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'SPECIFICATION""

B
) "BI-ME‘I'ALLIC TUBE STEAM GENERATm
-FOR APPB.-l
g:_op_gs 'I_.‘his specification complete with its 'a,péiic&b"le dx‘é.%ﬂ.ngs éon‘stithﬁé all ™
iSertirient desigxi data for a bi-metallic i‘bube ﬂ§tean.1 Géne‘rator replacement
of an existing it at Fort Belveir, Virginia. |
‘ This' specification ﬁth drawings pr_esent,s;' phy31al size li.mitations_, shell
side water irolume, iimitation, type of exgha.ngér-,- materialé of constrﬁct.ion,
ponditions of service,'r"equired performance and weiéht limitation. |
:;‘_Séétfén’s‘éii _ I Equlpment and Services furmshed by Manu.facturer ™
: | II Fqu:n.pment and Semces furnlshed by others “
II;F lgerformance guarantee v e ‘
- } o -.:..'I._;""Performaxice test.ﬁ | | t'
S ‘ferteam Generator Data. e
VI Supplementary De51gn Bata k
| ify'.[:i['-'v'g}éneral I'}equlr’ements . 4 ' .
VIIIMatenals of Co’nstruction
IX Fabrl caf,ionlj'_.Procedure s
X Qualification Tube to Tube Sheet Weld Joint
XI Nozzles - |
,-;-g_I;;I'.'IT,In.Iffrocessz_,inspection of _Tube: to Tube Sheet ‘Welds
XIII Inspection and Testing’ '
A HW Qléamng Procedures and Prepa.rat.lon for Shlpping
XW !hrlq.ng ) .

' Imf?giming e




EQUIPYENT AND SFRVICES FURNISHED BY MANUFAcmm

The manufacturer shall furnish one complete unit f.o.b. purchasers plant
slte including° | | .
Shell, "U” Bend Tube Bundle; Channel Channel cover, internal baffles,
internally mounted steam separators, all necessary internal and external
comnections; supportis as specified; bolting and gaskets with one spare

set suitably identified; and thermocouples as required.

II EQUIPMENT FURNISHEB BY OTHERS

Erectipn labor, support foundation, necessary external piping, and

Y
i

insul?tiomlwill be furnished by others.

T PERFORMANCE GUARANTEE- o o
| The manufacturer shall guarantee the equipment to be suitable for continuous
- ' opefation under the specified design conditions of temperature and pressure.
'Manufacturer guarantees that all material furnished and work performed

’heFeunder shall meet 1n all respects, the applicable draw1ngs and

3

‘specifications. Unless otherw1se specified all equipment materials and

L ‘

articles furnished hereunder are to be new and of the most suitable grade

) *" 'A‘n._-'
c 2

of thL’i respective kinds for the purpose and all workmanship shall be

‘first class° Manufacturer shall repair without charge or replace without

| charge, any material equipment, parts or accessories which are defective :
e i,

as to design, workmanship or materia1° or which failed to operate in a ‘

normal or proper manner due to any defects w1th1n one year after initial

operation of the system in which the unit lS installed.
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IV PERFGRMANCE TESTos
The performance test of the unit after installation shall be performed
- o by the purchasers personnel or reﬁkesentatives after installation. This test
may be witnessed by the manufacturers representative at his expense. ~Not-
ification of such an official test will be given to the manufacturer at least
two weeks prior to test date, but the test date shall be within 120 days after

‘ installation of the unit.
W STEAH GENERATGR DATA°

Design Re irements - Unit must be’ capable of meeting continuous deSign '

load at steady state conditions° «In addition the design shall be such that
| consideration is given to transient operation. In evaluating'the unit )
operation during tran31ents use a change of 30% of design load over a 5" second'
period. This analy51s should 1nd1cate surge in water level steam separation
volume above this new water level and increased pressure drop across the
purifiers° Assume the operating conditions w1ll change from 70% design flow
- at 270 p31a to l7® psia° Estimate low pressure steam flow developed by
superheated water volumesand‘increased boiling rate due to increased wall to
bulk watér tanperature, when inlet temperature on tube side remains hh7.2°F
‘ for calculation purposes° This should produce the estimated maximum flow for
SR 0T f.@'" AT g E

'purifiers. S :.,“"*' U
‘STEADY STATE DESIGN OPERATING CGNDITIONS

‘Shell Side Tube Side

Total Fluid Entering : 34,200 #/HR - 4000 gpm
:Fluid Vaporized and‘Superheated ' 3h,000?£/ﬁ3, -
Boiler Blowdown - 200<#/§g o -
Temperature, In - 25@9p, ' h509F
. Temperature,. Out ' LO7 Op . 431.1. F

#Qriginal unit utilize 304 L SS tubing. Due to the decreased tube metal res= .
- istance of the bi-metal tubes, it will be necessary to proportion surfaces to
maintain 200 psia pressure and as a result degregs of superheat may increase.

o 3




STEADY - STATE' DESTGN OFERATION, CONDETTONS. @ NTINUED:

Shell’Side  .Tube Side

- Pressure ' _ _éﬁ 2@6'P913 1200 ésia
Dty 34,097,000 BIV/HR:

fMaximum Pressure Drop (Nozzle to Nozzle) , 7 psi

* DEST Y. CNDITTONS
:iéﬁpéré£ﬁré | 4 o 650??* SSOgif‘"a
;?ressure‘ | 500 psia 1600 psia -
iﬁéﬁiﬁﬁm-ﬁength (Gveralij; ' _ | , léﬁédgg

{Max1mnm Wldth (®verall) ' : ' '}é§;

fCllE REQUIREMENTS° ASME (1956) with latest revisions and applicable local laws

and regulations.

~Yi;EﬁEEﬁLEMENTARY?ﬁEBI@ﬁiDﬁTAf&

= . " Thls unit must replace an existing unit in the primary system of the

AP’PR-=1° This requirement places,many-restrgctlons on the design and physxcal

) arrangemepﬁ‘of the;uhitj’

l.'.The support for the veésal must remain as shown in drawing

'Dgég§fg2go’(?ﬁe supporting criteria and structure as well as certain
'_apﬁ?éved.ggzardsgqriteria‘under which the plant operates requires
that this be mandatory.). |

2. The wa&%gévg%g?e 9? the sheli Si%§.§9d grima:y,side must not:?e ihcf
reased due to the vapor container design.

3. TWO resiétaﬁce~bulbs:shall be instgiieaﬁiﬁﬁ%ﬁe outiet nozzles. as ind-
icated in;grgwingznékgéégzﬁg These resistance ‘bulbs meet the
foilqwingfspggiﬁigétiohs;: S N

?ﬁ All dlmen31ons fiit1st meet requlrements as éhown in draw1ngs llsted under
Section VII, - :




™

A: Range 0*5009ﬁ”'

3, 100 ohm'platinum element

C. fAccuracy é 0 25 F : _. |

D Thermowell - 304.5iS:, to be welded {n 121 noninal Iine
and withstand 2h00 p31g test pressure. |

Internel Steam Separator(s) shall be installed which will guarantee

tmlqimum steam purity of 99.75% from 25% of load to the overlpad

éeﬁdition estimated for ﬁreviously stated consideration in transient
load change,ar 120%, whichever is greater. .'Célculation of‘preseure

drep at maximum estimated tran51ent condition or 120% de31gn leaq,

Mhiehever is greater’shall'be supplied the~purchaseraalong‘with~thew~-»

separator manufacturers certification that the unit yill meet, these.

" ‘requirements.’

- 50

7.

8.

9e

10.

11,

ALl §£ﬁ§fnal coenections shall match existing eonnections,exactly as

showgfbh drawings supplied with this specification.
Four 1ifting lugs shall be provided by manufacturer.

Calculations of ﬁhe~tube side-pressure drop shall‘be eupplied the

" purchaser,

1A 16" blind flanged access shall be supplied at the top of the unit.

Attention must be paid to the weight of vessel since authorization
to exceed 20,006# ﬁax. shipping weight mqst be abproved in writing
by tHe purchaser, u

Unit shall bs ﬂﬁﬁ'tube construction consisking of superheater and
boiling section,

Design operating conditions shall be met or bettered. However
this must be accomplished with improved superheat rather than
pressure (secondary 51de) 31nce existing boiler feed pumps will not
be change%ﬁ#'_ St .
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.“A. Definitions.
“Manufacturer - Pbroon or firm entering 1nto a contract to design
and fabricate the unit described in theae specificatlons.

Eurchaser:? United States Atomlc’Energy:cpmmi;sion and or its
established representatives. " |

Bs Deviations from Specifigation3°
There shall be neo deviations from these specifications and/or
draw1ngs without prior written approval of the purchaser or his

representatives°

C; Ménufacturers Schedules and Drawingigf

1. ‘Schedules - Manufacturer shall supply the purchaser an
engineering and manufactqreriﬁéﬁgbﬁéaﬁlé not later than 30 days
aftefgﬁpproval of outline drawings.

2. ZOﬁtline;Drawihgér;a These drawings shall be‘submitted for app=

- . royval within 2 weeks after award of contract.

3. épprovedgnraw1ngs,ﬁ Draw1ngs approved by the: purchaser shall

be coﬁstrued to apply only to the general arrapgement and shall
not relieve the manufacturer from theientire'responéibiliﬁy f&r
;@%Qféetﬁéégvof design, def%ilév§nd diménsions, cédes; dalcuiétions
and etc; - |

4. ‘Applicable’ Drawingl

:@;AE§;23La$team Generatoriﬁupports

D-AES-235 Steam Generator.

e



VIII MATERIALS OF*GONSTRUCTION

Ao

.Stainless and Carbon Steel:

Type BOA stainless steel shall be used for any surface exposed- to

'fthé'primany fluid° :TYpe BOAL}may be used in place of;T&pe:BCL if

all code requirements are met., All surfaces éXﬁoéed to the sec-
ondary‘fluid shall be composed 6f‘cérbonlsteel.> . Materials shall
conform to'the1followingiéngfspecificationsgy |
1. :Cladding : -"Clad plate, i.e., Type 304 .stairess steel integrally
bonded to carbon steel, shall be equiﬁalent to that manufactured
'byjﬁnkensésteelfcompany ﬁosSpecificatibn{§A'26h,,Grade 3. gfhe
carbon steel portion shall be equivalent t6{$A1212,~dfadeigf.'
,(Firebbx Qualiﬁyi. Cladding hy weld meta1~depqsition éhall not
be used uni;ss approved in advance of fabrication by the
‘purchaser, ;A{weldiﬁg ﬁrocedure.for'cladding by weld metal
~ deposition shall be,submitte@ in triplicate by the manufacturer
to the purchaser. If éppfoved or approved'#s:amendéd, one copy
shall’ be returned*to“thetmanufactufér. A minimum stainless
steel thHickness of 1/8 inch shall be required :for aii cladding
and cladding weld joints, but shall.not be applicable to the
composite tubing,

Where carbon steel is clad with austentic stalnless steel
by overlaylng w1th weld metal, the carbon content of the |
carbon steel shall not exceed 0.30%; .The composition of the'
welding wire, and coating or flux if uéed, and the Eechnique
and‘procedures.used in overlaying shall be such that the carbon

and chromiwm content of the deposited weld métal at the final




~finished surface of the machined, ground, etc., weld deposit and
ltc a minimum depth of 0,10 inch, shall not exceed 0,08% carbon.
and not be less than 18,0% chromium, with no other significant .
- difference from a Type 304 stainless steel analysis.

2., Other. Stainless Steel -

Plates: ' Sk 240, Grade §
Fofgings: ' SA 182, F' 304
ASéamlesslpipe: T ﬁm&éig, 12 304
Welding electro&e: | .:ﬁ'. Lv‘ |
(tube to tube sheet weld jéi@ﬁg)‘ , §$&29§, t§§é 36é‘Eié;%§

”3;;‘Céfbon Steel -

_Eiate: | | : i 212, Giéd@"b (Firebox
| : © GQuality)

- ‘ : | ‘Fofgings; o §A 105, Grade II
| Seamless pipes ,sn 106, Grade B -
3tuds: : | _.sz_'.193, Grade B7
Nuts _ S 8A 19k, Gz}éde 2-H
.WéldingéeiéetrOdéézl (%ﬁﬁé 6 : .
tube sheot weld joifits) = 8 316, Type EIO16

@9 ) @gg,Cafbon.Steel Weld Metal - Carbon steel weld metal shall have a

tégsile.strehgth-ét least equal to the tensile strength of the

base metal. The:élongation of the weld metal in the as-welded

condition shall not be less than §Q% of thé base metal elonga-

tion. If the weld is stress relieved, the weld material sh%al |
" be equal to or bef;ter‘ than the base metal in regard to tensile

. : : : * strength and elongation.



5. Biciictellic Tublng: - Bi-metallic-tubing shall be defined as

two seamless concentric metal:tubes composed of dlffering material,

ingeparably and metallurgically bonded together. "‘The tubing

shall be made from two concentric pipes that are hoﬁ extruded

to:form the bond. The resuiting bi-metallic ‘tube shall be

cold drawn and processed to size hy normal commercial metheds.

Bi-metallic tubing- ‘shall be as made by the Allegheny Lmdlum_Steel
gCorporatlon, or equivalent,

The inside-portlcn of'-the tube shall'benype 304 etainleSS'

steel, while the outside shall be: AISI 1015 carbon steel made to
i fine grain meltlng¢pract1ce, The tubing shall conform to ASTM

cladding specificatiom§§AF26h; grade 35 including the“cptlonal:-/

shear test. The bi-metallic tubing shall also'meet all require-

ments ‘of smecificationL§A$213 expeptffor modifications as follcw&gr

-Tensile strengths::- - 65,000 psi

;¥jeld_strength§» » 30,000 psi

;Percent elongations': | ‘ | ‘35%Q3

fﬁﬁterial analysiéé} g Stalnless steel - Type

' : - 304-Carbon steel-AISI
015"
'}EIattening Testff o iAs\stated using . 0. 09 as

i ' the deformation- per; dnit '
length - - :

;Elaring;test{? S As stated; using the carbon

-steel minimum data for the
complete tube,

AHydrostatic Tesf?; o 43 stated, using{$;i5gQ90ypsi
| Ovality and eccentficity of the entire tube, and of the stain-
less steel and carbon steel portions of'the tube; shall not exceed
the requ;rements of SA 213 for plain stalnless or carbon steel

tublng of the ‘same type, dlameter and wall thlckness.
9




64

Tubing shall be 100% ultrasonically tested as performed
b& the §perry,¢orporétion, or equivalent.- Tubing as examined -
longitudinally and in two diréctions circumferentially shall

" have no bond discontinuity and no defect in excess of 0,004 inchv

or 3% of the wall thickness, vwhichever is greater, or more than
3/8 inch long. -

General 3eqniréméhts'c Reinforecing pads shall be made of the
same material as that being-réinforced; C
Vendor- certification for all materlals used in t?e -steam
génerator:shall be requlredb The manufacturer shall make a
check'anaiysis‘for-each batch or lot of material to be used 1n’
contact with the primary fluid. The manufacturer shall furthe;'
make such analyses of material used elsewhere in ihe.system as
may be specifically required by the purchaser. GOncise records
of all components and analyses éhall be maintained by the manu-
facturerothwo popies of all such records posseSSédrsy.thef-
mamfacturer shall be furnished to the purchaser briéf_io ?
tésting of the steam ggnérgpofa'ﬁ. |
'};H&¥:S¢fap‘05 6veragé”mgtefi§1 exceeding 8 squaie inches
in area and having a minimum width of 1 inch, used in pressure
containing members in the veésel‘, shail be legibly ;‘.déntified
as to manﬁfacturer,Amelt, slab and heat number and to location
from Which it was scrap or overage'ih the vessel. Al sach

material shall be furnished to the purchasér prior to vessel

‘testings-

10



. Sufficient integral excess shall be procured for any piece
ofipiécés or material for pressure-containing mémbers that are
to be éubjéctéd'ta a heat treatment.othér than stress relief to
allow determination of eompliance with specification require;
ments after heat treatment. Such excess material shall be
removed from the piece br‘pieces prior to fabrication, but
shall be heat-treated as part of the furnace charge with the

- piece or pleces being fabricated.

11




IX FA?RICA%IONaPR@CEBUEESwwn~~'
i = uﬁAa;rGeneral: C
- A1l fabrication, processing.and~inspection except-that dealing
with composite tube-to-tube sheet fabrication, processing and
inspection shall be in striet accord with the lateat ‘edition of
Section VIII of the Boiler and Pressure Vessel Gode.

Three copies of welding procedures shall be submitted by the
mahufactdrer to the purchaser before weldiﬁg‘is actually begun for
each . prbcedure covered by Code. One copy, approved or approved as
amended, ehall be returned to the manufacturer prior to commence-
ment of fabrication.

| Stainless steel shall not be pickled unless in the completely
anrealed condition, \
Design and fabrication shall be.such that crevices on the tube
<o .~ side are held to an absolute minimum. Peening shall not be permitted.
| Weld defects shall oe removed by chipping, grinding or Air-Arc
by a competent operator to the satisfaction of a qualified inspeCtor.
. Repaired.areaswehallmbe_rewradiographed;.dye“penetrant checked, or
otherwise inspected as mntually agreed upon prior to welding;
| Surfaces exposed to the primary fluid shall be machined, ground
or polished to a 250 RMS surface finieh. "Exception shall be made
for weld deposits that cannot be so fialshed feasibly. Such weld
‘material shall meet the best commercial practice'requiremenﬁs,
‘coasistenﬂ wiﬁh the particular application, as to smoothness of
ripples aad absence of surface 1rregdlarities.
B, Tube to Tube Sheet Weld Jointse
- | The outlined procedure for fabrication of-compoeite tdbe to tube

. ' . . sheet weld joints spall be used for rrocedﬁre and performance

. 12



qualification and for actual fabrication. Absolute integrity

“© o following deposit of the carbon steel weld metal shall'ﬁe‘requiréd

to prevent theAsecondary water from "seeing" stainless steel, |

which could eauae<chloride stresshcorrosion.

1, Mill scale and rust -shall be removed to clean metal for
lapproximately l..inches:.from.:the- ends of each tube. The‘
carbon steel outer»wall of the tube shall be removed from the
tube ends by machining or.other suitable means for a neminal
distance of 1/2 inch, with the face of the rémaining carbon
steel perpendicular to the tube axis with a bottom radius not
to exceed 0,008 inch. An ammonium persulphate solution shall ;
be applied to the exposed stainless steel tube ends. Any
residual §érbon steel, as indicated bj the test selntion,'
shéll be'removed. The tube eﬁds shall be retésted until thgre
is no indication of carbon steel. The'tﬁbing shall be ﬁashed
with wa£er to reﬁove the tgst solution and dried. If oil or
érease has come into contact with the tube ends, tﬁey shall ‘
be degreased with trichlorethylene. -

2. The tube sheet face shall be machinéd or otherwise fiﬁished

" 4o clean metal to remove all mill scale, rust and other
removable surface defects. The tube héies_sha;l be drilled
and reamed.to the specified dimensions and tolerances,-.The
tube sheeﬁ shall be thoroughly cleaned of oil, grease and
other materials deleterious to welding.

3, The tubes shallybe inserted through the tube sheet so that

the - remaining .carbon:.steel. portion of the composite tub;gg

protudes 3/32 inch + 1/64 inch, The tubing shall be




rolléd to contact pﬁer the full depth of the tube sheet by
‘using a Wilsen ﬁbrq-Air-Mﬁtic"Mbdellk-l2h confrolled torque
expander:drive with Wilson:Models hh@@%lB and LAﬁ#fiB tube
y 4 expanders, or equivalent. No rolliné lubricant shall be
used,
L. A: copper plug, machined to a close fit with the inside of the rolled
| ﬁube, shall be inserted approximétely 2 inches inpo the tube prior
td.welding-aroun¢ the tube periphery to minimize the possibility
éf tube collapse or burn through; fThe plug shall be sufficiently
long to permit removal after welding.
5., The temperature of the tube sﬁeet duripg weldihg shall not be
less than 609?; or more than 3002?:‘ Freheating of the tube sheet
ordinarily shall not be required. {Ail'wéld deposits shall be‘free .
-~ - oflcracks,'incomplete fusion and fofeign matter, and shall have
satisfactory root penetration, -fqére‘shall be taken to.prevept
tubé‘collapSe and burn through during all welding, 1Nb weld
metal shall be dggg%;ted over or through solldifled slags ;Slﬁg
shall be completely removed prior to the deposition of any'h
succeeding'paés. .The position used in quallficatlon shall be
used on welding tube to tube sheet joints,
6. One layer of carbon steel weld metal shall be de9051ted as
a fillet weld ground each tube to tube sheet joint between-the -
outer tube wall and the tube\sheet. This layer
shall be dep031ted w1th a minimum of two clrcumferentlal

passes Rer tnbe uq;ng 3/32 lpph q;§m§pqrﬂE7Q}6‘equtrgds



7o

at 65-75 amps DCRP and 21-22 arc volts, Care shall be
exercised to insure that weld metal is ﬁet deposited on

the stainless steel portion of the tube and that there is

no tube‘collapee or bgrn through., Following this firsf.
layer, a pressure test shall befapplied (see section on
Inprocess Inspection)., If caegcnﬁsteel fillet weld metal
overlap is.removed from between ﬁhe tubes to assure adeqﬁate
stainless eteel penetration, it shall be done prior te
pressure testing° Subsequeﬁt to the carbon steel fillet
weld pass and fillet grinding, the tube sheet ‘shall be
completely cleaned of all metal chips, slag and oil.

The entire tube sheet face shall be overlayed with one layer
of stainless steel weld metal using 5/32 inch diameter type
E 308-15 electrode at 130-150 DCRP and 25-27 arc volts. This
layer shall be deposited between the fillet welds on the tube
sheet face to the ‘approximate depth of the fillet weld. Over-

lapping carbon steel fillet weld metal shall be removed as

' required to assure complete penetration'of the stainless steel

~weld metal. - A_rounded burr or similar means shall be used

~

to remove ‘weld metal Eafbon steel) Fillet size and shape

shall not be materially affected by carbon steel weld metal

removal, -The cladding shall be applied starting at tha

periphery ef the tube sheet and shall proceed in a roughly
circular manner toward the center,

A second pass fillet weld, deposited around the tube and

joining the inner stainless steel tube to the first weld

layer, shall be made using-5/64 inch diameter type E 308<15

electrodes at. 55-65 amps DCRP and 23-25 arc volts,
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9. The. second.cladding:layer shal&wbe depcsited over the entire
tube sheet face between the stainless sﬁééi fillet welds in
the same manner that the fireﬁ layer was deposited between
the carbon steel fillet welds. For cladding; 5/32 inch.

| diameter type E 308-15 electrodes at 130-150 amps DCRP and
~25-27 arc volts shall be used,

10, ,Approximately three more fillet welds and three more cladding
layers of stainless steel shall be applied, using the procedure
out;ined above. A minimum clad depth of 5/16 inch shall be
reqmired.' ) '

II;A Subsequent to cladding, the tube ends and'the entire tube
sheet face shall be machined to a 'surface havimg a 250 RMS
finish The total cladding-thickness subsequent to machining
shall be no less than l/L inch, ‘

12, Each tube hole shall be chamfered 45° to a maximum'depﬁh of
3/32 inch subsequent to tube sheet machinimg. ‘

13. Tube burn through shall be capse for rejection.

X QUALIFICATION, <TUBE. TO THBE SHEET: WELD . JOINTS :

-zl_h:bey i.wi:.ube sheet weld joitits shall be made using the fabri-
cation.pnocedure,_tube size and configuration used in production,
"The 21 joints shall be arranged in a 7 x 3 configuration, i. e.;
7 roﬁs-containing 3 :joints: per.row. - The rows, (humbered 1 through
‘7), shalI show a progression in the application of successive weld

metal passes. A l/h inch high retaining lip shall be attached

completely around-the - sample tube.:sheetat-a: distance -of 1/l -inch
1/2 inch from the outside tube periphery.

"The.ca?bom steel-fillet weld shall be made around each tubeﬁ
to tube sheet joinf;‘ The entire sample tube sheet shall be over-

1ayed with the first stainless .steel .cladding layer.
" 16




The second fillet weld-(first stai&less steel fillet); shall be -
'made'around rows 2 throﬁgh 7. The second clad layer shall start.
at the approximate centerline of row 2 and shall be debosited over
the rest of the tube sheef'(rows 3 through 7)fbetween the fi{let
weldso ‘ - .

The third fillet weld shall be made around rows 3 th:ough 70
‘The third clad layer shail start at the approximate centerline.of
roﬁ 3 end shall be depoeited over the rest of the tube eheet_(rowe I
through 7) between the fillet welds, ' .

.ihe fourth fillet weld shall be made around rows 4 through 7.
The fourth clad layer shall sﬁart at the appfeximate‘centengine of
row 4 and shall be deposited over the rest of the tube sheet-(rows 5
6 and 7)&between the fillet welds, :

‘The fifth (final) fillet weld shall be made around rows 5, 6,
and- 7. Themﬂifthn(ﬁinaiQ-cladmlayerwshaii;etart at the approximate
centerline of row.5.and shall be deposited over the rest of the
tube sheet (rows 6 and 7) between the fillet welds,

' All~clad 1ayers shall be carrled out to the lip of the sides
and end of the eample tube sheet specified, -

‘The sample tﬁbeisheet shall be sectioned in planes perpen-
dicular to the tube-sheet. The first section shall be cut through
the: centerline -of..the three. “tubes:of - row: 6: The second section shall
be cut through the ceénterline of the middle tube of all seven rows,
Another cut shall be made, exposing the clad layers only in at least
‘two places. All joints.cut through tubes shall be capable of fittihé

with any other cut jpint with no more than 1/8 inch gap.

17




Both sides of all Joints sectioned and both sides of the clad

1ayer section shall be etched and macroscopically examined. thro«
scopic examination of sample tube to tube shest joints shall be »
based on joint requiremsnts and shall encompass the followings lt_

The legs of the carbon steel fillet weld shall ‘be approximately
equal in length and equal to the height of the carbon steel outside
portion of the tube above the tube sheet - (3/32 inch). '

thmplete root penetration shall be obtained on carbon steel .
fillet welds.

The stainless steel fillets shall have adequate root penetra-
tion so as to leave no voids. The first stainless steel fillet
weld shall penetrate at least to the radius at the base of the carbon
steel removal cut, . | . ‘ . '

Ea@h clad layer‘shall be approx1mately equal in depth to the
fillet height. The clad layers shall penetrate the tube sheet or

: preVious weld metal 80 as to leave no voids.
«;gll weld metal shall be free of cracks, voids, andinclusions°

@hll*tube to tube sheet joints;’both sectioned for macroscooym |

and unsectioned shall be checked for indications of tube collapse,
burn through “and cladding. separation."

If the manufacturer employes both vertical and horizontal

welding for tube to tube sheet jOints, all qualification shall be ‘

'}in the vertical pOSition.

A minimum of 2/3 of the original carbon steel fillet weld
dimenSions shall remain after subsequent stainless steel weld metal

has been deposited.

The free~end§, i.e}, ends brotrudingrfrom the vessel, shall allow
K : i 18 - N : \ .




e
steel, while secondary piping shall allow:carbon steel to carbon steel
welding;' Tne free ends of stainless stécl nozzlés shall be sﬁitably

- o finished to allow welding by the Tungsten—Inert Gas ‘Method using

:EB inserts, !

XEISiNfﬁﬁéCEséﬁznsnEcwlon.

A, Tube to Tube Sheet Wcldss

Following the initial carbon steel weld around each tube, the welds
shall be checked by applying arpressure of approximately 100 psi to
the shcll side, Inspection for leaks in the tube to tube sheet weld
Joints shall be made on the tube side by immersing in water or other
suitablc fluid. Any defects shall be removed, rewelded and égain ing=-

' inspect.ed° Any:substance, including‘ﬁater,uscd as an aid in inspection,
shall be completely removed prior to further weldingofiny alternate
inspection procedure prdposg@iby theAmnnufacturer shall be evalnated by
the'pnrcnnser.and_apprc#ed cr disapproved prior to weldingo

. ' -~ B, Code Sﬁecification,wcld Jointse.

‘ Complete radiographic inspection shall be required for allwelds

made in donformance to code requirements. Dye penetrant examination shall
be performed on all pressure containing joints that cannot feasibly be
x-rajed° Single bevel welds shall be examined after the first pass, at
the halfway point, and on the finished weld. - Double bevel weld 301nts
shall bc examined after bgck cleaning the root pass and after COH=- .

"~ pletion of-welding;A,minimnm of three dye penetrant eiéminations shall
be made on each weld, )

;xzxx INSPECTION AND:. TESTING The vessel is subject to the pnféhasepfs‘representative

1nspect10n but an authorized out31de 1nspect10n agency shall be allewed
te inspect for compliance with applicable codes and these specifications
" at mutually agreed upon stages of construction and with suitable

. advance notice to the manufacturer,
4 19
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The unit shall be subjected to an individual hydrostatic
test on the shell side and the tube side. Hydrostatic test shall
conform to the iatest-edttionaowaectinnwVIII”of‘the'AéME"Unfiféd4
Préssure.Veséel.C9de. Gpmmﬁrcial distilled water shall be used
for the hydrostatéc tégts. Upon completion of tests, the vessel‘
ghall'be dried immediately by hot aip blowers or similar means -
nnttléail'traceS*Pf*wgter—are~removeh~%ﬁdﬁtheMdew"pe&h%"bf“the"air"
inside the vessel is ﬁot higher than=40°. F, (nger“tOMSection'XIIi);

~The.un;t.shail‘beesubjectatowaﬁhelium'pasﬁnspectrometerggest
'ﬁrio:_to the hydrostatic test, This test sha%l be conducted ﬁﬁder
the vaéuum technique. During the test, the absolute pressure in
thé vessel section being tested shall not excéed 15 microns of
mercury. No leak shall be detected by a Consqiidated Eng;neering
Gompany‘Deteétor:Mo&el #24,-101A or equivalent set at maximum :

- sensitivity.

XIv GLEANING PROCEDURE_AND PREPARATION FOR SHEEEU«?HA
Within”the:pastzyear;uMilitary~Spe§ifiCation_MILPCcl987h (Ships),
"Cleaning Requirements for Nuclear Pfimary Coolant Equipmént.A
Including Piping Systems" has becomé a generally accepted basis for ‘
cleaning primary sysﬁem compenents for pressurized water reactors, |
This specificﬁtion, MII»C-1987A (including Amendment 1), is incor-
porated in, and forms a part of, the fabrication‘requireménts on
this bi-metallic tube steam generafor.

Inasmuch as MIL-C-19874 is a general~specification, the
requirements liéted therein are to be supplemented by the
following procedures sPecifig to this design. The numbers iisted
refer to the applicable sectioné of thé reference specificaﬁ;on,
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1.1 Since this:steam generator,is a heat exchanger, the
requirementsfof'tnis specification shall apply to .
metal surfaces exposed to both primary and secondsry
system coolants. '

3.1.1.1 Since the inside surfaces of the tubes in this
steam generator cannot be adequately inspected by -

" the unaided eye, the wipe technique shall be used to
'evaluate tube cleanliness. Clean swabs are to be;runv
through each tube by means of snakes, The swabslare
to ‘be' visually inspected for the presence of foreign
‘material by the unaided eye and are to be examined
under ultra violet light for the detection of oil A
and grease.. For a discussion of these techniques,
prospective vendors are referred to° “Cleaning
Nuclear Reactor Systems" by A L° Medin and R. Je Clark
presented at the Fburth Nuclear Engineering and Science
Conference, March 1958 ) i‘ 7

3.1.4.2 As stated, this heat excnanger is eonsidered a

| critical item. All contamination,.including oils,
greases, lubricants, rust, scale, ueld spatter,
grinding particles, etc,, must be removed from the
heat transfer surfaces,

3.3 During fabrication, assembly, and testing, it is very
important that the carbon steelwsurﬂaces«bewproteeted
from Eitting or rusting.h Considerable Judgment willl

be necessary during this period to-determine~exactly
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whétnpfocednres and précautiOns'should be taken to prevent or

inhibit cornosion~and contanination. Precautions fall into -

three general‘categérieSF |

1, Corrosion may be minimized by supplying sufficient heat

. to thé unit to prevent the condensation of water, by
using such items as strip heaters; hot air blowers, etc,
-Adequate consideration should be given to i1l effects
which may result from differential thenmal expansion,

2. ‘Use of a preservative on certain components where the
_presence of the preservative does not interfere with
tne'assembly operations~on dbes not contaminate areas

whiéh will not be‘subseqnently accessible for cleaning.

_- 3. The same results may be obtained by carrying out the

'3ah

assembly operations in an area which is sufficiently
‘heated- to prevent condensationg« -
Sinée iubricating oils will pronably be used during various
stages of fabrication and assembly, and pannicularly during

finglgmachininé~ofathertube-toaﬁube sheet welds, the com-

. pléﬁéd steam;generator shall be chemically cleaned by

Vapér‘degreasing_oﬁialkaline immersion; or both. Water

used in preparing the alkaline cleaning solution shall have

'a total solids content of less than 10 ppm. The boiler

shall be thoroughly rinsed with water having a pH of 10,5,

obtained by adding trisodium phosphate, Excluding additions

~ for pH control, the water shall have a total solids content .

of less than 10 ppm, The drying procedure shall be started
within 30 ninutes after the rinsing or draining operation in
accrodance with the procedures in 3.5. o
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3.5

Since‘this'boiler will be installed in an existing plant,
the unit must be thoroughly clean on both primary and secondary
surfaces go as to preclude the necessity of an alkaline boil~
out when installed° v
When the surfaces of the assembly or component are in contact
with water, such as during cleaning, rinsing, or testing, water

is drained from the unit, ‘To" prevent pitting of the carbon

.steel tube surfaces, extreme dryness is required for these

oemponents, and procedures shall be in accordance with the

fqllowing.

-A; Small parts with all surfaces accessible shall be dried

‘with clean, lint-free cloths; with filtered hot air, or
by heating in an oven., Parts.are considered dry when
there is ne visual evidence'of water or moisture when the

items‘hate cooled to room temperature.

‘Bo Cbmplicated parts with inaccessible surfaces which cannot

: be dried as outlined in (), shall be dried as per pro=
cedures (1) and (2) or a combination of- (l) and (2),
whichever is mere suitable from the point of view ofi
time andfcost,;

(l) Oven Dgxing The -unit shall be dried in an oven
maintained at a temperature between 250 and 300° - F,
Inlet and outlet pipe or suitable hose attachments“
.shall be provided on the unit 80 that it may be
flushed with an inert gas (=4 0° F dew point) such
as a nitrogen, after the unit has reached the

temperature of the oven., Sufficient gas should be
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- with expanding rubber plugs capable of maintaining an internal gas

inﬁroduced into the unit in order to éompletely

replace the moisture laden air. #fgllowing the'
completion of the fIUShing oﬁeration; the oven shall
be turned off‘and the unit allowed to remain sealed
for eight hours, after which a dew point reading.
shall be taken on the gas in the unit. If the dew
point of the .gas in the unit is équél to or less
than -40°F., the unit is considered dry. However,
if the dew point determined is above =hOgE., éddi=
tional drjing shall be employed until this fequireﬁ;nt
is met. ;édequaté consideration shall be.given to 111
effects which may result frem thermal éxpansion.

After approval of cleanliness, unit is to be thoroughly

flushed with an ihert~gas and obenings are to be sealed internally

pressure of 2«4 psig. ;Sealed unit is to be filled with an inert gas
to a pressure of 4 psig. 'Eipe_openings which have been prepared for
welding shall be protected from damage during shipment by end caps

securely fastened. ‘End‘cap devices shall be subject to approval

by buyer'’s personnel. rA,means of introducing inert gas inﬁo the
vessel or pipe, the cap of which shall be removable, shall'be ince

" luded in the plug device,

XV MARKNG

The pressuré vessel shall be legibly stamped of mérked with the
steel manufacturer's name or symbol, the melt or slab numbers or
other identification mgggq”on tﬁe outside of the vessel in locations
to afford visability after fabrication. | |

The name plaﬁes shall be attached to the units, giving the
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manufactureiﬁs-name and serial hﬁmbers, maximum working pressure and
tgmperatures; year built, hydrostatic test pﬁessure and température
if other than cold, mark nuﬁber, and code symbol, ,

On exchangers that are to be insulated, name plates shall be

- supported- on brackets away from the shell. The name plates on

uninsulated units shall be attached directly to the vessel,

XYI PAINTING

The'completed unit shall be given two coats of paint; one prime
coat of fed lead and one shop coat prior to shipment for pﬁotecﬁiéh

against rusting of the unit in transit and étorage'prior.£o4drecﬁion;
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