00325 = 0.06175
0.760 - 2(0.06175) = 0.6365

CAUTION: THE USE OF NOMINAL DIMENSIONS, WITHOUT ATTENTION TO PERMISSIBLE
TOLERANCES CAN LEAD TO INCORRECT CONCLUSIONS.

EXPANDING PROCEDURES SHOULD BE BASED ON MEASURED DIMENSIONS,
NOT NOMINAL DIMENSIONS.

E-5.65 PLUGGING TUBES IN TUBE BUNDLES

In U-tube heat exchangers, and other exchangers of special design, it may not be feasible to
remove and replace defective tubes. Defective tubes may be plugged using commercially avaitable
tapered plugs with ferrules or tapered only plugs which may or may not be seal welded. Excessive
tube plugging may result in reduced thermal performance, higher pressure drop, and/or mechani-
cal damage.

E-5.7 WELDED TUBE JOINTS
Welding procedure and testing techniques for either seal weided or strength welded tube joints normally

are by agreement between manufacturer and purchaser and therefore should be considered prior to
repairs to welded tube joints or tube replacements.
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E-5.8 END FLANGES AND BOLTING

The purpose of this section is to alert the users, and provide basic data for consideration in assembly and
maintenance of bolted flanged joints. Controlling the torque applied in tightening threaded bolts is the
most economical and commonly used method for the control of initial tension. There are several factors
which affect the relationship between torque and tension of threaded bolts. A few of the factors are the
type of lubricant and/or plating, if any, used on the threads and the materials from which the bolt and nut
are manufactured.

In assembling gasketed joints it is essential that the gasket first be seated uniformly by initial tightening of
studs using a staggered quarterly pattern. After the gasket is seated, torquing may be completed stepwise
to the final desired value, following a staggered or sequential pattern.

The following may be used as references and aids when assembling bolted flanged joints:

1. Recommended assembly and maintenance of flanged joints as shown in the Crane Company Catalog
#60, Engineering Data Section.

2. Torque Control, Sixth Edition, Sturtevant Company.
3. ASME Code, Appendix S.
E-5.9 SPECIAL HIGH PRESSURE CLOSURES
The instructions of the heat exchanger manufacturer should be followed when provided.
E-5.10 REPAIRS, ALTERATION, RERATING, AND REPLACEMENT PARTS.
In order to maintain the Code integrity of the vessel, any repairs by welding, subsequent heat treating,

alterations, replacement pressure parts, or rerating must be done in accordance with the National Board
Inspection Code.

Potentially toxic or harmful contaminants must be neutralized prior to repairs.

Following repair by welding, post weld heat treatment may be a requirement for preservation of resistance
to corrosion.
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