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AUTOMATIC HEAT DETECTOR COMBINATION 
t 9CTF FIXED TEMP./ RATE COMPENSATED 

VENDOR SUPPLIED DETECTOR FOR 
MIST SUPPRESSION SYSTEM. (TYPE TO BE ADVISED) 

FIRE ALARM MANUAL PULL STATION 

FIRE ALARM COMBINATION 'STROBE/HORN 

ENO OF LINE RESISTOR 

MIST SYSTEM NOZZLE 
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2. FOR DETAILED DESCRIPTION OF WIRE IDENTIFICATION 
STANDARDS. REFER TO TCF-ESHQ-FP-STD-02. REV. A 
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406-420 MHZ ANTENNA 

12" MIN. OR 20' ABOVE 
RFAR BOX. ANTENNA TO 
BE 12" TO ta• fR0M 
SURROUNDING SURFACE 
OR OBSTRUCTIONS. 

SEE ~ 
DETAIL 

3/4" RlGI0 CONDUIT 
WITH RC-58/U COAX. 
STD. THREADING AT 
ANTENNA END. 

MOUNT RADIO FIRE 
AIJ\RM REPORTER ON 
I 5/8" CHANNEL 

AC POWER: 1/2" MIN. 
CONDUIT FOR RFAR ANO 
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- SYMBOLS KEYPIA~ 

RESTRAINT TYPE 
SUPPORT 
SYMBOL 

PIPC NIOlOR 0 (\{Rf. OR ....,_ ""') 

BAS( SUPPORT CUOE 0 
BASE SUP?Oin', a>MPm cua: e 
CUMPCD CUIOE 0 t,,:RT. OR HORIZ. PIP[) 

CWIPEDSHOE 0 
CtAwPm SiO(D WOE e 
ouwY SUPPORT 0 
Fla.D SUPPORT 0 
Cll'lJE NO SHOE e 
PIPE JWIC(R 0 
l!JS[Ra,.up 0 
Rl5[R CUJO! 0 
Pl?E SHOE 0 
Sti0£D CUIOE 0 (\'[RT. OR ttOR!l. PIPE) 

Plf'E SUPPORT 0 
P:P£ PIOC-UP 0 

PIP£ UN[ SUPPORT SPANS 

PIPE SIZE WATER .,. SINCLEROO 00t.'6l( ROI SlNClf Rot 
(INCHES) SID. W. sm. w. (INOl(S) (INOIES} ""''""' I 1 9 J 8 J. 610 

I 117 9 12 J8 JIB 610 
2 10 IJ J 8 J 8 610 
2 112 11 ,. I 2 J 8 mo 
J 12 IS I 2 J. IIJO 

• ,. 17 s • 1 1810 
6 17 21 ,. s. 2710 

• 19 24 7 8 ,,. ,no 
10 22 28 1. 3/4 3770 

12 2J JO 7/R J/4 J770 ,. 25 l2 I 7/8 4960 
16 27 JS I 7/8 4960 
18 28 J7 I 1/8 I 6230 
,a JO 39 J I/• I I 8 8000 

24 J2 <2 1112 114 Jl6XI • 
JO " .. I J/4 I I 2 15700 
J6 40 48 :Z 1/4 2 27200 

PIP£ CUIDE SPAOHC; TA8L£ 

UN( HORfZOUTAl. >D!llC.lt. RUN 

SIZE RuN (FOR smucr. 
OHi.Yi 

l"o-,)'0 11 
N'PROX. 40'-o· APPROX. JO" -o· 

,,.,,.., (ILU.) AP,m (L'.AX.) 

,·,,uro APPROX. 60'-o· APPROX. 4()"-o· 
»WU(llAX.) AP"'1(UAX.) 

8'0&10·, ~ox. oo·-o· APPROX. 40'-0" 

"'"" (l<Alt) APART (&WI.) 

12·0-16"0 nPROX. 100°-<l· APPROX. so·-o· "'"" (""'-) "'ART (IWC.) 

1a•• & LAACER 
RPROX. 120•-o• N'PROX. m"-0'" 

lv'NU (W.X.) M'Nff (IAAX.) 

8 

NOT[S:-

1. SUPPORT SPANS AR£ 
WDSUR(O 1H r£EJ: UWlS 
LN POUNDS. 

2. WHEN C0~1£0 
LOADS SUQt AS f1./.NC£S. 
YN.YES, »tD IN-LINE 
COU!Pl,l[Nf AA£. PRESENT, 
TH£ SI.FPORT SPAN ANO 
ROO SQ£ SIWl. BE 
D0'£RWIHEDONM 
[N()MOUAI. 8AS5. 

7 

~ 
~ 

SIEEl. 

H01" 
1/8'" lHCK WO\'[N 
~-ASBESTOS lDllNG 
sm..E C,W._00( 6050 
OR ED™!. 

CRtHNUL FIG. 1J7 DR EOUAL 
I 8'" CAP 6'" 

llP. 

,,. 
12· 

t2·~,-SEE HOIE. 

UA.'401NC 

l 

@TI-
CUMPED cu.a: 

JOVE NO. FS-7 OR COOAl 

l.ONC TANCEHT U-BOLT TO surr. 
90L1 DIA. AS PER 1A3l.f. BEUM' 

~ 

t/8" CAP (l'IP.) 
STED.. SIZE AS SPEC. ON cr.¥C. f-145579-DO-P-<X>04 1/4 
TABI.£ :;·_ 1H WlTIPl£ PIP£ APPLICATIONS VtH(RE APE 
SIZ£S D!fJtR. SPACt STm.. TO SUIT 1.AACEST PIPE Oil. 
.ANO m 0lH£RS 'MTH SPACfiC P>DS 

PRO'vm£ CUlDE WEBS If PIPE ts lNSUlATED. AS PCR OOAIL BEl.OYt, 
WEBS TO 8£ PERPEHtJOJI.AR ANO PAA.IJJ.Q. TO FRAME 

NOM.{':_PE 0\\ BOLT DIA. -. 
J/4 J/B 
1 J/8 
1 1/2 J/8 
2 J/8 
2 I 2 J/8 
J I 2 
4 I 2 
s 1/2 
6 5/8 

• 5/8 
10 J/4 
12 7/8 
IC 7/8 
16 718 
18 I 
20 I 
22 I ,. I 

IN HOR!20HTAl. POSITION 
BOTTOM' Yfll3S 8fAA 

"'OCHJ' Of PIP(. UJSRICAtE 
AS PER NOTE 6. OWC. 
r-145519-DJ-P-OCOI 

CAPACJJY lN LBS. 
0 65<T F 
1,00 
1200 
1200 
1,00 
2260 
2260 
2260 
2260 
3620 
J620 
S.20 
75,Q 

75'0 
15'0 
9920 
9920 
9920 
9920 

~ SINCl( PIPE RISER cuoi 
~ UILTI·PIPE RJS[R CUit)( 

NOi£, 

1. UN1..£SS SPECF'l£D OTH[RW1SE., 
U-BOI..TS ARE CEN£.RAU.Y 
USED AS CUIOES.. WHtRE 
SP£Of1D) AS ANCHORS ON 
PIPE SUPPORT ORAW11'1C. 
U-BOLTS TO 8£ nr llCHT 

2. FOR INSUlATED LINES Wl1H 
CU!OE WEBS. USE OJERSIZC 
U-BOLTS 10 surr GUIDE 
WEBS 'WITH CAP. 
WIES 10 fl: AS PER 
DITAll aao«. [XC(PT CUIOE 
W(BS 10 BE PARA1.1IL Nl.0/0R 
PERPENDICULAR TO SlID... 
NOT IJ •S ~ 

CUClE St.EM C.S.. S10. WT. 
10 BE FASTENED m U/s 
~ SIDE Of ST£EL wmt' 

OF" ctro[ st.mt' 
IN COLD PO.s"N 

·c'" AACHOff ARM 

WEB DO.AIL FOR VERT./Horuz.. PIPES 

f: ~io't;~,t~~,:s~ HORIZ. PJf'E) 
NOTE: U-BOLf MAY BE llSal 
1NST£A!) or cumc St.E&. 

SIEEL 

srra 

DWG NO TITlE 

IYP. 

DRAWING TRAC(i\BIUTY UST 

6 5 t 

A 
1/16" lllN. CW.WC: 
TO Al.LOW AXIAL 
PIPE UMUOif 

CM8DN SYED. STRAP 
CRN,IEl.L flC. 26l 
OR°""'-

~ 
INSULATION SffO( CUJOE 

Rm 41l1A.. PIPE AND LESS 
1/2. THlt Pl.Al[ MAY BE 
USED IHSTUO or met.£. 

150' RD!ifOflet«: Wf.AR 
PAD If' SP[CtR[0 
(SE£ owe. r-I•5579-00-P-OOOJ rrru 69) 

PIP£ SIZE N<Cl£ w 
2-112· Ac L£5S 1 1/h.l 1/Z..1/4 J 16 

J - .. 1 1 2-1 I /2.-IJ4 J/16 
6 - 8" b.b:1/4 J/16 

10 • 12 J;cJxS/16 1/4 
14 - 18 4•4.Kl/8 1/4 
20- 6x6.d/2 I 4 
24- &: UP B.&!IJB J 8 

A."ICLE GUUlE 

R(F NUMBER Till£ 
R[f£RENCES 

NEXT USED ON 

4 

4""1H. 

REVISIONS 

3 

SIZ~lt\- -x• C~r(L c 

J•& 4• 1'>. JX6 
6-& If" 1T 4Xl.25 

10·& 12· 15• 6X10.5 
14-&.16'* 4• BXll.5 
,a·&: 20· 2s· 10X20 

FOR NIJU8£RED 
67 fTOlS SEE CM'C 

r-145.579-00-P-0003 

C>WfflEL SIZE 

SCH. 40 
C.S. PtPE 

BASE SUPPORTS 

stl~U'J.O. '"'X" ... si'ffu.. d 

l•& 4• s· JX6 
s·ac: e· s· 4X7.25 

10·& 12· s· 6XI0.5 
14-4: 16· 17'" BX11.5 
ta·&: 20· u'" 10X20 

-X- d 
... 1,-

~o a:: 12 
14 &: 16 
18- 14 

~ASSHOWII 

~~= 
sdr_~1r,.. Y -gz'f ..... I.: 
l•& 4• 12'" lX6 

10·& 12· 15• 6X10.S 
14•,t t6• 4• 8X11.5 
,a-& 20· ia· 1ano 

~AS SHOWN 

F 

0 

~ ~o!i ~\'m UJa/E 

GENERAL NOTES UNLESS OTHERWISE NOTED 

1. JU HOI..ES fOR SUPPORTS ANO A.~ 10 B[ DRltLEO JHROUCH ON SITE. 
2. PIPE SUPPORTS rOR f![LD RUN 5WU.BOR£ PIPEWORK TO B[ LOCAn:D To SUJf ON SITE. 
J. nns DRAWING 10 8£ USED rOR SUPPCRT SO.ECOON ANO APPUCA1lOH ONLY. 

•• SUPPORlS TO BE SZEO ro smr PIP[ 0Wl0£RS. 
S. PIPE SUPPORTS 'tJUL BE SHOWN 00 PIP1NG PlJ,NS OR PIPING SECTIONS lNO!CAJED B't 

HEXAGONS AS PER EXAMPLES en.ow: 

EXAU~t1½2c l/2tru:R~) 

EXIJ,lpt[: PUI C PIPE SUPPORT ) 

SYMBOL 

~ 
\!El 

SM!Ol 

WHERE. POI = ttffllCA.lES TYPE or PICK-UP ®~ I 

l - SIZE DESIQWION NUUB£R ~ 

ON TA8L£ S owe r-HSS79-oo-p-Q004 

OOJ6ltE: SGt (SHO(D CU!D(S) 

WHrRE. SCI • T'rPE « SH0£/CUID( 

p;,s - TrPE or no..o SUPPORT 

SYMBOi. 

~ 
~ 

6. CAROON STEEL WEAR PlAIES. PIPE SHOCS .MID SfRUCTUR,i,L STllL LIEMB(RS US(D AS SUOINC 

AF1[R Ro.row«: THE RUST AND SC.Al.£. BOTH SUDIHC SURf~S SI-W.L BE CI.LAAIED WITH 
0POi'CHtDROETHYl[Nf" OR ~IOiLOROrnm..rnL ANO aw-co WITH LtOl.nl/8[ 'SPRA.YCOTt' 
( BEU.- RAY Co, INC. FAAUINQ)Al,[ N.J) OR [DUAL 

nUD TO 0-l(CI( AU. SUJ:NG SU?PCIKlS fOR COHTACI' SHIii If' DR AS REQUIRED I.tCK WO..D SI-UIS. 

1. ,.U. WO,DPlC TO. SIRUCTUAAl Sl£EL rCR nnD SUPf'OfllID PIPES 10 BE N'PRmfO BY SIROCTURAI.. ENONEER. 

8. LENGTH or SUPPORT ROOS FOR RllD SUPPORlID PIP£S JO 8'E APPROVED DY' mo ~ 

E ISSUED FOR oau N'PROVAl. .ANO ~ DfSIGfl REPORT ,. ..... ,. -0 ZSSUEDAJIID151CN 161R200.S ..., 
ISSUED FOR CH2J.I HU RtWW/90X REPORT ""'"""' a: 
1SStO fOR MIRNAl. APPROVAL IOHO'l2004 cc 

• ISSUEOroRIHl'OIW.l.RtVl[W 1=- cc 
An. """"""""""""" .... ., 
oo<cz-,n,,c;IO 

F-145579-00-P-0001 -~-

.,.. Jl ... 
u: ... 
u: CJ 

u: n,s 

~·· 
ame<!' 145579-FINAL DBVS DESIGN 

C 

b 

.1J 

.OS 
1H 

1H 

JDS _s, 
... ~ [!! 

E 
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0 "'~~~~11
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I 
PIPIHC P\AN 

-
F 

- ~ 
!STm 

E 

- r--8 
-1 I 

l 1' 

D srm 

-
RCI 

C ~ 
~ 

srm 

-

B 

- ~ 
! )( 
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I 
L~ 

!ST([L 

" 

! 

8- I 7 

DUMMY SUPPORTS 

TAG No. LINE SIZE STUB S:ZE B/\SE PlATE 

os-1 2-• 2· SCH. 40 6,:6,:J/8 

os-2 •-• J. SCH. 40 8•8•3/6 

OS-J 6-10 4• SCH. 40 6sBsl/B 

os-• 6-18 5• SCH. 40 10 JI 10 X 3/8 

~ 
OUMIIY SUPPORJ 

I 6 

SHOES 

,· INSIJI.IJION SIIO£ 
FllR 10" ""E & SIWilll 

CLAMPED SHOE 

CIJJ<P (""""'9.L r,:_ 2l2) 

5 

CU/JP (CRmNEU. nc. 712) 

OR AS SNCMN ON 
PlPE SUPP. DWG. 

1 DA AS SHOWN OH 
PIPESll'P. DWC. 

w 

4 I 3 

PIPE SUPPORTS 

PIPU.C Pt.AN 

-== 
PSI t:l ~,,. 

\ L& 0 -vi 8 

! " ~ 
:313 \ ~ ~I\ ~ 

g [& LJ~_{•" 
~ 

:s1n ~ L J~~14• C: 

_. w OJSllNC STm 

@IJ ~ 

LJ 

+~~~~ 
StZE A H L BASE *~ 

RlSOICIAUP 
CRINNW. FlG. 261 OR EOU'tl 
(ncm-m ANO STITCH YrUD) 

BOLT ClJJIP NOi.i. PIPE CAPM:ITY 

~ 
owmm CIA. STOO< ~ .. r C 

J/4- J/8 J/16 • 1 220 ,· J/8 J/16,: I :no 
I 1/2" J/8 J/16 • 1 250 
2· 7/16 J/16 JI 1 JOO 
2 112· 7/16 1/4 ,_ 1 400 

I :i=--l: I J" 7/16 1/4 x I 500 yr .. 1/2 1/4 JI 1 750 
s· l/2 1/4 • 1 1/2 1500 .. 1/2 1/4 x 1 1/2 1600 .. 5/8 3/8 JI 1 1/2 2500 

IF RISER 0..AIP DOES NOT 
,o· 5/8 J/8. i 2500 

MlEOlWO.Y ENr.AGE WflH 12· 5/8 1/Z • 2 2700 
FlOOR O?(HJNC, PROVIDE 
2 OWIN8.S C4i7.25 OR 
AS SPEClru:O ON PIPE 

~ SUPPORT DRAVilHC 

RISO! ClAlll' 

'---------------l ~, I - ANCHORS ~ 

i-X---! 

!SJ[[l 

8 I 7 I 

PIPE 
Sil( A 

2 112· ,-.. .. .. 
10· 

6 

@I] 
a.Al,IPEO SHOE 

(UAX TEMP 22UF) 

NO. 8 
HOUS 

2 .. 
2 ,· 
2 5· 
2 r 
• .. . ,.. 

C .. .. .,. 
9• 

8" .. 

I 

2• 4 4 8 SPLIT Wtb15 • • 

J"' 4 4 B SPt.lT W8J15 

,r 4 4 8 SPtll W811IS 

s· • • e SPLIT wa,1s 
8'" 6 1/2 4 12 SPUT W&-24 

,o· 
12· ... 

6 1/2 • 12 SPUT w&24 

6 1/2 • 12 SPUT W8x24 

9 • 12 J/6 Pl.AT£ 

>%=~• !A) 
7/8"01A.l<tli~ ~ 
roR J/•- DIA. , .. 9 • 12 J/8 PlATE Hll_TI KWIK 8tl.T 

l8" 

20· 

24" 

9 . l2 J/8 PLATE 

l2 • l2 J/8 PLATE 

l2 • 12 3/8 PLATE 

SECT!~ CD 
[£gJ 

ANCHORS 

D 

1/4-
1/4• 
11,· ,, .. ,, .. 
3/a· 

[ r C ,, .. 1/4- ,· 
1/4- 1/4• 1· 

1/4- 1/4• ,. 
I/<" 1/•- 1· 

J/a· l/8" ,. 
J/a· 3/rr 11/2 

H J 

,. J/8" ,. l/8" 

1112· l/2" 
2· 112· 

r 5/8" .. 1/2" 

• 
[ 

~10,-~----<1/4"(l'IP.) 

;~~<•4xl/4" 
_,.....--::: <: c.s. (TYP .) 

EXISTING STEEi: 

I I - I - I 
I 1'--=~---"'a=~l~:-os==~~=.---blR~H:-cN~UM~B~E~R~l-----'====T-IT_L_E ___ -1~-- ~1 f OWG NO I TITL[ I RITERENCES 

I DRAWING TRACEABILITY UST I NEXT USED ON REVISIONS 

5 t 4 I 3 

I 2 l 1 -
In nd.ifwjJ ~ far ~1tc:loldatc bran,~~~ Cornpor,J~ 3Uttl dcl-CI~ l!ICl1.AII...C.....,...;cp~ 
ceMCC be~ ~fg,r _, ~,v...ct:i aub>dc gf Cl" bcp,d the J(Qpc c1 ~a,iQ::.c!~ lb<>. bccovxdoto~ ~ 
dcc!rDnie rncdc ct t.-_.,."Ued bf dci;banc imc,q IXI" delaiorole u:iddodcd 06" be rno6f.ed ~ lhir ~-, ti'-OftCOr]e. tha 
Ce,mpat'J' ~ m!l:11 09'"ff:I" lMt #ll£C hfltTicim Lin,'te:d COMO! be~ lict4 for lllC ~. cornpldcnos er co,rcd.rcn a! -:t. ... ~ 

PICK-UPS 

PiPll~G FUN 

I 

F 

~ 
I 

2·-o"MAX . • --I 

-4"1- ~ 
I I -

- 1l1 
. fll 
. Ill 

w . 
I ~ 1= 

E 

~ I 
\ . I 

" :s»-. 

I 
~ ' 

~srm 

D 

~ 
I 

r-o~. 

I 
rn·~-

I 
t=Q-UU 

I I \ 
\J . I& :dl ¼~ ::fL~ :il; ~, I !, 

-
. 

~ 

~ t= C 

I-

" 

[ ISStf(D roo CH2ll N'f'RCNAJ.. ANO 90% D(SICN RO'OA'T 16 \Wt 06 ,,., JU .L JJ 

0 ISSll(Dfllll0£5CN 1& D(C .7lll'> ... 
C ISSU(D FOR CH2J.I Hill RD'ltW/90:t REPORT '""' - cc LE -8 ISSlJ[D fDR um:RNAl. ,l,PPR(1,l'A1... IIJm-12004 cc ll' CJ TH 

A r5SU£D fOR IHTOn-W. Rt\'IDI' 01 MtH2004 cc ll' .... """""""""""""' ""· ., =·• l--"-+="--"=====-------1"'-==i--::::...+....:::+...,=~.J)S;;.f·2 
_;.:_,.:. :, ... ~ 

"""F-r 45579-00-P-0002 E ,_ 
ame<f' -~145579-FINAL DBVS DESIGN --NAME 

cCJ1{ 
~~ 

~ 

I I/ ~a sHT 2 or 4 

"".;!!!\;;. U.S. DEPARTMENT Of ENERGY ::::~=~E~-----~;1----;:B;,U"L-;,~~lr•~~-;;;~~·R~""'~;F~p;~~"A~'";~l:;;O;-;:N,-~ A 
-:: TYPICAL PIPE SUPPORT 
--' DETAILS 

'"" 1 ~ "'iFI¼ ---
I 2 I _ _J 

RPP-24544 
. REV id 

CS-5 



F 

E 

D 

C 

B 

A 

ITEM 1 

8 

NOl£S: 

I 
! 

Ll!NIUUM 8f;IJ,I 
W4XIJ 
AT 10' SP.l.'f 

7 

U!Nll,JUM 6£:IJ,I 
\11'4X1J 
AT 10' SPAN 

= NOTCS: 

I. DO.NOT US[ FOR PIPE lAAC[R 
mmro. 

1. DO NOT lJS( r0R PIPE U,RC[R 
nw.i s·c. 

I. llx. FOR 10-f A00 LARGER. 

USE ON F'l?E ei'"• NID S&UUER 

UAL IRON llf}Jl Q,l/,IP 
GRJNNE!l NO. 216 OR EOOO. 

ITEM 4 

(wITH BOLT & NUT fOR 1•, ROD & SIIAUfR 
Mill PIN & COTTER Pr< fOR 

1 l/6°0 ROD & IAAG[R) 

W[JJ)ED llfA1I ATTAO<IIE/11 
GRINNEil NO. 66 OR EQUAi. 

ITEM 84 

ITEM 12 

-f-+ 
CAR!lON Slill NUT. 

HEAV1 HEXAC<l!W. S[Rl!S TO ms! 
016.2.2; 11.1n P£R AS1l,I A194 CR. I OR 2 

0/WTIIASSJ GR. B. 

ITEt.l 43 

ITEM 30 

MINIMUM SUM 
W4X1J 
AT 10' SPAU 

NOTES: 

5 

I. DO NOT IJS( FOR P!f'E LARGER 
DWI G·o. 

DETAILS 

R.H. n!READS 

--•--. 

ITEM 31 

WOilN£TlfllOOEDROO 
GRJNtiE!l NO. l<O OR EQUAi. 

RJt. & LH. THREADS 

-WE------ . =-•A•-

WDnNE DfIDDEDROD 
GRINNfil NO. 25J OR [OlJA!. 

HANGERS 

ITEM 32 

ITEM 33 

ITEM 60 

NOTES: 

1. 00 NOT US[ FOR PIPE 1.AR:CER 
tw.Pl!ro. 

~ 

$ RH.:EADS 

RlCIIT KANO THREADED 
WilDED rn: ROD 

GRlNNEll NO. 278 OR EOUAI. 

4 

lAAI BfAM 
W6X1S 

-===='oda=ea, ~l.OO<=-N~Ul~S-/J;;,,10' SPAN 

NOTES, 

1. DO NOT lJSE FOR PIP[ LARGER 
THAN s·o. 

CBI] 

>WlWA!!I.E LIWlS [IBS) 
rem lHRE:ADED RODS 4: WllDED O'E RODS 

ITEM 34 

·cR:NNn.t• AC. 140..253.27!1 & 278l 

llDD SIZE • fOffiAlURE 
e £So-c 

3/8 610 
1/2 1130 
s,e 1810 
3/4 27!0 
7/8 3770 
I .... 
I 1/4 80()[) 

I 112 11630 
I J/4 1S700 
2 20700 
2 1/4 27200 
2 112 335110 

ITEM 61 ITEM 62 

3 

NOTES: 

2 
tn ffiC1U>1J r~s fOt'

0

tr:,mr,;ttG1·0r dot11 by Olrt "'°~~Ow. eom.,c,, ~ :uch ckll4 ~n thclAM[CAmelicm ~ 
~.cl be lltld' rupo<l3!ibld CU u,cJ7 ol tho dot.a wt:sidc d or t,q'Oo'ld lhe :sccpc Df. q~ ai,;in:;I agre=nt. .Iha. bcc-11,ae dotll all:lrlld in 
c~ ~ or ~d 11t ~ meo11:1 mr1 delffloicte ldl6c!ed.N ar be modT<d .ahcd the -,Bent's~ 0. 
0>r.i.-,, n~g dolo c:grns thol IJ.((C "'-t~ tin-led ~ bf: ~ld Gobi• far the ~- compld- o, conei;tn~ ct U. ...,. . 

N01£S: NOTES, 

t. DO NOT USE FOR PIPE I.AAG[R 1. 00 NOT US£ F~ PIPE LAACER I. 00 NOl USE FOR PIPE 1AACm 
THA.., s·o. 

~ 

roRCED STEIL TURNBIJC!Clf 
GRINNEil NO. 2JO OR EQUAi. 

ITELI 35 

ITEM 63 

nw, 6·o. 

~ 

fORG£0 Slill CIDIS 
CRINNEU. NO. 299 OR EQUAi. 

ITEM 36 

ITEM 37 

ITEM 64 

TttA.-. s·o. 

~ 

t 
RIGHT KAND ll!RDJlED 

wn.orn m: NUT 
GRINNEil. NO. 290 OR EOUA!. 

t 
lffl IWIOED THR£AllED 

WEI.OED EYl: NUT 
GRINNfil NO. 2SOL OR EOUAI. 

NOTE:. UJG MATERw.. TO LIATCH PIPE. 

~i--o"E" (IYP~gA" NOM. 
o PIP£ o 

m I _ I 
u 

~ POSITl~NG a: ~G Of' wtAA PLAT( ~ ~ r• ... .... ... ~ 
-~~FIC.39 

BO..lS SHALL BE ctn 6 BELOW T.O. PlATE ,t g a:: 

~ ~ ruW~ CROUJINC PIJ>; CROUNO FUISH o ~ 

... 
B C D [ 

l.OAO COL SIZE ,. .. 1 J/4.- 11/4- ,. 
2 1/2- 7" 2 1/4. I 1/4• ,· 

J" 7" 2 1/i. I 1/•• ,· 
. .. .. J" 1112· ,. .. 11· .. 1112· ,· .. 1"-2· ,. ,· I 1/8• .•. r-J- 5 112· ,· 1 1/8" 

ITEM 76 r-o· ~o'il-
r-i \'L. 

ITEM 85 

ITEM 77 

c::1 -c:::f\.,_,r 
-NOi£:,_.~ 

TACK v,[11) TO PIPE 
11.11!J!IAI. SAllE AS PIP[ 

J60 OCGR!I PIPE SADOl.E 

~~ -cs.:~.L~~ 
NOi£: 

TACK W[J.D 10 PIPE 
MA!ERLII. SAi![ AS PIPE 

150 DEGR!I Pf>E SAOOl.E 

8 

PF£ Cot.UUH BASE Pl.ATE 

ANCHOR BASE Pu\TE 
BOLT SIZE IHIC1(NESS ,, .. ,, .. 

J/4· 112· 

J/4• 112· 

J/4- 1;2· 

J/4• ,,,· 
7/B" J/4-

11a· J/4. 

lrl ~ I 

COKCR[t[CIB1SPlA11' 
G8UlNW. NO. 49 00 (OUA!. 

7 

PIPE ROD H 
SIZE SUE 

2 112· 112· 11/16" ,· S/10 

J" 1/2" 11/16- I 1/4• 5/16-

,· s;e· 1J/u;· 1 ,12· J/8" .. :J/4" 15/16" I J/4• ,12· .. 11a· 1 1/16" 21/4" s/a· 
, .. 11a· I 1/1fi9 2 vr 3/4-.,. I 1/16- 2 vi· 3/4-... 1 :,/16· J" 7/tr ... 1 J/16- J" 11a· ... J" 1· 

:zo• J" 1 ,;a· , .. I ,,,. 1 7/16" ,. I ,;a· 
JO" I 1/2" 1 11/16 .. 1 1/8-

6 

C = PIN 

51/4. l vz· 2· 5/a· 
5 1/2. J :31,r 2· 5/B" .. .. ,· J/4" ,. • ,12· 2 112· 7/8. .. .. 2 1/2· , . .. .. 2 ,;z· .. ,. 2 112· ,. .. r ,. 1 l/8• .. .. 3• , 1/e> .. .. ,· 1 ,,,-.. ,· ,· , :,Je." .. ,· J" 1 J/8" .. 10· J 112· 1 s1e· 

11•· ,, ... 
11•· ,, .... 
J/a· 
J/e· 
J/8-

1/2-
v2· 
112· 
1;2· 
112· 

v2· 

USE ON PIPE UP TO B"DIA. & WIJII 
NO IIISUlAIION 

CARBON Slill MEllll/11 WOG!II PIPE CIAMP 
GRINNfil IIO. 212 OR EQUAi. 

ITEM 66 

B 
USE ON PIPE UP TO 6"01.I. & 

WllH NO INSU!AllON 

AOJUSTABI.ECll\1S 
GRINNlll NO. 260 OR EQUAi. 

US£ Wl1ll PIPE to"OIA. MID lARC[R 
& WllH NO INSUu\TION 

CARBON Slill HfAVY WOQJJ PIPE ClAl!P 
GRINNEil NO. 216 OR EQUAi. 

ITEM 67 II< 67S 

ST>JID>J!ll CARBON STEEi. U·BOLT 
GRINNEil NO. IJ7 OR EQUAL 

FIG. 675 IS SPECIA!. CARBON STEIL 
lHlOU GRINNEil NO. 1J7S OR EQUAi. 

RU NUMBER TITLE 
OWG NO Tift£ REFERENCES 

DRAWING TRACEABILITY UST NO:T US(D <»4 

5 4 

USE ON PIPE UP 10 6"01.I. 
CARBON srm DOUBLE Bill! PIPE CIAMP 

cmNnEU. NO. 295 QR EOUAI. 

ITEM 69 

ITEM 75 

USE W11H PIPE Wl11I 
UP 10 2° Of INSUAJION 

160 DECREE 
INSUIATION PROll'CTION SHIEI.D 
GRINNfil NO. 167 OR EOI.W. 

r -o· PIPE 0.D • 

JI r.7 
C]-i-lr 

~IOG\. 
NOi£: 

TACK •UD TO PIP[ 

160 DEGREE PIPE SA!lDl.E 

REVISfOHS 

3 

- -- . 

4iNSUU.llON MAX. IEMP. 
11,\)(. r.lrf 41NSU1ATKJN 11'IIP. 105Uf 

MAX. 
USE ON B°OIA. & LARGER 

USE ON PIPE UP TO 10"il1A. CAJlBON STEIL HfAVY DUTY 
OOUBl.E -SOLT PIPE Cl.AIIP 

GRINNEil NO. 295H OR EQUAi. 
Al.I.CY STEEi. OOUBl.E BOLT PIPE CIAIIP 

GRNNE!l NO. 295A OR EQUAL 

[ JSSIJED roR ot2LI }.PPR(JVAL NlO 90X DESIGN Rf.PORT nm 
0 ISSU:D FDR D£SICH ... 

JSSUE0 FOR Dml HIU. REW.'W/90% RO'ORI cc 
5SUED FOR INTrnw.t. APPRt;N}L cc 

A SSUrD FOR WimNAl. Re.,(W cc .... """"""""""""" 
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""''"" PlNI 

\t F 

tt 
E 

\t tt 
0 

8 

I I 

A 

8 7 

t~~O'I 
PIPE SU?PORT 
owe. 

A• PIPE«'- ORAS 
SP[ClflED ON PIP£ 
St!PPORT DWG. 

~ 

~=-. 
= ""° 'IIIEUJNG p(R 

1~} 

t_ OF PIP( AS SPEC. ON PP£ SHOE AS SPEC. 
PIPE SUPPOIO' owe. ~ PIPE SUPPORT 

we. UJBRJCA.TE. 
AS PER NOi( 6. O'IIG 
r-14SS19-00-P-OlOt 

1/4• STOP 

:: 11: '1,'===~'=='jjn. TO SU1T 

I I I ~-"""w~• ~,,,.11,,.,6 er~ 
HSS J 112· X 

3 112· 11.188 
CO,,:R£1[ 

t A=P~:... OR w:1ti4~"°Jg_ 
·;, AS SPECIAED DRIWHC A.'iOIORS 

ONPll'( 
SU?PORT OWC. 

10· 

liZl 

~t,;,r._ h4i1 1_· --~ RO.S. EL 
SPEC. OH PIPE 
SUPPORT DWG. ~ ,. 

1/2" 
~JI~~~ plAJ£ 
AlfCHCRS 

@3J 

D!J.IS.. A & T SPEC. ON 
PIPE SJPPQRJ owe. 

Sl££l PER 
TABlE 'S' 
11llSl7,VC. 

EXIST. OR 
ADDITJONAL. 
S1ED. AS 
SPEC. ON 
Pli'E 
SUPPORT 
owe. 

T.O..S. ll. SPEC. ON 
PIPE SUPP. Dffli. S1E£i. 

PER 
TAllLE 
·s· THIS 
owe. 

J.O.S. EL SPEC. OH 
PIP£ SUPPORJ OWG. 

8 

DIMS. A1, KJ. = Plf'E DIA DR 
D!llS. Al, Kl & T SP£C. ON 
fEPE SUPPORT OWG. 

Sf[[L PER TABl.£ "'If 
THIS OWC 

BOll(D CONN{COON 

SJ[[l SIZE AS SP(Oft(O ON 
PlP[ SUPPORT DWG. PER 
TABLE "s" nns owe. 

8.0.S. n. SPEC. ON 

WCL0£D OR 80tT£0 
COIINECllON 

7 

6 . 

t 

~ 
J\t' 

* 

6 

5 

FIELD SUPPORTS 

8.0.S. n.. · SP£C, 00 
l'IPESUPPOl!TDWC. 

e.o.s. n.. SPEC. ON 
PIPE. SUPPORT OWC. 

~t.RTOSUJT 
PIP£ SUPPORT 

S1ED. 5'l£ AS SPECIFJ[D ON 
S\Jf'PORJ OWC.. PER TABt.£ 's' 
owe. 

. 

B.O.S. EL SPEC.<»i 

Sl[[t SlZE AS SPEClf!ED ON 
PW£ SUPPoITT OWG. PER TABI.£ •~ 

""" owe. 

ti.OS. fi. Sf'CC. ON 

Pti'£ SllPPORT OWG.. 

..... 

NOTES: 

8.0.S. EL SPEC. ON 

PIPE SUPPORT OWG. 

~-~--AAPI:Y ONL.Y TO EOIJ.ll 
SFAII AND LOADlflC 

HEAVIER LCWJS OR lJJlCER 

CA.'ffll.:."'VERS IJ.UST 8£ 

APPROVm 81 STRUCT. D.CINEIR 

US[ ONl Y FOR LOADS ZOO I.BS OR USS . 

ST[[L SIZE AS SP[ClflED 
ON PIP( SUPPORT OWG. 
P(R TABU: ·s· nos DVi"C.. 

8.05. [L SP[C. ON 
PIPE SUPPORl" DWG.. 

IWICUIROO 

HSS J 1/r xJ 1/Z·• J/10 

s•.5•-,,3;e· PLAT£ 

owe NO nn£ 
DRAWING TRACEABILITY UST 

5 

~ \t, 
S1ED. 

~ \t' 

SITEL 

REF NUMBER 

NEXT USED ON 

4 3 

Pff SHOE AS SP£C.. ON PIP£ SUPPORT DWC. 
LU8RCA1'£ POI NOT£ 6. WC r-H5579-DO-P-0001 

1/,.. sroP Pl.ATE 

srm srzc ,s SPEC. ON 
PlPE SUPPORT 0WG. PER .TABl.£ "'S' 
THISOWO. 

A - RPE DIA. 'D" OR AS SPEC. 
ON PlP£ StffORT DWC. 

HSS J 1;2• xl 1/2•• J/16• 

@I£] 

STITL Sil£ AS SP[C. D• 
PIP£ SUPPORT D\IG. PER TAet.£ 'S' 
nus D\IG. 

I FS 15A I VlTHIJJT BRAC£ 

NOTES: 

U-BOtT; TYPC "CFllNN[Q'" nc. tJ7 
Oil £0UAL 

BRACKET; lYPE -~1~· flG.. 199 
OR EQUAL 

1. DO fl>f US[ rDR PlPE l.AAC£R TlWI 14• •-

2. • 10 8£ DETERMNED B"f C.OHTRACTOR 

ANCHOR OR 0..ALIP(0 CUID£ 

TITLE 
REftRt•crs 

R[VISIO•S 

4 3 

2 
1nmm:ng~mt«~olmt11bp--,dec::nlnc.""'6G.tn.Corn;xl:IJ~~dc:ta09'ffSUiatNil£C~~e., 
comotbet.ddra~rorusct3ofthc~IIIA»Ccol-:zr~tbc'ICCIJICofOUf'ar;.;;na~Arm.~dino·starcdia 
dednric: media or bnnsmo!itd t,y c:kdrvn.: rnemu <em ~ t:ndckclcd or be ~ ~ Vie comu:tcnf:, ~ tae 
Campc"Y ,~ dclo ~ lh:lt AU:::t ~ l.itr.:t.o ~ ba held ~c for U. ~- corrpe(,mps or cu.-.dncn Df ll'c 
~~ . 

~ 

SlRUClllRAL. ptPE SUPPoRr S1"EO. MEMBER DETM.S AHO n£SCNAOON MJuECRS 

SUE MSICWJJ~ 
IAAlllERS, 1 2 ' • 5 

SIRIJC1UIW. SlEEl. 2-1 /2•2-1 /'bJ/B •x4d/2 (2)4,11.J/8 C•x7.2S (2)C•x7.2S 

L! ~ 71 [ ][ 

1.tAX. flAACE SOlT OlA.. ,,2· l/•- 1/2° 

ltlX.RODDCA. 5/8" S/8° 

SlZE OESICIWlNC 7 • • 10 11 NULIBf:RS 

STRUCTURAi.. STED.. (2) C6xl0.S W4dJ W6,tS ... ,. W10zJ9 

][ I I I I 
WJC.. Ft.AHa: BOLT W.. s1a· 7/a" 7/8'" 7/8° 

MAX. ROD DIA. J/4• 

TH[ STRIJCIVR>1. l!BIBERS SP£CU1ID mo1.1 THE ABOVE -J"51.E ARE Of lH£ MJHILIUU lmCHT 
R[OUIRE(). IF A MDem: ES NOT AVAII...ASLE >S SPEOf!O> AB<NE. JH£N suesmurE wmt A 
lltMBCR OF' IH£ SALIE SIZE BUT USE mt: NEXT HEAVIER WOCHT UOl3£R. 

* A STRUCTUAAI. AHGl£ WH(N R(OUliID> roR THE SUPPORT or HAHCER ROOS 
S1-W.L BE IHSTAUID WITH ns HORIZONTAL l£G AJ THE BOTTOM so AS 
ID FACIUTATE lliE WEI.DING or A HAAGER ROD B£A\,I AJTAC1-6l0ff. usr MEMBERS 
1 AkO 2 ONLY f"OR lCHT l.OADS AHD SHORf CANJ(LfVERS. 

BOI...T[D SfE£l.WORIC CONN[COONS J.IUST 8£ USED INSl""OD Of 
waDm COHXECTlOHS UNlLSS OiHERWIS{ NOTED ON QRAW!NG. 

WElOINC NOTE: 

WM[R£ WRD?NG TO CXtSTING ST[B.. IS IN~T[D. USE J/16. fll.L£T. EXCEPT 
1/4* F1U.ET fOR UBIB(RS 10. 11 AHO 12. WELDS SHAU. BC AU. AROUHO 
W!{[RE POSSIBl.£.. 

WMEN WELDING 10 U/S Of" A LOAO[D Bf.AU, M WO..OINC 800 SHOU\.D >lWAYS 
B[ Aff'UED 1H A DIRECTION PAAAl.1.0. TO THE BEAM"S LONGlTUOINAL CEN1£RUHE. 

• l .. 

•[: . ; 
CONCRETE 

[ ISSUID FOR OIZU HU AND 90X DE51NG REPORT 161L-VtOS 

0 IS'SU£0 foR OOICN Ui DEC za» 
C issuEO rOR OQII HU RE\"lEW/90% REPmT fI82"X! 
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6 
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[ 
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12 
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I 
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F 

E 

D 

C 

B 

A 

8 

/ 

AMMONIA 
VAPORIZER NO. 1 I 
J6-NJ2-027 

I ~~~NL' TANK ,--
1 

8 

7 6 

I r-145579-Js-v---OOOS t 

• 
SECONIJAR'f WASIE STORAGE 

~ Fr-----~--
~ El:====== ---=--- 71 --

E________ --------------
1~ = Off-GAS SINTERED 
I UETAI. ALTER NO. 2 
I J6-N02-020 

SM ALTER NO. 2 

~:~J:/goW) OFF-GAS SINTERED 

7 6 

METAi. flLTER NO. 1 
J6-N02-019 
SM ALTER NO. 1 
AIRLOCK (BEi.OW) 
:36-085-061 

5 4 

. ------------------------------------------------------. Ill
--~--,---'---'-__ -_-_~----------'---· -

2 1 

No 

F-145579-JS-V-0002 Off-CAS TREATMENT - WASTE RECEIPT AlifA PLAN I I 
I I 

11 

~~o~® Jooo 
!-=2+-:..r-_1:.:4.:.ss_1_s-_J_s_-v_-:.:OOOJ==---+o:-:ff-::---GAS __ TR--:EA_™-:--::ENT-".. :--:-:M:-:El.--:T:-&_o:-:R'IER:-::-::-Lo.,..wr_rn-:-PIAN-:-_-t F 

J F-145579-JS-V-0004 OFF-CAS TREATMENT - MELT & 01!\'ER LIIOOlE PLAN 

I I 
I I 

u 

I II 

Off-GAS CHIU£R 
PUMP SKIO 
36-058-057 

II -~ 

II i ~PA RL~ET AIR! ! ! 
l35-N02-010 I I I 

I II 
II I 
II I 

I! I 
REr NUMBER 

OWG NO TITLE 
DRAWING TRACEABILITY UST NEXT USED ON 

5 

TITLE 
REFERENCES 

4 

~~o~®Jooo. 
~~o~® jooo 
~t~®looo 

OFF-GAS TREATMENT - MELT &: OR'IER UPPER PLAN 

5 F-145579-JS-V-0006 Off-G'\S TREATMENT - W£:f SCRUBBER SKID PIAN 

6 F-145579-36-V-0007 OFf-CAS TREATLIENT - SCRUB &: STACK PUN 
7 F-145579-36-V~.0008 OFF-GAS TREATMENT - SECONDARY WASTE AREA PIAN 

~~0~® ~==~ ========I 

~~o~® ~~o~® ~~o~® ~~o~® 
~t~® ~~o~® ~~o~® ~~~® 
~~o~® ~t~® ~~o~® ~~o~® 
~~o~® ~~o~® ~~o~® ~t~® 
~~o~® ~~o~® ~~o~® ~~o~® 
~t~® ~~~® ~t~® 

) 
I 

I 

E 

D 

L I 

G 

r 
E 
D 

C 

• 
A 

REVISIONS 

3 

, 

I , , 

I I , , 

I I 
I 

I I I 

I 
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4 
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C£Nl£R OF SLAB 
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3 
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~ K'CICffinq data o;ime, lhcf.AJit[CArnmcostimiteef CON'IOl De held loallle b' lflC CDlrl{IICllb'.lq. ~ er~ dtt,c: -

No -...... 
F-145579-J6-V~0026 OFF-{;AS ffil'AIMENT - WAS!t: RECEJPT AREA- SECTION °A0 

F-145579-00-D-001 I 

3 F-145579-00-D-0028 

WASlE RECEIPT & DR't£R AREA G.A. - PW! F 
WASlE RECEIPT & DR't£R AREA G.A. - SECTIONS "A.8,C,&0° 

4 F-145579-00-P-0005 DRl'ER PIPING lA'IOt/T 

5 F-145579-00-_P-OOI0 DRl'ER PIPING SECllONS 

-~ 

1. ONLY IIEJITilAllON OUCTWORK P1P1NG AND StJPPORllNG CABLE ffiA'IS SHOWN. ALL OlHER 
PIPING AND CAB!£ ffiAYS OIHTIDJ FOR CtARIIY. 

2. DIUO<SIQNS AND LOCATIONS Of' JOINTS TO BE CONRRMED BY SEL£CTED \/£NOOR. 

3. 11£tlTIIA110N DUCIWORK PIPING TO BE MINIMUM . JHICKNESS SCHEDUI.£ 4D EXC£PT "5 NOl!D. 

4. DUCTWORK MATERIAi. AND FABRICATION SHAU. CONFORU TO "5ME BJl.1 POWER PIPING. 

5. DUCTWORK ITTllNGS "5 PER MIEC DWG. NO. F-145579-36-V-0023 STANDARD 
DET.AILS - SHT. 1. 

6. ID. DESIGNATES JSO!ATION DMJPERS TO BE FlANDERS ROUND BUBBl.£-TIGHT 
(FIAT BIADf lYPE). FLANGES TO MATC!i 150I DRIWNG. 

7. 11£NJJLATION DUCTWORK SUPPORTS ARE REPRESENl!D BY A HEXAGON. EXMAPt£S-eOReee0ee 
FOR "VS' Tl'PE SUPPORTS SEE DWG. F-145579-36-0024. 
FOR AU OTHER SUPPORTS SEE DRAWINGS F-145579-0o-P-0001 TO -0004 • 

8. SEE BRANCH RBNFORCEMENT DETAIL-ON DWG. F-145579-36-V-0023 FOR 
FITIJMGS SHOWN SHAOED. 
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REF NUMBER l!TLE 
DWG NO rm£ REFERENCES 

DRAWING TRACEABILITY UST NEXT USED ON 

-6 5 4 3 

2 1 
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~ ~ data oqtft1I Olol AM(I: .kn,,icm l,in,\cd c:ornot: te held Wale, tar·the ~l.ibi'1J., c:o,npe{-s, or camxtncu d 1M -

No /,ll[Cllog.No, REFERENCE DRAWINGS 

f-145579-00-D--0041 MELT ARfA GA . ELEVATIONS NORTH AND WEST 

2 f _; 145579-00-0-0051 MELT ARrA GA PtAN 1/IEWS 

J f-145579-JG-V-D004 OFT-GAS TREATMENT MELT & ORYER MIDDLE PtAN 

4 f-145579-36-V-0005 OFT-GAS TREATMENT MELT & DRYER UPPER P!RlS. 

5 f-145579-JG-V-D027 OFF-GAS TREAlMEN( MELT· o!t Dll'l(R SECTIONS A & B 

6 f-145579-JG~V-0028 OFF-GAS TREATMENT MELT & DRYER SECTION C 

7 f-145579-36-V-D029 OFF-GAS TREAlMENT MELT & DRYD! SECTION D 

8 F-145579-JG-V-OOJD OFF-GAS TREATMENT MELT & DRl'ER SECTION E 

1!Qfil; 

I. ONLY \IENTII.ATION DUCTWORK PIPING AND SUPPORTING CAlll..E TRAY5 SHOWN. AU. OTHER 
PIPING ANO CABLE TRAY5 OMITTED FOR CI.ARllY. . 

2. DIMENSIONS AND LOCATIONS Of JOINTS TO BE CONFlRMED BY SELECTED VENDOR. 

3. VENTILATION DUClWORK PIPING TO BE MINIUUM lHICKNESS SCHEDULE 40 COMPI..ElE WllH 
LONG RADIUS EI.BOYoS fDR 6° AND SMAl.!£R AND SCHEDULE 10 PIPE AND PIPE FITTINGS 
FOR PIPE a• AND LARGER EXCEPT AS NOTED. 

4. DUCIWORK MATERIAL AND fA!lRICATION SIIAU. CONFORM TO ASUE BJ1.1 POWER PIPING. 

5. DlJCJWORK ffTTINGS AS PER AMEC DWG. NO. f-145579-36-V--0023 STANDARD 
DETAILS - SHT. 1. 

6. LO. DESIGNATES ISOLATION DAMPERS TD BE fl.ANDERS ROUND BUBBLE-TIGHT 
(fl.AT BWJE Tl'PE). fLANGES TO MATCH 150# DRfWNG. 

7. V£Nlll.ATION DUCTWORK SUPPORTS ARE REPRESENTED BY A HEXAGON. 

EXAMPLES -e OR e e e 0 e e 
FOR 'VS lYPE SUPPORTS SEE DWG. f-145579-36-0024. 
FOR ALL OTHER SUPPORTS SEE DRAWINGS f-145579-00-P--0001 TO -0004. 

8. SEE BRANCH REINFORCEMENT DETAIL ON DWG. f-145579-36-V-0023 FOR 
FTTTINGS SHOWN SHADED. 
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REF NUMBE!i TITLE 
DWG NO TIT!£ REf'ERENCES 

DRAWING TRACEABILITY UST NEXT USED ON 

6 5 4 

3 

3 

:. 2 

No NlfJ:-0.,.lb. REFERENCE DRA'NtlCS 

F-145579-0D-!Hl041 MELT />REA GA EU.VAJIONS NORTH AND WEST 

f-145579-0D-II--D051 MELT />REA GA PIAN VIEWS 

3 F-145579-36-V-OOOl OFF-GAS TREATMEIIT IIELT & OR'l!R l..OWER PLAN 

4 f-145579-36-V-0005 OFF-GAS TREATMENT IIELT & ORY[R UPPER PLANS 

5 F-145579-36-V-0027 Off-GAS TREATMENT 11aT & OR'fER SECTIONS A &: B 

6 F-145579-J6-V-D028 Off- TREATMENT IIEI.T & DRYER SECllON C 

7 F-145579-36-V-0029 OFF-GAS TREATMENT IIELT & DRYER SECTION D 

8 F-145579-36-V-OOJO OFF-GAS TREATMENT MELT & DR'l!R SECTION E 

1. ONLY VENTII.ATION WCJWORK PIPING AND SUPPORTING CAlll£ TRAYS SHOWN. All OlliER 
PIPING AND CABLE lRAYS OMITTED FOR. ClARlfY_ . 

2. DIMENSIONS AND LOCATIONS OF JOINTS TO BE CONARUED BY SELECTED VicNDOI!_ 

l. 1/ENlltATION DUCTWORK PIPING TD BE MINIMUM lHICKNESS SCHEDULE 40 COMPLETE WITH 
LONG RADJUS EUlOWS FOR 6" ANO SMAUER ANO SOiEDULE 10 PIPE 11ND PIPE ATTINGS 
FOR PIPE 8" ANO LARGER EXCEPT l>S NOTED, 

4. OUClWORK MATERIAL AND FABRICAllON SHAU. CONFORM TO ASNE 831.1 POWER PIPING. 

5. OUCTWORK Amt<GS AS PER AMEC DWG_ NO_ F-145579-J6-V-D02l STANDARD 
DETAJLS - SIIT_ I. 

6. 1.D. DESIGNATES ISOLATION DAMPERS TO BE FLINDERS ROUND BUBB1£-TIGHT 
(FIAT BlAOE lYPE). FLANGES TD MATCH 150I DRIWNG. 

7. VENll!ATION DUCTWORK SUPPORJS AAE REPRESENJID BY A HEXAGON. 

EXAMPl£S -e OR e e e 0 e e 
FOR 'VS' lYPE SUPPORTS SEE DWG. F-145579-36-0024. 
FOR All OTHER SUPPORTS SEE DRA\\1NGS F-145579-00-~-DOOl TO -D004. 

8. SEE BRANCH REINFORCEMENT DETAIi. ON DWG. F-145579-36-V-0023 FOR 
ATTINGS SHOWN SIIADED. 
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f-145579-00-0-004 I MELT AREA GA ELEVATIOIIS NORTH ANO WEST 

l--=-l-----=-..::.::.::..:._-1-.-:..----=---=-::....:::...--------1 F 2 f-145579-00-D-OOS! MELT AREA GA PlJ\N VIEWS 

J f-145579-36-V-OOOJ Off-GAS mfATUENT UELT & DRYER LOWER PLAN 

4 f-145579-36-V--0004 Off-GAS TRfATIIENT MELT & DRYER MIDDLE PLAN 

5 f-1•5579··36-V-'-0027 Off-GAS TRfAlMENT MELT & DRYER SECTIONS A & B 

6 f-1•5579-36-V-0028 Off-GAS TRfATUENT MELT & ORYal SECTION C 

7 f-]•5579·-36-V-0029 Off-GAS TRfAlMENT MELT & Ol!YER SECTION D 

8 f-145579-36-V-0030 Off-GAS TRfAlMENT MELT & DRYER SECTION E 

I. ONLY VElllllATION DUCTWORK PIPING AND SUPPORTING CABLE TRAYS SliC1HN. All OTHER 
PIPING AND CABLE TRAYS OMITTED FOR CLARITY. 

2. DIIIENSIONS mo ux:i.noNS Of JOO/IS TO BE CONflRMED BY SELECTED \IENOOR. 
3. VENTUATION DUCTWORK PIPING TO BE MINIMUt.t THICKNESS SCHEIJULE 40 COUPI.EIE WITH 

LONG RAOlUS ELBOWS FOR 6" ANO St.tAI.LER AND SCHEDULE 10 PIPE AND PIPE FITTINGS 
FOR PIPE a• AND LARGER EXCEPT AS NOTED. 

4. DUCTWORK MATERIAL AND fABR!CATlCN SHALL CO_NFORM TO ASME 831.1 POWER PIPING. 

5. DUCTWORK FlTTINGS AS PER AMEC DWG. NO. f-145579-J6-V-002J STANDARD 
DETAILS - SHT. 1. 

6. ID. DESIGNATES ISOLATION DAMPERS TO BE FLANDERS ROUND BUBBLE-TIGKT 
(flAT BLADE TYPE). FLANGES TO MATCH ISO# OR!WNG. 

7. VENTILATION DUClWORK SUPPOITTS ARE REPRESENTED BY A HEXAGON. 

=Pl.ES -e OR e e e 0 0 e 
flJR 'VS" TYPE SUPPORTS SEE DWG. f-145579-36-0024. 
fOR All OTHER SUPPORTS SEE DRAWINGS f-145579--00--P-0001 TO -000~. 
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F-145579-JS-V:-OOJI ( QFF-{;AS IR£ATIAENr - WET SCRUBBER SKID SECTIONS 

2 F-145579--00-D-0009 OfF-GAS & ELECT. lRAURS GA - PIAN f 
J F-145579--00-P-0007 Ofr-{;AS TREATIAOO - PIPING LAYOJT 

F-145579-00-P-0012 IOFF-{;AS TREAl\lENT - PIPING SECTIONS 

.t!l1!£;; 

1. ONLY VENIIIATION OUClWORK PIPlNG AND SUPPORTING CABLE TRAYS SHOWN. ALL OlllER 
PIPING AND CABLE TRAYS OMITTED FOR CU\RIIY. 

2. QIMENSlONS AND LOCA110NS Of JOINTS TO BE CONflRIIED 8Y StlfClID VENDOR. 

J. \/£NTIIATION IJUCTWORK PIPING TO BE IAINIMUIA lllICKNESS SOiEDULE 40 COMPLEIE WITH 
IDNG RAOIUS El.BOWS FOR s· AND SIAAlilR AND .scHEDIJLE 10 PIPE AND PIPE FlTTINCS 
FOR PIPE 8" AND LARGER EXCEPT AS NOTEO. 

4. DUCTWORK IAA!OiLII. AND FABRICATlON Sl1AU. CONFORW TO AS1.IE BJ U l'O\\tJ! PIPING. 

5. DUCTWORK AITlNGS AS P£R AIAEC DWG. NO. F-145579-J6-V--002J SlANDARO 
DETAILS - SIIT. I • ! __ j~I!~ 

OFF-GAS CHlllER 
[7'UMl' §<Ii 
IJS-058-05. 

EI r== = = = == = = = = :____ l ti==---_•!-
SKID I I 

I ' I --c_=:J~ 
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6. 1.D. DESIGNATES ISOIATION DAMPERS 10 BE FU>ll)ERS ROUND BU88LE-11GHT 
(FIAT Bl,\OC l"rl'E). FlANGES TO MATCH 150/ ORIWNG. 

7. VENIIIAlTON DUCTWORK SIJPPORlS ARE REPRESENTED 8Y A HEXAGON • 
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F 

E 

D 

C 

8 

A 

8 

CNfR 67.5" 8£NDS UP 10 90" 
BENOS •·• TO 5·0 - s 
SECTIONS 

OVER 30" BENDS UP TO 
67 .5" BENDS - 4 SECTIONS 

m 
J=rtt';f 
Ll--H--Q"-

0 u c., 

t~m•c--Y ~ 21 
SECTIONS 

7 

.!lQID;; 

OVER 67.5" BENDS UP TO 911" 
~OS (7vEJI oo - 7 
SECTIONS 

OVER 15" BENDS UP TO 
JO" BENDS - 3 SECTIONS 

I. CENTERLINE RADIUS 2-1/2 TIMES THE NOMINAL 
DIAMETER OF PIPE FOR PROCESS \/ElllllATJON DUCTING. 
MAXIMUM SECTION ANGI.E 22-1/'Z". 

2. 
RANGES Sl!O\Vn AT L!lNJMUM OISTANCE FROM EIBOW. 

3. EXTRA SlllAJGITT LENGTH MAY BE ADDEO. 

LONG RADIUS PIPE El.BOWS (CENTERUNE RADIUS I 1/2 
4. TILtES THE NDMINPL PIPE DW!EIER) SHAl.l 8£ USEC 

FOR TANK VENT LINES AND ouTSIDE AIR IITTAKES. 

CIRCULAR DUCT ELBOW CONSTRUCTION 4"121 AND GREATER. 
UP TO 3"!11 USE LONG RADIUS PIPE ELBOWS 

'H' SPACES @ 'J" 

·1 -A· r 
INSIDE FIANGE INSIDE FLANGE 

·ir 

.c.,=-=cr=-. ==:-rpu""cr=-=o-:c.nr---======I 
Axe C D E f C H J K l u N p Q R BOtlS ) 

l 
~ 

RECTANGULAR TO ROUND TRANSITION 

8 7 

6 

6 

I 
I 

16" 

/- .... , 
I \ 

5 

18" 

g• 

- ~1=-:.:·~=:;::=;.l=·-=1~~ 

16" 

AIR INTAKE HOOD 

REMOVMJI£ Bti!O SCREEN 

0 

NOM. PIPE SIZE 

INTAKE COWL 

5 

-4 3 

BRANCH ENTRY 

g• 

2• FIANGE 

REMOVASlE BIROSCREEN 

TESTING PORT 

BRANCH REINFORCEMENT 

00, N~ 

[JI 

[J2 

[Jl 

£14 

£J> 
[JS 

£11 

£J8 

f.19 

f.11D 

f.111 

£J12 

[Ji, 

NOM. BRANCH CXA 

• 
B 

• 2 1 2 2 1 2 
J 1 2 3 1 2 

4 10 20 
2 , • 
3 4 1 7 1 2 

EXPANSION JOINT SCHEDULE 

MAh'UfACTIJR[R PW MJUBER RATCO STirmtSS 
(OR N'PfflMD row,.) AX.(l!nFfl) LAT, (lbsfin) lORS. (',n-lM/deg) 

SOl-00: FUX. PAlH •-AllD-ff-25-26 'lj_B,-t-316 ,., 7 IJOOO 
SENDilflE(_PAlH 6-AUO-ff-25-27 1jB-l-3Hi ,,. 21 ,0000 

SoroiJfllX..PATH 4-AUO-ff-25 26 5/8-l-316 266 7 IJOOO 
SOWit fUX. PAlH 4 N..0--ff-~ 26 S/8-L-316 266 7 131JOO 

SOOOR flO. PAlH 8-AS-rF-SCJ-20--l. l04 266 7 13IIOO 

SOOOR fUX. PATH 8-AS-lF-50--20-L 3o4 266 7 IJOOO 

SDCOR flfX. PATH 2D-AS-fF-50-12-L-J04 266 7 1l000 

SENIOR n£X. PRH 10-AS-ff-50-8-L-304 206 7 IJOOO 

S(H!QR fUX.. PATH 10-AS-f'f-!0--16-L-J04 , .. 7 1l000 

SOOOR: no:. PATH 12-AS-IT-~15-l-304 , .. 7 1l000 

SDaOR: n.fX. PATH 12-A.5-ff-50-16-L-l04 266 7 llDOO 

SU00R f1D. PA'i}j 22-AS-Fr-,O-t2-L-Jot 265 7 1JOOD 
SUi10R n.EX. PATH 22-AS-fF-50-12-L-J[H , .. 7 llOOD 

2 1 

4" 0 x SCH.40 PIPE 

DRILL & TAP 3/B"O - 16 UNC /4 
THREADED TO SUIT 
4" 0 CAP M.I. 1509 

3/B" I> SLOTTED RO. HEAD . 
. MACHINE SCR£W x 2" LONG c/w NUT 

1" FB - 4• LONG 

1/2" !O HOLE IN nATBAR 
3/16" GEN. PURPOSE STEEL CHAIN 

SAMPLE PORT 

,·-o· 

REMOVABLE BIRD SCREEN 

12•0 FIANGE - DRIU£0 TO 
MATCH ISO# PIPE Fl.ANGE 
BOLT PATIERN 

1·-s· 

AIR INTAKE HOOD 

FOR J6-N02-093 
HEPA FEED TEMPERING 
AIR ALTER 

NOT APPROVED FOR CONSTRUCTION 

, = R>l = mu I R£POR1 QllfA ,. 11<1.YJ 25 WAR 06 SW ... 
O ISSUtDJ"at!XTSDESIQ,IREPOOT 24 rm os rum ..... 

15 WR 05 ROS l'CT 

31 OW.OS ROB IP 

10/11/04 JCH IP 

... 
SRB 

"" n,s 

CJ 

JSC 

JSC 

TH 

JH 

TH 

Dols ., 00.'d --;:;-; 

-F-°f 45579-36-V-0023 
,CV 

E 
arne<fJ - ~-145579-flNAL DBVS DESIGN 

N.T.S. 
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F 

E 

D 

C 

8 

A 

8 7 

U-BOLT -
GJIINN£U. FIG 137 OR EQUAL 

- SIZE 2· LARGER 1HAN HOM. 
DUCT SIZE 

OUCT 

TYPICAL DUCT SUPPORT 
WITH CLAMPED GUIDE 

~ 

REINFORCING WfAR PAO 

SUPPORT. TRAY. USE COOPER B-LINE SERJES 365 CABL£ .TRAYS 
OR APPROVED EQUAL; IADOER TYPE WITH 12" RUNG SPAONG; 
24" RADIUS ON ALL BEIIDS UNL£SS NOTED O!HERWISE. 

TYPICAL DUCT SUPPORT 
ON CABLE TRAY 

@] 

00 NOT PENElRATE DUCT 

a•o SCHED. 
40 PPE 

09-,---'t'.,__ __ ..._ 
9~ 
'b~ 
-'!:: ..-::, .., .. 
3e 
~~ 
~f= 

TOP or CONCRETE--_.,.==f===="=4=~==...;_--:7J-

f w t7 
~IC~ 

8 

"' 4 HOL£5 3/4"0 roR 
5/8" ANCHOR BOLTS 

INTAKE SUPPORT 
112·=1·-o· 
~ 

7 

6 5 

l
BEAM - SEE DETAIL FS6 AND SIZE 8 
OH OWG r-145579-00-P-0004 

==,,=•=n "==·={ 

- ---:=:=-·- :.==:.=~-==d L:_:::~:~=-~- . -==-

< 

TYPICAL DUCT SUPPORT 
WITH SPRING HANGER 

TYPE A 

SPRING HANGER
SEE CHART 

< 

SPRING HANGER 

TYPICAL DUCT SUPPORT 
WITH SPRING HANGER 

TYPE G 

LOAD SUPPORT A (GRINNEll OR EOIJAL) (LBS) NUMBER 

11 25/32" 

1/8" TErtDN LINER 
SECURED BY 1/4" o 
CSNK HEAD SCREWS 

8 PlACES 

FIG TYPE Sl7F 

llS4.1 14 3/16" 82 G 
llS4.2 14 3/16" 82 G 
llS4.3 37 15/16" 98 A 
llS4.4 16 13/16" 82 G 
llS4.5 40 5/32 " 98 A 
llS4.6 16 13/16" 82 C 

NOTES: 

1. SEE DWG r -145579-00-P-0003 roR DETAJts 
or NUMBERED IIEMS. 

2. PIPE ClAMP (IIEM 60) TO BE SIMILAR MATERIAL 
TO DUCT. 

1'-10· 

0 
I ,, 

2•-3• 

1'-4" 

1•-3· 

3 
7 
5 
5 
3 
6 

TOP or CONCRETE --'/t==!=,;l>==='" 

SLIDE OETArt..S 
1 1/2"=1"-o· 

11 S/8" 

1·-s· 

DUCT SADDLE 

~ 

COlD HOT 

161 187 
543 601 
291 358 
255 284 
178 203 
318 399 

':.. 

.,. 
·' 

4 3 

1'-9" 

1'-0- 3" 

lYP 

U-BOLT - L 3x3x.25 
4• GRINNEll flC. 137 OREr~ ~ 

~'~I 

2·-1· 

: i 
~ 
~ 

2'-7" 

2•-0• 0.0. 1/16" GAP 
(REF) EACH SIDE 

.2 
. ., mat..ng ~ fat (nJn:tfflll!al af data t,y ~ dcCWPC IPOd'",a. h Compar,y ~ lie dim·ares thol Ml£C ~ L.n,;tcd 
~blbc!d~fo,.-r.aattt.ddta~olrirbayorw:10..~d~Grigir,cf~Rm..~dcllawndifl. 
dKtnnc ~ « ~ ~ ~ - can d,,laionu ~ or be inodl"oed without the cor~• kniffledgo. Vie 
~ ~ doto a;:u:3 ttd. AUa; Amotric:os ~ ~ bo t,ct,s r.at.le fer tho mrPp,~. COlllpCkncn or~ ~ tt.. 

NOit. WHERE S.S .. DUCTING IS ClAMPED, WRAP C!AMP WITH 1/8" 
THERMOFAD CLOTH LINER BY AlBION INDUSTRIAL PROOUCTS. 

00 NOT 
PENETRATE OUCT 

U-BOLT -

L 4x4<.375 
/ Y/16x57 

=ir 
ii 
ii 
"i 

CRJNNEll flC 137 OR EaUAL -
SIZE 10" (SPECIAL ORDER WITH 
LONGER lHREAOS) 

F 

E 

D 

C 
2•0 SCHEO 40 

I 

rABRICATE r-s· LONG.} 
TRJll TO SUIT IN FlELD 

$ 
·O 

I 

-~=l~±l,,=---'-"' 

2·-0· 

2·-1· 

1·-r 

1·-r 

4 HOL£S 3/4" OIA roR 
S/8" ANCHOR BOLTS 

LIMIT STOP 

@] 

NOTE. 
DUCT TO BE WEWED TO SADOL£S 
ONLY. DUCT IS TO BE rRE£ TO MOVE 
1/16" LATERALLY IN EAOi DIRECTION. 

:., 
I 

w ~~ J}' ::fil -.,,L 
4 HOL£S J/4"0 FOR 
5/B" ANCHOR BOLTS 

~ 
1/2"=1'-o" 

NOT APPROVED FOR CONSTRUCTION 

24 f'EB 06 RR8 JU Sffll 

15 MAR 05 RD8 PCf ""' JI JN-1 05 RD8 ,,, nrs 
1J JNt 05 ROO ,,, nrs .,.. ., =·• -

BULK VITRIFICATION 
OFF-GAS TREATMENT 

DUCT SUPPORT DETAILS 

"' 

JSG 

1H 

1H 

1H 
-5! 
~- !: 
F 

REF NUMBER Till£ 
REFERENC£S 

NEXT USED ON REVISIONS NTS "" 

6 5 4 3 2 
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8 7 

E 

D 

C 

B 

A 

8 7 

6 

MaT ARfA 

6 

5 

OFF-GAS SIMltREO 
METAL FTLTER NO. I 
36-NOZ-019 

Off-GAS S!NlelEO 
MErAI. F1LlER NO.Z 
36-NOZ-OZO 

SECTION 

DWG NO llllE 
DRAWING TRACEABIUTY UST 

5 

4 3. 

REF NUIIBER Till£ 
RErERENC£S 

NElCT USED ON 

4 3 

Off-CAS BYPASS 
FAN fl 
36-N.l l-I30 

orr-CAS BYPASS 
HEPA FlLlER II 
J6-N31-IJI 

REVISIONS 

-n 

No 

2 

F-145579.:_36-V-OOOI 

El.. T.O. STl,:K 
Bllf-3" 

OFF-GAS EXHAUST STACK 
36-ll26-024 

El. T.O. PIAlfOR\I 
706'-2 1/Z" 

GENERAL NOTES: 

OFF-CAS lRfATllENT - PlAN 

EL T.0. COOC 
663'-0" 

F 

E 

D 

C 

I. NORlH WAUS or MELT ARfA WEAlliER [NQ.OSIJRE ANO DRYER AREA NOT SHOWN. 
2. SKY SHINE SHIELDING STRUCTURE NOT SHOWN ron ClARflY -

,. 

C 

f 

E 
D 

C 

• • 

6'IJIDllR001P:fYf!H/RIPORJ(AAEAJ&Ofll.1) 25 MAR 06 11<9 JII ... 
mEJfllllo:lSIESDIRD'!JiT 24 fEB 06 RR9 JII SRS 

..... ""_ 16 DEC 05 RR9 FllS 

"""""'llR C112H H11. RMB/'30J ""'°"' <- l6 Oli!.1) 26 N'R DO ROIi l'tF FllS 

..... llR 012H H1L RMY/!O< Rll'DRT (WA J6 ON1.1) 15/Dl/DS ROIi l'tF FllS 

ISSUED FOR INTERtW. APPRD'l'Al. 2>/12/04 JOI N' FllS 

ISSU<DRJIIR£'4W 10/11/04 JOI N' CJ 

IMSKINDCSCRP'tl'JM .... ., =·• 

-~145579-FINAL DBVS DESIGN 

2 

BULK VITRIFICATION 
OFF-GAS TREATMENT 

OVERALL SECTION 

J5C 

J5C 
.ms 
SC 

lit 

lit 

lit _ .. 
!:!."" K 
G 
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8 I 

F 

-

E 

-

D 

-
C 

B 

-

A 

8 I --

7 I 6 

BIJITERFlY VAlVf. 

EL T.O. IW<ORAA. (REF.) 
675" - 9 9/32 i 

32-V-003~ 

EL q; lllJCT 
s1s·-e"l, 

l 

BUTTERFLY VALVE 
32-V-002'\_ 

2-VOG-32-0113 

5 

BllTTERFl.Y VM..Vf. 
32-V-001 

J-VOG-32-0113 

= 
= 

a r.o. FWlCE (1YP1,lJ r·. :.·· :,I ~~, 672" - 9 J/B _ H •~ •• H 

~-1'-1-,---,~::1::·:x::':: ..... ::.::::'.::J~l!l,. 
Fl _, I 

I . - ~I I I 
I < ·1 I I 

(l~_,,. J7J • LFL - LFL I-----, r-1 II II I 11 11 11 

I 
I 

I 

---~-----"'=-------=-"- -- ---~-- - ----

WASIE STAGING TANK ND.3 
32-074-016 (REF.) 

WASIE Sfi'GING TANK N0.2 
32-074-00J (REF.) 

WASlE STAGING TANK N0.1 
32-074-002 (REF.) 

I 
I 
I 

SECTION IA\ 
1/4"=1·-o· ~ 

- l 
DWG NO I TITLE 

DRAWlNC TRACEABILITY UST 

I - I 
l REr NUIIB[R I 

I 
I NElCT USED ON 

4 I 

I 
I 
I 

I 

3 I 2 I 

No R£fl:RENCE DRAWINGS 

I r-145579-36-V-OOOZ OFF-GAS lREATUENT WASTE RECOPT AREA - PIAN 

RPP-24544 
REV ld 

1--2-1-r_-_14_5_57_9_-oo_-_o-_00_1_1 __ +w_= __ R_E_CO_P_r_&_ORYER __ AR_EA_c_A_-_P_IAN _____ --t F 
J r-145579-00-P-0005 01?\'ER PIPING IAYOUT 

4 r-145579-oo--t>-OOIO DRYER PIPING SECTIONS 

NOTES: . 
SEE NOTES ON owe r-145579-36-V-0002 

E 

-ct WASIE DRYER SirA.U SUPPLY SKID 

11 -•oua 

I I 
I I D 

11 

nJ1ll ·m -I I I I E : UlJJ __ rn~__ -=-=--- • 
EL T.O. GRAVEL 

=~:,__ __ J~662" 9 1/2" n>PROX. 

C 

t-

.. 
I NOT APPROVED FOR CONSTRUCTION I li5-

' m,m FOR OQW OOIOI/ R!l'0l<T (- l< "11.1) 25 MAR 06 nm .., ... ./SC 

E """"'°""""" Hi O£C 05 ... fllS JOS 

0 ISSlG fDR om, till RfYDl/ffl R£PORT - (AR£A Jli OHLl) 15 IWl OS R!l!l PCF fllS lH 

C ISS\JOJ FUR OQU KU. Rl\1EW/90X REPORT 20.J'Hll5 RD8 PO' FWS 1H 

• ISSUm fOR ltlr[RW,L »f>ROri& 13 occ 04 RllS ,,. fllS n, 
,... 

• ISS\IO)RJRRM,'d 21/10/04 ROB ,,. fllS JDS .... """""ocscm-oo,, - ., Otll.0d~ -5! 

l""'lCtu,..,.90 
::V..., X 

F-145579-36-V-0026 F-
ame& --= 

145579-FINAL DBVS DESIGN 

-I I I I ,~ --

""'-= U.S. DEPARTMENT Of ENERGY 

~~;'";'·=·~~~~t·~~:::::7~---~-~_,.j~-• s:.iuii"L;:;;~r-~v~~~~;~~~·;~~~~~·T~l'ro.i:N1 -7 A 
r--T-r-------,---.-.--.----::--1._ ... _.,,. ....,"" .,..""' _ ..... --++ e:::e:::_.,-~:j Off -GAS TREATMENT 

::.- WASTE RECEIPT AREA SECTION 

NAME 

'A' 
TITLE 

~ :: I 
~ I~ 1-::-1"'W"J:::-;;::::: RErERENCES ~-

REVISIONS I 
7 I 6 I 5 t 4 I 3 I 2 I _U C5-21 



F 

E 

D 

C 

B 

A 

8 7 
~ 

1. ONLY 'lcNTI.ATION OUClWORK PIPING AND SUPPORTING CAB!£ IRAVS SIIOWN.. A1.L OlHER 
PIPING MD CABLE lRAVS OMITTID FOR CIJ\RIIY. . 

2. DIMENSIONS ANO LOCATIONS OF JOINlS TO BE CONARMfll BY SEI.ECTEO VEtJOOR. 

3. "1:NIIIATION DUCTWORK PIPING TO BE MINIMUM THICKNESS SQUJlULE 40 C011f'l£J£ WfIH 
LONC RADIUS fIBOWS FOR 6° AND 5MAU.ER mil SCHEDULE 10 PIPE ANO PIPE FlmNGS 
fOR PIPE a· ANO IAACER EXCEPT AS NOTED. 

4. OUCIWORK MATERW. AND FABRICATION SHAU CONfORM TO ASME BJ I.I POWER PIPING. 

5. OUClWORK FITTINGS AS PER mEC DWC. NO. f-145579-J6-V-002J SIANOAll!I 
OETAllS - Sl!T. 1. 

6. 1.D. DESICW\TES ISOlATION DAMPERS TO BE F!ANDERS ROUND BUBBLE-TIGHT 
(Fl/J BlADE l'IPE). FLINCES TO MATCH 150# ORUING. 

7. '-Offi!AIDN DUCIWORK SUPPORlS ARE REPRESENTEO BY A HEXAGON. 

OOJdPl(S -e OR<~~) e e 0 0 e 
FOR 'S 1YPE SUPPORTS SEE OWG. F-14SS79-36-0024. 
FOR AU. OTHER SUPPORIS SEE DRAWINGS F-14S579-00-P-OOOI TO -0004. 

a SEE BRANCH REINfORCEMENT DETAIL ON DWG. F-145579-J6-V-002J FOR 
fl!TINCS SHOWN SIIADEO. 

II 
II 

HOLO 1 

6 

If 

r.o.c. EL 
56J"-o"±_ 

ti 
~ ~~-,=== = = = = = = = = ===~-==--

SECTION 
1/4°=1·-o· 

8 7 6 

II 

II 
II 

ICY BOX HEPA 
FI.TER 
J5.,N02-0\0 

5 

DUCT I! EL 
699'-a 1/8" 

4 3 2 
11'1 ~ ~ r« ~ d data ti, r:18'7 declnnC medcl. Clo~~ adl data og,'ed !flat IJ.IEC "'-ices~ 
~ tic·tldd'~S.SC r~ ~ of h da!:I outside ef OI beyond the scope al 0111l~ ~ Nm,, becaux dota swed i:I 
~ model or~ ti,' o~ ~ CO'I dat.erionu ~ or tia ~ -ilhcut h ~-~ h 
ComPQ:17 ~ Gata o;,'Cd Ulc:t IJ.l(C ~ IPltd ~ be td:f Gate lllf" U. ccmpall>flr. ~ r;ir com,c.tncss of U>e 
dolo. 

No -........ 
r-145579-00-0-00•1 

2 F-145579-00-0-005 I 

J F-14SS79-J6-V-OOOJ 

F-145579-J&-V-0004 

5 F- l45579~J6-V-0005 

·6 F-145579-J6-V-0028 

F-14SS79-J6-V-0029 

8 F-145579-36-V-OOJO 

REFmENCE ORAWlNGS 

MELT AREA GA El.EVATIQNS NORTH ANO WEST 

MELT AREA CA PLAN VIEWS 

oFF-GAS mEAlllENT MELT & DRYER LOWER PlAN 

OFF-GAS TREAlllENT MELT & OR'tUl 11100[£ PLAN 

OFF-GAS TREAlllENT MB.T & DRYER UPPER PLANS 

OFF-GAS TRfATMENT MELT & Oim:R SECTION C 

OFF-GAS mEATMENT MELT & OH'lfR SECTION ii 

OFF-GAS TRfAIMEIIT MELT I!< OH'l£R SECTION E 

oucr I! EL 
69J'-9" 

DUCT 11; EL 
687'-2" 

I-- \--\OLD __ 
7 

{\ I I I {\ 

) I I I ) 

L ______ l _ ____J-=- ___________ - __________ --=i--_ Ll~t~~ 
K RE-msm fOA DGTS DE5Gf R£f'ffif 24 !Wt 05 SW JU ... 
G ISSUED IXiTS [BQI RERRJ 2, Fm 06 - Jll 5"11 

r """° RlR DeiG>< 16/12/05 RRII fWS 

SECTION C ~ FUR OQII Hll RE.\0/901 REPffll' (WA 36 ONL'r) 2'/04/05 Jal PCF .... 
1/4"=1'-0" L'5:SlJED RR Ot2Y KU. RE.\t£W/90I REPORT (ARD. 36 Ota.1] IS/M/05 """ PCF fWS = ""' 0'211 IIU. f!&U/90% - (Ci SlS!lll) 0>/03/05 ROB PCF GJ 

• J$UEO RR DlTERtW. N'f'R!NM. 17/12/04 ROB ,,. lllS 

• ISSIJ[DftlRRru[W 05/11/04 ROB ,,. fWS .... """"'""""""'°' 
., -· --~ F-145579-36-V-0027 

amet!' -~·145579-FINAL OBVS DESIGN 

NOT APPROVED FOR CONSTRUCTION 
U.S. DEPARTMENT OF ENERGY 

REF NUMBER TITLE 
DWG HO TITLE REFERENCES 

DRAWING TRACEABILITY UST NEXT USED ON REVISIONS 

5 4· 3 2 
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C 
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F 

E 

D 

C 

B 

A 

DUCT 11 a. 
663°-6 112· 

8 

36-HV-901 

J-OOW-3S-OJ24 

7 

SINIEROJ METAL 
fll.TER NO. 1 
36-N02-019 

SECTION 

6 

DWG NO TITLE 
DRAWING TRAC£ABIU1Y usr 

5 

SINIERED METAL 
ALTER NO. 2 
:i&-'N02-020 

OUCTe n. 
693°-.r-

oucr ;,i; n. 
681"-1 1/2" 

DUCT 11 a. 
678°-9" 

DUCT q; a 
575•-9• 

-----~-623 

REf NUIIBER TITLE 
REFERENCES 

NOU USED ON REVISIONS 

4 3 

., ff1GU9~r«t,m,srittdof.oa,o r,,-,emctn:,,,;cme&i: u,., ~~ sudldQta og,-sttllll:AMB:a-ncml.-nnd 
.cm'l'IO( be l'ldd ~dlla fa,~ d lh:i mta ~ of orbqond O'es:ope d 01raigin.,I~ ~ bcc:cus: data slon:llill 
cfodronic m,,So or~ by eloc:tn:.Ac rw:ions CC1n dllliri:w"OtD ~ ot t. ,-o&li,,d ~ et. mn""1.onl°s ~ U10 
~~data O'J'l:CI 1!,,at M,![C Anlc.tkm l.ir!ll'"kd o:ttGt be bel1 GtsNe for D-a coa,prtb~ ~or~ cf Qc ..... 

No 
_..,_,.,_ 

REFERENCE DRAWINGS 

F-145579-0D-D-004 1 MELT AR£A C.A. ELE.VATIONS NORTH AND WEST 
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f-145579-36-V-OOJJ Drr---Gl>.S TREATMENT - SCRUB & STACK SECTION 

6 f-145579-36--V-0021 err-GAS ElOWJST STACK DETAILS 

I. ONLY VElffilATION DUCTWORK PIPING ANO SUPPORTING CABLE TRA'l'S SHOWN. All OlHER 
PIPING ANO CABLE TRA'l'S OMITTED FOR CU\RIIY. 

2. DIMENSIONS ANO LOCATIONS Of JOll'ITS TO BE CONRRll[O BY sarcrro 11£NOOR. 

3. VENTILATION DUCTWORK PIPING. TO BE UIN!UUU THICKNESS SCHEDULE 40 CDUPLElE· WllH 
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EXCEPT AS NOTED. 
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5. DUCTWORK FITTINGS AS PER AMEC CJ\\\,. NO. f -145579-36--V-QOZJ STANOARO 
DETAILS - SHT. I. 
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{FLAT BIADE rtPE). FLANGES TO MATCH 150# DRIWNG. 

7. VENTILATION DUCTWORK SUPPORTS AAE REPRESENTED BY A HEXAGON. 

EXAMPLES -e OR e e e 0 e e 
FOR 'VS' TIP£ SUPPORTS SEE OWG. f-145579-36-0024. 
FOR AlL OTHER SUPPORTS SEE ORAW1NGS F-145579-00-P-0001 TO -0004. 

8. SEE BRANCH REINfORCEUENT DETAIL ON OWG. f-145579-36-V-0023 FOR 
FITTINGS SHOWN SHADED. 
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li!!ill: 
1. BLJITERflY VALVES ON ·TANK VENT Ull£S ARE NOT SHOWN DUE TO CONNECTION POINl 
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2) DESIGN WBQIIS OF SCRUB8ER: 
A) E11P1Y WEIGHI': 5200 LB. 
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1000 GAL IJQtJUI = 1.6" 
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TOP Of S1A11: IIJNIUUII llllCKN€SS 0.25 INCH "OVEJU«>IE HO." UGlfT GREY' 

3 
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CH2M HILL ENGINEERING CHANGE NOTICE 
1a. ECN 722545 R 0 

Page 1 of 4 {81 DM • FM • TM 1b. Proj. ECN - - R 

2. Simple Modification 13. Deslgn Inputs - For lufl ECNs, record inlomiation on the ECN-1 Form (nol 4. Date 

l:83Yes ONo 
required for Simple Modifications). 12/1/04 

5. Originator's Name, Organization, MSIN, & Phone No. 6. USQ Number 7. Related ECNs 

Doug Chenault No. - - - R• N/A 
DMJM Technology MSIN H050 

375-9771 r81NIA 

8.Trlle 9. Bldg. / Facility No. 10. Equipment/ Component ID 11. Approval Designator 

fin_al DBVS Design Sile Improvement Package 241G/DBVS N/A QE 

12. Engineering Documents/Drawings to be Changed (Incl. Sheol &.Rev. Nos.) 13. Safety Designation 14. Expedlled/Off-Shifl 
ECN? 

Drawing H-14-106795,Sheet 1, Revision 1 (contfn~ on sheet 3) .. • SC D ss 1:83 GS • NIA Oves [8J No 

15a. Work Package Number 15b. Modification Work Completed 15c. Restored lo Origlnal Status (TM) 16. Fabrication Support 
ECN'l 

N/A 0Y8S (81No 
N/A N/A 

Re<pon>ible ~/ Dalo R•spon,ibl• Eng;ne,r I Oale 

. 17 _ Description of the .Change (Use ECN Continuation pages as needed) 

Toe current design of 1he TRI-MER Scrubber (Foundation #11) identifies provisions" for a 18" dia. x 18" deep sump to be cast-In-place 
at the southwest comer of lhe foundation. This sump area is provided as a collection point from which rain water or potential leakage 
during system operation, may be removed. The current design provides the general requirement for the sump, however further 
information, lncludlng a change in the location of lhe sump are necessary 16 optimize the discharge option, minimize installation costs 
and define lhe local relrirorcing steel requirements . 

1. Revise the TRI-MER Scrubber FoundaUon #11 - Plan located In Zone D-7 lo relocate the sump from the soulhwe.sl location on lhe 
slab lo the northeast localion. as shown on Sheet 4 of this ECN. 

2. Add re bar at the revised sump location, as shown on Sheet 4 of this ECN. 

3. Revise the text font for the angle showing the orientation of the special rebar localed at the lifting points, as shown on Sheet 4 of this 
ECN. 

18. Juslfficallon of the Chailgo.(Use ECN,Continua6on pages as needed) 19. ECN Category · 
The change is provided to reduce the· distance from the sump to the Secondary Waste Storage Tanks, 

0 Direct Revision· which results In an overall reduction In the length of .lhe hose-In-hose required and a significant reduction in 
cost. The change does not affect the design calculations- l8I Supplementai 

USQ ralionale for NIA in Block #6, based on letter 04-TED-082/ 0402560 on 10-05-04 from DOE ORP lo 0 Vold/Cancel 

CH2M HILL Hanford Group, Inc. liUed, • APPROVAL OF LIMITED CONST~UCTION FOR 
ECNType DEMONSTRATION BULK VITRIFICATION SYSTEM PRIOR TO APPROVJ\L OF PRELIMINARY SAFElY 

ANALYSIS". 
0 Supercedurv 

0 Rovlalon 

20. Dislrlblltlon Release Stamp 

Name MSIN Name MSIN 

"''" JA 7 '-,J-

DATE: ~ HANFORD ,€~ STk3 Rtl.EASE I ! 

~ 
A-6003-563.1 (09/04) 
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CH2M HILL ENGINEERING CHANGE NOTICE 
1 a. ECN 722545 R 0 

Page2 of 4 181 DM 0FM • TM 1b. Proj. ECN - - R 

21. Revisions Planned (Include a brief descipOon of the contents of each revision) 

NIA 
22. Design Basis 
Documents 

Oves ~No 
Note: All revisions shall have the approvals ol lhe affected organizations as identified In bloclt 11 "Approval Designator." on page 1 
of this ECN. 

23. Commercial Grade Item Oedic.illon Numbers (associated with this 
design change) 

24. Engineering Data Transmlttal Numbers (associaled with lhls design 
change. e.g., new drawings. new documents) 

NIA NIA 

25. other Non En ineering not In HDCS documents that need lo be modified due to this chan e 

Type o! Document Document Number Update Completed On Responsible Engineer (print/sign and elate) 

Alarm Response Procedure NIA 

Operations Procedllte NIA 

Maintenance Procedure NIA 

Type of Document DoCUTienl Number 

NIA 

26. Field Change Notice(s) Used? 

Oves [8J No 

If Yes, Record Information on the ECN-2 Form, 
altach form(s). lndude a description of tile Interim 
resolution on ECN Page 1, blod!. 17, and idenUfy 
permanent changes. 

28_ Approvals 
FaalilylProjeci Signa . 

Type of Document 

NOTE: ECNs are required lo record and approve all 
FCNs issued. II the FCNs ha11e not rhaflged the 
onginal design media then lhey are just incorporated 
into lhe design media via an ECN. II the FCN did 
change the original design mecfia then the ECN will 
tndude the necessary engineering changes to the 
original design media. 

Documenl Number 

27. Design Verification Required? 

Oves ~No 

II Yes, as a minimum allach the one 
page cheddlst from TFC-ENG
DESIGN-P-17. 

Date 

Design Authority 

Resp. _Engineer 

Resp. Manager 

Quallly Assurance 

IS&HEnglneei

NS&i. Engineer 

Originator/Design Agent 

=:....::...:..:..:=..;..,t.L;,;::,\"'-'-Ml+LW""'l,,=-=.-'-'1-r<+O;::c,-.,,. Professional Engineer -'--"'~c.:;.,\,..., uii': ""~:;:: ,,_:.:. ~-,.....,_-_-_-_-_--

l 7
7 

/JS Projec\ Engineer :..:K~urt~M~~~.ffe.'f-'.~"it....l'.~~~ 

/-t;,-05' 

1/tfes
,JrJ.,r 

Enviroo. Enginee1 

.:...::.:.::...:.:_::::_:_.:__:......:.___.<.11..:,v~--'I c..
1--L/b5_ Qualily Assurance 

J.O Guberskl cl./) .J4k.Z L/ 110 J 

Safety 

Designer 

Environ. Engineer 

Engineering Checker Checking COIJlpleted by NE Other 

Other .O\her 

Othef 

Other 

Qthe, 

Other 
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Signature °' a Control Number lhal tracks the Approval Signature 
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CH2M HILL ENGINEERING CHANGE NOTICE 1 a. ECIII 722545 R 0 

CONTINUATION SHEET 

Page 3 of 4 1b. Proj. ECN - - R 

DocumenUDrawing No. Drawing H-14-106795 Sheet1 Revision 1 

Block 12 (cont.) 
Drawing title, "BULK VITRIFICATION. TRI-MER SCRUBBER FOUNDATION - PLANS AND DETAILS". 

Note: An AutoCAO page may be used in place of this form (the header section items must be Included on the AutoCAD page). 
A-6003-563. 1 (09/04) 
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NOTES, 

I. All. ~ SIIALL COfffORl,I ro CONSlRUCllON SPEC1FICAIION 
145579-G-f-00'-

2. rouNO>TION DErAllS roR 119. 121 "'° #22 AR£ SMDWN o• DRAWING H-U-106800 
OTHER fO~ DETA11S ARE SHOWN ON ORAWINCS H-14-106799 .1:. H-14-106801. • 

3. DIE fOlLOWtNG SPEClflC REDUIREllOO'S N'PI.Y 10 CASHN-PUCE aJflCRElE. 
R£fBI 10 CONSJRUCTION SP(OFlOOION 145579-G-SP--OOI sa:notf !WOO 
FOR DETAILS. 

•l M!NllMI OIMPRESSM: SIRENGlll = 4000ps; 0 28 DAYS. 
b) IIAXIYU!I wmR/cawT RAllO ~ O.S. . 
c) AIR CONTENr S1W.1. BE 51Hl:L 

4. All. OlS1IJIIIIED TOP IA'l£l< Of COIIPM:IBI a!USHED CRA\18. 
SIIAI.I. 11£ ~ BOllml IOONOAllOHS TO 110N1W. B..E.VAllOH 662.llfco.2 FID. 

MO:IW<ICR. COIIP-'CIIIIN Of DIE TOP SIJRf-'CI: or THE CIWM..IR 8AC1<fU. IS 
NOT REllUIRDl RlR SP.ICES 8E1W[EN RJUNOAllONS WHERE SPM:E IS .1£SS llWI 12" 
WIDE. FllL tp EllVAllON 662.fl ±o.t FEU. 

AI.JeltWMIJ'. 1l£ ·SPACE 1W' BE Fll1Bl Willi UNRONRlRCED CONCRElE. TOP 'Of' 
COIICRDE lo BE 66J.OOO IIATCIING N>JM:EMr fOUNOAllOIIS. EXlSllNC SllllD CO/ICRE1E 
RllJNOAIIOHS 1W' BE US9l AS f"ORMS f"OR 11EW CONCRElE fOUNDAllOIIS IF lHE SECOND 
M.1£RNAlNE IS CIIOSOI; PROVIDE A BOND 8R£N<ER (& II/I. POI.YEllllUHE Slel. OR 
lr llllCIC FIB8tilOARO) BE1WEEll HEW NID OLD CONCliOE. . 

5. COOflDJNAlES ARE BASED OIi HANRlRD 200 WESf OA1UIL 
COfflROt l'OlflS NIE RR SPIKlS IN ASPHAI.T ON Ullf SJ 
(DBVS-1 AAD O!l'IS-2) SEE DRAWING H-14-106788 RlR UJCAllONS. 

&. COORDINAIES SHOWN AA£ C9IIERUNE REFERENCE l'OINIS or 
£.tat fllUl!OAllON. 

7. FOR FlUIOA1lOIIS fl 1llllOUGH f18 l.OCAllONS SEE ORAWINC H-14-106789. 
(INSTA!ll!I WIDER stPARAJE COIIIRACI) 

8. RlR FllUNOAllOH f20 (ICY llOlC -y IIUIUllNG} LOCAl10H AND DEIAIIS 
SEE llRAWING H-14-106197. 

9. SHADED RllJNDAllOHS NIE. SU8J£CT TO DIE REQmENIS Of" 1HE 
RESOURCE: COIISERVATIOH NID RECIMRY ,er Of 1976. (RCIIA) 

10. EXlSllNG 4/0 A1ltC GROUM> COHDUCroRS AAE LOCAIED N'PROXIIWID' JO INCH£S 
8El.OW fllllSHED GRAil£. REHR 10 ORAWlNG f-145579--00-E-ll500 RJR APPROXIIIAlE 
l.OCA110HS. RE-ROUIE ml REPAIR N« DAWG£ TD D<ISllliG alOUJllllHG aJNDUC10RS 
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CH2M HILL ENGINEERING CHANGE NOTICE 
1 a. ECN 723832 R 0 

I Page 1 of 5 ~DM • FM • TM 1 b. Proj. ECN R 

2. Simple Modification , 3. Design Inputs - For full ECNs, record information on the ECN-1 Form (not 4. Date 

[;8]Yes ONo required for Simple Modifications) 05-03-06 

5. Originator's Name, Organization, MSIN, & Phone No. 6. USQ Number 7. Related ECNs 

Michael R. Custer No. - - - R- N/A 
DMJM H&N MSIN H050 

(;8] N/A 509-375-7863 
8. Title 9. Bldg./ Facility No. 10. Equipment/ Component ID 11. Approval Designator 

DBVS Stack Foundation 241G/DBVS N/A QE 

12. Engineering Documents/Drawings to be Changed (Incl. Sheet & Rev. Nos.) 13. Safety Designation 14. Expedited/Off-Shift 
ECN? 

H-14-106796, Sheet 1,Revision O (continued on page 3) Dsc • ss [8'J GS • NIA OYes [8J No 

15a. Work Package Number 15b. Modification Work Completed 15c. Restored to Original Status (TM) 16. Fabrication Support 
ECN? 

NIA 0Yes [8J No 
N/A N/A 

Responsible Engineer/ Date Responsible Engineer/ Dale 

17. Description of the Change (Use ECN Continuation pages as needed) 
The current design of the· OGTS Stack foundation, shown on drawing H-14-106796, revision 0, requires the dimensions of the 
foundation to be 20'-0" x 30'-0" x 4'-0" deep. Subsequent analysis and design completed for the OGTS Stack by the vendor requires an 
increase in the size of the foundation. The revised plan dimensions of the foundation increased to-24'-0" x 36'-0" to accomodate the 
larger area required for the layout of the OGTS Stack and exhaust fans. The increased depth to 7'-4" and revision of the foundation 
reinforcing steel is required to accommdate the anchorage for the OGTS stack and satisfy structural requirements. 

I) Revise the drawing plan and section for OGTS Stack foundation #1 0 to provide the revised dimensions and reinforcing steel 
requirements, as shown on sheet 4 of this ECN. 

18. Justification of the Change (Use ECN Continuation pages as needed) 19. ECN Category 
The changes described are required to satisfy the latest design developments received from the OGTS 
Stack vendor and to satisfy code requirements for the foundation. These changes are the results of D Direct Revision 
information provided in the vendor design calculation from Thompson Mechanical, Calculation number [8l Supplemental 
4697.1, dated March 6, 2006, titled "Demonstration Bulk Vitrification System, (DBVS), Off-Gas Treatment 
System , (OGTS), Steel Stack". (Transmittal DMJM H&N to AMEC E&E No. A77977-TTC-630). and D Void/Cancel 

145579-C-CA-015, Revision 2. 
ECNType 

D Supersedure 

D Revision 

20. Distribution Release Stamp 
Name MSIN Name MSIN 

I 
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CH2M HILL ENGINEERING CHANGE NOTICE 
1a: ECN 723832 R 0 

I t>age 2 of 5 [8J DM • FM • TM 1 b. Proj. ECN R 

21. Revisions Planned (Include a brief description of the contents of each revision} 

NIA 

Note: All revisions shall have the approvals of the affected organizations as identified in block 11 "Approval Designator," on page 1 of this ECN. 

22. Commercial Grade Item Dedication Numbers (associated with this 23. Engineering Data Transmittal Numbers (associated with this design 
design change} change, e.g., new drawings, new documents} 

NIA N/A 

24. Other Non Engineering (not In HDCS} documents that need to be modified due to this change 

Type of Document Document Number Update Completed On Responsible Engineer (prinVsign and date} 

Alarm Response Procedure 

Operations Procedure 

Maintenance Procedure 

Type of Document Document Number Type of Document Document Number 

'.5. Field Change Notice(s) Used? NOTE: ECNs are required to record and approve all 26. Design Verification Required? 

LJ Yes ONo 
FCNs issued. If the FCNs have not changed the 

0Yes ONo original design media then they are just incorporated 
If Yes, Record Information on the ECN-2 Form, into the design media via an ECN. If the FCN did If Yes, as a minimum attach the one 
attach form(s}, include a description of the interim change the original design media then the ECN will page checklist from TFC-ENG-
resolution on ECN Page 1, block 17, and identify include the necessary engineering changes to the DESIGN-P-17. 
permanent changes. original design media. 

27. Approvals 

Facility/Project Signa~~ Date A/E Signatures Date 

Resp. Engineer "b If. S ~ h/ J J B ti-b OrtglaalmJ[)e,lgo Age,,t7-r;J., ~/4, ,Jl jZC,,;;t. s-/;-_/d. 
Resp. Manager ~L<.I Sc.,·,n: 'r '7/Jll~ .J ;fv 

Professional Engineer - ( 
Quality Assurance Project Engineer 

IS&H Engineer Quality Assurance 

NS&L Engineer Safety 

Environ. Engineer Designer 

Engineering Checker I\A-\.f.i.£€% ~~ s/e/o'=i Environ. Engineer 

Other Other 

Other Other 

Other DEPARTMENT OF ENERGY/ OFFICE OF RIVER PROTECTION 

Other Signature or a Control Number that tracks the Approval Signature 

Other 

Other ADDITIONAL SIGNATURES 

ther 

I Other 
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CH2M HILL ENGINEERING CHANGE NOTICE 
CONTINUATION SHEET 

I Page 3 of 5 

Document/Drawing No. H-14-106796 

Block 12 (cont.) 

1 a. ECN 723832 R 0 

1 b. Proj. ECN 

Sheet 1 

Drawing titled, "BULK VITRIFICATION, OFF-GAS AREA, FNDS - PLANS & SECTIONS". 

R 

Revision 0 

Note: An AutoCAD page may be used in place of this form (the header section items must be included on the AutoCAD page). 
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APPENDIXDS 

MAIN OFF-GAS TREATMENT SYSTEM 

F-145579-00-A-0099 J Bulle Vi_trification P&ID "Typicals" Legend D5-2 

F-145579-00-A-0IO0 Q Bulle Vitrification P&ID Symbol Legend D5-3 

F-145579-35-A-0IO0 p Bulle Vitrification ICV Box P&ID D5-4 

. F-145579-36-A-0099 M Bulle Vitrification Off-Gas Dust Removal P&ID D5-5 

F-145579-36-A-0IO0 N Bulle Vitrification Wet Scrubber Skid No. I P&ID D5-6 

F-145579-36-A-0102 p Bulle Vitrification Off-Gas Trailer Scrubber Filter P&ID D5-7 

F-145579-36-A-0103 M Bulle Vitrification Selective Catalytic Reduction P&ID D5-8 

F-145579-36-A-0105 N Bulk Vitrification Stack Monitoring P&ID D5-9 

F-145579-36-A-0l 06 J Bulk Vitrification Off-Gas Treatment Chilled Water Treatment D5-IO 

F- l 45579-36~A-0l 07 H Bulk Vitrification Off-Gas HEPA & HEGA Filter P&ID D5-ll 

F-145579-36-A-0 108 F Bulle Vitrification OGTS Bypass P&ID D5-12 

F-145579-36-A-0109 C Bulk Vitrification Duct Monitoring P&ID D5-13 

.J 
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MISCELLANEOUS SYMBOLS: 

PROCESS STREAM LABEL 

FLANGED CONNECllON 

SPRAY NOZZL£ 

lHERMO JJJSPERSJON FLOW METER 

ANNUBAR 

SAMPLE C/W BOTILE 

VORTEX SHEDDING 
FLOW 0.EMENT 

MOISTURE TRAP 

LIQUID TRAP 

0 

SUOING JOINT 

TRIPLE 0UIY VALVE 

STRAINER 

FLOW SWITCH 

REDUCER (SIZE DEANED ON P&ID) 

OlAPHRAGM SEAL 

BACK FLOW PR&NTER C/W EQUIP. NO. 

FUJC HOSE 

RAlllATION SENSING filMENT 

ALARM HORN 

RUPl\JRE DISK (PRESSURE REUEF) 

FLOW OR!FlCE 

CARBoY OR CONTAINER 

EXPANSION JOINT 

QUICK DISCONNECT 

MAG FLOW METER 
filMENT 

QUICK DISCONNECT 
W!1H INTERNAL CHECK 

i.i CONTAINED - PIPE 
~NNECTION PORT 

CORIOUS MASS FLOW ELEMENT 

ALARM lJQfT 

UGHT 

I I 
I owe HO I mLE 
I DRAWING TRACEABILITY UST 

5 f 

~ PIPING OR EQUIPMENT BOUNJW!Y 
,~ MARKERS 

I 

INSTRUMENT AIR 
SUPPLY 

BIRD SCREEN 

I 
I R!:F NUMBER I TIT1.E 
I REFERENCES 
I NEXT USED ON 

4 

-I 
i~ ~1 

I 

G usrn·s CHOICE GLASS, VIEWING DEVICE 
H HAND HIGH 
I CURRENT (ELECTRICAL) INDICATE 
J POWER SCAN 

K TIME. TIME SCHEDULE TIME RAlE OF CHAAG[ CONTROL STATION 
L LEVEL LIGHT 
M MOISTURE MOMENTARY 

LOW C 
MJOOL£. IHTERMEDlA.TE 

N USER'S CHOICE USER"S CHOICE USER'S CHOICE USER"S CHOICE 
0 USER'S CHOICE ORIFICE. RESTRICTION 
P PRESSURE, VACUUM POINT (TE5T) CONNECTION 

0 OUANlllY INTEGRATE, TOTALIZE 
R RADIATION 
S SPEED, FREQUENCY SAFETY 
T TEt.fPERATURE 
U MULTNARIABLE 
V VIEIRATION, MECHANICAL ANALYSIS 

W WEIGHT, FORCE 
X MOTOR STARTER •• X AXIS 
Y EVENT. STATE OR PRESENCE Y AXIS 
Z POSITION, DIMENSION Z AXIS 

.. INCLUDES FIELD PUSH BUTTON STATION 

EQUIPMENT NOMENCLATURE 

32-051-014 

I I L.__ EOUIPUENT NUMBER 
EQUIPMENT COD£ 

L----- PROCESS AREA 

I I I I~ 
I 1~1~1~ - .... 

REVISIONS 

3 I 

RECORD 
SWITCH SAMPLER 
TRANSMIT 

MULTIFUNCTION MULTIFUNCTIOJol MULTIFUNCTION -
VALVE, DAMPER, LOUVER 

WELL 
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED 

RELAY, COMPUTE. CONVERT 
ORl'vUf. ACTUATOR. UNCLASSlflEO 

~ 

b 

la.. 

Q R01SED P£R oavs-oa.-oos 26 .wt 06 "'" .IL N/A N/A 
p >,000) ADOmClfW. sYWoL0CT p[R .EtiGJHEDlmC COWlDlf 12--09-0S car ""' "' NA 

N tSSUED FOR RE.VISIOM &: gQX REPOm' 26MAY05 .. BV .... rs 

• [SSU6) FOR RE.VISlOH & 9CtX RD'1).'qf 22'ffi05 No BV .... 1H -
t lSSUED FCR REMSIOH & 9CIS RlPORJ' 01 APR 05 No ... "" 1H - -O<SCRPTI<N ., .. ., Ol""d - _ .. --~ ":.v"' ~ 
F-145579-00-A-0100 Q -

ame& -~ 
145579-FINAL DBVS DESIGN 

NAME -- U.S. DEPARTMENT OF ENERGY , .. 
----- Office of Rm:r Proledion A ·-·· --,- ---- BULK VITRIFICATION ,-, - ---- P&ID -- --- SYMBOL LEGEND ---- - =m I=~ 1-~ --- F l / = I= 1- ~ 

2 I 1 _ _J 

-0-
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F 

D 

-
C 

8 

A 

ELECTRICAL POWER SUPPLY 

> TO COME 

ICV TOP OFF 

> 34-A-0101 
CLEAN SOIL 

ICV TOP OFF 

> 34-A-0101 
CLEAN SOlL 

STARTER PATH 

CORE SAMPLE POIITT. 
LOCATED ON LONG SIDE 
OF TliE ICV BOX 

JS-D52--006 
ICV BOX 

35-052-006 

J5-ND2-0IO 
ICY BOX INl£f AfR 

!£PA Flm:R 

ELECIRODE 

J5-019-o2J 35-052-012 
ICV 80X ICV BOX UD 

ASSEMBLY CRANE 

35-052-012 

EI.£cmooE 

LI •• ,:-.,;-:-·· • •• ,;.,:.••· r::I BOX SUPPOl!IS -•• ,;.,:.•· _J 
lCV BOX RECEIPT AND PREPARATION 

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

NOTES: 

[i:>-

11>
§:::> 

E> 
@::::> 

[f::::> 

[?.::>-

¢ LOW ICV BOX INI.ET AfR FLOW 

- ISOIAIES DGJS BLEED AIR 
SEE F-145579-36-A-0099, 
F-14579-36-0102 ANO 
F-14579-36-A-D103 

~ LOW ICV BOX INLET AIR FlDW 

. - ISOLAIES DRYER VAC PUMP 
SEE F-145579-33-A-0101 

- SHUTS DOWN EI.£Cm0DE 
POWER JK;-11 D nns SHm 

- ISOLAIES AWIE SEE 
F-145579-34-A-01D1 

lHERl,IOCOUPLE HARNESSES ON EACH CONTAINER LWIUAU.Y CONNECTED JO MCS Al uaT 
STATION SEE DRAWJNG F-145579-00-F-0014 FDR LOCATION. 

FOR NUMBER ANO PLACOJM OF PERMANENT THERMDCOUPUS IN BUlllllNG 
FLOOR SEE DRAWING F-145579-00-F-OOH. 

NOT USED 

AIR PAUET USED JO TRANSPORT ICV BOX BETWE[N STAllONS & IS RO.!OYED 
DURNG THE FU & MELT OPERATIONS. 

SENSOR 35-LE-105 EMPLOYS A VERTICAi. ARRAY OF EIGHT 
THERMOCOUPLES J.!ONIJOREO IN THE UCS, TO ltlOICAIE IIELT LEVEL 

STARTUP OVERRIDE FOR DCJS BYPASS SYSTEM. 

AlARII LOCATED DN SAFETY ANNUNCt'.TOR 1N CONTROL ROOM. 

8 7 

<t> LOW ICV BOX lNLET AIR FLOW 

- STOPS DRIED WASTE ANO 
TOP OFF SOIL TRANSFER SEE 
F-145579-33-A-0100 ANO 
F-145579-34-A-0101 

- CLOSES VALVES HV-114 ANO 
HV-115 Tills SHEET 

- OPENS HV-901 AND HV-902 
THIS SHEET 

- ISOLATED NH3 FEED TO SCR 
SEE F-145579-36-A-0101 

6 

s 

OWG NO TITLE 

35-'048-003 
AIR PAU.EJ 

c/w J5-K27--009 
AfR PAU.ET ORM: utlT 

r.--.._ 35-048-003 
~C/W 35-K27-009 

N 

r----------------------------, 

·-.,:-.,:-.•·· 
Icy BOX WASTE 

E!I.I.LMill 

r------------,1 
II 

IT ~--~ 

r::I BOX SUPPORJS 

1E 
r.;-..___ 045 
~ 

i ~rn/u°11oso 
BUILDING FLOOR 
TEMPERAlURE 

~ 
rn 

REF NUMBER TITLE 
REFERENCES 

DRAWING TRACEABILITY UST NEXT USED ON 

5 t 4 

J5-N02-0JO 
ICV BOX BRfATHER 

HEPA F1m:R 

REVISIONS 

3 

6x5 EJ-634 

I 

AA£A Js I AAEA 36 

-VOG-36-0286 

OGTS Bl'PASS 
~h--i...l-7C}J~6-jA~-0~10~BC:::) DB 

\_5• FUNGED 
FLUSHING PORT 

-0.. 

E 

D 

BREATHER FU.TER 
INSTALLED AFTER 
MELT CYCLE -

r::I BOX SUPPORTS 
·-.,:-.,:-.•·· 

p RE\'tSC PER OBv.i-OCt.-014 26 11,1,R 05 PUM Jt N/A 

N REVISE PER D!Mi-oct-OIO. -011 .ANO -012 16 JED 0fi ""' Jl N/A 

u R£\'lSE PER [MJS-oct.-006 26 JNI 06 SIIU ... N/A 

L lNOORroAATID ENGINEIRVlC CO,!UOITS/MERNAl. RrVi£W 03 JNf 05 CBT KJ1I N/A 

lS&SW FOR Rf.\'lEW 19 SIP m .. CBT N/A 

ISSUED FOR R£\'tSO:i ,t: 90% RD"ORJ' 26 MAY 05 M •• ..., 
.... RE."VISIOHOCSCRIPJ'lOW """ 

., 0,1o"d --~ F-145579-35-A-0100 
amec!1 _.....,,.145579-FINAL DBVS DESIGN 

C 

.. 

N/A .,. 
N/A .,. .,. 
rs 
_2 
': .. K 
p 

U.S. DEPARTMENT OF ENERGY t::~:======t:~::~:iL ____ ____::Ol~C.oc~o~f~R;,~-~~P'.'.'ro~l,~d~io~•------l A 
BULK VITRIFICATION 

!CV BOX 
P&ID 

2 

D5-4 



F 

E 

D 

-
C 

B 

A 

36-N26-121 
OFF-GAS AMBIENT 
AIR INTAKE STACK 

DRIED WASTE RECEI\IERS 
El . 33-A-0106 

LAW STAGING TANKS 
EB 32-A-0101 

COMPR£SSEO AIR 
F5 OO-A-0103 

6-VOG-JJ-0201 

J-IIOG-32-0113 

2-AG-00-0007 

JB-N02-049 
SllF TEIIPERlNG 

AIR ALTER 

NO 
2-AG-JB-0303 

Js-v'-o2J 

>INSTR~it',UM;::ENTiii,i'iAl_R'-'>--l~Al!::-OO:Q!!;-:!OO!!!:J::U!:_ _________ 4 L..,/,;;:\ 
E5) DO A-0103 ) I,~ 

CP-605 
FILTERED WATER 

Cl OO-A-0101 

2-WF-00-0043 

JB-H0:1-050 
SMF DUST 1RAHSFUI 

HEPA AUER 

£J-601 

JIHJll5-061 
SIi num 11a. 1 

AIRI.OCK 

36-N!l2-019 
. OFF-GAS SIIIJ'ER£D 
METAL Fl..1£R No~ 1 

36--064-084 
SIIF AIR 

RECEIVER 11 

NNF 6-VOG-36-0307 

SEf AT 
85 PSIG 

2"1 1/2 

J6-DB5-082 
SY ALTER No. 2 

AIRLOCK 

NO 

12-M-36-0323 
AMBIENT AIR 

.16-N02-101 
OFT-GAS MAKEUP 

AR AUER #1 

J6-N02-102 
Off-GAS IIAKEIJP 

AIR ALTER 12 

1 1/2-AG-36-0304 1 1/2-AC-JB-0305 

l u;• 
z ~ 

~~ L--~ 
@_~ 
~~ 

1/P. L--4-7 
lY I 

014 8 

I 

---------- ---®------------

-. 
I 
I 
I 
I I 

. L+l50 

00 I 
i---:..---kllf-i NC OD-609 

I 
I 
I 
I RAH R1 U-\ l 019b 019 OUb 
I 
I I,_ : ) J! 
I °' / 
I ~ '----~1.c(] 

FO 6-VOG-36-0302 

C 

~ lie ~ 004 

004 

AMBIEt/T AIR 
36-N02-049 

I ~-~ 06 

~ 36-085-061 

AMBJENT AIR 
6-M-JB-0256 

~ 
0 
I 

36-NOZ-050 

2 

T 
s,2 
[> 

'l/ I I'~' 

* 

1. NOT USED. 

§;:::::> INSTRUMENTS KV-0l7M TO Alf & BA TO BH ARE SOLENOID VAJ.',£5 
lHl>.T ARE TO BE TAGGED M. AB. AC, etc. 

A CLOSE VA!.VE5 ON I.OW ICV BOX INLET AIR FLOW SEE 
"¥ F-145579-35-A-0100. 

fJ-624 

IOI 

00 I 
s 
::l 
~ 
I 

" 0 

! ... z 
z 

£.J-622 fJ-623 
......,.......,.__ __ --l..,d---'"----l011-I __ a_-voc_-_3s_-o_306 __ ----11D1-----'>L---'---__,.;.---1 

SCRUBBER 1 

-. 
I 
I 
I 
I 
I 

Ls-v-151 00 ~ 
1---«>11!l11----<C ~ 

1 NC Q0-610 
I 
I 
I 

i t=I~1~J 
I ' • ' 

I ' l ) J! I °' / 
I ~ L---~¼1 

~-~ 
36-085-082 B 

T 
EJ-62~ 

·1 a,21 ,? EJ-626 

~ \_2-D0~!36-0324 

1/2x2 
() 

EJ-628 

ID 
fJ-629 WASTE OR'll'R ----------IOI 2 1/MlOW-36 0324 ) 33_A-OIOO ) FB 

M RMS£D f'ER OB\5-0CL-01-4 26 "'-'1 06 PM1I .It ff/A 

L RMSED PER OOYS-OCl.-010 Na> ~-012 16 Fm 06 ,,.. .n. ff/A 

K RlViS£D PfR DErt'S--DCL-005 26 Jm 06 5NM ... ff/A 

tlCORPCIV.lEDCOJ,tJ,ID{TS 06 SEP OS ..,, Jl ff/A 

ISSUED fQR R£V£SIOH & 90,: itEPOIU 26 MAY OS ,. BM fYoS 

H ISSUED JOO RD'1SIJH & gg,r,: R£P0RI 22 APR OS ,. .,. fYoS ...,_ 
"""""'"""""""' ""'' ., .,,. .. 

-i="==145579-36-A-0099 
amec1 -""""'145579-FINAL DBVS DESIGN 

REr NU"4BER TITLE 
OWG NO TITLE REr£RENCES 

DRAWING TRACEABILITY LIST NEXT USED ON REVISIONS 

8 7 6 5 t 4 3 2 

-0. 

E 

D 

-
C 

N/A 

N/A 

N/A 

ff/A 

"' 
1lf 
_2 
:,-- ~ 

M 
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7 6 .1 4 2· ::,;:,· 
l----¾-----'----8----~---'------------'-----------i__-----5--------''----------__._~_;_----'-·3~----'------.--'-..l.------------'-------·1 ___ -'.---t--i-;;;J 

36-061-0.St 36-074-052 36-030-046 36-N7.l-0.l5 J6-N24-0J6 1n !rnl)ii,g ~ tor~ ct dllla bf otlf ,.octnlni; .media. RM ~ ~ wd\ dcJla ~ Ulot 1-MEC ~ ~ ~ 

E 

D 

C 

8 

A 

SCRUBBER TAM< SCRUBBER HW EXQW.ffiER D'rNAMlC MIST C0MCil be 2ldd ~ kr m=:i:m d lht. do1a ~ d « beyond Ula ICOpe of 01,1'" cwC;iMI .~Abo,~ daLa star9d 1'1. . I 
PUMP TANK scmJBBER EtD.CINATOR No. 1 .tedronic ~er~ ti,.~ means m11 ~ ~ ot tie lffdl""rcd ~ u. ~•• ~ O!'f N r:: ----------------------------------------®- -- I -~ ----------------------------i L :::r-· .... - ... ,,,,,,_ """"' """"' ..... ""'' "' ... _, --~-.. ,,. ~· 

x~~~~°'.'.::)--+-U:Q0>---6-<,s !AS . .~ ------® ~ 'r ----- ~~ 104 !AS L_ __________________________ ------'Ss +'" 

Cl'-1DJII -----------l : : 104 .~ · . . F G; 
: : < 
I I 

J6-NIIJ-OJ4 

I 

36-~ 

~ 

~ 
~ 

I 

1E 
107 

12-VOG-35-0328 

lR-002 

2-PSS-36-031 I 

m 

8 
-~ 

I 
:,: 

iii 
2-RNH-36-0331 1 

~ 

2-RNH-36-()331 

1-RNH-36-0337 

-l 
NO 

36-V-053 

NO 

36-V-052 

NO 

J-RNH-J6-03J2 

36-030-046 

~~-H• 
116 

NO NO 
NC I 

I 
36-VB-116C1 

~ 
~ 

0. 

16-VDG-36-0330 

~ 
E 

1E 

3-WC-36-0310 
CHIU£0 WATER · REIIJRN 

36-A-OI 02 EB 

110 

I FO 

~ 
I 

1E t .., 113 

~ .., 
8 
:Ii 3 

~ 
I I 

:I: gi 
~ a. 
,), ,), ~ 

D 

P[ 

~ 120 

i ~ 
1 l/2-RNH-36-0261 CONDENSER/EUMINATOR 

36-A--0102 08 

~ 
~ 

-., 

~t g ~ 
1-VOG-36-0235 SCRUBBER TANK 

f--:------------~~~~~==----z~3~6~-;A-o~•ED2L::::) ca 
VENT 

~• 1--c-~~>--< •>---:_ __________ ~_J6_-_0_1_•--o-s2--------------------------------~ 

I ~, Pl PA!. PAH 
101 IOI IOI 

m .., 
~ 

I * 

36-061-051 

36-V-134 

FlllEREO OFT-GAS I I 
DI~ 16-VOG-J6-0B07 :li ~ 

a»-101 'f ~ 
I ~ 

C 
1 1/2-RNH-36-0264 MAKE-UP SOLUTION 

36-A-0102 CB 

I J 

Cl ) c~~'::!:i~r:R ~-102 l= _ ----~:=:~3~9-- ---------------- _..L -- - - -- - - -- - - -- - - -- ..L -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - __ : - -- - ~-F-- - - _::~6~0:__ _ ~~~A~~!:.:;R F8 
til! CP-104 

1. NOT USED. 

2. DETAILS FOR. THE WET SCRUBBER 51<10 ASSEMBLY TO BE PROVIDED BY 
VENDOR FOR SPEOFlCATION 145579-0-SP-037. 

J. INSTRUMENT ANO EQUIPMENT LABELS TO BE REVISED AS PART OF 
VENDOR OESIGN PACl<AGE REVIEW. 

8 7 6 

I o 
> z 

~ 

36--058-002 
CP-106 

36-058--002 
WET SCRUBBER SKID 

ASSEIIBLY 

OWG NO TITLE 
DRAWING TRACEABILITY UST 

5 t 

FO NO 

HIH 

REF NUMBER TITLE 
REF£RENCES 

HEXT USED ON REVlSIONS 

4 3 

2-PSS-36-0311 
SCRUBBER BLEED TANK No. I .. 

37-A-0101 EB 

H R£\1SEO P£R Devs-oct.-012 16 rm 0o ""' JL H/A 

Lt l<£VISED PER DB\IS-00..--006 26 JAN 06 """ .n. N/A 

L OQ.~I 10-24-0S C3T JI. H/A 

26 1W' 05 M ... .... 
,.,,,. 05 M '"' ""' 
II MAR 05 M "' .... .... Dy .,, ... -

F-145579-36-A-0100 
-~145579-FINAL DBVS DESIGN 

NAME 

2 

BULK VITRIFICATION 
WET SCRUBBER 

SKID NO. 1 P&ID 

N/A 

N/A 

N/A 

fS 

TH 

TH 
_st 
:,- ~ 

N 
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F 

E 

D 

-
C 

B 

A 

8 7 6 5 J 4 
JIHll0-040 J6-N24-041 36-1184--042 J6-ED2~2C J6-N1f-128 J6-H11-126 36.:.H02-127 

SCIMl8ER MIST HEPA RllIR · HEPA AUER WET SCRUl!BEll WET SCRU8&R WET SCRUBBER SKO 
CONDENSER El..LIIMATOR Na. 2 HfAJER HEA1£R COMIROLIIR A/C UNlf UHJf 'HEAJER: BREAlllER HEPA FllTER 

ss INSTRUMENT AIR - . . ------ . --------------------------------------------------~ 

) 36-A-100 ) . ® I 
I 

CHILLEO WATER 
81) 36 A-0100 

NO 

.----36---J.V..!-:-04-1------------------------------------------------ir CP-rn7 

3-WC-35-0309- I 
I 

I BREAlllER 

3 

:~FILTER 

II HB'A FOR PORTABLE 
EXHAIJSJ£R 

CP-113 J6-N02-127 (AS NECESSARY) 

16-VOG-36--0330 

SCRUBBER HO 
E1~...._t-__., ___ l<:""'------,--

J6-V-072 

( =~SCRU~~B8E~R=~1_:1~2:;!-R!!!NH!!t-236~-:f0~2~61!_-j()----------~'.'._~ __________ ....:._ ____ _J 01 36-A--0100 
36-V--020 

SCRUBBER SOLUTION 
Cl 36-A--0100 

1-VOG-36-0235 

TANK VENT 

1 l/2-RNH-J6--0J15 

SCRUBBER TANK 1 1/2>.2 
Cl C~J~6~-~A-jO~l9!00L~----::...:<i:J~ __________ _22=-R~N:i!H!:-lJ6-02~~54~------....:...------, 

SC,--------------------- ;fi _____ lCP-111 -7 
7 ~ 

l 

DRYER CONDENSATE TX. N0.1&2 
El 37-A-0101 

SCRUBBER BlfED Tl<. N0.2 
El 37-A-0101 

SCRUBBER BU:ED 1l<. N0.1 
f1 37-A-0101 

DRYER OFF-GAS EJ-533 

1/8"/fT MIN 
--,::::::] 

1/8"/fT MIN 
--,::::::] 

1/8"/fT MIN 
--,::::::] 

EJ-630 
DI) 33-A-0101 HUI 6-VOG-JJ-0155 m1-1 ------l 1--------

AMBIENT AIR 6-M-36-0237 

A CLOSE VAI..VES ON LOW ICY BOX INLET AIR FtOW SEE 
~ f-145579-35-A-0100. 

8 

J5-W-l29C 

7 

J6-N02-09l 
HEPA FEED 

1U.IPERJNG Alli FILlIR 

6 

36-058-002 
WET SCRUBBER SKJO 

ASS(MBLY 

J6-£02--042C 

36-Nll-128 

I All 
.IOll 
n 

.IOll 

J5-N11-126 

l 6-VOG-36--0253 

36-N84-042 

-~~~ 
_,_,_x,._.-~.._ ~ ~ 

36-V-099 

36-061-094 
OFF-G>.S 

CAUSTIC PUMP 

I 
~ 

lt 
.!. 

36-07-4-010 
OFF-GOS CAUSTIC 

STORAGE TANK 

OWG NO T!Tl[ 
DRAWING iRACEABIUlY UST 

5 t 

36-057-095 
Off--G'IS 

CAUSTIC MIXER 

REF HUMBER 

NEXT USED ON 

I 

1
cP-108 

I 

TITLE 
REFERENCES 

4 

36-061-llJA 
NaOH 15% SOLUTION 

TANK PUMP 

36-D57-117 
NoOH 1ST. 

SOLUTION MIXER 

3 

NaOH 
15% 

QQ .., 
JS-057-117 ' ii: 

36-074-113 * 

36-074-113 
NaOH ISX 

SOLUTION TANK 

REVISIONS 

36-091-I IJB 
NaOij 15% SOLUTION 

TANK HEATER 

J-WC 36-0314 Clllll.ED WATER RfJUlill 
) JS-A 0106 ) C8 

-0. 

E 

.16-VOG-J6-025J ) 
HEPA AUER SKJO 

35-A-0107 )OB 

00-V-OJJ FILTERED WATER 
2-WF-00-0023 

OO-A-0101 C1 

FP NO 

l 2-AC-36-0350 
COMPRESSED AIR 

· OO-A--01 OJ C4 

D 
2-Wf-00-0015 

flLIDlEll WATER. 
OO-A-0101 Cl 

FP 

-
NaOH 15% SOLUTION TANKER 

C 

ii1 

p RE\tSED PER DINS-DCl.-001• 25 WJI 06 Pllll ... N/A N/A 
N RE\1SED PER OOVS-DCL-0011 AHO OOIIS-DC1.-D12. 16 ftB 06 ""' Jl N/A N/A 
M RE\'1SED PCR OM-DCL-006 26 JI.H D6 ,,.. ... N/A N/A 

t DCl-001 10-24-05 car Jl ff/A N/A 

ISSUED FOR Rf\ilSKli a: 90% REPORT 26.llA.Y OS .. ,., 
6SU(D FOR Rf'lnSKl1i ck 90% REPORT 2l - a5 

,. .. 
I ISSUED fOR CH2M ltlU. AFPROVM.. & 90,: REPORT' 11 JO.ROS .. BIi 

-- "'-"""" oc,:1,1'T1<JN c.,. ., a,,."d 

.-.S TH 
__ ,. 

--- :..- I! 
p F-145579-36-A-0102 

-..-145579-FINAL DBVS DESIGN 

U.S. DEPARTMENT OF ENERGY 

l:::===:J:~~-cBttUttLi~~'"c~~~;~~;iTi1Fir"1ro~~•A~,;~•1rioiiN----, A 

2 

OFF-GAS TRAILER 
SCRUBBER FILTER P&ID 

D5-7 



F 

E 

D 

-

C 

8 

A 

8 

36-N02-D22 
SU£CTM: CATALYllC R£DUCllOII 

MED!UIIEFflCIENCY 
TEMPERlNG AIR RLTIR 

J6-N32-027 
AIIIIONIA 

VAPORIZER No. 1 

INSfR\JMENT AIR 
El) 00-A--OIOJ ) I Al 

C8 

D1 

BB 

Ct 

14-M-36-D275 

AMBIENT AIR 

OGTS RAD RECORD 
36-A-0109 

SAMPLE 

~
~:;: 

~ 
I s 

0 

t 6-VOG-36-0266 

POUSl<ING FILTER 
36-A-0107 

PRB-03 
SHROUDED 

PROB[ 

OGTS RAD CAM 
36-A-0109 

SAMPLE 

OGTS RAD SAMPLE 
J6-A-0109 

RETURN 

J6-VB-502A 

/f\. CLOS£ AMMONIA VALVE SUPPLY ON HI-Hl NH3 AR£A 
~ MlO HI NH3 PROCESS CONCENlRATION. 

/f\. CLOS£ VAL\1£5 ON LOW ICV BOX INLET AIR FLOW SEE '-V F-14S579-JS-A-0100. 

/f\. CLOSES VALVE ON LOW ICV BOX INLET AIR FLOW. SEE '-V f"-145579-JS-A-0I00 

0 SHUTS DOWN RESPECTIVE FAN ON HJGH ',18RATION. 

NOTES: 
I. NOT USEO. 

DETAILS INSIDE SCR SKIO BOUNDAllY TO BE CONFIRMED 
ON RECOPT OF VENDOR INFORMATION. THIS Will_ ALSO AFFECT 
PCV-DG5. 

8 

7 

J6-ro2-02B 
AIIMONIA 

VAPORIZER No. 2 

J6-DJB-OOB 
AIIMONIA TANK 

J6-DJB-008 

6 5 4 

36-059-158 
AIR AIIM.DNIA 
Mll<ING UNIT 

3 

36-NJi-030 
AMMONIA 

VAPORIZER FMl No. f 

---------'-------<W\ 

36-059-0DJ 

I 
I 

~ ~ ~ 2" POUSHmG ~::;:

6

~ : L--~ : L------------------------------------~~58-lG ______________ __J 

36-0J0-077 
sru:cnvr CATALYTIC REOUCTION 

HEAT EXCHANGER 

7 

J6-E02-108 
SELECTIVE CATALYTIC 

REDUCTION HEATER CONIROLLER 

J6-N84-078A J6-NB4-078B 
SELECTIVE CATALYTIC SELECTIVE CATALYTIC 

REDUCTION HEATER REDUCTION HEATER 

6 

36-059-003 
SELECTIVE CATALYTIC 

REDUCTION UNIT 

36-059-164 
N\13 CATALYTIC BED 

36-DSB-tos 
SELECTIVE CATALYTIC 

REDUCTION SKID 

36-059-163 
2ND NOx CATALYTIC BED 

J6-DS9-161 
1ST NO. CATALYTIC BED 

J6-D59-162 
CO. CAJALYTIC BED 

~~D-W~G-HO-~---~m=LE------l-~R£=--F~N~U~M~B=ER.:...i_R~E~F-ER~E-H-C-ES~T~IT=LE=----~- -

DRAWING TRACEABILITY UST NEXT USED ON 

5 t 4 

,._ ___ __J 

J6-D57-160 

SET O 130 IN H20 
VACUU!.I O 270 F 

36-057-160 
AMMONIA ATOMIZER 

REVISIONS 

3 

J6-N25-t56 
BACKDRAFT l)A).IP[R 

FAN NO. I 

36-N25-157 
llACKDRAfT DAMPER 

FAN NO. 2 

-. 

2 

36-NJl-026 

1-VOG-J6-0407 

l RfDR'jffi PER DM-DQ.-010, --Ofl mo -012 

.., ... 
N 
0 

~ 
I 

i 

NO 

36-V-228 

20-VOG-36-0J t 7 

OGlS BYPASS 
36-A-0108 

26 ""'06 PW ,fl NA 

16 FIB 06 SNII ,ll "' 26 JAH D6 SlOI ... N/A 

"' .... 06 CBI ICJII N/A 

22 APR n, .. OU ... 
C lSSUfD FOR Dml HllL JPPRrNN.. .a: 90::C REPORT II MAR 05 .. 811 

•~. ,_ ., 
"''' --~ F-145579-36-A-0103 --145579-FINAL OBVS DESIGN 

NAME 

2 

BULK VITRIFICATION 
SELECTIVE CATALYTIC 

REDUCTION P&ID 

0. 

E 

D 

-
C 

"' 

FB 

NA 

NA 

N/A 

N/A 

05-8 



F 

INSIRUMENT -AIR 
El} 00 A--0103 ) I-Al--00--003& 11-@ 

CP--0I 

E 

D 

-
C 

OGTS Bl'PASS 
DI} l&-A--0108 ) 8-VOG-J6-0Jl9 

OfF--GAS EXHAUST 
B DI J&-A-OlOJ 20-VOG-36--0317 

} J6 A 0109 ) 

A 

NOTE: 
1- INTElll.OCK INfORMAllON TO BE UPl1'.TED 

8 

STACK EFFlUEIII' STAil< Em.lJEIIT GAS RECORD HVAC HVAC 
PAR11CIJIATE MONlfOR MOIIITOO SAMPl!R SAllPllR STAIX STACK 

AIJ.RN fAI.I.T AIARM FlOW flOW H20 FlOW AIR TEMP Al CO 

~ ~ ~ ~ ~ ~ ~ ~ ~@ MC~S&rnoo;~a ~ 7:

2

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 716716 ~ 717717CO ~ 
---4----- : -----~-----I-----:---- : ---------+----: -- ! -----+---- +--+--- :------ :----------+-----t---

1 I I I I I I I I I I I I I I I 
I I I I I I I I I I I I I I I I 
L---------~----------L __________ L _______ i ________ ~------T--------~-------J ______ J __________ L ____________ L-----L-------~-----------~-----------------L--------J 

SAMPIE REIURN FlOW 

ff& ~~ ~-~-------t . . -cusrnwal~ltllfACE - - I -. --~ --7 nno Js-N2&-D24 

1 . . _ . _ PANEL · _ lll1ECRATEll comROl CONSOi£ I Cff-~goosr 
GEMS-IOO(VJ) El£CTRONIC CONSOi£ 

I 2-VOG-J&--0803 

AEROSOL INJEC!ION PORTS 
{lWO 4• PORTS 90' CRCUIIFIRENTI.\l.LY APARl) 

47MM PARTICULATE 
FlllER 
(RECORD SAMPlER) 

-------------------, 

EXHAUST-

I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 

BXl2 
()1------

TO ATMOSPHERE 

J6-N26--024 

PRB-01 PRB-02 

36-A-010B 

--STACK TEMP ElfMENT 

STACK Fl.OW ElD,lEIIT 

MANUAi. \l!l..OCIIY lRAVERSE 
PORTS {!WO 2• PORTS LOCATED 
90" CRCUMFERENllAl.1.Y APARI) 

SAMPLE PROBE INSPECTION 
PORlS {IWO 4" PORlS LOCATED 
90' CRCllMfERENIIAU.Y APARJ) 

I- PROBE LOCATION OllAUFlCATION 
PORlS (lWO 4 • PORTS LOCATED 
!HT CRCUMFIRENTIAU.Y APART 
LOCATED ea.ow PLAlfORM) 

COOER LINE Of STACK BREACH 
AIR ENTERS AT (2) 20•0 OPENINGS, 
90' APART 

2-WED-36-0806 

,--J&--l-:l!i!:l-o-68 ___ -l~-------~-_JTOP Of STACK FOUNDATION 

L.:.J DRAIN VAi.VE 

N RE.VSID POI DM-Da..-014 26 MAR 06 PMll 

" REVISED POI OB't'S-DC1.-0l 1 NtD DENS-DCl..-012 1& fEB 05 SIM 

L RMSID PER DIMHXl..-006 26 JAN 06 SffJ,I 

K !NCORPORAltO EHCIEER!NC COMMDIIS/INJ[RHAL RE.\'IEW 0] JNf 06 cm 
J ISSUm FDR R£VS1lH & 90'Z R£P0RT 26 11,\l' 05 "' 
I ISSIJED J'0R RNS10H 6: 9~ REPCRI 22 APR D> "' Rn. ...,,,,....,._.,,. ,... ., 
f:'145579-36-A-0105 

JL NI• 
JL NI• 
JL Hf• 

KJY H/A 
BIi ""' .. .... 

Cbk'd 

amec!' --145579-FINAL DBVS DESIGN 

,_.. 
0.. 

E 

D 

-

R/A .,. .,. .,. 

C 

.. 

1H 
- 5! ':.* X 
N 

J6-D61-oJ2A 
Of'f-6"5 SAIIPUNG 

PRIUARI' VACUUM PUMP NO. 1 

36-D61--0J2B 
OfF-6"5 SAMPUNG 

BACKUP VACRJII PUMP NO. 2 

J&-058-100 
OFF-GAS STACK SAIIPUNG 

St<JD 

u_s. DEPARTMENT OF ENERGY 

l:::===t~j----:8•1Ui'i'ili-i;~•"'~vf'r~~fc';'~1rii•~~~•~:i-¥i•111oiiN-7 A 

J&-D61-0JJA 
Off-C,,S SAIIPUNG 

PRIMARY VACUUM PUMP NO. 1 

7 

J&-061-0JJB 
orf-6"5 SAMPUNG 

PRIUARI' VAllJUII PUMP NO. 2 

6 

OWG HO l1Tl.E 
DRAWING lRActABIUTY UST 

5 t 

STACK MONITORING 
P&ID 

REF NUIIBER TITLE 
REFERENCES 

NCXT USED ON 

4 3 2 

D5-9 



1-"--7------'----------''--------'~--------'-'-----'-----=---------'------'-___J_-...,:____=----._; _ __:_______L__ _ ______:__.:..._ __ --.:.L..~....:_:.:...::..___:~____:_-'-,_L __ ~· 2=---__.:____;__L __ ~ _ __;_----4~cg 
~~rroZl..;i:.~·:r:.bf~~:C~°:~~~;,~-=~~~ ~ 

8 7 6 5 • 4 3 
J6-E42-099 Jli-DI0-I03 36-058-056- J6-D65-oa5 36-DJ0-085 36-034-104 

F 

E 

D 

-
C 

B 

A 

OFF-GAS OflU£R OFF--QIS Ol!U£R OFF-GAS CHU£R OFF-GAS Ollll£R OFF--QIS CHIU£R OFF-GAS CHL1£R 
ECONOMIZER CONDENSER Sl<IO COMPRESsOR EVAPORATOR OIL SEPARATOR 

X-WC-36-0246 

. X-WC-36-0245 

36-010-IOJ 

HEATER 

X-WC-36-0241 i"""""i 
HEATER 36-D30-086 

J6-V-OOI 
NC 

36-V-084 11 

I ~- :.i--~'---..-J ~ I 

~~~PACKAGE ____________________ ~6-058-0.?_6 _____________________________ _J 
CP-01 CP-02 

S•J J-WC-36-0225 Sxl 
flllERED WAlER 00-V-022 HOSE STATION 

Cl~::J--'VVVv-; 

2_\\'F-00-00lO _/ NC ~ 00-612 FH-605 
CHILLED WATER 
MAKE-UP 

QD-601 CP-04 CP-03 

CHILLED WATER RETURN FH-608 J6-V-08S . c-------- --------------------7 
Fl > 36-A-0102 )>---"J--WC=-_,J:::6-'-0"'J:.:l.,_4 __ -1,E=-'-: ::s~-,..rvv-J -,-----1: J------- 2-WC-36-0321 

8 

CP-DS I NO J-WC-36-0244 I 
I I 

I ~ ~~ I 
iii 
I 

* 

36-074-080 

JO GAl 
BARREL 

36-074-060 ~ 
820 820 &. 

XC 
058 

Jx2 1/2 

I 
I 

I 36-058-057 __________________________________ _J 

36-D58-057 
Off-GAS CHILLER 

PUMP SKIO 

7 

36-074-080 
Off-GAS CHILLER 

SURGE TANK 

6 

36-D74-060 
Off-GAS CHILLER 

EXPANSION TANK 

36-061-058 
Off-CAS CHILLER 

PUMP DWG NO TITLE 
DRAWING TRACEABILITY UST 

5 t 

36-V-034 

NO Fll-610 

REF NUMBER TITLE 
REr£RENCES 

NEXT USED ON 

4 
REVISIONS 

3 

eh:dnric n"4.i:, or~~ bJ ~ - eaa ~ otldalodad tr t.. modJied ~ t11e COflallanl"• ~ n.. N 
-~~-d:da~~W[J;A,-sc:c,Llmhdcasinott.hlld5olilebtM~.CO<r'pl1~wcomicltmadtha ~ 

3-WC-36-0309 

J R£\1S£O PfR OfNS--DCl.--006 
I INCOllPORATID co,nlfNTS 

H 5Sl8> FOR Rrn90H a: 90X RCPORT 

C ISSl€O fOR CH2)l toll. APPRO'flL ll 90X REPORT 
Rw. "'"""""""'°""""" 

OFF-GAS SCRUBBERS 

VI 
.i:,.. 
.i:,.. 

F G; 
< -0-

E 

D 

36-A-0I00 BB C 

26 JI.H O!i "'"' JL •I• N/A 
06 SEP 05 WO ... N/A N/A 

22APROS AA Bl.I f'l6 1lf 

11 ll-'R 05 AA "' f'l6 

"""' ., =·• 
1H 

- S! 

-F-145579-36-A-0106 
': .. ~ 
J 

-""""' t 45579-FINAL OBVS DESIGN 
NAME U.S. DEPARTMENT OF ENERGY 

1=:===J:~j--•s:.iu11LK~
0

"'~"v'fr;T~·~~1i.FT~~A~~;~;;·,o"N;:;---l A 

2 

OFF-GAS TREATMENT 
CHILLED WATER TREATMENT 

DS-10 



8 

F 
INSTRUMENT AIR 

F2) ·OD-A-'-OIOJ ) l-Al-00--004! 

E 

m 

"' 7 
! .., 

D I TO ATMOS 

HEPA FILTER HEATER L ' 

.7 6 
J6-N02-114D 
OfF--(;AS HEPA 
FILTER No. 4 

J&-NOZ-1148 
OFF-GAS HEPA 

FI.TER No.. 2 

5 4 
J6-ND2-106 

CARBON FLTER f2 

J6-N02-064 
CARBON FlLTER f I 

3 
36-N02-1D7 

OFF-GAS POLISHING 
FlLTER #2 

36-NOZ--079 
.Off--<,AS POUSttlNG 

FlLJER fl 

2 

,-----------. --------------, 

CP-410 [J-610 
i-:,:16::-;.:;VOe,G,:-;;:J6-=D~2:,S5~1-1o1---r,&--.-. 

CP-4021 
I 

SAW'!£ OR INJECTION I 
PORTS lYP I 

I 

I 

16-VOG-36--0266 

SCR 

F 

E 

D 

::,;::, 
""'C 
""'C 
I 

N 
·_J::,. 

v-, 
. .J::,. 
.J::,. 

s; 
< _. 
P-

DI) 36-A-0102 ) l&-i JG-025Jf, _1011---------'-M 36-A-OIOJ CB 

-
C 

8 

A 

1A ~~r~ 

FlLTEREO WATER 
CONNECTION POIITT 

CP-405 

UA Ja RAH 
349h l49 349b 

11, 
1-, I ) 

~, 
~~---1 

NC 

HV 
ro l09 
NO 

36-V-149 

I 
I 
I 
I 
L __ 

m!~] ~rm 
I I 36-'IB-JIIC 
' ' 

36-VB-J 17C I I 
' ' 

J6-D74-l14E 

I I I 

LJS-D58-114 -------------------------- if~---- 1 :_j 
QD-608 CP-4D7 QD-607 CP-408 

36-061-118 

I 

Pill 
327 JZ7 J27 

J6-'IB-327Cl 

J6-N02-D79 

D z 

m 
"' .., 
7 

l 

I I 

L -•w ~ ----------------------------------

CARBOY 
INSULATED & 
HEAT TRACED 

H RMSm PER DENS-Dct.-014 
C IWIISD) PER OOVS-00..-D12 
r R£\1Sm PER DIJ'IS-0Cl-D06 Nm CN-005 

E INCORPORAlED COIIVENTS 
D ISSUED FOR R£ViSIOH &: 90% REPORT 

ISSUID FDR R£.\IM'.)ff & 90S REPORT 
ISSUED rm: 01211 HIJ. APPROVAL & 90X REPORT 

A !SSlJED fQR CH2M HlU. REVlE)Y 

""'· """'"'"""""""' 
-f°=145579-36-A-0107 

26 MAR 06 .... Jl N/A 

Ui FEB 06 S!OI Jl N/A 
,. JAN 06 """ JI. N/A 
06 SEP OS .. JI. N/A 
26 MAY OS M ... rws 
2ZN"R 05 AA BM .-.s 
11 w.R 05 M BU rws 
31 ~ OS ... eu ""' .... ., """' 

36-058-114 
OFF--<,AS HEPA 

FILTER Sl<JO 

J6-D74-114E 
Off-GAS HEPA FILTER 

CONDENSATE COL1£CTION TANK 
OFF--<,AS HEPA FlLTER CONDENSATE 

COUECTION TANK PUMP 

36-D58-ID9 
Off-GAS HEGA 

FlLTER SKID atne<fl -~145579-FINAL DBVS DESIGN 
I. IITTERLOCK INfORMATION TO BE UPDATED 

2. DETAllS FOR THE HEPA ~LIER SKID TO BE PROVIDED 8'I" 
VENDOR fOR SPECIFlCATION H5579-D-SP-D36. 

3. INSTRUMENT AND EQUIPMENT lABElS TO BE REVISED /,s P/1/ff Of 
VENDOR DEslGN PACKAGE RE\,lEW. 

E::>- FIANGE CONNECTIONS FOR HfAT DillCTION, SEE DAAWJNG 
f-145579-0D-E-0082. 

8 7 6 

l--'--...::...---t----~=----J-..!:•~Ef~H~U~M~BE~R'--1.~=~=TITLE==-------l\-.., 
OWG NO TITLE REFERENCES 

DRAWING TRACEABILITY LIST NElCT USED ON 

5 t 4 
REVISIONS 

3 2 

BULK VITRIFICATION 
OFF-GAS HEPA & 
HEGA FILTER P&ID 

-

C 

N/A 

N/A 

N/A 

N/A 

1H 

TN 

b 

TN 
_2 
:. .... I!: 
H 

D5-11 



8 7 6 

36-DSB-I40 J6-N84-I40 36-Ml2-134 J6-H02-135 
OGTS BYPASS OGTS BYPASS OCIS Em'ASS OCIS BYPASS 
BtrED SKID Blilll HEATER Bl.EID HEPA Fl.TER BlHD PRE-ALTER 

F MAIN OGTS EXHAUST 
FAN. INLET BLEED 36-V-170 36-V-172 

t-VOG-36-0407 
81 35-A-0103 

NO 

MAIN OGTS 
INLET BLEED 36-V-179 36-V-180 

Fl 35-A-01DO 
I-VOG-35-0416 

E NC 

35-A-0105 1/2-VOG-36-0803 

D 

MAIN OGTS 
Et ) 35-A-0100 ) 6-VOG 36 

-
"' 
~ 
<O 

C 
7 
'-' 

t ., 

B 

12-M-36-0409 

A 

8 7 6 

5 J 4 3 

35-058-136 35-058-139 36-ElH-143 36--NJI-IJO 
OGlS BYPASS OGTS 11'/PASS oG1S B'IPASS OGTS BYPASS 

ALTER/FAN SKID #1 ALTER/FAN SKID 62 BACKUP GENERATOR FAN fl 

· J6-ND2-1J6 J6-ND2-137 J6-N23-I4I J6-N3I-IJI 
OGl'S 11'/PASS OGTS BYPASS BAO<DIWT DAMPER OG1S Em'ASS 

PRE-ALTER fl PRE-ALTER #2 BYPASS rm 11 rm 12 

J6-ND2-IJI J6-N02-U3 36-N2J-i42 
OGlS BYPASS OGTS BYPASS BACKDRAFT DAMPER 

HEPA ALTER fl HEPA ALTER 62 BYPASS FAN #2 

04 ~ 
I_ E 

fJ-SIS B-VOG-36-0286 1----1011-___ .....;.;.;;..__, 
36-V-166 

I ,--<;>-~ I 

l,· ~35-N23-141 I 
E"J-617 TO STACK ElCHAUST 

fJ-616 ---i..,-1-1 ---'B .... -· .... VO __ G __ -""3""6---""03--1"'9'---lml-----r---------£~36-~~A-O~l~OSE:'.:> BB -~--~1-10 . 36-V-167 
NO 

NO 

'-·~-. SAMPLE OR 
INJECTION PORTS 
TYP 

j ~-~•-•~ J 
D 

fJ-6I8 I 
1---101-I ------iv 

DWG NO TITU: 
DRAWING mAcEABIUTY UST 

5 t 

~ 
---1-

~-y-oo 

., 
S' 
0 
I 

"' .., 
I 

'-' 

t ., 
--
C 

: ~J6-N23-142 I 
I E"J-620 
[J-619 -j/1-----------101-----... 1-=-'----H·O 35-V-I69 

I NO 
36-NJl-131 

UPS .. 
.--1-, 35-£30-146 

jDIESEL~---~--~~=f:~ 
36-E94-14J REVISED PER DfNS-DCL-014 16 I.WI 06 ..,. 

" N/A N/A 
RlWED PER DB'tS-00.-011 AND M-JS-DCL---012 IS EID 06 .,.. JL N/A N/A 
RrnSOJ PER DB"fS-OCl.-006 26 .WC 06 - JL N/A N/A 

cur l(JII N/A N/A 
C8J ICJU N/A N/A 

-F-145579-36-A-0108 

C8J XJM N/A N/A ., Olli'd - - S! :,• ~ 
F --145579-FINAL OBVS DESIGN 

u_s_ DEPARTMENT OF ENERGY 

t:::::===t~j--,s•ru11L-i;~r=~v~Tr~·~~~~iiP1ro~~;~~~1rio"i:iN---l A 
OGTS BYPASS 

P&ID 
REF NUMBER TITLE 

REFERENCES 
NEXT USED ON REVISIONS 

4 3 2 



F 

E 

D 

-
C 

B 

A 

8 

INSTRUMENT AIR 
El) oo-A-0103 ) 

OGlS RAD R[CORO 
ca) 35-A-0103 ) 

SAMPLE 

OGTS RAD CAM 
BB) 36-A 0103 

SAMPLE 

8 

1-Al-00-0036 II@ 
CP-01 

X-'IOG 36-0500 

X VOG 35-0501 

7 6 5 4 

HIGH EfflU[ITT 
PARTICULATE GAMMA RldJ!AllON BETA .. MONITOR 
. MONITOR MONITOR · ALARM· MONITOR rAUU 

MCS ~ ~ ~ ~ 00 I 1 I 7 I / T------ l -- · -1 ---- l ----- 1---- l ---------------
mo ,-- ;M~0~--...1 ---,-. -- LCUS10Mj;:ACEL --1-~:---~~---&~~[~ 

INl£GRATED CONTROL CONSOLE . PANEL _ ._ ________ ~ 1 
GEMS-I OO{V3) mcmONIC CONSOLE 

36-061-034" 
OFF---e.s SAMPI.ING 

PRIMAR'< VfCUUl,I PUIIP 

._ __ c_OITTRO __ P~_u_~_oo_u_LE __ ~~ !--------------1 
L _____________________________ _1 l 

I 
I 
I 
I 

3 

J5-051-0J4B 
OFF-GAS OOIPIJNG 

eACK\JP VACUUM PUIIP 

2 

I 

1 - CAEM-Q
2 
--- ----- ---------------- -- ---------- ----~ LOCAL ELECTRICAL BOX ~---- _____ 1 

1 COIIJINUOUS AIRBORNE L..-:------------~--------' 1 

ETFWOO MONITOR r--------r------------------...l 
I 
I 
I 
I 
I 
I 
I 
I 

I 36-V-240 ~-----~'--..----~ I 1----r~--'=---::.l..::SC:;:;fMc=..,M-__ _ 

r., 1: ---;;- --, 
I l---~7 I 
I l~I I 

CP-07 I NO ~ 
I ~ ± 

NO 

r:,1 1 S~5, 
L~==~=[:'.J~:~~d---L ___ J~6:-;v~-2~•~3:.__-f_J__~-( 

NO 

I 

u z 

wn 
47MM PARTICULATE 

FlLTER 
(RECORD SAMPLER) 

~BETA 

I 

4 7MU PARllCU!ATE 
FlLTER 

(CAM SAMPLER) 

2-25" 0.0. IODINE 
ADSORPTION CJIRllllOGE 

(RECORD SAMPLER) 

GAMMA 

'(ffj;-129 
I 

r., 

2_25" 0.0. IODINE 
ADSORPTION CARTRIDGE 

(CAM SAMPLER) 

L MASl! fl.OW CON~Ol![R __J 

36-V-24B 

NO I NO I 

L~ fl.OW co~1c._LER__J 

I 

'I I CP-06 

I I 

L__________ _ _ 36-058~- _ --- _ -- __ --- _ -- ----- _ -- -- ---- ------- ----- -- __ ------ -- --- _ -- __ _j 

x voe 35-0502 

SAMPLE RETURN rLOW 

C R&'tS£D P£R OOVS-DCl.-014 

8 ~ PER DBYS-Oa..-011 NW om-oa.-0I2 

-f::145579-36-A-0109 

OGlS RAD SI\MPLE 
) 35 A-0105 )BB 

RETURN 

27 MAR DS PW Jl 
16 FEB 05 SM.I .n. 

arnetfJ """""""145579-flNAL OBVS DESIGN 
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APPENDIX GS 

MAIN OFF-GAS TREATMENT SYSTEM 

145579-D-DS-058.5 2 NaOH 15% Solution Tank G5-3 

145579-D-DS-067.0l 0 OGTS Bypass UPS - Genset GS-14 

145579-D-SP-036 1 Off-Gas Treatment System HEP A Filter Skid Assembly G5-19 
Design and Fabrication 

145579-036-CN-001 NIA Change Notice for OGTS HEPA Filter Skid GS-337 
Specification 145579-D-SP-036, Rev I 

145579-036-CN-002 NIA Change Noticefor OGTS HEPA Filter Skid GS-345 
Specification 145579-D-SP-036, Rev 1 

145579-036-CN-003 NIA Change Notice for OGTS HEPA Filter Skid GS-346 
Specification 145579-D-SP-036, Rev 1 

145579-036-CN-005 NIA Change Notice for OGTS HEPA Filter Skid GS-348 
Specification 145579-D-SP-036, Rev 1 

145579-036-CN-006 NIA Change Notice for OGTS HEP A Filter Skid GS-350 
Specification 145579-D-SP-036, Rev I 

145579-D-SP-037 1 Wet Scrubber Skid Assembly Design and Fabrication GS-352 

145579-E-DS-013.0l 0 Off-Gas Bypass UPS - Uninterruptible Power Supply GS-598 

145579-E-DS-013.02 0 Off-Gas Bypass UPS -Automatic Transfer Switch GS-603 

145579-F-DS-002. l Off-Gas Stack Monitoring Equipment Data Sheets GS-607 

145579-F-DS-002.2 0 Off-Gas Radiation Monitoring Equipment Data Sheet GS-612 

145579-V-DS-012.l 2 Air-Cooled Scroll Chiller GS-618 

145579-V-SP-001 2 Specification for Selective Catalytic Reduction Unit GS-620 
(SCR) 

145579-V-SP-002 2 Sintered Metal Filter GS-723 

145579-V-SP-004 4 Exhaust Fans GS-782 
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145579-V-SP-004-CN.001 NIA Change Notice for Exhaust Fans Specification 05-907 
145579-V-SP-004, Rev. 4 

145579-V-DS-004.l 3 Exhaust Fans 05-912 

145579-V-DS-004.02 A Exhaust Fan Variable Frequency Drive 05-917 

145579-V-SP-005 3 Steel Exhaust Stack 05-921 

V-SP-005.R03.3 I Change Notice for Steel Exhaust Stack Specification 05-1027 
145579-V-SP-005, Rev 3 

145579-V-SP-005-CN-002 NIA Change Notice for Steel Exhaust Stack Specification 05-1029 
145579-V-SP-005, Rev 3 

145579-V-DS-005.I-CN-001 I Change Notice for Exhaust Stack Data She.els 05-1031 
145579-V-DS-005.l, Rev. 7 

145579-V-SP-0IO 1 HEGA Filter Skid GS-1038 

145579-V-SP-0l 1 1 Off-Gas Chiller Pump Skid 05-1171 

TECN 023.000 NIA Change Notice for Off-Gas Chiller Pump Skid 05-1317 
Specification 145579-V-SP-0JJ, Rev. 1 

TECN 023.001 NIA Change Notice for Off-Gas Chiller Pump Skid 05-1318 
Specification 145579-V-SP-0l 1, Rev. 1 

TECN V-SP-01 l.R0I.2 NIA Change Notice for Off-Gas Chiller Pump Skid 05-1319 
Specification 145579-V-SP-0ll, Rev. 1 

145579-011-CN-005 NIA Change Notice for Off-Gas Chiller Pump Skid 05-1330 
Specification 145579-V-SP-0l 1, Rev. 1 

145579-V-SP-017 0 Off-Gas Treatment System Bypass Filter/Fan and 05-1332 
Bypass Bleed Skid Assemblies Design and Fabrication 
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TECHNICAL DATA SHEET 
AMEC Americas Limited ame 

The document revision number is indicated below. Please replace all revised pages of this 
document and destroy the superseded copies. 

PROJECT: Final DBVS Design 145579-D-DS-058.5 I REV.2 

PROJECT NO.: 145579 NaOH 15% Solution Tank 

EQ.NO.: 36-D74-113; 36-D74-113A; 
CLIENT: AMEC E&E - Richland, Washington 36-D74-113B; 36-D57-113F 

.. 
A Internal Review (Issued under 145579-V-DS-015.5) AP 8-Feb-05 AP 

B Internal Approval (New Document No.: 145579-D-DS-058.5) AP 24-Feb-05 AP 

C CH2M Hill Review SH 7-Mar-05 SH 

0 Bid Request SH 6-Apr-05 SH 

1 Tank Size Increase JL 22-Nov-05 JL 

2 Address CH2M HILL Comments CG 11-Jan-06 c.Jz--

DOCUMENT APPROVAL 

CLIENT APPROVAL (AMEC RICHLAND) DMJM H&N 
Original Signatures on File Original Signatures on File 

Project Manager: 

Date: 

Pmject Manage,c P· ;;L ~ 
Date: __ 1-4-/_t--'t(_o_J ____ _ 

Q.A. Rep.: 

Date: 

Dtsc;pUne lead, -ft 2q~ 
Date: l/11/c,c . 
Originator: ~~ 
Date: 
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TECHNICAL DATA SHEET 
AMEC Americas Limited a e 

The document revision number is indicated below. Please replace all revised pages of this 
document and destroy the superseded copies. 

PROJECT: Final DBVS Design 145579-D-DS-058.5 I REV.2 

PROJECT NO.: 145579 NaOH 15% Solution Tank 

EQ. NO.: 36-074-113; 36-D74-113A; 
CLIENT: AMEC E&E - Richland, Washington 36-D74-113B; 36-D57-113F 

A Internal Review (Issued under 145579-V-DS-015,5) AP 8-Feb-05 AP 

B Internal Approval (New Document No.: 145579-D-DS-058.5) AP 24-Feb-05 AP 

C CH2M Hill Review SH 7-Mar-05 SH 

0 Bid Request SH 6-Apr-05 SH 

1 Tank Size Increase JL 22-Nov-05 JL 

2 Address CH2M HILL Comments CG 11-Jan-06 ~IL-

DOCUMENT APPROVAL 

CLIENT APPROVAL (AMEC RICHLAND) DMJM H&N 

Project Manager: 

Date: 

Q.A. Rep.: 
{1-AtJ ~rc .l 
Date: 

Original Signatures on File 

✓£ FF ..::Tc.;:-ri:3/Z ..S 

'~-~ 
o 1-12.oc. 

CLIENT APPROVAL (CH2M HILL) 

Project Manager: 

Date: 

Original Signatures on File 

Project Manager, P· I/!.-~ 
Date: __ t...,_(_u_( o_/. ____ _ 

Discipline Lead: p2q~ 
Date: 1/i,/"6 · 
Originator: ~~ 
Date: t/ 11/~ 6 
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TECHNICAL DATA SHEET 
ame 

PROJECT: Final DBVS Design 145579-O-DS-058.5 I REV. 2 

PROJECT NO.: 145579 NaOH 15% Solution Tank 

EQ.NO.: 
CLIENT: AMEC E&E - Richland, Washington 

REFERENCE ATTACHMENT 

Document No. 

l~A 
Specification 

CONTENTS. 

Data Sheet 

Bidders Drawing & Data Commitments Sheet 

36-D7 4-113; 36-D7 4-113A; 
36-D74-113B; 36-D57-113F 

2 Pages 

1 Page 

Appendix A _. ___________________ . -----·--· __________ ··-· _____ 3 Pages 

Appendix B -·-------·--·--····--··--------------------------- 2 Pages 
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ame& 
TECHNICAL DATA SHEETS 

PROJECT: Final DBVS Design 145579-D-DS-058,5 REV. 2 
PROJECT NO.: 145579 NaOi-1 15% Solution Tank 

EQ,NO.: 36,074-113; 36-D74•113A; 
CLIENT: AMEC E&E • Richland Washington 36-D74•113B• 36,D57-113F 

No, Required I Area Off Gas 36 
P&ID# F-145579-36-A-0102 Stream·No. 
Reference Specification: NIA Quality Assurance Level CQ 

Operating Conditions Rev Rev 
Location (Indoors/Outdoors) Outdoors Environmental Conditions 
Operation (Continuous/ Intermittent) lnlermiUenl Ambient Temperature Range ("F) -2510115 
Days per year 365 Relative Humidity Range (%) 10 to 100 
Hours per day 24 Hail Diameter (in) <or=0.75 
Noise Level Allowable per 8 hr shift (dB - Lex) 85 Sand and dust concentrations (Ihm/ft') I.Ix JO"' 

Shift Length (hrs) 8 - typical size (mm) 0.15 
Noise Level Allowable (dB) 8S Solar Radiation (12-hour period) (langleys) 900 
Site Elevation (ft) 663 Availability (%) 9S 
Min·Outdoor Operational Service (years) 2 Environment - Radioactive No 
Max Outdoor Operational Time (yc>ars) 5 - Toxic Yes 

Nominal Operating Temperature ("F) 77 1 - Corrosive to steel on ambient T No 
- Flammable No 

Storage Tank Information 
General Tank Attachments 
Manufacturer ( or approved equal) Highland Tank Site Level Gage No 

Model Number 
Double Wall 
UL-142 Manway & Fill Cap (Non-sealed) (in) 18 

Fluid to be stored Composition Vent Pipe Yes 
-water % 85 Tank Accessories 
-NaOH - caustic % 15 Ladders Yes 

Viscosity (cP) 2.07 Tie Down System Yes 

Specific Gravity 1.16 Tank Level Sensing System- By Others Yes 0 
Double Wall Storage Capacity USG 15000 1 Leak Detection Unit (24 VDC dry contact) Yes 0 
Overall Dimensions Power Supply 24VDC 

Diameter (in)* I - Interface options for client control system yes 
Height (in)• 1 Fluid Isolation Valves (refer comment 3) 2 

Material (refer comment 2) Carbon Steel 2 - Suction Line Yes 

Density n/a - Discharge Line Yes 

Additional Coating * 0 Process temperature sensor for heater controller Yes 

Shipping Weight (lbs)* 0 Pump Platform Yes 2 

Operating Weight (lbs)* 0 36-D57-l 13F Mixer/Agitator 
Fluid pressure Manufacturer Eas1em 

Tank Fittings (Nozzles) as per Fig.1 Type-top entry, electrically driven BHD 

Fill-in Motor (refer comment 3) (hp)* 2 
Nl -Caustic (i_n) 2 Voltage/Phase/Hertz (V/Ph/Hz) 480/3/60 
N2 -Water (in) 2 36- D91 - 0113B NaOH Tank Heater 
N3 Draw-out (in) 2 Voltage (V/Ph/Hz) 480/3/60 
N4 Level Transmitter 150 lb Fig. (in) 2 0 Electrical power (refer comments: (kW) 53 I 
N5 Leak Detection Unit (in) * 0 Over-temperatur~ sensor (Type K - thermocouple) Yes 

Fitting -Drain Yes Heater controller (refer comment 3) No 

Lining -Inside Yes Process sensor for heater controller (RTD) Yes 

-type * 36- D61 - 0113A Na OH 15% Ta_nk Pump 
Thennal Insulation Yes Pump Manufacturer (refer comment 3) Wilden 

-type ,. 
Air Diaphragm Displacement, 
Air Driven Pump Type 

Pl 

Flow (gpm) 1.27 

Suction Head (ftWG) 2&.8 
Total Dynamic Head (ftWG) 54.5 

Date 9-Feb-05 24-Feb-05 7-Mar-05 6-Apr-05 22-Nov-05 I l-Jan-06 
By AP AP SH SH JL CGCL 
Chked DW DW AP GJ KM JL/11 
Rev. A B C 0 I fll 
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ame& 
TECHNICAL DAT A SHEETS · 

Data sheet 2 of 2 

Comments: 

Comment l: 

One vertical, cylindrical, flat bouom, double wall storage tank for the Demonstration Bulk Vitrification System project will be procured in 
accordance with Highland Tanks catalog specifications for the UL-142 (Appendix A) or equivalent, in accordance with requirements for 
Caustic NaOH 15% / water 85% solution storage. Requirements in addition to the catalog specifications are provided in this data sheet. 
The stored solution will be used as a reagent in scrubbing acid gases from the Off-Gas in a Wet Scrubber Skid. Penetrations for Mixer/Agitator 
and Tank Heater to be based on requirements for components identified by the VENDOR. 

Comment 2: Applicable Standards 

The NaOH Storage Tank shall be designed, tested, rated, and certified in accordance with, and installed in compliance with applicable sections 
of the following Standards and Codes: 

ASTM (Amedcan Society for Testing and Materials) 
- A36 A53/A36M- Standard Specification for Carbon Stiuctural Steel 
- A53 A53/A53M-99b Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless 
- A569/A569M-98 Specification for Steel, Carbon (0.15 Maximum, Percent), Hot-Rolled Sheet and Strip Commercial Quality 
AP! 620 Design and Construction of Large, Welded, Low Pressure Storage Tanks 
ANSJ Standard B 16.5 Pipe Flanges and Flanged Fittings 
29 CFR 1910.106 Occupational Safety and Health Administrntion, Flammable and Combustible Liquids. 

Comment 3: General 

- The NaOH Storage Tank shall confonn to all aspects of the product data sheets and drawings provided in Appendix A, unless otherwise 
specified. Tank shall be placed onto a conrete pad. Tank loading shall not exceed 3,000 psfwhen fully loaded. 

- The NaOH Storage Tank shall be designed to be relocated at least twice during its operational life. The Tank shall be designed to be 
transported over the road. Note: The Buyer shall lift the equipment using a forklift 01· crane, using the lifting points designed for that purpose. 

- Flange faces shall be covered to prevent damage and prevent ingress of debris during shipment. Blind flanges shall be installed on flange 
connection points to prevent damage to 11ange faces during shipment. 

- All electrical work shall be pe1forrned in compliance with the National Electrical Code (NEC®). An NEC inspection shall be completed at the 
factory prior to shipment. AJI electrical equipment shall be listed or labeled by a Nationally Recognized Testing Laboratory. 

- The heater and temperature sensors shall be wired to dedicated junction boxes. A 480V, 3 phase heater controller 
(Chroma lox# 4268-64X07-00l 8) shall be provided by others.Vend or shall ensure heater and sensors are compatible with this controller. 

- All electric motors shall comply with the requirements ofNEMA-MG-1. The Ii1otors shall be prewired to lockable, 3 phase, · 
non-fused disconnects, complete with auxiliary contact for disconnect status. 

- lsolation valve shall be quarter-turn, ball valves with NPT ends tested to MSS-SP72 at 80-100 psi with water. 

Comment 4: 

- ltcms marked with an '' shall be filled by VENDOR 

Comment 5: 

- VENDOR will re-evaluate heater size based on thennal insulation properties. Heater to prevent freezing of fluid. 

Vent 

Figure 1 

Agitator 
Electric Heater 

NS 

Date 9-Feb-05 24-Fcb-05 7-Mar-05 
By AP AP SH 
Chked DW DW AP 
Rev. A B C 

N3 
Spare 

6-A r-05 
SH 
GJ 
0 

G5-7 

Vent N4_0 

22s0 

Nozzle Radius 

22-Nov-05 
JL 

KM 

' 
135° 

180° --.Manway 
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TECHNICAL DATA SHEETS ame 
PROJECT: Final DBVS Design 145579-O-DS-058.5 I REV.2 

PROJECT NO.: 145579 NaOH 15% Solution Tank 

EQ.NO.: 36-D74-113; 36-D74-113A; 
CLIENT: AMEC E&E • Richland, Washington 3fi-n7.11.11~R• ~~-n57.11~i: 

BIDDERS DRAWING AND DATA COMMITMENTS 

Vendor shall supply all drawings, manuals and documentation in the qu_antities indicated. Approval drawings are due within the 
listed number of calendar days after issue of the Purchase Order or Letter of Intent. The dates set out for drawing and data 
submissions are governed by the engineering design schedule of the project. The Vendor shall supply one AutoCAD disk file and 
requested number of copies within lhe listed number of calendar days. Final drawings must be certified as correct and bear the 
Vendors name, equipment number and Purchase Order Number. Drawing Transmittals listing the document numbers, revisions 
numbers, quantities, status and document types must be included with all submissions (including electronic submittals). 

SEND ALL DOCUMENTS TO: 

Submit all documents via courier service 
Faxed documents must be followed by the originals. 
Electronic E-mail or FTP transmissions of drawings & data must be copied to 
Document Control 
Always include a transmittal 

AMEC E&E 
1135 Jadwin 
Richland, Washington 
99352 
Attn: Document Control 
Phone: (509) 942-1292 
Fax: (509)942-1122 

BIDDERS MUST PROVIDE ESTIMATED LEAD TIMES FOR APPROVAL DRAWINGS 

Proposal Bidder sh;,111 include this data for each item REVIEW VENDOR 

Review Required before ordering or start of fabrication ITEMS DUE COMMITMENT 

Required within 7 days prior to shipment and before final 
Final payment WITHIN (SEE NOTE4) 

PROPOSAL REVIEW FINAL DESCRIPTION (DAYS) (DAYS) 

1 Experience list and maintainability information Bid 

E+3 E+3 Design, fabrication & delivery schedule PO+7 

Single line block diagram 

Outllne drawings and layout drawings indicating weights and 
E+3 E+3 E+6 dimensions PO+10 

E+3 E+3 E+6 Technical brochures on purchased components PO+14 

E+3 E+3 E+6 Electrical schematics, wiring, diagrams and nameplate lists PO+14 

E+3 E+6 Calculations PO+14 

E+1 E+6 Spare parts list Del-14 

Sel of installation and maintenance manuals c/w technical 
E+1 E+6 literature for all equipment and devices Del-14 

THE TIMELY RECEIPT OF THE VENDOR DOCUMENTS IS CRITICAL TO THIS PROJECT 

I agree to provide the listed documentation and data and the dates shown above. 

Vendor Signature Date 

G5-8 
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Final DBVS Design 145579-D-DS-058.5 

145579 Appendix A 

AMEC E&E - Rlchland, Washington 
Highland Vertical Tank Brochure 

APPENDIX A 

Highland Vertical Tank Brochure 
(3 Pages, Including Cover) 
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Highland Vertical 
Storage Tanks 

-~ . ~ ~ ~ . . . . :.. . - : " . . ., . " . .".,.. . . . " 

UL-142 Vertical Slorage Tanks 
Highland Vertical Storage Tanks are ideal for the stor
age of a wide variety of liquids. Available in carbon 
and stainless steel, Highland Vertical Tanks for the 
storage of llammable and combustible liquids bear 
the Underwriters Laboratories UL-142 label. Tanks 
can also be manufactured to APl650, Appendix J for 
shop built tanks. 

Highland UL-142 lanks are available in single-wall, 
double-bottom, or double-wall (sides & bottom) 
construction. Vertical UL-142 tanks over 64" diameter 
are provided with a coned top to shed rainwater and 
snow. UL-142 specifications limit construction lo a 
maximum vertical shell height ol 35'0'. 

Because piping installations vary with each tank, the 
size and location of fittings can be specified by the 
end-user. Up to 24 • of threaded fittings are generally 
included wilh the tank. Normal and emergency vent
ing is required on all UL-142 Aboveground Vertical 
tanks. 

Tanks are provided with a coat of primer. Special 
surface preparation and primers are available to 
accomodate your field finish coat specifications. 
Highland can also provide complete VOC compliant 
finish systems. Field touch-up will be required due lo 
tank shipping and handling, and piping and acces
sory installation. 

05-10 

Special linings are available for storage of fertilizers, 
polable water, chemicals, etc. Other options include: 
coned bottom, legs, ladders, cages, handrails, gaug
ing systems, heaters, flame arrestors, sumps, sight 
glasses and flanges. 

Our Commitment to Industry 
Service, Quality and Delivery at Competitive Prices 
Highland is committed lo producing high-quality steel tank 
produc\s. We've been manufacturing tanks for more than 
50 years, always striving for excellence. For information on 
other pro~ucts, please call one of our offices or contact your 
local Highland representative. 
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General Arrangement· Single-wall Double-boll om 

Threaded Fittings 

Emergency Vent 
(18" Loose-boll Manway) 
Standard on 3,000 • 
29,600 gallon tanks 

Straight 
Shell 
Height 

Threaded 
Fitting 

Optional u Clean--0ul 
Manway 

-=========" 
1<--- Diameter --..J 

Nominal Capacity Dimensions 
(Gallons) Diameler Shell Height 

185 3'2' 3'4" 
240 3'2' 4'0" 
300 3'2' 5'0" 
500 4'0" 5'5' 

1,000 4'0" 10'9' 
1,000 5'4" 6'0' 
1,500 5'4" 9'0' 
2,000 5'4" 12·0· 
3,000 8'0" a·o· 
4,000 8'0" 10'6' 
5,000 B'O" 13'4' 
6,000 8'0" 16'0' 
8,000 10'0' 14'0" 

10,000 10'0" 17'0' 
12,000 10'0" 20'6' 
15,000 10'0" 25'6" 
20,000 10'0' 34'0' 
20,000 10'6" 31'0" 
25,000 12'0' 29'8' 
29,600 12'0" 35'0' 

Gulde Specification 
Furnish and install a ___ gallon aboV<lground verti• 
cal, (single wall, double-bottom, double-wall) steel storage 
tank ___ inches in diameter by ___ high. 
Tank shall be fabricated from mild carbon steel with a flat 
bottom head and a coned top(over 64" diameter only). Tank 
gauge: bottom head and shell gauge __ ; Top gauge 
__ . All items included in tank unit shall be coated with 
primer. The lank unit shall be manufactured in conformance 
with Underwriters Laboratories' UL-142 specifications and 
so labeled. 

Provide threaded fittings as per attached drawing. All illings 
in coned top shall be full coupUngs. All UL-142 aboveg
round single wall tanks shall include fittings for normal and 
emergency venling. 

Thicl<ness Approximate Wl. 
Shell & Top Single-wall 

Bottom Head Head (lbs.) 

12 ga. 14 ga. 155 
·12 ga. 14 ga. 238 
12 ga. 14 ga. 272 
12 ga. 12 ga. 415 
10 ga. 10ga. 958 
7 ga. 10 ga. 1,128 
7 ga. 10ga. 1,608 
7 ga. 10 ga. 1,988 
1/4' 7 ga. 4,076 

-1/4' 7 ga. 4,500 
·114· 7 ga. 5,196 
1/4' 7 ga. 5,850 
114' 79.a. 6,415 
1/4' 7 ga. 7,532 
1/4' 7 ga. 8,649 
1/4' 7 ga. 10,213 
1/4" 7 ga. 13,117 
1/4" 7 ga. 12,750 
1/4' 7 ga. 16,450 
1/4" 7 Qa. 19,100 

Tanks shall be labricated with the !allowing threaded 
connections; __ 2 inch, __ 4 inch, __ 6 inch as 
localed on attached drawing AND/OR __ 
150# flanged co11necUons wilh flange protectors. Flange 
sizes as follows (qty-size):---~ 
---~ ____ ,,with locations also indi-
cated on drawing. Thread protectors shall be 
inserte<l in all threaded openings prior to shipment. 

Highland tanks are air tested at the factoiy but MUST be 
retested at the jobsile by the installer prior lo 
installation. 

Ple.,se visit us at www.highlandtank.com 

Double-wall 

Options & Accessories: 
_ Manway __ inches in diamelet with bolte<l 

and gasketed lid 
_ Loose-boll manway __ inches in diameter 

with bolted and gasketed lid 
_ Emergency Vent 
_ External Ladder with Cage 

External Ladder & Platform 
_ External Stairway 
_ Walkway(s) with handrails 
__ 4' x 4' x 1/2" Clip Angle for anchoring 
_ Coned bottom wiU1 Legs; __ ' clearance. 
_ Commercial grit blast (SSPC-6), epoxy primer coal 
_ Other exterior coating ____ _ 
_ Internal Ladder(s) 
_ Internal Coating _____ (Must include 

interior weld. Minimum size 500 gallon.) 
_ Level Sensing Syslem(s) 
_..:._ Pump Platform 

One Highland Road 4535 Elizabethtown Road 
Stoystown, PA 15563 Manheim, PA 17545 
814-893-5701 717-664-0600 

958 19th Street 
Watervliet NY 12189 
518-273-0801 

2225 Chestnut Street 
Lebanon, PA 17042 
717 -664-0602 

2700 Patterson Street 
Greensboro, NC 27 407 
336-218-0801 
FAX218-1292 

1510 Stoystown Road 
Friedens, PA 15541 
814-443-6800 

FAX 893-6126 FAX 664-0617 FAX 273-1365 FAX 664-0631 FAX 444-8662 

© Highland Tank· HT-1006 - 11/04 
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Highland Vertical Tank Drawing 
(2 Pages, Including Cover) 
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NOTE: 
HIGHLANO TANK & MFG. CO, SHALL BE RESPONSIBLe ONLY FOR ITEMS 
INOICATED ON THIS FABRICATION DRAWING, CONTRACTOR OR OTHERS 
SHALL BE RESPONSIBLE FOR ANY ITEMS NOT INDICATED ON DRAWING 
INCLUDING, BUT NOT LIMITED TO, INTERNAL / EXTERNAL PIPING
COATINGS-FITTINGS-ACCESSORIES, ITC, APPROVEROF DRAWING SHALL 
BE RESPONSIBLEFOR VERIFYING CORRECTNESS OF SIZE / LOCATION 
Of FlmNGS, ACCESSORIES, COATINGS, ETC. HIGHLAND TANK & MFG. 
CO. SHALL FABRICATE TANK IN ACCORDANCE TO THIS DRAWING (WHICH 
MAY OR MAY NOT BE IN EXACT ACCORDANCE TO PLANS & SPECIFICATIONS 
NOTE: 
SEE PLAN VIEW FOR TRUE ORIENTATION & LOCATION OF OPENINGS 
AND ACCESSORIES 
NOTE: 
LlmNG LUGS FOR UNLOADING UNIT & STANDING UNIT UPRIGHT TO BE 
PLACED AS NEEDED BY FABRICATION SHOP 

C 

FITTING SCHEDULE 
A= 4" 0 NPT 
8= 18" ~ LOOSE BOLT MANHOLE FOR PRIMARY EMERGENCY VENT 
C= 2" ¢ NPT (FITTING FOR LEAK DETECTION) 
D= 8" <I CPLG, & ELBOW FOR SECONDARY EMERGENCY VENT 

(HIGHLAND TANK STANDARD DESIGN) 

o· 

® 

PLAN 
8" HIGH CONED TOP 

r 2"' 

120"0 OUTER TANK 
2" ,;, SCH. 40 PIPE 

3" SQ. TUBING 

INNER 
TANK 

ELEVATION 

25'-6" 

GENERAL NOTES 
CAPACITY : 15000 GALLONS 
TYPE : I 360 DOUBLE WALL, ABOVEGROUND VERTICAL 
NO. REQ. : 
MATERIAL : MILO CARBON STEEL 
TEST : 1.5 TO 2.5 P.S,I, 
MIN. GAUGE OR THICKNESS (PER U.L. 142): 

INNER BOTTOM HEAD : 1/4" 
INNER SHELL : 1/4" 

PAINT : 

OUTER BOTTOM HEAD : 1/4"' 
0 UTER SHELL : 7 GA. 
TOP CONE: 7 GA, 

INTERIOR : NONE 
EXTERIOR : RED PRIMER 

CONSTRUCTION : FLAT BOTTOM HEADS, CONED TOP HEAD 
LAP WELD OUTSIDE SEAMS EXCEPT BUTT 
FIT & WELD THE LONGITUDINAL SEAMS 

APPROVED LABELS : U.L. 142 

1S000 GALLON ABOVEGROUND VERTICAL 
DOUBLE VIALL TYPE I 360 

CUSTOMER: 

PROJECT: 

C8K'D BY1 
QUOTE NO: 
SCALE1: Dtt!: DWG. BY; DWO, HO.: 

SKAVDWI 

...... 
0.. 
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PROJECT NO.: 145579 
OGTS Bypass UPS - Gensel 

CLIENT: AMEC E&E - Richland Washington_ 

No. Required: 1 Area 36 

PFD# Stream No. 

Reference Specification: N/A Quality Assurance Level Enhanced 

Operating Conditions Rev Rev 

Location (Indoors/Outdoors) Outdoors A Operation - Maximum days per event 10 A 
Operation (continuous/intermittent) Continuous A - Hours per day 24 A 
Max. Ambient Air Temp. (o F) 115 A Availability % 100 A 
Min Ambient Air Temp. (o F) -25 A Elevation (ft) 663 A 
Normal Pressure Atmospheric A Environment - Radioactive No A 
Dusty environment Yes A - Toxic No A 
Specifications - Corrosive No A 

NFPA 110 Class (hrs) 240 A - Flammable No A 

NFPA 110 Type (sec) 10 A 

NFPA 110 Level 1 A Suggested Manufacturers: 

Voltage (at 60 Hz) 480V A Cummins Northwest 

Phase 3-PH, 3W A 11134 West Westbow Blvd. 

Rating (kW) 50 A Spokane, WA 99204 

Motor starting kVA 40 A (800) 825-2122 

Engine Horsepower . 0 

Maximum voltage dip on startup (%) 15 A 

NRTL-listed and labeled assembly and components Yes A 

Options Kohler Power Systems 

Oversized alternator Yes A (Distributor: Pacific Power Generation) 

Permanent magnet excitation Yes A 5808 S. 196th St., Suite B100 

Input harmonic filter Yes A Kent, WA 98032 

Min. 8 hour sub-base tank, double wall, WAC-compliant Yes A (253)-395-9077 

- Fuel pump and low fuel level switch Yes A 

Batteries Yes A Equipment Designations and Numbers 

Battery charger Yes A 

Circuit breakers, 100% rated Yes A 36-E94-147 OFF-GAS BYPASS DIESEL GENERATOR 

Air filter/cleaner Yes A 

Oil/coolant heaters, as required, for ambient conditions Yes A 

Battery heater, as required, for ambient conditions Yes A 

Vibration isolation Yes A 

Weather protective enclosure housing all equipment 

(rated for 80mph winds) 
Yes A 

Run-time monitor (non-resetable) Yes 0 

Digital monitoring and controls package, upgradable Yes A 

Lamacoid nameplate w/ equipment no. & designation Yes 0 

Notes and Comments: 

(see next page for figure) 

All items with an• shall be filled in by the VENDOR 

Date 9-Jan-06 10-Jan-06 

By OAK BJH 

Chked 8A1l... 
Rev. A 0 
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PROJECT NO.: 145579 

CLIENT: AMEC E&E • Richland Washington 
OGTS Bypass UPS· Genset 

No. Required: Area 36 I 
PFD# Stream No. 

Reference Specification: N/A Quality Assurance Level Enhanced 

Notes and Comments: 

The generator will be used in conjunction with an in-line UPS as shown In the following one-line diagram: 

rr{OM Cf.Hi!CAI. I.OM)$ Yr~Ail[R 

J 
~l~;~o~';;E~Y'~s~!l, 
,'36-E.15- 144 ,M-••--• -----M-----, 
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i--- ---t- -· ..... _., ___ --____ _;SE::.~_9(2_-~2!7 

OiT -GAS BYPASS 
o;r,1n1•unoN xr-u:r< 
3C-(11-155 

I ----, I 

J j RECT1ncr-~/ I i 1 

BAlTERY : 7 ::.rn t)C]~~ i i( ~~~~~N,~Ncr \: 
1 1 , I 1 1---f-,,.-"'-_:_==-J SWITCH ! ~w: rc 11 

l ~r,:rn] I l 
i ~r--- I ! : t .............. _,I J 
L _____ -------.. J 

9-Dec-05 

BJH 

JL 
A 

--------•----{ . 
-~l___ i_ 

i 
,..1., 
(,:) 

3'5-N:J1- iJO 
OFF'-G,AS 
f;YP,\S;-'1 

iAN !fl 

.:, 
~r': COM(-). 
(~I Sl/'.E j 

1;:, rvMR 
~ STf.FffEr~ 

~T 
(~) 

.}!i-1~:',l-132 
l)Ff-CAS 
8':'PASS 
i:AN /{✓ 
(SPAHC) 

10-Jan-06 

BJH 

0 

r--·-··- -·----i 
: 30/2 ') : 

\ .... ,J_...__, ~B~o _:vi, 
,·v-~·, ;20.12,,c,v 

[] 
OFT • GAS rJYPN.;~; 

D•STHIGUTJOI-I PANLL 
J€'P-E04-- ~ ~.;. 

05-17 

___ _J 

r ··1 Off-G.",5 OYPASS 
..50/ J I f I f:115C:O_MMF.Cl SW/j2 

L - -' 2.6-£35- 11.5 

............ ! 

.56--N3'1-1'10 

I 0 



RPP-24544 REV ld 

TECHNICAL DATA SHEETS 

PROJECT: Final DBVS Design 145579-D-DS-067 .01 I REV.O 
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CLIENT: AMEC E&E - Richland, Washington 

BIDDER'S DRAWING AND DATA COMMITMENTS 

Vendor shall supply all drawings, manuals and documentation in the quantities indicated. Approval drawings are due within the listed 
number of calendar days after issue of the Purchase Order or Letter of Intent. The dales set out for drawing and data submissions are 
governed by the engineering design schedule of the project. The Vendor shall supply one AutoCAD disk file and requested number of 
copies within lhe listed number of calendar days. Final drawings must be certified as correct and bear the Vendors name, equipment 
number and Purchase Order Number. Drawing Transmittals listing the document numbers. revisions numbers. quantities, status and 
document types must be included with all submissions {including electronic submittals). 

SEND ALL DOCUMENTS TO: 

Submit all documents via courier service 
Faxed documents must be followed by the originals. 
Electronic E-mail or FTP transmissions of drawings & data must be copied to 
Document Control 
Always include a transmittal 

DMJMH+N, Inc. 
dba DMJM Technology 
3250 Port of Benton Blvd. 
Richland, WA 99354-1670 
Attn: Project Records 
Phone: (509) 375-7856 
Fax: (509) 375-5331 

BIDDERS MUST PROVIDE ESTIMATED LEAD TIMES FOR APPROVAL DRAWINGS 

Proposal Bidder shall include this data for each Item REVIEW VENDOR 

Review Required before ordering or start of fabrication ITEMS DUE COMMITMENT 
Final 

Required within 7 days prior to shipment and before final payment WITHIN 

PROPOSAL REVIEW FINAL DESCRIPTION (DAYS) (DAYS) 

E+3 E+3 E+6 Detailed specifications and manufacturer's data sheets for 
P0+7 

proposed equipment 

E+3 E+6 Installation and maintenance manuals, with technical literature for 
Del-14 

all equipment and devices 

E+6 Recommended spare parts list Del-14 

E+6 CoCs on all manufacturer specs and data sheet requirements Del-14 

THE TIMELY RECEIPT OF THE VENDOR DOCUMENTS IS CRITICAL TO THIS PROJECT 

I agree to provide the listed documentation and data and the dates shown above. 

Vendor Signature Date 
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ABBREVIATIONS AND ACRONYMS 
AISC. 

ANSI 

ASCE 

ASHRAE 

ASME 

ASNT 

ASTM 

AWG 

.AWS 

B&PV 

CFR 

CH2M HILL 

CMTR 

Coe 

CWI 

DBVS 

DOE 

FAT· 

FCI 

FNPT 

HEGA 

HEPA 

IEC 

IE~E 

IESNA 

MCS 

_MSS 

American Institute for Steel Construction 

American National Standards lnstiMe. Inc. 

American· Society of Civil Engineers 

American Society of Heating, Refrigerating, and Air 
Conditioning· Engineers 

American Society of Mechanical Engineers 

American Society of Nondestructive Testing 

American. Society for Testing and Materials 

American wire gauge 

American Welding Society 

Boiler and Pressure Vessel 

Code of Federal Regulations 

CH2M HILL Hanford Group, Inc. 

Certified Material Test Reports 

Certificate of Conformance 

Certified Welding Inspector 

Demonstration Bulk Vitrification System 

U.S. Department of Energy 

Factory Acceptance Test 

fluid Controls Institute, Inc. -

female national pipe thread 
. . 

high-efficiency gas adsorber 

high-efficiency particulate air

International Engineering Consortium. . 

lnstit~te of Ele~frical and. Electronics Ehgineers 

-lliuminaUng Engineering-Society of.North America 

Monitoring and-Control System 

Manufacturing Standardization $ociety _of the Valve and 
f'ittings Industry; Inc. 
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NCR 

NDE 

NEC® 

NEMA 

.NFPA 

NRTL 

OGTS 

P&ID 

QA 

RGS 

rpm 
RTD 

SAE 

UL 

w.g. 

WAC 

TRADEMARKS 
·.AutoCAD 

Bray 

. Buna N 

· Electromark 

Flanders BF Series 

Flanders GG-F Flµid Seal 

·Keystone 

LineBacker 

· ·Loctite · 

Mini Power-Zone 

NEC 

nonconformance report 

nondestructive examination 

National Electric Code 

National Electrical Manufacturers Association 

National Fire Protection Assodation · 

Nationally Recognized Testing Laboratory 

Off-Gas Treatment System 

piping and instrumentation diagram 

quality assurance 

rigid galvanized steel 

revolutions per minute 

resistance temperature detector 

Society of Automotive Engineers 

Underwriters Laboratories, Inc. 

water gauge 

Washington Administrative Code 

Registered trademark of AutoDesk, Inc. 

.Registered trademark of BRAY INTERNATIONAL, Inc. 

Registered trademark of Buna Werke Huls G.m.b.h . 

. Registered trademark of Permar Systems, Incorporated dba 
Electromark Co~pany. 

Trademark of Flanders Corporation. 

Trademark of Flanders Corporation. 

Trademark of Tyco Industries. 

Registered trademark of Professional Services Industries, Inc. 

Registered trademark of Henkel Loctite. 

Registered trademark of Square [) Company Corporation. 

Registered trademark of the National·Fire Protection 
Associaticm. _ 
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1 SCOPE 

Throughout this specification,. Contract Responder shall act as the Seller and 
AMEC Earth and Environmentai, Inc. shall act as the Buyer. 

1.1 INCLUDED IN SCOPE 

The Demonstration Bulk Vitrification System (DBVS) piping and instrumentation 
diagram (P&ID) and electrical one-line diagram (Appendix A) for the Off-Gas 
Treatment Sys.tern (OGTS} high-efficiency particulate air (HEPA) filter skid is. 
provided to the Seller for details of the skid assembly design. This specification 
provides the· minimum requirements for design, analysis, fabrication, inspection, 
testing, documentation, packaging, and shipping of a HEPA filter skid assembly. 
Scope shall consist of the following components and activities: 

1. Ductwork system and housings for dual stage HEPA filters with. test 
sections. Dual filter trains shall be provided, one active and one redundant, 
with common i11let and outlet headers. 

2.. A common condensate drain and collection system. 

3. Electrical distribution equipment, motor disconnect switches, local 
pushbutton stations, transformer, distribution panel, wiring, conduit, and. 
convenience receptacles. 

4. · ·1nstrumentatio.n and control . wiring from skid-based equipment to 
terminal box. 

. . 

5~ Support structure for component assembly and skid shipping. The HEPA 
filter skid will be installed on a concrete pad. The Seller is re~ponsible for 
providing anchor points. 

6. . Design. fabrication, inspection, and test work plan. including Factory · 
Acceptance ·Tests (FAT) for systems. subsystems, and components at the 
vendor's site shall be provided (see Sections 1.1 arid 4.2). 

· 7. Develop HEPA filter skid assembly design documentation. supporting 
calculations, and fa·brication drawings; 

OFF-GAS TREATMENT SYSTEM HEPA FILTER SKID ASSEMBLY DESIGN AND FABRICATION 
21-0ec-04 · · 
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8. Perform fabrication, assembly, examination, inspection, testing, packaging, 
and shipping of one HEPA filter skid. assembly. 

9. Complete an assessment of the HEPA filter skid· assembly design and 
fabrication for compliance with the applicable portions of ASME AG-1 and 
document this evaluation in · the form of an AG-1 compliance matrix; an 
· example of a compliance matrix is provided in Appendix B. 

10. Develop a complete quality assurance (QA) data package for the design 
and assembly of the HEPAfilter skid assembly. 

11. The HEPA filter skid FAT will be performed at the Seller's facility. 

12. The material handled is considered hazardous anc~ radioactive waste that is 
regulated under the requirements of 40 CFR 264, Subpart J; 10 CFR 830; 
and WAC 173-303-640. System requirements are also governed by 
WAC 246-247. 

The HEPA filter skid assembly will be part of a full-scale performance test of a 
treatment processing system for radioactive waste. This test will occur at the 
Hanford Site after shipment from the Seller's fabri~tion facilities, the Seller may 
be requested to provide on-site support for this test. 

-Drawings and sketches provided with this specification represent a minimum set 
of Buyer expectations for the assembled system. The Seller shall use this 
information, along with· ·additionar material in the specification, to generate a set 
of design and fabrication drawings with sufficient detail for construction. 
Examples of information to be. developed by the Seller includes, but is not limited 
to, dimensioning . and associated tolerances, mounting · and weld details, and 
material types and quantities. 

The critical characteristics identified by the Buyer for the assembled system are 
identified on - the component data · s.he~t.s contained in this spec;ification 
(Appendix C). The·· seller shall use this information, along with p~rformance 
requirements either .in the specification or generated frpm Seller pref:>ared · 
calculations, to ·generate a completed set of data sheets for components of the_ 

• assembled system. Form,. fit, and functioffshall be .evaluated by the Seller in the 
course of design work and development of the design and fabrication draw_ings. 
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Unless otherwise stated, altemative eq_uipment designs are permissible if proven 
to be effective in meeting the requirements in this specification. Any alternative 
design· must be · thoroughly explained with text supplemented by drawings or 
sketches and proposed with the original bid. Buyer approvar is required before 
proceeding with an alternative equipment design. 

Any discrepancies noted in this specification or between this specification and 
other documentation shall be· noted and referred to the Buyer for resolution 
before proceeding with design or fab_rication of the item in question. 

1.2 NOT INCLUDED IN SCOPE 

Work not included in this specification is as foHows: 

-1. Installation of the HEPA filter skid assembly at the Buyer's facility. 

2. Design_ and manufacture of connected ductwork or piping systems ( external 
to the skid assembly) that are a part of the DBVS OGTS. 

3. Design or manufacture of the electrical conductors on the line side of the 
480V power terminal box and the Monitoring and Control System (MCS) 
side of the instrument terminal box. 

4. · · Motor starters, if required, are located in a remote motor control center. 

5. No light fixtures are required, external lighting will be provided at the -
Buyer's Site. 

6. Procurement and installation of Hanford-qualified HEPA filters will be 
performed by -the Buyer once the HEPA filter skid assembly has been 
accepted at the Buyer's Site. 

7. -witness of full-scale performance test is an option that t~e Buyer may 
exercise~ The Seller shall provide per. diem rates for this potential s-upport._ 
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2 APPLICABLE DOCUMENTS 

The codes, standards, and other documents listed in Table 2-1 and Table 2-2 are 
of the latest issue and addenda in effect at the time of procurement (unless 
otherwise specified). These ·documents form a part of the basis of design for this 
procurement to the extent specified in the applicable sections of this 
specification; In the event of a conflict between documents referenced_ herein 
and the requirements of this specification, the requirements of this specification 
shall take precedence when -the specification is more stringent. All conflicts, 
-alternative standards, or omissions shall _be brought to the attention of the Buyer 
for resolution. Significant sections noted are not meant to negate the remainder 
of the specification, but to emphasize sections of greater importance. 

2.1 GOVERNMENT DOCUMENTS 

10CFR830 

29 CFR 1910 

40 CFR264 

47CFR 15 

DOEIRL-92~36 

· WAC 246-247 

WAC 173-303-640 

Table 2-1: Government Documents 

"Nuclear Safety Management,• Code of Federal 
Regulations, as amended. 

"Occupational Safety and Health Standards,• Code of 
Federal Regulations,_as amended. 

"Standards for Owners and Operator~ of Hazardous 
Waste Treatment, Storage, and Disposal Facilities," 
Subpart J, Code 'of Federal Regulations, as amended. 

"Radio Frequency Devices," Code of Federal Regulations, 
as amended. 

Hanford Site Hoisting and Rigging Manual, 
U.S. Department of Energy, Richland, Washington. 

"Radiation Protection -Air Emissions,• Washington 
Administrative Code, ~s amended .. 

"Tank Systems,• Washington Administrative Code, as 
amended. 
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2.2 NON-GOVERNMENT DOCUMENTS 

Table 2-2: N.on-Government Documents (6 sheets). 

AISC. 

AISC 

ANSI/AWS D1 .3 

ANSI C63.16 

ANSI FCI 70-2 

ANSI/IESNARP-7 

ANSI Y14.1 

ANSIY14.5M 

ASCE4-98 

ASCE.7-98 

ASHRAE Fundamentals 
Handbook 

ASMEAG-1 

ASME B&PV Code 

stiij~~::~t~~:2:~iL·-,0::){:,;::~~:L-~;::.,.::_::i~f! 
Manual of Steel Constructior,--.-;.A/lowable Stress 
Design, Ninth Edition, American Institute of Steel 
Construction, Ct)icago, Illinois. 

Manual ofSteel Construction-Load and Resistance 
Factor Design, Third Edition, American Institute of 
Steel Construction, Chicago, Illinois. 

Structural Welding Code-Sheet Steel, American 
Welding Society, Miami, Florida. 

American National Standard Guide for Bectrostatic 
Discharge Test Methodologies and Criteria for 
Electronic Equipment, American National Standards 
Institute, Washington, D.C. 

Control Valve Seat Leakage, Fluid Controls Institute, 
Irie., Cleveland: Ohio. 

Lighting Industrial Facilities, Illuminating Engineering 
Society of North America, New York, New York. 

Drawing Sheet Size and Format, American National 
Standards Institute, Inc., New York. New York. 

Dimensioning and Tolerancing, American National 
Standards Institute, New York, New York. · 

Seismic Analysis of Safety-Related Nuclear Structures, 
Americari Society of Civil Engineers, Reston, Virginia. 

Minimum Design Loads for Buildings and Other 
Structures, American Society of Civil Engineers, 
Reston, Virginia. 

2001 ASHRAE Handbook -- Fundamentals, American 
Society of Heating, Refrigerating, and Air Conditioning 
Engineers, Atlanta, Georgia. 

Code on Nuclear Air and Gas Treatment, American 
Society of Mecharical Engineers. New York, New 
York. 

ASME Boiler and Presswe Vessel Code, American 
. Society of Mechanical Engineers. New York, New 
York. .. 
Section IX, "Welding and Brazing Qualifications" 
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Table 2-2: Non-Government Documents (6 sheets) 

ASME B16.5 

ASMEB16.9 

ASMEB16.11 

ASME B18.2.1 

. ASME B18.2.2 

ASME830.20 

ASME B31.1 

ASME B31.3 

ASME NQA-1, 1994" 

ASME N509. 

ASME N510 

ASME PCC-1 

ASNT SNT-TC-1A 

.ASTM A 36/A 36M 

Pipe. Flanges and Flanged Fittings, American Society 
of Mechanical Engineers, New York, New York. 

Factory-Made Wrought Steel Buttwelding Fittings, 
American Society of Mechanical Engineers, New York, 
New York. 

Forged Fittings, Socket Welding and Threaded, · 
American Society of Mechanical Engineers, New York, 
New York. 

Square and Hex Bolts and Screws Inch Series, 
American Society of Mechanical Engineers, New York, 
New York . 

-Square and Hex Nuts, American Society of Mechanical 
Engineers, New York, New York. 

Below-the-Hook Lifting Devices, American Society of 
Mechanical Engineers, New York, New York. 

Power Piping, American Society of Mechanical 
Engineers, New York. New York. 

Process Piping, American Society of Mechanical
Engineers, NewYork, New York. 

Quality Assurance Program Requirements for Nuclear 
Facilities, American Society of Mechanical Engineers, 
New York, New York. 

Nuclear Power Plant Air-Cleaning Units and 
Components, American Society of Mechanical 
Engineers, New York, New York. 

Testing of Nuclear Air Treatment Systems, American 
Society of Mechanical Engineers, New York, 
New York. 

Guidelines for Pressure Boundary Bolted Range Joint 
Assembly, American Society of Mechanical Engineers, 
New York, New York. 

Recommended Practice, American Society of 
NondestructiveTesting, Columbus, Ohio. 

Standa;d Specification for Carbon Structu;alSteel, 
American Society of Testing and Materials, New York, 
New York. 
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Table 2-2: Non~Government Documents (6 sheets) 

ASTM A 53/A 53M 

ASTM A 105/A 105M 

ASTMA 106 

ASTMA 108· 

ASTM A 182/A 182M 

ASTM A 193/A 193M 

ASTM A 1941A 194M 

ASTM A 234/A 234M 

ASTM A 240/A240M 

Standard Specification for Pipe, Steel, Black and Hot
Dipped, Zinc-Coated, Welded an_d Seamless, American -
Society of Testing and Materials; New York, New York~ 

Standard Specification for Carbon Steel Forgings for 
Piping Applications, American Society for Testing and 
Materials, West Conshohocken, Pennsylyania. 

Standard Specification for Seamless Carbon Steel Pipe 
for High-Temperature Service, American Society for · 
Testing and Materials, West Conshohocken, · 
Pennsylvania. 

Standard Specification for Steel Bars, Carbon, Cold
Finished, Standard Quality, American Society for 
Testing and Materials, West Conshohocken, 
Pennsylvania. 

Standard Specification for Forged or Rolled Alloy-Steel 
Pipe Flanges, Forged Fittings, and Valves and Parts 
for High-Temperature Service, American Society for 
Testing and Materials, West Conshohocken, 
Pennsylvania. 

Standard Specification for Alloy-Steel and Stainless 
Steel Bolting Materials for High-Temperature Service, 
American Society for Testing and Materials, West 
Conshohocken, Pennsylvania. 

Standard Specification for Carbon and Alloy Steel Nuts 
for Bolts for High Pressure and High Temperature 
Service, or Both, American Society for Testing and 
Materials, West Conshohocken; Pennsylvania. . 

Standard Specification for Piping Fittings of Wrought 
Carbon Steel and.Alloy Steel for Moderate and High 
Temperature Service, American Society for Testing 
and Materials, West Conshohocken, Pennsylvania. 

Standard Specification for Chromium and Chromium
Nickel Stainless Steel Plate, Sheet, and Strip for 

· Pressure Vessels and for General Applications, 
Ameri_can Society.for Testing and.Materials, West 
Conshohocken, Pennsylvania. 
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ASTMA276 

ASTMA307 

ASTM A 312/A 312M 

ASTMA325 

ASTMA.354 

ASTM A 403/A 403M · 

ASTM A 480/A 480M 

ASTMA500 

ASTM·A 563a 

Standard Specification for Seamless and Welded 
Austenitic Stainless Steel Tubing for General Service, 
American Society of Testing and Materials, New York, 
NewYork. 

Standard Specifteation for Stainless Steel Bars and 
Shapes, American Society of Testing and Materials, 
New York, New York. 

Standard Specification for Carbon Steel Bolts and 
Studs, 60 000 PSI Tensile Strength, American Society 
for Testing and Materials, West Conshohocken, 
Pennsylvania. · 

Standard Specification for Seamless and Welded 
Austenitic Stainless Steel Pipes, American Society for 
Testing and Materials, West Conshohocken, 
Pennsylvania. 

Standard Specification for Structural Bolts, Steel, Heat 
Treated, 120/105 ksi Minimum Tensile Strength, 
American Society far Testing and Materials, West 
Conshohocken, Pennsylvania. 

Standard Specification for Quenched and Tempered 
Alloy Steel Bolts, Studs, and other Externally Threaded 
Fasteners, American Society for Testing and Materials, 
West Conshohocken, Pennsylvania. 

Standard Specification for Wrought Austenitic Stainless 
Steel Piping Fittings, American Society for Testing and· 
Materials, West Conshohocken, Pennsylvania. 

Standard Specification for General Requirements for 
Flat-Rolled Stainless and Heat-Resisting Steel Plate, 
Sheet, and Strip, American Society for Testing and 
Materials, West .Conshohocken, Pennsylvania. 

Standard Specification for Col<!-Formed Welded and 
Seamless Carbon Steel Structural Tubing in Rounds 
and Shapes, Amel'ican SoGiety for Testing and 
Materials, West Conshohoc.ken, Pennsylvania. 

Standard Specification for Carbon and Alloy Steer 
. Nuts, American Society for Tes ting and Materials, West 
Conshohocken, Pennsylvania. 
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Table 2-2: Non~Govemment Documents (6 sheets) 

ASTMA569 

AWS D1.1/D1.1M 

.AWSD1.6 

AWS D9.1/D9.1M 

HNF-SD-GN-ER-501 

IEC 61000-4-2 

IEEE C62.41.1 

IEEE C62.41.2 

IEEE Std C37.90.2 

IEEE Std 141 

Standard Specification for Steel, Cafbon=(0.15 
Maximum, Percent), Hot-Ro_lled Sheet and Strip 
Commercial, American Society for Tes ting and · 
Materials, West Conshohocken, Pennsylvania. 

Structural Welding Code-Steel, American Welding 
Society, Miami, Florida. · 

Structural Welding Code-;-Stainless Steel, American 
Welding Society, Miami, Florida. 

Sheet Metal Welding Code, American Welding Society, 
Miami, Florida. 

Standardlor AWS Certification of Welding Inspectors, 
American Welding Society, Miami, Florida. 

A Ust of EMIIEMC Requirements, Rev. 0, Numatec 
Hanford Corporation for Fluor Daniel Hanford, Inc., 
Richland, Washington. 

Natural Phenomena Hazards, Hanford Site, 
Washington, Revision 1B, Westinghouse Hanford 
Company, Richland, Washington. 

Electromagnetic Compatibility (EMC) - Part 4-2: 
Testing and Measurement Techniques- E(ectrostatic 
Discharge-Immunity Test, International Engineering 
Consortium, Chicago, Illinois. 

IEEE Guide on the Surge Environment in low-Voltage 
(1000 V and less) AC Power Circuits, Institute of 
Electrical and Electronics Engineers, New York, 
NewYork. 

IEEE Recommended Practice on Characterization of 
Surges in Low Voltage (1000.V and Less) AC Power 
Circuits, Institute of Electrical and Electronics 
Engineers; New York, New York. 

IEEE Standard for Withstand Capability of Relay 
Systems to Radiated Electromagnetic Interference 
from Transceivers, Institute of Electrical and. 
Bectronics Engine~rs, New York; New York. 

IEEE Recommended Practice for Eleciric Power 
Distribution for Industrial Plants, Institute of Electrical 
and Electronics Engineers, New York, New York. 
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IEEE Std 142 

IEEE Std 519 

MSS SP-67 

- MSSSP-72 

MSSSP:-82 

NEMAMG-1 

NFPA 70 

SAEJ429 

UBC, 1997. 

Ul50BA 

UL-listed 

Table 2-2: Non-Government Documents (6 sheets) 

IEEE Recommended Practice for Grounding of 
Industrial and Commercial Power Systems, Institute of 
Electrical and Electronics Engineers, New York; 
NewYork. 

Recommended Practices and Requirements for . 
Harmonic Control in Electrical Power Systems, Institute 
of Electrical and Bectronics Engineers, New York, 
New York. 

Butterf1y Valves, Manufacturing Standardization 
Society of the Valve and Fittings Industry, Inc., Vienna, 
Virginia. · ' 

Ball Valves with Flanged or Butt-Welding Ends for 
General Service, Manufacturing Standardization . 
$ociety of the Valve and Fittings Industry, Inc., Vienna, 
Virginia. 

Valve Pressure Testing M(fthods, Manufacturing 
Standardization Society of the Valve and Fittings· 
Industry, Inc., Vienna, Virginia. 

Motors and Generators, National Electrical 
Manufacturers Associl;ltion, Rosslyn; Virginia. 

Nationa/Bectrica/ Code, 2002 Edition, National Fire 
Protection Associa~ion, Quincy, Massachusetts. 

Mechanical and Material Requirements for Externally 
Threaded Fasteners, Society of Automotive Engineers, 
Warrenda!e. Pennsylvania. 

1997 Uniform Building Code, International Conference 
of,BuildingOfficials, Whittier, California. 

Standard for Industrial Control Panels, Underwriters 
Laboratories, Inc., Northbrook, Illinois. 

Electrical Appliance andUtilizatlon Equipment 
Directory; Underwriters Laboratories, Inc., Northbrook, 
Illinois. 

*NOA-1 Ohe relevant requirements of NOA-1 are included in Section 4). 
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3 TECHN_ICAL REQUIREMENTS 

3.1 ITEM DEFINITION 
' . . 

The HEPA filter skid assembly consists of: (1) stainless_.steel . ductwork and 
housings for HEPA filters and test· sections; (2) process· instrumentation and 
termination panels; (3) electrica_l. power components; and ( 4) a support structure 
skid onto which the ductwork and piping system will be mounted and secured. 
Functionally, the H!::PA filter skid- assembly will provide a location for inlet and 
outlet ductwork to receive a conditioned .air stream from a we~· scrubbing system 
and th.en discharge a filtered air stream. It will route the filtered air stream to a 
hi9h-efficiency gas absorber (HEGA) Filter System. Fans • located in a 
downstream system shall be used to provide the motive force for the air stream. 

'fhe upstream (wet scrubbing system) and downstream {HEGA Filter System and 
the Exhaust Fan System) components are not part of this specification. 

The skid assembly shall contain instruments to monitor the . temperature, 
pressure, and other physical characteristics of the air stream. The functions of 
the skid assembly include air stream particulate removal, primary confinement, 
primary support for transportation and movement, and interface connections 
between the skid assembly and other systems of the Bulk Vitrification OGTS. 

3.1 ~ 1 Item Diagram 

The HEPA filter skid assembly shall be designed to comply with Drawings· 
F-145579-00-A-0099,· F-1.45579-00-A-0100, and H-'.14--106796 and Sketches 
DBVS-SK-E103, DBVS-SK-M108, and DBVS-SK-P102 provided in Appendix A. 

Major components of .the HEPA filter skid assembly include: 

1. HEPA filter housings with HEPA filters; 

2. Test section before and after each·of the HEPA filter housings; 

3. ·Inlet .and outlet plenums; 

4. Interconnecting ductwork; 
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5. Manual and air-operated valves and ductwork supports; 

6. Process instrumentation; 

7. Electrical power distribution equipment; and 

8. Condensate Collection System with drain and filtered water interface 
connections. 

Sketches DBVS-:SK-M108 and DBVS-SK-P102 (Appendix A) are provided. for 
illustration of how the DBVS HEPA filter skid assembly is interconnected. 

3.1.2 Interface Definition 

The HEPA filter skid assembly will interface with an incoming air stream from a 
Wet Scrubber System, and the exhaust air stream shall interface with 
downstream treatment units. The HEPA filter skid assembly shall also interface 
with the Electrical Supply System, Monitoring and Control System, a Filtered 
Water System, and a Compressed Air System. System interface· requirements 
for the HEPA filter skid assembly are shown on Drawings F-145579-00-D-0002 
and. H:-14-106796 and Sketches DBVS-SK-E103, and DBVS-SK-M108 
(Appendix A), and the interfacing process and electrical connections noted in 
Table 3-1. The assembled system will .sit on foundation.#13 (see H-14-106796) 
and.interface with other equipment also located on this foundation." 

Process Conditions 

The. process air stream entering the HEPA filter skid assembly originates from · 
the .O~TS Wet Scrubber System. The air stream process parameters are 
_ describect in Section 3.2.1.1. 

3.1.2.2 Process Flange Conne~tions 

The_ piphig connectipns at the HEPA filter skid.assembly are noted in Table 3-1. 
These _piping connections· constitute the·• primary interface between · the 
interfacing systems and the HEPA filter skid assembly. The main inlet- and outlet 

· ·co_nnections shall. be a 16~in. standard 150-lb raised-face-flange connections 
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Table 3-1: High-Efficiency Particulate Air Filter Skid 
· Assembly Interface· Connections (2 sheets) 

.1i~iin~ga!t 
RQ!W§.iPJit§.il1~, 

CP-401 

CP-402 
CP-403 

CP-404 

CP-405 

CP-406 

CP-407 

CP-408 

NIA 

N/A 

N/A 

NIA 

Inlet from the Wet 
Scrubber System 

Outlet to the high
efficiency gas adsorber 
skid 

Compressed Air 
Supply 

• Ductwork Flange Termination: 16-in. 
150-lb RF; ASTM A 105/A 105Mlb>_ 

• Sketch DBVS-SK-M108 
• (Appendix A). 

• 

Ductwork Flange Termination: 16-in. 
150-lb RF, ASTM A 105/A 105Mlbl_ 

Sketch DBVS-SK-M108 
(Appendix A). 

• 1/2-in. threaded coupling, 
ASTMA 105/A 105M1bl, Grade Cwith 
quick disconnect. 

Condensate Collection • 1-in. threaded couplinij, 
Filtered Water Supply ASTM A 105/A 105Ml , Grade C with 

quick disconnect. 

Condensate Collection • 1-in. threaded couplinij, 
Drain via Pump ASTM A 105/A 105M1 , Grade C with 

: quick disconnect. 

Condensate Collection • 
Gravity Drain, 

1-in. threadeq couplini:i. 
ASTM A105/A105M16). Grade C with 
quick disconnect. Secondary 

Condensate Collection • 1-in. threaded coliplinij, . 
Gravity Drain. Primary ASTM A 105/A 105M1 , Grade C with 

quick disconnect. 

Main electrical 
distribution connection 

Motor circuit 
connection (1) · 

Pushbutton station 

(1, as required) 

• External terminal box (480Vac). 

• External terminal box (480V ac). 

• External terminalbox (120V ac) 

Maiffelectrical ground • Grounding Lug 
connection 

OFF-GAS TREATMENT SYSTEM HEPA FILTER SKID ASSEMBL Y·DESIGN AND F-ABRICATION Page 20 of 113 
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Table 3-1: High-Efficiency Particulate Air Filter Skid 
Assembly Interface Connections (2 sheets) 

:1g:ttl\\tti1it 
NIA Main Monitoring and • Generic termination pane!, 

Control System 
connection · 

N/A = nol applicable. RF= raised-face. 

la) All piping connectors shall have a suitable blank cover installed during storage or shipment of the 
· skid assembly. 

!b1ASTM A 1osiA 105M,-Standard Specification for Carbon Steel Forgings for Piping Applications, 
American Society for Testing and Materials, Wesl Conshohocken, Pennsylvania • 

Compressed Air Interface 

Compressed air (filtered and dried) will be provided to the skid assembly at a 
minimum of 5 ft3/min and 90 psig at the Compr~ssed Air System connection. 

Condensate Collection Filtered Water Connection 

A 1·-in. threaded coupling connection with quick disconnect .shall be provided on 
the condensate collection reservoir for Hushing the system. The connection shall 
interface with the project's Filtered Water System. 

Conden·sate Drains 

The condensate shall be returned to the Buyer's waste tanks or- liquid effluent 
tanks . by use of a Seller-provided condensate drain pump. The Condensate 
Collection System ~hall jnclu~e the provision for _a gravity drain of the primary 
and secondary via 1-in. threaded-coupling conr:iections. One-inch threaded
coupling connections with quick disconnect shall: be provided on the condensate 
collection tank pump discharge connection point. 
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3.1.2.6 Skid Assembly Transport and 
Installation Interface 

3.1.2.7 

The HEPA filler skid assembly shall be configured for conventional transport by 
truck over public roads and lifted by crane for installation at the Buyer's 
designated location. The Seller Hoisting and Rigging instructions shall be based 
on calculations performed by the Seller. (see Section 3.3.11.1.8). The HEPA filter 
skid assembly shall be secured during transport and· lift points provided for 
loading an_d unloading the assembly. The skid. shall have a minimum of four 
anchor points designed for 1/2 in. or larger anchor bolts for installation on the 
Buyer's concrete pad. Anchor points and bolts for final skid design will be 
determined by Seller-performed structural analysis ( see Section 3.3.11.1. 7). 

Electrical Connections 

.· A one-line diagram of the electrical connections is shown on Sketch_ 
DBVS-SK-E103. The following subsections describe the connections in more 
detail. 

3.1.2.7.1 480V Power Connection 

The HEPA filter skid shall receive 480V ac power from an external source. One 
.single-phase, 480V ac circuit shall be provided for the transformer and 
distribution panei. 

All 480V ac circuits shall terminate in a terminal box,. located approximately as 
shown in Sketch DBVS-SK-M108. The oµtside cover oflhe terminal box sh~II be 
fabefed in accordance with Sketch DBVS-SK-.E103 (Appendix A). · All terminals in 
·terminal boxes shall be rated for 194 °F (90 °C). 25 percent spare terminals shall 
be _provided in all terminal boxes. 

Power for the transformer shall be routed from the terr:ninaf box .to the disconnect 
· switches for the loads . 

3.1.2.1.2 Grounding Connection 

A grounding tug shall be provided on the outside frame of the skid to facilitate 
attachment of the. skid grounding electrode. The loc~tion of the ·grounding lug 
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shall be shown on the shop drawings and be cle~rly labeled on the skid. See 
· Section 3.3.1.9.3 and Sketch DBVS-SK-E103 for grounding requirements. 

3.1.2~ 7 .3 Monitoring and Control System Connection 

Monitoring and Control System (MCS) functions that are automatic or remote will 
be provided by the Buyer via the instrumentation interface described below. The 
local monitoring and control functions for the HEPA filter skid shall include: 

1. Operation of -the_ isolation butterfly valves from a local control station. · The 
station will provide clear indication of valve position such-that the operator 
can quickly identify the active train. · 

2. Differential pressure will be read locally. The pressure instrumentation, 
identified by the Buyer, provides switches -for high. and low set-points. 
These switches will be run to the termi_nation panel. 

The Seller shall provide an interface between the physical instruments and 
components with the use of a Seller-provided termination panel mounted on the 
skid. The conduit and penetration to and from the termination panel shall be 
sized 1-in. diameter larger than the required field wiring size, and shall not be 
sealed internally. This will allow unforeseen wifing needs to be added to the 
conduit or penetration during construction: Ttie termination panel shall have a 
20 ·percent spare capacity. 

Each HEPA filter skid MCS connection shall be capable of operating the 
contained process and utility e_quipment from either a 24V de, or 120Vac. 
termination. Solenoid valves shall be 24V . de. The · MCS instruments or 

. components are shown on the HEPA filter skid assembly P&ID (Appendix A). 

See Section 3.3.1.15 for MCS termina_tion .details . 

. 3.2 CHARACTERISTICS 

The-characteristics· (e.g.,"functional, physic.al, arid environmental) that the HEPA 
_filter skid assembly ·must comply with to satisfy the ·requirements of this 
Sl)ecification · are described hi the ·following subsections_ and· on _data sheets 
provided with this Specification. 
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3.2.1 Functional Characteristics 

3.2.1.1 

3.2.1.2 

The HEPA filter skid assembry shall be designed to filter a conditioned air stream 
to ·remove particulate and dirett the filtered air stream to additional treatment 
units downstream. 

Air Stream Properties 

The air stream properties entering the HEPA filter skid assembly are provided in 
Table3-2. 

Table 3-2: Air Stream Properties 

Nominal Flow Rate: 

Static Pressure: 

Temperature, minimum/maximum at inlet: 

Relative Humidity, maximum at inlet: 
Nominal Chemical Components 

ppmV = parts per million by volume .• 
w.g. "' water gauge. 

Performance Range 

Design Flow Rate = 4;800 acfm 

Design Pressure = -94 in. w.g. 

1a1 °F (75 °c)1200 ":F (93 °C) 

70% 
_ HF 0.02 ppmV 
SO2 2ppmV 
NO,. 5,600 ppmV 
HCI0.2 ppmV 

Characteristics and requiremerits for the HEPA filter skid assembly shall be as 
specified in the following subsections. 

3.2.1.2.1 Air Stream Transfer Rate and Pressure 

The HEPA filter skid assembly -shall be desig_ned for a nominal 4,800. acfm, 
+10to 0 percent, or ·equivalent total mass flow of saturated air over·its entire 
range of operating-conditions.: The nominal static pressure, as seen at the HEPA 
(ilter outlet flange, is prov~ded in Table: 3-2. This value shall be us~ to determine 
system de.sign pressures. 
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3.2.1.2.2 Air Stream Particulate Removal Performance 

The HEPA Filter System shall remove particulate from the incoming air stream in 
accordance with ASME AG-1, 

3.2.1.2.3 Intermittent Pressure Requirement 

· 3.2.2 

The piping for the Condensate Collection System transfer pump discharge shall 
be designed to withstand a maximum pump shutoff head as determined by the 
Seller. The condensate collection piping in· this portion of the skid shall be 
evaluated for this intermittent condition in accordance with the ASME B31.3 
piping code for "Normal Fluid Service. 0 Piping connecting the filtration train 
housings and the collection reservoir shall be designed for the static pressure in 
the trains. 

Physical Characteristics 

The HEPA filter skid assembly with associated supports, piping, instruments, and 
electrical infrastructure will be placed onto a concrete foundation (see Foundation 
#13 on Drawing H-14-106796). The width shall allow for at least a 1-ft clearance 
on each side of the skid. The length shall be minimized to the extent practical. 
The HEPA filter skid assembly shall not exceed 3,000 psf load limit for assembly 
footprint. 

3.2.3 Reliability 

All HEPA filter skid assembly equipment including, but not limited to, the piping, · 
pumps and motors,· casings, shafts,. valves, bearings,· seals, and fasteners shall 
have a minimum service life of 2 years and a design life of 5 years. 
Documentation to demonstrate this requirement is met shall be collected and 
prepared by the Seller. Documentation shall be submitted to and verified by the 
Buyer before fabrication. 
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Maintainability-

Maintainability characteristics that affect the design (lubrication, parts 
. replacement and repair, ~pares, modular construction. test points; etc.), 
including, but not limited to, shall include the following: 

1. Maintenance and Repair Cycles. The Seller shall specify frequency or 
availability requirements for maintenance of · the component 
(e.g., scheduled maintenance every 40-operating hours}. 

2. Service and· Access. The Seller shall specify requirements for ease of 
service {access openings/spacing, self-test capability, inspection windows, 
test fixtures, sealed bearings, etc.). l~clude requirements for service 
(remove and replace only, bencli repair. special tools, remote 
handling/maintenance, etc.), and for capability of the item to be drained, 
connected, discharged, etc. Adequate working space shall be provided 
around all electrical equipment in accordance with the NEC® {NFPA 70). 
Critical equipment, instrumentation, or high maintenance items shall be 
accessible for ease of inspection and removal and replacement. Adequate 
space and accessibility shall be provided for removal and replacement of 
individual instruments or equipment without removal of adjacent equipment. 
Valves, test points or ports, and calibration adjustments shall be accessible. 

3. Decontamination. All components in contact with processing fluids must be 
capable of being decontaminated and ultimately decommissioned, 
dismantled, and disposed of as radioactive waste. All material and 
equipment shall be fabricated and installed to facilitate routine removal, 

. cleaning, or decontamination. Attention shall be paid to eliminating 
crevices and obtaining smooth weldments through the entire process flow 
stream. 

4. Spares and· Soare Parts. The Seller shall specify identification of 
recommended. spares and spare rarts and provide a listing to th~ Buyer. · 

5. · Special.Tools. The system shall facilitate maintenance with commercially 
avaiiable tools, wherever possible. The Seller shall furnish all special tools 
unique to the Seller's equipment that are necessary for installation, startup, 
operation, maintenance, and adjustment of the equipment and accessories 
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furnished. by the Seller. The special tools become the property of the 
Buyer. If supplied, the Seller shall also provide a list of all special tools 
furnished, identifying the function of each tool and the specific item(s) for 
which the tool is used. The Seller shall also indicate if the tool is required 
for assembly,. disassembly, installation, startup, operation, maintenance, or 
adjustment. The Seller shall provide detailed drawings or procurement 
information for the special tools. 

6. · Maintenance Considerations. The design of the assembled system shall 
follow a minimum maintenance philosophy (i.e., selection of components 
should take into consideration potential maintenance in addition to other 
considerations). Components shall be designed to allow handling a.nd 
mainten.ance by personnel outfitted in protective clothing and gloves. 
Components shall also be designed so they can be removed and replaced 
in a modular manner. 

7. Lock and Tag. Both mechanical and electrical systems shall be designed 
to be locked out and tagged out during maintenance actions. Where 
applicable, the Seller shall identify on fabrication drawings those 
components which have a built-in feature that support the applicatioff of a 
lock and tag. 

8. Standardization. To the extent practical, common components shall be 
used to minimize spare parts, .tools, and procedures. Fastener size~ drive 
size and type shall also be standardized to effect maintenance with a 
minimum number of tools. 

·3.2.5 Environment 

The HEPAfilter skid assembly shall be designed to operate and be stored in the 
climatic and environmental conditions listed in Table 3-3. 
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Table 3-3: Environmental Conditions 

Ambient air temperature 
range la) • 

· Relative humidity range1a> 
Maximum precipitation<a) 

Sand and dust 
concenlrations<a> 

Solar radiation<al 

Heating and cooling basis 
wind factors other than those 
noted above 

~l~l~!l~t}teffi.yif?.nli1:in1[tf~w,;JJ!!Pi\,i~,-
-25 to 115 °F with a maximum 24-h differential of 52 opb) 

Near 0 to 100% 

2.5 in. in a 6-h period 

1.1 O x 10·5 lbm/ft3 with a size of 150 µm or less 

900 langleys, distributed over a 12-h period 

Derive from ASHRAE Fundamentals Handbook<c> for the 
· Hanford Site 

(a}HNF-SD-GN-ER-501, Natural Phenomena Hazards, Hanford Site, Washington, 
. Revision 1 B, Westinghouse Hanford Company, Richland, Washington. 

1h>rhe system is not expected to operate below O °F, only provide freeze protection below 
0 "F. . . 

<c>2001 ASHRAE Handbook - Fundamentals, American Society of Heating, Refrigerating, 
and Air Conditioning Engineers; Atlanta, Georgia. 

3.2.6 Transportability and Storage 

The assembled system shall be designed to facilitate relocation to the final 
destination at the Hanford Site. 

1. The assembled system shall .be capable of being moved by crane or truck 
without modifications. 

2. Lift points shall be provided for the lifting and handling of equipment and 
components. 

3. The assembled system packaging shall support: the equipment so it cari 
~ithstand a 0.75-gravity {forward), hard-braking stop, and a rearward 
-acceleration . of 0.25 : gravity, as well as, shock and vib~ation loads 
associated with transportation. 

4. The assembled ·system and any accessories shall be sized for transport 
using local roadways c!rid freeways (i.e., less than 12 ft wide .• 53 ft long, and 
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1~1/2 ft tall, as shipped). The height limit may be relaxed based on design 
requirements. but must not exceed limits allowed for road transportation. 

5. The assembled system shall- be stored and • operated outside · of an 
extended period of time. five years maximum. and will be exposed to the 
environmental conditions found at the Hanford Site as · identified in 
Section 3.2.5. 

3.2. 7 Safety 

The equipment shall be designed to maintain the safety of operators and the 
general public. The Seller shall provide all necessary guards, lockouts, and other 
safety equipment for safe operation as required under 29 CFR 1910. 

3.3 DESIGN AND CONSTRUCTION 

3.3.1 Parts/Materials/Processes 

· It is the Seller's responsibility to develop a complete .data sheet for the 
components identified in the Seller's design drawings. Completed data sheets, 
as well as vendor information (catalog cut sheets, vendor drawings, etc.) for 
components shall be developed by the Seller. The Seller shall provide data 
sheets and catalog cut sheets for all major components. The data ·sheet format 
shall be in conformance with the Buyer supplied forms contained in Appendix_ C · 
(electronicforms can be provided by the Buyer). 

Component substitutions may be proposed by the Seller on the fabrication 
drawings fqr approval by the Buyer. Substit_utions will be considered if ·a 
component is no longer available, or the proposed substitution improves the 
design, reduces cost, or improves the production schedule. 

Only new parts and materials shall be used-for.the assembly. Used, surplus, or 
reconditioned parts and· materials are prohibited. 

All components shall be installed in accordan_ce with man·ufacturer's instructions~ 
If conflicts arise with the specified components or component interfaces (line . . 

sizes, fittings, electrical- requirements, etc.) during design-and fabrication, they 
shall be brought to the attention of the Buyer for resolution. 
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No aluminum or "yellow" metals are to be used. No beryllium shall be present 
No asbestos containing materials shall be used. Exposed polymer materials 
shall be constructed of anti-static materials. 

Lead shall not be used unless· the lead is fully encapsulated and identified ~ith a 
permanent tag. Polychlorinated biphenyls shall not be used in the design of the 
assembled system. 

Components . 

All equipment and components shall have an equipment identification number 
(.EIN) provided by the Buyer,. consistent with Sketch DBVS-SK-P102. Th~ air 
stream handling components shall be configured on the support _skid as indicated 
on the P&ID. 

The HEPA Filter System components shall be fabricated and/or assembled to 
meet the latest requirements of ASME N509, ASME N510, and ASME AG-1. 
Where conflicts occur, ASME AG-1 takes precedence. 

3.3.1.1.1 High-Efficiency Particulate Air Filter Housings 

1. The filter housin~s shall be designed, fabricated, and/or assembled to meet 
the latest requirements of ASME AG-1 (Section HA). 

2. These filter housings shall be a Flanders BF Series™, 2 x 2, Type 1, right 
and left acc.ess for a side-by-side design. The housings shall be fabricated 
from 11, 12, or 14 gauge (as required), ASTM A 240/A 240M, Type 300-
series stainless steel with a 2-B mill finish. All welded components shall be 
fabricated from Type 300.:.series stainless steel, Grade L. 

.3. Housing hardware. material. shall meet. the requirements for Type 300:,:series. 
stainless steel, · excluding the access · door knobs which shall be cast 
aluminum. 

4.. . The filter housings shall not exceed a nominal· depth of 25 in. in the 
direction of airflow. 

OFF-GAS TREATMENT SYSTEM HEPA FILTER SKID ASSEMBLY DESIGN AND FABRlCATION 
21-0ec-04 · · · 

Page 3~ of 113 

G5-48 



--------~ 

RPP-24544 REV ld 

gy amec.0-
TECHNICAL SPECIACATION 

PROJECT; Final DBVS Design 145579-D-SP-036 I REV.1 

PROJECT No.:· 145579 
OFF-GAS TREATMENT SYSTEM HEPA 

FIL. TER SKID ASSEMBLY 
CLIENT: AMEC E&E - Richland, Washington DESIGN AND FABRICATION 

5. All •pres~ure retaining" weld joints and seams shall be 100 percent 
continuously welded. Weld joints and seams shall be wire brushed or 
buffed after final nondestructive examination (NDE)/inspection as required 
to remove heat discoloration, oxidation, aH burrs, and sharp edges. 

6. Each housing shall be insulated to a nominal thickness of 2 in. using 8-lb/ft' 
mineral wool insulation (the_ Seller shall verify insulation thickness by 
calculation). The insulation shall cover the sides, top, bottom, and access 
doors for the housings and shall fill, to the ma~imum extent practical, the 
external housing voids. The insulation shall be permanently sealed into the 
housing by the welded installation of 11 or 12 gauge, ASTM A 240/A 240M, 
Type 300-series stainless-steel false panels. All welded components shall 
be fabricated from.Type 300-series stainless steel, Grade L. Insulation not 
required between housings if the sections are stacked. 

7. Each housing shall each accommodate four Flanders GG-F Fluid Seal™ 
:(24 in. by 24 in. by 11-1/2 in.), Type B (Nuclear Grade) HEPA elements. 
Filter-to-housing seal shall be effected by means of a "knife-edge" frame in 
the housing that ends with a continuous perimeter channel on the face of a 
filter that has been filled with a viscous, ,nondrying fluid. The filters shall not 
require any special attachments or devices to function correctly within the 
housings. 

· 8. Each filter housing shall be equipped with two static pressure ports for 
connection to the instrument. The ports shall be. located upstream and 
dow!'lstream of the filters. The port fittings shall be 1/4-in. Schedule 40, 
seamless, _ sta.inless-steel pipe meeting _the requirements of · 
ASTM A 312/A 312M, Type 300-series stainless steel. _All welded 
components shall be fabricated from Type 300-ser:ies stainless steel, 
Grade L. The pprts shall extend a minimum of 1 in. beyond the insulation 
.false panel and threaded to accept a 1/4-in. female national pipe thread 
(FNPT) fitting. 

9. Each filter housing shall ~e equipped with a temperature port. The port will 
be located-.directly iri f~ont of the HEPA filter. The port fitting shall- be 1-in. 
Schedule 40, seamless, ·stainless-:steel· pipe meeting the requirements of 
ASTM A .312/A 312M, Type 300-series stainless steel. All welded 
components shall ·be fabricated from Type 300-series stainless steel, 
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Grade L. The port shall extend a minimum of 1 in. beyond the insulation 
false panel ~nd threaded to accept a 1-in. FNPT fitting. 

10. ·Each filter housing shall be equipped-with a port for installation of a level. 
switch. The port will .be located to allow the insertion of the instrument at 
the lowest poirit within the housing and near the drain. The port fitting shall 
be a 1.5-in. · Schedule 40, seamless, stainless-steel pipe meeting the 
requirements of ASTM A 312/A 312M, Type 300-series stainless steel. All 
welded components shall be fabricate~ from Type 300-series stainless 
steel, Grade L. The port shall be threaded to accept a 1.5-in. FNPT-fitting. . ~- . 

11. Each filter housing shall be equipped with a floor drain centered at · the 
bottom of the housing. The drain shall be 1-in. Schedule 40, seamless, 
stainless-steel pipe meeting the requirements of ASTM A 312/A 312M, 
Type 300-:-series stainless steel, All welded componE:nts shall be fabricated 
from Type 300-series stainless steel,-Grad~ L. 

· 12. A toggle or over-center ("Davis-Lok") type filter clamping assembly or 
locking tray shall be used to secure the fi_lters in the housing. The clamping 
assembly shall apply a sealing force that is even and uniform across the 
top and bottom of the filter. The clamping assembly or locking tray shall be 
replaceable. 

13. Each housing shall be equipped with an access port for the filter. 

14. . The filter clamping as$emply or locking tray shall be accessible from the 
access port and shall be operable .through any containment change-out 
ba·gs. 

15. · Each housing shall be equipped with filter removal rods to·draw the filters to 
the change-out position. The remov;3I rods shall be operated from inside 
the: change-out bag, and the fillets shall_ be remo'(ed by_ pulli!")g against the 
bottom of the· filter frame. There. sh al! . be no penetration through the . 
housing for op~ration. of the reniovar·rod; All change-out operations shall 
be.within ·the bag so there· is- a barrier between the worker and the filter at 
all limes. 
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16. The access port shall be equipped with a containment change-out bag 
adapter. The adapter shall be welded to the housing. The welded · 
joints/seams used to fabricate and secure the change-out adapter to the 
housing shall be considered 0 pressure retainingn joints and shall be 
100 percent continuously welded. The adapter shall be hemmed or rolled 
on its outer edge ·and include two continuous ribs .. The ribs are required to 
hold the containment bag elastic cord and/or safety strap during filter 
bag-in/bag-out procedures. 

17. A containment change-out pag shalt be provided for each access port that 
meets the air stream conditions of Section 3.2.1-.1. The bags shall be 
nominal 5 mils thick, translucent, and have elastic O-ring ( compatible with .. 
the maximum bag temperature) hemmed into the open-end of the bag. 

18. A nylon safety strap shall be provided with the bag to prevent the bag from 
slipping off of the access port bag adapter during filter bag-in/bag-out 
procedures. 

19. A nylon-cinching strap shall also be provided with the bag to "tie-off' the 
bags slack when the housing door is installed and the unit is operational. 

20. The_ access port shall include a removable door assembly that encloses the 
access port, the bag adapter, and the bag with.its acce_ssories. 

21. The door shall include a minimum of four tie-down latches. The latches . 
shall be designed in ·such a manner. as not to impede the bag-in/bag-out 
process. 

22. The door shall include.a continuous-rubber.lip on•its·perimeter that affects a 
p·ositive "compression" seal· between the door and the housing. 

23. The door shall_ interface with the- housing in ·such a manner th.at lh.e door 
cannot. be closed or installed Until the filter .-is. correctly. installed. in the 
housing and the· clamping· assembly or locking tray is fully ended. 
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3.3.1.1~2 Test Sections 

1. The test section housings shall be fabricated and/or assembled to meet the 
latest requirements of ASME AG-1 (Section HA). 

_2. The inlet test section shall be a Flanders™ test "inlet" section, type 1 
arrangement for a BF Series™, 2 x 2, type 1, right and left access for a 
side-by-side design. One inlet test section shall be located upstream of the 
first bank of HEPA filters. 

3. The combination test section shall be a Flanders™ test "combination" -
section, type 1 arrangement for a BF Series™, 2 x 2, type 1, right-hand 
access for a top and bottom stacked design or right and ieft access for a 
side-by-side design. One combination test section shall be located 
between the- two b;,rnks of HEPA filters. 

4. The outlet test section shall be a Flanders™ test. "outlef section, type 1 
arrangement for a BF Series TM, 2 x 2, type 1, right and left access for a 
side-by-side design. One outlet test section shaH be located downstream of 
the second bank of HEPA filters. 

5~ The test sections.shall be fabricated-from 11, 12, or 14 gauge (as required), 
ASTM A 240/A 240M, Type 300-series _stainless steel with a 2-B mill finish. 
All· welded components shall be fabricated from Type 300-series stainless 
steel, Grade L. 

6. . The test sections shall not exceed a nominal depth of 28 in. in the direction 
of airflow. 

7. Test section hardware · material shall meet the requirements for 
Type 300-series stainless steel. 

8 · lhe differential pressure drop across each of the test sections -_shall -not 
exceed 0.75" w.~. at the rated capacity of tlie HEPA filter assembly. 

9. All "pressure retaining" we_ld_ joints · and seams shall be 100 percent 
continuously welded._ Weld joints .and seams shall be wire brusl:ted or 
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buffed after final NOE/inspection as required 'to remove heat discoloration, 
oxidation, all burrs, and sharp edges. 

10. The test sections shall be insulated . to a nominal thickness of 2 in. using 
8-lb/ft3 mineral wool insulation. The insulation shall cover the sides, top, 
and bottom of the test sect!ons and shall fill, to the maximum extent 
practical, the external housing voids. . The insulation shall be per!Tlanently 
sealed into the housings by the welded installation of 11 or 12 gauge, 
ASTM.A 240/A 240M. Type 300-series stainless-steel false panels~ All 
welded components shall be fabricated from Type 3_QO~series stainless 
steel, Grade L. 

11. The test sections. shall be constructed in sueh a manner to allow HEPA 
filler "in-place" testing in accordance with the requirements of ASME AG;.1 
(Article FC-5120) and ASME N510 (Section 10) outside the system using 
apparatus and devices which are supplied as an integral part of the test 

· section. Ports shall be identified and specified by the Seller. Apparatus 
and devices shall include as a minimum: 

a. Inlet test section - challenge aerosol inlets, mixing apparatus 
(diffusers) and upstream sample outlets. 

b. Combination t~st section - downstream mixing apparatus (diffusers) 
and sample .outlets for the upstream filters,· plus challenge aerosol 
inlets, mixing apparatus (diffusers), and upstream sample outlets for 
the downstream filters. 

c. Downstream sample· oull~ts -· challenge aerosol inlets, mixing 
apparatus (diffusers) and upstream.sample outlets. 

d. · Apparatus and devices that make up the test sections shall meet the 
intent of the nonmandatory design' guidelines· of ASME AG-1 
(Appendix HA-C) ·and A~ME N509 (Appendix C). 

e. Apparatus and devices that· make up. the test sections shall be 
designed to allow qualification .testing of the apparatus and devices in 

. ac~ordance with A~ME AG-1 (Appendix HA-D) and ASME N510 
(Section 9), as required. 
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12. The· test sections shall be equipped with a floor drain centered at the 
. bottom of the housing. The drain shall be 1-in. Schedule 40, seamless, 

stainless.,steel pipe meeting the requirements of ASTMA312/A 312M, 
Type 300-series stainless steel. All welded components shall be fabricated 
from Type 300-series stainless steel, Gra~e L. 

13. The inlet and combination test section shall each be equipped with a 
temperature port. The port will be located so that the installed instrument 
does not impact the required air ·flow pattern in each section. The port 
fitting shall be 1-in. Schedule 40; seamless, stainless-steel pipe meeting 
the requirements of ASTM A 312/A 312M, Type 300-series stainless steel. 
All welded components shall be fabricated from Type 300-series stainless 
steel, Grade L. · The port shall extend a minimum of 1 in. beyond the 
insulation false panel and threaded to accept a 1-in. FNPT fitting. 

· 14. The inlet test sections shall. be equipped with a coupling (size and type 
determined by the -Seller) for the vent line from the condensate collection 
system. 

3.3.1.1.3 Transition Plenum Sections 

' ' 

1. The HEPA filter skid assembly will require.one filter housing inlet transition 
plenum section and one filter housing outlet transition plenum section for 
each filter train. The plenum housing sections shall be fabricated and/or 
assembled to meet the latest requirements of ASME AG-.1 (Section HA) 
and to support 150 percent of their own finish~d weight when mounted to 
the housing/t~st section. 

2. The transition sections shall be fabricated from 10, 11, or 12 gauge (as 
required), ASTM ·A 240/A 240M, Type JOO-series stainless steel with a 
2-B mill .finish. All welded components shall be fabricated from 
Type 300-series stainless steel, Grade L. The flanges shall be, at a 
_minimum; 150-lb raised-face flanges and · meet the requirements of 
ASTM A 182/A 182M. 

3~ The transition sections shall be all welded .construction and fabricated- in 
accordam~e with the housing/test section manufacturer's standard 
fabricati9.n. processes . 
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4. All apressure retaining" weld joints and seams shall be 100 percent 
continuousiy welded. Weld joints and seams shall be wire brushed or 
buffed after final NOE/inspection as required to remove heat discoloration, 
oxidation, all burrs, and ~harp edge·s. · · 

5. The transition sections shall be insulated to a nominal thickness of 2 in. 
using· 8-lb/ft~ mineral wool insulation. The insulation shall cover the sides, 
top, and bottom of the transition sections. The insulation shall be 
permanently sealed into the transition by the· welded installation of 11 or 12 · 
gauge, ASTM A 240/A 240M, Type 300-series stainless-steel false panels. 
All welded components shall be fabricated from Type 300-series stainless 

. steel, Grade L. · 

3.3.1.1.4 Inlet Spool Section 

1. The skid assembly will require one inlet spool section. The inlet spool 
section· shall be fabricated and/or assembled to meet the latest 
requirements of ASME AG-1 (Section SA) and to support 150 percent of its 
own weight when mounted to the HEPA filter housings. 

2. The inlet spool section shall be fabricated from a mm1mum of 16-in. 
Schedule 1 o, straight· seam welded stainless-steel pipe meeting the 
requirements of ASTM A 312/A 312M, Type 300-series stainless steel. The 
specific pipe schedule shall be based on structural analysis for assembly. 

· All-welded components shall be fabricate~ from Type 300-series stainless 
steel, Grade L. The· flanges shall be, at a minimum, 150-lb raised-face 
flanges and meet the requirements of ASTM A 182/A 182M. 

-3. Alf "pressure reiaining" weld joints and seams shall be 100 percent 
continuously welded. VV~Id joints and seams shall be wire brushed or 
buffed after final NOE/inspection as required to remove heat discoloration, 
oxidation, all burrsi and sharp edges._ . 

· 4. The inlet spool shall be equipped_ with one static pressure port. The port 
shall. b~ located on the top of the spool section. The port fitting shall be 
114-in. Schedule 40, seamless, stainless-steel pipe ·meeting the 
requirements_ of ASTM A 312/A 312M, Type 300-series stainless steel. All 
welded components shall be .fabricated from Type 300-series stainless 
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steel, Grade L. The port length shall be long ~nough to allow for insulation 
to be added to the inlet spool section at time of HEPA filter skid assembly 
installatiOn and be threaded to accept a '1/4-in. FNPT fitting. 

3.3.1.1.5 . Valves and Installation 

1. Component data sheets for the air-operated and manual valves are to be 
provided for as listed in the -Bidder's Drawing and Data Commitments sheet 

. (Appendix D). Valves shall be of a compatible material with respect to the 
attached piping. 

2. All valves shall be pressure tested for tightness of shell and seat as foll~ws: 

a. Shell Test.· No .leakage in the valve pressure boundary above 
limitations stated in MSS SP-72 and MSS SP-82 is permitted. 

b. Seat Test. No leakage past valve resilient seats above limitations 
. stated in ASME AG-1, ANSI FCI 70-2. (for Class VI), or MSS SP:-72 
. and MSS SP-82, as applicable, is permitted. 

3. Valve leak test reports shall .be prepared and submitted to the Buyer for 
review and approval. 

4; All valves shall be installed per manufacturer's. ins.tructions. 

5. Valves used to isolate the condensate collection system lines shall · 
accessible for operation· and maintenance. 

6. · Seller . shall review manufacturer's supplied ·information for unique 
installation. requiremen~s an_d request written clarification if installation· 
requirements do not match the de.sign. 

7. Butterfly valves shall be used to isolate the inlet of HEPA filter skid 
· assembly. . lso!atiori v.,:ilves shall meet the design requirements of ASME 
831.1 and MSSSP.:67 (use of ASME B31.1 as allowed per ASMEAG-1, 
Section DA). ls9lation valves shall be Keystone™, Bray® Series 20 or 40 
(with MSS SP-67 body and seal testing) . or .approved equivalent, with 
Type 316 stainless-steel body, disc, and stem. Stem packing· shall be 
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Teflon® and the resRient seat shall be Buna N®. The stem bushing shall 
be RFTF/Fiberglass Epoxy. Valves shall meet the requirements of 
ASME N509 for leakage Class- I and shall be individually tested in 
accordance with ASME N509. 

8. A 16-in.·(minimum) valve shall be located before the inlet to the HEPA filter 
housing transition section. Re~ch handles shall be provided if easy access 
to the valves is not attainable. 

9. All instrumentation shall have the capability to isolate the pressure 
instruments from the plenum atmosphere to allow for calibration testing." 

3.3.1.1.6 Expansion Joint 

An expansion joint shall be provided at a location upstream of the HEPA filter 
skid assembly inlet header. 

3.3.1.1.7 · High-Efficiency Particulate Air Filter Skid 
Assembly Base 

1. The HEPA filter _skid assembly will require a structural base that supports 
the system components as well as any required electrical and 
instrumentation and control· components. A single base shall be provided 
for a dual vertically stacked HEPA filter skid assembly design. 

· · 2. The skid shall -be fabricated fr-om ASTM A 36/A 36M carbon steel or a 
. Buyer-approved substitution. 

3. The HEPA filter base shall be all welded construction. Joints and seams 
shall be· wire brushed or buffed. after final NOE/inspection as required. to 
remove heal discoloration, oxidation, all burrs, and sharp edges. 

4. The skid Will be designed to be· portable allowing the system to be moved 
by crane and truck. Lift points shall be provided for lifting and handling_ 
rigging, and attachment of "load binders (transportation). Any_ spreader bar· 
or special :Jifliilg device shalt be provided and lpad tes.led in accordance 
-with DOE/RL:-92-36. · The lift points shall be designed to lift the gross weight 
of the unit. The lifting points and \he gross weight of the unit shall be 
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identified on the skid. The skid shall identify the approximate center of 
gravity of the assembly for lifting and handling. 

3.3.1.1.8 Condensate Drain and Collection System 

1. The system shall drain and capture any condensat~ located in the HEPA 
filter skid assembly housings and then pump liquid to the Buyer waste 
collection tanks. The drain system· will need to operate effectively at the 
maximum negative pressure capacity of the exhaust system (i.e., valves 
.isolating drain lines shall be rated to the pressure differential to prevent 
leakage and. connecting piping rated for expected static pressure). 
Individual lines from each drainage point in the system shall be sloped a 
minimum of 1/8 in. per foot to the condensate collection reservoir. 

2. The Condensate Drain Collection System pump shall be capable of 
pumping a minimum of 1 gal/min through a minimum 120 ft of head loss 
and elevation changes through equivalent 1-in. Schedule 40 piping. The 
collection system shall include a manual sight glass, pump local controls, 
and level monitoring controls. 

3. The collection system shall have penetrations for a 1-in. JPS valved fill port, 
1-in. IPS valve for drainage of the primary via pump to the Buyer's storage 
tanks, and 1-in. IPS drains to atmosphere (total drainage) for the both the 
primary and secondary containment. The collection system design shall 
include a vent to release air pressure.from the h~adspace to accommodate 
filling and level measurement of the collection system. The vents shall. be 
route~ from the top of the collection system back to a vent coupling located 

· on the inlet test section of each filter train. -vent size and connection type 
determined by the Seller. Secondary containment shall be provided for the 
collection system. Both primary and secondary containment will have 
penetrations compatible with the liquid level instrumentation provided by 
the Seller that meets the reqi.Jiremen~s in Section 3.3.1.1.13. The collection 

· system assembly shall be fabricated from ASTM A 240/A 240M, Type 
304L, using all welded and flanged end construction. 

4. . The collection system· piping materla.ls and construcfion shall conform to 
the. requirements of ASME B31.3, ·chapter Ill. The piping shall be 
ASTMA312/A 312M, Grade TP, Type 304L ~nd fittings shall be 
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· ASTM A 403/A403M, Class WP, Type 304l. All piping shall be pressure 
tested in accordance with .ASME B31.3 as an assembly with the filter 
housing.-

. ' 

5. The drain lines and collection system shall be heat traced; insulated; and 
weather protected to ensure freezing cannot occur. The inspection of heat' 
tracing shall be performed before insulation is applied. 

6. The drain lines shall be protected by grating, or similar, from personnel 
standing on the drain· lines anct damaging the piping, heat trace, · or 
insulation. 

7. The collection system reservoir shall have a minimum working capacity of 
30 gallons: The Seller shall take into consideration sloping requirements, 
physical constraints, and requirements for the pump and · installed 
instrumentation for determining actual size and configuration. 

3.3.1.1.9 Thermal Insulation Material Requirements 

1. The collection system shall be insulated with ultra-violef resistant, closed 
cell insulation to resist retention of, and degradation by; water. Closed-cell 
insulation shall be painted in accordance with the manufacturer's written 
instructipns. 

2. The. insulation material shall have a minimum "R" value of 6 and shall meet 
the requirements of the Midwest Insulation Contractors Association for 
materials, design, and application, and shall not interfere with the operating, 
testing, maintenance, and service of any components or systems. 
-Insulation shall be removable and re-installable from components requiring 
periodic maintenance and. inspection; Insulation material shall be free of 
halogenated hydrocarbons. 

3. • N~ Certified. Material Test Reports · (CMTR) are required for insulating 
materials or- accessories. Copies of Certificates of Conformance (CoC) 
shall be provided: 
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3.3.1.1.10 Skid Assembly Instrumentation and Control 

All of the skid assembly instrumentation shall comply with the ASME AG-1 
(Section IA) and the NEC® (NFPA 70). 

All _instruments, temperature sensors, and velocity probes shall be capable. of 
2 percent accuracy (of full scale) or better. 

3.3.1.1.11 Pressure Monitoring 

The skid assembly shall be equipped with a differential pressure system that 
measures filter performance. The differential pressure indicating instruments 

· shall measure the differential pressure across the first HEPA filter and the 
second HEPA filter. The skid assembly shall also be equipped with a pressure 
indicating instrument that measures the pressure at the inlet plenum. 

3.3.1.1.12 Temperature Monitoring 

· Air stream temperature monitoring system shall consist of 100 ohm platinum 
resistance temperature detector (RTD) probes (see Sketch DBVS-SK-P102, 
Appendix A, for number and location). The RTDs shall be installed in 12-in.-deep · 
thermowells. 

3.3.1.1.13 Liquid Monitoring 

The Con.densate Drain Primary Collection System shall have a level instrument 
with local ala~ for high or low level~. The liquid level alarm{s) ·will be 
determined during design based on the configuration and volume of the Seller
designed · coridensate collection reservoir. The secondary containment shall 
have a level instrument set to detect the presence of. liquid . in the secondary 
containment volume. 

3.3.1.1.14 Freeze Protection 

Freeze protection shall be installed on each of the condensate lines and on- the 
collection system reservoir. Heat trace shall be separated ·in . at least · two 
sections and shall. provide· indication that the heat trace is operating correctly. 
The heat-trace system shall be thermostatically controlled · to energize when ·the 
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temperature drops below freezing. Heat;.trace inspection and testing shall be 
performed before addition of the insulation. · 

Piping - Design 

Piping systems for the system and interconnecting piping for the Condensate 
Collection, Filtered Water and Compressed Air Systems shalt be designed, 
fabricated, inspected, examined, and tested in accordance with the ASME 831.3 
piping code for uNonnal Fluid Service." Piping systems include all piping 
components and supports. The minimum design pressure for the HEPA filter 
skid piping and components, including instrumentation shall be determined by 
the Seller for the design flow rate. The design temperature shall be determined. 
by the Seller for the design flow rate taking into account insulation, air stream 
temperature, and environmental conditions. 

Piping-Line Routing 

The proposed installation layouts shall meet the requirements of the 
ASME B31.3 piping code for "Nonnal Fluid Service." 

The Seller shall provide detailed fabrication drawings of the required piping, 
including welding details, for review and approval. 

Piping - Vents and Drains 

High-point vent(s) shall ·be installed as required for venting air in preparation for 
testing or operation. Low-point drain(s) shali be installed as required for draining 
the system before maintenance or lay-up. Eliminate _low spots to minimize · 
freestanding liquids in the piping. Gravity draining of the piping system is 
preferred. The Seller shall provide basis for draining· method if other than gravity 
draining. · 

Piping - Pipe and Equipment Supports · 

Piping attached to equipment shall be instailed With fa_steners made finger-tight 
until alignment is achieved, at which time all fasteners shall be tigJitened. 
Tightening torque-shall be that which is recomfTlended by the ASME B31.3 piping 
code for "Normal Fluid Service," or gasket" manufacturer recommended torque 
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values for the gasket system used. Flange assembly and bolting shall be 
performed in accordance with ASME PCC-1. Piping support bolting shaH be 
installed and torqued in accordan~ with m_an,ufacturer's recommendatic>ns. 
Inspection documentation shall be provided as evidence of proper bolt torquing. 

Piping and equipment shall be supported by pipe supports attached to the skid 
using structural shapes or strut. The Seller shall develop detailed fabrication 
drawings of the required piping _and equipment supports, including welding 
details. Location of frames members and supports. shall be based on analyses 
performed by the.Seller (see Section 3.3.11.1 for required analyses). 

All piping supports shall conform to the ASME B31.3 piping code for "Normal 
Fluid Service, 0 with additional support at valves, elbows, tees, and equipment as 
required. Additional supports shall be provided, if necessary, to comply-with the 

. requirements stated in the design loads section (Section 3.3.11.1 ). 

Piping supports shall be capable of supporting the piping in all conditions of 
operation. The supports shall allow free.expansion and contraction of the piping 
and prevent excessive stress resulting from transferred weight being introduced 
into the piping of connected equipment. 

The Seller sh~II level-plumb piping using shims, etc., to support the pipe ·and to 
avoid forced piping deflections at support. points. The pipe supports may be 
stainless or painted carbon steel. 

Tt,e Seller shall provide detailed fabrication drawings of the required piping 
' . ' 

supports, including welding details; for review and approval. 

Piping Materials 

Piping components shall be listed components in ·accordance with ASME B31.3 
(Table 326.1). 

The Seller shall select materials based on acceptable lifetime ·performance of 
materials subjected to the chemical-_ and ra_diation exposures described in this · 
specification. All parts and materi_als shall be new. No aluminum or ~yellow'' 
metals are to be used. No beryllium shall be present. Exposed polymer 
materials shall be constructed of anti-static· materials. No· lead shall be used in 
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the design unless• it is fully encapsulated and identified with a permanent tag. 
No. equipment shall use or require the use of polychlorinated biphenyls. Material 

-s~lection shall be identified in the Seller documents to the Buyer. 

Material type and grade shall be clearly identified on the Bill of Materials. 
CMTRs are required for all materials and components coming in contact with the 
waste. Pipe flange bolting and pipe support materials for the waste fluid piping 
shall also have CMTRs. The Seller shall identify any materials that do not have _ 
CMTRs for review and approval. CMTRs are not required for electrical·materials, 
components,_or accessories, insulating materials, gaskets, or seals. Copies of 
CoCs shall be provided for all mat~rials not having CMTRs. CMTRs are required · 
for a_ll materials normally. _ 

The Seller shall provide CMTRs and CoCs for review. 

3.3.1.6.1 Screwed Pipe Fittings 

Screwed pipe fittings shall be in accordance with ASME B16.11. Screwed fittings 
are acceptable for instrumentation taps, drains, and vents, and the filter water 
and compressed air systems; but shall be avoided for main process pipe runs. 
Close or bu~t nipples are not permitted. Threaded joints· shall be joined using low 
chloride Loctite® PST. 

3.3.1.6.2 Flanged Pipe Fittings 

Flanges for pipe greater th.an 1 /2 in. shall be standard 150-lb or 300-lb raised
face flanges in accordance with ASME _B16.5 and shall be made from the same. 
type of steel as the pipe in which it will be welded. Flange ·assembly and bolting 
.shall be performed· in accordance with_ ASME PCC-1. · 

3'.3.1.6.3 Socket Welded Pipe Fittings _ 

Socket welded pip.e fittings _shall be in•accordance with AqME 816.1·1. _ Socket 
welds shall be avoided for. main pipe.runs. 

3.3.1.6.4 Butt-Welded Fittings 

Butt-welded fittings shall be in accordance with ASME 816.9. 
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3.3.1.6.5 Stainless-Steel Pipe Materials 

Stainless-steel pipe shall be ASTM A 312/A 312M, Schedule 40 or 80 (as 
required), seamless, 300-series, Type 304, 304L. 316, or 316L. Stainless-steel 

· pipe flanges and flanged, socket weld, or screwed fittings shall be 
ASTM A 182/A 182M, Grade F, 300-series, Type 304, 304L, 316, or 316L. 
Stainless-steel butt-welded fittings shall be ASTM A 403/A 403M, Grade WP-S, 
300-:series, Type 304, 304L, 316, or 316L. 

1. All grades of stainless ~teel may be substituted for one another depending 
on availability and providing the substitution still complies with the above 
specifications and has prior approval of the Buyer. 

2. Piping shall be a listed component as stated in ASME B31.3 (Table 326.1 ). 

3.3.1.6.6 Carbon-Steel Pipe Materials 

Carbon-steel pipe having a diameter of 1-1/2 in. and smaller shall be. 
ASTM A 106, Grade B, seamless. Carbon-steel pipe having a diameter of 2 in. 
and greater shall be ASTM A 53/A 53M, Type S, Grade B. Carbon-steel pipe 
flanges and flanged, socket weld, or . screwed fittings shall be 
ASTM A 105/A 105M. Material for butt-welded fittings shall be 
ASTM A 234/A 234M, Grade A WPB. Piping shall be a listed component as 
stated in ASME 831.3 (Table 326.1 ). 

3.3.1.6.7 Stainless-Steel Tubing 

All stainless-steel tubing shall be seamless and shall meet the chemical and 
physical characteristics given in ASTM A 269. TUbirig shall be a listed 
component as stated in ASME B31.3 . 

. 3.3.1.6.8 Stainless-Steel Tubing Fittings 

Fittings for instrument air tubing may be Swagelok® comp~ession fittings or 
approved equivalent, stainless. steel, . 300~series, per ASTM A 276 or 
ASTM A 182/A 182M. Copies of CoCsshall be provided~ 
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3.3.1.6.9 Steel Forgings and Wrought Piping Fittings · 

All forgings, including flanges, and wrought . piping fittings shall be fisted 
components as stated in ASME B31.3 (Table 326.1), and shall meet the 
requirements of ASTM A 182/A 182M. All stainless-steel forgings and wrought 
piping fittings used in the fabrication shall be 300-series stainless steel and shall 
meet the requirements of ASTM A 403/A 403M, Grade WP-S. 

3.3.1:6.10 Piping Gaskets/Seals 

. . 
Pipe flange connections shall use PSI Inc., LineBacker® sealing gaskets with 
.stainless steel as the retainer material and Viton® as- the sealing element. 
LineBacker® Type F sealing gaskets shall be used for raised-face flanges and 
'7-ineBacker® Type E sealing gaskets shall be used for flat-face flanges. 

1·. All elastomeric seals shall have radiation resistance for the radiation dose 
levels shown in t~is specification. Viton® is acceptable for the radiation 
levels specified. 

2. No CMTRs are required for-gaskets or seals, copies of CoCs shall be 
provided. 

3.3.1.6.11 Weld Filler 

The weld filler material sha!I be as specified in the approved Welding Procedure 
Specification, s.ee Section 3.3.1.12.1. 

3.3.1.6.12 Pip~ Bends 

Considerations for pipe bending are listed b~low: 

1. Elbows and pipe bends not manufactured ·in accordance with •1isted 
standatds in ASME.B31.3 (Table 326.1) may be provided. in accordance 
with ASME 831.3 (Paragraphs 304.2 and 332). 

2. · The material shall be suitable for t~e bending process. 

3. The finish shall be free of cracks and substantially free from buckling. 
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4. The wall thickness after bending shall not be less than minimum wall 
thickness considering corrosion;.erosion and mill under-run tolerance. 

5. The minimum wall thickness of the bend intrados and extrados shall not .be 
less than that calculated by equations listed. in ASME B31.3 
(Paragraph 304.2). · 

6. Bend flattening (the difference between maximum and minimum diameters 
at any cross section) shall not exceed 8 percent of nominal outside 
diameter for internal pressure. Metal shall not be re!lloved to achieve these 
requirements, 

7. The proposed assembly layouts shall meet the · requirements of 
ASMEB31.3. 

3.3.1.7 Structural Materials 

3.3.1.7.1 Weld.Studs 

Weld studs shall be metallurgically compatible with the material in which they are 
welded. Weld studs shall be made from stock material that meets the 
requirements of ASTM A 108 for mild carbon steel. 

3.3.1.7.2 Carbon-Steel Plate and Sheet 

All carbon-steel plate shall be general purpose. hot-rolled, low-carbon steel in 
accordance with ASTM A 36/A 36M. Carbon-steel sheet shall be .provided in 
accordance with ASTM A 569. 

3.3.1.7.3 Carbon-Steel Shapes 

Carbon-steel structural shapes shall conform to the requirements of 
ASTM A 36/A 36M. · 

3.3.1. 7.4 Carbon-Steel Bars and Rods 

Carbon-steel ba.rs and rods shall conform to ASTM A 108 with a minimum yield 
of 36,000 psi and maximum carbon content 0.35 percent. 
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3.3.1.7;5 CarborH>teel Structural Rectangular-Tube 

Structural carbon-steel, rectangular tubing shall conform to the requirements of 
ASTM A 500, Grade B. 

3.3.1].6 Stainfess-Steel Sheet and Plate 

Stainless-steel sheet shall meet the chemical and physical requirements of 
AST.MA 240/A 240M and ASTM A 480/A 480M. Stainless-steel plate shall meet 
th~ chemical and physical requirements of ASTM A 240/A 240M. The plate shall 
be provided with a cleaned finish. 

3.3.1.7.7 Stainless-Steel Bars and Shapes 

3.3.1.8 

Parts made from stainless-steel bars arid shapes shall be 300-series stainless · 
steel. Stainless-steel bars and shapes shall meet the chemical and physical 
requirements of ASTM A 276. 

Fasteners 

The Seller shall select fasteners, when they are not specifically called out in this 
specification, using the following guidelines: 

1. Carbon-steel bolts, nuts, and washers shall be used where mating parts are 
not stainless steel; 

2. Stainless-steel bolts, nuts, and washers shall be used· when the mating 
parts are stainless steel; 

3. Pipe flange bolting components shall · be listed in ASME B31.3 
(Table 326.1) meeting the requirements of ASME B18.2.1 and· 
ASME B18.2.2. 

4. No fasteners shall be capable of vibrating loose under operating con<:]itions.
All .such. joints should be tack welded or have some equivalent means of 
·ensuring they remain intact. · Double-nutting is not an acceptable method of 
securing fasteners. Low chloride Loctite® threadlock may be used where 
applicable. 
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5. Low chloride anti-galling compound (e.g., Loctite® 8013 or 8009 or Neo-
Lube®) shall be applied where stainless-steel bolts are used. · 

6. Stainless-steel bolts, cap screws, and washers· shall be 
ASTM A193/A 193M, Grade 88. Stainless-steel nuts shall be heavy hex 
nuts in accordance with ASTM A 194/A 194M, Grade 8. Stainless-steel 
washers shall be ASTM A 325, Type 3. Bolts and cap screws shall be 
grade marked. 

7. General purpose carbon-steel bolts shall be ASTM A 307 or better, 
depending on strength and torque requirements. Carbon-steel nuts shall 
be ASTMA 563a. Bolts and cap screws shall be grade marked. 

8. Structural bolts and cap screws shall.be grade-marked and shall conform to 
ASTMA325. . 

9. Copies of CMTRs shall be provided for all fasteners used for piping, pipe 
supports, or component support structures. 

10. All graded fasteners shall conform to ASME B18.2.1, SAE J429, and 
ASTMA354. 

11. The Seller shall ensure that suspect or counterfeit fasteners and 
components are not used. Suspect fasteners can be identified by the 
following inspection methods: 

a. Head markings are marred; missing, or appear to have been altered; 

b. · Threads show evidence of dressing or wear (threads should be of 
uniform color and finish); 

c. Head markings are inconsistent within a heat lot; and 

d. Head markings matching one -of those identifiecr on the -U.S. Customs 
Service Control of Suspect/Counterfeit ltems·(see Appendix E). 
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·3.3.1.9 Electrical - Design and Component Selection 

3.3.1.9.1 General 

The electrical installation shall meet the requirements of the NEC® (NFPA 70), 
~s administered by the CH2M HILL Hanford Group, Inc. (CH2M HILL) electrical 
inspector. 

Electrical equipment shall be listed or labeled by a Nationally Recognized Testing 
Laboratory (NRTL), such as Underwriters Laboratories,. Inc. (UL), when a 
category exists. Note: NRTL's are listed on the Occupational Safety and Health 
Administration website at http://www.osha-slc.gov/dts/otpca/nrtl/index.html. It is 
the Seller's responsibility to ensure the listing is appropriate for the equipment 
specified. 

lt is the Seller's responsibility to obtain a listing or label for equip_ment without a 
listing or label by a NRTL. 

When a listing or label can not be obtained, it is the Seller's responsibility to 
provide equipment critical characteristics, engineering data. and test data for the 
Buyers engineer to evaluate the acceptance of the product. 

Any component, equipment, assembly, or system without a NRTL listing or label 
~hall be subject to the approval of the CH2M HILL electrical inspector. 

Where NEC® inspection is required, the Seller shall arrange for a CH2M HILL 
NEC® inspection to occur at the Seller's facility before shipping any assembly 
not covered · in whole by a NRTL listing or label. The . Seller shall perform 
modifications as required by the NEC® inspector before shipping. 

Cabinets containing assembled control systems shall be designed, constructed, 
and listed or labeled to_UL 508A, as applicable. 

D.esign and operation of the assembled system shall meet the requiremehts of 
IEEE Std 141 and IEEE Std 519 for harmonics and flicker.· 
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A permanent plaque or directory shall be installed at each feed and branch circuit 
disconnect location denoting all other services, feeder or branch circuits 
supplying the skid. 

3.3.1.9.2 Electrical - Routing 

The Seller shall select the routing of conduits between devices and the power 
and instrumentation and control enclosures. Care shall be taken to run conduit 
along the frame members where they can be mounted. Care shall be taken to 
select routes where conduit does not interfere with maintenance or replacement 
acc.ess to devices such as pumps or valves. Sketches of the routing locations 
shall be submitted to the Buyer for review and. approval before proceeding with 
the work. 

3.3.1.9.3 Electrical - Grounding 

1. All power circuits shall include a ground wire that serves as the equipment 
grounding conductor. independent from the neutral wire: All powered 
devices shall be connected to the ground circuit wire. In addition, the skid 
frame, enclosures, raceways, covers, and enclosure doors shall be 
attached to the electrical ground. This may be accomplished by means of a 
screw, .lock washer, and ring connector attachment at a spot where all .paint 
and surface corrosion has peen cleaned from the frame. The frame shall 
not be used as a current carrying conductor between devices. 

2. Ground. wires shall be green-insulated or bare--stranded copper wire. 

3. Ground conductors shall be unspliced and continuous between· termination 
points. Ground distribution shall be through terminal blocks or a ground 
bus. \/1/ire nuts or.bijtt splices are not acceptable. 

4. The resistance between the main ground connection to the skid and any 
point in .the ground circuit shall be less than 0.1 ohm as measured with a 
calibrated oh"1 meter. 

5. The instrument ground circuit shall be separate and isolated from the power 
ground· circuit to the extent allowed by U1e NEC® (NFPA 70). The 
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requirements for the instrument ground circuit installation are the same as 
the power ground requirements given above. 

3.3.1.9.4 Electrical - Conduit Fill 

The sum of the cross-sectional areas of all contained conductors shall not 
exceed tlie interior cross-sectional area of the raceway as calculated in the 
tables in Chapter 9 of the NEC® (NFPA 70) for raceway fill . 

. 3.3.1.9.5 Electrical -:- Strain Relief 
CC) 

Strain relief shall be provided for all cables. The strain relief device shall comply 
with the following: 

Strength - The device shall be capable of withstanding a 35 lb pull for one minute 
(from any direction) without allowing movement of the raceway or cable that 
could damage the conductor insulation or strain the conductor terminations. 

3.3.1.9.6 Electrical - Conduit Support 

Conduit shall ~e supported by attachment to the frame. The Seller shall provide 
rigid brackets or additional frame members for attaching conduit when fra""!e 
member_s are not in a convenient location. Attachment shall be on regular 
intervals per NEC® (NFPA 70). Attachment shall be_ made using "U" clips which 
may be connected to the frame using either weld studs and nuts or bolts or 
approved NEC® method. 

3.3.1.9.7 Electrical - Segregation of Control and Power Wiring 

Power circuit wiring and control circuit signal wiring shall be run in separate 
conduits" ·-Signal wiring that transmits alternating current signals shall be run_ in 
separate conduits from signal wiring th~t transmits direct current signals. 

3.3.1.9.8 Electrical - Splicing 

No splicing is allowed. The Seller shall provide junction boxes with- terminal 
bloc!<s for connection of devices such as valves and instrument sensors that-are 
provided with pigtail leads. 
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3.3.1 :9.9 Electrical - Enclosure Wiring 

All enclosure wiring shall be routed, harnessed, appropriately laced, or in plastic 
. wiring ducts. Where possible, alt electrical penetrations into cabinets shall be 
from the bottom of the cabinet. 

3.3.1.9~ 10 Electrical-Instrument Enclosures 

Exposed live parts and contacts (greater than 50V) in enclosures shall be 
guarded to prevent unintentional. contact during maintenance activities. · Door
mounted equipment shall be constructed or shielded so that no live parts will be 
exposed to unintentional contact when the door is open. 

3.3.1.9.11 Electrical - Enclosures 

Unless otherwise noted, enclosures shall be rated NEMA 4. 

3.3.1.9.12 Disconnect Switches 

Two-pole and three-pole 480V ac, disconnect switches shall be supplied for 
loads in accordance with· Drawing DBVS-SK-E103 and shall be located within 
sight of ·the respective loads. The disconnect switches shall be accessible to 
maintenance personnel. Disconnect switches for pumps shall be supplied with 
auxiliary contacts. 

Disconnect switches shall be labeled with the load they serve. Incomplete load 
designators· will be revised at- the time of bid. 

3.3._1.9.13 Transformer and Distribution Panel 

A 480-120/240V ac single-phase _transformer and associated distribution panel 
shall be .insta_lled on the skid assembly. The distribution panel and transformer 
may be combined- as- a single unit (e.g .• Square D® Mini Power-Zone®): I!', 
detailed panel schedule listing breaker sizes and loads. shall be· located inside the 
panel door and provided as a one of the shop drawings. 

Electrical power shall be distributed to all electrical components (except 3-phase 
pumps)_ from this distribution panel. Circuit breakers serving convenience 
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receptacles shall be protect~d by GFCI circuit breakers. GFPE breakers shall be 
used for heat-trace applications. 

The panelboard will be used as a field distribution panel. and the transformer and 
panelboard shall be oversized by a minimum of 50 percent to accommodate this 
future load growth. Approximately 50 percent of the spare capacity shall be 
allocated to heat-trace loads· (20-amp GFPE breakers shall be provided), and the 
remaining spare capacity shall be allocated to misceUaneous 120V loads 
(20-amp GFCI breakers shall be provided). 

Suggested location for the distribution panel and transformer is shown on 
Drawing M108 (Appendix A). 

3.3.1.9.14 Electric Motors 

1. Electrical motors shall be designed and tested in accordance with 
NEMAMG-1. 

2. Motors 1 hp and greater shall be 3 phase. 

· 3. Electrical motors shall be rated at 480V ac, 3 phase, 60 Hz. 

4. Electrical motors shall have a minimum service factor of 1.15. 

5. Electrical motors shall have a minimum insulation class of F, as defined in 
NEMAMG-1. 

6. The Seller shall provide the electrical motor specifications and data sheet -to 
the Buyer for approval before final selection. 

3.3.1.9.15 Heat-Trace Enclosure 

A heat-tra~e.enclosure shall be mounted on the ~ide skid frame. The heat..,trace 
enclosure shall provide power for the HEPA filter skid heat-trace lines. 
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· 3.3. t.9.16 Pushbutton Stations 

A local pushbutton station shall be provided for the collection system transfer 
piimp and shall be located on the _ support structure in a· readily accessible 
location within sight of the pump. Pushbutton wiring shall be routed to a 
terminal box mounted on the skid frame. Schematics, with wire numbers, will be 
provided at the time of bid. 

3.3.1.9.17 Receptacles 

A 20-amp, receptacle, with gasketed weatherproof cover, shall be installed for 
general l)Urpose use. Outdoor-rated convenience receptacles shall confonn to 
NEMA 5-15R. 

3.3.1.1 O Electrical Materials 

3.3.1.1 o. 1 Conduit 

1. Rigid galvanized steel (RGS) conduit or electrical metallic tubing shall be 
used in accordance with the NEC® (NFPA 70). The conduit shall be 
NRTL-approved, standard weight. 1/2 in. minimum size for control wiring 

. and 3/4 in. minimum size for power wiring. 

2. Liquid-tight - flexible conduit shall be installed where Hexible con.duit is 
. required or where ~onnecting to vibrating roads .. Liquid-tight flexible conduit 
shall be grounding type with a polyvinyl chloride jacket. 

3. Conduit fittings shall be standard steel threaded, liquid-tight, ·type RGS 
fittings. 

3.3.1.1.0.2 Wire and Cable 

.1. Conductors shaU- be stranded coppe~ tor·an sizes of w_ire and cable unless 
specifically designated otherwise on the drawings. · All wire and cable shall 
be NRTL..;listed. . . . 

2. Wire insulation shall be THHNffHWN for all 600V conductors. 
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3. Minimum size of power conductors; 600V and below shall be No; 12 
American wire gauge (AWG). 

4. Conductors for control circuits shall be No. 14 AWG minimum, except that 
remote control circuits, signaling circuits. instrumentation, and power limited 
circuits m~y be sized smaller in accordance with the NEC® (NFPA 70). 

5. Power wiring shall have color-coded insulation as indicated in Table 3-4. 

Table 3-:4: Wire Color Coding·Requirements 

480Y/27N ac, 
3-phase systems 

208Y/120Vac, 
3-phase systems 

120/240V ac, 
1--phase systems 

Phase A 

PhaseB 

Phase C 

Neutral 

Equipment 
Grounding 
Conductor 

Phase A 

Phase B 

PhaseC 

Neutral 

Equipment 
Grounding 
Conductor 

Hot No.1 

·Hot No. 2 

Neutral 

Eq1,1ipment 
Grounding 
Conductor 

Red 

·Yellow 

Blue 

· White or Gray 

Green ( or bare) 

Black 

Purple 

Brown 

White or Gray 

Green (or bare) 

Black 

Brown 

White or Gray 

Green (or bare) 

-~ef.~~ 
THWN/THHN or 

XHHW 

6. Instrumentation cable s~all be 600V, twisted shielded pair for analog 
signals,• multiconductor for discr~tf;l signals, flame retardant, jacketed cable 
suitable for installation in wet or dry l9cations. Conductors shall be ·a 
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minimum of No. 18 AWG stranded, copper, in twisted pairs or triads with 
ethylene propylene insulation. Each pair or triad shall be shielded with a 
drain wire and metallic tape. Multipair cables shall have an individual shield 
and an overall shield of metallic tape and drain wire. Conductor color 
coding shall be black, white, and red if triad. Temperature rating shall be 
90 °C. Each pair or triad shall be numbered for simplified termination. 

7. Control and power multiconductor cable shall be 600V, flame resistant, 
jacketed cable suitable for wet or dry locations. Conductors shall be 
strand~ copper with ethylene propylene insulation with a temperature 
rc:1ting of 90 °c. 

3.3.1.10.3 Connectors-

1. Connections. to terminal blocks shall be the push-in type and shall be 
performed in accordance with the manufacturer's recommendations. 

2. Flat-spade connectors shall not be permitted. 

3.3.1.11 Drawings 

The Seller shall provide all design drawings necessary for the HEPA filter skid 
assembly which includes, ·but is not limited to, drawing outlines, interface 
drawings, electrical wiring diagrams, control wiring diagrams, pipe support 
drawings, · dimensional drawings, rigging sketches, and as-built drawings. 
Drawing$ shall be submitted to the Buyer for review and approval. 

Th·e Seller shall_ develop · drawings that detail how the specified parts and 
materials will be assembled to meet the requirements of this specification. The 
drc:1wing pa~kage shall ·include detail fabrication drawings, assembly drawings, 
arrangement drawings, general. e.lectrical drawings, electrical wiring and conduit 
sche~ule,. and final as-built drawings. Drawings shall have a parts and materials 
list; as _applicable, tha.t clearly identifies quantity, manufacturer, the part or model 
number, material type ·and .grade, electrical characteristics, size, and general 
·descriptions. Drawings shall include dimensional layouts, dimensioned 
subassemblies, dimensioned compon.ent details (if not included on 
manufacturer's cut sheets), flow and electrical diagrams, material and.fastener 
sizes, descriptions, weld symbols, and. notes. The. arrangement drawings shall 
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provide weigl'lt and center of gravity locations for the overall assembly as well as 
for major subassemblies (e.g., skid-mounted equipment within a larger assembly 
or large equipment move~ and.mounted as a unit). 

The assembled.system shall be designed to comply with the P&ID and include all 
components specified on the P&ID provided in Appendix A. If conflicts arise 
between the propc;,sed design and the P&ID, they shall be brought to the 
attention of the Buyer for resolution. Any ·changes from the approved drawings 
shall be identified to the Buyer using the Request for Information form 
(Appendix F) for review o~ the change. · The change shall then be controlled by 
the Seller to ensure the fabrication drawings are properly updated to incorporate 
the change. Final as-built drawings shall be prepareq_ by the Seller at the · 
conclusion of fabrication and testing. 

Drawing size shall be per ANSI Y14.1. Parts and materials list shall include 
quantity, manufacturer, the part or model number, material type and grade, 
electrical characteristics, size, and general descriptions. All component parts 
shall refer to applicable material specifications, such as the military, ASME, . 
ASTM, federal, or other specifications. As-built drawings shall be verified in 
accordance with QA Program Controls before submittal, and shall be in 
accordanc~ with Boyer-supplied drawing procedures. 

Drawings shall be prepared using AutoCAD® compatible drafting software . 
. A copy of all as-built drawing files (one of which shall be an electronic AutoCAD® 
release 2000 or higher compatible file format) shall be included in the final 
drawing package. Drawings shall u·se the ROMANS AutoCAD®-text font and the 
minimum text height shall be 1/8 in. 

· 3.3.1.12 Material Control Process 

The S~ller shall deveiop a material control procedure to ~ used in the execution 
of the work. The materiill control proce.dure shall address procurement controls, 

· segregation, · and traceability of f!laterials including weld filler rod from receipt. at 
the shop .through processi~g . 
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. 3~3J.12.1 Exposure.of-Stainless Steel to Chloride Materials 

Stainless steel shall not be in contact with materials containing more than 
250-ppm chlorine. Low-chloride markers shall be used. Chlorim,~ted solvents 
shall not be used to clean stainless steel. 

3.3.1.12.2 Contact of Stainless and Carbon Steel 

Contact between carbon steel and stainless steel shall be avoided during 
fabrication. Temporary carbon-steel cla~ps, supports~ braces, and fixtures shall 
not come into direct contact with stainless-steel surfaces. Galvanized-steel 
clamps or fixtures may not be used on stainless-steel piping or components. 
Wire brushes shall be stainless steel. Grinding wheels and wire brushes shall be 
new or used previously on stainless steel only. 

3.3.1.13 Welding Process 

All welding performed by the filter housing manufacturer and/or the HEPA filter 
fabricator/manufacturer shall be in accordance with ASME N509 and · 
ASME AG-1 and based on published consensus standards such as 
AWS D1.1/D1.1M, ANSI/AWS D1.3, AWS D1.6, AWS D9.1/D9.1M, and 
ASME.B31.3. 

Weld size and type shall be selected by the filter housing manufacturer and/or 
the . HEPA filter fabricator/manufacturer based on applicable seismic, wind 
loading, and system pressure requirements established within this specification. 

Welding of all pressure piping · shall be performed . in accordance with the 
~SME B31.3 piping code for UNormal-Fluid Service," at a minimum. 

Certified welders shall pe.rform weiding of all structural steel in accordance with 
AWS D1 .1/D1. 1.M or AWS 01 .6 _(depending on material). 

Welding Procedures, Procedure Qualification· Records, and Welder Procedure 
Qualification Records shall be submitted for review and approval. 
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3.3.1.13.1 Welding Procedure Requirements 

All welding shall be performed in .accordance with the Seller's approved Welding 
Procedure Specification. Each Welding Procedure Specification shall be 
qualified with a Procedure Qualification Record as required in ASME B&PV 
Code, Section IX; AWS D1.1/D1.1M; and AWS D1.6; as applicable. 

Welding of all stainless steel including, but not limited to, structural shapes, 
rectangular tubing, plate, and sheet shall be performed in accordance with 
AWS D1.6 nontubular, statically-loaded conditions. Wf;!lding of_stainless-'steel or 
carbon-steel piping shall be performed in -accordance with the ASME 831.3 

. piping code for UNorrnal Fluid Service." Automatic pipe welding equipment and 
techniques may be used. · · 

Welding of all carbon steel including, but not limited to, structural shapes, 
rectangular tubing, plate, and sheet shall be performed in accordance with 
AWS D1 .1/D1 .1_ M nontubular, statically-loaded conditions. 

Welded connections .on the lifting components shall be 100 percent visual and 
100 percent Dye-Penetrant Test or Magnetic-Particle Test inspected. If a weld is 
in a radioactive material boundary (e.g., process piping), then these welds will 
require a minimum of a visual inspection and additional NOE (dye penetrant, 
magnetic particle, or x-ray, as appropriate) . 

. All HEPA filter holding_ frame welds, where failure could result in process media 
by-passing the filter, shall. be inspected with liquid penetrant. 

Dye penetrant tests the final weld pass for ducting and t~ansitions in• contact with 
the HEPA filter air stream. 

. . 

·All load bearing welds, or welds deemed critical by the Buyer~ shall be inspected 
wi~h liquid penetr'ant by .the Buyer. Examples of critical weldments are the fan 
and ductwork- connections that are deemed critical by the structural and applied 
loads analyses. . · 

lfthe filter housing manufacturer's weld inspection procedures defining specific 
weld accept~nce criteria are· based on, include or exceed this specification's 
:referenced· ·requirements of ASME N509 (Section 7.3), then a copy of their 
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procedure, marked to indicate the applicable requirements, shall. be submitted as 
part of the NDE procedures package· for approval before the start of fabrication. 

3.3·.'1.13.2 Weld Joints and Preparation 

Weld joints are as permitted _by the referenced standards. Weld joint design, as 
noted on the fabrication drawings, shall be sent to the Buyer for review and 
approval before fabrication. 

Post-weld heat treatn:ient of carbon-steel piping is not required. 

3.3.1.13.3 Weld Repairs 

Weld defects shall be removed and repaired as allowed by the referenced 
standards. The original Weiding Procedure Specification shall be used for weld 
repair. Welds that fail inspection shall not be ground out and repaired-more than 
twice before the section is abandoned and replaced. 

3.3.1.13.4 Weld Map 

All welds (including typical welds) shall have unique numbering listed on a weld 
map(s). The weld map(s) shall include the weld number, weld procedure 
number, filler material control number, welder identification, NDE procedure 
number, and examiner identification. Individual weld maps are to be provided 
per component When mulijple components are produced . 

. Weld identification-sh.all be performed as follows: 

1. Prepare . weld identification drawings, isometric or spool, which show 
relative position of pressure containing _welds and attachment welds to 
pressure retaining components. 

2. Assign .weld numbers to pressure.icontaining welds and attachment welds 
to press1,..1re retaining components as made. Record· weld numbers on weld 
identification drawings as welds are made. 
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3. Place the welder bonder identification symbol and weld number adjacent to 
welds on completion. Place the identification symbol approximately every 
3 ft on long seams or large welds. 

4. Do not reuse weld numbers. If a weld is completely replaced, assign a new 
number. 

5. Show heat and lot numbers on weld identification drawings for materials 
requiring CMTRs. 

Weld identification documentation shall be submitted to the· Buyer for. review and 
approval. 

3.3.1.14 Fabrication Traveler 

The Seller shall provide fabrication traveler(s) for the fabrication and testing of 
the above described HEPA filter skid assembly equipment. The fabrication 
traveler(s) shall include _detailed procurement, fabrication, assembly, testing, 
shipping, and handling steps required to properly fabricate, assemble, and test 
the equipment in accordance with the drawings and specifications. 

3.3.1.15 Monitoring and Control System 

Tl)e m~mitoring and control system philosophy is a combination of local and 
remote operations (Section 3 .1.2. 7 .3). The Seller shall interface with the physical 
instruments and components through the _use of a Seller~provided termination 
panel.. The termination panel shall meet UL 508A (as required), shall be rated for 
the environmental condition of the panel· location, located in an area away from 

· the process· lines _if. possi~le, shall be easily accessible for maintenance, and 
shall meet NEC® (NFPA 70) requirements for working clearances. 

Only lo~al instruments and components .. are· required to be wired and terminated 
to the termination panel. The local instruments and components 1 shall be routed 
in con~uit and terminated at the local termination panel. Terminations shall be 

· 
1 ·instruments shown on the drawings with a box ·around the symbol are Monitoring and Control 
Syst~m virtual displays or controls and require no action by the Seller. 
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" 

tension-clamp terminals capable of individual replacement (i.e., DIN rail 
mounted). An example is a Weidm0ller® type WDU. Alternating current power 
and alternating current/direct current inputs shall be physically separated. 

The Seller shall provide an interface panel wiring to ari instrument/component 
drawing. See Figure 3-1 as an example. 

Twisted shielded pair shall be used for analog instrument signal wmng. 
Individual wires shall be labeled for the destination with the cable being labeled 
with both FROM and TO information (see Appendix G). 

3.3.1.16 Instrumentation Calibration and Characteristics 

In general, all instrument transmitters shall provide an isolated 4-20 mA signal to 
the MCS, all pneumatic or operated motor control valves shall accept a 4-20 mA 
control signal from the MCS and provide position indication to the MCS. 
Interface connections shall be through wire termination points on the instruments. 
Instruments, tubing, piping, and wiring shall be installed in accordance with the 
instrument manufacturer's recommendations and the best practice for the 
industry. Purchasing and installation of the MCS input and output modules are 
not included in this contract. locally indicaUng instruments and sensors sh~II be 
installed such that they are easily readable by an operator standing on the floor 
at the entry access point to the skid ·assembly freight coritainer. The Buyer shall 
provide guidance with ·positioning based on best available knowledge of the 
configuration. 

Gertificates of calibration shall be provided with all instruments in the final data 
package and shall -in~lude the instrument accur~cy and drift. The Seller shall 

.- provide ·Instrument· types and manufacturer to· the Buyer for approval before 
· purchase of. the instrument. Recommended field recalibration procedures shall 
also .be _provided in the final data .package along with ~ list of special tools · 
required for recalibratio"n. 

Component data· sheets for the ·process instrumentation are to be provi_ded as 
listed in the Bidder's Dra_wing and bata Commitmenis sheet (Appendix D). 
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Figure 3-1: Interface Panel Wiring to Instrument/ 
~·omponent Drawing (Example) 
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3.3.1.17 Common Interlocks/Set Points 

System interlocks and set points described in this section are intended· to provide 
the Seller with a general understanding of the operation of the HEPA filter skid 
assembly. They are provided to assist the Seller when determining operating 
ranges far instrumentation; however, they are estimates and are subject to 
change. These parameters will be a part of the logic program supplied by the 
Buyer and will be verified during testing. 

The HEPA filter differential pre.ssure alarms will consist of a Low differentiaJ 
pressure and high-high differential pressure on the first and second HEPA filt~rs 
and across both HEPA filters. The low differential pressure shall b~ set at 25 Pa 
(0.3-in. w.g.). The high-high differential pressure on the first HEPA filter shall be --
set at 1,345 Pa (5.4-in. w.g.), the second HEPA filter set at 922 Pa (3.7-in. w.g.) 
and across both HEPA filters set at 1,345 Pa (5.4-in. w.g.). During system start-
up there will be a 30-second time delay allowing the system to clear the low 
differential pressure condition. 

3.3.1.18 Mechanical Assembly Requirements 

All equipment shall be assembled to the structural frame observing the 
equipment manufacturer's recommend~d. assembly instructions. Equipment 
shall be checked to ensure that it is provided with adequate amounts of fresh 
lubricants of the proper selection. 

3.3.1.19 Workmanship 

General: Remove all burrs and break all sharp edges. 

1. Drawings: 

a. Dimensioning and tolerancing -shalf be ·inierpreted per ANSI Y14.5M 
and_ 
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b. Tolerances not specified on drawings shall be as shown in Table 3-5. 

Table 3-5: Standard Drawing Dimension Tolerances 

One Decimal Place ±0.1 

Two Decimal Places ±0.06 

Three Decimal Places ±0 .. 030 

Angular ± 2· 

2. Welding to ball valves: 

a. Ball valves. shall be disassembled.before welding to the valve body. 

3. Piping and components: 

a. Pipe flange, man-way, and flange faces shall be within ± 2° of vertical 
or horizontal, whichever is appropriate; 

b. Pipe flange bolt holes shall straddle centerlines; 

c. Material and debris shall be removed from piping and components 
before welding/assem~ly; and 

· d. · Secondary containment housing flanges shall be flat. 

3.3.2 Industry and Government St~ndards 

The codes, sta_ndards, and source documents that pr~vide the design fabrication 
and testing. requirements _are listed in Section 2. Sections within this specification 
· provide ·specific details or ref~r~nce for application of the codes and standards 
-documents. Conflicts foutid between the referenced codes arid standards will be · 

.. referred Jo the Buyer.for resolution.. 

OFF-GAS TREATMENT SYSTEM HEPA FILTER SKID ASSEMBLY DESIGN AND FABRICATION Page 67 of 113 
21°Dec-04 . 

G5-85 



RPP-24544 REV ld 

~i;:.&;ll'"''"hnology ame& 
TECHNICAL SPECIFICATION 

PROJECT: Final DBVS Design 145579--D-SP-036 I REV.1 

PROJECT NO.: 145579 
OFF-GAS TREATMENT SYSTEM HEPA 

FILTER SKID ASSEMBLY 

CLIENT: 

3.3.3 

3.3.3.1 

AMEC E&E - Richfand; Washington 

Radiation 

Electromagnetic Interference/ 
Electromagnetic Compatibility 

DESIGN AND FABRICATION 

The equipment shall be designed in accordance with the limits set forth in 
HNF-2962 as summarized in the following subsections. 

3.3.3.1.1 Unintentional Radiators 

Equipment shall comply with the· emission limits specified in 47 CFR 15, 
Subpart B. The Seller must provide certification that the emissions from 
equipment or the device are within the limits specified in 47 CFR 15 or an 
Federal Communications Commission-accepted international standard. 

3.3.3.1.2 Radio Frequency Interference Susceptibility 

Applicable equipment shall be tested and evaluated .for the immunity to radio 
frequency interference- from portable communications equipment. The testing 
method and procedure for testing process . instrumentation are found in 
IEEE. Std C37.90.2. 

Since the frequ_encies of interest are in the bands of 120 to 190 MHz and 420 to 
480 __ MHz, the equipment shall be evaluated from 20 to 1,000 MHz. The electric 
field intensity pf 30V/m shall be used for testing . 

. 3.3.3.1.3 Equipment Alternating Current Mains Surge Protectiori 

Applicable equipment shall be designed to withstand the surge waves· specified 
in IEEE C62.41.1 and IEEE C62.41.2. The equipment shall be type tested by the_ 
manufacturer in accordance with this standard, and certification provided by the 
Seller. 

3.3.3.1;4 "Efectrostatic Discharge Protection 

The system or individual parts of the system shall not be damaged and shall· 
continue to function afte~ being sµbject · to. electrostatic discharge on operating 
panels · and other controls normally available to operating personnel. The 
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manufacturer shall provide certification that electrostatic discharge testing was 
performed according to the methodologies found in ANSI C63.16 or 
IEC 61000-4-2. The test voltage should be at least 4 kV. ANSI· C63~ 16 provides 
additional references to selecting the proper voltage ranges to be used. 

Nuclear 

All materials of fabrication shall be evaluated to be able to operate without loss of 
service while exposed to the maximum estimated unshielded contact radiation 
dose of _4.5 x 104 R based on ij 5-year .design life. 

3.3.4 Cleanliness 

Before assembly, and before preparing for shipment, all components shall be 
cleaned by flushing clean water and/or blown clean and dry with compressed air 
to . the extent that extraneous materials, such as those listed below, are not 
present: 

1. Metallic or other dusts (shop dust}, chips, turnings, and weld splatter; 

2. Abrasive p~rticles; 

3. Rust and other loose corrosion particl.es; 

4. · M~gnetic/liquid penetrant residues, dye check, etc.; 

5. Foreign material (i.e., paper, tape, plastic, ~and, and wood); 

6. Cutting oils; 

7. Excess· lubrication, grease, and oil; and 

.8. Marking dyes. 

J'he fabrication .tra~eler shall describe the cleaning and packaging steps. taken. 
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The HEPA filter skid assembly equipment· ports and pipe openings shall be 
temporarily capped following cleaning and drying for shipment. Packaging 
requirements fallowing cleaning are documented in Section 5.2.· 

3.3.5 Corrosion of Parts 

Solvents and cleaning solutions used on stainless steel ·shall be chloride-free. 
Stainless-steel components do not require painting except as required for 
identification or· other markings. Paint, if used, used on stainless steel shall be 
epoxy-phenolic. 

AH exposed surfaces of carbon-steel parts shall b_e protected from carrosion·by 
priming and painting (s~e-Section 3.3.6 for protective coating requirements). 

To the extent practical, connections between dissimilar metals shall be avoided. 

3.3.6 Protective Coatings 

Protective coatings shall be used on equipment where specified in this 
document. Protective coatings shall be used on the appropriate equipment in 
order to meet tt-ie reliability and maintainability requirements; to protect 
equipment from the environmental conditions; and to provide a clean, smooth 
surface for decontamint=1tion. The weldments shall be completed and painted 
entirely before installation of piping and components in the frames. Care shall be 
taken to protect the paint during equipment installation. Touch-up shall be 
per.formed to repair paint defects after the equipment installation is complet_ed. 
Protective coating specifications shall be submitted to the Buyer for review and 
approval before fabrication. All exposed carbon steel ·surfaces sh.all· be pain.led 
with the manufacturer's standarct color. · · 

3.3.6.1 Painting Prepatation 

. The Selle( shalt. prepare all surfaces in accordance with the· manufacturer's 
i11structions; -P_ainting shall be performed in a clean, well-ventilate~ area 

----· separa_ted·from airborne particulates generated by shop operations. 
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3.3.6.2 · Paint Application 

1. All exposed carbon-steel surfaces shall be prepared and painted with• s:i. 
minimum of one coat of primer and a minimum of two finish coats. 

2. Paint shall be applied to dry, clean, and adequately prepared surfaces in 
accordance with manufacturer's instructions. Each coat- of paint shall be 
properly cured according to manufacturer's instructions before applying 
additional coats. 

3. All paint containers shall remain closed until required for use. Paint shall 
be mixed before use in accordance with manufacturer's instructions. 
Agitation during application must be provided where specified by the _ 

· manufacturer. 

4. Paint may be applied with a brush or sprayer according to manufacturer's 
instructions. 

5. All coats shall be applied in such a manner as to produce a film of uniform 
smoothness. Special attention shall be paid to crevices, weld lines, 
corners, and edges to obtain the required thickness. 

6. The manufacturer's instructions for thinning, mixing, handling, and applying 
the products shall be considered to be part of this specification. 

7. · All coats shall be applied to produce a film of uniform smoothness and 
·nominal thickness of not less than 3 mils with a .total minimum thickness 
(with. primer and top coat) of 5 mils. Special attention shall be paid to _ 
creV1ces, weld lines, comers, and. edg~s to obtain the required· thickness. 

The Seller shall use standard zinc-rich primer for. carbon~s~eel structures or. 
piping. Precoated. or stainless-steel pipe support components do not require 

~ painting. 
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3.3.6.4 Paint · 

3.3·.7 

3.3.8 

1. The Seller shall use a standard top coat compatible with the primer for 
finish .coats on carbon-steel structures or piping. 

2. Precoated or stainless-steel pipe support components do not require 
painting. 

3. The freight container external top coat shall be white to minimize solar 
heat load. 

Interchangeability 

The Seller shall specify the assembly level at which components shall be 
interchangeable or replaceable. This is a design consideration to be reflected on 
the design drawings and/or supporting documents (such as calculations and 
analyses). 

Identification and Marking 

Component identification labeling shall be performed in accordance with the 
following guidelines and shall m_atch the final P&ID or electrical one-line diagram 
for the assembled system. 

3.3.8.1 Equipment Labeling 

The Seller -shaU· label all equipment in accordance with this. specification. 
· Equipment to be labeled shall include, as a minimum: 

1. Valves;-

2. Instruments and gauges, pu_mps, motors, tanks, compressors, and filter 
housings; 

3. Motor controls centers,· po_wer panels; instrument enclosures, and switclles; 
and 
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4. · Junction boxes shall follow the labeling convention below: 

a. Instrument (24V de): 

b. Electrical (110Vac): 

36-:IJB-### 

36-EJB-### 

c. Power(110.120, 480Vac): 36-PJB-### 

Equipment shall be labeled in accordance with the final P&ID for the assembled 
system. Tags shall be 1 in. by 3 in. minimum and use 3/16-in.-high black text on 
white background. The fags shall be plastic and have a 3/16-in. hole for 
attaching to components. 

For components without a suitable flat ~urface. tags shall be _attached using a tie 
wrap. For components with a suitable flat surface, tags shall be attached using 

· clear silicon rubber adhesive. Equipment tags shall be located where they are 
readily visibl~ and not subject to damage or accidental removal during equipment 
operation. Tags shall be suitable for the environment on which they are installed. 

Piping and Ducting Labeling 

Pipin.g and ducting shall ~~ marked with arrows and fluid type to denote the 
direction and the fluid conveyed. The -fluid conveyed shall be marked as 
'-'EXHAUST," "FILTERED_ WATER." or "COMPRESSED AIR," etc. as applicable. 
Text shall be all capital letters. The label backgr9und and lettering colors· shall 

. -be as follows: 

1. . Air stream ductwork or Condensate Drain Collection System piping shall be 
yellow_ field with black_ letters. 

2. Compressed air piping/tubing shall be blue field with white letters. 

3. Filtered water piping/tubing shall be green field with white letters; 

-4. · Labels shalL_be made from_ self-sticking polyester or vinyl (Electromark® · 
part number P400 series or approve<:I equal): For pipes that ·are less than 
.3/4 in. in diameter, the label size and lettering shall ·be appropriately sized 
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to the size of the pipe. Pipe that is greater than 3/4 in. in diameter le~tering 
shall be sized in accordance with Tab_le 3-6. 

Table 3-6: Pipe Labeling Format 

0.75 1.25 8 0.5 
1.5 2 8 0.75 
2.5 6 12 1.25 

8 10 24 2.5 
10 32 3.5 

5. The labels shall be placed on pipes in the location most readable from the 
operator's normal viewing position. 

6. Piping labels shall be placed before and after each valve and piping joint. 

3.3.8.3 Wire _and Cable Labeling 

. All wires and cables shall be labeled at both terminations with the ideritification 
specified on the contract drawings. Wire label material. requirements and color 
coding are given in T aole 3-4. 

3.3~8.4 Terminal Labeling 

Terminal block label tags shall _be a durable plastic mat~rial. The tag color shall 
be White background with black lettering. Each terminal on the terminal block . . 

~hall be labeled with a_ clearly visible terminal number. Numbered terminal block 
covers may be used for this purpose. 

Th~ tag may be. mounted on a surface· of the enclosure in close- proximity of the 
· terminal block. _ Tags shall be ·attached securely by means of durable stranded 

stainless-steel cable, clamps, or chains . 
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3.3~8.5 · Conduit Labeling 

3.3.8.6 

1. All conduits shall be labeled with the identification tag on the contract 
drawings and the highest voltage contained in the conduit as in the 
following example: 

r E-123 -110 VAC 1PH 

2. The minimum letter height shall be 1/4 in. The label length ·shall be as long 
as required to contain the required information. The label color shall be 
white background with black lettering. Text shall be all capital letters. The 
labels shall b~ a durable material that is permanently secured to the conduii 
by an adhesive or mechanical means. The label may be metallic or plastic. 
The label shall be aff1Xed securely in place in- a manner to prevent their 
loss. damage, slippage, or accidental ramoval. However, the means used 
to mount the label should permit its removal when necessary without 
damage to the surface to which it was attached. 

Labeling of Handling and Lifting Devices 

All equipment that is designed to be mechanically lifted shall have lifting points, 
the center of gravity, and the lifting weight marked. Lift points shall be i~entified 

· with yellow paint. All specialized lifting devices shall be marked -in accordance 
~ith DOE/RL-92-36, as follows. 

Structural and mechanical _below-t~e-hook devices shall be provided with 
identification displaying .the following data, as a minimum: 

· 1. Rated ·1oad, . 

2. . Manufacturer's name, 

3. Lifting device weight (if. over 100.lb), 

4. Drawing .number (if appiicable),_ and 

· 5. Serial number (if applicable). 
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The identification data may be displayed on a nametag, nameplate, metal stamp~ 
or other permanent marker. If the lifting device comprises several lifting devices 
that can be detached from the assembly, these individual lifting devices shall be 
marked with their individual load rating also. 

Clearly mark and identify any components required for removal before equipment 
installation (e.g., shipping· blocks). 

·3.3.8.7 · Electric Motor.Labeling 

The markings on all motors shall be in accordance with the NEC® {NFPA 70) 
and NEMA MG-1: Care should be taken when painting, such that lhe motor 
nameplates, lifting eyes, or lifting swivel manufacture nameplates are not to be 
painted. 

3.3.9 Nameplates 

3.3.10 

3.3.11 

The skid assembly shall have a manufacturer's nameplate. The· nameplate shall 
include: the project number, purchase order number, equipment name and 
number (provided by the Buyer), assembly weight;· this specification number, 
latest revision, and otherdata to be supplied. 

The skid assembly shall also ~ave an EIN label centrc11ly affixed to the assembly . 
. Letter height for this label shall be 3 in., minimum. 

Human Eng_ine~ring 

Human factor_s engineering pri_nciples and criteria -shall be integrated into the _ 
design of systems and the facilities that hOuse and support these systems. 
Operator movements and accessibility of equipment and -controls in the. work . 
area shall be considerep, ·and practical access to each system component for 
operation and maintenance shall be provided. · 

Qualification 

:rhe drawings, calculations. and associated- design media shall show full 
complianc~- with this specification· anc:I Buyer-approved exceptions ·. or 
modifications. The Seller's design media (drawings and ·calculations) shall be 
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prepared by, or under the supervision of, a Professional Engineer: licensed in the 
State of Washington . and sealed. The responsibilities of the assigned 
Professional Engineer for preparation and control of each deliverable shall be in 
accordance with the engineering practice laws and regulations of the State of 
Washington. Portions of drawings originated by others, such as as-built vendor 
information on P&IDs, shall be clearly identified. If the Seller cannot meet these 
requirements through utilization of existing _ registered Washington State 
Professional Engineers or certifying Professional Engineers through comity in the 
State of Washington; .the Seller shall inform the Buyer so that a resolution can be 
reached. 

To obtain approval for the design of the fabricated system the Seller shall 
perform the following: 

1. Prepare calculations, required by this specification, and document how the 
results of the calculations were incorporated into the design and fabrication 
drawings (e.g., adequacy of pump to meet calculated demand, selection of 
weld size to meet structural requirement). 

2. Identify those materials and/or components that require a CMTR or Coe. 
At a minimum, CMTRs are required for process piping and all material that 
provides a structural support function (e.g.; struts, plate, pipe fasteners}. 

3. Prepare complete data sheets and obtain vendor cut sheets · for major 
components of the assembled system. At a mioimum, the set· of major 
component~ shall be those shown on -the P&ID ·(valves, instruments, 
equipment, etc.}. This information package will be used to ~valuate how: 
the Seller has evaluated th.e form, fit, ·and function- of components for their 
intended us~ as shown on drawings and in supporting calculations. 

3.3.11;1 Stru~tural Calculations 

· In general, eqi.Jipf'i:ient and_ structures _ shall be ana,yzed and designed in 
accordance .with ASME AG-1, -UBC ( 1997} and ASCE 7~98, as the minimum· 
requirements. The loads and· load combinations used in ·the analysis shall ·be as 
defined in ,UBC (1997} or other national codes and standards, as referenced in 
this section or as otherwi~e defined in this specification. In addition; the_ Hanford 
Site-specific design requirements ·are included as part .of this specifi(;ation . and 
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shall be incorporated _in the analysis, as applicable, in determining the loads, load 
combinations, and allowable stresses to which the equipment or structures shall 
be designed. · 

3.3.11.1.1 Dead loads 

Dead loads include the weight of all permanent materials and equipment. 
including the assembled system equipment weight, with and without the· weights 
of fluids and materials being handled. 

The unit weights of material and construction assemblies shall be those given in 
. ASCE 7-98. Where unit _weights are neither established in that standard nor 
determined by test or analysis, the weights shall be determined from data in the 
Seller design and fabrication drawings or from catalog cut sheets. 

3.3.11.1.2 live loads 

Live loads are those loads produced by the use and occupancy of the unit and do 
not include construction and environmental loads such as wind load. snow load, 
rain load, earthquake load, flood load, or dead load. live lo.ads are produced by 

"Operations, maintenance workers, and equipment. 

1. live loads shall be not less than the minimum uniform load or concentrated 
load stipulated in ASCE 7-98. 

2. The minimum roof design live load shail be 20 lb/ft2 (includes ashfall). 

3. The weight of service equipment th.at may b~ removed with change of ·use· 
of.a given area shall be considered ·as live load. · 

3.3.11.1.3 Earthquake Loads 

Earthquake induced design loads, as a minimum, shall comply with the 
. UBC 1 (997) Sejsmic. Zone 2B for essential .facilities. Seismic assessments shall 

use the UBC (1997) (Section 1632) or ASCE 4.:9s, with an i.rn'portance,fact9r', iP = 
1 .. 5 for structures, s,ystems and components-. and seismic zone factor, Z = 0.2. 
The soil profile "type as defined by U_BC (1997} (Section 1_636.2) is taken as SE 
and with a seismic coefficient, Ca of 0.24, for.conservatism. 
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For load combination evaluations per ASME AG-1 {Table AA-4212), only levels A 
and B apply. 

3.3.1.1.1.4 Snow Loads 

Snow loads for the equipment shall be -iri conformance with ASCE 7-98. 
A ground snow load, of 15 lbf/ft2 shall be ·used for- calculating snow load. 
Unbalanced snow loads resulting from drifting_ ·or sliding shall be considered. 
snow loads, full or unbalanced. shall be substituted for live roads where such 
loading results in larger members or connections. 

3.3.11.1.5 Wind Loads 

The equipment shall be designed to resist pressures from wind from any 
direction._ Partial wind loading shaU be considered if it produces a more ·severe 
effect Wind load design shall comply with ASCE 7-98, using the 85 mph 
"3-second gust wind veloci~y" with an importance factor of 1.15, exposure 

. Category C. 

3.3.11.1.6 Ash Loads 

An ash loading of 5 lb/ft2 shall be considered in the design of equipment or 
support structures exposed to the elements. The ash loading shall be evaluated 
using the loa<;f combination, S = D + L + A in addition fo other load combinations, 
defined by the referenced codes arid standards in determining the governing 
loads for design and analysis. 

3.3.11.1.7 Load Combinations and Stresses 

Load combinations, allowable stresses, and strength requirements as defined in 
UBC {1997) and ASCE 7-98 shall be used in _determining the governing load 
combination(s), acceptability of the design, and . stability of .the: equipment -or 

· structure. 

The stability.of the equipment or structure ag~lnst~verturning and·sliding shall be 
determined and the ·stability maintained, ·based on a safety factor" of· 1.5. 
Anchorage of the equipment components· to t1:1e support struc;tur~(s) shall be 
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designed using the methods in UBC (1997) for life-"safety systems (importance 
factor, I= 1.5). 

Anchorage shall comply with UBC (1997). Acceptable types of concrete 
anchorages include industry-standard wedge-type expansion-type anchors 
having capacities published by the International Conference of Building Officials, 
Anchor size shall be a minimum diameter of 12 mm (1/2 in.) regardless of 
calculated anchorage requirements. · Alternative anchorage methods or types 

. may be proposed for Buyer consioeration. 

3.3.11.1.8 Hoisting and Rigging Loads 

The lifting apparatus (eyebolts, hoist rings, and lifting bails) shall be designed in 
accordance with the AISC Manual of Steel Construction-Allowable Stress 
Design, the AISC Manual of Steel Construction-Load and Resistance Factor 
Design, and ASME · B30.20. Equipment designed and fabricated by the Seller 
shall have a safety factor of 3 based on yield strengtti. Equipment purchased by 
the Seller shall have a safety factor of 5 based on ultimate strength. Documents 
shall be provided to the Buyer demonstrating incorporation ·of these safety 
factors. The Seller shall identify the total weight, the center of gravity, and the lift 
points and rigging methods necessary for lifting each component. Lift points 
shall be identified with yellow paint. Any special tooling, spreader bars, or _other 
~ecommended fabricated devices for lifting shall be provided by the Seller. 

3.3.11.1.9 Secondary Confinement Hydrostatic Load 

. For the secondary confinement of the Condensate Drain Collection System, the 
confinement structure shall safely react with the hydrostatic load of a liquid· 
having a specific gravity of 1.0 to a depth of s· in (level to be· reviewed based on 
design of confinement system). 
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· · 3.3.11.2 Mechanical Calculations 

M·echanical calculations performed for the piping (nonductwork) system shall be 
prepared in accordance with piping code req·uirements in ASME B3·1.3. As a 
minimum, calculation shall include the following subjects: 

1. Pipe wall thickness calculations for pressure (ASME B31.3, 
Paragraph 304.1 ). 

2. Stress calculations for sustained loads because of pressure, dead load, 
and any other sustained loads (ASME 831.3, Paragraph 302.3.5). 

3. Stress calculations for displacement stresses, such as thermal loads. Use 
Equation (16} in ASME 831.3 (Paragraph 319.4) for flexibility analysis on 
simple systems. 

4. Stress calculations for occasional load such as pressure, dead weight, 
other s_ustained loads, and earthquake· loads (ASME B31.3, 
Paragraph 302.3.6}. 

5. Hanger stress cal(?ulations for dead w_eight, thermal, and seismic loads 
(ASME B31.3, Section 321; ASCE 7-98; U8C 1997, and the-AISC Manual 
of Steel Construction-Allowable Stress Design for source reference, in 
addition use an Importance factor - Ip = 1.5 and seismic .coefficient - Ca = 
0.34}. 

The Seller shalf determine the need for a corrosion allowance for the processing 
· fluid and operating conditions. This assessment shall be. documented and any · 
allowance clearly identified in design calculations and/or material specifications. 

3.3.11.2.1 NormaJ Operating Pressure Loads 

Normal operating pressure loads in the ductwork resulting ·from the gas flow 
condition shall be considered and are .to be-addressed in ihe· d_esign of the skid 
assembly. For the design analyses performed· in accordance with this 
specification, the design flow, pressure;and·temperature for'the various ductwork 
systems are listed in T a~le 3-7. 
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Table 3-7: High-Efficiency Particulate Air Filter Skid Assembly Piping 

Main air stream ducting and filter 
assemblies 

Condensate Drain Collection System 

Filtered Water Suppl~ System 

Compressed air supply to skid assembly 

w.g. = water gauge. 

• Determined by the Seller using 
Table 3-2 conditions and vendor data 
for components. 

• Determined by the Seller. 

• Design pressure of 150 psig at 150 °F. 

. • Maximum normal condition of 5 cfm air 
at 90 psig and 125 °F. 

• Design pressure of 150 psig at 150 "F. 

3.3.11.2.2 Additional Mechanical Calculations 

Additional calculations that shall be performed, if applicable for the assembled 
system, include: head loss (for pump sizing), valve actuator sizing, piping, 
ductwork, and equipment heat trace (for freeze protection and temperature 
maintenance, as needed). 

3.3.11.3 Electrical Calculations 

Electrical calculations · shall be done in support of NEC® (NFPA 70) 
requiremerits, ANSI/IESNA RP-7 requirements, and requirements of. this 
specification. Calculations shall indude, but are not iimiled to:· 

1. ElectriGal load calculation, with any <;1ssumptions regarding demand factors 
or load diversity clea.rly stated. 

2. Wire sizing calculation for all power . cond.uctors. with· all assumptions 
regarding duty cycle clearly stated. 
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3. Equipment sizing/selection calculation (transformers, distnb.ution panels, 
overcurrent protection, etc.), with any assumptions clearly stated. 

4. Raceway sizing calculation, for all conduit and other raceways. 

Care shall be taken to ensure that ambient temperature considerations and heat 
· gain from direct sun are considered appropriately ·when performing calculations 
for wire and equipment size. 

Document Submittal · 

The following subsections provide the minimum document requirement 
submittals 

3.3.12.1 General Requirements 

Information to be supplied with the bid, for review and as final is shown on the 
Bidder's Drawing and Data Commitments sheet(Appendix 0). 

Each document submittal shall be identified with this specification number, item 
number, purchase order number, and Seller's identification number. Submittals 
shall be transmitted to the Buyer in accordance with the directions found in the 
Request for Quote. 

Data shall be sufficiently clear to all~w legible copies to be made on standard 
reproduction equipment after microfilming. 

Approval by the Buyer does not relieve the Seller from the responsibility for 
accuracy or adequacy of design under this specification. 

Subrriittals are divided into two types: (1) those requiring "approvar before 
_ proceeding" (i.e., weld procedures or prepurchase evalua.ti.on data) and-(2) th9se 
req~iring "approval before ship~ent" {i.e., vendor-information data). · 

Subr:nittals requiring approval before shipment will be reviewed to verify . 
· completeness and adequacy for their intended purposes. 
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Unacceptable items that require approval before proceeding will be handled as 
specified below. 

A submittal requiring approval that is not approved by the Buyer will be 
dispositional as: · 

1. "Not Approved. Revise .and Resubmit." The submittal is considered 
technically deficient, or incomplete, and is therefore unacceptable. 
Resubmittal is required; hence fabricatic:m, procurement, or performance of 
procedures shall not proceed. 

2. "Approved with Exception." Fabrication, procurement, and performance of 
procedures may proceed, and resubmittal is required to verify incorporation . 
of the exception. Final acceptance of the item is contingent on the Buyer's 
receipt and approval of the corrected submittal. 

Submittals requiring approval before shipment that are determined to be 
incomplete or inadequate will be marked "Resubmit" and will be returned. An 
explanation of the deficiencies will be included for corrective action by the Seller. 

3.3.12.1.1 Design Documentation 

The Seller shall provide all shop fabrication drawings that detail how the specified 
parts ·and materials will be assembled to meet the requirements of this 
specification. Shop fabrication drawings soall clearly identify-the material type 
_and grade on the Bill of Material. The Seller. shall include a Bill of Material and 
submit to the f3uyer for review and approval. Final as:..built drawings shall be 
provided by the Seller at the conclusion of fabrication. and testing. Arran_gement 
drawings (Sketch DBVS-SK-M108) are provided iri Appendix-A." Modifications to 
the arrangement drawings can be proposed by the Seller to improve the 
fabrication of the total assembly; however, modifications and the detailed 
fabrication drawings are ·to be approved by the Buyer before :procurement of 
material or initiation of fabrication. 

The Seller shall fabricate the . equipment according· to the- approved design 
drawings submitted to the Buyer. 
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The Seller shall submit design questions and request design changes in writing 
to the Buyer for resolution or concurrence. 

The Seller shall maintain designated full:.size drawing sets for· incorporating 
design changes concurred with the Buyer. The Seller shall incorporate all redline 
. changes on · the drawings and submit both paper and electronic copies of the 
as-built drawings to the Buyer. 

All design calculations required for the ASME AG-1 components and 
ASME B31 ~3 pipi~g. support structures, and lifting and handling shall be included 
in reports that have undergone independent review by the Seller's qualified 
personnel. Design calculation reports shall be submitted to the Buyer for review 
and approval before the start of fabrication. ·· 

A· compliance matrix shall be completed that documents that all components 
within the HEPA filter skid assembly are in compliance with the appropriate 
sections of ASME AG-1, ASME N509, and ASME N510. An example of a 
suitable compliance matrix is included in Appendix B. 

3.3.12.1.2 As-Built Drawings 

3.3.12.2 

The Seller shall deliver to the Buyer three hard copies and one electronic copy of 
the final fabrication level as-built drawings and specifications accurately.depicting 
the product delivered. Drawings shall include dimensional layouts, dimensioned 
subassemblies, dimensioned · component details (if not included on 
manufacturer's cut sheets), physical_ location of the sample · and injection 
ma~ifolds relative to the filter housing, flow and electrjcal diagr~ms, material and · 
fastener sizes, descriptions, weld symbols, and notes. The designer's name, · 
responsible engineer's name, -Bill of Materials. · and drawing numbers shall 
appear on the index (cover sheet). 

Fab_rication Traveler Submittal 

The Buyer will insert witness and hold points· i11 the fabrici;ttion traveler during 
their review and approval of the fabricatio·n ·traveler. ·Witness_ poi11ts can be 
Waived by the Buyer, but must be documented in writing. Hold points require the 
Buyer personnel to be present during the fabrication, inspection, or test step . 
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. 3.3.12;3 Schedule and Component Lead Time 

A proposed schedule of fabrication, inspection, and testing of all HEPA filter skid 
assembly equipment shall be submitted for review with the bid and approval with· 
the submittal of the fabrication traveler(s) .. 

A proposed schedule shall be provided showing the discrete steps and schedule 
to complete all work described in ,this specification .. The schedule shall identify 
fabrication drawings, engineering, parts procurements, fabrication, examination, 
inspection, and testing activities._ ·A list of components and lead time delivery for 
each component -shall be provided to the Buyer. Component substitutions can 
be proposed by the Seller to improve the fabrication, schedule, or cost; provided 
such substitutions are approved by the Buyer. 

The schedule shall ·allow two weeks for review and approval of structural 
calculations and one week for review and approval of all other documents. The 
Buyer shall provide a calculation review sheet identifying requirements for the 
calculations. 

3.3.12.4 Spare Parts List and Special Tool 
Requirements 

The Seller shall provide the following, as required for installatjon, maintenance, 
and operation of the assembly: 

1. Recommended spc!re parts list for Buyer concurrence. The spare parts 
lists shall be based on equipment mean time between failures and long 
lead procurement items (long lead defined as longer than ·four Weeks from 
order placement to delivery~ 

2. List of required special tools. 

3. Special tools· manufactured during fabrication shail also be provjded on 
delivery. 

4. List of required lubricants. 
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5. Lubricant required for sta'rlup and operations shall be deliverecf with 
Material Safety Data Sheets and shall be provided on delivery of related 
equipment. 

Submit ·spare parts, special tool, and supporting vendor data for review and 
approval. · 

3.3.12~5 Final Data Package 

3.3.13 

The ~eller shall not ship the skid assembly and_ ancillary hardware until all tests 
and inspections have been performed and the final data package is complete 
· and approved by the Buyer. The Seller shall notify the Buyer three weeks before . 
-the intended shipping date, and shall allow the Buyer one week after receiving 
the package, and before shipment, to review the data ·package. The final data 
. package shall include all item~ specified on the Bidder's Drawing and Data 
Commitments sheet (Appendix D). 

Personnel and Training 

Records for the following areas shall be prepared and made available to the 
Buyer. Review of the qualifications may be subject to a surveillance or source 
inspection by the Buyer. 

3.3.13.1 · Welder Qualification 

Welder shall be qualified in accordance with ASME B&PV Code, .Section IX and 
AWS D1.1/D1.1M, as applicable. Documentation for personnel performing 
welding, including tacking, shall be maintained in · -a Welder Performance 
Qualification Record. 

3.3.13.2 Weld ·Examination 

Welds shall be examined per ASME B31.3 at & minimum. for piping and pipe 
supports and per AWS D1 .1/D1 .1M for structural steel. An ASME B31.3 weld 
examiner shl:tll meet the code requirements~ Welded conne~tions on the lifting 
components · shall be 100-percent visual and· 100 percent Dye-Penetrant Test or 
Magnetic-Particle Test inspected. 
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3.3.13.3 Electrical Inspection 

The Hanford Site CH2M HILL NEC® Electrical Inspector shall inspect equipment 
· fabricated under this contract that is. not NRTL.-listed or labeled. · All deficiencies 

found shall be corrected or dispositioned before shipment. 
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4 QUALITY ASSURANCE REQUIREMENTS 

The following subsections provide the minimum QA requirements for this 
specification. 

4.1 GENERAL 

The Seller shall document, implement, and maintain a QA Program that is based 
on a national standard and identifies the activities and items to which it applies. 
The QA Program must address each of the areas discussed within .this 9A 
requirements flowdown. The Seller must submit the QA Program to the Buyer 'for 
review before award of contract. 

The Seller shall assess its QA Program regularly to ensure its effective 
implementation. 

The QA Program shall provide for indoctrination and training, as necessary, of 
personnel performing activities affecting quality to ensure that suitable proficiency 
is achieved and maintained. Personnel who conduct inspection and test 
activities shall be qualified to conduct those · activities and certification_ of the 
qualification must be submitted to the Buyer on request. 

4.1.1 Design· 

_ · 4.1.2 

The S~lier must define, control, and verify designs developed for this contract 
Design inputs must be specified on a timely basis and correctly translated into 
design documents. Design interfaces must be identified and controlled. Persons 

· who did not design the item. must be used to. verify design adequacy. Design 
changes; including field changes, must be reviewed and approved by the same 
personnel who reviewed and approved the initial designs. 

Procurement Document Control 

Procurement docum~nts must include or reference sufficient qua~ty and 
technical requirements in order- to describe the items and. services requested. 
Procurement documents must be reviewed and approved by the authcirJzed 
·personnel within the Seller's organization, and changes must be reviewed and 
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approved by the same individuals wlio reviewed and approved · the original 
procurement documents. 

The Seller must have a process for accepting procured items. This process must 
. include one or a combination of the following: Certificate of Conformance, 
source verification, receiving inspection, and post-installation testing. 

The Seller shall provide a legible and reproducible Coe. The CoC shall be 
signed by the Seller's authorized representative responsible for quality 
assurance. 

The CoC .shall contain, as a minimum, the following information: 

1. Identification of the Buyer's contract or purchase order number under which 
the materials, equipment, component, or service is being purchased. 

2. Provide traceability by means of positive identification from the material. 
equipment. component, or service to the CoC. 

3. Identify the specific procurement requirements met by the material, 
equipment, component, or service supplied (i.e., codes, standards, or other 
applicable specification}. The procurement requirements shall include any 
approved chc;1nges, waivers, or deviations applicable to the subject
materials, equipment, component, or service. 

4. Identify any procurement requirements that have not been met, together 
with. an explanation and the means· for resolving the nonconformance. 

The Seller's certification system, including t~e procedures to be followed in filling 
ou~ a certificate and the administrative procedures for review and approval of the 
certificates, shall be described in the Seller's QA Program. 

The certification system shall provide a means to verify the validity-of the Seller's 
certificates and the effectiveness of the certification system (i.e., during the 
performance of audits. of the Seller or independent inspection or test of the 
items}. The Buyer shall conduct this verification at intervals commensurate with 
the Seller's past quality performance. · 
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The Seller is required to flowdown · all QA· requirements from this contract to any 
subtier subcontractor/suppliers. Any access to the subtier 
subcontractor/suppliers' facilities for verification activities will be requested 
through the Seller before access, and verification activities may be performed 
jointly. · 

The Seller shall warrant that all items furnished under the contract are genuine 
(i.e., new; not refurbished and/or.counterfeit) and match the quality, test reports, 
markings, and/or fitness for intended use as required by the contract. Any 
materials furnished as part of the contract that the government or other duly 
recognized agency had been previously found- to be suspect/counterfeit shall not 
be used. 

All items are subject to inspection at the Seller's facility or lower:.uer 
subcontractor's facility. The Seller shall notify the Buyer, at least seven working 
days in adv~nce, of the time when such. items or activities will reach the Buyer's 
identified inspection hold points. As a minimum, final inspection before 
packaging for shipment shall be considered such a hold point, unless specifically 
waived by the Buyer. 

The Seller shall obtain all· materials to be delivered under the contract directly 
from the original manufacturer or an authorized manufacturer's representative. 
The Seller shall provide. legible and reproducible documentation, with the 
materials, that provides objective evidence that the items were provided by the 
original manufacturer. Such documentation may include a copy.of the purchase 

. order to the mam,ifacturer and shipping documentation or manufacturer invoice 
. ( each of which would identify that the materials were obtained from the original' 
. manufacturer). 

The Seller shall. submit, with or prior to item shipment, a recommended spare 
parts list. The list· shall provide the name and address of the original supplier of 
the replacement ·part, and the· p~rt•s drawings, specification, or catalog identity 

. including applicable change or revision-information. 

All i~eins and/or services procured· under this. specification shall be subject to 
inspec~ion by the Buyer or Buyer's representative throughout the contract. 
Additionally, procured items and/or services shall be subject to inspection for 
acceptance. 
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The Seller shall grant access to ttie Seller's facilities and records for inspection or 
audit by the Buyer, his designated representative, and/or other parties authorized 
by the Buyer. 

4.1.3 Instructions, Procedures, and Drawings 

. The Seller must document and implement appropriate instructions, procedures, 
and drawings. Instructions and procedures must include or reference 
appropriate quantitative or qualitative acceptance criteria for determining that 
prescribed activities have been satisfactorily accomplished. 

4.1.4 Identification and Control of Items 

The Seller shall establish controls to ensure thaf only correct and acce~ted items 
are used or installed. 

All items shall be identified with the applicable part number, model number, or 
other identifier prescribed in this specification. Identification shall .be on the item 
or the package containing the item. When the identification is on the item, such 
marking shall not impair the service of the item or violate dimensional, chemical, 
or physical requirements. 

The Seller shall submit a legible and reproducible copy of the product data sheet 
(e:g., drawing, catalog cut.sheet, brochure) that provides adequate information to 
ena_ble the Buyer t6 verify the form and function of the articles -procured. One 
copy of such documentation, unless otherwise specified, shall accompany the 

. . 

item. 

The Seller shall identify each item, assembly, package, container. or. material, 
having limited shelf life, with the cure date or date of manufacture and the 
expiration· date: The Seller- shall specify any storage temperatures, humidity and 
environmental conditions that should be · maintained. . Material shall . not be 
furnished having less than 75 percent of the total shelf life available at the time of 
shipment. 

Certified Material Test Reports containing. actual chemical analysis and 
mechanical properties of the material being supplied shall be subrnitted before or 
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with each shipment of material. Each CMTR · shall contain the following· 
information as a minimum: 

1. Product description [e.g., specification(s), codes, type of material]; 

2. Actual results of chemical analysis/mechanical testing in accordance with 
the provisions of the code, standard, and/or specification; 

3; The specification and material grade; 

4. Traceability to the item tested (e.g., heat number,. lot number); 

5. Name and address of manufacturer (may be identified by letterhead, logo, 
etc.); 

6. Manufacturer's ASME certificate number and expiration date; 

7. Buyer's contract number and item number to which the report applies; and 

8. The report shall be signed by an authorized representative of the 
manufacturer. · 

In· addition to the ASTM/ASME marking, the Seller shall physically iden_tify each 
item/part furnished to the Buyer with the heat number (or identification number 
that is traceable to the heat number) and the contract number. Methods and 
materials ·used to accomplish.· required markings shall be compatible with the 
material being marked. Small items shall be bagged/wrapped and tagged. 

4.1.5 Control of Processes 

The Seller shall have proces~es to control · processes, including special 
processes that.control or verify quality (e.g., welding, heat.treating, arid NOE). 
Special · processes must be performed by quaiified personnel using qualified 
procedures in accordance with specified requirements. · 

Seller personnel performing weld inspections shall be certified as a Certified 
Welding Inspector (CWI) in accordance wiih the requirements of AWS QC-1. 
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· The following documentation shall be submitted for Buyer approval before the 
start of fabrication: 

1. Current AWS CWI certification; 

2. CurrenVvaHd visual acuity examination (must be given every three years); 
and 

3. Visual weld inspection procedure(s). 

Welding procedures and personnel shall be qualified in accordance with 
applicable AWS or ASME requirements specified in the contract. The Seller shall 
submit copies of au ·welding procedures, procedure qualification records. and 
welder qualification records to be employed. Buyer review and approval of these 
documents is required before start of fabrication. 

Nondestructive . examination personnel shall be qualified and certified in 
accordance with the recommended guidelines of ASNT SNT-TC-1A. The Seller 
is not authorized to begin fabrication until the following documentation has been 
approved by the Buyer: 

1. NOE personnel qualification and certification procedure; 

2. Level I, II, and/or Ill personnel qualification and certification records, 
including objective evidence of NOE training, formal education, 
examination,_ experience, date of hire, and current visual acuity exam; and · 

3. NOE method procedure(s} compliant with the applicable requirements of 
the Buye:r's contract. ,.,· 

Nondestructive examination- reports and radiographs shall be traceable to the 
item examined.- shall include all_essential examination parameters; -and shall _be 
signed and dated by a qualified/certified NOE examiner. All NOE reports and 
radiographs shall accompany or-preceded shipment of_ the item or componeri"t. 
Radiographs and· . radiogrc;1phic. technique and examination reports shall be 
subject to approval by Jhe Buyer before shipment. 

. · Thes_e requirements shall be passed_ to lower-tier subcontractors. 
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4.1.6 Verification and Verification Methods 

The Seller shall · have-• a process to plan and execute inspections to verify 
conformance of an item or activity to specified requirements. .The process shall 
.document the .characteristics to be inspected and inspection methods to be 
employed·, The Seller shall document the results of inspections. Inspections for 
accepta11ce shall be performed by persons other than those who perforrn_ed or 
directly supervised the work being inspected. 

The Seller shall submit, as required by the contract, legible, reproducible ·c::opies 
of inspection and/or test reports. The reports shall include, as a minimum. the 
following information: 

1. Identification of applicable inspection and/or test procedure; 

2. · Resulting data for all characteristics evaluated, as required by inspection or 
test procedures, including reference to information on action taken in 
connection with nonconformances; 

3. Traceability to the 'item inspected/tested (e.g., serial number, part number, 
lot number), date of inspection, name of inspector, type of observation; and 

4. Signature of the Seller's authorized representative or agency performing 
the inspection or test. 

Key items to be verified include, but are not limited to, the mechanical and 
electrical function of all equipment and components. 

4:L7 Test Control 

The Seller shall have a process (to plan and execute tests) to verify conformatl'ce 
qf ·an· item or actjvjty to specified requirements. The process shall document the 

. chatacteristics to be tested and test methods to be employed. Tests required to· 
collect data, such as for siting·or design .input, shall be evaluated. 

The Seller shall prepare a detailed test plan. Before starting work, the plan shall 
be submitted to the Buyer for approval and insertion of- Buyer's designated· 
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source inspection and witness no,ification points. The test plan shall provide the 
following, at a minimum: 

1. Traceability. to the Buyer's purchase/contract order document number; 

· 2. Name or description of the item to be tested (e'.g.; · components. 
assemblies, subassemblies);. 

3. Method/procedure to be used during test; and 

4. Subsequent revisions/modifications to the test plan require review and 
?lpproval by the Buyer before implementation of the changes. 

The Seller shall provide test reports that include, as a minimum: 

1. Item tested, 

2. Date of test, 

3. Tester or data recorder, 

4.' Type of observation, 

5. Results and acceptability, 

6. Action taken in connection with any deviations noted, and 

7. · Pe.rson evaluating test results . 

.Test plans and test reports must be submitted to the Buyer for the project. 
records. 

·4.1.8 Control of Measuring and Te~t Equipment 

The Seller shall control tools, · gauges, instruments, and other measuring and 
testing equipm.ent used . for activities affecting quality, and shall calibrate · at 
specified periods and adjust to maintain accuracy within necessary limits. 
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The Seller shall maintain legible, reproducible copies of the Certificates of 
Calibratiof'), traceable to the NIST, for each article contracted. Each Certificate of 

. Calibration shall be . signed by the Seller's representative responsible for 
calibration, attesting to its authenticity, and shall be identified with the following 
information: 

1. Buyer's contract number, 

2. Identification of the articre to which . the Certificate of Calibration applies, 
and 

3.. Standards used for calibration. 

In addition. the Seller shall submit a report of actual calibration results. The 
report shall be identifiable to the acceptance criteria of the items submitted and 
shaU meet the contract requirements. The report shall contain the signature of 
the authorized representative.of the agency verifying compliance. One copy of 
the documentation, unless otherwise specified, shall accompany the applicable 
item(s) shipped. 

The Certification of Calibration will be held on file by the Buyer as objective 
evidence to .support the actual test results and attest to the fact that the 
calibrated item(s)met requirements. 

4.1.9 Handl~ng, Storage, and Shipping 

4.1.10 

The Seller shall prepare and submit for !3uyer review and approvc1I,. before use, 
procedure(s) or plan(s) for the packaging ·and shipping of materials, equipment, 
or components to be furnished under the contract. The procedure(s) or plan(S) · 
shall include, as appropriate, cleanliness ·inspection before packaging, use· of 
preservatives and coatings, descriptions ·of· specially · designed · shipping 
containers, handling and rigging data, final inspections. and the type of transfer 
.and shipping.vehicles. 

Inspection; Test, and Operating _status 

The· Seller shall have a process 10· identify the status of inspection and activities 
on items or in documents. traceable to the items. and to ensure that items which 
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have not passed the required inspections and tests are not inadvertently 
installed, used, or operated. · Status shall be maintained through indicators 
(i.e., physical location) and tags, markings, shop travelers, stamps, inspection 
records, or other· suitable mean's. The Seller must specify the authority for 
application and removal of tags, markings, labels, and stamps. 

Control of-Nonconforming Items 

The Seller must have a process to control items that do not conform to specified 
· requirements to p~event _inadvertent installation or use. These controls must 
provide for identification, documentation, evaluation, segregation (when 
practical), and disposition of nonconforming items, and for notification to affected 
organizations. 

All nonco·nforming conditions identified at the Seller's facility, with a proposed 
disposition of "Accept-As-ls" or "Repair," as defined below, shall be approved by 
the Buyer before supplier implementation of the nonconformance report (NCR) 
disposition:_ 

1. Accept-As-ls: Nonconforming materials will p~rform its intended function. 

2. Repair: Nonconforming item can be corrected so that its characteristics 
meet requirements of the contract. 

. Nonconforming items identified as "Repair" or "Rework" shall be re-examined.-.in 
accordance with applicable procedures and with the original acceptance criteria, 
unless the nonconforming item disposition has established alternate acceptance 
criteria. . . 

No_nconformances shall be · documented by the Seller on their own 
nonconformance form ,or one provided by the Buyer. After documenting the 
nonconformance and providing a proposed disposition and technical justification, 
the rep·ort shall be submitted to the Buyer. 

After" the proposed disposition has been evaluated, and approved or rejected by 
. the Buyer, the form shall be returned to the Seller. Corrective action may only 
take· place after Buyer api:,roval. Copies of completed,.Buyer-c;ipproved, NCRs -
shall be shipped to the Buyer with the affected item. 
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Corrective Action 

The Seller shall have a process to promptly identify conditions adverse to quality, 
and · to correct them as soon as practical. The identification, cause, and 
. corrective action for conditions adverse to quality shall be documented and 
reported to appropriate levels of management. Follow-up action shall be taken to 
verify implementation of this corrective action. 

During the period of performance of work for this contract, the Seller shall 
provide, to the Buyer, copies_ of all documents that constitute reports of 
conditions adverse to quality (e.g., deficiencies, weaknesses, nonconformances, 
or noncompliances with established requirements) related to items or services 
provided to the Buyer . 

. In addition, the Seller shall ensure flowdown of _these requirements to its subUer 
subcontractors/suppliers of quality-affecting items and/or services procured for 
work performed for the Seller. 

Quality Assurance Records 

The Seller shall have a process to specify, prepare, and maintain records that 
· furnish documentary evidence of quality. Records shall be legible, identifiable, 
retrievable, and protected against damage, deterioration, or loss. The process 
shall establish. and document responsibilities and requirements for records. 
transmittal, distribution, retention, maintenance, and disposition. 

Control of Graded Fasteners 

the . following are minimum requirements for high strength graded fasteners 
pro~uced in compliance with national consensus standards (i.e., SAE, ASTM, 
ASME): 

1. Fasteners shall exhibit grade marks and manufacturers identification · 
symbols (headmarks) .as required in the specifications_ referenced in the 
contract. · 

2. When reciuested by the Buyer, the Seller. shall provide legible and 
reproducible copies of the manufacturers CMTRs. These CMTRs. shall· 
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report the values of the actual chemical and physical tests p~rformed on 
the represented fastener lot and material heat. Fastener packaging and 
labeling shall be traceable by lot number or other means to the CMTR. 

3. Fasteners shall be inspected and documented to verify compliance with this 
QA aause. Additionally, fasteners may also be subject to destructive 
testing by the Buyer to verify con,pliance. 

4.2 INSPECTIONS AND TESTS 

· 4.2~1 

Factory Acceptance Tes ting of the equipment is required. Factory Acceptance 
Test specifications, procedures, and documentation of test results shall be 
prepared and submitted. All temporary electrical equipment including wiring and 
instruments necessary to allow component testing will be provided by the Seller. 

Water used for hydrostatic testing shall be tested for ct,lorides before use. The 
chloride · content of the test medium shall not exceed 250 ppm for water 
temperatures of 149 °For less. 

bated calibration labels shall be visible on all test equipment. Measuring and 
test equipment used for acceptance inspections and tests shall be controlled in 
accordance with the Seller's QA Program and shall be traceable to a national 
measurement standard. 

Each component, instrument, sensor, and valve shall be tested to verify that it is 
functional. In order to complete these functional check-out tests, the Seller Will 
have to provide- temporary power and switches for each valve activation and 
component activation circuit in the system. Compressed air or bottled nitrogen is 
also required for pneumatically-actuated valves. All electrical devices· shall be 
tested from the skid junction box to the end device and all instrumentation _shall· 
be tested from the· skid junction box terminati~n. 

Electrical Testing 

The following sections detail the requirements for electrical testing. 
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Motor Test 

All motors shall be given a routine test to demonstrate that the motors . are 
installed correctly and free from mechanical and electrical defects. Motor tests 
shall be performed in accordance with the Seller's standard practice. Tests shall 
include, but are not limited to: 

1. · Motors shalr be designed and te~ted by the manufacturer in accordance 
with NEMA MG-1. Certificates of Conformance and/or certified test results 
shall be supplied for the follQwing tests: 

a. Rated load readings of current, power, and speed at rated voltage and 
frequencies; 

b. No load readings of current, power, and speed at rated voltage and 
frequencies; 

c. Mechanical vibration and motor balance test results in accordance 
· with NEMA MG 1-12.06 and NEMA MG 1-12.07; 

d. High potential test results in accordance with NEMA MG 1-12.03; and • 

e. · 1000V de Megger test for cine minute, phase to ground. 

2. Motors shaff be checked for correct rotation and incoming power terminals 
shall be labeled by phase for proper rotation. 

4.2.1.2 _Wiring and BreakerTest 

All wiring and breakers shail be given routine tests to demonstrate that they are 
free from mechanical and electrical d~fects. Wiring and breaker tests _shall be 
performed in accordance with the Seller's standard practice, The Seller shall 
provide .wiring and breakers test data that include, but are· not limited to: 

1. Meggenests are-required .for all electrical power wiring: 

2. Cc;mtinuity testing i.s required for all electrical power and instrumentation 
wiring; and 
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3. Circuit breakers are to be inspected for proper size, correct installation, 
manual operation of handles, and su_spect/counterfeit parts . 

Instrument Tests 

The Seller shall prepare a log -of instruments tested by a certified-Electrical 
Inspector. 

4.2.2 Remote Operated Valve Tests 

Verify remote operated valves cycle through an open and close cycle and 
achieve their specified fail position on loss of compressed air or loss of electric 
power. 

' ' ' 

~ach valve shall be activated to verify that the valve functions and that valve-
positiori-switch-contacts are properly made (using an ohmmeter). The valve 
shall be activated from the skid junction box and verify limit-switch-contacts 
change state at the skid junction box. The Seller shall make. a· checklist that 
indicates all contacts checked. The Valve-Test Checklist shall be submitted to 
the Buyer for review and approval. The checklist shall include all contacts where 
application of voltage would fire a solenoid, actuate an air-operated valve, _and 
change positions between switch contacts. 

4.2.3 Pressure-Leak Test 

·4.2.4 

The HEPA filter skid assembly piping and components shall_ be pressure~leak 
tested in accordanc;e with the ASME B31.3. piping code for "Normal Fluid 
-Service." A sensitive leak test in accordance wi_th Section 345 of the piping code 
is . required for all condensate drain piping; a soap bubble test has sufficient 
sensitivity. 

Results shall be record~d and shall be submitted to the Buyer With test 
records/docui:nents. 

High-Efficiency P~rticulate Air Filter System Testing 

Filters shall be installed to perform the following tests. The tests (below) may be 
performed concurrently as practicable. 
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Filter Housing Testing 

1. The filter housing assembly, including inlet and outlet transitions, shall be 
visually inspected in accordance with .the requirements of ASME N510 
(Section 5). Observed deficiencies shall be documented on the inspection 
checklist and as a NCR if needed. A corrective action shal_l be noted and 
re-inspection results documented on the inspection checklist and on the 
NCR disposition. The Seller shall submit NCRs, as applicable, to the Buyer 
in accordance with the Bidder's Drawing and Data Commitments sheet 
(Appendix D). 

2. . The filter housings or test sections shall be tested for airflow distribution in 
accordance with the requirements of ASME N51 O (Section 8). If similar 
equipment (duplicate in design, layout, and fabrication) has previously been 
qualified by this test, the results of this testing may be used to demonstrate 
airflow distribution qualification. Acceptance criteria shall be as given in 
ASME N510{Section 8). 

3. The filter housings or test sections shall be tested for air-aerosol mixing 
uniformity in accordance with the requirements of ASME N510 (Section·9). 
Qualification testing of sampling manifolds shall be conducted in 
accordance with ASME N509. Qualification testing of challenge aerosol 
injection manifolds shall be performed in accordance with ASME N510 
(Section 9). .If similar equipment (duplicate in design, layout. and 
fabrication) has previously been qualified by these tests. the results of this 
testing may be used to demonstrate manifold and air-aerosol mixing 
uniformity qualifica.tion. Acceptance criteria shall be as given in 
ASME N510 (Section 9). -

4.2.4.2 High-Efficiency Particulate Air Filter 
· System Structul'.al Capability Tests 

The HEPA filter ductwork and · housings, complete assemblies, shall hav~- ~ 
structural integrity test performed under vacuum. The structural integrity test 
shali be conducted in compliance with ASME AG-1 (Section SA-5400) .a_nd 

· ASM-EN510 {Section 6). The Structural capability test pressure shall be 
performed.at a Seller-determined value and the value demonstrated to nieet the 
requirements stated in ASME AG-1. 
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Housing Leak Tests 

Perform ductwork and housing leakage testing after the Structural Capability Test 
has been successfully completed. leakage testing shall be in accordance with 
ASME_AG-1 (Section SA-5300). Maximum allowable leakage shall be in 
accordance with ASME AG-1 (Table B-1310, leakage Class I). The leak rate 
test pressure shall- be specified by the Seller and verified as consistent with 
ASME AG-1 requirements. 

The HEPA filter holding fra_mes at each filter position shall be pressure-decay 
leak tested in accordance with the requirements of ASME N510 (Section 7). The 
leak rate shall not exceed 0.1 percent of the housing volume per hour at the 
system leak test pressure and as defined in ASME N509 (Section 4.6.4). 

The filter housings shall be pressure-decay leak tested before HEPA filters are 
installed. Test shall be conducted to meet the requirements of ASME N510 
(Section 6). The leak rate shall not exceed 0.1 percent of the housing·volume 
per hour at the system leak test pressure and as defined in ASME N509 
(Section 4.6.4). 

A Buyer's representative may be present to witness the decay leak test of the 
housings. The Seller shall give a minimum of five days advance notice before 
performing the·test(s). 

Heat-Trace Check 

This check will verify that the heat trace functions properly and in a safe manner. 

4.2.4.5 Alarm Check 

This check will verify that switches perform as required to specific set-point 
conditions. 

·4.2.5 .Lift Tests 

The. fully assembled s~id assembly shall be lifted from a horizontal position 
without incurring any damage. The lifting points shall be shown to accou_nt for 
the offset loads_, such that the skid assembly hangs ~ith its vertical axis within ten·. 
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degrees of vertical. All lifting accessories or components shall be load tested to 
125 percent of the rated load capacity. 

Verify the weight and center of gravity of the overall assembly . 

Condens·ate Collection System Leak Test 

Perform tests to verify that the Condensate Collection System does not leak via 
visual checks• followed by a pressure decay test of ihe Primary Containment 
$ystem. Secondary containment shall be tested by. filling the secondary with 
water and then visually checking for signs of leakage. 

4.2.7 Acceptance Criteria 

Acceptance criteria.will be defined after process testing at the Seller's facilities. It 
is expected that a FAT will be used to accept the skid assembly at point of 
shipment from the factory. The skid assembly will be shipped to Washington, at 
a location near the Hanford Site to be determined by the Buyer, where it will be 
installed by the Buyer. An acceptance test shaHbe performed by the Buyer. 

4.2.8 Inspections 

Specific inspections by the Buyer or Buyer's representative that may take place 
at the Seller's facilities.include a suspect fasteners inspection before shipment of 
equipment. Electrical equipment installation and wiring practices will be subject 
to review by NEC® inspectors. 
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5 PRESERVATION AND DELIVERY 

The following subsections provide the minimum requirements for packaging, 
labeling. handling, shipping, and receiving. · 

5.1 GENERAL 

Every item that is shipped shall arrive at the jobsite in the same condition when it 
passed all quality control inspections and tests. 

The equipment shall be prepared for delivery to the Buyer's specified site lo_cated 
near the U.S. Department of Energy's Hanford Site in Richland, Washington in a 
manner that can easily be inspected by the Buyer's personnel. The Seller shall 
be responsible for the equipment and associated· components provided by the 

. Seller through shipping and receiving of the equipment. The Seller shall be 
responsible for any damage that occurred during shipping. 

The equipment will remain the property of the Seller until the Buyer has 
completed a _receipt inspection at the Buyer's facility. 

5.1.1 Packaging and Shipping Instruction Manual 

The Seller shall prepare an instruction manual(s) that includes packaging 
information, handling information, shipping information, storage inform_ation, 
operationa.1 procedures, maintenance procedures, and special assembly· 
procedures. The. instruction manual(s) shall be submitted to· the Buyer for 
approval before shipment. 

A r.ecommended spare parts list shall be prepared and provided to the Buyer. 

5.1~2 Operation .and Maintenance Manual 

Provide an Operation arid Maintenance Manual containing all information ··and 
·procedures necessary to· operate and maintain the HJ:PA filter skid assembly. 
Component· manuals and other vendor data such as the following shall .be 
provided, as applicable: 

1. One-line diagram, layout drawings, sc;;hematic and wiring diagram-s; 
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2. Illustrated parts lists with manufacturer catalog numbers; 

3. Certified copy of factory test results; 

4. Recommended maintenance schedule; 

5. . Maintenance procedures; and 

, 6. Operating procedures. 

Submit Operation and Maintenance Manual, component manuals, and other 
vendor data to the Buyer for approval before shipment. 

5.2 PRESERVATION AND PACKAGING 

Before packag.ing, all · residual water present in the systems from acceptance 
testing · shall be thoroug!ily drained and dried by purging .oil-free dry air through 
the system. All open pipe ends shall be sealed to prevent ingress of debris and 
vermin into the system. The assembly shall be thoroughly cleaned to remove 
any dirt or dust that may have accumulated on the equipment during testing. 
Defects in the paint shall be touched-up. Moving parts shall be secured to · 
prevent movement during shipping. · · 

5.3 PACKING 

· 1. The. Seller shall package .equipment to protect items during shipping. 
Bracing structures ·shall be installed where iterns could be damaged· _or 
vibrate foose during transportation. All bracing must be clearly identified, 
both in the packaging_ instruction and by labeling on the outside of ·the 
receipt tariks. 

2. Rigging sketches or a handiing· procedure iihall be prepared by the Seller 
. for items -t_hat require' special handling. These sketches will identify · . 
w~1ghts, sling.loc~tions, balance points, methods of attachment, and other 
information ·necessary for safe handling. · 
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3. . Packaging or preseFVative coatings shail be visually inspected after loading. 
Damaged . areas shall be repaired. Items shipped with desiccants shall be 
inspected after loading to verify that seals are intact. 

4. · Cushioning shall be used·. where protection from shock and vibration is 
required. Cushioning materials shall have sufficient strength to provide the 
required protection, shall exhibit no corrosive effect when in contact With 
the item being cushioned,.and shall not readily support combustion. 

5. Temporary cushioning, blocking, bracing, or anchorii:,g placed within an 
item for shipping protection that shall be removed before operation of the 
item, shall be identified by a warning(s) placed in a conspicuous manner to 
effect proper removal of the packing material. 

6. Blocking and bracing used for protection of the load shall prevent item 
movement and withstand thrust and impact applied in any direction~ 
Blocking and bracing used in direct contact with the item being blocked 
shall not have a corrosive.effect on the item. 

7. The weight, lifting points, or center of gravity indicated on the crate, skid, or 
· package of major components shall be used to ensure proper handling 
. during loading. 

8. Written instructions covering the location and stacking limits of the crates or. 
boxes on the transport vehicle shall be specified, as· appropriate. These 
instructions· should be marked on the container. 

9. Precautions shall be taken to minimize marring of the finish of painted 
surfaces during handling anci shipping., as practicable. 

10. Cables, slings, chain falls, etc., shall not be placed where they can cause 
damage to any component part. Mating surfaces, machined are,as, etc., 
shall be i3voided. ·· · · 

11. . All items shall be protected from the delete(ious effects of shock; vibration, 
physical damage, moisture,. salLspray, condensation. and weather during 
shipping_. as applicabl_e. . 
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12. Items shall be inspected for cleanliness before packaging. Dirt, oil~ residue, 
metal chips, or other forms of contamination shall be removed in 
accordance with Section 3.3.4. Any entrapped water shall be removed. 

13. All openings into items shall be capped, plugged. and sealed with materials 
which perform their intended functionwithout.causing deleterious effects·on 
the equipment or its operation. 

14. Nonmetallic plugs and caps shall Qe brightly colored. Clear plastic caps or 
plugs are.not to be used except when specified. 

15. Plugs or caps shall be prevented from falling into;. or being pushed into, 
openings after installation and shall be secured to prevent accidental 
removal. 

16. Items subject to corrosion, either internal or external, shall be suitably 
protected. · 

17. Items packed in containers shall be blocked, braced, or cushioned to 
prevent physical damage. 

18. Instrumentation, electrical and electronic equipment, motors, and other 
electrical .assemblies and equipment shall be packaged in a waterproof 
enclosure. This may be the enclosure the item will" operate in. For items 
without waterproof enclosures, a vapor barrier shall. be placed around the 
enclosure. In either case, the enclosure shall be able to exclude dirt and 
facilitate handling and. marking of the item. Barrier materials . shall be 
nonhalogenated if used in conlact :with austenitic stainless steels, shall be 
noncorrosive, shall not readily support combustion, and · shall not be, . 
otherwise, harmful to the item being packaged. Desiccants may be used . 
-inside the enclosure or·vapor barrieL 
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19. UAnchonngn of the item within a crate or on a skid. means to adequately 
fasten the item during shipment and protect the item from potential dam.age 
as a result of rough handling. Bolting is preferred. When bolts are used for 
anchoring, the following criteria shall apply: ' 

· a. If. precision hc:>les in the item are used for anchoring, properly fitting 
bolts shal! be used to prevent marring or elongation of the holes. 

b. Items shall be marked to preserve identity during shipping, receiving, 
and storage per the following requirements: : 

i. Identification shall be stamped, etched, stenciled, or otherwise 
marked on the item or on tags affixed to the item. 

ii. The marking shall not be deleterious to the material nor Violate 
any other section of this specification. 

iii. When tags are employed, they shall be of material that will 
retain the marking and withstand weathering deterioration and 
other normal shipping and handling effects. 

20. Items not specifically covered by these requirements shall .be handled in 
accordance with.sound material handling practices. 

5.4 MARKING 

Packages shall be properly and clearly marked. At a minimum, the required 
i.nformation shall include the contract number, the name and equipment number 
of the item within the package, the actual weight of the package and its contents, 
and ttie orientation of the equipment within the crate. Each package shall be 
labelecJ as part of the entire shipment. such as ''Crate 1 of 2." 

5.5 HANDLING 

The Seller shall lift equipment .using a forklift or crane, using the lifting points 
design~d for that purpose. 
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. 5.6 SHIPPING 

The Seller's truck driver shall carry bills of lading -for each shippable unit that is 
delivered· to the Buyer. 

The Seller shall obtain approval to ship from the Buyer before the equipment is 
prepared for shipment. 

5.7 RECEIVING 

The Buyer's agent will perform a receipt inspection on receipt of the equipment at 
the Buyer's specified site. 

This receipt inspection shall consist of the following: 

1. Verify all parts are present and not damaged during shipping. 

2. Documentation review-determine that documentation required by contract 
to accompany equipment is present and traceable to the equipment 
shipped as required by the Bidder's Drawing and· Data Commitments sheet 
(Appendix D). · 

The Seller is responsible for accommodating the receipt inspection process by: 

-1. Designing and using packaging that allows _for easy opening_ or 
disassembly to reveal the item( s) for inspection, thei:-a reclosing to permit the 
same packagi_ng to be used for post-receipt transportation on the Hanford 
Site. 

2. Selecting locations on equipment for identification numbers that promotes 
easy·identificaUon without extensive disassembly of packaging materials . .It 
is preferred that packaging. be marked to indicate the approximate position 
of identifi~tion numbers on equip!Tient within the packaging. 

3. · Ensuring that all required documentation accompanying the equipment is 
_present and obvious on, or .within, the packaging. 
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. JECHNICAL SPECiFICATION 

PROJECT: Final DBVS Design 145579-D-SP-036 I REV.1 

PROJECT NO.: 145579 
. OFF-GAS TREATMENT SYSTEM HEPA 

-FILTER SKID ASSEMBLY 

CLIENT: AMEC E&E - Richland, Washinaton DESIGN AND FABRICATION 

6 NOTES 

1. Unless otherwise specified, equipment furnished under this section shall be 
fabricated and installed in compliance with the instructions of· the 
manufacturer.· 

2. The Seller shall ensure that all · equipment, accessories, and installation 
materials comply with this specification and that adequate provision is 
made in the skid assembly design and fabrication for mounting the 
specified system eqµipment and accessories. 

3. The Seller is solely responsible for construction means, methods, 
techniques, sequences, procedures, and safety precautions and programs. 

4. The Seller shall provide· all labor, equipment, and material required to 
provide a complete and functional system. 

5. To avoid delays in construction, the Seller shall ensure that all components 
of the.system are available to meet the-required schedule. 

6. The Seller shall obtain necessary permits, arrange for inspections, and 
obtain approval . of the appropriate Seller's local "Authority Having 

. Jurisdiction" over the work described. 
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amecf!i 
PROJECT:· Final DBVS Desi n 145579-D-SP-036 REV.1 

PROJECT NO .. : 

CLIENT: 

· 145579-

AMEC E&E .. Richland, Washin ton 

· OFF-GAS TREATMENT SYSTEM HEPA 
· FILTER SKID ASSEMBLY 
DESIGN AND FABRICATION 

7 APPENDICES· 

The following appendices make up part of this specification: 

1 Appendices Description 

A Drawings and .Sketches 

. B ASME AG-1 Compliance Matrix Example 

C Example Data Sheets 

I D Bidder's Drawing.and. Data Commitments ,,------+------~-----------,--------; 
E TFC-ESHQ-Q_ C-C-d3, Revision B, Control of 

Suspect/Counterfeit Items 

F Request for Information 

G Instrumentation.Naming and Tagging Convention 
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.Bulk Vitrification P&ID "Typicals" Legend 

Bulk Vitrification P&ID Symbol Legend 

Bulk Vitrification Off-Gas Area FDNS - Plans & 
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Diagrams 

Bulk Vitrification HEPA Filter Skid Arrangement 
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DBVS HEPA Filter _Skid P&ID 
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Source Requirement Text 

:~~~~:i~~~~: ~-3~~,9~--~:Q:~:~r:-t~:~,t~~~1:~~~;~~,~t.r:~~E~l~f 
.\{ttfl..fi')i;: ~g:::n_c:>Nl~~=r9QMM2.t')~~J19g~_ ';•,, 
i~JAAi~~OJlO;~' MATERIA '' 

AA-3000 Each section of this Code delineates material requirements applicable to that section, In a dilion, !he mate 
Boiler Pressure Vessel Code (hereafter referred to as Jhe ASME Code) are acceptable materials. 

The ASME or ASTM numbers for acceptable materials designate a chemical composition and a matenal thickness limit. A grade designation Is 
usually required to determine the minimum strength of the material. If the specmc grade material has an assigned minimum yield and tensile 
strength, these values shall be used for design purposes. If values have net been established and assigned, then tests in accordance with !he 
procedures oullined in ASTM A 370 shall be performed to obtain these values. Results o(mill certified tests performed as above deslgnallng these 
values shall be calculated b t In AA-4000. 

(!iM;,.oO.Qo;i/J ST:aU.GJrURAll·'D,ESl~ 
AA-4100 Scope: 

AA-4110 

AA-4200 

AA-4210 

AA-4211 

This Article contains the minimum requirements for design or equipment for which this Code is applicable. Nonmandatory Appendices AA-A 
throu h AA-D contain uidance on Im lementin these rules. 
Environmental Qualifications: 

Electrical equipment shall be qualified to meet the environmental conditions specified for the equipment in Divisions II and Ill of !his Code. 

Design Criteria: 
This Subarticle contains !he load, stress, deflection, and other criteria for the design of equipment. Verification of equipment design shall be 

based on calculations or tests or a combination of both. 
Load Criteria: 

All loads as specified In the Design Spectncation orthe applicable equipment secllon of this Code shall be taken In accoun_t In designing 
e ui ment and shall Include but not be limit d to the loads listed In AA-4211 . 
Loads: 
additional dynamic loads (AOL}: loads resulting from system excitation due to structural motion caused by safety relief-valve actuallon and other 
hydrodynamic loads due lo design basis ccident (DBA), small pipe break accident (SBA), and intermediate pipe break accident (IBA); also, liquid 
slosh in tanks and vessels and mechanical shock loads, · constraint of free end 
displacement loads (T): loads caused by constraint of free end displacement that resulls from lhennal or other movements. 
dead weight (OW}: the weight of equipment or ductwork including supports. stiffeners, insulation, all Internally or externally mounted components or 
accessories, and any contained fluids. design pressure differential (DPO): dynamic pressure loads resulting from a OB.A, lBA,.or SBA. 
desi n wind W : loads due to desi n humcane desi n tornado or other abnormal meleorolo ical condition lhat could occur infre uentl 

AA-4211 external loads (EL): applied loads caused by attached piping, accessories, or other equipment. 
fluid momentum loads (FML): loads other than those listed here, such as the momentum and pressure forces due to fluid flow. 
live loads (L): loads occumng during constniction and maintenance and loads due to snow, ponded water, and Ice. . 
normal loads (N): loads consiSling of normal operating pressure differential, system operating pressure transients, dead weight, external loads, and 

. inertia loads. N = 
NOPD+SOPT +OW+EL +FML normal operallng 
pressure differential (NOPD): the maximum posilive or negative pressure differential that may occur during normal plant operation, including plants 

AA-4211 seismic loads: loads that are the result of either an operating basis earthquake (OBE) or safe shutdown earthquake (SSE). Both orthogonal 
components of the horizontal seismic excitation are applied simultaneously with the vertical seismic loading. These seismic forces are applied In 
the directions that produce worst-case stresses and deflections. 
system operational operational transient (SOPT): pressure transient loads due lo events such as rapid damper. plenum or h()uslng door, and valve 
closure, or other normal loads that result in a short duration ressure differential. 

AA-4212 Load Combinations: The load combinations to be considered for equipment 
desl n are iven In Table AA-4212. 
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Requirement Tel(t 

Table AA-4212, l.oad Conditions: 
i::..o.l!lP_QJJJ:JlJ:._~J'...YJ.~.fL .. J,1.~V,!il L91U.LC:Qilll'.u.Jlat.i.2n 
A N • T 

,Y . L .. /J ; 1'' .. T ,'Wd 
II + OEF.. . T + AOL 

C {N,..,te I 1 JJ N • h' _. T ,Jnd 
/J • $,'!-C . 1,01, 

[I /J OF'O • SSE + AOL 
General Notes: 
(a) Constraint of free end displacement loads, el(ternal loads, additional 
dynamic loads, and 0uid momentum loads are associated 
wilh the service level ol concern and are not, in general, the IV same ror all service levels. (b) If particular equipment design criteria require 
additional load 
combinations, those reauiremenls shall be staled in the equipment design speclofication, 

(1) The SSE loading in Service Level C may be replaced with the OBE loading If component operability is required during or after a seismic 
event and operability can be assured by test or analysis, 

Service Condi/Ions: 
The equipment Design Specification or the applicable equipment section of this Code shall idenUfy the loads and shall designate the appropriate 

design and service limits for design of equipment systems. The design and service loads shall be established considering all plant and system 
OPeratlnq conditions anticloated or oostulated to occur dunno the intended service life of the eculoment svstems. 
Desian and Service 1./mi/s 
Design Limits. 'l'he limits ror design 
loadinn are desionated as des/an limits. 
Service Limits, The equipment design specification may designate service limits as defined in (a) throuh (d) below, (a) 
Level A Service Limits. Level A service limits are those sets oflimits that must be satisfied for all loads identified i~ the equipment design 
speclficallon to which the equipment may be subjected In the perfonmance or its specified normal service !unction. 
(b) Level B Service Limits. Level B service limits are those sets of limits that must be satisfied for ali loads identified in the equipment design 
specification for which these service limits are designated, Equipment must withstand load combinations specified for -Level B service limits 
without damage that would require repair. 
(c) Level C Service Limits, Level C service limits are those sets of limits that must be satisfied for all loads identified in the equipment design 
specification for which these service limits are designated. These sets of limits permit large deformations in areas of structural discontinuity, 
(d) Level D Service Limits. Level D service limits are those sets of limits that must be satisfied for all loads identified in the equipment design specif 

SmREss·reR1JERlA'rtt¾~tt'!}~t[J'ef~~~~t'1l-i;~tJ(;~t~~§~/\;:S:«~l~}~t.~:.1i~~~~i.~?i:@:~:R0.,~.::Z~~f,~fl~?f;~'1;~wi';;;l~fi\t?~&.'fi~~~k~itii~~~~-~-~-~~~>k~..tw,~,·, 
Stress Limits: 

The mal(imum normal stress limits for the service levels defined in AA-4212 are stioulated in AA-4320 and AA-4330. 
EtEJ;l!E0ir10-NfCRl:l!ER'iA-£%t~~~~~~~;,::r .. ~i~~~~1;%;t)8$.~~~'.W~l~'f(~~~\~i~W~:l~5~~;~~;~~~~]1~*1~ri.t~-!f.,~'il~m®~).~}~, 
Deflection Limi/s: 

The maximum de0ection dm.., including all equipment tolerances, that may be sustained so that equipment function is not impaired shall be 
determined, This maximum de0ection may be defined In the equipment Design Specification or the applicable equipment section of this Code. 
Alternatively, it may be determined by analysis or test, or both. The allowable deflections for the load combinations of AA,4212 are as shown In 
Table AA-4231, 
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22 AA-4243,2 

.. ·.:, ,._ 
. :: >AA~300.\l '·,·:,;:.:·,_ 

',,:,,.t'.•:,:··t,:·~·~l'.k'.,,)l i'iiAA~GlO):!J 
23 AA-4311 
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Table AA-4231, Deflection Limils '·': 
&u:~~-tt.o.~tl lle.tl~s..t.i..M_;,.,i~!i.l:. 
I< (Nor.e llil d .•. ~ ·c1," d, .. ,,, 
B (Nor.~ (i) j d,: ~ O,n cl. .. , .. , 
C (Nor.a I~ I) d ... s o. 9 d,..,,. 
D I Note i2l l d-,:. ~ 0.9 d,., .. 
General Notes: 

(al If particular equipment design criteria require more restNctive limits on deflections, those requirements wlll be stated in the applicable 
equipment section of this Code. 

(b) Deflections shall be limited to prevent transmission of excessive lead to other components such as fitter frames, coils, beaNngs, and access 
doers. Notes: 

(1) Deflections shall be limited to values that prevent buckling In primary load carrying elements. 
(2) Deflections shall be limited to values as described In AA-4323. 

,G,tf.lER,~li1;~Rl~~i•.;j;};')r~11sii1~i\YJ~tff.}i~Kftt1t;~lt~®iii~Jii1tk1~ij)~§fit\~t~li~~~t~ft~i~R~,t~~~1:}~~~~~Jt~iff.hta~1tlM.v.1i h~~M.r~~~,.'iii~ . !l,: . ' ' , ' ~'"l'lzy)iJl:li' •, 

Vibration Isolation: 
Types of vibration Isolation devices and their efficiencies shall be as specified In the equipment Design Specification or the applicable equipment 

section of this Code. Vibration isolation devices shall be designed with adequate restraints to resist the loads i;ienerated under any service level. 

Provisions for Relatlv<1 Movement: 
Consideration shall be given to the relative motion between equipment systems and their supporting elements, as this will affect ablllty to 

function, When clearances er travel ranges, or both, are reQulred to accommodate movements ol equipment systems and their supporting 
elements sufficient desion maroins shall be introduced to allow for fabrication and installation tolerances. 
Structural Attachments: 

Structural attachments mav be of either the inteoral or noninte~ral tvce as defined in AA-4243.1 and AA-4243,2. 
Integral At/achments: 

(a.) Integral auachments are those fabricated as an integral part cf the equipment. Consideration shall be given to local stresses induced in 
equipment by Integral attachments. 

(b.) Integral items used as part ol an assembly for the support or guiding of the equipment may be welded directly to the eQulpment, provided the 
design Is adequate for all applica_ble service conditions and load combinations set forth in AA-4212 and the requirements of AA-6300 are niet. 

Nonintegral Attachments: 
Ncnintegral attachments are those that are bolted, pinned. clamped to, er bear en the equipment. Consideration shall be given to the mechanical 

conneclion and local stresses induced in the eoulcment bv nonlnteoral attachments. 
DESIGN 'OF-·'EQUIPMENJ!SY:STEI\IISiAND 'THEIRiSU~P()RT:INGiECl:MENJS)t\'11\fe}ii,'~;'.Z)'ti}fj@i!~i\\\i;',W/il\~l)';'i'.,~mt;f~k&i?,\1,',,~ii':; \?:{<tif~$,~i!)ttr,t/.~\!}) i~i~il.\'!Wl\1.~t.~:~\:ti{.~,y.,{%1 
'GENERAC\BEQUIREMEiii; f,.'1!.'!i'~§' -~ "' .. 

' ~ 'U-$• ., 

Acceptability: The requirements for acceptability of the design of equipment systems and their supports are given In AA-4311 .1 lhl'0ugh AA-4311,3. 

The design shall be such that the allowable stresses wlll not exceed the limits given in this Subartlcle. Oes!gn stress values S, yleld strength Sy, 
and ultimate strength S ,. are given in AA-3000 references. These values form the basis for determining allowable stress, depending on analysis 
tvce. 

For self•limiting leads under Service Level o. localited material yielding is permined, provided that yielding does not fonn a mechanism that 
would result In collacse of the structure. 

For confiouraticns where comcressive stresses occur, critical bucklinQ shalt be considered. 
:S~SIS}fi!DR~0.EJiERMINING1'.Si!IRES.SES'.\1NiliiES(~,b)}l:I:YJ4'1i!A:L-,Y,,,s1,S~~,1~l'li~l~l~~1t.'il.J&l;~¥£~~4.l1~~~~I~liI~~Wi:fl.~I ~ ,' .. ~ ,, 1!'101 

['; ¥al:'. 

The theory of failure for combining stresses for the design cf equipment systems and their supporting elements used In the rules of this subarticle is 
the maximum stress theory. In the maximum stress theory, the controlling stresses are the membrane and bending stresses. 
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A-Analysis (Where Is this requirement 

T. Test Incorporated in the design) ,. 
Plate• and Shell• Type Components •· Analysis Procedures: 

The analysis procedures ror plate· and shell-type systems shall be in accordance with the rules of M-4320. Consideration shall be given lo the 
governing mode or failure. Several analyses thal might Include, but are not necessarily limited lo, the rollowing may be required to determine the 
limiting case: 

(a) elastic analysis based on maximum stress theory: 
(b) elastic analysis based on maximum deflection: 
le\ elastic analvsis based on allowable bucklino slress rsee AA-4323\. 

Linear-Type Systems and Suppcrts •· Analysis Procedures: 
Elastic analysis based on maximum stress theo,y in accordance with the rules of AA-4330 shall be used ror the design of linear-type systems. 

Applicability of Mathematical Analysis: 
The design procedure that may be used shall be either analysis or lest, or a combination, and is d_ependenl upgn the nature of lhe structural 

system under consideration. The choice shall be based on the practicality of the method for the type, size, shape, and complexity of the equipment. 
and lhe reliability of the conclusions. The analysis mettiod is not recommended ror complex equipment lhat cannot be modeled lo correctly 
desctibe lhe static and dynamic structural characteristic or the equipment. Furthermore, analysis without tes\lng may be acceptable only If 
structural integrity alone can assure the design intended function. If mathematical analysis is Inadequate for all or part of the deslgn·ve1ification, a 
suitable lest oroaram shall be lmolemenled In accordance with lhe rules of AA-4350, 
Terms Re/alee/ to_ Design by Analysis: The terms used in the design of equipment systems and their supports are shown In AA-4313.1 through AA-
4313.11, 
Gross S/r1,1ct1.1rat Discontinuity. Gross structural discontinuity is a geometric or material discontinuity that affects the stress or strain di_stribulion 
throughout the entire thickness of lhe member. Gross discontinuity-type stresses are those portions cf the actual stress distributions that produce 
nel bending and membrane force resultants when Integrated through the lhickn~ss. Examples of gross structural discontinuities are junctions 
between oarts of different diameters or thicknesses and nan•e-to-shell iunctions. 
Normal S/ress. Normal stress Is the component of stress normal lo the plane of reference, also referred to as lhe direct stress. Usually the 
distribution or normal stress is nol uniform throughout lhe thickness or a part. Therefore, the normal stress is considered to be made up of two 
components, one of which is uniformly distributed and equal 10 the average value of stress across the \hickness under consideration, and lhe other 
of which varies from this averace value with the location across the thickness. 
Membrane S/re.s. Membrane stress is the component or normal stress that is uniformly distributed and equal to the average of stress across lhe 
thickness or the section under consideration. ; 

Bending Stress. Bending stress is the variable component or normal stress described In AA-431.3.2, The variation may or may not be linear across 
the thickness. 
Shear Stress, Shear slress is the comoonent of stress tanqent lo the olane of reference, 
Primary Stress. Primary stress is any normal stress or a shear stress.developed by an Imposed loading !hat is necessa,y to satisfy the laws of 
equilibrium of external and internal forces and moments. The basic characteristic of a primary stress Is that It Is not selr-llmillng. Primary stresses 
that considerably exceed the yield strength will result in failure or, al least, in gross distortion. A general primary membrane stress Is one that is so 
distributed in the structure that no redistribution or load occurs as a result or yielding. An example ol primary stress.is general membrane stress In a 
circular cvllndrical shell due lo dlstribuied live loads. 
Secondary Stress. Secondary stress Is a normal stress or a shear stress developed by lhe constraint of adjacent material or by self-constraint of 
lhe structure. The basic characlerlslic of a seconda,y stress is that It is self-limiting. Local yielding and minor distortions can satisfy the conditions 
thal cause the stress to occur, and failure from one application or the stress is not to be expected. An example of secondary stress is bending 
stress al a aross structural discontinuitv, 
Peak Stress. A neak stress includes an increment added to • rimarv or secondarv stresses bv a stress riser such as a notch. 

Free End Displacement. Free end displacement consisls or lhe relative motions lhat would occur between an attachment and connected structure 
or equipment If lhe two members were separated, Examples of such motions are those that would occur because of relative thermal expansion ol 
ductwork, piping, equipment, and equipment supports, or because of movements imposed upon lhe equipment by sources other than the piping. 

Limit Analysis. Limit analysis Is a method used lo compute the maximum load or combination of loads a structure made of ideally plastic (nonstraln 
hardening) material can carry. Among the methods used in limit analysis is a technique· that assumes elastic, perfe.ctly plastic, material behavior, 
and a ccnstant level or moment or force in those redundant structural elements In which the level of membrane yield, plastic hinge formation, or 
critical buckling load in the member has been reached. Any increase in load must be accompanied by a stable prima,y Structure until a failure 
mechanism defined bv the lower bound theorem of llmil analvsls is reached In lhe orlmarv slructure. 

Collapse Load: Lower Bound. The collapse load Is the toad at which derormalions or an Ideally plastic structure increase without bound. If, for a 
given load, any system of stresses can be round lhal everywhere satisfies equilibrium and nowhere exceeds the material yield strength, the load is I 

at or below the collapse load, This is ·the lower bound theorem of limit analysis, which permits calculation of a lower bound to the collapse load. 
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AA•4J21 Stress Analysis; 
A detailed slress analysis of all major structural piale and shell-lype componenls and !heir supporting elements shall be prepared in sufficienl 

delail to show lhat each of lhe slress limilalions of Table AA-4321 Is salisfied when the co.mponenl and ils supporting elemenls are subjected 10 lhe 
load comoinations of AA-4212. 

AA-4321 Table AA-4321, Plate- and Shell-Type Components •• Primary_ Stress Allowab/es 

$e1.·vlcr.:-: 

~ 
,\ 
r, 
C: 
I) 

Notes; 

Gene1·c1l 

Memln:ane rr 1 

I Notre (1 JI 
l. 0 S /Not?. (JI} 

J.O S 
J.2 $ 

Less o: J •• 5 S 
or 0.4 s., (Note (.1)/ 

Membt,.rne imd 
f:endlng 

Cl: .+ CT· 

llJ_Q.t;,.'i...J.ili 
J.5S 
1.5 $ 

l.8$ 
Lesse1· oi 2. 25 S 

,,r 0.6 s .. 

(1) General membrane stress a, is the average membrane stress across lhe solid section, excluding discontinuities and concentrations. 
(2) Bending stress a, is lhe linearly varying portion of stress across the solid section under consideration, excluding effects of disconlinufties and 

concenlrations. 
(3) S = design slress 

Su = ultimate stress 
See AA-3000 references. 

AA-4322.1 Design Loads: . 
The maximum nonnal stress limlls are satisfied for the design loading combinalions as stipulated In AA•4212, or as stated in the equipment 

Design Specification if the require111ents of Eq, (1) and (2) are met (see AA-4322.2 for service limils associated with the service levels of AA•4212), 
a,S 1.0S (1) 

a, +a,si.ss (2) 
where 

S = design stress value from AA 3000 references 
a, = membrane stress 
er, = bending stress 

AA-4322.2 Service Umits: 
The maximum normal stress limits for Service Levels A throu h D are as s i ulated below. 

AA-4322.2 (a) Level A service limits are satisfied for the service condilions of AA•4214.2(a) for which these llmils are designated In lhe equipment Design 
S eciflcatlon If the re uirements ofE s. 1 and 2 are met. 

AA•4322.2 (bl Level B service llmlls are salisfied for the service conditions of AA•4214,2(b) for which these limits are deslgnaled In the equipmenl 
Desi n S ecificalion If the re uirements of E s. 1 and 2 are met. 

AA-4322.2 (c) Level C service limits are satisfied for lhe service condilions of AA•4214,2(c) for which these limits are designated in lhe equipment Design 
S ecifi ation If lhe re uiremenls ol E s. 1 and 2 are nol exceeded b more than 20%. 

AA-4322.2 (d) Level D service limits are satisfied for the service condilions of AA•4214.2(d) for which these limits are designated In the equipment 
Design Specification If the requirements of Eqs. (3) and (4) are met. 

a, s lesser of 1.SS or 0.4 s. (3) 
a,+ er, s lesser of 2.25S or 0.6 s. (4) 

where s. = specified minimum ultimale tensile strenglh of m'alertal found In AA-3000 references. Other terms are as defined In AA•4322.1. 

AA-4323 Buckf/ng and Sfress Limits Set by Buckling Stress Criferia: 
The allowable deflection due to compressive loads shall be limited to prevent postbuckllng failure In lhe plate. Buckling stresses shall be verified 

a ainst Service Level D allowable values ofTable AA-4323, · 
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I. .. 
52 AA•4332 Table AA-4323, Linear-Type Sy,;tems •• Primary Stre,;s Allowables 

.~ii..CJW-~ 
Sr.res:. From 

serv.t,:1J Genei·al LOdd CO/l,!:Cl'~1J11t. oi free 
I,_=.J J,~....,v;~ ;;,in fli ~mlaceme:n e~ 

/\ ~ /No:e (1)/ 3 S 
£1 s J -~ 

c; /N'9t:e 12)} l.5 ,s Noc Applicabje 
r;, //;r,C,, /l.JJ l.25,,/f, . s /lot Appl.icable 

not to exceerl 
0, 7 S:•/f. s 

Notes: 
(1) $ refers to the primary allowable stresses developed in the ASME Code, Section Ill, Appendix XVII, XVll-2211 through XVll-2214. 

5v = yield stress 
Su = ulll mate stress 
F, = allowable tensile stress 
Values are found in AA-3000 references 

(2) Loads shall not e~ceed 0.67 times the critical buckling load of the primary framing system. 

53 AA-4323.1 Local Yielding and Buckling: 
The maKimum stress for the load carrying capacity of plates shall be based on the post-buckling behavior of the plate. 
(a) When buckling governs, deflections shall be computed based on effective widlh concept. 
/bl When local vieldino ooverns deflections shall be comouled based on the averaae or reduced section. 

54 AA·4323.2 Lateral Buckling: 
Critical lateral bucklino stresses shall be comouted based on moment resistino canacitv. 

55 AA-4323.3 Flexural Bvckling: 
Maximum stresses shall be comoute·d based ori stabllitv considerations.· 

56 AA-4323.4 Torsional Buckling: 
Maximum shear stresses shall be com outed based on the torsional caoacitv of the section. 

;i· .. ~.r:;.04:~l.;itJ ~~~35.0.\~. D."ESl:G~1VERfEte'~li1Glife.R!'.!liNE~R;:1\Y1fi£[SYiSm1:.MS~:Yi~N~Y$fSl~iiitti"lfi,~-k'ilM%ilf;i;.'it;@;)~~i~~~~J1filti~~i~~ l~l'f,;~-~~~ ~~~t~.wii1¼'!-.li"i.-~¼t~.m 
57 AA-4331 Stress Analysis: 

A detailed stress analysis of all major linear-type equipment shall be prepared n sufficient detail to show that each of lhe stress limitations of AA· 
4332 Is sallsfied when the eouicment Is satisfied when the eouicment is subiected to the load combinallons of AA-4212. 

;~t0:-fh}:~~:tiX/(t~ i/f~~3S2H S~i:fES.s'It;1M1t$)1b~~;J~t~t)])1.t.t%fJ~j,~~tit~tt~]l~I;'Ji~i~f.3/;iW~4-~#~~~~~at~t'1~~~i~}iL~A~m~if~~~t~¾W-f.~~~\{_(~h1l~~kf~i~~~~\i~~ }~W,\.¥~~.t~!fl '-~·"· ( .·,1~~j~~ ,, ... 
58 AA-4332.1 Design Level A and B ~imits: 

Design Level A and Level 8 limits are identical and are given In the ASME Code, Section 111. Appendix XVII. The allowable stress for the 
combined mechanical loads and effects that result from constraint of free end displacements (see AA-4313.6) but not thermal or peak stresses, 
shall be limited lo three times the stress limits of the ASME: Code Section Ill Aooendix XVII XVll-2000. 

59 AA-4332.2 Level C Limits: 
The stress values for Level C limits may be increased by 50% over the values given in the ASME: Code, Section Ill, Appendix XVII, XVll-2000. 

Constrained free end displacement and dlfferenlial support motion effects need not be considered. Primary stresses shall not exceed 0.67 times 
lhe crttlcal buckling strength of the primary framing system. In such analysis, locaUns1abillties, such as compression, flange, and web buckling 
shall be evaluated. 

60 AA-4332.3 Level D Limits: 
If the equipment Design Specification specifies service loads for which level D limits are designated, the following rules shall be used ln 

evaluating them independently of all other design and service loadings. 
(a) The allowable stresses presented In the ASME Code, Section Ill, Appendix XVII, XVll-2000, may be increased by a factor of 1.2 (S ~IF,), 

bul nol 10 e~ceed a factor of 0.7 (S ulF1), where S1 is the specified minimum yield strength of lhe material, F 1 is the allowable tensile stress,·and 
S" Is the ultimate tensile stress. 

(b) Primary stresses shall not exceed 0.67 times the critical buckling strength of the primary framing system. In such analysis, local 
ins1abilllies such as compression, Hange, and web buckling shall be evaluated. In addition, overall buckling In compression members shall also be 
evaluated. 

{~~,~~¥~fJf.~~~{ l&liA':A..~O.ifu lal:lf.l'Glliblrii~Blui~t~OIREM.Eril!ltS~~~~{~J~~~~~~•~~'i~~~~,~i~G';1J,'¼~i '" ~"~'.''•'· ' \"' . . , . .. . ' ~ . . ,;. 
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Requirement Text 

The stress limits specified by this Code do nol assure that the equipment will be able lo perform the required safety function. Funclionabllity Is 
assured bv followina lhe rules stloulated below. 
Func/ionabilily of Mechanical Systems: 

The methods of AA-4341.2, AA-4341.2, or AA-4341.2 shall be used to assure operability of mechanical systems and their supporting elements. 

The Service Levels C and D stress llml:s of AA-4322 and AA-4332 shall be reduced to the Levels B and C limils resoectivelv. 
The deflections al all crilical locations shall be calculated and assured lo be within the allowable values in AA-4230. These critical locations shall 

be given in the applicable equipment section of lhis Code or by the equipment Design Specification, or by both. Furthermore, for equipment wnere 
buckling is of concern, denection checks shall be performed for lhe component or support load condillon as specified In AA-4323. 

The funclionabililv of Iha eouioment shall be verified exoerimentallv. 
Funcfionabillly ol Elec/rical Systems: 

Ooerabllitv of eleclrical svstems and their suooortino elements shall be assured usino the method outlined in AA-4350. 
·css1.G.N~N.ERI F.1.G.A1JbN?B~l'.:E.S.T:JN.G~~~:~=iJ~~i-i~f;?;t~~C?:i\1'i;~,~}~}£~i\;\)~t\~~;i*r;~;,~1;~%"ff%t;tft~'B~~riil\~i~~.li&4~f.ii\{~{~~fiW~~;i19;t~T✓-Gt?ii1?;1 
General; 

Design verification by testing shall be in accordance with the rules of this Subarticle. Seismic tests are lo be perfonmed by subjecting the 
equipment lo vibratory motion lhal conservalively simulates lhal postulated al lhe equipment mounting during lhe OBE and an SSE. In addition, 
other loads lhat may occur concurrently with the seismic event shall be accounted for (see AA-4212). The rules of this Subarticle are consistent 
wilh and comolemenlarv lo ANSI/IEEE 344. 
Equipment Mounting: 

The equipment to be tested shall be mounted on the test machine in a manner that simulales the Intended service mounting. The mounting 
method shall be the same as that recommended for actual service. which Includes the recommended boll size and configuration, weld pattem, and 
lype. The effecl of all attached hardware such as electrical connections, conduit, sensing lines, piping, and ductwori< shall be considered, The 
method of mounling !he equipment to lhe test machine shall be dccumenled and shall include a description of any interposing fixtures and 
connections, Effect of such fixtures and conneclions shall be evaluated if lhey are only used during quallficallon and not ror inservice mounting. 
Equipment orientallon shall be along !he major and minor axes for each lesl condition unless specified otheiwise by lhe equipment Design 
Soeclfication or lhe aoollcable eouiomenl section of this Code . 
Equipment Monitoring: 

Sufficient monitoring equipment shall be used to evaluate the performance of the safety function of lhe equipment before, during, and after the 
test. In addition, sufficient vibration monitoring equipment shall be used lo allow detennioation of lhe applied vibration levels. In addition to the 
monitoring of lhe lest machine, as many points of the equipment shall be monitored as needed to provide lnfonnalion !hat shall be used In 
evaluatlno the test results. 
Exploralory Tests: 

Exploratory vibration lesls required for all qualification tests except multiple frequency tests (se.e AA-4356) shall be run on equipment lo aid in the 
determination of the test method that will best qualify or delenmlne the dynaml c characte.rislics of lhe equipment. As per AA-4352, the type of tesl 
required lo qualify equipment for various applications shall be dependent on the malure and dynamic characteristics of the equipment and lhe 
reqUired response spectrum (RRS). If It can be shown that the equipment is nol in resonance _at any frequency wllhln the frequency range ar 
interest. ii shall be considered to acl as a rigid body and analyzed or tested accordingly. If there are resonances, one of lhe various methods of AA 
4352 or other iustifiable melhcds shall be used. 
Exploratory Tests: 

The exploratory lesl shall be in lhe fonm of a low level (the level shall be chosen lo give a usable signal lo noise ralio on lhe vibration sensing 
equipment) continuous sinusoidal sweep al a rate no greater than 2 octaves per minute over the frequency range equal lo or greater than thal to 
which the equipment is lo be qualified. If the configuration or the equipment is such that critical natural frequencies cannot be ascertained due to 
either the complexity of the equipment or the inaccessibilily of critical parts, lhe exploratory test is nol adequate. If lhe conflguralion of the 
equipment is such that critical natural frequencies cannot be ascertained, seismic qualification shall be accomplished by proof testing wilh a 
ra~dom input motion lhat shall generate a lesl response spectrum (TRS) lo envelop lhe RRS. An acceptable alternative shall be lo qualify the 
eauioment bv a fraoilllv test as described in AA-4351. 7. 
Exploratory Tests: 

It must be noted that for certain equipment, due lo geometric or material nontlnElaritles, a low level resonant frequency search may not be a 
conclusive determinant of eauloment resonances. In I hose cases a hiaher level lnout shall be used and lhe exo/oratorv lests rerun. 
Seismic Qualification Tesls: 

Seismic qualification tests designed to show acceptable performance of equipment during and following an SSE shall be preceded by one or 
more OBE tests. The number of OBE tests shall be given in lhe equipment Design Specification and shall be followed by one SSE test Each 
minimum test duration shall be oiven in the eouloment Desian Soecificallon. 
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.. 
l:quipmenl Loads During Tes/Ing: 

Seismic qualirtcation tests of equipment shall be performed with the equipment subjected to the combined loads identified In AA-4212. These 
loads shall be simulated and shown to be equal lo or greater than those expected. If any load ls n.ot included during these tests, Justification for the 
absence of the load shall be orovlded. 
Proof Testing: 

Proof testing is used to qualify the equipment for a particular application or to a particular requirement. A proof test requires that the equipment 
be subjected to one of the tests descrtbed in AA-4352 to the particular response spectrum or time history defined for the mounting location of the 
equipment. A proof test requires that the equipment be subjected to one of the tests described in AA-4352 to the particular response spectrum or 
time history defined for the mounting location of the equipment. An attempt to determine the failure threshold of the equipment need not be made, 
The equipment shall be tested to the performance requirement of the equipment Design Specification and need not be tested to Its ultimate 
ca""hilitv. 
Fragility Testing: 

Fragility testing shall be used to qualify the equipment by determining its ulUmate capability for performing Its safety function. Equipment fragll!ty 
shall be demonstrated by using sine beat, continuous sine, transient, or multi-frequency excitation to random-type waveforms. A measurement of 
the equipment's fragility level for a particular excitation demonstrates Its ultimate capability to perform its safety function while subject to that 
motion. 
Device Testing: 

Devices shall be tested under simulated op~rating conditions to either the levels dictated by expected service requirements or to their ultimate 
capability. The devices shall be mounted on the shake table in a manner that dynamically simulates the in-service mounting conditions: If a device 
is intended lo be mountecl en a panel, the panel shall be included in the test setup, or the response at the device mounting location shall be 
monitored in the assembly test, (see AA-4351.9) in which case, the device shall be mounted directly to the shake table, If the lnservlce excitation 
can be simulated. Devices shall be tested usina the methods described in AA-4352. 
Assembly Tes/in9: 

Large complex assemblies shall be tested under simulated operating conditions and monitored for proper functional performance; hciwever, It 
may not always be practical lo simulate all system simultaneously. It is acceptable, therefore, to test such equipment In an inoperative mode with 
the actual or simulated devices installed, including any nonsafety-related devices. The test shall determine the vibration response at the device 
location by either direct measurement at full excitation or by determination of the transfer function from the assembly mounting points to the device 
mounting point. The resulllng vibration response of the device at its location in the assembly shall be less than the vibration lo which t.he device Is 

lnualified. The test methods described In AA-4352 shall be used. 
Test Methods: 

Present test methods fall into two major categories: proof testing (AA-4351.6) and fragility testing (AA-4351.7). The choice of method will depend 
upon the nature of the equipment and the expected vibration environment. Consideration shall be given to the choice of single axis or mulllp!e axis 
testing as described In AA-4358. 

A proof test seismic simulation waveform shall: 
(a) produce a test response spectrum (TRS) that closely envelops the RRS or the applicable portions thereof, using single or multiple 

frequency Input motion; 
(b) have a peak amplitude equal to or greater than the zero period acceleration (ZPA) of the required response spectrum (RRS); 
/cl have a test duration In accordance with the reaulrements of AA-4357. 

Artificial Broadening Required Response Spectra: 
If single freq vency tests are lo be conducted to artificially broadened response specira, test shall be conducted at frequency Intervals on either 

side of the center frequency of the response spectra. If the center frequency in the broadened area is f,, testing Shall be conducted at this 
frequency and also at the frequencies f, +/.At, ... where At, corresponds lo a 1/6 to 1/3 octave I.nterval, until the entire broadened area has been 
covered, The TRS generated during each individual test shall have at least the same am!)lilude as the original narrow-band response spectrum. 

Damping Selection: 
The damping value used in analyzing the test machine motions that generate the TRS shall be the same damping value as that of the RRS. 

Single Frequency Tests: 
ii it can be shown that the equipment has no resonances, only one resonance, or distinct resonances which are widely spaced such that the 

resonance Interaction does not reduce the fraa illtv level. sinale freauencv testlno mav be used to oualifv the eouicment. 
Derivation of Test Input Motion: 

For a"'I input wavetorm. the shake table motion shall produce a TRS acceleration at the test frequency that is at least equal to that given by the 
RRS. Additionally, the input motion shall be adjusted to produc.e a TRS that envelops the RRS at all frequencies, as described In AA-4353. Also, 
Iha maximum acceleration of the shake table motion shall be al least eaual to the ZPA value of the RRS. 
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AA-4355.2 Continuous Sine Test: 
A test at any frequency shall consist of the application of a conllnuous sinusoidal motion corre·spondlng to the ·maximum acceleralion to which the 

equipment Is to .be qualified for lhe appropriate duration (see AA 4357), The selection of the peak Input acceleration and the length of time the lesl 
Is to be rvn shall produce at least the maximum response acceleration given in AA-4355. l. The peak Input acceleration must be at least equal lo 
the ZPA of the RRS, except at low frequencies where the RRS is below the ZPA for which the value of the RRS must be met (see AA-4358 for 
reouiremenls on the axial relationshlas for the test\. 

AA-4355.3 Sine Beat Test: 

Fig.AA• 
4355.3 

AA-4355.4 

A test at any frequency shall consist of the application of sine beats of peak acceleration corresponding to that for which the equipment Is to be 
qual!fied. The sine beats consist of a sinusoid at lhe frequency and amplitude of interest, as shown in Fig. AA-4355.3. The number of cycles per 
beat and the peak amplitude of lhe beat are chosen in accordance with the criteria of AA-4355.1. The i,eak amplitude of the beat shall at least be 
equal to the ZPA of the RRS. except at low frequencies where the RRS is below the zPA for which the value of the RRS must be met. For a test at 
any frequency, a series or beats are used to represent low cycle fati9ue effects, with a sufficient pause between the beats so that there Is no 
significant superposition of equipment response motion (see AA4358 for requirements on the axial relationships for the test). 

ml. .u ... JU.J Sl~'t BUT r1rQIJ(hCV >,,,ID ,\"41"1.11Un( 
..... _._, .. ; ,.._ .... u.~11 H.,,.,,, --- ......... "" ---~"""'""'·-<I C1,,,, 11 r-~·- .. "1•" .. ...... ·-··, 

" .. -~ ........... """,., ...... ,,_,._ ...... ol-4~ ... , ... ,,_ .... J 

Decaying Sine Test: 
A test at any frequency shall consist of the application of decaying sinusoids of peak acceleration corresponding to that lorwhlch the equipment 

is to be qualified. The decaying sinsuoids consist of a single frequency or exponentially decaying amplitude, as shown In Fig. AA-4355.4. The peak 
amplitude and decay rate are chosen to obtain a iRS from the shake table motion that envelops the RRS (see AA-4355. 1 ). The peak amplitude or 
the sinusoid shall at least be equal to the ZPA of the RRS, except at low frequencies where the RRS Is below the ZPA for which the value of the 
RRS must be met. For a test at any frequency, a series of decaying sinusoid.s are used with a sufficient pause between the sinusoids so that there 
is no significant superposition of equipment response motion. ihe frequencies of interest are the natural frequencies of the equipment being tested 
I/see AA-4358 for re• uirements on the axial relationshios for the test\. 
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89 AA-4356 Multiple Frequency Tests: _ 

When lhe seismic ground mctlon has not been strongly filtered, the floor ·motion retains the broadband characteristic. In that case multlple 
frequency testing shall be used for qualification. II Is used as a general qualification method as long as the TRS envelopes lhe RRS. Specific input 
excitation to the lest machine shall include a time history motion consisting or random and complex wave shapes, 

The lest machine input excitation waveforms described In the following subparagraphs shall be employed (ci test lo an RRS level. Other Inputs 
that are not scecificallv referenced here mav also be emoloved orovided lhal lhev enve/ooe the RRS. 

90 AA-4356.1 Derivation or Test Input Motion. 
For any waveform, the test machine motion must be adjusted sc that th_e TRS envelopes the RRS over the frequency range for which the 

particular test Is designed: and, as a minimum, the test machine acceleration must equal the ZPA of the RRS. This comparison must be made 
using equivalent values of damping. The adjustment of the input motion to produce an envelope spectrum shall be made considering the foUcwlng 
factors: · 

(a) the RRS may have moticn amplificallon ever a narrow er broad band or frequencies; 
(b) the input excitalion waveform may be one of several mulliple frequency types; 
(c) the equipment being tesled may have one of many possible dynamic characteristics. 
For assemblies or devices where the dynamic response results rrom numerous interactlng modes, the shake table Input excitation must be 

adjusted so that the TRS envelops the RRS over a frequency range that includes all natural frequencies or the equipment up lo the ZPA. 

91 AA-4356.2 Time Hkitory Test: 
A lest may be performed by applying lo the equipment a specified lime history lhat ~as been synthesized to simulate the required Input to the 

equipment. ii shall be demonstrated that the actual lest machine motion was equal le er grealer than the required motion. 
A time history record may be synthesized lo match the RRS using simulation techniques. The duration of the Input excltalic!I must be sufficient 10 

simulate the effects of a seismic event. Alternatively, the equipment Design Sp~lfication may contain time history data for use In testing, 

92 AA-4356.3 Random Moticn Test: 
A test shall be perfcrmed by applying lo the equipment random excitation, the amplitude of which Is ccntrolled In 1/3 octave, or narrower, 

frequency bandwidth filters with Individual output gain controls. The excitation shall be controlled tc provide a TRS that equals or exceeds the 
RRS, 

The peak value of the Input excitation shall equal or exceed the ZPA of the RRS. The duration of the random excitation shall be as described lh 
AA-4357. 

93 AA-4356.4 Random Mellon With Sine Beat Test: 
To me.et an RRS lhal Includes a moderately high peak random excitation, II is acceptable lo adjust the random.Input. as described In AA-4356.3, 

lo eq~I or exceed as much of the RRS as possible without using a peak Input acceleration substantlaliy greater than the ZPA. A sine beat or beats 
shall be superimposed with random Input motion lo provide a composite excitation. so that the TRS equals or exceeds the entire RRS over a 
frequency range that includes lhe natural frequencies or the equipment up lo the ZPA frequency {see Fig.AA-4356.4-1). The optimum number of 
oscillalicns per beal shall be determined from a pl ol showing the ratio between the 1/2% and 5% specIrum damping values and lhe oscillations per 
beat. as shown In Flo. AA•4536.4•2. 
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Random Motion With Sine Beat Test: 
When more than one frequency of sine beats is required to meet the bandwidth of a spectrum, the beats shall be Initiated simultaneously. 

However. if the bandwidth of the peak value of the RRS has been widened to account for uncertainty due to building frequency analysis, the beats 
shall be aootied In seouence or the techninues of AA-4353 shall be aonlled. 
Complex Wave Tes/; 

This test may be performed by subjecting the equipment ta a motlan that has been generated by summing a graup of sine beats or decaying 
slnusolcs. The frequencies of the component signals shall be spaced at 1/3 octave or narrower frequency Intervals lo cover the range required by 
the RRS. The decaying sinusoids shall have individual decay rate contrals coveting the range of 1/2% to 10%. Each frequency mu:;t have 
Individual amplitude and.phase controls. All frequencies shall be initiated simultaneously with the phase controls set to shape the peak amplitude 
of 1he comoosite waverorm. 
CompleK Wave Test: 

The decay rate .shall be varied, and the amplitude of each frequency shall be varied to opllmlze the fit of the TRS to the RRS. The peak 
acceleration or the·test tablo during composite waveform excilatian shall be greaterthan or equal to the ZPA of the RRS. The te5l shall consist ot 
several application:; ar the motion spaced apart In time so lhal no significant superposition ar response motion occurs. The number of applications 
af the mo lion must be Justified as being representative of 1he strong mo!ion partion ar the SSE. ,The number of application shall be such that the 
1otal duration of 1he middle-freauencv comoon'ents eouals Iha durallon of the SSE (see AA-43571. . 
Other Tests: 

The rollawing ractors shall be considered ta justify l~test~lhod employed to qualify equipment: 
(a) band width of the RRS compared lo that or the T S1ind equipment characteristics and responses: 
(b) duration of the test campared ta ihe defined seismic event: 
(c) peak acceleration of the test input and the amplmcatlon observed: 
(d) natural modes and r,equencles of vibration or 1he equipment; 
(e) typical damping of the equipment: 
(fl fragility levels; and 
/al 1otal number of cvcles and the simulation or !atioue failure. 

Test Ourafion: 
The number or required OBE events per 40,year plant life shall be a minimum or five unless stated otheiwlse In the equipment Design 

Specification. 
The· number of tests run as proof 1ests (see AA•4351.6) shall have an appropriate input level lo fulfill the requirements of AA-4351.4, The OBI: 

tests shall be followed by at least one SSE test The duration of each test shall at least equal the strong mo1ion portion of the original time history 
used to abtaln the RRS for 1he SSE and shall be a minimum of 30 sec for a multi-frequency test. and a minimum of 15 sec for a single frequency 
lest, Credit may be taken far any lest preceding the SSE test if ii is shawn la be greater than or equal In severity to the required OB Es. Fraglll1y 
test durations shall be least equal the time duration for the slrong motion portion of !he SSE In order to properly account for vibration bulldup. 

Single and Mu/1/•aKls Tests: 
Single axis tests are permitted if the tests are designed lo renecl conservatively the seismic event at the eQuipment mounting locations, or ir the 

equipment being tested can be shown lo respond independently in each or the three orthogonal axes or olheiwlse withstand the seismic event at tts 
mounting location, This Is the case if equipment axis coupling Is zero or very low. For example, If a device is normally mounted on a panel that 
amplifies motion In one direction. or if a device is restrained to have mollon Inane direction, single axis testing of the device Is permitted. 
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Date Printed: 21 •Dec-04 

Requirement Text 

Single and Multi-axis Tesrs: 
If the preceding considerations do not apply, mullf-axls testing shall be used. The minimum Is biaxial testirg with simultaneous Inputs In a 

principal horizontal axis and the vertical axls. Independent random inputs are preferred and, If used, the test shall be performed In two steps with 
the equipment related 90 deg. In the horizontal plane for the second step. If independent random inputs are not used (such as with single 
frequency tests), four tests shall be run. First, with the inputs in phase; second, with one input 180 deg. out of phase; third, with the equipment 
rotated 90 deg. horizontally and the Inputs in phase: and fourth. with ihe same equipment orienlation as In the third step but with one Input 180 deg. 
out of chase. 
Design of Bolts: 

The number and cross-sectional area of bolts required for the load combinations of AA-4212 shall be determined in accordance with the ASME 
Code. Seclion Ill, Aooendix XVII Bolted ioint deslan shall be In accordance wllh Aooendix XVII XVll-2460. 
QO.CUMEI\IJ!A1iJON{FU:tllUHti::l'iil1:N!l',S)\\;t,t10';'.tt~\Thi'!?lWi¼~~,l{f,W,l\1:'iM,,1,~1~J/!~~'Wi~,.,::· •!.•. ·-~~:~~~i:(~~tt~;.f: 
General; 

The equipment design verification shail be documented by a certified Design Verification Report (DVR), In accordance with the rules given In lhls 
Section, This document may be based on one of three types of verification, or a combination cf these: 

(a) design verification stress report; 
(b) design verification test report; or 
(c) design verification by comparative evaluation. 
Factors considered In choosinq a oartlcular tvoe of desion verification shall be Included in the OVR. 

Certification of Design Verification: 
A Certificate of Design Verificalion shall be provided with the OVR. This Certificate shall Include: 
(a) description and Identification of equipment covered by the DVR, Including the name of lhe plant, the plant location. the Owner, locaUon of the 

equipment in the plant, and ils function; 
(b) statement of compliance with AA-4000 and !he equipment Design Specification requirements; 
(c) date, revision, and report Identification number of the analysis or test program; and 
fdl names and sicnalures of resoonsible oersons oerformina. reviewina. and aoorovina the deslan verification. 

/:quipmen/ Desarip/ion: 
The DVR shall include a detailed description of the equipment being qualified. Outline drawings showing equipment interface points, anchor 

locallons, weights, and locations of major components shall be Included. In addition, plant specific information such as building locaUon and 
elevation shall be reported if appropriate, Any appropriate tag numbers and equipment model numbers, where applicable, shall be Included. 

:s~11em;f~a·clfAm,e·a1&EAffi.tJ.Rss~1~&i~~t~t~rt~rtf.if~i1~~f@1~i~~~t~~~~1~~ii~~~n~i~~i~=~~~~i~>;l1 
·• • · : • "f,i~~~,\._~~<' 

Safe/y•Ralaled Funelions: 
Eouiament safetv-related functions in all modes of ooeration shall be fullv described in the OVR. 

Crllical Ccmponenls: 
All comoonents critical to the oerlormance of the safetv-related functions of the eoulonient shall be Identified In the DVR: 

Failure Modes and Evaluation Criteria: 
For all crillcal components listed, the potential failure modes being considered In the design shall be desi;~bed in the DVR. In addition, the 

evaluallon criteria used lo verifv that the critical comoonents will not enter a failure mode shall be defined in the OVR. 
:REB~Rt~e,ot,Ul'\ENrii.~'f~IAi~:1!'SSf;;J'§;:$,/.0~,l@:i;~~~~ili!rl'11l{i\111ti11lJJi~<1>~&'i'];~~~i~fflt~'l;i~~ijl,~~l!,,~-1!1~i~a~•.,$';iM!1:lt/ml:111l 
Design Verification Report: 

The DVR shall address all Items listed in this paragraph: 
(a) description cf analytical method used; 
(bl descriplion of mathematical model In sufficient detail to allow reconstruction of the model by referring only to the repcrt content; 
(C) 11st of the static loads conside'red; 
(d) method of developing dynamic loadings, including; 

(1) idenlificalion of response spectra and damping used: 
(2) method of combining modes: 
(3) methOd of combining spatial components of dynamic loads; & 
(4) assurance that rigid body motions are Included; 

(e) load combinations considered, including interface loading effects and dlfferenllal movement of multiple equipment supports; 
rn evidence of verification of all comnuter oroarams used· 

Example ASME AG-1 Compliance Matrix 
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111 AA-4441 Design Verification Report: I . 
(g) jusuncatlon of methods and assumptions used for manual calculations; 

· (h) results of analyses, Including; 
(1) failure mode analysis; · · 

(2) description of significant mode shapes andl natural freQuencies; 
(3) location and value of maximum stresses: [ · . 
(4) location and value of maximum deformations; . 
(5) allowable interface loads; I 
(6) reaction data at equipment supports; these data may be reported in a summary fonm only if foundation loads are lo be included. 

Otherwise, detailed listings of individual support reactions for each load case considered shall be Included; · 
17) summarv of maximum anchor bolt or anchdr weld stresses comoared to allowable limits. 

112 AA-4442 Design Verification Test: [ 
The CVR shall address all items listed in this paragraph: 

(a) detailed test procedure used lor the equipmentJdesign verification test (DVT); 
(b) identification ol the lest facility per1ormtng the test and the test dates; 
(c) list of test equipment used and certified calibration records for each; 
(d) laboratory mounting details for the equipment test and a comparison of this to inservice mounting; Just1rrcat1on for all differences must be ~=• I 
(e) method used lo simulate significant lnservice Interlace loads, II applicable; · 
(I) variable to be measured during and after dyna~ic motion and lhe accuracy reQulred for each measurement; 
·(g) number, lype, and location of each sensor used to measure Important equipnient function and motion; 
(h) descriplion of vibration input to the test equlpm~nt including: 

(1) singleormulliaxls; I 

(2) single or mullifreQuency: [ 
13\ ii multlfreauencv. tvce used /sine beat random\· 

113 AA•4442 Design Verification Test: I · 
(I) evidence lhal all significant mod es were adequately excited; 
m evidence that, for multifrequency tests, the test iesponse spectra (TRS) enveloped the required response spe_ctra (RRS); . 
(k) data showing that the safety-related funcllons a$ defined In AA-4431 were not compromised during or after the simulated dynamic 

loading; 
results of measuremenls per1onmed to verify eQiipmenl funclionability; (I) 

(m) maximum equipment response (displacement) during most violent tests; 
(n) maximum reactions at equipment supports (measured or calculated); 
(o) 11st of all anomalies during the OVT and the resqlulion of each; 
(p) equipment modifications made during the DVT, !f any, and Justification for using test data without retesting, or full report of any retesting · 

accomplished_; . . I 
/al summarv of resulls of DVT and conclusions drawn. 

114 AA-4443 Design Verification by Comparative Evaluation Report: [ 
If the equipment design being verified has been previou~ly verified to different criteria. or if the equipment design is similar to a design previously 

verified, II may be acceptable to verify the current design by comparative evaluation. 
Whether the basis lor design verification is analysis or test, all ol the points required by AA-4441 or AA-4442 must be addressed. tn addition, any 

differences between the previous design verificalion method and the requirements of AA-4000 must be identified and justified as conservative. Any 
differences in equipment design between the previously verified design and the design being considered must be shown to be conservative, 

I 
:; :~: ~·y:r {'.i-:~::L-::i.~. };«.«;;50,0:oii lNS"R.Eem1e:N~N'D:~1e-Str~NG~t$.j;2~~\;1~iJ~l4!i~'Ht~1ifU~~i£tit~)f}@~!~tiii,~~ii~~~t~~~l~&li~~3~~~~,t~lti~~~ 

115 AA5110 Scope: 
This Article contains oeneral reoulrements for the examination lnsoectlon and testii,o of materials and eauloment. 

116 AA-5120 Responslbllily for Procedures: 
When an Inspection or test Is required by AA-5000 or by any other section. written inspection or le sling procedures shall be developed by the 

parties per1onming the lest or inspection subj eel to the specific requirements of this Code. The Inspection or testing shall be per1onmed by 
oersonnel oualified In accordance with AA-8000 and with aoolicable cortlons of the other sections. 

117 AA-5130 Measuring and Test Equipment: 
Control and callbratlon of Measuring and Test Equipment (M&TE) shall be in accordance with ASME NOA·1, Including Supplement 12S-1. 

i·.; i{: ~?~· ~;.:::; \ .. ~··.t:~S:"h~ fi,AA'f520lill1 v1sOii.ll'!INSREC:tlO.N1i~Jl1Ji~'.!fii%1~~(~\\f,\r:':ts\:t/K:il:il~/M;f:i:,\';):f~~.i\$t.l'.3s\.1i;l:l:ifi?i.~1'~~~\i~~J,§/t~~,~~~,liilmi;im~~\ttl.$~~ 
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11 B AA-5221 Direct Visual Examination: 
Direct visual examination usually may be made when access is sufficient to place lhe eye within 24 in. (610 mm) 01 the surlace to be lnspecled 

and at an angle not less than 30 deg. to the surlace to be examined, Mirror. may be used to Improve the angle of vision, and aids such as 
magnifying lens may be used to assist inspections. The specific part. component, vessel, or section thereol shall be Illuminated to a minimum of 15 
fc (160 Ix) for general inspeclion and to a minimum of 50 re (540 Ix) for the detection or study of small anomalies. Visual Inspection per.onnel shall 
successfully pass an annual visual examination to assure natural or corrected near distance acuity so that they are capable of reading standard J-1 
letters on standard Jaeaer-tvoe test charts for near vision. 

119 AA-5222 Remote Visual Inspection: 
In some cases, remote visual examinations may have to be substituted for direct examination. Remote visual inspection may use visual aids 

such as mirrors, telescopes, borescopes, fiber optics, cameras. or other instrumenls. Such systems shall have a resolution capablllty at least 
eaulvalent to that obtainable bv direct visual observation. 

120 AA-5230 Requirements: 
When reouired bv the referencino Code section visual insoections shall be oerlormed. 

121 AA,5240 Inspection Checklist: 
When required by the referencing Code section, a checklist shall be used to plan visual Inspections and to verify that the required observations 

were oerlormed. This checklist shall establish minimum insoection reouirements to be followed bv the Manufacturer. · 
122 AA-5250 Reports: 

When required by another section or this Cade, a wrinen report shall be provided and shall contain the following .as a minimum: 
(a) the inspection procedure used, date of the Inspection results, and inspector's signature; 
'(b) identification of instruments, equipment, tools, and documents lo the extent that they or their equivalents c;sn be Identified for future 

examinations: 
(c) observations and dimensional checks specified by the respective test data and reports developed during Inspection and testing: 
(e) conclusion and recommendation by visual inspection and testing personnel; 
m reference to orevlous reoorts if this reoort is for re-i on and testino. 
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·,.;· :":~: .?/-AA.~53.0.0/~ WEtCEDi·CONNECTIONS~~tr:f.;~:~~;i~fl?~'.\f;i/~;~~;~!:f :[:~JJ(Jfiit01~i~}~~~Wt,?~;1tfl~~~1~~~t~fl\;ui1 ~t#)1~~1~i~~~-%}~~~ ~&i~~~\\ii:l~~~~t~:;&r;\~w·~~ __ :. 
123 AA-5300 Examination. lnscection, and testina of welds shall be in accordance with AA-6000 and other sections of this Code. 

~~~--'./ '\:·.<'\\¼){;·,~ :rAA-:.:s.400}~;~ e·ot,TEDlC'.C>.NNEC:T;IONS!i~~-:g1;~tti.~i~=f;,~i~i~%~f~{:{~;1~~:~%~~t~iti~j~j}~~}~ii~J~~~~~~~~~~~~~~tJ~~~~tS%~\.~\\&i4 f©~l.t~~~~~ · .~ ~: w~ ~ •' (fu~; 

124 AA-5410 Bef01e Bolting: 
Flange seating surlaces shall be visually examined for cleanliness and acceptable surface finish. Flange faces shall be examined for compliance 

with tolerances for mutual parallelism and axial alignment, as will as for planarity or each flange. 
Gaskets shall be vlsua'lly examined to assure conformance with specified dimensional tolerances and freedom from tears, breaks, or o.ther 

defects. 
12 5 AA-5420 After Bo/1/ng: 

Bolts In all bolted connections shall be examined to ensure bolts are in place. A uniform sampling or 25% of all bolts in a bolted connection shall 
be tested with a calibrated torque wrench. · 

Torquing requirements shall be established for each bolted connection. 
If any bolt in the sample falls to meet torque requirements, all bolts in the connection shall be re-torqued, 
Gaskets in bolle · e visu'all ined for · comoression, 

h,::-:,:,f"'l:::,i'}:::,tc:;<:,;:5;"';{'"'!'):,!\: "',\f"'lft"'. 'A."',;;r::s=-=.s:::o. "'.O,"'tlf:ti s=· ,,A~' :·'=s~.Rl::-'::e',,:;A' =:r:::':IOe ... ~. 

126 AA-5500 Equipment and components shall be examined for conformance to tolerances required by this Code and by the design spec1ncat1011. Refer to I 
other Code sections for soecific reauirements . 

. :~:::;~) ·f·ifiltf>ft ~1t~~s.so:oiJ: =RRE·S.S.~.BeIAt~i-o:1;~~f<,jmEsm1N_c;Ef:Wi~~{t\~i;~fI~Wi~t1~tJlt~~1$;[~~b~§t~~~fi~i-&i~i1~~(~~-it~~!~A~l~~~~!lk~~~~~~~~~~~ii -~ . •h .:: •• ~, •• ~~~~-»~~!!F · 
127 AA-5600 Pressure and leak testing of equipment and components shall be perlormed in accordance with the requirements of this Code. Refer to the other 

Code sections for soecific tastina reaulrements. 
'.:::'{/i.;:: !iL:1,~>i itAA.;t,1;,00Ji ,B.ERBORMA~CEtANP:i1iONCrrli:>NAll\\tESJ;IN.~iM&i.ii'l;~£;.\~il}~~i~fJ.i~~~,:ii\ii~~i~'i!itli~'i~~:i\,;f·1t'. ''. """~~t1iii'l.ioll00 ~,t~~:m:1~~1 il>~~"'"" •"?•»i!i.rr~i$. 

128 AA-5700 Testing shall be periormed to ensure that prototype and production equipment possess dynamic and functional characteristics that meet 
requirements of this Code and of the design specification. 

Among the characteristics that may be determined by testing are fluid flow rates and pressures, air filter perlormance, electrical quantities, 
bearing operation, rotor balance, and sound power level. NOTE: 
Divisions II and IV of this Code, in the course of preparation, will provide specific factory testing requirements and field testing requirements . 

. ,,,,,.,,,,,,,,,,:,,,,,.:;"' ,\wAA~li.800,,:, S.ElS.MJC .• iT,ES.J:lNG:,:,\!!:•:,,":;~~k,i;li};g\~~J):(~.,:!;,1,,.~,,~;,,,;k.'<'.~\~~ii~,ill~Ji~"1;<'f'Jf.~i.41.\i't~it$Riil1ful:ift~~&~~)[.~f!i,\,~~~~'.i'ltffl;~$;'{,,i,3,.,~~'t¾ 1~,'?:ll"; 
129 AA-5600 Seismic Testing: 

Refer to AA-4350 for the reoulrements of structural desion verification bv leslino. 
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131 

132 

133 

134 

Source Requirement Text 

AA-611 O Scope and Appflcability: 
This Article contains general requirements for the fabrication, joining, welding, brazing, protective coating, and installation of components, parts, 

and equipment. 
The requirements of this Article are applicable to the extent they are Invoked by the other sections. Unique requirements are given in each Code 

section. · 
AA-6121 Materi11/ Selection: 

Materials to be used in the fabrication of components, parts. and appurtenances shall conform to the requirements of Artfcle 3000 or each Code 
section. 

AA-6122 Material Identification: 
Materials lo be used in the fabrication of componenls, parts, and appurtenances shall be identified on fabrication and Installation plans and 

s ecifications as re uired in AA•BOOO. 
AA•6123 Repair of Material with Defects: 

Material with detects that are discovered or produced during the fabrication and Installation processes may be used, provided the defects are 
re aired in accordance with the re uirements of AA-8000 and for weld reoairs in accordance with M-6300. 

AA-6130 Control of Fabrication and /ns/a//alion Processes: 
Quality control procedures shall be prepared and maintained current for all fabrication and installation processes In accordance wilh the 

re uirements of AA-8000. 
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135 AA-6210 Cv/tin9, Forming, and Bending: . . 

136 

137 

Material may be cul to shape and size by any means that does not degrade the mechanical or chemical properties of the material below the 
minimum specified values. The method or methods selected shall not create critical stress areas, such as less than accepted corner radii: 

When thermal·cuttlng Is used, consideration shall be given to preheating the material. · · 
Forming and bending of pressure retaining parts that are to meet requirements of Section Ill or Section VIII of the ASME Code shall conform to 

the applicable article or articles of the applicable section of this Code, 

AA-6220 Forming Tolerances: 
Forming tolerances shall be defined In the Design Speclfica1ion, drawings, and Manufacturer's. design documents. 
Formed pans outside the tolerances specified after the completion of all fonning, assembly, and welding operations shall be rejected. Repairs 

ma be made lo formed arts to correct unacce table tolerances In accordance with AA-6123. 
AA-6230 Fitting and Aligning: 

Pans that are to be assembled or joined by mechanical means (e.g., bolls) or welding shall be fitted, aligned, and when necessary, retained In 
position during assembly. . . 

Attachments that are welded to the component during construction, but are not Incorporated Into the final component, such as alignment lugs or 
straps, tie straps, braces, preheat equipment, and postweld heal treatment equipment, are pennitted provided the following requirements are met: 

(al attachment material shall be Identified by ASTM or ASME specification number and shall be certified when required by another Code 
section: 

(bl the temporary material Is compatible for welding lo the component material and the attachment and subsequent removal doe.snot reduce 
the component's structu'ral integrity below the minimum specified value; · 

(cl the welder and welding procedure shall be In accordance with AA-6300; 

138 AA-6230 Fitting and Aligning: 
(d) the immediate area around the temporary attachment shall be marl\ed in an acceptable manner so that, after attachment removal, the 

area can be examined in accordance with the requirements of AA-5000; 
(e) The lemporary attachment shall be completely removed by mechanical means such as machining, shearing, clipping. er grinding, or by 

thermal cuttin In accordance with AA-6210. 
139 AA-6240 Weidert Joints: 

Manufacturer's fabrication drawings shall provide compfete·informatioo regarding location, type, size, and extent of all welds, Field and shop 
welds shall be clearly identified. 

Members to be joined by welding shall be brought into correct alignment when necessary and held in position by bolts, clamps, or temporary weld 
attachments meeting the requirements of AA-6230, until the welding Is completed. 

Weldin shall confonn to the re uiremenls of AA-6300. . 
rt.~/~{:,;~·:_$fi~r~~; t~1~~e2so:irt Meea~tc•>.\m~~o,~msi1}tt~~~~1~~z~t£:;;1~,~t~~1~~\~i~it~~~,1~¥t~~t~}~t7itlf;#~~~~Yl~~}.m~t~~. 
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140 AA-6251 

141 AA-6252 

142 AA-6253 

143 AA-625~ 

144 AA~255 

145 AA-6256 

146 AA-6257 

147 AA-6258 

:·:~·.,; .. ::·.,:.-.. :1.~::.i:.,) 1'i-i:AA\6eooti 
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154 AA-6310 
155 AA-6310 
156 AA-6310 
157 AA-6310 
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Fasteners and Threaded Joints: 
Fasteners and threaded Jo tnts shall be provided with locking devices or other means to prevent loosening under the vlbrato,y loads expected 

during system operation. The threads of all bolls or studs shall be engaged for the full length of the thread in the nut unless speclfied_othecwise on 
Manufacture~s design drawings or specifications. Thread engagement of all bolts and sluds shall be as specified on the drawings. 

Structural and Pressure Boµndary Fasteners: 
Type, siie, and spacing of structural and pressure bounda,y fasteners shall be selected to meet the maximum stresses anticipated for the worst 

load combination and shall be documented bv calculations 
Thread Lubricants: 

Any lubricant or compound used in threaded joints shall be acceptable for the se,:vice conditions and shall not react unfavorably wilh any contact 
material. Contact surfaces within friction-tvne ioints shall be free of oll nalnt lacauer aalvanlzlnn or other olalinn. 
Removal of Thread Lubricants: 

All thread lubricants or comnounds shall be removed from surfaces that are to be welded. 
Bolted Connections: 

Surfaces of bolted parts in contact with the bolt head and nut shall not have a slope of more than 1 :20 with respect to a plane normal lo the boll 
axis. Where the surface of a high strength bolted part has a slope of more than 1 :20, a beveled washer shall be used to compensate for the lack of 
parallelism. Bolls loaded in pure shear shall not have threads localed in the load bearing part of the shank unless permitted by the Design 
Soecification or Manufacturer's soeciflcation. 
Precautions Before Bolting: 

All parts assembled for bolting shall have conlact ~urfaces free from scale, chips, ·or other deleterious material. Surfaces and edges to be joined 
shall be smooth uniform and free from fins tears cracks and other defects that would deorade the strenoth of the loin!. 
Bolt Tension: 

All high strength structural bolts shall be tightened lo a boll torque equal to that given In the Design SpeclficaUon er Manufacturefs specification. 
Tightening shall be done by !he tum of nut method or with properly calibrated wrenches. Bolts lightened by means of a calibrated wrench shall be 
installed with a hardened washer under the nut or bolt head, whichever Is the element turned In lightening. Hardened washers are not required 
when bolls are tightened b:,, tum of the nut method, except that haldened washers are required under the nut and bolt head when the bolts are used 
to connect malarial havin• a s• ecified vleld • oint less than 40.0 ksl 1276 MPal. 
Locking Devices: 

Threaded fasteners, except high strength bolts, shall be provided with locking devices to prevent loosening during service, Elastic step nuts 
(when compatible with service temperature), lock nuts, jam nuts, and drilled and wired nuts are all acceptable locking devices, Upset threads may 
service as lockino devices; 
W.E~tJ.lN.GiaE(ltJl'RE.MENTJ,$~~1~li}~~tf~t.~~~tff:1~~~li~tt~~i~Ji~~1~t4~1¾~i~~~r~~~~~~1t~l~~1:~~~~~~:~, ; ' .. ,-~~~~"\,\;-:..~- [~~ 

,,,. 
' ·:"")' . ~ l , 

' ~,,~,~ ,. , 
(al Scope: The requirements of AA-6300 apply to the preparation cf welding procedure specifications, qualification of welding procedures, 

welders, and welding operators for all types of manual and machine welding processes, and to lhe workmanship, weld quality, and Inspection of 
weldmenls produced during lhe manufacture of equipment and components. 

The requiremems of this Subarticle are applicable to the extenl they are Invoked by the other sections. Unique requirements are given in each 
section. 
(bl Responsibility: Each Manufaclurer is responsible f9r the welding done by its organization and sllall conduct ttie tests required In this Code·to 
qualify the welding procedures used in the construction of the weldments built under this Code, the per1ormance of welders and welding operators 
who annlv these nrocedures and the ins~ectlon renulred forworkmanshin and weld nualltv verification. ' 
(c) Records: Each Manufacturer shall maintain a record of the results obtained In welding procedure and welder and welding operator 

I oerformance oualificalions. These records shall be certified bv the Manufacturer and shall be accessible for review, 
(d) Base Metal: 

(1) Base metals to be Joined by welding shall be one or a combination of those listed In Article 3000 of each Code section. 
(21 Rust inhibitive coatings, ga·lvanized coatings, or antispatter compounds may remain on the metal to be Joined provided the welding 

I orocedure Is • ualifled with these materials • resent. 
(el Filler Metals: Filler metals selected shall .be one or a con,binallon of those lls1ed In.the ASME Code, Section 11 •. Part. C, and shall be 
comnatlble with the wieldino orocess used and lhe base metal desi• nated on lhe Manufacturefs drawincs. 
(f) Processes: Joining processes under this specification shall include oxyfuel gas welding (OFW), shielded metal-arc welding (SMAW), 
submerged-arc welding (SAW), gas meta-arc welding (GMAW), flux-cored arc welding (FCAW), gas tungsten-arc welding (GTAW), plasma-arc 
weldinn~IPAWI. resistance weldlna IRW\. stud-arc weldino. /SW\. and carbon-arc weld Ina /CAW), 
Ila\ Terms and Oeflnll/ons: Terms and definitions shall be intemreted In accordance with ANSI/AWS A3.0. 
lhl Svmbols: Svmbols used on the Manufacturefs drawincs shall be in accordance with ·ANSIIAWS A2.4. 
il Safetv Precautions: Safetv orecaullons shall conform lo the latest edition of ANSI/ASC 249. 1. 

OJ Standard Units of Measurement: The values staled in U.S. customary units are to be regarded as the standard. The metric (SI) equivalents of 
LJ.°S. r.ustomarv units as oiven are aooroxlmate. · 
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158 AA-6310 (kl Welding Procedure and Performance Qualification: 
(1) Qualification oflhe Manufacturer's welding procedure specificallons and welder and welding operator perfo-rmance shall be In accordance 

with the requirements of one or more of lhe following, as defined in each Code section. -
(a) ASMI: Code, Section IX 
(b) ANSI/AWSD1.1 
(c) ANSI/AWS 09.1 
(dl AWSC1,1 
{e) AWSC1.3 
(f) ANSlfAWS 01.3 

(2) Welding of performance qualification lest samples shall be perfonned in accordance with the Manufacturer's qualified welding piocedure 
for the process used. 

· (3) 'Welding procedure qualification cif coated base metals qualifies the procedure for uncoated base metals, bul not vice versa. 
(4) Base melal sensitization shall be considered in selecting lheweldlng process and filler metals for welding procedures developed for 

weldlno stainless steel. 
·AA~6320_,~: WORKMANSHIP.:-:. -:.'-{;;;,,,:- _,,:;,.-:,.,,.· /;;:: __ .\,,·:.:;:,;:, ,;:,.:,::, !.,,), .,: s • .•. ::,- ,,,\ .;.,, ,frhJ ij;.:~\;,,;;;51?;'~ 

ii:i\J(i'.t!L,- i'n~~:632:1,t, -8F(EP,P..RAtlOtikOF,~B\{1;$EiM-
159 AA-6321.1 

160 AA-6321.2 

Surfaces and edges lo be welded shall be free from fins, tears, cracks, and qiscontinuilies that would adversely affect the qua lily or strength or the 
weld, Surfaces to be welded and surfaces adjacent to a weld shall also be free from loose mill scale, slag, rusl, moisture, grease, and foreign 
material that would prevent proper welding. Mill scale thal can withstand wire brushing, a thin -rust-inhibillve coating, or antl-spal1er compound may 
remain. · 
Galvanized surfaces need not have the zinc coaling removed before welding, provided the welding procedure Is qualified wilh the galvanizing 
loresenl. -

161 AA-6322. 1 Joints lo be welded shall be brouaht into correct allanmenl within the tolerances reauired bv !he aualified weldlna orocedure. 
162 AA-6322.2 When tack welds are used lo assemble the joint for welding and are Incorporated Into the final weld, they shall be made wtth electrodes meeting 

lhe reouiremenls of the final welds . 
163 AA-6322.3 Tack welds not incoroorated into the final welds shall be removed. 
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}r;t:.~;-:?};~t\~ ~~1~~6,3:2la: ;W,EL;;OtQL:;~NlN~G~-~~t!tl~~~~tt-Jlli~i~~}\rBtf~'k~{~fi~1ii~*~~4::%~1~t\J~;tlk~i~~Kt~it~if1.:;;~~~;,%)1~~t-.1.•tt~~~~~~~~~~il\t~ ~t'(:;~";~ ~ .. · ~: ,; •, ·~, ~ ; ~ 
164 AA-6323. t Where cleaning of base metals Is required, it shall be accomplished by wire brushing, grinding, blasllng, solvents, or other suitable- means lhat are 

noniniurious to Iha malarial or weld oualilv. 
165 AA-6323,2 Before welcllng over previously deposited metal, slag, If present, shall be removed and the weld and adjacent base metal shall be brushe_d clean. 

This requirement shall apply nol only lo successive layers, but also lo successive beads and to Iha crater area when welding Is resumed after any 
lnterruotlon. -

166 AA6323.3 Upon complelion, the weld and adjacent areas shall be cleaned of all slag excessive spatter, soot, dirt, or any residue from welding, Welds shall 
be left In a condition readv for subseouenl lnsceclion. 

:_:{;r:0:tdr·.~l..!.::?il~ *~;~\6:a·21ft: WElfD.;QU'AL:llm5~JJ~tltf~j-~liW0~\lil~:~£~~l~}ta¥.~i\~i1Ji\;~t,~~1~1fl~r~~~~Mf?~%t1~~i.~~~lf.~~~tt~~i~tm~m~'fitt~~~W~~\\~tf~~~l. ffi~~~·:~~~;, .IMl~~-'1··,: 

167 AA-6324.1 The sizes and lenoths of welds shall be no less than those soecified bv desicn reaulrements and detail drawincs. 
168 AA,6324.2 Weld orofrles shall be in accordance with the acceotable weld orofiles shown In Fie. AA-6324.2. 
169 AA-6324.3 The faces of fill el welds may be slightly convex, flat, or slightly concave, as shown in Fig. AA-6324.2, skelches (a) and (b), wllh none or the _ 

unacceotable orofiles shown in sketch (cl. 
170 AA-6324.4 Groove welds shall preferably be made with slight or minimum reinforcement except as may be otherwise provided, In the case of butt and comer 

joints, lhe reinforcement shall not exceed 1/8 in. (3.2 mm), in height and shall have a gradual transition lo lhe plane of lhe base metal surface. See 
fie. AA-6324.2 sketch (dl. Thev shall be free oflhe discontinuities shown for butt loinls in sketch /el. -
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172 AA-6331, 1 Production welds shall be inspected. As a minimum, visual inspection shall be made: Welds that conform to the following criteria shall be 
acceptable: 

(a) fusion: complete fusion is required; 
(bl penetration: required joint penetration as specified for the application: 
(c) reinforcement of welds in butt joints: a maximum of 0.125 in. (3,2 mm) face reinforcement and 0.125 in, (3.2_ mm) root reinforcement: 
(d) throat and convexity of fillet welds: a minimum weld leg size, as required on the design drawings, with maximum convexity not to exceed . 

0.125 in. (3.2 mm): 
(e) porosity or slag Inclusion: a maximum of three visible pores or slag inclusions, or both, that do not exceed 0.25Vln. (0.25V25.4 mm) of weld, 

and a maximum o one visible pore or slag Inclusion that does not exceed 0.25tlin, (0.25V25.4 mm) of weld, where t Is the thinner base metal 
thickness: 

(f) undercut: no undercul exceeding 0.151 where t ls 0.125 in, (3.2 mm) or thinner, or exceeding 1/32 In. (0.79 mm) where t exceeds 0.125 In (3,2 
mm): 

(g) cracks: no cracks are permitted. 

173 AA-6331.2 Completed welds shall be visually inspected for location, size, and length in accordance with the requirements of applicable Manufacturer's 
drawln sands eclflcatlons. · 

174 AA·6331,3 When specified by the Engineer, the weld acceptance criteria of NCIG-01 may be used in lleuof the criteria of AA--6324 and AA--6331,1 for 
structures and su s fabricated to the re uirements of the AISC s eclflcation and AWS D1, 1, 

175 AA·6332 Resistant Spot-Welds: 
The diameter of the spot and cross section of the nugget shall be In accordance with the sizes specified on detail drawings and In Welding 

Procedure S ecificalions. · 

176 AA-6333,1 The design of studs shall be suitable for arc welding to steel members with automatically timed stud welding equipment. An arc shield shall be 
furnished for all studs and pins over 10 gage diameter. At the time of welding, the studs shall be free from rust; rust pits, scale, ell, paint, 
galvanizing; or plating, and other deleterious material that would adversely affect the welding operation, Alter welding, stud ferrules shall be broken 
free for visual Ins ectlon. 

177 AA-6333.2 Stud weld reinforcement shall be as s ecified b the Manufacture(s drawln s and rocedure. 
,:,::;,' i:;.,,:;:,i<,;,;;:'- ':,:,A'A'{633ll:!'; lilONOESTRl:lOTJVE;,,itESf.lNGt NO:ili 'fMEiJll;ie:,p$giilll)1~d¢EB<lfAtilOE" • RliliERl~\-,#.\ti,;i~l&<¼Tu'VA'~tit\li , . ,., 
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AA·6334.1 When nondeslructive lesling other than visual Inspection Is required, It shall be so stated in lhe Manufacturers drawings and specifications. 

AA-6334.2 Surface inspection, when required, shall be performed using the dye penetrant method. The standard methods set forth In ASTM e 165 shall be 
used for dve oenetrant insoectlon, and the acceotance criteria shall be in accordance with AA-6331. 

AA-6334.3 For detecting surface or subsurface discontinuities. radiographic or ultrasonic Inspection may be used. Radiographic or ultrasonic Inspection shall 
be used only when joint designs require multiple pass welds. The standard methods set forth in Section V of the ASME Code shall be used for 
inspection and acceptance criteria and shall be in accordance with the following: 

(al no cracks are permitted; 
(bl not more than three individual discontinuities. with the greatest dimension being less than 0.25 times the base me1al thickness per linear Inch 

or weld. 
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· -, :;,_:,1:':_·;·.1;:;:;,:, .. ~~;~~A:9.~6335:E:: IN.SPECTOR~~QUAtl~iGATIONS ·-·,.,;:,:' .-,:;.-_i~: .. ·;-~.- :_· -~~--"·.::· ,::·/;:·:•; /':.~--- ;~~%J:.::'l}i-ff::1\:;;-::t--~··;·.~).*\·;,~ ··+:.(,..:t)~r(~~~~~~r·~~)d~~::.:;;-,~i;_;.:i;{\. }tS ifS?f~~~fj}~~~~ w-~~~~i~~~i~~~~~~ 
181 

182 

183 

184 

AA-6335.1 Personnel performing visual inspections shall rrieet the requiremenls or ANSI/ASME NQA-1, Including Supplements 25·1 and 2S-2. to a Level I 
caoabililv and be workino under the suoervlslon of a Level I or Ill individual, or shall be Level II or lll Individuals. 

AA-6335.2 Personnel performing nondestructive testing shall be qualified In accordance with SNT-TC-1A. Only indi\'iduals qualified for NOT Level I and 
workino under an NOT Level II or Ill individual, or indi'1duals oualified for NOT Level II orlll, mav oerfonn nondestructive testino. 

AA-6335.3 Personnel performing visual Inspections to the requirements or AA•6331.3 shall be trained in accordance with NCIG·03 with regard lo the 
acceotance criteria of NCIG-01. 

AA-6336 Repairs: 
Defects In welds or base metals may be repaired in accordance with the applicable equipment section or this Code. Weld repairs shall be 

I oerformed bv aualifiod oualified orocedLires and ·inspected to the orioinal accectance criteria. 
t-./,...,,, (-,;-;c'"":.i:""':J:,...,.<;,~·,,;:tJ,"":;~""\""~64""''. :c:,0.:;--0,,:;:,;t';:'='aRAZ::'i. ,':'i_="'m"'"G:,;'i<,,:;., ~= 

185 AA-6410 (a) Scope: The requirements of AA-6400 apply to the preparation or brazing procedure specifications, the qualifications of brazing procedures, 

186 AA•6410 

187 AA-6410 

188 AA-6410 
189 AA•6410 

190 AA-6410 

191 AA-6410 
192 AA-6410 
193 AA-6410 
194 AA-6410 

195 AA-6410 

brazers, and brazing operators for all types of manual and machine brazing processes, and the workmanship,. braze quality, and Inspection of 
brazements produced during the manufacture cl equipment and components. Brazing shall be in accordance with this Subartlcle unless specific· 
reauiremenls are aiven in the annlicable eouin'menl section of this code. 

(bl Responsib#ily: Each Manufacturer is responsible for the brazing done by its organization and shall conduct the tests required In this Code to 
qualify the brazing procedures used in the construction of the brazements built under this Code, the performance or brazers and brazing operators 
who aoolv these orocedures and the insoection reoulred for workmanshio and braze oualitv verification. 

(c) Records: Each Manufacturer shall maintain a record of the results obtained in brazing procedure and brazer and brazing operator 
I oerformance oualifications. These recorils shall be certified bv the Manufacturer and shall be accessible for review. 

Id\ Base Metals: Base metals to be loined bv brazinq shall be as listed In each section of this Code and aoolicable to that section. 
(e) Filler Metals: Filler metals selected shall be one or a combination of those listed in the ASME Code, Section II, Part C, or ANSI/AWS A5.8 

and shall be comoatible with the brazino orocess used and the base metal desianated on the Manufacturer's drawln• s. 
(f) Processes; Joining proces.ses under this specification shall Include torch brazing (TB), rurnace brazing (FB), induction brazing (IB), 

resistance brazina IRBl. and dio brazino IDB\. 
la\ Terms and Definitions: Terms and definitions shall be intercreted in accordance with ANSI/AWS A3.0. 
(hl Svmbols: Svmbols used on the Manufacture(s drawinas shall be in accordance with ANSI/AWS A2.4. 
lil Safetv Precaurions: Safetv precautions shall confo·nn to the latest edition of ANSI/ASC 249.1. 
0l Standard Unils of Measurement: The values stated in U.S. customary units are to be regarded as the standard. The metric (SI) equivalents 

of U.S. customarv units as oiven are aooroxlmate. 
(k) Brazing Procedure and Petformance Qualification: 

(1 l auallficatlon of the Manufacturer's brazing procedure specifications and brazer and brazing operator performance shall be in accordance 
with the requirements of one or mo(e or the following. 

(a) ASME Code, Section IX 
(b) ANSI/AWS C3.3 

(2) Brazing of performance qualification test samples shall be performed in accordance with the Manufacturer's qualified brazing procedure 
for the orocess used. · 

,\•h.· .~\:,.(q·{~~:~· .. _:(::·· tf:~~~20:~ W.0RKMANSHIP.,~~~l;~~~~~fli}~:/~it~t~~~~~l{#.~~~~~~~~~~~;~¾~~-~~t§~~~tfti~~.1l~lF4~:~l~rJ~tw~,Ji~~~~~~},~~~\~'t~~!~~~~t.~~~ m;m_~~r--~&-~; 
196 

197 

AA-6421 Preparation of Base Mela/: 
Surfaces and edges to be brazed shalt be free from fins, tears, cracks. and discontinuities that would adversely arfecl the quality or strength of the · 

brazemenl, Surfaces to be brazed and surfaces adjacent to a brazement shall also be free frcm loose mill scale, slag, rust, moisture, grease, and 
forei• n material lhat would orevent orooer brazino. 

AA-6422 Joinr Fit-Up: 
Joints 10 be brazed shall be brouaht inlo correct alionment within lhe tolerances reoulred by the oualified brazino orocedure; 

•.'1~~:~~.-~;,'.:Z••t}~:.;1: ~i~tA:4.~:&A23~~~ ;eteANING1~·~;~};:~1~;.;~~i\i1E'~~~~~JE~~i.~~m~11tg~~i~~~f~~~k~ff!~~~l!i~~~~~§fil~J.f~~lh.~~~~~1:~~~~~~~~~~~~ ·Q~~~ ; • ~ '.,.I: 
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M-6423.1 Where cleaning of base metals is required, it shall be accomplished by wire brushing, grinding, blasting, solvents, pickling, or other suitable means. 

AA6423.2 Uoon comoletlon. the brazement and adiacent areas shall be cleaned of flux residues and oxide scale formed durino the brazlno orocess. 

AA-6431. 1 Visual examination or brazed joints is used for estimating the soundness by external appearance, such as continuity of the brazing filler metal, size, 
conlour, and wetting of filler along the joint. and where appropriate, to deteimine If filler metal flowed through the joint from the side of application to 
the oooosite side. 

AA•6431.2 Brazed Joinls shall be lnspecled by visual means prior to mechanical or seclion tests. As a minimum. visual inspection shall be made. The results 
of the visual examination shall meet the following requirements: · 

(a) braz.e metal shall be present at all edges oflhe joint; 
(b) no unlused brazing filler metal shall be presenl; 
(c) undercutting shall have a maximum depth of 5% of the base metal thickness, or0.010 In, which ever is less; 
(d) individual pores shall have a maximum diameter of 0.015 In, and the minimum space between such pores shall be 0.5 in: 
(e) the sum of all pore diameters shall be a maximum of 0.030 in. in each linear inch of joint: 
(0 no cracks are permitted. 

AA-6431.3 Mechanical or section tests, when reoulred, shall be accomplished in accordance with the applicable code soec\fied in AA-6410. 
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203 AA-6432, 1 When nondestructive testing other than ·visual inspection Is required, it shall be so slated In the Manufacturets drawings and specifications. 

204 

205 

M-6334.2 Surface inspection, when required, shall be performed using the dye penetrant method. The standard methods set forth in ASTM e 165 shall be 
used for dve oenetrant insoection, and the acceptance criteria shall be In accordance with AA-6431. 

AA-6432.3 For detecting surface or subsurface discontinuities, other nondestructive methods may be used. The standard methods set forth in Section V cf the 
ASME Code shall be used for NDT Inspection. The extent of examinafon and acceptance criteria shall be stipulated in the procurement 
documents. 

:,.C;.: -~-. ·:~- :.~ /;• /l· ·)~ }:-~:AA;i4i3J:rJ INS.BEC:T<:J.R.tQiJAL:·IF:I CATION.s:~~'i;;.;~.~t}'.)S.ft~t~;~~?t',\~;;t,~f{~~;?~tf}.~~.-~:r{iit~I¥'.iiKS~~f~~~jr~~f~:1c~,~~!~t}~t~~}f~~;~r~i~:!I.:.\~~:~~~\~~%l~~~~i.rii~it~i:~1:(i~.;~:; i"~\%~~(iA~~ti~J:~il ~\~~it~M1~~i~~~;~:$J~}.~~t~~¾ 
206 AA-6433. 1 Personnel performing visual inspections shall meel the requirements of ANSI/ASME NQA-1, Including Supplements 2S-1 and 2S·2, to a Level I 

caaabllitv and be workina under the suaervision of a Level I or ill Individual or shall be Level II or Ill Individuals. 
207 AA-6433.2 Personnel performing NOT shall be qualified in accordance with SNT-TC-1A. Only individuals qualified for NOT Level I and working under an NOT 

Level II or Ill individual, or individuals aualified for NDT Level II or 111, mav oerform NOT. 
~:-:::".:";=-,~~t:.:~·:t,t./ tfAA6434\t 8EP.AIRSI~:~?~~i1~~%lt~fi~~i:i~~%1i~f?~ZR~~~:)~!~iF~~;7::g:-g~;itl>~f?.\~t,~)J:ti:~~&iefitt~~l~lW~)\)';'{~i\{~iijt'¾}~%~f.~:t~~~~¾!~Itit'l¼~l;~~}R~~tl~~,~r~~ t~4<~~~~l~~Ja~1~t~~~--...~~)~;f.~.U~Wt1&-~ 

208 AA-6434.1 Defects in base metal or braz.ed joints may be repaired In accordance with written repair procedures mutually agre.ed upon between the · 
manufacturer and purchaser. Repairs shall be performed by qualified braz.ers in accordance with the qualiffed Brazing Procedure Specification. 
Reoairs shall be insoected to the orioinal acceotance criteria. 

_•:t~-:~_~/:·;~-;.:.i~i ttfi:A;a5,otft CU.EANJNGJAhleJe .. G"i\t1NGl;W.\~11~I@l%tf£:Ptf.l¾&~:.f~t~1~tJf?~~~fli~~~t~-r~~tt%1Kt~~~~~~t\-~~R~t1t~iij~~1ff;t~:~\~~~i~it~t~1¥:rii~~ i~~~~~~~~~i _k ~: • ~ 
209 AA-6510 General: 

210 AA-6511 
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The design specification shall specify the required coaling service levels for both internal and external surfaces of the equipment. Coating level 
designation shall be determined based on equipmenl location, function, and ertecl of coaling system on Intended component or system 
loerformance. 
Service Level 1 Areas; 

These areas require coating systems that are essential to the attainment of the accident mitigating performance of structures, system&, and 
components that are essential to the prevention of, or mitigation of the consequences of, postulated accidents that could cause undue risk to the 
health and safety of the public. A Service Level I proteclive coating system shall conform to the Service Level I coating requirements specified In 
ANSI N512 111 and ANSI Nt01.2 ''1. In addition, quality assurance requiremenls and documentation specified In 'ANSI N101.4 i>l shall also be 
provided. Galvanized steel and stainless slee\ surfaces do not require an additional protective coating system, a!ld therefore are not subject to the 
requirements of this paragraph. Notes 
1 The following Slandard should be substituted for chemical resistance tests in ANSI N512: ASTM D 3912. 
2 The following Standard should be substitute.d in applicable paragraphs or ANSI N101.2 regarding the OBA requirements: ASTM D 3911. 
3 The following Standard should be substituted in applicable paragraphs or ANSI N101 .4 or used to provide mere current qua\lly assurance requirer 
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211 AA-6512 Serv/,;e Level I/ Areas: 
These areas require coating systems tha.t are essential to the attainment efthe intended normal opera ling perfonnan,;e of structures, systems, or 

components. Service Level II protective coating systems may conform ta Service Level I ccaling specified by ANSI N512 quality assur;mce 
raqulrements, exc~pt that documentation required may be defined in the Design Specification or Manufacturer's specification. (Documentation 
specified in ANSI N 101 .4 is not required for Level II coating systems.) The coaling systems shall be designed fer the applicable post-accident 
service conditions for the specific surfaces, but not for the lr,-cantainment pest-accident service conditions. 

212 AA-6513 Service Level II/Areas: 
These areas require coating systems that are not essential to eilher the normal or accident opera.ting performance of a structure, system, or 

campanenl. Coating systems designated as Coaling Level Ill shall conform to the specific equipment Manufacturer's specifications. 
Documentation shall be defined in the Design Specification or Manufacturer's specification. (ANSI N101.4 documentation Is not required.) 

213 AA-6514 Stainless Steel Surfaces: 
Stainless steel surfaces shall not be coated. 

214 AA,6520 Surface Preparalion: 
Surface preparation for carbon steel shall meet the requiremenls specified in Seclion 8 of ANSI N512. Carbon steel surface preparation for 

Seivice Level I coatinas svstems must be blast cleaned lo the reauirements of SSPS SP10. 
~\f~:~;~~-)~fift~t~W~'f rt/~~65·30.Y.~~ ,<3fiAT1ij.(;tit¾{f,li?J~?.~~·?t:fa~iJ.*1fm~K'.5f~ifi1If\')'.-}~;\~~~7(i.~~f$W;\~?:~t;.~I{~t~ffif~}.~;~,tl\t#'.fr\~~~t~i~1i~~,:t~~t~lf~:{~}~tf:~~t{~~M~~f~l~tt\~~wJi)t~l~1't~li:\Ji~ff&fi:i'#1 

215 AA-6531 Scope of Work: 
Outline the areas to be coated or otherwise nrolected. 

216 AA•6532 Coating System Selection and l:valuatlon: 
Provide sneclfic auidellnes and reouirements for coatino svstem tests and reouired criteria tor tested material evaluation. 

217 AA-6533 Ovalily Assurance Manval: 
The aualitv assurance manual must address the 10 CFR 50. Aooendix B reauiremenls and oertlnent reouiremenls of ANSI N101.4. 

218 AA•6534 Coating Inspector's Qualifications: 
The lnsoector's ouallfications must meet lhe reauirements ot ANSI/ASME NQA-1 includlna suoolements of 2S-1 and 2S-2 . 

219 AA-6535 Coating Applicator's Qualificalions: 
These requirements must be established In application procedures tor each specific substrate and material to be used prior to allowing the 

aoolicator to aoolv anv material to surfaces installed In Service Level I areas. 
220 AA·6536 Safely and environmental Control: 

Ventilation, temperature, and humidity must meet the coating Manufacturer's requirements. Proper illumination, safe equipment, s.call'olding, and 
orocedures reoardlna work oractices must be followed. 

221 AA-6537 Ouali/y Control ProcerJures: 
These nrocerlures must be develoned bv the coatlna annlicator and anoroved bv the Owner or his authorized reoresentative. 

222 AA-6538 Coating Malerial Certifi,;ation: 
The coating Manufacturer must provide producl identity certification that the material meets the requirements of ANSI N101,2, ANSI NJ01.4, and 

ANSI N512 or anv other soeclfic reouirements. 
223 AA-6539 Surface Preparation: 

Surface preparation must be defined as to the degree of cleanliness and required anchor profile in the steel surface. The blast abrasives to be 
used and cleaning residual contaminants from blast abrasives must be addressed. The lime elapsed between surface preparation and the first 
coat of coatino material aoolication should be indicated to orevent anv rust bloom aoceartna on the blasted surface. 

224 AA-6539.1 Coating Application anrJ Cure Requirements. Unacceptable coating application, with respect to overspray, dryspray, sags, runs, mudcracklng, 
blisters, pinholes, Insufficient mm buildup or excessive film buildup, and other defects must be addressed. Curing requirements at various 
temoerature ranees should be addressed For each coat of soeclfic material used. 

225 AA-6539.2 For carbon steel, the Design Specification or Manufacturer's specifications shall state the requirements for prime coat and finish coat thicknesses. 
Galvanized steel surfaces from which the coating has been removed during fabrication shall be coated with an appropriate qualified material per 
ANSI N101.2 to a thickness eouivalent to the oriainal coatino. 

., .,:,::-,i:;/(;:)~: ;,,j~+.6540ii~ REeA.tR.',Oij.;~:OATlNG}$MS7tEMfKfJNt~%\Wttlt:\\~~rt~{l~~~t;;ifttt~~:1;~JiiitJi~1&\gl~w~~i~1fu~1~t~~~~~~~~?~W~l¥.~~ffl#1Z~,1it.@J~.t~1~,~~ji -'~ ... 
226 AA-6540 Repair of Coating System: 

(a) Service Level I and Seivice Level II coating systems that require repair due to damage or defects In the original coating system shall be 
repaired In accordance Chapter 11 or Chapter 12 (if coating has been in place for several moths or years) of Manual of Coating Work, 

(bl Galvanized surfaces that have tieen damaged shall be repaired with an appropriate qualified material per /\NSI N101.2. Thickness of 
coaling shall be equivalent.to the original coaling. 

-~·~--:.~bf-x).;-:~.;:t~ri~.-J @~GS:5.Dlit lN'SJ?:'Ef:tr.~O.N1WJ~~~i%~}~~ttitl~~'tr~~im¥.1It!ii-Wfiii\ttii1t~~i~itfit~~t~~H~~l.~i~~~~ttll•~~~i~1rJi~~ 
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227 AA-656O General: 
Inspection for shop and field work on Level I and II coaling systems shall conform to Sectlrin 10 of ANSI N512. The design spec.ification or 

Manufacturer's s ecifications shall include lhe acce lance criteria fort linuil · of coati . · 
~iiif:ii\\;J:\{f;~ .;l.fA'A'I 5.60:i ~13~1;P.l,1'A"SSttMNC:E'IREGIU REMENmSMNb:J.1Z1.Q:Gi:JM 

228 AA-656O General: 
(a) Coating level I systems shall conform to lhe quality assurance requirements of ANSI N1O1.2, ANSI N1O1.4. Level II and Ill coating system 

documentation shall conform to Manufacture(s or Design Specification requirements. · 
(b) Coating Level I documentation in accordance with the requirements of ANSI N1O1.2, ANSI N101.4, and ANSI N512 shall be maintained on 

file. Documentation shall be · rovided to the rdance with ofAA-80O . · · 
ifii~l1,~'&'@5iii1~ ~~ .\ ts:S.®ti llilS:T:~U~'tte.NfRE' · DiR:EME 

229 AA-661O Handling and Rigging: • 
(a) Handling and rigging requirements for assembled components or subassemblies shall be ldenUfied In Manufacturer's lnstallaUon 

procedures in accordance with AA-7OOO. Manufacture(s procedures shall Include the classlficaiion of the item to be handled as defined In 
ANSI/ASMe, NQA-2. 

(b) Items that will be handled or supported during installation by a crane or other lifting device shall be equipped with lifting eyes or other 
means to maintain the ttem in ·proper orientation without exceeding structural design Integrity or the assembly while being handled or supported. 
The desl n s ecification shall ldenti an s ecial ri in re uirements or restrictions for final erection. · 

:230 AA-662O Field Assembly: _ 

231 

(a) Where equipment requires componenl assembly during final installation, the equipment manufacturer shall provide detailed written 
procedures for making the proper final assemble. Installation procedures shall include requirements for al olher Interfacing services, such as 
electrical, piping, supports. and ductwork. Installation procedures shall also address assembling, setting, erecting, leveling, aligning, secu~ng. 
doweling, connecting, cleaning, lubricallng, final adjusting, inspecting, and all other operation necessary to make the equipment operable. 

(bl The equipment ManufaclUrer shall be responsible for advising the Owner or his designee of field connections or services required ror lhe 
proper and safe operation of the equipment as specified in the Design specification. These requirements shall be explained in the installation 
procedures, The equipment Manufacturer shall make provisions In the design of his equipment for lhe required field connections. 

· (c) Alignment markings where required for Iha proper field positioning and connection of parts or subassemblies shall be shown on the 
Manufacturers Installation drawings . 

AA-663O Temporary Field Attachments: 
(a) Field attachments and ducts not specified in lhe design drawings, the Design Specification, or this Code are permitted only when authorized 

in writing by the equipment Manufacturer, Owner, or his deslgnee. The method of attachment shall meet the requirements of the drawings, 
specifications, or this Code, as applicable, and neither lhe attachment nor the method of atta·chment shall adversely affect present or future 
performance, reliability or structural integrity or the item or the Installed system, Temporary attachments shall be removed before delivery or final 
acceptance of the Installed syslem, whichever Is applicable. 

232 AA-663O Temporary Field Attachments: 
(bl Unauthorized attachments shall not be made to equipment or ducts and, when discovered, shall be removed in a manner hat will not affect 

the immediate or future performance, reliability. or structural Integrity of the item or the system. The equipment Manufacturer, orthe Owner or his 
designee, as applicable, shall be advised of the unauthorized attachment and shall review the Impact of such ~ttachment, The method of removal 
or repair, or both, If necessary, shall be authorized by the equipment Manufacturer or the Owner or the Owner's designee. If the attachment does 
adversely affect Immediate or future performance or reliability. and removal of the attachment or repair dies not eliminate the adverse result, the 
Item affected shall be re laced. 

C~ign Cocument , 
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233 AA-711 O General: 

This Article contains general requirements for packaging, shipping. receiving, storage, and handling of components,_ parts, and equipment. The 

234 AA-712O Responsibility: 

Date Printed: 21-Dec-O4 

The requirements for the activities covered by this Code are Identified in this article and in each Code section. The establishment of practices and 
procedures, and the providing of resources for personnel, equipment, and services necessary to Implement the requirements of this Code, may be 
delegated to other organiiations, and such delegation shall be documented. However, It Is the responslbilily·of each organization perfonnlng work 
covered by this Code to comply with procedures and instructions Issued for the project and to confonn to the requirements of this Code as It is 
a licable to its work. 
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238 

Source Requirement Text 

AA-7200 Gene,al Reqvirements: 
This article contains requirements that are to be fulfilled by organizations responsible for performing any'segmenl ofwork.described In each Code 

section. This article establishes measures acceptable for the packaging, shipping, receiving, storage; and handling of air and gas treatment Items 
to be incorporated In the nuclear power plant and for the Inspections, examinations, testing, and documentation to verify conformance to specified 
requirements. This article Is Intended to supplement ANSI/ASME NQA-2, Part 2.2. The provisions of this article shall 
replace these respective sections and subsections of ANSI/ASME NOA-2, Part 2.2. The balance of ANSIIASME NOA-2, Part 2,2, shall apply and 
be part of this Code, Terms used in Article AA-7000 that relate to quality assurance are defined In ASME NQA-1, Supplement S-1, Tenns and 
Definitions. Additional terms are defined in ANSI/ASME NQA-2, Part 2.2. · 

AA-7210 Planning, Procedures, and Instructions: 
The Design Specification and drawings for air and gas treatment Items shall Include provisions for accomplishing the packaging, shipping, 

receiving, storage, and handling activities described in this Code. The preparation and control of procedures and work Instructions for these 
activities shall be provided. Sufficient details shall be included to assure compliance with the provisions of AA-7000 and each Code section. 

AA-7220 Personnel Qualifications: 
Those persomel who perform Inspection, examination, and testing activities at the Job site to assure compliance lo thls·Code shall be qualified In 

accordance wilh ANSIIASME NQA-1, Supplement 2S-1 and 2S-2. Olfsite inspection, examination, or testing shall be audited and monitored by 
ersonnel who are ualified in accordance with ANSI/ASME NOA-1 Su laments 2S-1 and 2S-2. 

AA-7230 Classification of /lams: 
The requirements for activities covered by this Article (AA-7000) are divided Into four levels with respect to protective measures to prevent 

damage, deterioration, or conlamlnation· of the items, based upon lhe important functionai characteristics of the Item with respect to safety, 
reliability, and operation. It should be recognized, however, that within the scope of each level there may be a range of controls and that tlie 
detailed requirements for an item are dependent on the Importance of the item to safety or reliability. llems, once classified, shall be restricted to 
that level or higher for each of the packaging, shipping, receiving, storage, and handling operations. Any package unit or assembly made up of 
items of different levels shall be classified to the highest level designaled for any respective parts, unless the higher level subassembly or part can 
be packaged lo Its respective level while stHI attached to the total assembly or Is totally protected within lhe assembly. The balance of the unit or 
assembly may be classified to a lower level. If unit is disassembled, a level shall be Indicated for each part. 

239 AA-7230 Classification of Items: 
lle~s covered by this Code are given the appropriate protection classification level in accordance with the provisions of ANSIIASME NQA-2, Part 

2.2, Section 2. and these levels and detailed re uirements are delineated in each e ui ment section of !his Code. 
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240 AA,7310 General: 

This subarticle contains the requirements for packaging items for protection against corrosion, contamination, physical damage, or any effect that 
would lower the quality or cause the item to deteriorate during the time it is shipped, handled, and stored, Implementation of Subartlcle AA-7300 
shall be accomplished by applying the appropriale criteria contained in ANSI/ASME NQA-2, Part 2.2, concerning cleaning, preservatives, 
desiccants, inert gas blankets, cushioning, caps and plugs, barriers and wrapping materials, tapes, blocking and bracing, containers, marking, other 

ualit assurance rovisions and documentation. · 
241 AA-7320 Level of Packaging: 

The acka in criteria are divided into four levels corres ondin to the levels desi nated b AA-7230. 
i'../ ;.::~rt~\: ;:~:;~~-.}iii z;:~~,7.4il0~':t :Sf:t.lR.fr?I NGJ\~~.;\t~;:;i~ri:,t~im~~?#Mff\~&}#}~1\$~~,t~~~m~~.,i.-~~1¥iti:~~it~~~tt~t~~rr."~)~N~it!i1~k1 :frf.~t~tJ:l~tiitt{~\~i-~~'WMffliitk~~~W:i:~%kff~i\%?Jl.\~1~-~~ ~\~; 

242 AA,7410 General: 
This subarticle covers the requirements for loading and shipment of items as defined In AA-7230. Described herein are environmental protection 
during transit, procedures lo minimize damage in transit, precaution required when handling items during loading and transit, and identification and 
inspec!lon on overseas shipments. The mode of transportation used shall be consistent with lhe protection classification of the item and with the 

acka In methods em lo ed. 

:fA.Af~QO.Qi, A!JAl.i!J?CA~.S.V., 

243 AA-8110 SCOP/i:ANDAPPLICABILITY: 

Date Printed: 21-Dec-04 

This article contains general requirements for the quality assurance of components, parts, and equipment, The requirements of ASME NQA-1 apply 
to lhe component, parts, and equipment covered by this Code, The requirements of Article AA-8000 are applicable to the extent they are 
specifically invoked by each Code section. Additional or supplemental requirements may also be given In each Code section, 
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244 AA-8120 Responsibility: 

The organization invoking this Code for the design, construction, and acceptance testing of equipment, parts, and components used In ~uclear 
safety-related air and gas treatment systems in nuclear facilities shall be responsible for specifying any additional requirements and appropriately 
relatlno them to snecific items or services. · 

245 AA-8130 Responsibility of Fabricators, Material Suppliers, and Material Manufacturers: . .· · .. 
(a) Some or all of the responslbilitles of lower tier organizations may be assumed by any higher tier organization (e.g., the Owner may assume 

some of the responsibilities, such as certifying test results. of lhe Material Manufacturer.) The organization assuming lower tier responslblllty shall 
meet the requirements noted herein for that organization. 

(b) In addition lo the specific responsibilities delegated lo the Fabricator, Material Supplier, arid Material Manufacturer by the Owner ofdesignee, 
the followlno shall acolv: 

246 AA-8130 (1) each member of the chain depicted In Figure AA-8130 shall be responsible for evaluating and _qualifying lhe suppliers of contracted services· 
or material from lhe next level down, i.e., Fabricator shall be responsible for evaluating arid qualifying the Material Supplier's q·uallty assurance 
lorooram and so forth· 

247 AA-8130 (2) each member of lhe chain depicted in Figure AA-8130 shall be respon_sible for notifying the party that qualified their program of planned 
modifications that mioht affect the oualitv of the delivered oroduct· 

248 AA-8130 (3) lhe Fabricator, Material Supplier, and Material Manufacturer shall be responsible for establishing and maintaining and ldenllficatlon and 
verification orooram for the traceabilitv of material while under his control· 

249 AA-8130 (4) the Fabricator, Material Supplier, and Material Manufacturer shall be reliponsible for controlllng quality during manufacture and fabrication, 
including c_ontrot or manufacturing processes, testing, examination, repair, and treatment of the material, including subcontracted _services. 

250 Fig. AA-8130 Fig. AA•B 130, Hierarchy of Responsibility 

Owner-> Fabricator-> Material Suoolier •> Material Manufacturer 
~-:/.'·<~~'./:.f~~ .. ~.d~ 1NAA;'a200t{ ll)ENJIBCA'JllONfAN0lt.Plil:i1Re~&iffi'lmEM$~?itrJ!,ti'}w;~}/}~:~~)f:?}Jf!M!&~':li/l<!:~it~~1!,;'/(fj),,~~'\,;,..;,;-,,-;,,"?,;~ •. ·' · H ;~~l~~~ .~mt ---.· , n:.,.~l,l'~'ft;;.~~ . ·1~-,'.I~...,:;~ 

251 AA-8210 Documentation: 
Oocuments for procuremenl of material and subcontracted services shall include requirements lo the exte~t necessary to assure their compliance 

with ANSI/ASMe NQA•1 and the additional requirements of this paragraph, Measures shall be established to assure that all purchased and 
fabricated material and services conform to the requirements of this paragraph. 

Measures shall be established for Identification and control of material, Including partially processed material, throughcut manufacturing, 
fabrication, and the shipping processes. These measures shall assure that Identification is maintained either on the material or on records 
traceable to the material through manufacture and fabrication. Welding filler metal for use iri repair of the material shall also be controlled In 
accordance with this oaraaraoh. · · · -· c::i.-·· 

252 AA•B220 Identification and Completed Material: 
(a)· Identification of material fro·m the Material Manufacturer shall consist of marking the material with the applicable specification.and grade of 

material. heat number or he.at code of the material, and any additional marking required by this Section to facllltate traceability of the reports of the 
results of all tests and examinations performed on the material; except that, for those materials far which the Material Manufacture~s Certificates of 
Compliance are allowed, heat numbers or heal code Identification need not be indicated either on the material or the Certificates, Alternatively, a 
marking symbol or code that identifies the material with the material certification may be used. and such symbol or code shall be explained in the 
Certified Material Test Reoort or Certificaie of Comoliance as aoolicable. ' 

253 AA-8220 Identification and Completed Materiaf: 
(b) Physical identification on Individual material used in the assembly of a component by heat number or .code or specification and grade need 

not be done provided the completed assembly is marked with a unique identification number that Is traceable to documentallon that Identifies the 
material used In the assembly bv the renufrements of AA-8220(al. 

254 AA-6230 Marking Requiremenls for Small Products: 
(a) Except as required by the material specification, small parts need not be Individually marked provided they are packed in packages or 

containers that shall be clearly identified by legible marking to ensure positive identification of the material up to the point of use, · 
(b) Welding and brazing materials shall be clearly identified by 111arklng on the package or container.to ensure positive Identification of the 

material. The package or container marking shall include the heal or lot number as applicable, a control marking code that Identifies lhe materials 
with the Certified Material Test Report, and other information such as specificallon, grade, classification number, supplier's name, and trade-
deslcnatlon. 

255 AA-8240 Certified Material Test Reports: 
The Certified Material Test Report, when required. shall include the actual results of all required chemical analyses, mechanical tests, and 

examinations. 
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AA-8250 Records of l:xamlnations end Tests: 
All characteristics required lo be reported by the material speclficalion and by this Section shall be traceable to the results recorded, Records 

shall identify the procedure and revision to which an exami'nalion or lest was performed and include the recorded resulls of examinations and tests. 
Measures shall be established so that the status and results of any required examinations and tests can be determined for the material,. 

257 AA-8300 Quality Assurance Records: 
Documentation required by this SecUon and each of the other sections shall be prepared, maintained, and submitted to the Owner for recording 

as re ulred b the a licable section and ANSI/ASME NQA-1. 

ik'.NSci1;1M~t fa~iP§.9ti: ~.IMi.t~il .§~r)Q;{§J,e;MR.Vit~L~~~li11fiif$~1~~:t*litt~~it,,J,~\'1t-Jlffl~. ';!;." '': ~ 
258 AA-9110 Scope and Applicability: 

This ArUcle contains the general requirements or nameplates for components and equipment. 
The requirements of this Article are applicable to the exlenl they are specifically invoked by the other Code secUons. Unique requirements are 

given In each Code seclion. · 
Stamping is required only for those components constructed in accordance with the ASME Code, No other third party inspection or cerUficaUon Is 

re ulred b this Code. 
259 AA-9120 Reqvirements: 

Each item shall have a nameplate, except as otherwise permitted by this Code. Nameplate Information shall be as required by (a) through (e) 
below: 

(a) Manufacturers name; 
(b) Manufacturers serial number and, if applicable, model number; 
(c) Capacity in appropriate units; 
(dl Operating temperature and pressure; 
(e) Other data prescribed by lhe specific equipment section or this Code, 

The data shall be in characters not less.that 3/32 in. (2.4 mm) high. All nameplate markings shall be stamped, etched, cast, or Impressed on the. 
nameplate. Nameplates shall be of a noncorrosive material. Stamping directly on items, where permitted by the respective equi.pmenl section of • 
this Code and used In lieu of a nameplate, shall be done with blunt nose continuous or blunt nosed lnlerrupted dot die stamps, The sele1.led 
markin method shall ot result In an harmful contamination or sh discontinuities. · · 

260 AA-9140 Attachment of Nameplates: 
If the nameplate is marked before ii Is affixed lo the Item, the Manufacturer shall ensure that the nameplate with a conrecl marking has been 

applied lo the appropriate item. · · . 
The nameplate shall be attached by a method that wlll'not affect the structural or operational integrity of the item and that shall assure permanent 

attachment durin the life ex eclanc of the com nenl. · 
261 AA-9130 Location of Nameplates: 

The location of the nameplate shall be shown on the as-constructed drawing. II should be readily visible when the component is Installed. 
Name lates shall be localed so insulation does not obscure name late data. 
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262 DA-1210 Exe/vs/on cfltems: . . 
Valves whose design, manufacture, test, and Installation are covered by the ASME Code, Section Ill, or ASME B31. 1, are excluded from this 

1-.,.,,,.,..,,,,,,..,...,..,+.,,,==..,..,.,.,,d,:S~e~ct~io~n~ · · 
faiiti/:M:'fki 1t:iP~'i.~AQ9i1i MA1tf,,. 

263 DA-3110 Materials of Construction: 
Materials used in lhe construction of frames, blades. shafts, and linkages shall conform to requirements of specifications for malerials given in 

Table DA-3110. Note: refer to Table DA-3110 In AG-1-2003. 
264 DA-3120 Allowable Stress: . 

Allowable stress values for the design of frames, blades, shafts, and linkages are specified in AA-4000, 
At temperatures above 650 degrees F for ferrous material or 200 degrees F for nonferrous material, the special limitations cited in DA-3211 shall 

a I • . 

265 OA-3130 Bearing Material: 
Beari materials shall conform le the reouirerrients of DA-4250. 

266 DA-3140 Seal Material: 
Seal materials shall conform to the re ulremenls of DA-4260. 
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267 DA-3211 Physical Properties Reduction: 
The reduction In the physical properties of metals at higher temperatures must be recognlied and factored lnlo the design of dampers used In 

hi h tem erature a lication. articular! where fire hazard Is Involved. · 
268 DA-3212 Galvanic Corrosion: 

The possibility or galvanic corrosion due to the relative potentials of aluminum, copper, and their alloys should be considered wh_ei, used in 
con'unctian with each other or with steel or other melals and their allo s. 

269 DA-3213 Corrosive Vapors: . 
Aluminum and iinc shall not be used In the presence of corrosive vap(?rs unless p_rotected by coatings or other suitable means designed lo 
revent deterioration of the metal. 

270 DA-3220 Nonmelatlic Materials: 
The use of nonmetallic materials such as plastics, elastomers, and similar substances is permitted in the construction of components provided 

that in the selection of these materials, consideration is given lo: · 
(a) deslruction where fire hazards exist, including toxicity; 
(bl degradation of properties caused by temperature Increase. radiation exposure, chemical exposure, and aging: and 
c maintainabilit . 

271 DA-3230 Deterioration of Malerials in Service: 
It is the responsibility of the Owner or his designee lo identify the environment in which _the components musl operate so that the Manufacturer 

can select the rade of materials to meet the conditions staled in the Desi n S ecification. 
272 DA-3300 Certification of Materials: 

The manufacturer shall make available, as a minimum, certified lest reports of chemical and physical properties of material and hardware for 
stress components such as related accessories Including frames. blades, shafts, and linkages. For those ASTM materials which do not have 
physical testing required by the ASTM specification, testing should be performed per ASTM A 370. · 

All other components used in the construction of the damper shall be provided with a Manufacture(s Certificate of Compliance covering the 
1-,:o..,.,.,,-,..,,.,,_,,.,-1,-====±-A-sSc..M~E ... o_,r..,A,,;S,,.T,.,..M rade, and class,' ;r ' ble. 
xs~?i':0D:>U MoA40:00)1 P,E~LG 

273 DA-4100 General Design: 
Oesign of dampers and louvers shall be In accordance with the requirements of Section DA and of those portions of Section AA invoked in 

Section DA. 
27 4 DA-411 0 Requirements of the Design Specifications: 

Date Printed: 21-0ec-04 

Desigri specifications prepared by the Owner or his deslgnee in sufficient detail to provide a complete basis for design and manufacture In 
accordance with this Code shall Include, as applicable: 

(a) reference to this Code 
(b) function, as defined in DA-1320 
(c) configuration, as defined in DA-1330 
(d) maximum allowable seat and frame leakage and the specific differential pressures, ad defined In DA-1340 and Mandatory Appendix DA 

(e) pressures, as defined In DA-1350 
(I) temperatures, as defined in DA-1360 
(g) volumetric flow rate at defined temperature, pressure, and density 
(h) maximum relative humidity or the air or gas stream 
(I) maximum design pressure drop at design volumetric flow rate 
0) composition, concenlration, and nature of the entrained contaminants in the air or gas stream 
k norm I o eralin osltlon and failsafe osltion of blades 
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Source Requirement Text 

DA•4110 Requirements of the Design Specifications: 
(I) installation parameters 
(m) mounUng configuration and support. i.e., flange mounted, inside-of-duct mounted, wall or cantilevered mounting 
(n) orientalion of damper and direction of airflow . 
(o) blade orientation relative to frame 
(p) maximum closure and opening time 
(q) actuator data, as required by DA-4300 
(r) anticipated number of operating cycles (e.g .. specify number for two-position or state "continuous operation" for modulating service) 
(s) allowable materials per DA-3000 
(I) special requirements for blades, frames, linkages, seals, and bearings 
(u) accessories required· and mounting location 
(v) any and all anticipated Internal and external loadings other than pressures 
(w) combination of loading conditions, seismic requirements, and the design transients applicable lo the appropriale service le~I per AA· 

. 4000 

276 DA-411 O Requirements of the Design Specifications: 
M radiation Integrated life dose and maximum dose rate (rad/unit time) 
(y) finish and coating requirements 
z fire resistance ratln as 1-1/2 or 3 hr 

277 DA-4120 Requirements of/he Manufacturer: 
When required by the Design Specifications, documentation provided by the Manufacturer to the Owner or his deslgnee shall Include \he 

following, as applicable: 
(a) mounting connection details 
(b) weight and center of gravity 
(c) service connections, size, type, and locations 
(d) pressure drop at rated flow 
(e) maximum seat and frame leakage al design pressures 
(f) maximum closure and opening lime al slated conditions 
(g) materials of construction 
(h) bearing design life 
(i) seal design life 
G) actuator torque supplied 
(k) damper or louver torque required 
(I) actuator environmental and seismic qualifications 
(m) verification of structural integrity, performance, and qualification in accordance with AA-4000 
(n) actuator position or orientation 
o UL fire resistance ratio and UL Installation Instructions 
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278 DA•4131 Seal Leakage: 
Seal leakage shall be equal lo or less than the amount shown in Mandatory Appendi_x DA-I for the class specified in tile Design Speclflcalion. 

279 DA-4132 Frame Le11kage: 
Frame leakage shall be equal to Jess than the amount shown In Mandatory Appendix DA-I for the class specified in the Design Specification 

280 DA-4133 Pressure Drop; 
Pressure dro shall be less than ore ual to that staled in the Desi n S ecification at the desi n volumetric flow rate. 

281 OA-4134 Fire Ratings: . 
Fire Dam ers shall have a 1·1/2 or 3 hr ratin in accordance with UL-555 as delennined b NFPA 90A and NFPA 803. 

282 DA-4135 Fire Damper Closure: 
The fire dam er shall close a ainst the s eclfied volumetric flow rate ands ecified o eratln ressure. 

283 DA-4136 Cycle Time: 
The dam er must cte full o en lo full closed or full closed lo full o en within the ti 

,'ix~: :S::{i., MDA,42.0:0$ ;i:eeHNl!3AL)RE'aUJREMENm.! 
t:ii:lff~<j,;,;,;::)::}W: -~A~2fD~: S:i1Rl!JG:i'l\8RJ.>i 
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284 DA-4211 General: 
Dampers or louvers shall be designed in accordance with the st11,Jclural requlremenlS given In AA•4000. St11,Jclural requirements and load 

definitions are nlven In DA-4212 throunh DA-4214. 
285 DA-4212,1 Methods of Support: 

A damper or louver assembly may be supported by one or more or several methods. II may be line supported as an assembiy Inserted Into a nm 
or duct; ii may have Its support at Its .end attachments to the duct and be totally supported by that line or duct; or it may be flange mounted to a 
bulkhead lype of building st11,Jcture or auxiliary st11,Jcture, · 

(a) Une Supported Assembly: The support boundary for this case shall be the interface flanges or other mechanical connections designed to 
transfer all components of loads across the joints. · 

(b) Bulkhead of Enrl Supporter/ Assembly: The support boundary for this case stiall also ·be the Interface flanges or other mechanlcal 
connections or structural connections designed to transfer all components of load. 

(o) Sir/e, Top. or Bollom Supper/er/ Assembly: The support boundary for this case shall be the attachment ·point for the assembly, Allhough 
sunnart tn the builninn suoerstructure auxlliarv steel eouioment foundation or other structure renresents ornund lnr the damne• that •unno.+ I• nn1 

266 DA•4212.2 Documentation: 
.The damper or louver Manufacturer shall be responsible for providing all Information riecessaryto define the support boundary interfaces. The 

Interface control Information 10 be specified shall include but not necessarily be limited to the following:. 
(al Identification of any special support requirements as well as the configuration and size of the damper flanges; 
(b) magnitudes and directions of atl loads imposed on the anchorage points, Including all static, dynamic. and operational loads resulting 

from the Installed assembly, Load data shall be provided in a form which shall allow combinations to be considered as required In AA·4000; 
(c) other information, such as bending moments, shear lorces. axial loads, torsional moments or stiffness requlremenlS necessary to assure 

that the damper or louver can perform its required safety function under all design conditions. 

287 DA-4213 Loads: 
Loads to be considered are as n/ven in AA-4211 and AA-4212 with the followino clarifications, 

288 DA-4213,1 Normal Loar/s: 
Normal loads N shall include: 

(a) actuator load: the toad or loads imposed by the actuator to a specific area of the assembly. 
(b) deadweight load: the load imposed by the weight of all components of the assembly, " 
(c) externally concentrated load: the load or loads Imposed by ·1he application of an external force to a limited area of the assembly. 
(d) normal equipment Interface load: the normal externally applied load or toads from other equipment attached to the assembly. 
(e) operating pressure load: the load resulting lrom the maximum positive or negative differential pressure which may occur during normal 

operation, Included are loads Imposed by normal design airflows and Impact pressures resulting from rapid change or other devices In a system. 

289 DA-4213.2 Thermal Loads: 
Thermal loads T shall Include loads resultino from constraint or forces and disclacements caused bv temoerature variations, 

290 0A,4213.3 Other Loads: 
Other specific load conditions such as shock loads due to pressure transients shall be provided. in the Design Specification to allow toads to be 

combined for the service levels as required under AA-4212 and compared to the applicable service limilS required under AA-4214 and AA-4230 
and other criteria imoosed under AA-4240 and stress limits of this Section. 

291 DA·4214 Structural Verification: 
The technical and documentation renufremenls of AA-4000 shall aoofv to verification of deslon bv analvs!s test or comnarf•on. 

292 DA-4215 Special Consir/era//ons: 
(a) Frame denection under normal and upset plant conditions (Service Levels A and BJ shall not exceed 1/360 of the span In any direction, or 

1/8 In, (3.175 mm), whichever ls less, 
(b) Blade edge or center line deflection under normal and upsel plant conditions (Service Levels A and B) shall not exceed 1/360 of the blade 

length (or diameter) or 1/8 in. (3,175 mm):whlchever is less. 
(c) · The blade edge and center line denection under loads due to normal pla~t conditions Shall not·allow the leakage criteria to be exceeded. 
(d) 

present. 
Fire damper design shall be based on loads imposed on damper blades when closing with design volumetric flow rate and pressu.res 
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DA-4220 Thermal Expansion: 
To prevent binding and restraint of free movement, the design shall provide for the relative motions that occur between components due to 

variations of lemperalure and coefficients of expansion. Such provisions for differential expansion shall Include, as a minimum: 
(a) blade end clearances 
(b) bearing clearances 
(c) longitudinal movement of lhe shafts 
dl sealln ca abilities 
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295 

DA-4231 Torque Determinations: . 
In determining the torque required to acluale lhe blades, lhe Manufacturer shall consider the blade poslUon and direction of the applied torque to 

produce the desired movement. At the maximum specified operating pressure this determination shall include, as a minimum, the following torque 
components: 

(a) breakaway torque 
(b) dynamic torque 
(c) friction torque 
d seatln tor ue 

DA-4232 Acfvator Torque: 
The actuator and associated linkage shall deliver to the damper or louver a minimum of 1.5 limes the maximum torque as determined in OA· 

4231, except for self-contained actuators used to counterbalance a specific force, and must be designed to match the required torque. Actuators 
shall be evaluated in both directions for the maximum lorque, at the beginning of the blade movemenl, while slroking the blades through !he full 
ran e of movement. · 

: :, ·-·· ._:;; >:'•:s.~\i_:·t .tD.~f4240J~.~ .ll1N KAGE~f .;~~}t{~~f.fJjf.tt~~~i't~~'!t%1t{lf~;t~~~~W.t{~Ji~!11~~~~J%lfif~1(J;~f1~~i~~~t~~~~~~~~~~J~;~;~lf~};~~~\ti.lQf ~ 
296 DA-4241 Linkage Components: 

The linkage includes lhe arms, brackets, pivots, bars, levers, and fasteners required to perform the following functions: 
(a) interconnect the blades of multibladed dampers or louvers so !hey act In unison: 
b Interconnect the actuator and blades so as to rovide the desired o eration . 

297 DA-4242 Linkage Design: 
Linkage design shall include the following minimum requirements, 
(a) Brackets. arms, and levers shall be of a length and sliffness to provide stable operation oflhe blades at the maximum specified operating 

pressure and airflow wilhout fiulter oi binding at all blade positions. 
(b) The linkage system shall be designed to lransmil sufficient torque to each blade to set the seals of each and every blade at the maximum 

specifled operating pressure. and airflow to limit leakage 10 less than the specified leakage. · 
(c) All linkage components shall be designed lo transmit a minimum of 1 ,5 times the torque required by DA-4231 without exceeding the· 

allowable stress listed in AA-4000. · 
(d) If a linkage syslem is designed lo be freld adjuslable, suitable locking devices such as jam nuts, etc., shall be provided. 

h====+c====,-h::-l:e:'h,~T shall be desi · ned lo be com atlb e act ·cation. 
ri:-';~s,;:;~;;,J~fW. ~i ''lil 25.i>J\; 61:ARI 

298 DA-4251 General Application: 
(a) Bearings shall permit axial shaft movement to provide for operating clearances and differential expansion in bolh vertfcal and horizonlal 

Installations. 
b Bearin materials shall be selected for the load in and environ sub"ected. 

;,.y:>r.:::;1:iA,t ,;~'Olr-~252¾~ Sl:ARIN.G:,,i:¥ee 
299 DA-4252.1 Mete/lie Sleeve Bearings: 

Sintered sleeve bearing material shall be lubricant-impregnated bronze or stainless steel. Solid sleeve bearing material shall bronze or stainless 
steel and shall be lubricated riorto shl ment end revisions should be made fortubrication in the 0eld. 

300 DA-4252.2 Nonmelalllc Sleeve B~arings: 
Nonmetallic sleeve bearin s i.e. henolic. n Ion and similar materials ma be used sub eel lo the limitations of OA-3220. 

301 OA-4252,3 Rolling Element Bearings: 

Dale Prinled: 21-Dec-04 

Premounted bearing assemblies, nanges, or pillow blocks shall be self-aligning and mounted in such a manner as to be replaceable, Grease 
fittings shall be provided when Iha lubricant must be periOdically renewed. Flanges and pillow blocks are lo be made of steel, malleable Iron. or 
casl iron. 
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DA-4253 Bearing De~gn; 
(a) Bearing running surfaces of sleeve bearings shall have a finish as recommended by the bearing Manufacturer. 
(b) Sleeve bearings shall be contained lo prevent rotational movement except between the intended bearing surfaces. 
(c) Sleeve bearings shall have a bearing load surface diameter difference as recommended by the bearing Manufacturer lo provide rotational 

clearance. - · 
(d) Sleeve bearing wall lhlckness shall be as recommended by lhe.bearing Manufadurer. . 
(el Rolling element bearings shall be sized lo allow.bearings to be slipped onto the shaft. The maximum clearance in shaft diameter shall be 

as recommended bv the bearino Manufacturer afus clearance for thermal exaanslon. 
DA-4254 Bearing Loading: 

OA-4261 

DA-4262 

OA-4263 

(a) Sleeve bearing loading on lhe radial and thrust load areas shali'not exceed 67% of the bearing Manufacturefs recommended static lo'ad 
rating. 

(b) Sleeve bearing radial load area shall, as a minimum, be equal to one -quarter of the diameter times the length supported by the bearing 
housing or damper/louver frame. 

(c) When sleeve bearings are subjected lo thrust loads, a thrust washer shall be used to transmit the load to the bearing, or the load 
transmitting member shall meet lhe requirement of DA-4252.1. 

(dl Maximum radial or thrust loading on rolling element bearings shall nol exceed lhe bearing Manufacturefs recommended static load raUng. 
(el The calculated load on each bearing shall consist of all design forces applied to that bearing. including that of the actuator and linkage. 

General: 
Seals may be utilized to reduce seat leakage and frame leakage lo the degree required by the design specification, The control of seat leakage 
requires seals such as metal or elastomer blade edges. slops, 'or seats. Control of frame leakage may require shat seals such as stuffing boxes or 
cover nlales. ' 
Design: • 

The seal design shall maintain the specified leakage llmlts during the design life of the seal . 
Where the design life of the assembly exceeds the life expectancy of the seal material, the seals shall be replaceable, and the rneans of 

attaching the seal or Installing the packing in a stuffing box shall be so designed to facilitate their replacemen!, When envtronmenlal or system 
conditions nrevenl lhe use or the renlacement of elastomer seals metal seals or seats shall be considered. 
Material: 

Selection of seal material by the damper Manufacturer shall be based on specific system design perfonnance requirements and environmental 
conditions lo which II is exposed. 

Physical charactelistics of the seal material, such as compression set, tensile strength, hardness, and elastlclty, must be verified by generic or 
individual tests prior to delennlning the material to be used for a particular seal as well as determining the design life of that seal. 

The design life of the seal is the length of lime !hat the seal wlll function properly while the seal material experiences mild degradation of Its 
molecular structure caused by the aging process of the environmenl, · 
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307 DA-4271 Frame Construction Class A or B: 

Dampers requiring frame constru_dion to Leakage Rate Classes A or B (see Mandatory Appendix DA•I) shall be prollided with stuffing boxes, . 
gasketed cover plates, or other sealing devices to reduce frame leakage to less tha_n or equal to that stated in the Design Specification, 

308 DA-4272 Gasket and Packaging Material Requirements; 
Gasket and nacklna materials shall confonn lo lhe renuiremenls of DA-3220. DA-3230 and DA-4263. 

,,!, ,: ·::,: ..• •:: .. :3: ,.:;. ;:-,;. ' . .;;JCA~280J~1 M.tlUNTIN.G'\()_F·~~cm.u.AT~e&S'.!ANo;:A~.CESs:().RIE ... , .. :J'.~~~~Zil1'j}tJ£iif~lt~t}i1w.:;.).~)tt:~~1ttt~~Wil~ti~f~tl~i,~ ~'¥Jifa11~1?}1;W~ff~i~~ :1~111t~r~~!~~\,ij~_f4~1~iji1t~~ 
309 DA-4281 Mounting Structure: 

Each actuator and/or accessorv shall be orovided with a riald structure suitable for mountina such devices. 
31 O DA-4282 Accessibility: 

. The arran•ement of actuators and accessories shall orovide accessibilitv for removal and reolacemenl of each comnonent. 
311 DA-4283 Mounting Structure Material: 

The structure for mounting actuators and accessories shall be fabricated of material listed in Table DA-3100, Strudures shall be designed as 
r""uired bv AA-4000. 

312 DA-4284 Attachment of Actuators anrJ Acces~ories: 
Actuators and accessories shall be attached to the mounting structure with removable fasteners, of material listed in Table DA•3100, ·siied to 

conform lo the stress limitations slated In AA-4000. · · · 
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DA-4285 Linkage Adjustabllity: . 
The ai:tualor mounting or linkage shall pem,il adjustment lo achieve lhe required posiiioning of lhe blades al each end of lhe actuator movement. 

DA-4311 Torque Required: 
The actuator shall be canablv of orovidina the lornue renuired bv DA-4232. 

OA-4312 Forces and Loads On Actu11tors: 
Delerminalion cl actuator capabillly shall Include considerallon or rorces transmitted to the aclualor dlreclly, through lhe mounllng, and through 

the linkaae· esaeclallv side loads on extended rods and imnact loads caused bv acceleration and deceleration of blades. 
DA-4313 Acceleration and Deceteralion of Loads: 

Actuator design shall include consideration of loads caused by acceleration and deceleration of connected componenls such as blades. springs, 
and counlerbalances. 

DA-4314 Actuator Vo/1119e or Pressure Load Ra/Ing: 
The actuator ratina shall be based on the minimum snecified vollaae or nressure. 

DA-4315 Power Actuator Specification Requirements: 
The Design Specificalion shall Include lhe following as a minimum lo establish requirements for actuator perfom,ance: 
{a) funclion · 

(1) two-position or modulating 
(2) fall open, closed, or last posilion 
(3) power to open or power to close 

{b) power source 
(1) lype (such as electric, pneumatic, hydraulic) 
(2) characlerlslics (such as vollage, pressure, and lhelr ranges) 

(c) control signal characlerislics 
(d) frequency of actualion · 
(e) damper opening and closing time 
(f) envl ronmental conditions 
(g) mounllng location and any limitations on space and orlenlalion 
(h) manual override requirements 
(i) accumulator sizing requirements 
Gl actuator environmental and seismic quallncations 
lk\ tune of motion Iii near or rotarvl 

DA-4320 Manual Actuators: 
Manual eclualors should be eauloaed with locklno devices and oosition Indicators. 

DA-4321 Torque Requirements: 
Manual actualors shall be capable of deliverjng the torque required by DA-4232. Manual actuator components shall be sized as required by AA· 

4000. : 
DA-4322 Forces and Loads on Actuators: . 

Determination of man_ual actuator capability shall Include consjderalion of forces lransm.itted lo lhe actuator directly and through the linkage, 
lncludino side loads ON extended rods. · 

DA-4323 Maximum Input Forces: 
lnout force reoulred to ooerate manual actuators shall not exceed 25 lb. 

DA-4330 Self-contained Actuators: 
Self-contained actuators shall be caoable of deliverlnn the toraue reauired bv DA-4231. 

DA-4340 Heat or Temperature Operated Actuators: 
Heat or temnerature ooerated ac1uators such as ks shall be In accordance with NFPA 90A. 

;,,::-_:.;-,:,:_:;:;:_;;.; :-:.:oA;'4400~~ ACCESSORIES'j,\t;•·r,,•'!:Y('.T-t·:::"''f'V;';'_,: 
325 DA-4410 AccessoryRequirements: 

326 

327 

As required by lhe Design Specification, lhe damper or louver assembly shall be provided with appropriale accessory equipment lo provide 
1 nroner runction and nerformance of the assemblv. · 

DA-4420 Auxl7iary Energy Source: 
When required by the Design Specificalion, actuators shall be provided wilh an auxiliary energy source, such as springs, coun1erwelghts, or 

accumulators. · · 
DA,4430 Moduta/in9 Actuator Requirements: 

When required by lhe Design Specification, actuators for modulating service shall be provided wllh a pilot posilioner or similar device lo assure 
cnntroll"d nosltion!na of the damoer In resnonse to the control sicnal. . 
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328 DA-4440 Position Indicators: 
When reaulred bv the Desian Saeclfication. local oosition indicators shall be orovided to enable surveillance and oaerabilltv verification, 

329 DA•4450 i;nvironmental Design Requirements: 
Electrical devices such as position indicating switches, limit switches, and all other electrical components, shall comply with the Applicable 1eee 

Standard(s) stated in the Design Specification. All other pneumatic, hydraulic, or other type of accessories shall be suitable for the environment 
soecified in the Deslon Soecification. 

:;30 DA-4460 Piping of Pneumatic Actuators: 
For pneumatic actuated dampers or louvers, the pneumatic piping system required for the operation of the assembly shall be arranged to provide 

a single field conneclion for each supply, or a control signal source for each assembly. Pneumatic piping system materials and installation shall 
conform to the requirements of the Design Specification. Pipe sizes shall be provided to assure operation within the specified operating time. 

331 DA-4470 /;lectricat Wiring Requirements: 
For electrically actuated dampers or louvers, interconnecting electrical wiring required for the operation of the actuators and accessories shall not 

be installed, unless specifically required by the Design Specification. When interconnecting electrical wiring Is required by the design specificaUon, 
the Design Specification shall specifically identify all interface materials and Installation requirements for each assembly . 

. 'ii.:f,;_:. ,:.,?,.,;,;· ii! p;e;]RAAQJt .!hl§~gc;m1:0.N,~NQ),\Tg.§[JN.§.~~{z,\t~1;~J::~i?ilitf.,11Itti'&1'f..~i!.kA'¥f¾tl~~ilrA~i,~~~i}'f.~~~~1~!f~-~~~\~ 11[~~1~~,~ ' :·~ ~ , :m•;~t' '· ~~i 
•' •. 

332 OA-5000 General: 
Inspection and testing of louvers and dampers shall be in accordance with the requirements of this article and of AA-5100, AA-5200, AA-5300, ,, 

AA-5410, AA-5500, and AA-5800. The manufacturer shall be responsible for establishing the written visual examination procedures and necessary 
tolerances lo assure that the products are built to the Manufacturer's drawings. examination procedures shall Include appropriate checklists to 
verify that the required observations were performed. Written reports of visual inspection shall contain, as a minimum, the requirements of AA· 
5200, 

333 DA-5100 Testing: 
The purpose of this Subarticle is lo ensure the performance of the damper or louver prior to ils Installation. Acceptance shall be based on the 

performance requirements of DA-4140. The use of the test shall be at the discretion of the Engineer as related to the service requirements, 
Sceclfic rests reouired bv the Enalneer shall·be snecifred in the Deslon Soecificatlon. 

334 DA-5110 Pressvre Drop Testing: 
Pressure drop data shall be based on tests performed in accordance wijh AMCA Standard 500. The AMCA Standard figure number used shall 

be slated with lhe pressure drop data, 

:/::~_tf•!t•~'.·:M~·1f:;fi: ¥ii1bAf5i120;,:rt 'G~¢UE:!i'llJMEfAN.B)l¢1"C.IIE:1REBE'it11fl.b.ri.ll~fiwii:&1f~l?4Jd\'i~~lllil¾lt~~~l\'ii:$,~~~lfi~"'llff~¥ffillt~lli\i""'!1ll~ia~~:¥~1%.1'iit~@-~;,tii :ft/"-',,!~ ... '.• ~, ~ '"' ~ 
,. ,, ,, . :Ii: "" 

""' 
335 DA-5121 Required Cycles: 

The damper or louver assembly, as applicable, shall be cycled a minimum or 10 times from the full open to the full closed position lo verify the 
free oceration of all carts and the correct adiustmenl cositlonlno. and seatino of all blades. 

336 DA-5122 Pnevmatic Air Pressvre: 
The minimum soecified air nressure shall be used for oneumatic ooerators durino cvclina: 

337 DA-5123 Cycle Time: 
The maximum time for operation of any of the cycles shall be compared with the allowable specified cycle time. If the specified time is exceeded, . 

the necessarv correction shall be made and the cvcte lesl reoeated. 
338 DA-5124 Operational Requirements: 

Oe\errnine that movement of the blades. actuators, and linkage shall be smooth and without hesitation, and limit switches o~erate in their 
Intended oositlon. 

339 OA-5130 Frame Leakage Testing for Frame Leakage Classes A and B: 
Pressure plales shall be bolted lo lhe Inlet and ouuet side of the damper. The chamber created shall be pressurized to the specified frame 

design pressure with the blades partially open. Testing for Leakage Class A shall be in accordance with the bubble. method of DA-5741, with the 
bubble solution applied to the frame. Tes\ing for Leakage Class 8 shall use a calibrated flowmeter outlined in DA-5743. Leakage shall be equal to 
or less .than the amount shown in Mandatory Appendix DA-I for the leakage class specified In the Design Specification. 

340 DA-5140 Seal Leakage Testing: 
Seat leakage testing shall be performed or verified after cycling lime and cycle repetition tesllng and frame leakage testing. Leakage shall be 

eoual to or less than that stated in MandatoN Aooendix DA-I. 

Date Printed: 21-Dec-04 Example ASME AG-1 Compliance Matrix Page320f11O· 



0 
Vl 
I ----l 

N 

Requirement 
Number 

341 

342 

343 

344 

Source Requirement Text 

DA-5141 Seal Leakage Test f0t Leakage Class O Dampers (Bubble Method): 
The damper shall be bolted to a pressure chamber, which Is then pressurized to the specified blade design pressure, A bubble solution (a 

commercial test solution or a solution consisting or equal parts liquid detergent, glycerine, and waler) shall be applied to the damper seat area to 
be tested. A rew moments later. but belore the soap solution can dry, check the wetted areas and mark places where bubbles are being generated. 

Unless otherwise specified. a leak indication is any bubble 1/16 in. (1.58 mm) diameter that rorms In 1 sec, or a bubble 9/32 in. (7.14 mm) that 
rorms in 1 min. 

DA-5142 Seat Leakage Test for Leakage Class II OI' Ill Dampers 0t Louvers: 
Leaka e data shall be based an tests erformed in accordance with AMCA 500 or other a roved methods. 

DA-5143 Seat Leakage Test for Leakage Class I Dampers: 
The damper shall be bolted lo a pressure chamber, which is then pressurized lo the specinad blade design pressure using compressed air of 

instrument air quality. The inlet compressed air line shall have a calibrated now meter having capability of resolving now to within ±10% of 
allowable leaka e in lhe line to measure all air assin throu h lhe dam er. 

DA-5144 Fire Damper Closure Test: 
The fire dampers shall be tested in accordance wilh AMCA 500-83 using Fig. 5,4, 5.5, or 5.7 for wall or noor transler applications; and Fig, 5.1, 

5.2, or 5.3 lor applicallons ·of the damper In ducts with dampers Installed in their intended posllion. For closure under dynamic al.now conditions, 
the damper shall be tested at the specified volumetric now rate when open and to the maximum operating pressure when closed. 

345 DA-6000 General: 
Article AA-6000 shall apply for rabrication, finishing, and installation, except that the design and seismic qualifications of the damper assembly 

are based on the damper assembly being adequately supported lor the appropriate loads. The owner or his designee shall provide supports for the 
damper assembly to ensure that the damper is adequately supported as required by the Manuracture~s requirements and OA-4212. All of the 
welding codes or standards listed are allowed. Installation of UL fire dampers shall be in accordance with lhe Manufacture~• UL Installation 
Instructions. 

346 OA-6100 Welding anrl Brazing: 
1,-,-,,=_,,,,=..,,.:--===+-""S~e"'cl.,.fic weldin and brazin 
t(3::: :;,:':::=: .r:;g~r:;r,QJ!Q;l:: .a~c:.· ;_ 

347 DA-7000 General: 
Packaging, shipping, and storage of damper and louver assemblies shall be in accord_ance wilh the requirements of AA-7000. Implementation 

re~uires an ANSI/ASME NQA-2 classincation level for packaging, shipping, receiving, storage, and handling of all Items. Such classincation is as 
follows: · 

(a) dampers and louvers only- Level C 
(b) electric actuator- Level B 
(c) actuator, other than electric - Level C 
(d) accessories - Level B 
e dam ers and louvers with elect 

i(.o~~liPt1. ,guALtJW!~ss · · · 
OA-8000 General: 

Qua lit assurance of dam ers and louvers shall be iii accordance with the re 
OA-8100 Damper and Louver Performance: 

Documentation shall be established to verl that dam er and louver erformance com lies with the testln cri eria of DA-5000. 
DA-8300 Quality Ass~rance Records: 

Documentation shall be re ared. maintained. and submitted to the Owner for 

r,l{Q~~-MPJ/4 ij~M,i;a\rA11!;~1,~1:8@Blti§§,l!i@J;>,IM~fll1t 
DA-9000 General: 

Dale Printed: 21-Dec-04 

Article AA-9000 requirements for nameplates, stampings, and manuals shall apply, except that the· nameplate shall require only the following 
Information: 

(a) Manufacturer's name 
(b) equipment, tag, or mark number information as supplied by the purchaser 
c size 
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DA-9100 Nameplates and Stampings: . · 
In those Instances when the damper or louver assembly consists or several frames which may be lndependenUy removable, each such frame 

shall bear required piece part marlcings, 
Actuators and a.ccessories included in the assembly shall be ma riced with the name of the Manufacturer or a distinctive marking, which may be In 

code b which ii is Identified as a reduct of a articular Manufacturer. 
DA-9200 Man11als: 

The Manufacturer shall provide a manual or manuals for the equipment furnished. The manual shall Include a recommended spare parts fist and 
rec mmended installation, maintenance, and o eralional rocedures. 

f RA"'lt;~~,iJ}tiJ~ii~~&~ii;lii~i~~;;(~U;~#.%.*;i;i;i: ! ;: .. :(,' •f:\/ 1~_t;;i fr;·••.'..;°:;,;/~?i.;/ i,.•;;t:,<·~,:, :,,/{/ 
Mandatory Maidmum Permissible Seat Leakage Rate, SCFM, of Damper or Adjustable Louver Face Area at 1 In, w.g. Differential Pressure: 

Appendix DA-I 
D,irnpar Lr-,aka90 Loaf:ag~ 
8l~d• LP.-:1•:a(JP. LAar.a9e t:l a,'J/:1 11 r.ta.ss Ill 

Length or r.1a.c;5 Class I (Moderate Hormal Leakage: .. 
fil.il.:..,...io... lJLI..ll.a.lwu!.l. .il,Qw Le,,k;,o•I ~ ..... ~.!!"~ 
Up tQ ii fNor.e. (lJJ {Note l~l) 15 60 [Note i:H) 
Up r.o 2'1 (Note (l)) (1-lote l~l l JO ,H) (Note 1.111 
lip to J6 [Note Ill l (liote l~l I B 32 (1-iote 13) I 
Up to 1~ tr-ior.e il)J (Note 12) J R 32 [Note 131 I 
Up r.o 60 INr.>r.a (l)] IN'O~C (2) 1 27 [Note 13) J 
Up to n (Note Ill! [Note 121 I 25 (Noto (311 

GE:NERAL NOTE:S: a) Maximum frame leakage rate classes (al frame design pressure) are: Class A•· bubble tight. Class B •· 1 CFM total 
leakage; Class c .• no consideration. 

Mandatory (bl The total maximum permissible teak rate is determined by mulliplying the above quantities by the damper area (in sq. ft.) limes the square 
Appendix DA-I root of the specified blade design pressure (in inches water gage). 

Notes: (1) Leakage shall be zero as determine by the bubble method damper leakage tesl of lhis Code. 
(2) Low Leakage is 1 SCFM/sq, ft. or 1 SCFM, whichever is lhe largest at the blade design pressure (in inches water gage). 

1-,-..,.,...,.,...,..=+=,-==='""'::t.::l:3=":-,'::Le':a:=~ IV is for a licalions where leaka e is of no consideration 
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FG-3100 Allowable Materials; 
Materials used in the construction or mounting rrames shall conrorm lo requirements or specifications for materials given in Table FG-3100 

Exhibit B . . . . 
FG-3200 Maleria/ limitations: 

Ta e. mastics caulk, lubricants, and sealant mater 
;:';F9V4000'.l: CESlGN/'$:,:,.:',{/>'''''.·'·'WW;f4l!i'1<¥'"-;:%:)'if.£ 

FG-4100 General Design: . . • . 
The design and construction or mounting rrames shall Incorporate requirements for structural strength and rigidity, and sealing surface 

requirements lo provide leak-tight individual positive clamping or HEPA filters and Type II adsorber cells to the mounthg frames. Mounting frames 
shall be desi ned from structural weldin to the housin wall, and ror seal weldin o lnin mem 

,'.iii\;:}i.lf·tJ;'. iiE:'3~200,\1.\ $iiRUC11UAAWJiEQUlREMENJ;S 
365 • FG•4210 Genera/; 

367 

Mounting frames shall be designed in accordance with the structural requirements gi,en in Alticle AA-4000. AddiUonal structural requirements 
and load definitions s ecific to T e II adsorber mountin frames a ear In FD-4300. 

FG-4220,1 Loads to be considered in the struclural design of mounllng frames are listed in paragraph AA·4211, with the rollowlng definitions: 
(a) Dead weight (OW); The weight of the mounting frame members. 
(b) External lead (E:L); 100 pounds (45 kg) for HE:PA filters and 200 pounds (91 kg) for Type II adsorber cells. These loads are based on net 

weight of the HEPA filter and Type Ii adsorber cells. 
(c) Normal operating pressure differential (NOPD); ·ror type Ii adsorber cells as defined in Table FC-5100, unless specified otherwise by the 

Owner in the Design Speclftcatlon. The dirty filter pressure drop value shall be stated in the Design Specification, with input from the Manuracturer, 

FG-4220.2 S stem O eration Pressure Transient SOPT shall be rovided in the Desi n S ecification. 
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The seismic acceleration and response spectra (QBE and SEE) shall be provided In ihe Design Specificalion. Alldltlonal Dynamic Loads (AOL) 
and Desian Pressure Differential (DPDl mav also be nrovided in the Desian Soecificatlon. · . · 

'· 

Load Combinal/ons: 
Unless stated otheiwise In the Design Specification, the appilcable loading c~nditions ~oted in Table AA-4212 for mounting frames are as 

follows: 
(a) Service Level A: OW + EL + NOPD + SOPT 
(b) Service Level 6: OW + EL + NOPO + SOPT + OBE + AOL 
(c) Service Level C: DW + EL + NOPD + SOPT + SSE + AOL 
ldl Service Level D: not aanlicable 

Acceptance Criteria: 
Tlie acceptance criteria are listed in Table AA-4321, The stress design value, S, shall be calculated as 0.6 s,, wheres, is yield stress, as 

defined In Article AA-4000. 
Structural Design Analysis: 

The mountino freme shall be analvzed as a slatlca/lv indeterminate lattice. 
HEPA Mounting Frame Deflection Limit$: 

The mounting frame should deflect no more than 0.0007 in. (0.1 B mm) per inch (25.4 mm) span under a load equivalent tor the EL plus NOPD for 
HEPA filters. The uniform frame loading due lo NOPO is delennined from equation: · 

W= 0.036(1.5)6pC (1) 

Where 
W c uniform frame loading, lb/in. 
0.036 = conversion factor, in. wg to psi 
6p = dirty filter pressure drop across bank, in. wg 
C = center-to-center spacing of filter bank, in. 

The value determined from equation (1) and EL Is used In standard beam equations to determine the minimum moment of inertia required, 
I 

I 
Based on the minimum moment of Inertia required for the member, the size and sliape Is delermined by analysis or can be selected direcUy from 
the !ables of structural stiaoe nroaerties olven in lhe AISC Manual of steel Construction. · 
Type fl A,;/$orber Cell Mounting Frame Deflection Limits: 

The mounting frame shall deflect no more than 0,0007 In. per inch span under a load equivalent to the mounting weight when in a water flooded 
condition (empty cell weight plus double the dry carton weight) plus 1.17 lbfln. (0.02 kg/mm) to account for NOPO. The load value is to.be used In 
standard beam equations to determine the minimum moment of inertia required. Based on the minimum moment of Inertia, the size and shape of 
the material can be determined by analysis or can be selected directly from lhe tables of structural sh~pe properties given in the" AISC Manual of 

-p,. 

steel Construction. 
Impact Loading: 

In addition to flexural strength, the mounting frame shall also be. capable of withstanding a shock loading of at least 3 psi across the bank without 
exceeding the elastic limit of the frame material. The secllon moduli given in Part 1 of the A/SC Manual of Steel Construction shall be compared 
with the minimum values obtained from the following equation. 

M = 13•L' IS (2) 

where 
M • section modulus, in.3 

S = maximum allowable stress, psi 
L = length of member, in. 

Tho ... , ... ahoo:Ma ;n C:a /?\ <h~II hA loee """ '""' ;n Iha ,ic,,- """',.1 

I.N.~-~-1;.QJJQf~(~NP)[~~-ii_ij_g~f~i~~-~ftt1t~~-~~fr~~O .. ~-X~~~}.}Vt~1.t'}~fif~~t1b~%.{~tt1~~i\~\l~t~~!?1i:)t~~f~lil}~~z~\i~i.6~~\~~~t-:l~~i4:1:r~t:1.iiJ;)~;;,~:~~;'?1 ·~~~t~tk~ii~~~~1!t ~1~~1~~1\it!i~~t~t~~M' 
lnsaection and testln• or the HEPA filters and Tvae II adsorber mountino frames shall conform lo the reauirements in Article AA-5000: 

Dimensional Inspection: 
Overall dimensions shall be inspected to determine conformance to Manufacture(s drawi_ng requirements. Length and spacing of member& shall 

be insaecled such that the ooenimis are within tolerance. See Aooendices FG-1 and FG~II for details, 
Alignment and Surface Flni$h_: 

The alignment of adjoining members shall be inspected, as will as the filter seating surtace. Adherence to the following tolerances for HEPA filter 
and Tvae II adsorber cell mountino frames Is re•uired. 
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378 FG-5210 Alignment: 
(a) perpendicularity: mounting frame adjoining members are to be perpendicular, wilh a maximum offset of: 1/64 in, (0.4 mm) per foot of frame 

member, or 1/16 in. (1.6 mm) deviation over entire frame member length, whichever is greater. . · 
(bl Planarity of adjoining members: adjoining members are to be aligned not lo exceed 1/64 in. (0,4 mm) at any point on the Joint between tile 

members. 
379 FG-5220 Flatness: 

Each HEPA iilteror adsorber, cell seating surface shall be plane within 1/16 In. (1.6 mm). The HEPA filter or adsoibercell seating surface Is · 
defined as a 1 ¼ in. (31.B mm) perimeter around the HEPA filter or adsorber cell opening only. The entire mounllng frame shalt be plane with½ In. 
(12.7 mm) t9tal allowance in any 8 x 8 ft (203 x 203 mm) area. Waviness not exceeding± 1/32 In. (0.8 mm) per 6 ln,-(152 mm) ls permissible as 
Ion as the overall flatness is not com romised, 

380 FG-5240 Surface Finish: 
Filter seating surfaces- 125.micro In. (0,003) AA, maximum, in accordance with ANSI Standard B46.1. Pits, roll scratches, weld splatter, and 

other surface defects within the sealing areas shall be ground smooth. After welding, ground areas shall merge smoothly with the surrounding base 
metal. 

361 FG-5300 Weld Inspection: 
Seal and structural weld shall be ins acted in accordance with Article AA-6300. 

382 FG-5400 Coaling Inspection: 
~====+,,==.,......,.,,,i,.·,..C::,,o:::a:::ll:,:.n_. n re uired shall be inscected ubarticle AA-6500. 
~iiti1i\~tf,tJ ii ,_q~~9,9~;; fjJ,BI : 

383 FG-6100 General: 
The fabrication and assembl of th mountln frames shall be erformed in accor ance with a rev desi n drawln s. 

384 FG-6200 Welding: 
Ail weldin rocedures and welder cualifications shall be in accordance with the re uirements of Subartlcle AA-6300. 

385 FG-6300 Clamping Devices: • 
Re uired bolt or slud size ½ • 13-UNC or ¾ • 11-UN·c. 

386 FG-6400 Cleaning: . 
All surfaces shall be cleaned per Article AA-6000 prior to acceptance. No halogen bearing materials or carbon steel tools shall be used lo clean 

frames constructed of stainless steel. Cleanin shall be erformed In accordance with Manufacturefs written rocedure. 
387 Coaling: 

C .,=;.;a;;;,a,:,-a;,,-,;,e;,;,, 

390 FG-9000 General: . . 

Date PrinJed: 21-Dec-04 

The followlhg information. as a minimum, shall be permanently marked on an accessible on-sealing surface of the mounting frame; 
n'PE OF FRAME BY: (Manufacturer's name or symbol) 
FRAME SERIAL NUMBE:R: (or other identification) 
PURCHASE: ORDER NUMBE:R: 
YE:AR OF MANUFACTURE: 

This does nol apply to frames installed as integral pans of air handling units or duels. 
An other slam in s necessa shall be soecified in the desi · 
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391 FG-I-1100 HEPA Filler Mounting Frame Dimensions: 
A minimum frame width of 4 in. is required for major and cross members of face sealed HEPA filler frames. This allows a 1 In. wide filter seating 

surface lo compensate for any mlsalignmenl of the filter during inslallation. and allows a 2 in, space .between filters ho~;ontally and vertlcally, to 
give adequate room for clamping, handling, for use of power too!s, or torque wrenches during filler change, and for manipulating a test probe 
between the units. The openings for HEPA fillers shall be square within 1/16 in. and shall be 2 in. smaller than the filter size. Reference Section 
FC. Table FC-4110 for filler sizes. • • · 

392 FG•l-1200 Hl:PA Filter Clamping: 
HEPA filters are lo be clamped with al least four pressure points. Each cell ls to be independently clamped. The clamping.device shall be 

designed wilh a factor of safety of four (4) al the required gasket compression load, If the fillers are gaskeled, Iha clamping shall produce a 
uniformil of askel com ression of 65% + 15%. 

393 FG-I-1210 Galling Prevention: 
Threaded surfaces In the region of clamping device movement shall be lubricated with a chemically compatible lubricant ta prevent galling, as 

specified in the Design Specification, or the clamping device nuts shall be of a dissimilar metal that Is envlronmenta!IY and structurally compatible 
wilh the threaded surface. · 

394 FG-I-1300 Filter Support: 
Supports or cradles are required for HEPA filters lo facilitate installations. The supports shall permit inspection of the filter-to-frame Interface 

when the filter Is installed. 
395 FG-I-1400 Penetrations: 

396 

397 

398 

399 

400 

401 

No oenetralion of HEPA filler mountin 

FG-11•1000 Mounting Frame Dimensions: 
(a) Mounting frame dimensions for Installing Type II adsorber calls shall be: openings- 6-3/8 x 24-1/8 in. (+1/8, -0) [162 x 614 mm (+1.7, -0)), 
(b) Space between openings-vertical 4 In. (102 mm) min. 

FG-11°1100 Clamping: 
Type II adsorbers are to be clamped with al least four pressure points. Major requirements for filter clamping systems are magnitude and 

uniformity of.clamping. Each cell is to be independenlly clamped. The clamping device shall be designed with a factor of safety of four (4) at the 
required gasket compression of 65% + 15% of the original gasket thickness, Clamping shall be accomplished in the first 3 ½ In. of the right and left 
sides of the adsorb er face pl ale and within 1 in. of the top and bottom edge of the face plate (lo avoid interference wilh handles). 

FG-11-1110 Gaiting Prevention: . 
Threaded surfaces in the region of clamping device movement shall be lubricated with a chemically compatible lubricant to prevent galling, as 

specified In the Design Specification, or lhe clamping device nuls shall be of a dissimilar metal that is environmentally and structurally compalible 
with the threaded surface, 

FG-11-1200 Sealing: 
Type II adsorber cells employing gaskets for sealing lo the frame shall be by a method which will produce a gasket compression-deflection of al 

least 65% + 15% without exceedln a stress In the clam in device of 67% of Its ield stren th. 
FG-11-1300 Adsorber Support: . 

A structure is required behind the Type II adsorber frame openings lo support the weight of the cells. Structure minimum length Is 30 In., and 
shall be built without backs o s. 

FG-11-1400 Penetrations: 
An enetralion In the mounlin frames shall be 

~ftlJ;;.l~~'.¼f.~ ;,~Ri,1~~,i,9.~"i~l,~}.gJ~~ .: . 
Nol Applicalbe In the Course of Preparation 

.'.!Yt-r£1;1,~::;e1;; §§i;Jl.9.ti1!i/,W!;18R~t. 
i\}f.!~ii~,Q.9:P.$: M~ ' 

HA-3110 Allowable Materials (General Requirements): . .. .. 
(a) Malarial used shall have properties and composition suitable for the application as defined by the Design Specification and the service 

conditions, as defined in AA-4213. Materials shall be in conformance with the ASME and the ASTM materials listed In Table HA-3110 (Exhibit C). 
Subslitvle materials shall be approved by the Owner or designee. · 

(b) Malertals that are part of the pressure boundary or equipment support shall meet the structural requirement of HA-4000. 
c Materials ex ressl rohibited or iimiled shall be ex licit! described in the Desi n S eclficatlon, 
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404 HA-3111 Protective Coatings: 
All carbon steel surlaces shall be painted to protect against corrosion and _to facilitate cleaning and decontamination. Coatings shall comply with 

the.requirements of Section AA-6500 and ASTM 05144. Coatings shall meet radiation resistance, chemical resistance, and decontamination 
requirements In aocordance with the D_eslgn Specification. Stainless steel (galvanized), bronze, copper, aluminum, and glass surfaces are not 
re ulred lo be coated. 

/: < :>).ti -\,HA;3200{T SF-lECIAL;'.l:IMITATIONS\ON.,MATESIA ; 
\\Jir1A~;,;~~:·;~g~ u~tf' ·~;:g2io:~: 

405 

406 

407 

408 

409 

410 

413 

414 

HA-3211 Physical Properties: 
Changes in lhe physical properties of metals al minimum and maximum design temperatures must be recognized and factored Into the design ot 

housin . 
HA-3212 Galvanic Colloslon: 

The possibility of galvanic corrosion due to the relative potentials of aluminum, copper, and !heir alloys should be considered when used in 
con unction with each other or with steel or other metals and their alto s. · 

HA-3213 Corrosive Vapors: 
Aluminum and zinc shall nol be used in lhe presence of corrosive vapors unless protected by coatings designed to prevent deterioration of the 

metal. Protective measures other than coatin shall be a oroved b he Owner or desi nee. 
HA-3214 Nonmetallic Materials: 

HA-3215 

HA-3300 

HA-4211 

HA•4211 

The use of nonmetallic materials such as plastics. elastomers, and similar substances is permitted in the construction ol housings provided thal In 
the seleciton of these materials, consideration is ·given to: 

(a) emission ol toxlc vapors; . . 
(b) degradation or properties caused by temperature extremes, radiation exposure, chemical exposure, and aging! and 
c~~ra•. · · 

Deterioration of Materials in Servi,e: 
II is the responsibility of the Owner or designee lo Identify the environment In which housings must operate so that the Manufacturer can select 

lhe rade ol materlals to meel the conditions stated ln'lhe Desi n S ecification. 
Certification of Material: 

For structural and pressure boundary materials, the supplier shall make available certified tesl reports of chemical and physical properties. For 
those ASTM materials which do not have physical testing required by the ASTM specification, tensile testing shall bli performed per ASTM A370. 

All other materials used In the· construction of housings shall be provided with a manufacture~s Certificate of Compliance covering the ASME, 
ASTM, or other material specificalion, grade, and class, if applicable: 
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415 HA-4211 

416 HA-4211 

417 HA-4211 

418 HA-4211 

419 HA-4211 

420 HA-4211 

421 HA-4211 

422 HA-4211 

423 HA-4211 

424 HA-4211 

425 HA-4212 

426 HA-4212 

427 HA-4213 

428 HA-4214 
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T • Test lncorpor;ited In lhe design) 
I• .. 

Design pressure differential (DPD): 
The dynamic pressure loads resulting from a design basis accident (DBA), intennedlale break accident (IBA), or small break accident (SBA), 

Housings should be localed outside the local pipe break affected area. If housings are subjected to these loads, the Design Specification (HA-
4600) shall address the specific: design· requirements·considerlng a Service Level D combination. 

For other component load criteria see the following Sections and/or other applicable DiVision II Code Seclions: 
(1) Mounting frames - FG-4200 
(2) Dampers - DA-4000 
(3) Moisture separators - FA-4000 
(4) Coils - CA-4000 
151 Ductwork - SA-4200 

External load (EL): 
As defined in AA-4211. 

Fluid momentum load /FML): 
As defined In AA-4211. Housing Internal components shall be designed to withstand the FML resulilng from air turbulence, from fan discharge& 

into the housing. The housing portion where this toad is.significant is determined by the length required to regain unlfonn airflow as given by AMOA 
201 Fia 3-3. 
Hydrostatic load (HLJ: 

Shall be added to the dead weight (DW) as applicable, Hydrostatic loads lrom accumulated condensate, water deluge systems, moislure 
separators, and associated tiousing Hooding. The hydrostatic load shail be established by documented analysis based on housing internal 
confiauration and comconent function. 
Live load (L): 

Includes a construction mainload. of 250 lb on the roof of the housing, Housing sheet metal no ors shall be designed for al least a 50 psf live load 
when no other noor svstem Is orovlded Ce.a .. ,oratina. concrete slab\. 
Normal opera ling pressure differential (componerit} (NOPD c): 

The opening pressure differential across the component lrom upstream to downstream or the component Included in the housing, 
Division II component sections ror all component NOPD's. · ' 

See applicable 

Normal operating pressure differential (housing) (NOPO,J: 
The maximum pressure differential between inside the housing and external lo the housings. For ease or design, a housing may be designed 

using one pressure value that envelopes SOPT and NOPD. 
Seismic loads (SL): 

Loads that are the result or the envelop of Iha operating basis earthquake (OBE) and the safe shutdown earthqu~ke (SSE). As an option, the 
QBE, and SSE may be considered separately with the OBE loads used for the Level B load combination. Both orthogonal components of 
horizontal and vertical components or the seismic excitation shall be applied simultaneously in the direction that will produce worst-case stresses 
and defiectlons. These components may be combined by the square root of the sum ofthe squares (SRSS) method. 

System operallonal pressure transient (SOP T}: ' As defined in AA-4211 or mav be enveloced with NOPDh and NOPDC. 
TandN: 

Defined in AA-4211 
Load Combinations: 

The aoollcabie loads are oiven in Table HA-4212. 
Table HA-4212, Load Combinations: 
sei:v1ce 
~ t'2,B2 c;:oml2ta11~J'2n 

A N • T + L + CL + r,• 
s Noe .required, see Level C 
C N + T + L +CL+ SL+ AOL 
D If DPD Applica!>le, N + "DPD + SSE • ADL 

Service Conditions: 
The reouiremenls of AA-4213 aoolv. 

Design and Service Llmi(s: 
The reouirements of AA-4214 aoolv. 
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HA-4215 Hovslng Svpports: 
Housing supports shall be designed per the loads and load combinations in HA-4211 and HA-4212. The stress criteria for each load combination 

shall be per HA-4220. 
Floor mounted housing supportsshall be designed lo acl as an Integral base of the housing. Anchorage to the floor shall be designed to transfer 

the lateral forces without overturning or deformation of the housing unit. Units with internal mounting frames where leakage is a design 
considerallon, shall have Ooor anchorages nearthe junction of the mounting frame and base. Small units which are typicaUy provided wllh the base 
from the vendor's facility shall be designed for the lnstallalion/erection loads associated with a package unit, Larger units that are installed using 
modular construction need onlv consider the installation loads associated with each oiece. 

HA-4220 Stress Cr/leria: 
The allowable stresses for housing sheet metal material and cold formed members shall be as defined In the AISI "Specification for the Design of 

Cold Formed Steel Structural Members.' The allowable stresses for hot rolled shapes and plates shall be as defined in the AISC "Specification for 
the Design, Fabrication and Erection of StNctural Steel for Buildings: 

The basic general membrane design stress for the Service Level A condition shall not exceed 0.6 F, and shall be reduced as appropriale to 
consider lateral-torsional buckling of bending members and effective lengths of compression members. The basic general membra·ne design 
stress for the Level C condition shall not exceed 1.2 x 0.6 F, per AA-4321, 

The combined membrane and bending design stress for Service Level A shall not exceed 1.5 x 0,6 F, and shall be reduced as appropriate to 
consider lateral-torsional buckling of bending members and effective lengths of compression members. The combined m.embrane and bending 
design stress for the Level C condition shall not exceed 1.8 x 0.6 F, per AA-4321. 
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431 HA-4231 Deflection Limits: 
The defleclion limits shall be sneclfred in the Dasian S• ecificalion and shall be in accordance with AA-4231. 

432 HA-4232 Oeflecrlon Limits for Mounting Frames and Eqvipment lnferiaces: 
For walk-in housin'gs, the deflection limits for the mounting frames shall also be considered at the interface between the frame and the housing. 
For deflection limitations of other equipment (e.g., fans, dampers, ductwork) see the applicable Division II Code Sections. 

/•.::~ ~;.;-~i~1.·:·~;._:'.,·.::. KSH».l~2~.0~~~ ,C:)}EHERfC.RIIERIA~-~;~£JH£:S:~~~~~1~-~if~%~&._(J~~:~i~¥~~V}'.~~~~-;~:StEY(f.~~11~~\%~~~~~¥~~~'w~~~~t.~i{~~{#5!~~:M~~~~~~-»li~~~~~~ ~!!.-~~~~ ~}1r'.$~Y£s;~~l~~~~\";1-~!:i~~-:~~~ 
433 HA•4241 Vibration Isolation: 

Vibrallon isolation reauirements shall be soecified bv the Owner or desicnee in the Desicn Soecificatlon. 
434 HA-4242 Provisions for Relarive Movement: 

435 

436 

437 

438 

439 

440 

Clearance shall be provided to allow for relative movement of the Internal equipment during operation and during maintenance of the equipment. 

HA-4243 Tolerances: 
Tolerances shall be specified for all external and internal interface boundaries. Tolerances shall be specified in the design documents. 

Tolerances shall be accounted for in aonllcable deslan analvsls te:a. location of annlied load\. 
HA-4244 Housing Attachments: 

Housing attachment design shall Include all Service Limits and Load Combinations set forth In HA-4212 and HA-4213, or as required by the 
Deslan Soecificatlon. · Attachments shall be either the welded or bolted tvoe. 

HA•4245 Welded Attachments: 
Consideration shall be given lo local stresses induced In the housing wall by integral attachmenls as defined in AA-4243. Attachmenl and 

housing material shall be compatible forweldlng. See AA-6000. The permissible types of welded joints shall be In accordance with AWS 01.1, 
AWS D9. 1 AWS D1 ,3 or ASME Section IX as aoolicable. . 

HA-4246 Bolted Attachments: 
Consideration shall be given to bolting and local stresses induced in the housing wall by Integral attachmenls as defined In AA-4243, The design 

of bolls for structural supports shall meet the requirements of AISC Specification for the Design, Fabrication, and Erection of StNctural Steel, Ninth 
Edition Part 4. 

HA-4247 Fal/gve Considerations: 
Internal housing components subjected FML should be designed for fatigue based on cyclic loading of the element. See HA-4211 to determine 

the portion of lhe affecled Internal housing components. The appropriate reductions In allowable stresses are gi.ven in Section 5, Appendix B cf the 
AISO Soecificatlon for the Desian Fabrication and Erection of Structural Steel 9th Edition. 

HA-4248 Fire Protec/ion: 
Fire protection requirements shall be specified by the Owner or deslgnee commensurate with individual component requirements. Fire protection 

for Tvoe Ill adsorbers shall be orovided oar FE-4620. 
>.,',?;,,,;1;;:;;;;,J,,,,,, :iir.1A14ao:ONt lil.oo·s1NG'fJot.Nmsr~iilt>IsEAMS'!,iJlttTR~it1tt;~-1f~~~i1if~'.111.¼~ti'.1i~i\;.,;1\M~f~i~~'i~«~~~i~~i~..__wi!i®:~':;i:~(i@m,.:; :~~m$1l~~ 
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HA-4310 Generel Requirements: 
Selection of joinls and seams used In the assembly ol housing sections shall be based on the required structural Integrity, leak•lighlness, and the 

fluid flow within lhe system. Duel-housing interconnections shall be designed with consideration of the air distribution uniformity. . 
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442 HA-4321 Acceptable Long1)udinel Seams and Joints: 

The following longiludlnal seams and Joints are acceptable ror use In housing sections subject to limitations ol HA-4330, -4340, •4500: 
(a) welded lap Joint 
(b) welded butt )oinl 
(c) welded flange 
ldl fillet comer welds 

443 HA-43 22 Acceptable Transverse Joints: 
The following longitudinal seams and joints are acceptable ror use in housing sections subject lo limitations or HA-4330, -4340, -4500: 

(a) welded lap joint 
(b) welded bultjoinl 
(c) welded flange 
Id\ comnanion annle: oaskeled & bolled 

444 HA-4323 Other types of Connections: 
Olhertypes of rigid longitudinal and transverse connections may be acceptable provided lhal lhe design structural character1slie& are qualified, 

Qualificalion shall be documenled by engineering evaluation or test as specified by lhe Owner or designee: Qualification test shall demonstrate the 
joint's abilily lo withstand load comblnalions In HA-4212, -Join! design quallficalion shall be completed prior to the start or fabrication. 

445 HA-4324 Bolts and Fastener.: 
Connections shall be designed lo sustain all loading combinations. Bolled connection and joinl design shall be designed lo meal allowable 

leakaae of HA-4500. 
(f'?f:[\}ft:f.t}it:t:·; tf\HA~i:3,<l~~: 1AI.R~C~ElNING3.UNlfi~~ae1NtSYAN.DZSE·AMS~1-:tr~fi{1)t1~~~&11:{t;~;,~\~?}tf~Jl,fijl$~~l~~t~~~~\~t~~~~~~~'1l~~lX~l~)=&~~ I~~~~-. - !l : , • 

446 HA-4331 Welds: 

447 

449 

450 

451 

The oressure boundarv iolnts and seams for all air cleanina unit housinas shall be contlnuouslv welded . 
HA-4332 Seals: 

Penetralions on housings shall be sealed by welding, with a sealant qualified ror the housing's environment, or with adjustable compression or 
oland-tvnA seals. Gland•lvoe seals Include but are not limited to "O" rinas caskets and other nonmetallic matelials. 

HA-4333 Electrical Conduits and Drains: 
All penetrations by electrical conduil and drains shall be arranged and Individually sealed or valved so thal bypassing of HEPA filter banks or 

adsorber banks cannot lake place. Eleclrical conduit open lo lhe inside shall be inlernally sealed to meet allowable leakage delem,lned In HA· 
4500. 

HA-4334 Separate Mounting Frames: 
Where seoarate mounllna frames for HEPA m1ers and adsorbers are reauired thev shall be continuouslv seal welded lo the housina. 

HA-4340 Air Conditioning and Air Handling Units Housing Joints and Seams: 
These unil joi~ls and Seams shall be or eilher welded or bolted construction or other types meeting the requirements of HA-4323 and the 

allowable leakaae criteria soecified In the Deslan Soecificalion. 
HA•4341 Pena/rations: 

Penetrations on housings shall be sealed by welding·, adjustable compression, gland-type seals, or olher method capable or meetlng allowable 
leakaae criteria ror lhe houslna as determined in HA-4500. 

:···~·;•~:,,;.i,;i\:t i'.~~! ~~(~a~;44aOi* ~e·e:e.s.SGR1es:~R';,01~~\1tt0~*X~ii~a~~)tYr~~~~~~;~:~{i.i~t-~~~c~~i~~~~~~~~l½~:¥tt~.~~a~*~~/~'lt~!:®-t~;~~Jt~1~i.~~1~:1~~~1~t~~'t~~~~m.~~~r.~!~~$§~~~t Ei%J~~~":,l~,,. · ~• 
452 HA-4410 Ga:;kets: 

Gaskets shall be made of materials which are compatible wilh lhe conditions or HA-4600, Gasket dimensions shall be based on joint design. An 
Acceptable crilerion for compression of gasket material shall be established on the basis ol lhe gasket chosen, This acceptance crilerlon and lhe 
service life or lhe gasket and jolnl shall be documenled by evaluallon or testing as delermlned by lhe Owner or desig·nee. 
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1. , __ .. 
Access Doors and Panels: 

Construction of doors/panels and door frames shall be selected to meet the allowable leakage determined in HA-4500, Sealing surfaces 
between the door/panel and frame shall be designed for compression sealing. The design shall lncorporale means for adjusllng compression 
forces, gasket compression, and alignment. 

Spacing of hinges, latches, and bots shall be determined by calculation or test to ensure a unllonm compression at the gasket. Spacing shall 
enable a compression light enough to assure leakage requirements are met (HA-4500) and provide a gasket compression unifonmlty of •1-20 deg. 

Hinged, II specified, shall be designed to minimize damage to compression seals due to friction and shear forces during opening and closing ot 
the doors. 

Doors shall be designed for ease or operation by one person, Man entry housing doors shall be operable from both Inside and outside the 
housing and be clearly labeled for open and closed latch position. 

Hinges and latches shall be designed such that lubricallon materials shall not enter the Interior of the housing. See Nonmandatory Appendix HA-
B (HA•B-1110) for additional guidance on the design of access doors. 

f.!RO.VIS.l!.llNS.\licGR<%11SS:T,INGM,NOXMAINtEN~Ne.Er'!i:l;i1':wli.~&<filt~~t:Wfk\i~~'@;Vi~i/@.;.~'i:lI!•'W.~,~~'\1~W£{~~UM.i~ii:.sl'lil\lil ~.:'.1•~~£i'-••'I❖,. ~~ 1~~1[~,._~, ... ,:-.... 'l.~ffi\ 
' 

Test Ports: 
The Owner or designee shall evaluate the design function of the equipment to determine where test ports (including injection and sampling ports) 

are required. 
The cenetratlon shall comolv with HA-4332 and have a cao or olua that Is suitable to meet the nressure reaulrements of the houslna. 

Manifolds: 
The O.Vner or designee shall determine where injection and sampling manifolds are required. lnjeclion and sampling manifolds shall be 

constructed of metal lo minimize damage polenlial and to maintain manifold qualification. Sampling and Injection manifolds which are required to 
be installed within the filler. housing should be designed tor permanent installation within the housing, If permanenUy Installed manifolds cannot be 
provided, then manifolds shall be designed to be removable, with each manifold piece numbered, tagged, and mati<ed for reinstalling prior lo each 
test. Penmanent manifold installation Is recommended lo obtain better repeatability of test results. When an air cleaning unit contains ·two or more 
HEPA filter banks or adsorber banks In series, or both, injection and sampling manifolds for the respective test agents are required for each of the 
filter and/or adsorber banks. 

lnlecllon manlfolds shall be nualified In accordance with HA-5800. SamnliM manifolds shall be nualifled In accordance with HA-5800. 
Housing Access: 

Walk-in housings shall be protected and braced lo pr~vent damage by perso.nnel entering for inspection and maintenance. Walk-in access doors 
(20 in, wide by 50 in. high, minimum) shall be provided on each side of each component section when housing size permits. A penmanent platfol'l)l 
shall be installed internal lo the housing to provide access to fillers for filter banks greater tlian or equal to six (6) ft. (appro11. 1,8 m) In height. 
Platform shall not Interfere with filler access or air flow distribution. 

Space shall be provided both internal and external to the housing for equipment removal and maintenance, See Nonmandatory Appendix HA-8 
for additional ouldance. 
tighting: 

Waik•in housings shall be fitted with vapor-light lights between each bank of components. Forwalk•in air cleaning unit housings, fixtures shall b" 
Hush mounted and serviceable from outside of the housing. Lighting levels shall be detenmlned based on personnel safety visual requirements as 
given In the Design Specification and guidance provided by IES Lighting Handbook as published by the Illuminating Engineering Society of North 
America. 
Ml$.¢.e~WAN.S&t1J.1.w1i~~~1tijft-tr:.{~tijt'f1lfi~~lb'fJ:i~~~.\t.-t~~~~ooii~~~j~~~t~?t~: ~l _. ~,-_ ~~~~~- • -'· • 

.. , ,. ~ ,, ,., ~,' 
•'• ' . ' 

Drains: 
Consideration shall be given to dral~ depending on requirements, services, or components within each compartm·ent. For example, drains shall 

be required for: 
(a) fire protection systems 
(bl removal ot decontamination liquids 
(c) moisture separators 
(dl condensing cooling coils . 

Drains form an inlegral part of the housing pressure boundary and are subject· 10 air leakage requirements established in HA 4500 . . 
The size selected for each drain furnished in the housing as well as the collection point for each drain shall be documented by calculation or test 

as determined by the Ownerordesignee. For additional guidance on the design ot drains, see Nonmandatov Appendix HA-8 (HA·B·1120), 
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HA-4442 Insulation: . . . . . _ . . 
(a) Insulation shall be provided as specified by the Owner or desigi,ee to ensure air conditioning runction; limit condensation, or provide acoustic. 

noise reduction as required. · 
(b) Acoustic linings and thermal Insulation shall not be applied to the Inside of hous.lngs that may become contaminated, 
(cl Insulation applied to the outside of housings shall not prevent access to doors, access panels, or other components requiring adjustment or 

maintena nee, 
(d) The fire haiard classification ot applied insulation, adhesive, and sealer shall not exceed a flame spread ~f 25 and smoke developed of 50 in 

accordance with NFPA-90A. · 
HA-4443 Clamping Mechanism: 

Side access housings shall have a clamping mechanism, filter retrieval features, and filter indexing mechanisms, The clamping mechanism shall 
be Individually adJuslable for each HEPA filter or adsoiter, 

For side access housings wflh fluid seals, the filter clamping mechanism shall be capable of moving the mter on and off through adequate travel 
to ensure the knife edge Is embedded into the pliable sealant and provides seal tor the complele perimeter of each filter or adsorber. 

The clamping mechanism shall provide for uniform gasket compression. The clamping mechanism forwalk•ln housings shall be designed per 
Sectio.n FG . 

•. ~.,..y .. ~- ~\•,~,- .-~}i.·1~ ~>,HA¥,S.5.00:J RRES.S.U8E~BO.UNDA'l3.!Y,~_lii - 'tM;GEts$iw~~~;1:!1~,ih~:~~~~!ii(::~~~;r.s1$:fat,,1~4~~*j{¼~;~~t~4~~ ~~t ~J:l1~f~~~:~1k.:k~~~tJldi~~\~~~~-, M.J.~~~~Jfi~c· 
461 HA-4510 General: 

462 

464 

465 

HA-4520 

Pressure boundary leakage shall be controlled lo ensure sallsfactory environmental condlllons, either within or outside of the nuclear facility. 
Allowable leakage tor a housing, or portion of a housing, shall be ,determined considering the lollowin9 factors: 

(a) control or airborne contamination 
(b) control ol space pressure 
(c) control of space temperature 
(dl control of space humidity 

Each housing's pressure boundary 

HA-4531 Responsibility: 
The O;vner or deslgnee shall establish lhe allowable leakage lo assure venlliatlon, temperature, and contamination control functions are 

achieved. · · 
HA-4532 Allowable Leakage Determination: 

The following criteria shall be ulillied In the determination of allowable leakage, 
(a) application ot governing codes, regulations, and plant-specific requirements 
(bl consideration of each housing's operating mode, Including anllclpated system upset condition, such as rapid closure of dampers 
(c) normal and maximum operating pressures throughout the pressure boundary 
(d) system Internal and external environmental conditions Guidance 

for determination of allowable leakage is given in Seclion SA, Nonmandatory Appendix SA-B, 

HA-4533 Exceptions to Leakage Requirements: 
Air cleaning, air conditioning, and air handling housings exhibiting one of the following condlllons need not be subjected lo quantitative 

measurement or leakage unless otherwise required by the Design Specification. 
(a) Housings In systems serving only the protected space and located only within the same protected space. . 
(b} Housings under negative pressure which are located entirely in a clean lnterspace, and only provide air cooling or healing function, 

However, lhe housing shall be_ pressurized to locate and seal all audible leaks, Reference Section SA, Nonmandatory Appendix SA·B, Figs. SA· 
8•1410-1 throu h SA·B-1410-3 for ical s stem confi ura ions. · 
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HA-4534 Documentation: 
Derivation of allowable leakage for each housing, or portion thereof, shall be documented by the Owner or deslgnee. This documentation shall 

Include the following: 
(a) ldenllfication of housing or portion of housing 
Cb) governing codes, regulations, and plant-specific requirements 
(c) purpose of leakage control; see HA-4510 
(d) system mode of operation 
(e) normal and maximum operating pressure 
(Q method of derlvalion of allowable leakage 

test ressures and associated allowable leaka e · 
HA-4600 Design Specifica//on: _ 

The Owner Design Specification shall contain the following information which is relevant to the housing and housing supports covered by this 
Section. · · 

(a) Loads as defined by HA-4211, 
(b) Environmenlal conditions. 

(1) Housing external-design environmenlal conditions including. but not limited to pressure, temperature. relaUve humidity, radiation 
exposure, and hostile environmental factors for all plant conditions. 

(2) Housing internal-design environmental conditions for all system opera_ling conditions 
Cc) Service conditions as defined by AA-4213. · 
(d) Design and service limits as defined by AA-4214, 
(e) Allowable housing leakage as defined by HA-4500, 
(Q System safety-relaled function: tdemify lhe function of the housing for each plant condition. The function shall consist of purpose and 

o eratlonal arameters I.e. flow leaka e ressure tern erature. Plant conditions and service limits are defined b AA-4213 and 4214. 
HA-4600 Design Specification: 

(g) Fire proteclion requirements. 
(h) Material certification requirements. 
(I) Tolerance requirements. 
Q) · Inlet and outlet configurations. 
(k) Housing components. 

(1) adsorbers 
(2) fans 
(3) filters 
(4) moisture separators 
(5) dampers 
(6) heaters 
(7) coils 
(8) Insulation 
(9) access requirements (i.e. doors, access panels) 
(1 O) instrumentation and controls 

1-,...,..,.....,....,..,,..,,.:+,,,..,......,..--.,+--..1,1.:..1u-:s=ra~-ls;, e condilio;.,;ne.:!r:::,s ===,.,, 
Id;.t~fijP.QQ,t'. I.N.~f!~QT,!QJ{ 

469 HA•S 110 Scope and Applicability: 
This Section contains eneral re uirements For the ins ection and testln rts. 

470 HA-5120 Responsibility for Procedures: _ . 
When an Inspection or test is required herein, written inspection or testing procedures shall be developed, by the parties perfonnlng the test or 

inspection. to lhe specific requirements or this Section. The inspection or testing shall be perfonned by personnel qualified In accordance with 
1.,-.....,,...,,,.,,,,,,,,,d====,,!f;A*SN:,;T~SN~T!..:·,!.:TC~ . b A d AA-6433, 
:\i;;i_;1fff,!;iift,;";t ;ii!H~/52"®~1 lN REG.ffil . 

471 HA-5210 General Requirements: 
Visual inspections shall be performed In accordance wilh AA·S200 and TA-3410. 
Ins action and testin of welds shall be erformed In accordance with AA'5300 and AA-6000. 

4 72 HA-5220 Housings: 
Housings shall be Inspected for proper dimensions including tolerances, as specified by HA-6400 and governing construction documents. 
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A•Analysfs (Wht1rt1 Is lhfi requirement 

T•Tast Incorporated In Iha design) , . .. 
Joints and Seams: 

Joints and seams shall be visually inspected, Acceptance criteria shall be as follows. 
(a) Joints and seams shall comply with the requirements of HA-6400 and HA-6500, 
(b) Gasketed joints shall provide uniform gasket compression. Gaskets shall be Installed per construction documents. 
(c) Longitudinal or transverse welded joints shall co.mply with AA-6000 requirements. 
/di Threaded fasteners shall be crovided with lockino devices In accordance with AA<6258. 

Stiffeners: 
Stiffeners shall be visually inspected 1ci·ensure compliance with the following acceptance criteria, 

(a) Stiffeners shall comply with the fab~cation and installation requirements of HA-6000, 
(b) Welds shall comply with AA-6000 requirements. 
(c) Threaded fasteners shall be provided with Jocking devices in accordance with AA-6258. 
ldl Removal of temnorarv attachments shall be verified. 

Housing Supports: 
Supports shall be visually inspecied during installation, after Installation, or both in acco_rdance with the following acceptance crileria. 

(a) Suppor1s shall comply with the fabrication and Installation requirements of HA•6400. 
(b) Welded Joints shall comply with AA-6000 requirements. 
(c) Threaded fasteners shall be provided with locking devices In accordance with AA-6258, 
/dl Removal of temcorarv attachments shall be verified. 

Fil/er Mounting Frame to Housing Weld Inspection: 
The housing mter mounting frame for HEPA filter and adsorbers shall be inspected using visual and nondestructive test methods per AA·6330. 

:~RESSURE~eG.UNeARf~1£(:fAKA:.GE{~E.Sl:lN,G}i!4W.If.~;1~t1ifJ~}~~~J.ii:ftit1(~e:tr~J~:5%tti\~i2&~&im:;t)~t{ir~~2i~1t~tefisf~~~SlZ!t~;ii{(fl .ti~\&~f~il.i~t,&\li\i&ili 1~,&>ii'i'"l~~Wl!J~\t:t~ts&il/'1:1:Ki 
Ganerar: 

Temporary isolation at a transverse joint shall be allowed subject to the following requirements. 
(a) Transverse joints not subjected to a quantitative leak lest shall be companion angle type or other types which enable visual inspection of 

the sealing mechanism between mating housing sections. 
(b) Assembled joints utilizing gaskeUng shall be visually Inspected to ensure unifoimily of gasket compression. 
(cl The reduced allowable leakage (L,) of housing sections shall be as follows: 

L, =L, -R 
R = (C; ICr}L, 

where 
R = reduction In allowable leakage in cfm/sq, ft 
c1 = total perimeter of capped end joints of test section 
Cr = total perimeter of all_Joints In tested section, including capped end joints 
L, = section allowable leakage 

Allowances for Housing Leakage Rates by Sections: 
Temnorarv isolation at a transverse ioint shall be allowed subiect to the followina reoulrements. 

resting Procedures: 
Prior to pressure boundary leakage testing, test procedures shall be developed In accordance with TA-3330. All test equipment shall be 

specified with the proper range and required accuracy. Test procedures shall Include acceptance criteria determined by HA -4500, HA-5320, and 
HA-5350. 
Documentation: 

A test report shall be prepared lo document the Pressure Boundary Leakage Test. This report shall Include the following Information. 
(a) housing or por1ion of housing tested 
(b) specified allowable leakage and test pressure 
(c) calculations for housing section square footage for housings tested by sections 
(d) adjustments lo allowable leakage per HA•5310(c) 
(e) measured leakage lest 
(f) list of pressure boundary components which were not installed during the pressure boundary leakage test 
(g) test equipment used; including model number, serial number, and evidence of calibration 
(h) names of test personnel 
m date of test ,~- .. 

~e:.C.E~[ANea'GRliUERIA'?~i.~~\'i~l%('1it*fil'~)t~ltirt\i1--~~t'/£1&~~JiTu~'i(,1!i!,.~'\.~ii\'ef~'\t~~l~~1i~t~1~iiliillf ~ll -~- -~ ,._~ ,. ~'1! > 
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481 HA-5351 Quantitative Leakage Tests: 
Acceotance criteria for auantllative leakaoe tests shall comolv with HA-4500 and HA-5320/cl. 

482 HA,5352 Nonquantita//ve Leakage Tests: 
For non-auantitallve leakaae tests allowed bv HA-4533 the acceotance criteria shall be that audible leaks have been sealed. 

483 HA-5400 Mounting· Frame to Housing Leakage Test: 
A mounting frame pressure leak test may be used to detect leaks in the HEPA filter and-adsorber mounting frames that could affect the results of 

the ln-olace leak test I TA-4300. The test. if used shall be conducted in accordance with Nonmandatorv Aooendix TA-A. 

VenHcl11lonM,111oa 
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,,,'t;.~'''';!.~h'iiti,-d ii~fl;«::5_s:110:;t:.~ :S1FRL:l:dmURl1ii&~~A~Bl~ilt?Nmes,l!S;i!>-~.@!!i\'.<\-~~@f,i,.~~-1,&;~"1~1*m,i\~lti;.~W~~~W£i9.1,!/1il.-\~~fi~IDr~'01"'r1"'~•i, P-~. 
484 HA-5510 Housing Pressure Test: 

A pressure test shall be perlonned at the structural capability pressure per TA-3522. This test shall be maintained for the duration ofthe 
inspection. Upon completion or this pressure test, housings exhibiting permanent distortion or breach or Integrity shall be repeated after repair or 
realacement until no aermanent distortion or breach of intenritv is observed. 

485 HA,5600 Air Flow Distribution Tests: 

486 

487 

488 

When required by the Owner. air now distribution qualification test for housings containing more than one HEPA filter or adsorber bank shall be 
made in the shop in accordance with Section TA-4600. This requirement shall be specified in the Owners Specification. Acceptance criteria shall 
be in accordance with TA-4600. Housings containing HEPA filter(s), adsomers, or both shall be field tested to demonstrate adequate air Row 
distribution in accordance with TA-4600. Tests shall be performed with components in the housing and the housing complete (I.e .. assembled). 
Minor items such as temperature elements, pressure taps, etc., do not need lo be Installed as these components do not significantly innuence air 
now distribution. 

The Owner or deslgnee shall specify a shop test In the Design Specification when housing Inlet or outlet conditions could result In nonuniform 
now distribution. 

HA-5700 Air-Aerosol Mixing Uniformity Tests: 
When required by the Owner or designee, air-aerosol qualification test for housings containing more than one HEPA/adsorber shall be made in 

the shop In accordance with TA-4600 for each manifold design, This requirement shall be specified in the Owners Specification. Acceptance 
crtteria shall be In accordance with TA-4600. Tests shall be performed with components in the housing and the housing complete (I.e., assembled). 
Minor Items such as temperature elements, pressure taps, etc .. do not need to be installed as these components do not signlficanlly lnnuence 
mixing, This design qualification test may be perlormed once and submitted to the Owner or deslgnee for approval, This design quallficati_on test 
may be perlormed once and submitted to lhe Owner or designee for approval. The design of the manifold and its location In the housing must be 
the same as aualified or a new aerosol mixlno test is reouired, 

HA-5800 Sample Manifold Testing: 
Sampling manifolds shall be qualified to demonstrate that they collect a representable sample equivalent lo a single point sample taken at a polnl 

at least ten duel diameters downstream or the filters. Refer to Nonmandalory Appendix D for perfonnance test guidance. To ensure required 
leakage detection, acceptance criteria for sampling manifold shall be equal to or greater than the concentration detected with the single point 
samole. · 

H.A-5900 Alt Conditioning and Air Handling Unit-Testing: 
When required by the Owner or designee, integrated component functional acceptance testing shall be perfonned in the shop per TA-4000. This 

Design Document 
Rlif11rilnc11 
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489 HA-6100 General: 
Air cleaning, air condition.Ing, and air handling unit housings and supports shall be fabricated In accordance with this Section and AA-6000, 

0)~~;::;~:z.;•;t~!'.i.:_;; tr:~HA';tt1~0:tt MAtERiA1:ts}it~;&it?~}t.'.;~J~~~11:~~i1~%iil\~if?f~~1~i~x~.$~t;ff{t~~~lt2~J.¼1iWti@t?t£~1tilra'fik~[t;;;~:tt~t~tt1;$.!{,it;\~~1~t~~t~<~~B~~~j,~,~i:~®iJ~1~-~,tw.:~,iT~1~~~ ~Wl\~~l~~~l\\\~~l~~~ 
490 HA-6121 Material Selection: 

Materials used in fabrication nerlormed under this Section shall conform lo HA-3000 reoulrements. 
491 HA-6122 Material Identification: 

Materials to be utilized in the fabrication and installation of components, parts, and appurtenances shall be identified on fabrication drawings and 
In the sneclfication as renuired in AA-6000, 

·492 HA-6123 Repair of Material with Defects: 
Material with defects that are discovered or produced during the fabrication process may be used. provided the defects are repaired In 

accordance with the renuirements of AA-8000 and for weld reoalrs In accordance with AA-6300. 
493 HA-6130 Control of Installation and Fabrication Proce~s: 

Quality control procedures shall be prepared and maintained current for all fabrication processes in accordance with AA•8000 requiremenls, 
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494 HA-6140 WelrJi119: 
The welding of filter housings and supports shall comply with the requirements of AWS D1.1, AWS 01.3, AWS 09.1, orASME Boiler and 

Pressure Vessel Code, Section IX. 
WeldinQ and bra~inQ oerformed in accordance with this Section shall meet the reQuiremenls of AA-6300 andAA-8400. 

;: :.: ::: .\;HA~620.0:Tt: F.ABRiCATION/P:Rb.C.ESS~~i~~fIJtt~~~~~~?ifi.;J;tt~~=~~tii1~l\t(,~:{~~~~~f.;t~~-~l'tr.~t~mJ~~1!¾:i}t~~wi~~f¼~~l\~t~t~1W~1.\~~]~~1i~{~l~i9fli~~~ 
,)'.; .:\t\:.f\lt' ;i111:'1A"'"'.62toi} :C,UR1N.G''iFQRMIN(n1{eNDING~{'Alil~NING'W~Nil1El1ml : 

495 HA·6211 Uncoated Metal: 

496 

497 

498 

499 

Uncoated metal may be cut, fonned, or bent by any means that does not degrade the mechanical or chemical properties of the material. 

HA-6212 Coated Metal: 
Coated metal may be cul, formed, or bent as described in HA-6211. Coating damaged by scratches, gouge marks, or lhe removal of coating 

shall be reoaired in accordance with AA-6540. 
HA•6213 lnslrJe Bend Radii; 

Inside bend radii shall not be less than the values of the material grade given in the AISC Manual of Steel Construction, Allowable Stress Design, 

HA-6214 Joining Paris: 
Parts that are lo be joined may be fitted, aligned. and retained in position during the joining operation by Iha use of bars, Jacks, clamps, drift pins, 

tack welds, or other temporary attachment. The fitting and aligning process shall not damage the joined parts, or their surfaces, or enla19e bolted 
holes greater than the values shown in AISI, Specification for Design, Fabrication, Erection of Structural Steel for Buildings, Table 1.23,4, 

HA-6215 Temporary Altachments: 
Temporary we_lded attachments may be used in the fabrication process but shall be completely removed after use. Where such temporary 

attachments are used, they shall be subject to the following requirements. 
(a) Material shall be suitable for welding with no deduction in the structural integrity of the member lo which the attachment Is secured. 
(bl Attachment material shall be identified as required by HA-3000. 
(c) The welder and welding procedures shall be qualified in accordance with HA-6140 . 
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500 HA·6311 Nuts: 
Nuts for all bolts and studs shall be engaged for the full lengll) of the nut thread. Margin shall be allotted to prevent the nut from e119a9ln9 the 

unthreaded oortion of the boll or stud. 
501 HA-6312 High Str_ength B0/l1>: 

High strength bolts, used in making bolled structural Joints, shall be installed In accordance with the requirements of the "Speciflcatlon for 
Structural Joints Usino A325 or A490 Bolts • AISC Code. 

502 HA-6313 Pins: 
Pins for securing insulation should be secured to lhe metal surface by welding. Other attachment methods are acceptable, II allowed by the 

Oeslgn Specification. Justification of the attachment method used shall be suppcrted by _evaluation or calculation as determined by the Owner or 
desianee conslderina the reaulrements of the Desian Saeclfication. 

503 HA-6314 Connecting; 
Conneclino flanae faces shall be free of ioint crevices al comers, These defects shall be eliminated bvweldlnn nr orlndlna. 

:~:.; •,g.:~:::- ·~ /: .. ;::>t gjHA~64o.b4: IABRI.CAT:ION)tC,EfiANG.ESii~~~~titiN~1~ilP.;i~ij•~{t~(tttiH~t\t~;~(i.1%~~~~:ti~t~~~t~~~1!%il~ii~:.G:~!~t.~+i;~~~$~~~~Ji~it1l.~'4~~~1~'i'-t~:;;1\~~iiZi~@ ~l:~~~,~~~~tft~~i ~~ii:~~1~~1it~~~~~~ti 
504 HA-641 O General: 

Housing fabrication shall be accomplished within lhe tolerances detailed in lhe manufacturer's design drawings. These fabrication tolerances 
I orovide a method of aualilv control. For seoaratelv installed frames in walk-in housinas. see Section FG. 

;.: .. :; :) .:;;~ :;• ~::J:iA;.6420_;~\:'. $1DE.\~\c·c.E.SSJHOU.S1.NG.}ANOiGAS.KEi::sEAl.tlSURnAt:es~~1.~~~-~~m~ist;~~~ftt~~~?.'.~~}~f;}l,i\,it:{~f~1~~)~~;~}~t{J(@l~i~i~t~~~tj}i~~&Jtt?.f}~~ ~\\~i~]il:1ft'&.4~~i\~t thlr~ti~~~~~i~~~~t\\~i\~iJ¥ 
505 HA-6421 Flatness: 

Each HEPA filterladsorber housinQ seatina surface shall be olane within 1/16 In. 11.6 mmt 
506 HA-6422 Surface Finish: 

Pits, roll scratches, weld spatter, and other surface detects within lhe sealing areas shall be ground smooth. After welding, ground areas shall 
merae smoothlv with the surroundina base metal. 

• ·• ... :, -:i :ti)dh !;;HA;6430t~ SID.Ei'ACGESS;filO,OSlt.,IG/F.1 GtER/ElUJ c;seAWS.UREAe.es'.t'-it.i\\(:i:).i...;t;.:f£ii'.lW)b\.'l\i~i.i.\i~}ifiif:',;,;.i1..t;iil~/{_{,t~f~%\'~ii:l)1/j,~¥;[i\li~Y.l¾; :1!:'iii~ii\.§'~~~~~ @t\W&!~It~i~t!I~l,f,;,.~~'"l@"I~i 
507 HA-6431 Flatness: 

The tolerance on each knife edaa shall be alane within 118 in 13.2 mml, 
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HA-6500 Cleaning: 
All surfaces shall be cleaned per AA-6500 prior lo acceptance, No halogen-bearing materials or carbon steel tools shall be used to clean 

housings or components constructed of stainless steel. Cleaning shall be performed in accordance with the Manufacturefs written procedures, 

General: 
Air cleaning, air conditioning, and air handling unit housing packaging requirements are dependent upon the protection level as described In AA· 

7230. Additional clarification or exce lions are rovided below, 
HA-7211 Protection: 

Air cleaning, air conditioning, and air handling unit housings shall be protecled to prevent physical damage, All openings shall be covered with 
wood, metal, or plastic. Waterproofing is required lo exclude moisture from Interior spaces and extemal devices, Mating surfaces shall be 
Identified and specifically protected from damage. Protection equal lo Level 'D" Is required for the basic unil Protection for housing components 
ni s bee ual to that re ired b the level of rotection s ecified In the a llcable Code section, 

HA-7300 Shipping: 
This Subarticle relates lo transportation methods from the manufaclurer or supplier, to the job site. Shipping shall comply with the provisions of 

AA-7100 AA-7200 and AA-7300. 
513 HA-7400 Receiving: 

Receiving at the Job site or inlermediate location, where additional work Is to be performed or for long term slorage, shall be accomplished In 
accordance with the provisions of AA-7000. It shall be lhe requlremenL at any receiving point, to have adequate descriptions of items to permll 
suitable Ins eclion for conformance da e acknowled menl and ro er documentation. 

li\]i¾i}J1;;,i Mllil'A~;flli:Ot!f. sme .. '. 'G:E 
514 HA-7510 General: 

Housing storage requlremenls are dependent upon the protection level described by AA-7230, ProtecUon equal lo Level "D' is required for the 
basic unit. Protection for housing components must be equal to that required by the level of protection. specified In the applicable Code section • 
These levels shall be the re uired stora e re uirements alon with he ~ ulrements of HA-7511 and HA-7512. 

515 HA,7511 Drains and Vents: 
All housing drains or venls shall be sealed or closed as specified by the Owner or designee. Provisions may be made lo use certain drains or 

vents for assurance that water or other ob·eclionable material does not accumulate within the housin , 
516 HA-7512 Other Components: . . . . 

Components covered by other Sections of this Code, that are installed into and integral assembly which Is covered by this Section, shall be 
stored in accordance with AA-7230. · 

E13/:i1~t~~}lli~t. ~ii~Q· ~- J1 i~A~1m{~,l\t. -~ _ _.;_,~· .:~f{~i~~~i~t1*&1~qfllt\\1~~1~J~~t:_~.v M. -··1\l{ .. ;~, 1 ;. ~ .. : ~~:-, . ::·: .~ ._ . - ... ~~ ~;;;~~;~;i~~;;;;; 
517 HA-8100 General: · 

Equipment and material covered under this Seclion shall tie manufactured, fabricaled, Installed, inspected, and tesled In accordance.with the 
r visions of a Oualit Assurance Pro ram meetin AA-8000 r · uirements. 

518 HA-8200 Material/den/ification: 
Measures shall be established for conlrolling and Identifying material throughout the manufacturing process and during shipment In accordance 

with AA-8000. 
519 HA-8300 Drawings and Documentation: . . . 

Date Prin1ed: 21-Dec-04 

The Design Specificalion shall list the documenlalion requirements for the housing and list when this documentation Is to be provided by the 
manufacturer, supplied 10 the Owner or deslgnee. Housing-related items shall Include, but not be limited Jo the following: · 

(a) material certification and test reports; 
(b) housing drawings including: 

(1) outline drawings 
(2) piping and lnslrumenlatlon diagrams 
(3) wiring diagrams 

(c) material list 
(dl welding procedures and procedure, qualification records as required by applicable welding codes listed In Hf--6140 
(e) reports for tests an inspections required by HA-5000 
(f) seismic and environmental qualification reports 

o eratin in llation and maintenance manuals 
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5 20 HA-9100 General: 
All llems manufactured under the requirements ol1his Section shall be Identified to assure compliance wilh AA-9000 requirements. 
Records, as necessary lo assure compliance with AA-8200, shall be maintained by lhe responsible organization in accordance with the approved 
ualit assurance ro ram. 

521 HA-9110 Stamping/Marking: 
Slampinglmarking, as used herein, provides a means or mainlaining identification of finished products for the purpose of retaining traceability of 

matertal. 
522 HA-9111 Housings: 

· Housings shall be provided with nameplates, In accordance· with AA-9120, which relate the housings to the applicable design and fabrication 
documents. Housings fabricated in multiple sections need only one nameplate. Each section shall have identification markings, observable after 
com leted installation which relate all sections. Name !ates shall be visible after com leted Installation. 

523 HA-9112 Housing Accessories: 

525 

526 

527 

Housing accessories shall be marked, stamped, or provided with a nameplate which shall relate to the design and fabricatiori drawings. 
Identification shall be observable after com leted installation. 

::;f,·ia~Nfl ~E.9.I\Rt\!}. ' ' Qf~. 
:}.i}l~?.~P.!!.l!}~l M~ll;RI. , 

IA-3100 Materials ofCom,tructlon: 
All materials used shall have properties and composition suitable ror the application as defined by the Design Specification and the operaUng 

environmental conditions as defined in Subsubarticle IA-4120. Materials shall be in confonnance with the latest revision orthe ASME and ASTM 
materials listed In Table IA'.3100 (Exhibit D). Substitute materials shall be equivalent to or exceed the requirements in Table IA-3100 (Exhibit D), 
Materials that are part of the pressure boundary or support equipment shall meet the structural requirements of Article AA-4000. 

IA-3200 Nonpermissable Materials: 
Use of the following materials is prohibited in the manufacture and installation or Instrumentation and controls in nuclear air and gas treatment 

systems: 
(a) mercury 
(bl radiologically unstable fluorinated polymers 
c asbestos 

IA-3300 Restricted Materials: 
All material shall be compatible with the operating environment. The following material shall not be used unless approved by the Owner or his 

designee: 
(a) Aluminum and zinc In the presence of corrosive vapors 
(bl Adjoining materials which may cause galvanic corrosion. 
c Chlorine roducln materials e. . Pol vin !chloride PVC . 

IA-3400 Certification of Material: 
The Manufacturer shall make available a Certificate of Confonnance for panel structural material and tubing to the ASTM numbers listed in 

Exhibit D. For those materials which do not have ASTM ratings, testing should be performed per ASTM A370. 
All other components used in the construction of the panel assembly shall be provided wilh a Manufacturer's Certificate of Compllance to the 

re uirements in tne Desi n S ecificatlon. 

Verlficat,onNal da 
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lA-4120 Design Specification: 

Date Printed: 21-0ec-04 

The Design Specification shall establish the purpose (design runclion) of the inslrumentallon and control components. The Design Specification 
shall also identify the instrumentation and control component safely classifications. For guidance In determining Instrumentation and controls for 
nuclear air and gas treatment systems refer to Nonmandatory Appendix IA-C. The Design Specification shall provide requirements for the design, 
fabncatlon, and selection of Instrumentation and control systems ln accordance with this Code and shall Include, as appilcable: 

(a) Perfonmance requirements for all planl operating modes (accident and normal) wherein the equipment is expected to perform an 
Intended function. 
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I. 
529 IA-4120 Design Specification: 

(b) Ambient and process operating conditions including the measured variable for each of the applica bte operating modes described In 
Subsubarticle IA-4120(a). · 

(1) temperature: the minimum and maximum temperatures lo which the instrumentation and control system devices will be subjected. 
(2) pressure: the minimum and maximum pressures to which the instrumentation and control system devices will be subjected. 
(3) relative Humidity: the minimum and maximum relative humidities to which the inS1rumentation and control system devices will be 

subjected. . · · 
(4) radiation - alpha, beta, and gamma: the cumulative dosage levels and maximum dose rates to which the equipment will be subjected. 

530 IA-4120 Design Specific/Ilion: 
(5) chemicals: concentration and duration of chemical exposure to which the equipment will be subjected. 
(6) electrical: all electrical power transients lo which the instrumentation and control system devices may be subjected. Variations in 

parameters such as voltage, frequency, and current shall include minimum and maximum values and their duration. 
(7) structural: structural loads to which the instrumentation and control system components will be subjected. The loads shall include as a 

minimum the aoolicable loads listed in Dara AA-4211. 
531 IA-4130 Manufacturer's Documentation Requirements: 

When required by the Design Specification, documentation provided by the Manufacturer to the Owner or his designee shall include the following, 
as applicable: 

(a) mounting connection details 
(b} weight and center of gravity 
(c) service connections, size, type, and locallons 
{d) materials of construction 
(e) design life 
(f) environmental and seismic qualifications 
(g) mounllng restrictions and instructions 
(h) loop and logic diagrams 
(I) electric schematic and wiring drawings 
Ol panel general arrangement and construction drawings 
(kl instrument piping and tubing drawings 
(I) Certificate or Conformance 
(m) calibration procedures and data 
(n) panel mounted instrument list including nameplate engraving 
lo\ maintenance and surveillance reaulrements 

532 IA-4140 Clarification of Cocfe Applicability: 
Pressure retaining part whose design, materials, manufacture, test, and documentation are covered by ASME Secllon Ill shall.be In accordance 

with lhe applicable requirements of that Code. When conflict exists between this Section and ASME Section Ill, the latter shall take precedence. 

533 IA-4200 Single Failure Criteria: 
Where redundant safely channels are required by the Design Specification, they shall meet the single failure requirements of ANSI/IEEE 379. 

:::- :·~·:,.~:·:;:.:t i,:. \::1A~.30iHt .SEP.ARATIO.NfC"RITERIA:~~110t-i1-1t~~;fttr:~:.1r~~;fttl?l~?Rt:k[{'i~=Af:f?t;;1;;:(~if~~~*;A1i!{if~~~I~ft~Wiii~~~~~t}¥-¾i~}~~}J~~~~~~~~~~~il~!~~1 ~,~«~~~~~~ ~11~~lil~1s~%t~il~~' 
·;:.~:{· ,;:.:·~·:-.:-~:.<_~·,.{t~ '{flA\,4.S'f01tl GIRCiJlll:S!'ANG.lDEWJ., i ;~'\~'¾~lli\';\)li,'i)l~f~~i{ 

534 IA-4311 Phvsical seoaration of nuclear safetv-related circuits and devices shall be in accordance with IEEE Standards 384. 
535 IA,4312 lns1rument Cables, including but not limited to computer, transducer, thermocouple, resistance temperature detector, or other low level signal 

cables shall be Installed In seoarate racewavs from oower-carivino cables, 
1:,'~·:·~\t'.i(~.~~: -~~./: lHIA;l320J:~ JN.StlllJ.MEN1AS.EN.SfN~Gt1UiNES]Ult}t,it&~t,~~)~{~;~tJ1t~t.~t)t~ti~filttt¼:%1~t~~~X:~~i~t~~~ltii?1wl~!t~~w~~~~~t~t&~~~ ~~ii, 

,, ·~r.c~ .. ~~~,~~1! ., 
' 1(.a.-,."!I~ 

... ,:i ... 
536 IA-4321 Instrument sensing lines and interconnecting tubing for redundant safety channels shall be routed a minimum of 18 In. (450 mm) apart from each 

other. In areas free of or protected from missiles. hloh-enerav let streams, and oioe whins. . . 
537 IA-4322 Where 18 ln. (450 mm) of separation cannot be maintained each line shall be separate.d by a barrier extending al least 1 In. (25 mm) beyond the 

line of sight between redundant sensing lines. The design and installation of separation barrier shall be In accordance with the requirements of 
Article AA-4.000. . 

538 IA-4323 Tubina shall not rest aaainst surfaces that can cause wear or mechanical damaoe. 
539 IA-4324 Sensing lines shall be routed to ensure that the intended function Is not jeopardize~ due lo high vibration, abnormal temperature or stresses due 

to thermal exDanslon. 
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540 · IA-4325 Divisional separation or permanently filled capillaries, sensing lines and interconnecting tubing for nuclear safety-related devices shall be 
identified bv color cod in• and taaaina, as a minimum, at both ends. 

541 IA-4326 Redundant tubino inside oanels shall be seoarated bv a minimum or 1 in 125.4 mml, 
542 IA-4400 Qualification of Equipment: 

All components shall be operable when exposed lo the range or operating conditions specified during normal and accident conditions. 
Manufacturer installation ard maintenance requirements that are needed lo maintain qualificatron of the equipment shall be identified by the 
Manufacturer and followed In the oualification oroaram. 

543 IA-4410 Normal Operating Conditions: 
All components shall be specified, manufactured, and qualified to ensure operation within performance limits (e.g .. accuracy) when exposed to 

their normal operating conditions. Normal operating conditions include bit are not limited to exposure to the following: temperature, pressure, 
humidilv, vibration, chemicals, oower levels and fluctuations radiation. 

544 IA-4420 Environmental Oua//1ication: 
Safely related componenls operating in a harsh environment (as defined in 10CFR50,49) shall be qualified In accordance with IEEE Slandard 

323. 
545 IA-4430 Seismic Qualification: 

Safety related components and mounting shall be seismically qualified using the guidelines or IEEE Standard 344 lo the Owner's required 
response spectra, plus applicable amplification factors, r• r lhe components location an~ mounting. Components that do not perform a safety-
related function but must retain their structural integrity so as not lo damage, degrade or interfere with the performance of safety functions by any 
safety related equlpmenl or componenls shall maintain their structural Integrity when subjected to applicable seismic loads, 

546 IA-4440 Qualiflcat/on Documentation: 
The Owner shall have documenlatlon demonstrating lhe qualificallon of components and showing the Owner's acceptance or lhe qualification• 

teslino and results. 
·:-.:.: .... 
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547 IA-4511 Control panels shall be designed to support and protect the nuclear safely-related instrumentation and controls and lo facilitate the monitoring 

and control of the mechanical eoulnment ooeratlon and oerformance. 
548 IA-4512 Instrumentation and control devices on the front and the Inside of control panels shall be arranged in accordance with Jhe requirements Of ISA-

RP60.3. 
549 IA-4513 Temperature limits Inside a control panel shall be maintained within the allowable specified design temperalure range r• r all components 

mounted inside the oanel. 
: 1:·t;./ .. /:s:tt;.::: }\:I.A:!4520;;,?f ST:Rli.CinURE•Alilll>lE:Ndb©Sl:IRt::iMAtERI/J..L$§~-iiltl!Jf~tfi!.JJ:Jt1~¾'~i¥t-l'.ittlrt&ii,~~K;i,4ti~t~!~\~~'.'ii:-?i'il1W!-!t!~~~1~!i'1rt¾ \'i'iliiWiii,.~i~i•~·, ,.-.il.l)!~-.:,,;,,,&~;~~:'11'ih~t-&lifl(l; 

550 IA-4521 Malarial for enclosures, stiffeners, braces, supports and frames shall be selected to meet the structural design requirements of Article AA-4000, · 

551 IA-4522 Suooort shall be provided for incomino cables wirino. oloino, and olher aoourtenances. 
552 IA-45~3 Subpanels and brackets for mounIlng Instruments shall meet the structural loads and load combinations set forth by the Design Specification. 

553 IA-4524 Panels weighing over 200 lb (91 kg) shall be provided with removable lifting eyes or other means as required for loading, unloading, and moving 
the oanels to their final Installation location. 

554 IA-4525 All tubing, wire troughs or raceways used in the panel shall be of the melallic type or shall be manufactured from fire retardant or self-
extinguishing material. Nonmetallic components and devices shall be manufactured from selr~><tinguishlng materials, as classified by ASTM 
Standard D635. Standard Method ofTest for Flammabilitv of Self-Suooortlve Plastics. 

555 IA-4526 Panels shall be provided with an integral mounting plate or a separate structural channel member, as required by the Design Specification, to 
facilitate the mountlno or oanels on embedment olaIes or anchor bolls orovided in walls or floors. 

:f·y/•).,/ c/ir?/~ :¥1A:~3b'lt~ RANEiiiWI.BfNGi~~tt~tit~~f~J?i~A~if~§~}J~\~~i~~}~§~ff4.iWi1,~~~l)~t1~Jl~iJ~t~~fJfr~~~~~~~~-~ffl ~~· r ·• 'f \lis'fill\~ ·" 
556 IA-4531 Wiring bundles shall be supported by such devices as clamps, straps, wire lies, wirewrap, etc. Uninsulated metallic/wire ties shall not be used. 

557 IA-4532 Jnsulatina orommets shall be Installed throuoh all ooeninos orovlded In oartitions for the oassaae of wires or cables. 
558 IA-4533 Where a cable crosses a panel hinge, multi-stranded flexible wire shall be used. The cable shall also be secured on each side or the hinge, 

1orotected from damaae. 
559 IA-4534 Both ends of each wire shall be marked with color-coded wire markers as reouired bv lhe Deslon Soecification. 
560 IA-4535 All wiring shall have current capacity, mechanical slrenglh, thermal rating, and Insulation characteristics to meel the circuit and Installation 

requirements required by the Design Specification and NFPA 70, para, 384-9, The wire Insulation and Class 1E cables shall meet the 
reaulrements of ANSI/IEEE 383. 
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561 IA-4536 

562 IA-4537 
563 IA-4538 

564 IA-4539 

,, 
:1A-4540i."i • .. '· .. '. ~;- ... . .. 

565 IA-4541 

566 IA-4542 
567 IA-4543 

_;:::, •,' '.-::.}:-:.:~~--·.:.} ,;;,::1.;-.:4550,l;\\' 
568 IA-4551 
569 IA-4552 

570 IA-4553 
571 IA-4554 

572 IA-4555 

573 IA-4556 

574 IA-4557 
575 IA-4558 

!;, 
,. .·.\•?1i ;/JA~560h\ .. ., 

576 IA-4561 

577 IA-4562 
578 IA-4570 

579 IA-4600 

580 IA-4700 

•.•. . ,., ··~ .. il'!.'IA.4EiD.OiJ •:\'·,•.·.,\,,•:: ,~·; ,: 

i:;:.-.-:~;~,h;:~\\i(i<.~ii s'l'i:,JA,ga10.~;! 
581 IA-4811 

582 IA-4612 

583 IA-4813 

Cate Printed: 21-0ec-04 
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Terminal blocks shall be Installed on subpanels for terminating cables entering and leaving the panels, except that wire leads from thermocouples 

and certain other lemoerature-deteclino devices mav be brouoht directlv to the terminal blocks in the Instrument cases. 
Terminal blocks shall be orovided with a marklnq strip, and terminals shall be clea~v Identified. 
The terminal blocks used for the termination of power voltage circuils, the control voltage circuits, and signal circuits (low voltage or current) shall 

be ohvslcallv secarate from each other. 
The conlrol panel and its appurtenant equipment shall be connected to a ground bus inside the panel for personal safety. The method of 

grounding shall not compromise the independence of lhe redundant safely-related instruments and shall be in accordance with IEEE 1050. A 
method of lerminalino to the Owner's stalion oround bus shall be orovlded. 
f:10WER:·s u p.p l:Y/AN D. ·F..US.ES ¥P\;'':::~ ":/~.k.~~\\l·~~t,:~ :~;<:J\'.t~~-:i:~ >:}~ :..::.~~·h/~~4~~$,.;;t,r/:\}1~;}~\~w.ti:''.:~ttJ.-t~:~.~\rl~;.f~~,i~f.J:fi•tfli~itX*l~~ll~'f.~~- 1t4f1i,~~~h~1~1M~~1~M~- a~~,i~1K~\l~~Ji~:ti_~{$~ 

Power supplies within control panels shall be provided with branch circuit overload protection and a means to disconnect incoming power. 

Fuses shall be inslalied In locations free from obstructions. 
Fuses shall be sized to limit fault currents wllhin the reouiremenls of the cable insulallon. 

RANE!r\~l R-.ING/i'liU.13.ll'IIG''!Vn.t!lESA'ANOlfJ;m;l!iiG:S:l.&,;;;;t,,1:~ii1%~11,il'£?1?,;'.t11.&\¾i~.,~l~!ii.tll¼'&1ci~/Mtft\@.t~W~~~:/~~'iW/!fl ~~>.i'M,f,fe).t//l~ ~~~tWl).~~\~~~~ 
Process sensino lines, fittinos and valves installed within oanels shall meet the reauirements of Subartlcle IA-4600. 
All non-process piping, tubing, or valves Installed Inside panels shall be In accordance with ANSI B31.1 unless otherwise required by the Design 

S•ecification. 
Tubino bends shall be smooth and formed lo avoid flattened, kinked or wrinkled bends. 
Panel piping or tubing installation shall not Interfere with panel mounted Instrument removal or access to the Instrument for maintenance ~- . . . 
Isolation valves and lest connections shall be installed In an easily accessible location to allow in-place calibration of all Instrumentation, 

Isolation valves shall not be solely supported by the Instrument tubing. ls_olation valve supports shall be secured to the panel structure or 
substructure to orevent toraue beino aoolied lo the tubino. 

Bulkhead fittinos shall be used for termination of the control tubino from inside and outside of the cane!. 
Instrument lines shall have permanent tags on both ends where required lo assure proper Identification, The type of material, color coding, and 

melhod of laooino shall be as reauired bv the Desion Soecification . 
INS.TRU.MENrt'.AIRf.S·co:?:Ril.\~fHEAOER~ASS.'EMB,~Y.t?fl~1t\¼ttt~~~~Nf~{~l~;~f~f~t.¥f.tRi~f~i~ti~~iW.1~~\l¾~ti)k}¼itl~t~t1i¾ii~~~1WJJ.~~~!iZ$f~[\~1g{i ti~i~~tilf~~~~~. ,~~~Wb:~~lli¥~lr:i~t~ft~~~~' 

Where required, pressure reducing valves, complete with isolatlon valves, relief valves, and gauges, shall be Installed Inside the panel to provide 
a reoulaled instrument air suc• lv to an Instrument air header. 

The Instrument air header shall be orovided with isolation valves for each branch sunnlv line. 
Permanent nameplates shall be installed on control panels lo designate instrument function and tag number. Nameplates shall be in accordance 

with ISA-RP60.6 or the Owner's reouirements. 

...... 
0.. 

Movnted lnstrvments and Sensors: 
Instruments shall not be mounted In locations where their performance will be adversety·affected by equipment vibration. Instrument chassis and 

attached cacillarv tubino shall be suooorted lo meet the seismic reauirements for their •articular location, 
Interconnecting Wifing for Skid Mounted Components: 

Interconnecting circuits between components mounted on a skid shall meet the requirements of the National Electric Code, Sections 250-59 and 
250-95. and oaras. IA-4534 and IA-4535. 
INSJ:RUMENT.i-SENSINGil.:IN.ES'.AND)RIEl!:0,lNSrAL:t:ED.\;f.U.BlN. 
R~E$S0)~E\a:aoNDARf(,JJ«NDiME¢f:lAN1¢~tf!i:0:S.$1GNrl~EQl:IIR 

Instrument piping, tubing, Isolation valves, and permanently filled capillaries in systems designed to ASME Section Ill shall be designed and 
constructed 10 the requirements of ISA Standard S67.02 as supplemented below: 

(a) Instrument sensing lines that are connected lo Class 2 process piping or vessels shall not be less than Class 2 Seismic Category I from 
their connections to lhe process piping or vessel to and including the accessible isolation valve. 

(bl lnstrum!'nt sensing lines that are connected to Class 2 processing piping or vessels and that are used lo actuate or monitor safely related 
syslems shall not be less than Class 2 Seismic Category I from their connections lo the process piping or vessel to the sensing instrumentation, 

(c) Instrument sensing lines that are connected to Class 3 processing piping or vessels and that are used to actuate or monitor safely rel~ted 
sysIems shall not be less than Class 3 Seismic Category I from their connections to the process piping or vessel lo the sensing Instrumentation. 

Instrument sensing lines not connected lo ASME Section Ill Class 2 or 3 piping, vessels or ductwork shall meet the requirements of ANSI B31. 1. 

Fitting malerial shall be compatible with the tube or pipe material to avoid galvanic corrosion and provide acceptable soldering or brazing joints. 
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Tube Pitch ana Condensate Trap: 
Where the potential for condensation or oil migration exists, condensate or oil traps with valved drain legs shall be provided al the low points of 

the tubin . 

588 IA-4834 Loads such as thermal ex anslon and wei hi of Insulation shall be evaluated in accordance with ara. AA-4212 for i 
i ·: .. · > IA-4830L ROOTiVALVES(AN0: 1s oLATIONiVAt.\lESii'J:t{:@;j,~/l{s\'f•"ii\'.;°'-;;;B-.Ii-ktl~-\'@;\t 

590 IA-4842 Isolation valves and test connections shall be installed In a location to allow In 

; :.>·, 11:'. '; )\'IA,'490.0i'::i- INS!TRUMENaiSETROINTStt'.i:;./,'i(}{?/ii'.'i:i!;\ 

594 

595 
596 

597 

598 

599 

600 

601 
602 

603 

604 

607 

IA-5111 Written procedures with acceptance criteria for visual examination, inspection and functional testing shall be developed in accordance with 

IA-5112 
IA-5120 

IA-5200 

IA·5220 

IA-5230 

IA-5300 

IA-5311 
IA-5312 

IA-5313 

tA-5321 

Subarticle AA-5120 and Article TA-3000 for instrumentation and control com onents. 
The rocedures shall be reviewed and a roved b the Owner or desl nee. 

rest Report,: 
After inspection and testing Is completed a written test report shall be prepared by personnel performing the test in accordance with Subsubartlcle 

AA-5250. 
Visual Inspection: 

Visual Ins action shall be erformed In accordance with a written checkllst er Subsubarticle AA-5240. 
Methods of Visual Examinalion; 

Visual e•amination shall be performed by either method of direct visual or remote visual examination in accordance with Subsubartlcle AA:5220. 

Writ/an Procedures: 
Visual examination shall be erformed In accordance with a roved written rocedures. 

Calibration and Testing: 
Manufacture(s calibration and test Instrumentation shall be in accordance with Article TA-3000 and traceable to NIST. 
All instruments and devices shall be calibrated and tested In accordance with the rocedures develo ed for ara. IA-5111. 
Wiring for control power shall be subjected to a Megger test at the panel assembly facility. Megger or other high voltage test shal/ not be applied 

lo instrumentation or shielded cables. 
An electrical continuity test shall be performed lo demonstra\e the correctness of the wiring termination of all panel mounted instnments. 

Functional tests shall be erformed in accordance with written lest rocedures a roved b the Owner or desi nee. 
Alt local mounted instruments and devices shall be calibrated and tested in accordance with the Manufacture~s calibrallon and test procedures 

and the rocedures develo ed for ara. IA-5111. 

IA-5332 Pressure testin of sensln lines shall be erformed in accordance wilh ANSI/ASME 831. 1 or AS 

',\';J~-i~QPP.i':~ BA~_l;!;;i.BAJ?.alQATJQJ'il.~N/:rA§~J;M§:1,;·Y,;fLU}i§iitt\Miki:,tt.1tBi~~}~t1t13fht 
IA-6100 General Requirements; 

In addition to the re lliremenls of Article A-6 

1:-t:\f~\-i\·;;::"t,f:,;~ ti.~1A;.s·1::1.0K£ MAT;E81il.LS~t~~ti~;•t.~~~11l!t~)~l~~\t1.#J;:t!~'. 
608 IA-6111.1 Material Selection: 

Date Printed: 21-Dec--04 

Materials to be used in the fabrication of conlrol panels, instruments, devices, components, parts, sensing lines; and support systems, anchors 
and bolts shall conform to lhe re uirements of Article IA-3000. 
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Requirement 
Number 

609 

Source Requirement Text 

IA-6111.2 Material Selection: 
Thickness of plate material for the enclosure skin, stiffeners braces, and frame shall be selected to meet the structural loadings and applicable 

seismic renuiremenls of Article IA-4000 and the Desian Soecification. 
61 a IA-6112 Renair of materials and surfaces with defects shall be oerformed in accordance with nara. AA-6123. 
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T- Test ,. 
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611 IA-6210 Cuttino. formino, and bendina shall be In accordance with Subsubarticle AA-6210. 
612 IA-6211 Thermal cuttino shall be In accordance with • ara. AA-6212 
613 IA-6212, 1 Panel Fabrication by Welding: 

614 

615 

616 

617 

618 

619 

620 

621 

When the control panel enclosure Is fabricated by welding more than one piece of sheet steel, the we/ding Joint shall be made In accordance with 
the requirements of Subartlcle AA-6300, Warping or distortion from cutting, punching or welding operations shall not extend beyond the outer edge 
of the oanel mounted device. 

IA-6212.2 Panel Fabrication by Welding: 
The control panel shall be all welded sheet steel or plate construction. Reinforcing shall be provided so that the deflection due to the added 

weiohl of the instruments will not exceed 0.125 in. 13,2 mm\ for anv 4 ft 11219 mm\ of nanel surface. 
IA-6220 Fittings and Aligning: 

Fittlnn and alinninn shall be in accordance wilh Subsubarticle AA-6230. 
IA•6230 Mechanical Joints: 

Mechanical loints shall be In accordance wilh Subsubartlcle AA-6230. 
IA-6300 Welding: 

Weldino shall be in accordance with Subarticle AA-6300. 
IA-6400 Brazing: 

Brazinn shall be in accordance with Subarticle AA-6400. 
IA-6500 Cleaning and Coating: 

Cleanlnn and coatinc shall be In accordance with Subarticie AA-6500. 
IA-6600 Installation Requrements - Handling and Rigging: 

Handl/na and rioainn shall be in accordance with Subsubarticle AA-6610. 
IA-6700 Material ldentiflcaffon: 

Materials of construction of the control panel shall be as specified by the Owner or deslgnee, A Certificate of Conformance shall be supplled as 
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622 IA-7100 General Requirements: 
Packaging, shipping, receiving, storage, and handling of ail control panels,' Instrumentation, and accessories shall be In accordance with Article 

AA-7000 and ANSI/ASME NQA-2, Part 2.2. 

623 

624 

625 

626 

Any control panel made of llems requiring· different levels of handling shall be classified to the highest level designated for any of the respective 
items. 

IA-7200 Packaging: 
All control panels and sensitive instrumentation (if packaged separately) shall meet lhe requirements of packaging level 8 in accordance with 

ANSI/ASME NOA-2, Part 2,2 paras. 2.2,2 and 3.2.2, 
When bulk accessories are packaged separately (i.e .. valves, sensing Jines, Instrument cables) the packaging shall meet the requirements of 

packaging level C in accordance with ANSVASME NQA-2, Part 2.2 paras. 2.2.3 and 3.2.3. 
Identification and markina on the outside of all oackaoes shall be maintained and weather-nroofed. 

IA-7300 Shipping: . . 
The mode of transportation used shall be consistent with the protection classification of the item and with the packaging method employed, 

IA-7A10 Inspection (Receiving/: 
Preliminary visual Inspection shall be performed prior to or immediately after unloading to determine if any damage occurred during shipping. 

Unless the packaging marking prohibits unpacking, the conlenls of all shipmenls shall be visually inspected to verify that the specified packaging 
and shipping requirements have been maintained, The inspection shall be periormed in an area equivalent lo the level of storage requirement for 
the item fsee Subarticle IA-75001. 

IA• 7 420 Disposition: 
Packaaes shall be controlled in accordance with ASME NQA-1. 
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Storage: 
Control panels and sensitive Instruments shall be stored Indoors. This area shall have paved floor or equal and shall not be subject to flooding. 

The area shall be well ventilated and shall be provided with uniform temperature control to prevent condensation and corrosion. Origlnal packaging 
is recommended if Item Is to be stored for a long period of time. 

Miscellaneous accessories such as valves, sensing lines, and instrument cables shall be stored as described above, except that temperature 
control ls not required. 

Ali items shall be plainly marked so that they are easily identified, and shall be stored in a manner as to permit ready access for lnspeclion. 
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maintenance, or retrieval without excessive handlin to min risk of dama e. 
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IA-8100 

629 IA-8210 

630 IA,8211 

General: 
Quality assurance for Instrumentation and controls shall be In accordance with lhe requirements of Article AA-8000 and the requirements below. 

Test Reports and Data: 
The following test reports and data supporting the design and installation of lnslrumentation and control devices used ln nuclear facilities air and 

gas treatment systems shall be maintained ln records: 
(1) All records and procedures thal are required to be maintained by ANSI 831.1 forthe portion of installation designed to ANSI 831.1 and 

ASME Section Ill for the portions of installation designed lo ANSI B31 .1 and ASME Section Iii. 
2 Documentation as Identified in Subsubartlcles IA-4130 and IA-4440. 

Ail records and procedures that are required lo ·be maintained by ANSI B3 1 .1 for the ponionof installation designed to ANSI 831.1 and ASME 
Section Ill for the ortions of installation desi ned to ANSI 831.1 and ASME Section Iii. 

631 IA-8212 Documentation as Identified and IA-4440. 
•. ·: .i ,;:·,. ,c;,.,y: ',f1A.,'l)jlQO.~ii~: N~MEFitA1ES4JiulE;i_:'·, 

632 IA-9100 General: 
Permanent types of nameplates shall be designed, manufactured, and installed In accordance with the requirements of Anlcle AA-9000 and the 

re ulrements below. · 
633 IA-9200 Requirements: 

Each instrument and.control device shall be rovided with a ermanent t e of Manufacturer's name late. 

634 IA-9310 Material: 
Name fates su lied and installed b the manufacturer shall be made from noncorrosive material. 

635 IA-9320 Size: . 

636 

63B 

639 

IA-9330 
Name !ales shall be sized to accommodate all ertinenl information. 

Information: 
The following information shall be stamped or engraved on each nameplate in lieu of requirements of Subsubanlcle AA-9120: 
(a) Manufacturer: 
(b) model or catalog number, 
(c) serial number; 
d ran e . 

. '.·, .:;:§A%;:;;;; §.EC[IO.N;"SM'.'.Dll<;,~RRK<<C.'. ;·.:;:;~::~;;·:~'.;'.~;)>}¥,:-~;'.;'.:::.'.~.\:· 
W:sA~s.oo.o)jf ri1AT;ER1~cs: 

SA-3100 

SA-3200 

General: 
For components of ductwork and ductwork supports, the supplier shall make available, (as a minimum) certified test reports of chemical and 

physical properties. For those ASTM materials, which do not have physical testing required by lhe ASTM specification, tensile tesUng shall be 
performed per ASTM A370. 

All other components used in the construction of ductwork shall be provided with a manufacturer's Cenificate of Compliance covering the ASME, 
ASTM or other material s eclfication rade: and class. If a licable. 
Material Substitution: 

Measures shall be established for controlling and identifying material substitutions throughout lhe manufacturing and insla·ilation process. 

SA-3300 Material Testing: 
When required by the Design Specification, material shall be tested in accordance with the applicable material speclficallon. Supplemental 

material testin when re uired shall be erfonmed in accordance with Article AA-3000. 
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641 
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SA-3400 Material Specifications: 
Material for ductwork and ductwork supports shall be capable of meeting all requirements of Article SA-4000, Materials shall be in conformance 

with the ASTM maleriats listed In Table SA-3400 (Exhibit El, Substilute materials shall be equivalent, or exceed the requirements of Table SA-
3400 (Exhibit El, as determined by !he Engineer, Materials selected shall be evaluated for suitability wiih service condiUons and compatibllily wilh 
other materials used In duct constnJction. 

The ASTM numbers in Table SA•3400 (Exhibit El designate a chemical composition and a material thickness limit, A grade designation is 
usually required to determine the minimum strength of the material. If the specific grade material has an assigned m.lnimum yield and tensile. 
strength, these values shall be used for design purposes. if values have no! been established and assigned, then tests in accordance with the 
rocedures outlined In Article AA-3000 shall be erformed lo ensure that !he stren lh of the material meets the re uired desl n stress values. 

SA-3400 Material Specifications: 
Material listed in Exhibit E under "CartJon Steel Plates and Sheets' when coated in accordance with "Zinc Coatings" shall be allowable .under 

"Galvanized Steel Plates and Sheets.' Materials listed under "Carbon Steel Structural Members· and "Carbon Steel Bolts and Nuts· shall be 
coated in accordance with Zinc Coatings· when used In conjunction with materials iis1ed under "Galvanized Steel Plates and Sheets." 

SA-4100 Genera/; 
Ductwork and ductwork su arts shall be desl ned in accordance with the 
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643 SA-4211 Ductwork Loads: 
Additional dynamic loads (AOL), dead weight (OW), design pressure differential (DPD), design wind (WJ, external toads (EL), normal operating 

differential ressure NOPD ands stem o eratlonal ressure transient SOPT as defined in AA-4211 
644 SA-4211 Constraints of free end displacement load (T): 

These are loads caused by thermal movement. When duct construction utilizes gasketed companion ·angle constNctlon. effects of T for normal 
o erations ma be i nored. For ostulated accident conditions a review of the effect ofT is necessa . 

645 SA-4211 Fluid momentum load (FML): 

646 

647 

648 

649 

This Is as defined in AA-4211 with the following clarification: Ductwork shall be designed to withstand the FML resulting from air turbulence, often 
found In sections following fan discharges, and certain dampers and duct fittings. The termination of such sections is marked by the length.of 
straight ductwork required to regain uniform airflow as given by AMCA 201 Fig 20: 

D1 "VD I 1000 or (VD.)I(3281l 
for round and equivalent rectangular ducts where 

V = velocity, ft/min (m/sec) 
D = duct diameter, ft (m) 
DI= length of straight ductwork connected to fan or component discharge ft (ml 

The equivalent diameter (D,l for rectangular duct, with side dimensions of a and b, is given by: 

D. = 1 :J0[(ab)°'°"l(a+b)°'"] 

SA-4211 Live load (L): 
Live loads shall be defined in !he Design Specification (Subarticle SA-4600l, The live load shall not be less than a ·construction manload of 250 

pounds (113.4 kg). The load shall be applied at the mid-span of the duct, or midpoint of a stiffener, or within a panel, When applied lo a panel, the 
lo sh II a sume to be distri t d over 10 s u r inches 64.5 c ' . 

SA-4211 Normal Operating Pressure Differential (NOPD): 
This Is defined in para. AA-4211 with the following clarification: For ease of design, a duct system may be designed using one pressu,e value 

that envelopes NOPD and SOPT (para. AA-4211l, NOPD and SOPT may be positive or negative pressures. Worse case shall be considered In 
the desl n. · 

SA-4211 Selsmk: loads (SL): 
Loads that are the result of the envelope of the operating basis earthquake (OBE) and the safe shutdown earthquake (SSE). As overall system 

functionalism Is not generally compromised by loads from !he OBE, the SSE will govern the design. As an option, the OBE, and SSE niay be 
considered separately with the OBE loads used for the Level B load combination. The horizontal and vertical components of the seismic excttation 
shall be applied simultaneously in the direction that will produce worst-case stresses and deflections. These components may be combined by the 
s uare root of the sum of the s uares SRSS method. 

SA-4211 Hydrostatic loads from accumulated condensate, water deluge systems, or moisture separators: 
The hydrostatic load shall be conservatively established by documented analysis base on ductwork configuration, accessories, and component. 

function. H drostatlc load HY shall be added to the dead wei ht OW as a licable. · 
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I• 
Design Pressure Different/a/ (DPD): 

The dynamic pressure loads resulling from a design basis accident (OBA), intermediate break accident (IBA), or small break accident (SBA). 
Generally, HVAC should be routed outside the local pipe break a·ffecled area. If HVAC ls subjected to these loads, the Design Specific;aUon 
ISubartlcle SA-46001 shall address the station soecific desian reauirements considerino a Service Level D combina11on. · · 

For component lead criteria see the following sections: 
(1) HEPA filters: FC-4300 
(2) Mounting frames: FG-4200 
(3) Fans: Article Bf',•4000 
(4) Dampers: Article DA-4000 
(5) Refrigeration equipment: Article RA-4000 
(6) Conditioning: Article CA-4000 
(7) Moisture separators: Article FA-4000 
(6) Prefilters: Article FB-4000 
(9) Instrumentation: Article IA-4000 

Ductwork Load Combimitions: 
The aoolicable comoonent loadlno shall be combined in accordance with Table SA-4212. 

Table SA-4212, Load Combinalions: 
Seivice 
~ Load Combination 

A OW + NOPD + FML + EL + L + T + W 
a Nol required 
C DW + NOPO + FML + EL + SL+ AOL+ W 
D . Nol reouired unless CPO Is a•olicable 

Service Conditions: 
The reauirements of oara. AA-4213 aoolv. 

Design and Service Limits: 
The reouirements of aara. AA-4214 aoolv. 

DuctNork Support Loads: 
Loads per SA-4211 for L, NOPD. SL OW, EL, and AOL shall also be used tor duct supports. The definition of loads per para. AA-4211 tor dead 

weight (OW), external loads (EL) and addilional dynamic loads (AOL) shall also be used for duct supports. Hydrostatic loads shall be treated as 
OW load when the loads have an effect on the supports. Hydrostatic loads as defined in paragraph SA-4211 (g) s11a11 be treated as a OW load 
when lhe loads have an effect on the supports. The fluid momentum load as defined in paragraph SA-4211 (c) is not lypically a significant toad for 
suooorts and mav be nealected. 
Ductwork Support Load Combinations: 

The aoollcable suooort shall be combined In accordance with Table SA-4216, 
Tuble SA-4216, Load Combinations: 
Seivlce 
bWl!! Load Combination 

A OW+ NOPD +EL+ L +T 
B Not required 
C OW + NOPO + EL + SL + AOL 
D Nol reauired unless CPD is aaolicable 

Stress Criteria: 
The ductwork stress shall be based upon the AISI "Specifications for the Design of Cold Formed Steel Structural Members,· The.ductwork 

.support slress shall be based upon the AISC "Specincation for the Design, Fabrtcation and Erection of Structural Steel for Buildings." 

Slress Criteria: 
The basic general membrane design stress for the Seivice Level A cond/llon shall not exceed 0.6 Fy and shall be reduced as appropriate to 

consider lateral-torsional buckling of bending members and effective lengths of compression members. The basic general membrane design stress 
ror the Se,vice Level C condition shall no\ exceed 1.2 X 0.6 Fy per AA-4321. 

Stress Criteria: 
The combined membrane and bending design stress for Seivice Level C shall not exceed 0.9 fy and shall be reduced as appropriate to consider 

lateral-torsional buckling of bending members and effective lengths of compression members. The combined and bending design stress for Service 
Level A shall not exceed 1.6 X 0.6 F, per AA-4321. 
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662 SA-4231 Deflect/an Limits: 
The maximum deflection (dmax), may be sustained so that the duct function Is not Impaired shall be determined by analy,ls, test or both, The 

allowable deflections are as defined In oara. AA-4231 for various service level conditions. · 
663 SA-4232 Deflection Limits for Panels, Flanges, and Stiffeners: 

The maximum deflection (d), which occurs as the result of lhe applicable load combinations of para. SA-4212 Is the lesser of two values derived 
from the followlna:· · · 

664 SA-4232 Criterion No. 1 - Deflection shall not exceed the following criteria : 
(a) Plate or sheet: 1/8 In. per ft. of the maximum unsupported panel span In direction of airflow but not more than¾ in. 
(bl Stiffeners and flange connections: Not to exceed 1I8 In. per foot of span but not more than¾ in. 
!cl Flanoe connection lo comoonents: 11360th of lhe soan but not to exceed 1/8 in. 

665 SA-4232 Crflerion No. 2 - Deflections shall be limited to assure that the following w,71 not occur: 
(a) Distortion of air flow path cross-section In excess of tolerances specified on SA-6400. 
(b) Damage to safely related items such as instrumentation or accessories. 
{c) Impingement of deflected elements on adjacent services, such as equlpmen~ pipe, cables, tubing, etc. 
(d) Loss of leak tightness In excess of leakage limit. See SA-4500. · 
/el Functional failure of comoonents attached to the duct le.a. instrument llnesl. 

666 SA-4233 Deflection Limits for Mounting Frames and Equipment Interfaces: 
(a) See subsubartlcle FG-4310 for mounting frame denection limits. 
(bl See aoolicable eauioment sect'ron for other deflection limits. 
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667 SA-4241 Vibralion Isolation: 

The vibration isolalion type and efficiencies, primarily between duct and equipment, shall be as designated In the Design Specification, The 
vibration isolation eauioment shall be desloned wit11 restraints to resist the loads oenerated under anv Service Condition. 

668 SA-4242 Provisions for Relative Movement: 

669 

670 

671 

672 

Clearances shall be provided to allow for the relative motion between equipment, ductwork, and supports. When clearances or travel ranges or 
both are required to accommodate movements of ductwork or supports. design margins shall be introduced to aUow for variations due to fabrication 
and installation. Design clearances and !ravel ranges shall be based on the maximum range that might occur between two operating conditions 
and not necessarily the maximum cold to hot range. All parts or support shall'be disengaged by the movements of ductworl<. 

SA-4243 Torerancli/s: 
Installation and fabrication tolerances tor duct-work shall be accounted for In the design or the ductwork and supports. Fabrication tolerances 

shall comolv with subarticle SA-6400. 
SA-4244 Permanent Attachments: 

The attachment design shall Include all Service Conditions and Load combinations set forth in SA-4212 and SA-4213, or as required by the 
Design Specification. 

The permissible types of welded joints shall be in accordance with AWS D1 .1. or AWS D1 .3. as applicable. 
Attachments mav be either the welded or bolted tvoe and shall be considered as follows: 

SA-4244 Welded Attachments: 
Consideration shall be given to local stresses induced in the ductwork by integral attachments as defined In para. AA-4243. 
For Items used as part of an assembly for the support or guiding of ductwork, the materials shall be compatible for welding, see Article AA-6000. 

SA-4244 Bolted Attachments: 
Consideration shall be given to the mechanical connection and local stresses induced in the ductwork by nonintegral attachments as defined in 

paragraph AA-4243. 
The desion of bolts for structural suooorts shall meet !he reauiremenls of Subarticle AA-4360. 

:·{':.:. ':;:· .~;:~~·: .,:~:.:~;:,~ ··F'·Sl(4300: ~:~DU.CTWORK\J0.1NT$lAND;'sEAMS;,):1( .•. ,; c,:;•:~t·>: ,<:: ';-1. \'. ~:~ \-·'.·:._.),):·:·~:· ';,7;;) \-.c·)s.J;\y.~'-.:i" -~ ~- ;;•:- i:~i:,.\.}1\;z ;\\S?>x<J<.;;! fJy'f:,¥%-)t"0) A\\ :fi-c~·%~dJSJ~A¼-VJh~J} R~UlliM)ms'¼~~?N..1ttm~\j~~~ 
673 SA-4310 General: 

Date Printed: 21-Dec-04 

Selection of Joints and seams used In the assembly of ductwork sections shall be based on the requli:ed structural Integrity, leak-tightness, and 
the fluid now within the system. Duct-housing interconnections shall be designed with consideration of the air distribution uniformity. 
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I•••• •L 
The following longitudinal seams are acceptable ror use in ductwork sections subjecttc the limitations of para. SA-4324, 

(a) groove weld 
(b) leek type 
(c) Pittsburgh lock 
(dl Fillet weld 

The following longitudinal types of transverse joints are acceptable for use In ductwork sections: 
(a) welded nange . 
(b) companion angle 
(c) Vanstone flange 
(dl Welded couolino 

Other types of rigid transverse connections may be acceptable provided that the structural characteristics are documented by engineering 
evaluation and tested oer Subarticle SA-5400 
"l!IMl<l'.1\'1110NSJ~f.);liille'mW.OJi'J{fJQt'tillliSI!AND!Sl:A'MSfa;';/:m1m1t~?:l!\~iWii'ltil~;l:;~{~t\~i'ji,1\{iif.{\;,1§~1Mf&"\;i,'i)V~t~~~)'½~fil:J;r1.~J ,\,\1@~11-~1:~~-~~~· &>.\'$s'l'.~@~~'i\ltt~~l®'& · 
Limitations of Ductwork Joints and Seams: . . 

Longiludinal seams and transversejclnts whose structural integrity is dependent en the folded or punched metal, shall be pressure tested. Test 
pressure shall be the structural capability pressure. 

Longitudinal seams using sealants or elastomers tc meet the leakage requirements shall be qualified by test, analysis, or test and analysis to 
assure meet/no the desian criteria cf subarticle SA-4600. Brazed weldinn mav be used for seallnn nurooses. 
Bolts and Fasteners: 

Requirements fer bolted connections of duct-le-duct and duct.to-housing, with a design pressure differential le_ss than 15 lri. w.g. (3735 Pa)'shall 
be as follows: 

(a) Maximum belt spacing shall be four inches on center uniess otherwise specified by the Design Specification. The adequacy of bolt spacing 
greater than four Inches en cenler, fer pressure boundary integrity, shall be documented by calculation or tesUng. 

(b) Minimum bolt diameter shall be three-eighths (3/8) inches (9.52 mm) unless otherwise specified by the Design Specification. The adequacy of 
belt diameters less than three-elnhths Shall be documented bv calculations or lestinn, 
Bolts and Fasteners: 

Requirements for belted connections for duct with design pressure differentials exceeding 15 In. w.g. shall be detennined by calculations er 
testing, 

Ncnbolted, ncnwelded type fastening devices (e.g., screws, rivets, etc.) shall have their adequacy demonstrated for the lead combinations of SA· 
4212 and documented by calculation or testing. 

Bolted connections shall be verified as being capable cf sustaining all loading combinations by using an appropriate stress inteosificatlcn factor . 

. CtlMP...CZ>.NEblt'5&t~lft~tt]tif..ff}ii~t!l:~M:1~§:&it~:f~i~}N.l;~}WiftiiJ~{i~tM1~~~~i)~~~~~~~~\W~~?i);~!ttiliS.~;ti~~~~~J!~~1W.t\~~ ~~1:£.~~~\lt~~j~, ~~~~~~\\tt~t~~i~ 
Flexible Connec/ions; 

(a) Flexible ccnne,ctlcns shall be designed to meet the requirements ror design given by para. SA-4212, Subarticle SA-4500, and NFPA 90A. 
Allowable leakage (fabric leakage and joint leakage) shall be detennined in accordance wtth Subarticle SA-4500. 

(b) Flexible connections shall be rated by pressure and qualified life. The Qualified life shall be detennlned by testing, or calculation, or both and 
be based on the environmental conditions provided by the Design Specification. Minimum physfcal properties (i.e .. tensile 'strength), subject tc 
deoradatlon due to the environments renuired to satisfv desinn shall be the basis of nualified life. 
Flexible Connections: 

(c) Flexible connection pressure rating shall be determined by an ultimate strength test. The pressure rating of the connection shall be nc 
greater than 50% of burst pressure. Calculation of burst pressure can be done In lieu of the test. Burst pressure shall exceed structural capability 
pressure. 

(d) Ir adhesive is used in fabrication or installalion of flexible connections, it shall be environmentally qualified for use in expected environmental 
conditions. 
Gaskets: 

Gaskets shall be made of materials which are compatible with the Service Condilions (see Subartlcle SA-4600). Gasket material dimensions 
shall be based on joint design, An acceplable criterion ror compression cf gasket malerial shall be established en the basis or the gasket chosen. 
This acceptance criterion and lhe service life of the gasket material shall be documented by an engineering evaluation or testing. 
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683 SA-4430 Access Doors and Panels: 
Construction of doors/panels and door frames shall_be selected to meet the allowabie leakage determined In Subarticle SA-4500. Sealing 

surfaces between the door/panel frame shall be designed for compression sealing. The design shall incorporate means for adjusting compression 
forces, gasket compression, and alignment. . . 

Spacing of hinges, latches, and bolts shall be determined by calculation or test to. ensure a uniform compression of the gasket. Spacing shall 
enable a compression of al least 50¾ of nominal gasket thickness and provide a gasket compression uniformity of+/• 20%, 

Door hinges·shalf be designed to minimize damage to compression seals due to friction and shear forces during opening and closing of lhe 
doors. · - · · · 

Dogs, hinges. latches, etc. shall be designed sucti that lubrication materials shall not enter the interior of the ductwork. See Nonmandatory 
Appendix SA-C (SA·C-1210) for additional guidance on the design 9f access doors. · · 

c~;-~ .~~ .. ,~~~:f\:t··.l:.t &'t'SA~.tt\S RR<:>v1s1eNSlF:O.R~'nl:Smi.NG¥°ANDlMAlNlliENAN:ee.~~~i~fl'ti'!i~•~~~~-~d-.-1;.:,.,.;,,,r· .• ~- ;. _ ;/' ~. '~'1~!\. ;·'"'i r,er~"):"' ,. -- ~m .... ·~r .. , ., ~ ,lt:i~.m 

684 SA-4441 Tes/Paris: 
The engineer shall evaluate the desi_gn !unction of the equipment to determine where test ports (including injection and sampling ports) are 

reoulred. 
~~•:· -..'h·~~·.F\.':~/ \.l:tSA'4U-li.Orl\ M1S:ecu1.~NEd,l:lS~iV:¾·t~~~itil~1.iitk\~3~lfi~~f.l'~i~:t:~fJN~~itfr.i!:~~~~~~t~r.i@:~'.§~\r.t~t~~.fil:~~J~t~~-·· ~ : ·~·:·1~~~~ • .'f:1~~~:~~'t.~~t'J~J~t ~IJ', 

\ ' 
. -•, , . ,; 

" . I .,. 
685 SA-4451 Drains: 

(a) Consideration shall be given to drains depending on requirements, seivlces, or components within ductwork. 
(b) Drains form as Integral part of the ductwork system pressure boundary and are subject to air leakage requirements established In Subartlcle 

SA-4500, (c) For additional guidance 
on the deslnn of drains see Nonmandato,v Aooendix SA-C ISA-C-1220\. 

686 SA-4462 Insulation: 
(a) Insulation shall be provided as required lo ensure air conditioning function, limit condensation, or provide acoustic noise reduction. 
(b) Acoustic lining and thermal insulation shall nol be applied to lhe Inside of ducts which may become contaminated during normal plant 

operations. 
(c) Insulation applied to lhe outside of ducts shall nol prevent access to doors, access hatches, or other components requiring adjustment or 

maintenance. 
(d) The fire hazard classification or applied Insulation. adhesive, and sealer shall not exceed a flame spread of 25 and smoke developed of 50 in 

accordance with NFPA·SOA. 
/el lnsulalion shall be attached lo ductwork uslna a method which will net adverselv·affect the svstemlcomoonent safetv function. 

687 SA-4453 Air Distribulion Devices: 
Design of air dlstribulion devices and their attachments shall comply with Sub articles SA-4200 .and AA-4300. 
The performance rating of air distribution devices shall be determined by actual tests performed in accordance with the ADC Certifications, 

Ralina. and Test Manual 1062 Series Revision 4 11997). 
688 SA-4454 Securi'ly Barriers: 

The requirements for internal and bullet resistant barriers installed for the purpose of security shall be consistent with appropriate federal 
regulations. 

Consideration shall be given to the·lmpacl (pressure, noise, etc.) the installation of security and bullet resistant barriers will have on the over~II 
performance of the air treatment system In which they are installed. The dead weight of the security and bullet resistant barriers shall be Included 
in the desian of ductwork sucoorts. 

~=.~~~. •:-;.:-:~~:~~-~·•:;~~~ trs~'i/4soo,;:J B.RE.SS.U.RE~B0:0.N.e:>:ffl¥,'EE;«K:A.G.Etf~~~:iit~1i~~.~t~]~;t~N~Jit~;~M~~itt~~i~~~~l~IDii'l~1}:.g~t~~i)t~lt~~~~~~~4,i~~~t~li ;;1.i.!#.¾~~4~ll~~'½'t1 t','M,_\, .. 1..~ ' !~2'1ti~~t',iti'(iii~ • v,/>; ~ , 

689 SA-4510 General: 
Pressure boundary leakage shall be linJl/ed thai allowed by the system functi'onal and _envi'ronmen/a/ design requirements. Allowable ieakage (or 

a sys/em, or portion of a sys/em, shall be de/ermined considering the fol/owing factors (as a minimum): 
(a) control of airborne contamination 
(b) control of space pressure 
(c) control of space temperature 
trll ,.,..,,.,,.,..,nf ............. n,1 ... :..J:1,1 
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\ 

Requirement Text 

ApplicabUity: 
Pressure boundary leakage shall apply to air cleaning, air cooling, and ventilatlon systems, Each system's pressure boundary shall Include, but 

not be limited to, the following llems as applicable: 
(a) ductwork as defined in Subsubarticle SA-1130; 
(b) fan housings: 
(c) damper frames and valve bodies (and seats, where used for pressure boundary isolation): 
(d) heating and cooling coil housings (or frames for duct mounted coils); · 
(e) mounting frames for components used for the reduction of radioactive contamination; 
(f) instrumenlation or other components connected to the ductwork; 
lo\ air cleaninc unit housinas. 

1.E\l~EOA.~ldNli~t{}~'ftJJ~!m~~~~t~~B~~~~~\li~i~(J~)!flfii'i~\J~tg*~Wi.:~;r~t;~~i&~W.h " 
,;:·,,. ·b· {'' -~~'i;;~~:£ij . .. ,1: •• ~11' ,(, 

'·· 
ResponsibHity: 

The Engineer shall evaluate each system lo establish the allowable leakage lo assure its design ventilation, temperature, and contamination 
control function Is achievable. 
Allowable Leakage Determination: 

The following crileria shall pe ulllized in the determination of allowable leakage: 
(a) application of governing codes, regulations, and plant specific requirements; 
(b) consideration of each system's operating mode, Including anticipated system upset conditions such as rapid closure of dampers; 
(c) normal and maximum operating static pressures throughout the pressure boundary; and 
(d) system internal and external environmental conditions. 

Guidance for determination of allowable leakage Is given in Nonmandatory Appendix SA•B, 

exceptions to Leakage Requirements 
Portions of air cleaning, air cooling, and ventilation systems exhibiting one of the following conditions need not be.subjected to quantitative 

measurement of leakage unless otherwise required by the design specification (however, the.system shall be pressurized to normal operating 
pressure differential (NOPD) lo locate and seat all audible leaks): 

(a) all ducts serving the protected space and located within a protected space, regardless of length; 
(b) plant vent stacks or ducts outside plant buildings, when high level or mixed mode release credit is not required to meet off-site dose limits; 
(c) systems which provide air cooling or heating function only localed entirely In a clean lnlerspace; 
(d) other exceptions lo quantitative measuremenl of leakage requirements shall be technically Justified and specifically documented with basis by 

the Owner or his agent. 

Documentation: 
evaluallon for allowable leakage of each system, or portion thereof, shall be d~umented. This documentation shall Include the following: 

(a) identification of system or portion o.f system 
(b) governing codes, regulations, and plant specific requirements 
(c) purpose of leakage control; see Subsubarticle SA-4510 
(d) system modes of operation 
(e) normal operating pressure differential (NOPD) and system operating pressure transient (SOPn 
(f) method of derivation of allowable leakage. 
(g) lest pressures and associated allowable leakage 

Leakage Testing: 
Where leakage testing Is specified for a system, as a result of the Engineer's evaluation, it shall be performed In accordance with Subarticle SA· 

5300 and Section TA of this Code. 
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Requirement Te~t 

Design Specification; 
A Design Specificalion shall be prepared which consists, as a minimum, of the rollowing information which Is relevanl to Ille ductwork and 

ductwork supports covered by this Seclion: 
(a) loads as defined by para. SA-4211; 
(bl environmental condlUons 

(1) dUctworJ< external design environmental conditions including pressure, temperature, relalive humidity, radiation exposure, and hostile 
environmental factors ror all plant conditions; 

(2) ductwork inlernal design environmental conditions for all system operating conditions: 
(c) service conditions as defined by para. AA-4213: 
(d) design and service limits as defined by para. AA-4214; 
(e) allowable ductwork leakage, as defined by Suba11lcle SA-4500; and 
(I) system safety relaled function; Identify the function of lhe ductwork system ror each planl conditlon. The funcllon shall conslsl of purpose 

and operational parameters (I.e .. flow, leakage, pressure, temperature.) Plant conditions and service llmlts are defined by paras. AA-4213 and AA· 
4214. 

lt-!$.RJ~9.Il'?~~f~-~Q1]ij§~._~gtt~~i¾l}1~1i~[tt:~:it:tti~i~~Vr:~t~il~.~~~Ni\ff:~f.it~\iltili~~ilil\W~~:li~Rtf.~\'t~~~~A~~i{ 
General; 

Inspection and lasting shall be in accordance with the requirements of Subartlcles AA-5100, AA-5200, AA-5300, T,A-3300, and the addilional 
reauirements of this Section. 
Responsibility for Procedures: 

When an inspection or test is required herein, written inspection or testing procedures shall be developed (by the parties perfonnlng the test or 
inspection), to the specified requirements of this Section, The lnspeclion ortestJng shall be performed by personnel qualified in accordance with 
ASNT SNT-TC-1A as amended bv ASME NQA•1 and oara. AA-6433, 
X{fSU1.li~JiNS.ReQJi1fe'.Ni@i~~)1\i~zi'·?i~;\j.~!~¼tt~fi:i~i#~·.~t!;~tfr2£i?4iPb~~iiS~t!~t~!Xf~>lli.\~t~i~il~tl~1t~~:l~i.~J{iSf.~~~~lh~~~~~t 
Visual lnspecl/on-General Requirements: 

Visual lnsnections shall be oerfonned in accordance with Subarticle AA-5200 and Subsubartlcle TA-3510, 
Welded Connections: 

lnsoectlon and teslina of welds shall be oerformed in accordance with Subarticle AA-5300 and Article AA•6000. 
Dvcrwork: 

Ductwork shall be visually Inspected for proper dimensions l~cludlng tolerances, as required by Subartlcle SA-6500 and governing construction 
documents. Du:twork fabrication shall meet the aonlicable reauirements of Article SA-6000. 
Joints and Seams: 

Joints and Seams shall be visually inspected. Acceptance criteria shall be as follows: 
(a) Joints and seams shall comply with the requirements of Subarticles SA-6400 and SA-6500. 
(b) Gasketed joints shall provide uniform gasket compression. Gaskets shall be Installed per co_nstruction documents. 
(c) a razed joints shall comply with the requirements of Subsubarticle AA-6430, 
(d) J.ongitudlnal or transverse welded Joints shall comply with the requirements of Subsubarticle SA-5220. 
/el Threaded fasteners shall be orovided with locklna devices in accordance with oara. AA-6258. 

Stiffeners: 
Stiffeners shall be visually inspected lo ensure compliance with lhe following acceptance criteria: 

(a) Stiffeners shall comply with the fabrication and installation requirements of Article SA-6000. 
(b) Welds shall comply with the requirements o.f Subsubartl~le SA-5220. 
(c) Threaded fasteners shall be provided with locking devices in accordance wilh para, AA-6256 .. 
Id) Removal of lemcorarv attachments shall be confirmed. 

Ductwork Supports: 
Supports shall be visually inspected during insiallaUon, afler Installation, or both In accordance with the lollowlng acceptance criteria: 

(a) Supports shall comply with lhe rabrication and installation requirements of Sub articles SA-6400 and SA-6500. 
(bl Welded joinls shall comply with the requirements of Subsubarticle SA-5220. 
(c) Threaded fasteners shall be provided with locking devices In accordance with para. AA•6256. 
(dl Removal of temoorarv attachments shall be confirmed. 

Pressure Boundary l.eakage Testing-Genera/:. 
The ductwork system shall be tested to demonstrate compliance with the design leakage requirements identified in Subarticle SA-4500, u~less 

exemnted bv oara. SA-4533. 
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706 . SA-5320 • Systems Completeness: 
Prior to tesUng, the system shall be complete including all pressure boundary Items identified In Subsubarticle SA-4520, with lhe follQWlng 

exceptions: 
(a) Terminal air distribution devices may be excluded from the test. 
(b) Pressure boundary items not yet installed may be excluded from the testing w/lh the approval of the Engineer. In such cases; prototype 

testing shall be performed to determine the typical leakage rate for the inslallation method.· Detailed procedures shall be prepared to control 
installation of Items not tested with the system. Procedures shall specify any hold points, special surface preparation or finish, and final Inspection 
requirements to ensure that the Item ls installed similar to the prototype. Typical leak test values shall be Increased by a factor of 10 percent and 
added lo the actual leakage in the test report, and noted as such. 

(c) Systems may be lestes In sections, If necessary, as allowed by Subsubartlcle SA-5330, Testing shall be In accordance with Subar!icle SA-
5300. 

707 SA-5330 Allowances for Testing System Leakage Rates by Sec/ions: 
Temporary isolation at a transverse joint shall be allowed subject to the following requirements. 

(a) Transverse joints not subjected to a quantitative leak test shall be companion angle type or other types which enable visual lnspectlon of 
the sealing mechanism between mating ductwork sections. I 

(b) Assembled joints utilizing gaskets shall be visually inspected to ensure uniformity of gasket compression. 
(c) Assembled joints utilizing mastic or liquid sealant shall be ifisually inspected to ensure ttiat such material has been applied in accordance 

with the procedure approved by the Engineer, 
(d) The reduced allowable leakage (L,) of ductwork sections shall be as follows: 

L, ==L, -R 
R= (C1ICr)L, 

where ' R = reduc:tion in allowable leakage In cfm/sq. ft 
C; = total perimeter of capped end joints of test section 
Cr = total perimeter of all joints in tested section, including capped end joints 
L, = section allowable leakage 

708 ~A-5340 Tasting Procedures: 
Prior to pressure boundary leakage testing, test procedures shall be developed In accordance with Subar!icle TA-3400, All test equipment shall 

be specified with the proper range and required accuracy. Test procedures shall Include acceptance criteria determined by Subart.icle SA-4500, 
and Subsubartlcles SA-5320 and SA-5330. 

709 SA-5350 Documentation: 
A test report shall be prepared to document the pressure boundary leakage test. This report shall Include, as a minimum, the following 

information: 
(a) system or portion of system tested: 
(b) specified allowable leakage and test pressure;· 
(c) calculations for ductwork square footage for systems tested by sections: 
(d) adjustments to allowable leakage per Subsubarticle SA-5330 (d): 
(e) measured leak rates; 
(f) list of pressure boundary components which were not Installed during the pressure boundary leakage test; 
(g) test equipment used; including Model No., Serial No .. and evidence of calibration: 

· (h) names of test personnel; 
r;, date of test. .. .-··.,f;.:_::L,/~·- it;s~sleox; AG,C.EP.~TANe:EiGR1teR·1~t~:{t1i;;P,?~~J.l:Ui}*~~~~J:}}fi;;t;f~I.~t::&.S\tS~itt1:}~~~~g~}~\WJg~i~~:J~~}~lt~j)tii~i:~fJ1\i~t~i~~t:7i~i~~%*~~~ lt.~~~t~~~ .,, ~,"'{ i.:.:,,,'. ,. 

710 SA-:1361 OuanCl/ative Leakage Tests: . • 
Accectance criteria for auanlilalive leakaae tests shall comnlv with Subarticle SA-4500 and Subsubarticle SA-5350/dl, 

711 SA-5362 Non,quanlitative Leakage Tests: 
For non-nuantitatlve leakane tests allowed bv nara. SA-4533 the accealance criteria shali be that audible leaks have been sealed. 
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712 SA-5410 Ductwork Pressure Test: 
A pressure lest shall be performed at the structural capability pressure per para. TA-3522. This test press,ure shall be maintained for the duration 

of the Inspection. Upon completion of this pressure tesl, duct-work and equipment exhibiting permanent distortion or breach of integrity shall be 
repaired or replaced. The pressure lest shall be repeated after repair or replacement until no permanent distortion or breach of integrity Is 
observed, · 

This lest is not required if duct construction specified is equal or greater than the duel construction allowed in SMACNA Rectangular Industrial 
Ouct Construction Standards (1980), Round lnduslrtal Duct Construction Standards (1975), and HVAC Duct Construction Standards (1985) for the 
svstem ooerational oressure transient CSOPTl. • 

713 SA-5420 Long~udinat Seam Qualification Test: 
Ductwork utilizing folded or punched metal iongiludinal. seams. shall be pressure tested lo qualify the structural design capabiiily of those seams. 

This pressure lest shall be conducted at the beginning of fabrication· and before any ductwork with these seams Is Installed in the faclilty. The 
pressure test shall be conducted on each sheet metal gauge utilizing these seams. Seams shall be tested at the structural capability pressure fer 
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714 SA-6100 General: · 

Ductwork and suooorts shall be labricated and inslalled in accordance with lhis Section and Article AA-6000. 
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715 SA-6121 Malerial Selection: 
Materials used in fabrication and installation oerformed under this Section shall conform to the reoulrements of Article SA-3000 

716 SA-6122 Material Identification: 
Materials to.be utllized in the fabrication and installation of components, parts, and appurtenances shall be identified on fabrication or installation 

!olans or both and in the soecincations as reouired in Article AA·8000. 
717 SA-6123 Repair of Material With Defects: 

Material with defects that are discovered or produced during the fabrication and Installation process may be used, provided the defects are 
reoaired in accordance with lhe reauirements of Article AA-8000 and for weld reoairs in accordance with Subarticle AA-6300. 

718 SA-6130 Control of Installation and Fabrication Process: 
Quallly control procedures shall be prepared and maintained current for all fabrication and installation processes In accordance with the 

reouirements of Article AA-8000. 
719 SA-6140 Welding: . 

The welding of ductworl< and ductworl< supports shall comply with the requirements of AWS 01.1, AWS 01.3, AWS-D9.1 and ASME Code, 
Section IX, as applicable. Welding and brazing performed in accordance with this Section shall meet the requirements of Subarticles AA-6300 and 
AA-6400. . 

?~-j~;.?1:f;;t~.~'.;·1~1' :i;fSA\,s20.o?& .FAaa1.CATtO.N~RRb.C:e:ssii~~t~.~~~l:~,1r,~fttV:fI:ttif:~~;f]tHt~~~ittJt~itt~:~~~¥t·i!.j~~t{im~,,~i~i~~~~~i&.t~~W'~f!~~~1,1:i~~~~~1~ ti~~i~~~l ~~lMB!~~,ri~ · 
720 SA-6210 Cutting, Forming, Bending, Aligning, and Fitting: 

(a) Uncoated metal may be cut, formed, or bent by any means that does not degrade the mechanical or chemical properties of lhe material. 
(bl Coaled metal may be cut. Corrned, or bent as described in para. SA-6211,. Coating damaged by scratches, gouge marks or the removal of 

coaling shall be repaired in accordance with Subsubartlcle AA-6540. 
(c) Inside bend radii shall not be less than the values given in the appropriate ASTM standard for the material grade, 
(d) Parts. that are to be joined may be fitted, aligned and retained in position during the joining by the use of bars, jacks, clamps, drift pins, tack 

welds or other temporary attachment. The fitting and alignment process shall not cause damage to the joined parts, ·or their surfaces, or cause 
enlargement of boll holes greater than 20% of hole diameter, or 1/8 in. (3.2 mm), whichever is greater. 

721 SA-6210 Culling, Forming. Bending, Aligning, and Fitting: 

Date Printed: 21-Dec-04 

(e) Temporary welded attachments shall be completely removed after each use. They are subject lo the following requirements: 
(1) Material shall be suitable for welding with no reduction in the structural Integrity of the member to which the attachment is secured. 
(2) Attachment material shall be Identified as required by Article SA-3000 
(3) The welder and welding procedure shall be qualified In accordance with Subsubartlcle SA-6140. 
(4) The Immediate area around and including the temporary attachment shall be marked In a suitable manner so that after attachment 

removal, the area can be examined in accordance with Article SA-5000. 
(f) Access doors and access panels shall be fabricated and designed lo meet the design requirements of Article SA-4000, 
(g) Grilles, registers, diffusers and their accessories shall be designed lo m_eel the design requirements of Article·sA-4000. 
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.. 
General: 

(a) Nuts for all bolts and studs shall be engaged for the full lenglh of the nut thread. Margins shall be allotted to prevent nut fn,m engaging the 
unthreaded portion of bolt or stud. 

(b) High strength bolls, used in making bolted joints, shall be Installed in accordance wilh the requirements of the "Specification for Structural 
Joints Using A325 or A490 Bolts" AISC Code. Standard bolts used in making bolted Joints shall be Installed in accordance with the requirements of 
paragraphs 1.4.4 and 1.5.2 of the "Specification or the Design. Fabrication and Erection of Structural Steel for Buildings' AISC Code. 

(c) Self-drilling or self-threading screws are permissible if they are qualified in accordance with the design criterta In Article SA,4000_. 

Mechanical Fastening-General: 
(d) Rivets musl be qualified In accordance with Article SA-4000. 
(e) Pins for securing lnsulalion should be secured lo the metal surface by welding. Olher attachment mettiods are acceptable, if allowed by the 

Oesign Specification, Justification of the method or attachment used shall be supported by evaluation or calculalion·, considering the requiremenls 
of Subarticle SA-4600, 

In Flanoe faces shall be free of ioint crevices al corners. These defects shall be eliminated bv weldinii and orindlna. 
f.ABBI.GA\J:10.·N;!:(DJlE-RAN.CE~ENERAl$~~tNff:~~~~fm\~ftit~Vt\tt-1i~~~t:a~~~mif Pi\l~&i~~i~~1~~~l'lfl.i~-.~?@llt ~~~t~51t. 

... 
.1i°1llf~~m~~~;/a§.@i 

The fabrication of ductwork shalt be accomplished wllhin tolerances delailed in the following tables. These fablicaUon tolerances provide a 
method of quallly conlrol, Installation tolerances listed below are maximum deviations permitted from design dime~sions. Greater deviations, due 
lo rolling mill lolerances are not pennitted. 

(a) Rectangular ducts, measured .inside the duct at the joint end er sliffener, shall confcinn to Table SA-6400-1, 
(b) Circular ducts, measured by outside circumference or two lnlerlordiameters al 90 deg.(+/. 5) to each other, shall conform lo Table SA· 

6400-2. 
(c) After fabricalion Is complete, flat sheet or plate surfaces shall not have a waviness, or bulge, greater than the flatness tolerance given in 

Table SA-6400-3. 
(d) The tolerances given in Tables SA-6400-1, 2, and 3 are for manufacturing. Maximum operating deflecUons are given Subsubartlcle SA· 

4230. 
(e) Holes prepared for joining ·mating flanges shall nol exceed the required bolt diameter by more than 20%, or 1/8 in. (3.2 mm), whichever is 

larger, or bolt diameter. Tne center:to-center alignment of holes musl be held lo meet this tolerance or one flange must be drilled. Hole spacing 
shall be a maximum of 4 in. (102.4 mm) center-lo-center, with holes al corners of the flange. 

((\ Grilles, reaisters, and diffusers shall be rabricaled to manufacture(s dimensions and tolerances. 
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TABLE SA•6400•3 PLATNESS OF SURFACE • MAXIMUM 
ALLOWABLE WAVINESS TOI.ERANCE 

I• -~-w---~-1. 
-==. --- --------

FLATN~SS OF SURFACE 

MAXIMUM Al.1.OWA81.E WAVINESS TOLERANCE 

r - wovlnC'$S 1oler.>ncc of fl,'\1 :.urf;u:vs holwu-en duel cdgt!A and/ 
or .tdiolni"S s1lffonors.: It sh.\11 no, oticc.:=-c..-d 1 2So/. or i,IJowvd 
M.anufac1un.tr$~ 1olorc,nco .15 specified by: 

Cold rollt!d S.teel 11hcc1 
Cold rolled Sleet plMc 
HOI ro11od acovl sheen 
Ho1 rolled .,col plAIO 
0.alv.:anizcd s.to@I shcor 

I\STM-"""56R 
ASTM-A.6 T.ablc 14 
l'\STM•"'S'68 
/\STM-A6 1'i1ble 1 :i 
AS.TM-~S25 TiJbla II 

Installation Tolerances: 
Ductwork and lhelr supports shall be installed within the tolerance speciried by approved construction documents. These tolerances shall comply 

with lhe desi n re uirements of Article SA-4000. · . 
Cleaning, Fin/$hing, and Coaling: 

Galvanized surfaces shall be free of damage which impairs the effectiveness or the coaling. Surfaces shall be repaired in accordance with 
Subsubarticle AA-6540. Painted surfaces shall be prepared and finished as described in Article AA-6000. 

Painted surfaces shall be free or scratches and welding damage. Surfaces shall be repaired and repainted in accordance with Article AA-6000. 
Required marking, for Identification, shall be on lhe exterior of each section. 

General: 
Ductwork and accessory Items packaging requirements are dependent upon the protection level as described by Subarticle AA-7230. Additional 

clarification or exceptions are provided below: 
(a) Individual duct sections, assembled or unassembled, shall·not require special packaging or end closures, These Individually ldentlned · 

lie ms may be pelletized for convenience. Protection equal lo level 'D' of NQA•2, Part 2.2, paragraph 2.2.4, is required. · 
(b) Acoustically lined or Insulated duct sections shall have protective wrapping to prevent water°damage. Protection equal to level •c• or NOA· 

2 Part 2.2 ara ra h 2 2.4 is re ulred. 
SA•7210 General: 

· (c) Grilles, registers, and diffusers shall be packaged Individually by the Manufacturer to prevent any degradation. Protection equal to level •c• 
of NQA-2, Part 2.2, paragraph 2.2.4, is re_quired. . 

(d) Extractors, turning vanes, and spliHer dampers shall be packaged individually by the Manufacturer to prevent damage ·and degradation until 
Installation, Protection equal lo level ·c· of NQA-2, is required. Should these devices be Installed Into the ductwork .sections before shipment, all 
moving parts shall be secured and all sliding or operation points shall be protected from degradation by methods equal to level •c. • The basic duct 
section level shall remain "D' of NQA-2 Part 2.2 ara ra h 2.2.4. 

SA-7300 Shipping: 
This section relates to all lransportation methods from the original manufacturer, or supplier, lo lhe job slle. In addition lo the appllcable Federal 

and Stale lrans ort re ulatlons the revisions or Article AA-7000 shall also a I . 
SA-7400 Receiving: 

Receiving al lhe job site or intermediate location, where additional wor1< Is to be performed or for long lerm storage, shall be accomplished In 
accordance with the provisions of Article AA-7000, It shall be the requirement, at any receiving point, lo have adequate descriptions of Items lo 
permit suitable Inspection for con.formance, damage acknowledgement, and proper documentation, Records or such Inspections shall be 
m lntalned until the item is reshi ed or Installed. 
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736 SA•7S10 General: . . 
Ductwork and accessory item storage requirements are dependent upon the protection level described by Subarticle AA-7230. These levels shall 

be the required storage requirements except In certain circumstances as listed below: 
(a) Duct sections shall be stored, on adequate dunnage, In accordance with level "D" requirements. Lined or insulated ductwork, unless 

water-proofed at time of fabrication, shall be stored In accordance with level 'C" requirements. Extractor and splitter dampers shalt have moving 
parts protected in accordance with level "C" requirements. . 

(bl Extractors, !Urning vanes, and splitter dampers shall be stored in accordance with the applicable levels in paragraph SA-7214. 
(c) Ductwork supports shall be stored In accordance wllh level "C" requirements for uncoated carbon steel and level 'D' requirements for 

other ductwork support materials, 
d Com onents covered b 

1&\Mfiiiitn1f;iJi~! i) .lr,Q"gPiit~ ~iitl~1,ll?,l(;l'$,$,Q, ::: 
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737 

738 

739 

Souree Req uiremenl Tex I 

SA-8100 General: 
Equipmenl and malerial covered under this Section shall be manufactured, fabricated, inslalled, inspected, and tesled in accordance witl) the 
revisions of a Oualil Assurance Pro ram meelin the re uirements of Article AA-8000. 

SA·8200 Material ld~n/ification: . . 
Measures shall be eslablished for conlrolling and identifying malarial throughoul the manufacturing process and during shipment In accordance 

with Article AA-8000. . . 
SA-8300 Orawings am:J Oocumenlation: 

As a minimum, the following drawings and documenlation shall be provided lo the Owner; 
(a) design parameters 
(b) material certlficalions 
(c) maximum operallng pressure 
(d) structural capability pressure 
(e) lest pressures 
(f) basis and quantity for maximum allowable leakage 
(g) syslem layoul drawings 
(h) welding procedures 
(I) visual inspection reports 
m test acceptance criteria 
(k) leak test reports 
(I) environmenlal qualification reports 

1,;,.,,.,.,.,==~i====,d=,l!m~l = uctwork 
;)~ij'-1t~~W~t~t.~ i01~~~P..P. .. Dil .NA 

740 SA-9100 General: 
All Items manufactured under the requirements of lhls Secliori shall be Identified 10 assure compliance with the requlremenls of Subartlcle AA· 

8200, and Subsubarticles AA-9130 and AA-9140. Records, as necessary to assure compliance wilh Subartiele AA-8200, shall be maintained by 
the res onsible o anizaticn In accordance with the a roved ualit assurance ro ram. 

741 SA-9111 Oucts: 
Each duct section shall have noncorrosive, permanent identification markings, ldenllficatlon markings shall relate each duct section to the 

applicable design and fabrication documenls. Markings shall be located on the exterior of the duct. Markings need not be visible after installation 
is complele; however. markings shall be retrievable. II is recommended that the Identification markings be placed on the ''Incoming air' end of lhe 
duct "oinl as close to the end of the ·oint as ossible. and not in such osition as to be hidden or nonreadable. 

742 SA-9112 Ouctwork Supports: 
Each duel support shall have noncorrosive, permanent identification markings. Identification markings shall relate each ductwor~ support lo the 

a llcable desi n and fabrication documents. 
743 SA-9113 Air Olstribul/on Accessories: 

Air distribution devices (I.e .. grilles, registers, diffusers, louvers, etc.) shall be marked, slamped or provided with a nameplate which shall relate to 
the desl n and fabrication documenls. Identification shall be retrievable after com leled installation . 

allda 
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;:lr:t\~~-QQ.Q{;~ ~l;.ijl;ijAL.,:;JN~.e~T~~.~!~r:U~1T.1;§.T.ti;q_V,I_B,!;M.~ttfil:\§&~il~1}hil~);@~~,\;.ali<\1ti&~,i;1}i~J&?~'i.~t~-il,;~-l}lii~~i~~ t1~f,;~jlif~ -,~ : ,; . . -~ '• ., .. '~· , ··~ ~-- ,:, " 1Il\1~ 

744 TA-3100 General: 
All ins eclions and tests shall be conducted in accordance with these re ulrements and the s ecific re uirements of TA-4000. 

745 TA-3200 Test Instruments: 
A callbratlon program shall be established In accordance with the Owner's Quality Assurance Program. All permanent and temporary lest . 

instruments used in the conduct of tests required by TA-4000 shall be In calibration. Instrument accuracy shall meet or exceed the requirements of 
Table TA-3200. 

746 TA-3210 Range Requirements: 
The full-scale range of Instruments shall be limited as necessary lo ensure Iha! the readings are within the accuracy requirements ofTable TA· 

3200. . 
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TABLE TA,3200 
INSTRUMENT ACCURACY REQUIREMENTS 

Muwremtnl Ron~• AC(lll;q'' 

Fri:mu(' > 1.r, psig 1>7.0 Ir, (j:•1•11 <l.O'k 
Pres,ure iram 1.0 in. IYJ; Ill 1,0 p1ig tO.l.io. ''11 

10.25 kr, Iii ;,o kP, (gag,;) (10.ol5kPal 
F1t11ure from 0.1 in. wg In 1.0 in. 1,s :Ml In. wg 

125 r, 10 lSO r, l&•i•il 1:2.S Pol 
ltmpcriilNre y.,;,~i. tl-O"f 

/tl.O'Cl 
hm;-<r>lure !Nole /Iii V,riahlc t0.S'f 

(•0.25'0 
Vibr1lion Viillable PrrTMW 
flow Variable ,S.O\l, 
Velod~· l•inlowj Variable :l.~ 
Speed Vari1blc t2.00h 
lin1e Varlablv. ii.Om 
iloc~ical vohag, Vorl,blc :t1.0D~ 
ilectrical reslsiancc Variable ,1.0% 
Ch,llonge aern10l conccntraiian ... Pc:TA-321l 
C\allenge ga, concen1ratlon ... Per TA•3l<l 

NOTE: 
ili REIJJirod (01 pr~uro IC!ting in Mand1locy Appendi< TA-Ill. 

/nslrument Fluctuation: 
Symmetrical damping devices or averaging techniques may be used to reduce random signal fluctuations. Hydraulic instruments may be . 

damoed bv usin• • au•e snubbers or bv throttlino valves In instrument lines. 
Evaluation Fol/owing Test lnstrvmont Loss, Damage, or CaliOration Failure: 

When a test lnstrumenl Is lost, damaged, or otherwise rails to meet the requirements or Table TA-3200 during calibration, .all test results obtained 
using the instrument shall be evaluated, dating back lo the time of the previous calibration. If the evaluation does not confinn that the .instrument 
mel the acceptance·crlteria for the test(s) in question. the test(s) shall be repeated with calibrated instruments. 

S:1?.EClf.leiiN.S.ToRlil.MEN:l'.fAG.el:IRA'eiiftREf.:ll!ll&EMENlliS!i!JM~~&l~!;?~'\iij~~~.t~'\"l'L~'~1'~:Wfi.i~t~t~®l~lil,~r~11~}.;']//°1%i f.~ittt:;.u;.:l,.~~'t~~ r1-=-~~llf;l~;•~~t'(,&;°~J/:~)..~~~ 

Vibration Instrument: 
Vibration Instrument accuracy shall be at leas\ +l-10%. The minimum frequency response range of the vibralion measuring instrument shall be 

approMlmately ope third of the minimum shaft speed. For relating components, the maximum frequency response range shall be al least two limes 
the rotational shaft speed or the component being measured. For reciprocaling components, the maximum frequency response range shall be at 
least two limes the seed of the crankshaft times the number of uniaue •Janes occuoied bv a olston throw. 
Challenge Aerosol Measuring Instrument: 

The Challenge Aerosol Measuring lnstrumenl shall be verified to have a linear range or at least 1 o• times the minimum detectable quantity of the 
Instrument with an accuracy In accordance with the Facility Project Specifications and Owner's Quality Assurance Program. 
Challenge Gas Measuring Instrument: 

The Challenge gas Measuring Instrument shall be verified lo be capable of distinguishing challenge gas rrom background and measuring 
challenge gas over a linear range of at least 1 o' limes the minimum detectabl.e quantity of the instrument with an accuracy in accordance with the 
Facililv Proiecl Soecifications and Owner's Qualilv Assurance Prooram. 
REF:.ERENCE1VAtiO.es:~~}3~~~~t~11.!A~~-f'.J£1~~Fi~tli~~i~-~t-lfai~;ii,%:~mitii~&\~~W.Mit~~~i~ii;WW~fij,$).:~~~Jt~~~~~~~1%\ll1tililWJ'&t¼1~ r~~~~~~~~~ im~i•~~~~&."f.ll' 
Establishment of Reference Values: 

Reference values shall be determined from results achieved during acceptance testing (seeTA-4000), when a component or system Is proven to 
be operaling within the acceptable limits of the Owne(s Oesign Specificalion. Operating tests and Inspections specified In TA-4000 shall be 
observed, measured, or calculated under conditions readily reproducible during subsequent in-service tests lo allow for direct comparison of test 
resulls. Alt lest resulls and associated analyses shall be Included in the test procedure documentation (see TA-6300). 
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754 TA•3400 tnspeclians and Tesr Requirements: 

Acceptance tests shall be conducted following inlliai ccmponenl installation but prior to releasing the system for nqrmal operations. Applicable 
accep_tance tests shall also be used· 10 obtain new reference values and verify design function following component replacement, repair, . 
modification,. or maintenance, Equipment shall_ be evaluated as separate components and as functioning parts of an Integrated system. The 
Own~r sh;ill define system test boundaries and evaluale system performance with respect to system functional requirements in accordance with the 
Owners Design Specifications, Field aci;eptance tests shall be implemented as applicable and in accordance with this Sectlon, 

Test designations associated with tests required by TA-4000 are listed In Table TA-3400, Within the ccntext ofTA-4000, when a tesi Is not 
aS$oclate.d will\ a designator-It shall be considered a prudent action and not a test requirement . 

.. 
755 Table TA-3400 

TABLE TA-3400 
TEST OESICiNA TIONS 

Tc:ftl. oeslsri .. lor 
At, .. .ser11nal 11li:1dni~ ,a~, AA 
Airflow distTlbutfon tost AD 
Oiffc.n(l!nrf.tl pres,;urt1: l~t OP 
o·ifferi:n\iil! t~mpor:iturc losr. DT 
Flow l'Alt!I teiiol QI 
Funclional teal !Nole (1)1 I' 
Hydrc>sl:>tlc: le•I · i-tYI:) 
ln•plar.e loa.k 1e,;1. IP 
Lo.L,or11l<J,Y """'ly•ls (ad,orbc,n< LAB 

me,hyl ... lodli¢ie penetration) 
Eleelrfc;il performance ,.,.st AMP 
La11lc lest PL 
Struct,iral ca1>ablli1y 1esr PS 
~QIMlonaf spe,,d lest N 
B""rlng 1cmper..iurc, lest Tb 
Vlbrauon 1as1 Vb 
vi.., .. 1 ln•pccllon VT 

NOTE: '. 
•I 

CT) Fu1"lc.:t-lt,1nal ttn:ts c,,,ru~ha of v:arlou$ n1ec:h:Jr•ic.:al a'-"tu.ulon and 
perl~rm-i\11c:e vor10cclciro,ns .and .ilire dt=lailed sopi:u.atoly In Oilc;h 
to.st i:irticle. · 

756 TA-3410 Inspection and rest Paramelers: 
Parameters which need io be observed, calculated, and recorded In order to meet the requirements of this Section shall be ldenUfilld for each 

system based on the functional requirements or the Owners Design Specification and shall be Included In the test procedure documentation (see 
TA-63001. 

757 TA-3420 Sy$lem Operating Comiitlons: 
Operating conditions required for acceptance tesUng shall be determined for each system. These conditions and ·acceptance criteria shall be 

based on the requirements of the Owne~s Design Specification and shall be included In the tesl procedure documentation (see TA-6300). 

758 · TA-3430 Procedure Requirements:· · 
The Owner shall be responsible foi the development and implementation of written ·test procedures that meet the requirements of this section. 

Each equipment test section consists of generic (see TA-3500) and specific (see TA-4000) test requirements and acceptance criteria which apply 
to each of the systems in the facility. 1'.he Owner shall document which requirements are applicable In the test procedure documentation (see TA· 
63001, 

759 TA,3440 Test Reports: 
Test rer>orts shall be oreoared In accordance with TA-6300. 

760 TA-3500 Generic Tests: 
Generic Tests as snecified in TA-3510 throuah TA-3533 shall be used In Article TA-4000 where aorlicable. 

761 TA•3510 Visual Inspections (V,r): 
Visual Inspections shall be conducted In accordance w.lth AA•5000 and the applicable portlQns of Mandatory Appendix TA·I. Field acceptance 

visual Inspections, required in TA-4000, shall include verification of component installation in accordance wilh the Owners Design Speciflcallon 
and lhe applicable seclicns of this Code. Acceplance lnspeclions shall be conducted prior t~ releasing the equipment for ncmial operation. 
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762 TA-3520 Pre~siJre Boundary Tests: . 
Pressure boundary tests ccnslst of hydrostatic (or pneumatic) tests for hydraulic systems, leak tests for refrigerant systems, and structural 

caoabilitv and leak tests for ducts and houslnas includina fan and damoer houslnas. 
763 TA-3521 Hydrostatic Tests (HYO); 

Hydrostatic tests shall be conducted at the hydrostatic pressure defined by the Owner and shall verify that he component will 11()1 rupture, teak, er 
be permanently deformed under design pressure leads. Testing shall be conducted in accordance with the design codes used in the Owner's 
Design Specification (e.g., AS Me 631.1). Pneumatic testing may be used in lieu of water where allcwed by the applicable codes and in the 
Owner·s Oesl"n S"eclfication. 

764 TA-3522 Structural Capability Test (PS): 
Structural capabllily test shall be conducted at the struclural capabltity pressure defined by the Owner's Design Specification and shall verify that 

the component will not rupture or be permanently deformed under design pressure loads. Testing shall be conducted In accordance with· 
Mandatoru Annendix TA•II .. 

7.65 TA-3523 Leal< Te$t, Ouct, Housing, and Frames (PL): 
Leak t_ests f(!r duct and housing secUons shall be conducted using either the pressure decay method or the constan\ pressure method to verify 

that the leak rate for duct or housing does not exceed the allo~able limit established for the system. Testing shall be conducted In accordance with 
. Mandatory Appendix TA-111, Leak te:stlng performed tc satisfy Section SA of this Code may be used to meet these test requirements when the test 
method is compatible with Mandatory Appendix TA-Ill. 

An optional l«1a~ test for HEPA filter and adsorber mounting frames is authorized to be conducte_d In conjunction with ttle ·hcusing leak test by 
blanking off the frame openings and pressurizing the isolated test boundary. This procedure Is useful fordetecUng small leaks in the mounting 
frame during accep_tance·te~tlng. This test Is used to verify that thel<! are no defecis in a frame that may cause failure of the tn-place leak test. 
Testinn should be conducted In accordance wilh Nonmandatorv Acioendix TA-A. · · 

766 T.11-3524 Leal< Test, Refrigeration Piping and Co,Js (PL): 
Leak tests of relrioerant oiolno and cells shall be conducted In accordance with Mandatorv Aooendix TA-VIII. 

767 TA-3530 Functional Test$ (F): 
A functlonal test shall be used to verify mechanical and system performance parameters of equipment. FuncUonal tests include component and 

system tests as required in Article TA-4000, Component functional tests are used to verify the operaticnal readiness of lndiVldual components, 
Integrated system fvncUonal tests are used to verify that all of the system components will operate together under normal operating or simulated 
conditions and will meet all of the oelfonnance reouirements of the Owner's Desion Soeclficatlon. 

768 TA•3531 Test Condmons: 
Equipment shall be tested within the normal operating range specified In the Owne~s Design Specification except as otherwise specified In TA• 

4000. 
769 TA-3532 Resforallon of Fu{lctlon Following Testing: 

Mechanical and electrical equipment status shall be restored as required by plant conditions and according to approved procedures following 
C"omnleli"n of anv test. 

770 TA-3533" Vibration rest (Vb): 
Vibrallon measurements shall be ·taken on the a·ccessible motor, fan, compressor, and pump bearing housings In at least two different orthogonal 

planes appro~imately perperidlcular to the .line of the rotation shaft. When the bearing housing is not accessible, the frame of the compcnenl may 
be used If ii will be representatiw of bearing housing vibration. When portable vibration instruments are used, reference points shall be clearly 
ldentlfien .on the comncnent beiru, measured to nermtt dunllcatlon In beth location and clane. 

771 TA-3600 Ac_ceptarice Criteria: 
Results of tests described on Article TA-4000 shall be subject to the-acceptance criteria In TA-361 O through TA-3630 and to the applicable 

operating and design criteria specified by the Owner's Design Specification. Acceptance criteria are specified In TA,4000 only when they affect the 
quality of other tests. When test results do not met the applicable acceptance criteria, the corrective actions required by TA-5000 shall be Initiated. 

772 TA-3610 Visual ln$pection: 
Visual Inspections are acceptable when there are no visual Indications of improper Installation, physical damage, structural distress or 

dearadatlon that would lmcalr the abilltv of a comconent or svstem to oerform Its intended function. 
773 TA•3620 Pressure Boundary Tests: 

Pressure boundary tests are acceptable when there Is no permanent structural deformatlqn or leaks In excess of the limits specified In the 
an•licable sections of this r.ode and the Owner's Desinn Snecification. 

774 TA•3630 F_unctional Tests; 
Functional tests are acceptable when they meet the requirements of the applicable sections of this Code and the Owner's Design Specification. 

1t:~~t~ttt~).§JU 11iil~i~-q;o:o™ n:&!i~.~g~g.B~Ni!;n1tgilr:~t«-i'it~rie!.l~Ji!i1i1l'Qi$nl5J.t:m.~Jt!Tfsit~%i;;t"'~·1•"~f'"~N_ '*,~ti~~i~'~•1\fll~1-11-:"' · ~ ~~:'>';:"f~'>.-.:;1t:~~: 
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TA-4000 Gei'lf/(al; . . . . 
Field acceptance lesls shall be conducted following initial system lnslallallon bul prior lo releasing the equipment for normal operation. 

Vermc;auon,wJ111aa 
· !Ian 

R•Revlew 
A•Analysls 

T 0 Test 
I .. '-----"'··-

Application inspeetio~s and tests shall be conducted to verify compliance with the Owner's Design Specifications following equipment replacement, 
modincatlon, or abnormal Incident, Repair or maintenance that has not affected acceptance tes\ reference values does not require repealing · · 
acceptance tests. Within the context ·01 Article TA-4000, a tesl not associated with a test designator is considered to tie a prudent actloo and not a 
test reouireinenl. · · · 

Design Document 
-Reference 

(Where la thla requirement 
Incorporated In the ciealgn) 

~:/;~:J.*!~~i•H¼~~~lt~· ~~~A,;4~IJ.0i'i ~~N~Ac.c·ee~ANGE~Iesris~~~~;~~~~~~~~~~:~~~~~ttt~~·~f~/1i~~~1::t~~~-~1~1

~~~~~~i~~f.~~;ift~½~~~¥.;1iJ~~~~t«~.{§int\N~~~~~M-~~~~~~~t~t½~ ~~~~~i1~~~ ~l1M~~~l{~~~·-~----:~~J£Mt.$~~ 
776 TA-4110 This sec~on provides the.r.eld acceptance test requirements for fans, motors, and relaled accessories. Integrated 

system testing shall be conducted in accordance with TA-4900, Aecepi1mce 

777 

778 

Table TA•4110 

Test Requirements: 
Acceptanc.e tests shall be conducted with lhe fan operating at a flow rate within the normal operating range for the system. The tests listed In 

Table TA-411 o shall be conducted and test results verified 10 be within the accepiance limits of the Owner's Oeslgn Speelflc;itlon, the applicable 
portiqns of Section BA of this Code, and as required In TA-3500 and TA-4160. These test results shall be documented In accordance with TA-6300 
and ·shall be retained as reference values for i:omoarlson durlnc aerlodic In-service tests. 

TABLE TA-4110. 
FAN ACCEPTANCE TESTS 

Tcst(s) Dcsig,...tor Meuure Oti&en,c 

Visual inspec1ion vr " Struc:rural r.;,p;:iblllty PS " Leak PL " Sys1ern flow balance F X 

Mcchnr,ical run f " •Flaw rate Qf IC 

Diffcronti:1I preuure OP . 
Elei::trlcal AMP " Rota1lonal speod N X 
Vibration Vb " Bearing 1emper.11ure Tb X 
Far, per1ormanc;e/alrflow 

cap;,clfy F X 

T A-4120 Vlsuallnspection (VT): 
A visual inspection of the fan and associatlid components shall be conducted In accordance with TA-351 o and Mandatory Appendix TA~I (t-1100), 

779 TA-4131 Structural Capabdity Test (PS): . . 

780 

781 

782 

783 

When a fan housing Is part of the system pressure boundary, a structural capability test shall be conducted to verify structural capability or the ran 
housing and connei:Uons in accordance with TA-3522 and Mandaiory Appendix TA-11. The fan housing inay be tested i:oncull'ent with tlie duct and 
houslna structural caoabllltv test soeclfied In TA-4331. 

TA-4132 . Leak Test, t=an Housing (PL): 
When a fan housing is part of the system pressure boundary, a pressure boundary leak test shall be conducted to verify leak tightness or lhe fan 

housing-and attached interfaces In accordance with TA•3523 and Mandatory Appendix TA-Ill. The fan housing may be te5ted concurrent with the 
duct and houslna leak test soeclfled In TA-4332. 

TA-4133 Le~k Test, t=an Shaft Sea/ (P,L): 
, Who~ a fan shaft seal is part of the system pressure boundary, a pressure boundary leak test shall be· conducted lo verify leak Ughtness of the 
sha~ seal in accordance with TA,3523 and Mandatory.Appendix TA•III, The shaft seal may be tested ooncurreni with the duct and housing leak test 
specified in TA-4332. However, the·shaft seal leakage rate shall be evaluated (quali1at1vely) Independent of the overall system leak rate, The 
10ualit'atlva evaluation of the leakaoe shall·be Included In the test recon. 

TA-4140 Component Fu(ICtional Tests: 
The lollowino ore-~• isltes shall be conducted on the fan and motor assemblies orior to the svstem functional tests soeclfled TA-4150. 

'TA-4141 · ·1:1ec/r/ca/ Prerequisites: 
Prior to me lnltlal energizing· of the fan, the electrical power circuits shall be checked for Installation, circuit continuity, voltage capacity, and 

I orotectlve relav device settlrios . 
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784 TA•4142 

785 TA'4143 

786 TA-4150 

787 TA•4'151 

788 TA·4152 

789 TA•4153 

790 TA-4154 

791 TA•4155 

792 TA-41_56· 

793 TA-41~7 

794 TA-4158 

795 TA•4159 

796 TA•4160 

797 TA-4161 

798 TA-4182 

799 TA•4200 

800 TA•4210 
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lion 0e,lgn Document 
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A •Analy1l1 (Where Is thill requirement 

T-Teat Incorporated In the design) 
•.• I• 

Control System Prerequ/$//es: 
Prior to the initial eneraizlna of the fan controls shall be calibrated and verified oneratlonal. 

_Star/up Prerequisites: 
Prio~ to the Initial energizing of the fan, The fan and motor shaft shall be manually rotated to verify moving parts are free of inteiferencie. The 

motor shall be momentarily energized t~ verify co,rect rotational direction. The fan shall be restarted and stable oparaUon (no surging) verified. 
Fan and motor vibration, bearing temperature, motor electrical amperage and phase balance, fan speed'. differential pressure, and airflow shall be 
monitored, Following one hour ol operation, or Immediately after observation of unusual performance (I.e .. unstable perfOnnance), the fan shall be 
secured and a·detailed visual insoection for slans of damacie or dearadation shall be conducted. 
System F,.m~liom1t Tests: 

This section nrovldes the svstem level field accentance tesl reauiremenls for fan svstems. 
System Flow Betance Test (t=): 

A system flow balance shall be conducted, Recommended procedures include SMACNA, NESS, ACGIH, or AASC (see Article TA-2000). 
System flow balancing may be conctucted using artificial resistance In lieu of filters. However, final component reference values shall be obtained 
with clean system component~ installed, TA-4152 through TA-4159 shall be conducted In the same time frame. 
Mechanical. Run Test (t=): 

P.rlor to conducting the tests specified In TA•4153 through TA•4159, the fan shall be operated al the design ftow rate for at least 15 minutes and 
stable svstem oneratlon lno sur,,incl verified. 
Flow Rate Test (QI): 

The. fan now rate shall be measured. Recommended crccedures Include ACGIH "Industrial Ventilation• oreoulvalent. 
· Static Pressure res/ (OP): 

The fan inlet and outlet static nressure and velocitv nressure shall be measured and the overall fan static nressure determined. 
Electrical T11sls (AMP): 

The fan motor sunnlv voltaoe and amceraae shall be measured for each chase. 
Rot11/iona/ Speed Tes/ (N): 

Tlie rolatlonal·sceed f the fan shall M measured. 
Vibration Test (Vb): 

The liibrallon of each fan and motor beartno shall be measured in accordance with TA-3533, 
Bearing Temperature Test (Tb): 

Following be<1rlng temperature stablllz.ation, the fan and motor bearing temperatures shall be measured. SlabllizaUon occu111 when temperature 
chances are less than or eaual lo +/. 3 decrees F in a 10 minute ceriod. 
F11n Performance/AlrftowCapaci/y Test (F): 

For systems with fitter or absorber bariks, the fan performance shall be measured under maximum design dirty filter conditions. This may be 
: done by ln<:reaslng Iha system resistan<:e to the design dirty filter clirterentlal pressure, (design basis maximum dirty filter condition), using artificial 
resistance. The.measurement orocedures In TA-4152 throuah TA-4158 shall be used. · 
Acceptance Cdteria: 

The foltowino.accentance criteria are in addition to the reouirements ofTA-3600. 
Airflow Capacity Test A~ep/ance Criteri11: . 

Airflow caoacitv shall be within +/• 10% of desian when tested In the normal clean and maximum dlrtv filter conditions. 
Fan Performance Acceptance Criteria: 

Fan performance (flow, sta1lc; pressure, ·horsepower) shall meet the specifiQatlons of the Manutacture(s fan performance curve and tne Ownai's 
Desir,n Sceclflcatlon. 
Damper Acceptance Tests: . 

Thi,.sectlon prollides the fiald acceptance· test _requirements for dampers and related accessoiies, Integrated $YSlem testing shall be conducted 
In accordance with TA-4900. 
Acceptance Test Reqri/rements.• 

Acceptance tests shall be conducted with the dampers installed in Iha system. The tests listed In Table TA-4210 shall be conducted and test 
results verified to be within the acceptance lirnils of the Owne(s Design Specification, the applicable portions of S~ctlon DA of this Code, and as 
required 1,i TA-3600, These lest results shall be documenled in accordance wlthTA-6300 and shall be' retained as reference values for comparison 
io oeriodlc ln•seivice test results. · · , . 
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801 TableTA-4210 TABLE TA-4210 

DAMPER ACCEPTANCE TESTS 

Tcs1(s) Oesig~ator Measure Observe 

Visual inS°P''!Cllon VT .. 
Structural capabili1y 125 " l.e,>k PL )< 

rosltlo,i lndic.illori f X 
E'xorc.:isa F " S1;i1ic timing f " Flow C<)ritrol F • Fire cio,.,,por F " Dynilmic: lime f " Interlock F " 

802 TA•4220 Visual "Inspection (V.T): 
A visual Inspection of the damper and assoclaled components shall be conducted In accordance with TA-3510 and Mandatory Appendix TA•I, 

Subartlcle TA•l-1200. 
-~~}h~J-~J.:\-~i:"!: m.1rx~2a.oi!'11 l?.RESSOaE~'BelJNDA&Y:'-it:SS;i;s~"r~i)ttiilWl;~-ii~-ilt~'!l,i[tt,1il~~1$\~l.i~~~~-'h'i'~"~~~-,' · ·-. "»."'<il!~:,,-'f_ti~~~~~~¾\t~~ 

803 TA-4231 Structural Capability Tt1st, Damper Ho~slng (PS): 
When the damper housing and actualor ,shaft seal are part or Iha system pressure boundary, a structural capability lest shall be conducted to 

verify the suvclural capability of the damper housing, shaft seal, and Interfaces In accordance with TA-3522 and Mandatory Appendix TA•ll, The 
damner housina mav b<> tested concurrent with the duct and housinc structural caoabllilv test soeclfled in TA-4331. 

804 TA-4232 Structure/ Capabllfty Te$/, Damper Blades (PS):. 
Isolation dampers shall be tested to ver1fy the structural capability of the damper blade and seal In aoci;,rdance with TA·3522 and Mandatory 

Appendi~ TA•ll. The damper blades and seat may be tested ccncurrenl wllh the duct and housing slnlctural capability test specified In TA-4331, 

805 TA•4233 Leak T11st, Pamper Housing (PL): 
When a damper housing Is par1 cf the syslem pressure boundary, a pressure boundary leakiest shall be conducted to verify leak tighlness of the 

damper housing ~nd interfaces in accordanc_e with TA-3523 and Mandatory Appendix TA-!11, The damper housing may be te5'ed concurrent with 
the duct and housinc leak test soecified in TA-4332. 

806 TA-:4234 Leak TesL' Damper Shafi Seal (PL): 
When a damper shall ~eat_ is part or the system pressure boundary, a pressure boundary leak test shall be conducted to verify leak lightness of 

the shalt seal In a~cordance with TA-3523 and Mandatory Appendix TA•III, The shaft seal may be tested concurrent with the duct and housing leak 
test specified in TA-4332. However, the shaft seal leak rate shall be evaluated (qualitadve) Independently or the overall system leak rate. The 

1i,ualitative evaluation oftha leak'aae shall be Included in the test reoort, 
807 TA-4235 •, l.ea,k Test, ·oflmper Seat (Pl.}: 

When dam12ers have seat leakage limits, a leak lest shall be conduct~d In the direc1lon the damper Is expected to funcUon, In accordani:11 with TA 
3523 and Mandatory Appendix TA;ll1·. The saa_l leak rate shall be tested by blanking off or otherwise Isolating a duct section upstream oft/le 
damper. The leak test shall be performed with the'•damper cycled closed using its nonnal closing mechanism (wilhoL!t any additional manual 
asslstence1. 

· eoe TA-4240 Component Fvnttional Tests: 
Componell! functional tests shall verify that ttie damper is operational prier 10 conducting the syslem fu"9ti0nal tests specified In TA-4~0. 

809 TA,4241 Electrical Prerequisites: .. 

Prior ID the Initial energizing of lhe damper operator, the electrical circuits shall be checked lor proper Installation, circuit conUnuily, voltage 
caoacltv and orclective ri>lav device settlnns. 

810 TA•4242 Pneumatic Prerequisites: 
Pri_or to the lnltl~I pressurtzlng of the damper control system, pneumatic systems shall"be checked for proper lnstallaUon and leak tightness. 

811 TA-4243 Conrrcil Sys/em Prereqvlsi/es: 
, Prier to the inilial eneroizlno of lhe damoer ooeralor conlrol lnstrumenlaticn shall be calibrated and verified to be nn~ratlonal. 

812 TA-4244 Position Indication Test (F): 
Campers having remote pos!Uon lndlcalors shall be observed during operation le verify that the mechanical damper position corresponds to thlil 

remote Indication, . 
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813 TA-4245 c11erc/se Test (F'J: 
Power operated dampers shall be lully cycled using a control switch or other actuating device to verify operallon. Manual dampers, Including. 

balanclna damaers shall be fullv cvcled ta verifv oaeratlon. Fire damaers shall be tested in accordance with TA-4252. · 
814 TA-4246 Static Timing Tes/ (F): 

Power operated damper's (electrical or pneumatic), that are required to operate within a specified lime limit, shall be tested by measuring time for 
the damoer to fullv ooen or fullv close la the Owne~s Desicn · 

i~~fii~;:A:t\{*~li:!tff:t :~T~~'2SOl\'£ ,s;ts;REMUWN¢wi~N:4t.~e:. 
815 TA-4251 F'low Control Damper F'unctlonal Tes/ (F'): 

PC1oYer operated dampers th~t control air now shall be observed under throttled (throughout Its anticipated operating range) now conditions to 
verifv free movement and stable oaeratlon. · 

816 TA-4252 Pile Damper Test (F'): 
Fire damoers shall be teSIAd uslnn a normal or simulated actuation slcnal to verilv actlvatlnn under desian alrllow condlllons. 

817 TA-4253 Dynamic Timing Tes/ (F'); 
Isolation dampers havlrig a required actuation response time shall be timed to the fully open or fully closed position (as required by the Owne~s 

I Desian Scecificatlonl under deslon alrlloiv conditions. · , · 
818 TA-4254. ln/erlack Test (F'): 

Campers that have an opening-or closing function Interlocked with other components (e.g., far,s, olher dampers) shall be tested to _verily lnte~ock 
action. · · 

Rl~~JfJf~)~tt~ii· W.t:-A.~300:i>, .oUe!Ji,ll:i(l)USING)T~tilDlM&l:IN[;IN.Gtlfi~MBl'.AClC:eP.!f':AN$TESllS~1tl.iSi:l~~~'i&~\,,,,,~,;~~' ; ~ : " i~='!t~~!.<-~•"@!l1il\\l 
819 TA-4310 Accep/anc11 Test R11qultemen/s; 

Acceptance tests shall be cQnducted with the ductsJ housings and mounting frames Installed In the system, The tests listed In Table TA•4310 
shall be conducted and test resulls verified lo be within the acceplarn;e limlls of the Owne~s O.esign Speclficallon, the applicable portions of 
Seclion SA of this Code, and as required In TA,3600, These lest results shall be documented In accordance with TA-6300 and_ shall be retained as 
reference values for comaarison lo oeriodic ln,service lest results. 

820 Table TA-4310 Ta~le TA-4310, Duct, Housing, and Frame Acceptance Tests: 
I§l1 ~-Mw!.u ~ 
Visual lnspecllon VT. . 
Structural Capablllly Test PS 
Leak teals . PL . 

821 TA-4320 Vis.ual /nspecliotJ (VT): 
A-visual inspection_ of ducts, housings, and mounting frames, shall be conduct~d In accordance with TA-3510 and Mandatory Appendix TA-I (TA•I• 

13001. . . 
822 TA-4330 PreSSl,/fe Boundary T11sts: 

Pressure boundary ,tests app
0

ly lo all ducts hou~ings, and Interface connecllons that are parts of the system. Individual components may be 
tested at separate times.provided that all system pressur!l boundaries are ultimately tested prior lo the system being placed Into service. 

823 TA-4331 Slluctural Cspabllity Test, Duel.and Housing (PS): 
.A structural capability test shall be conducted to verify structural capability or ducts and housings in accordance wilh TA~3S22 and Mandatory 

Ann~ndlx TA-11, . 
824 TA-433:Z Leak Tes/, Duel and Housing (PL): 

f', pressure boundary leak test shall be conducted to verily leak lightness of the ducts and housings in accordance with TA-3523 and Mandatory 
Aoaendlx TA-Ill, 

825 TA-4333 teak Test, °ldounting .Frame (optional) (PL):. 
A mounting frame press.ure lest may be used to detecl leaks In the HEPA filler and adsorb er mounting frames that could affect the resutts of the 

_ln-plac·e leak tests In TA-4600 and TA-4700. This test Is optional and may be conducted.in accordance with Nonmandatory Appendix TA•A. 

k}~&f:;~~~~¼·.~Y.ti~.~ .fitl':A'~Oll\t REBBIGE~~m1.G.NJE.Cil~lli!'M£ilt~C.G.i:R.-1T-AN.OEi1"11ESil\Sf;i:-'iP.ifif~'il!mti~~'!i~~~~~~~"'¾,.~~~ir':, ., ;'-. 11\-li'!!-!~~~ll-'.f~~ 
826 TA-4410 Acceptance res/ Requirements: . 

Acceptance tests shall be conducted with the refrigeration equipment In service under normal operating condltlo~. The tests listed in Ta~le TA, 
4410 shall be conducted and lest results 1111rified to be within lhe ac:ceplance omits cl the Owner, Design Specification, applicable portions of 
Sectlon RA arms Code, and as required in TA-3600, These test results shall be documented In accordance with TA-6300 and shall be retained as 

· · reference values for comoarisbn to oeriodlc In-service test results. 
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827 Table TA-441O 

828 TA-4420 
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829 TA-<1431 

830 TA-<1432 

831 TA.:444O 

832 . TA-4441 

833 TA-4442 

834 TA,4443 

835 TA-4444 

838 TA-<1445 

837 TA-4446 

838 TA-445O 

839 TA-4451 

840 TA-4452 
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TABLET A-4000-4 
lllFRICIRATION EQUIPMENT ACCEPTANCE TESTS 

Tut D1t1i1rtalar Mc.lMH'C Oblcl'W' 

Vit,"&I inlf'KICl/al'\ VT .. 
C.•ak llllt •L 
Hyc,'n,i1111fc 1ett HYO 
Ynlw ·poa,ilion mdlr:i'llan re.a F 
Y-11lw a•otcl,~ letl r 
Vah,., Uminll, 101,I · F 

· flow c;on1rol vnlvo 1a,1 , 
M~ct111n1c11I run 1cn r 
r"c:,lntmillnai ICJI , 
tlt,,ci,if".al ICII AMP 
Kon1Uur,ol ,pwd 1uat N 
Vlbntle>n1a•1 Vb 
Oarlnl t11:mper111urc .ra11 Tb 

Vlsu11/ Inspection (VT}: . 
· A visual Inspection of the refrigeraUon equipm~nt componenlS shall be conducted ·in.accordance wilh TA-3410 and Mandatory AppendlK TA-I, 
Subartlcle TA-1-14OO. . 
lfflESS:i:IB.$)111:>lifilllBM\-JiES,'llSi::r~~.ffl~~§~l@.~~w,,~' .. •~ll t:'i)!. •· ~ . '~ .......... . ,,. l .• ' '-~· ,. ' • '' 
Leak Test, Refrigerant Piping and CoH (PL): . . 

Refrigeration systems, Including piping, coils, and pressure vessels, shall have a press1.1re tesl conducted to verify structural Integrity and leak 
tlohtmlss. Testlno shall be conducted In accordance wiih TA-3424 and Mandato"' Anoendlx TA-VIII. 
Hydrolitatlc Test, Hydrontc Piping and Coils (HYD): 

Hydronlc piping, coils, and pressure vessels, shall have a hydrostallc test conducted to verity structural Integrity and leak tightness, Testing shall 
be conducted rn accordance with TA-3421. · · 
Component Functional Tests: 

The following component functional tests and prerequisites shall be conducted to verity that the refrigeration system equipment is operating 
acceptably prior 10 conducting.the system functional tests specified In TA•445O, Fa~s shall be tested In accordance with TA-4100, 

Electrical Prerequisites: 
F'rior 10 the iniU~I energizing of the refrtgerallon system components, the electrical clrculls shall be checked fOf Installation. circuit continuity, 

voltaoi! caoacilv. and r>roteclive relav device settinos. 
Con/1'01 System Prereqvisites: 

Prior lo the initial eneri,izlna of the refriceratlon svstem comnonents Iha sustem controls shall be calibrated and verified nnAmtion~I. -0.. 
Valve Pos~ion lnc/ir.ation Test (F): 

Valves having remote position indicators shall be observed during valve full stroke operation to verify that the valve poslllon corresponds to the 
remote Indication. · 
V;itve EKerclse Test. (F): 

F'ower operated valves shall be fully cycled using a control swllch or other actuating device to verify operation. Manual valves shall be fully 
cvcled to verifv ooeration. 
Valve Timing Test (F): 
. F'ower ooerated valves that are reouired lo ooerate within a soecified lime shall be tested bv measurina the time to fullv cvcle. 
Startup Prereq.uisites: 

Correct direction of,rotallon shall be verified /or compressor mo1ors. Start the compressor motor, verity stable operation and monttor the 
compressor motor, electrical supply voltage, amperage and phase balance, vibrallon, bearing temperatures, rotational speed, as applicable. 
l'ollowlng one hour of operation, or immediately after observation of unusual performance (I.e., unstable operation). the equipment shall be secured 
and.a d~talled visual insoection conducted /or slons of damaoe or deoradation. 
System Functional Tests: 

The relrigerallon equipment shall be tested to verify mechanical component Integrity and design cooling funcilon. TA•4451 through TA-4457 shall 
be conducted In the same time.frame. 
Flow Control V;itve Test (F): 

F'ower operated valves, controlled by flow instrumentation, shall be observed under throttled (throughout Its anticipated operating range) flow 
condillons to verifv freedom-or movement. stable ooeralion and abllitv to maintain reouired flow. 
Mechanical Run Test (F): 
'The refrigeration compressor shall be operated wilh the system In the normal heat load range lor at least 15 minutes arid stable system operation 

verified. 
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841 TA-4453 

842 TA-4454 

843 TA•4455 

844 TA-4456 

845 TA-4457 

t1r.~;~1:,?~tiw1~~ 1~'T',AW45.0.0f.W. 
846 TA•4510 

847 TA-4500 

846 TA-4520 

~~ltt~ts;~~~:i tttA~n:% 
849 TA-4531 

8!i() TA-4540 . 

851 TA-4541 

852 TA•4S42 

853 TA-4543 

854 TA-4544 

855 TA•4545 

856 TA-4546 

Date Printed: 21.0ec-04 

Requirement Te~l 

Perf.ormance T.est (F): 
The refrigeralion compressor Inlet and ouUet pressure and 1empera1ure shall be measu,ed with lhe equipment operating at achievable load 

oolnls. 
1:/ectrical Test (AMP}: 

The comoressor motor electrical sunnlv voltaae and amoeraae shall be measured tai each chase, 
Rotational Speed Test (NJ: 

The.rotational sneed of lhe comoressor shall be measured when accessible. 
Vibration Test (Yb}: 

The vibration of each accessible bearin" on the comnressor and comoressor motor shall be measured in accordance with TA-3533. 
Bearing Temperature Test (Tb}: 

Following compressor and compressor motor bearing temperature slabilizatlon, lhe accessible bearing lemperatures shall be measured. 
Slablllzatlon occurs when tem,,erafure chanoes are less than or eaual to +/.3 dearees F In a 10 minute oerlod. 
t.Qtiil;).l;JlfG.NIN:i;'ll:ilSl!JlRMENitt"A:qaeelr~NEElillES:T:S'i:?«i~!Alti~~'(':t(-"iw..~ili.t . -,. ·~ -.~~~ ·•. ·.• ~ ~ !,". " . ~~.,l;'cit4''..,,,; :.:,r ' Acceptance Tegt Requirements: 

·Acceptance tests shall be conducted with the conditioning equipmenl in service under normal operating conditions for the system. The tests 
listed In Table-TA-'1000-5 shall be conducted and tesl resuns·verified to be within the acceptance limits of the Owner's Design Specification, the 
applicable portions of Section CA of this Code, and as required in TA-3500 and TA•4570. These lest results shall be documented In accordance 
wllh TA-6300 and shall be retained as reference values for comnarison to neriodlc In-service test resulls. 

TAU11.I TA-4000~5 
C:ONDITIONINC:. IQUIPMliNT M:CIIPTANCll TCST5 

·-· D-l•na111r ... o~ ........ 
vi..,,,.., ln&pflC'lln,. VT . 
1-1,..i,n1.111ou,~ ~"ITn . 
ithn;uh: ,,.,10,,u ~np r.nnnvlhtr 1v-1 . 
Cl-CUii,/ ... , ... qr 11o(I , •• ;., .. uc• l1UI . 
~li.,crur, h ... n1ot, re1fa111i"'r."" ,,.. 111rownd .... ' Vt1l•.i1~""""•l••lt1H• , . . 
ra,tn,.,,11nc.,• '"" , 
Ct-.1rii,111I , .. ,.. 

~ NVl•dunnl •.,.t.tl •I'll 
VIIJfallon ••" v,, 
llo11il"11 11,i"fNrf .. lt.1•• '""' ~., . CfN.,flC h••tcrr 1nrfl'nnnn1 .. a• hltl 
Ml'<l•o.llr. •Y•'-" nu- 1""1 .. ,,.,.. r 
N,_dn::w1h1 •)'t1twn ,,..,.,.., •nd , .. 111 

r 1-'""" ... "'''' , .. ~, l"I• -••11,..., .,,...,,crr,.d- coolv, 

' pP11'1'1«ft!4'"~• 11.>11.t' 

Visual Inspection (VT): 
A visual Inspection of the conditioning equipment components shall be conducted in accordance wilh TA-3410 and Mandatory Appendix TA-I, 

Subartlcle TA•l•1500. 
BRESSi!i.R"EiB®,ffl;l~~Y.iJJiES.ll"~~«;itii.i1I%iM,~~m~i'ii/i'sliffi,lt,~~1~~~~,lffr-~i111t~m',,~~\fl!ii;.m;f~~~'."""":".'=v.i-r,mif,"l,~~-
Hydrostatic Test, Hydronic Piping and Cells (HYDJ: 

Hydronlc piplng, coils, and pressure vessels, shall have a hydrostatic lest conducted to verify structural integrity and leak tightness. Testing shall 
ije conducted·in accordance with TA•3521. 
Component Functional Tests: 

The following component functional tests and prerequisites shall be conducted to verify that the conditlon!_ng system equipment Is operating 
acceptably prior to conducting the system functional _tests specified in TA-4550, Fans shall be tested in accordance with TA•4100, Refrigeration 
comconents shall be tested in accordance with TA-4400. 
Electr/cat Prerequisites: 

Prior to the initial energizing of the conditionirtg system equipment, the electrical circuils shall be checked for lnslallatlon, circuit continuity, 
voltaae caoacltv, and nrotectlve relav device settinas. 
C<Jntrol System Prerequisites: 

Prior to the lriltlal eneralzlna of the condllionlna svstem comconents the svstem controls shall be calibrated and verified onerational. 
E/ec/ric Heater Step c;ontroller Test (F): 

Eleclric heater step controllers shall be tes1ed by Initiating a simulated demand signal to verify the heater circuit step con1roller Is operational. 

l;Jeclrlc Heater PoV Resistance Test (F): 
The electrical resistance shall be measured across each hea.ter circuit in accordance with CA-5440. 

Electric Heater Re·s/slance to Ground rest (F}: 
The electrlcal resistance to "round shall be measured on each healer circuit. 

Val'(e Performance Tests (F): 
Condilionino svstem valves shall be tested in accordance with TA-4443 TA-4444 and TA-4445, 
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857 TA-4547 . Startup Prerequisites: 
Prior to starting the conditioning system pumps. the pump shaft shall be manually rotated to verify freedom ot movement. The motor shall be 

momentarily energized to verily correct rotational dlrecllon. Restart the pump motor and verify stable operaUon and monitor the pump motor 
electrical supply voltage, amperage and phase balance, bearing vibration, bearing.temperatures, rotational speed, pump differential pressure, and 
fluid system flowrate, as applicable. Following one hour of operation, or immediately after observation or unusual pertormam;e (i.e., unstable 
operation), ·the pump shall be secured and a ·detailed visual Inspection for signs or damage ·or degradation shall be conducted, 

858 TA-4550 Sy81em Functional Te.rs: 
The conditioning equipment shall be tested In conjunclion with the system lo verify mechanical component lntegrfty and design cooling or heating 

function. TA-4551 thrcuch TA-4556 shall be conducted In the same.time frame. · · · 
859· TA-4551 Hydronlc System Flow Balan~e 7'.est (FJ: 

A hydronlc system pow balance shall be conducted. Recommended procedures include SMACNA, NEBB, or AABC (see Article TA-2000), 

860 TA-455.2 Flow Con/ri;J/ Valvt1 Test (F}.: . 
Power operaied :,,alves, co_rytrolled by flow instrumentation, shall be observed under throttled (throughout its anticipated operating ranga) flow 

conditions to verifv freedom of movement stable ol'l<>ratlon and abllitv to maintain reouir&d flow. · 
861 TA-4553' Mechanir;al R!ln Test (F): 

The conditioning system pumps shall be operated with the syslem In the noimal operating range tor al least 15 minutes and stable system 
onerallon tno surolniil verified. . 

862 TA-455.4 Performance Test (F): 
The conditinnlnn numn differential nressure and flow rate shall be measured with the oumo ooeratlna at achievable flow rates. 

863 TA-4555. Electrical Test (AMP): 
·The ccndiUonlna svstem oumo suonlv vollaoe and amneraae shall be measured for each nhase. 

·864 TA-4556 Rotationaf Speed Test (N): 
The rotational sneed of the cumo shall be measured. 

865 TA-4557 Vibration Te.I (Vb): 
The vlbralion·of each bearino on the numn anrl motor shall be measured In accordance with TA-3433, 

86_6 TA-4558 Bearing Temperarure Test (Tb): 
Following pump and motor bearing t_emperature stabilization, the bearing temperature shall be measured. SlablllZi!Uon cecum when temperature 

chances are less than onaaual lo +/~3 decrees F in a 10 minute oeriod . 
· 867 TA-4;;59 . Electric-Heater. Performance rest (FJ: 

With design.airflow (+/-10%) through the heater bank, the electrical supply voltage, amperage, and phase balance al each heater circuit, and 
differential temperature and air now across the heater bank shall be measured. Following one hour of continuous operation, the heater shall be 
secur<>d and a detalled visual lnsoectlon for sicns of damace or decradatlon shall be conducted. 

8.68 TA-4560 . Hydronic System Healing and Cooling.Performance Test (FJ: . 
With the conditioning system operating at design airflow (+/-10%) and design hydronic now (+1-10%) and at achievable he~lJoad conditions, the 

air-side flow, differential temperature and differential pressure, and the_hydronlc side flow, differential temperature and differential pressure shall be 
measured. 

869 TA-4561 Ail Washer, evaporative Cooler Performance Test (FJ: . 
A pertormance test for the c0Qd!tlonin9 sysiem air washers and evaporative coolers shall be conducted in accordance with CA-5000, Mandato,y 

Aaoendix CA•ll. · · · · · · 
870 TA1570 Aci;epfance Crfleria: 

The followlnn accentance criteria are In addition le TA-3600. 
871 TA-4571. Electrlcal'Heater Ground Resi$tance Acceplence Criteria: 

Conditicnino svstem electric heater resistance to around shall be createrthan.50 000 Ohms. 
ti\~~J.;f/i&'ffe~- ~mri'.~O"illi! 'Mtl'15"mtilRE.<$.cll'~'R~ffie.R~RBl:mr..~l!iJ!ERiililiiF;~ji\~IL&JliSRl/8":kNK'!J.ltflE~TJ_Q\issme:s- . ,-, 

~ ~- t~~. '•· 
' 872 TA-4610 Acceptance Test Requlrament11: 

Acceptance tests shall be conducted with clean moisture separator, pre-filter and HEPA filter banks Installed In the system. The tests fisted in 
Table-TA-4610 shall be conducted and test results verified to be within the acceptance limits ot the Owner's Design Specification, the applicable 
portions of Sections FA, FB, and FC of this Code, and as required In TA-3600 and TA-4640. These test results shall be documented In accordance 
wl•h TA-6300 and shall be retained ,i's reference values lor comnarison to oeriodic In-service res I results. 

. 
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Requirement Tei1t 

TABLE TA,4000,6 
MOISTURE SEPARATOR, PREflLTER, AND HEPA FILTER 

ACCEPTANCE TESTS 

Test _Designator Meillure 

Vis~al ·inspection VT 
Dlffmnlial pressure mt · DP . 
Airflow dist1ibutlon lest AO . 
Ai1,ae1010l mixing test M • 
ln-pla~ leak Ie1I• IP . 

Obicrve . 

'In-place leak lests are not required on 1ysIem1 used 1:ir 100% recirculatla, (e.g., 1ea(lorconIainmenl 
cleanup units) unle5$ rho atmospheric cleanup rale is t;me dependent, 

TA-4620 Vi3ua/ lnspecrlon (VT}: 
A visual lnspecllon of the Installed moisture separator, pre-filter, and HEPA filter banks shall be conducted In accordance with TA-3410 end 

MandatorvAccendix TA•I Subarticle TA-I-1600. 
Wt~~~}.•t:;~~t: :ft.tWl.\~S.0111.' u~~.Miff~Q:RQ.kllll)it1Jiffl:.f~tW,i£{fi;.~~~!~f~~~lY~J~~~~~l{'~i~~~~~~r~ .... ~ ";.i¼' .•. . . 

875 TA-4631 Differential Pressure Test (DP): , 
Wilh lhe syst11m operating al design flow ratet+J.10%) the differential pressure across each moisture separator, pre-filler, and HEPA filler bank 

876 

877 

. 878 

879-

880 

·551 

shall be measured. · 
TA•4632 AH/ow distribution Test (AD): 

. With the system operaling at design now rate (+l-10%) the airflow distribution shall be measured downstream of each moisture separator, pre• 
· filter and HEPA filter bank In accordance with Milndaiorv An=ndix TA•IV. · 

TA-4633 Air-Aerosol Mi1<ing Test (AA): 
With-the system operating at design flow rate (+/-10%) the air-aerosol mixing upstream of each HEPA filter bank shall be nieasur~ In 

accordance with MandatorvAccendlx TA-V, 
· TA-4634 In.Place Le~k Tes/ {IP}: 

'Nijh the system_ operating at d~sign flow rate (+l-10%) the challenge aerosol leak rate of each HEPA filter bank shall be measured In accordance 
with Mandatcirv Acoendix TA-VI, 

. TA-4640 Acceptance Criteria: 
The followlna accectance criteria are In addition to TA;3600. 

· TA-4641. AlrllowDtstrlbulion Tes/Acceptance·Criteria: 
With the system operating within +1-10% of design flaw rate, the vartation in velocity measuremems across the HEPA filler banks shall be llmlled 

. to +/·2-0% of Iha average, when measured In accordance with Mandatory Appendix TA-IV. Airflow distribution across the moisture separator and 
ore.filler banks shail be In accordance with the Owne~s Deslnn Soecification. 

TA-4642 ~i('Aeroi;ol Mixing Tes/ Accepl~nce Criteria: , . 
Wllh the system operating within +/•10% of design flow rate, the variation in concentration of the air-aerosol mixture Immediately up~tream of the 

. HEPA filter ba·nlts shall b.e limited to +1-20% of the average, 1:Yhen measured.In accordance with Mandatory Appendix TA•V. 

~M~Jti\.lit.'.t~ t:f:r'::t~¢,'7df,0~· WiiP.J:al?~o1~~r.fi11~:s.ci°RBER;'l:u.@~e.e,Eia,t,~M~~tss.1ts~~1\w.w..l.l,... . ., . :.· · · · · ·· ' .ID~:tt~: , ' 
882 TA-4710 Acceptance Test Requirements: 

Date Printed: 21•0ec-04 

Acceptance tests shall be conducted wilh tile adsorbent media installed and in service under normal operating condl.llons for the system. The 
leits listecf.ln Table TA•4710 shall be conducted and test results verified to be within the acceptance limits of the Owner's Design Sp~clflcation, the 
applicable portlqns of Sections FO and FE of this Code, and as required in TA,3600 and TA-4740, These test results shall be documented In 
accordance with 1' A-6300 and shall be retained as reference values tor comparison lo periodic ln-serv;ce test results, 
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863 Table TA-4470 
TA&ie TA-4000•7 

TYPE II ANO TYPE Ill ADSO.~BEII 8ANK ACCEPTANCE TESTS 

Tnl Dcslg,,alor M«surc ObHNC 

'VIMMI intpc-ctlon vt 
Oitr1ron1lil pruSuro le$1 OP . 
Alrnow dl11ribv1lon IUI ,',0 
Alr..,,,~l'Qti~ tr:'bdn; 1c,1 M . 
l1rplooo Ink tCSI" IP . 
iCSI c;1nlJ1_, f\ow r.11e kJII QI 
Air he11er pe,rorm.-ncw 11'll F . . 
•ln-plAca le;,k 1e111 •te no1 required 00 :,ys1cm, used fer 100•1. rccircul,1Hon (e.g., rc,cu,r ccrv.al"'1'1cn1 

'clNnu11 unlul unleH tl\Q .a1mosphoric ~IG-lnup r.ato ii tlml!' dopot1don1 • 

884 TA-4720 . Visual Inspection (VT]: 
A vis.ual Inspection of the type I and type II adsorber banks shall be conducted In accordance with TA-3410 and Mandatory Appendix TA•I, 

Subartlcle TA•l-1700. 
;;~:.~,;.-,~~-~~;;-. Jf,r;i;a7,30\Jj,1 :l:!l't!ll\1'~1:i~'t:lilt1~U}:IS)l;l'o'l-tAim'eSr,sii:;?t-f.'&\l)'1[.qi'f.:~;~%;'[fk-~l,l.;~f:v.f~J.\;~.@!,inrf.(~¥.llWt,,1,9i~1~-~~:1'~,1A~•~~ .. "· 

i .... 
. •· .... 

885 TA-4731 Electric Healer Step Controiter Tes( (FJ: 
· Electric heater step controllers shall be tested by lniliallng a simulated demand signal lo verily the heater circuit step conlroller Is operatlonal. 

886 TA-4732 Electric Heater CoU R.eslstance Test (F): 
The electrical resistance shall be measured across each heater circuit In accordance with CA-5440. 

887 TA-4733 Electric Heater Resistance to Grouncl Test (F): 
The electrical resistance lo around shall be measured.on each heater circuit 

lJt}J;f}i~;Yi.Vi1'i:)"R );'1:~T.Ar41.4DY.k $Ji'/$1.<EMlF.l!IN'G:l:IGij~[\lii!S;i'~w,.s;;rt,;,,~j!f~'l'.ltW:r>iir,B~ll1'fif.itltt!},~ ,, 
11..-:-.!~e.~Jl'Jl?.~ , .J~l*l~-¢(~ , ' . 

' i.:~.V~f;;I ~ 'l:.,A\~_..,;:;;l'A.Z?li) • ,~, 
888 TA-4741 · Dlffe;entia/ Pressure Test (DP): 

With the svstem oceratlrurat deslan flow rate (+/-10%\ the differential nressure across each adsorber bank shall be measurad.· 
889 TA-4742 Airflow Distribution Tes/ (AD): 

Wilh lhe syslem operaling at design flow rate (+/•10%) the airflow distribution across each adsoiber bank shall be measured in accordance wllh 
Manda•orv Annendix TA•IV, · 

890 TA-4743 Alf•Aerosot Mixing Test (AA): 
Wllh lhe syslem operallng at design flow rate (+/-10%) lhe air-aerosol mixing lmmed,iately upstream of each adsorter bank s!Jall be measured in 

accordance with Mandatory.Appendix TA.V. This test Is nol required when it con be determined thal lhe air-aerosol test conducted on a HEPA 
bank Immediate Iv uostream of the adsorber bank also crovides eaulvalenl challenae to the'adsorber bank. · 

891 TA-4744 In-Place Leak Test (IP): 
With the sysie'!l .operallng a.I.design flow rate (+/-10%) lhe challenge gas leak rate of each adsorber bank shall be measured in accordance with 

Mandatorv Aooendlx TA-VII: 
892 TA-4745 Test Canister Flow Rate Test (QQ: : 

When the syslem i~ equipped wilh.test canisters used for obtaining adsortenl samples for laboratory analysis, the velocity through eac.h tesl 
canister shall. be measured (or calculaled from flow measurements) with the system operating at design airflow rale, Ai.ter:nalively, when access Is 
limited al'ld measureinenls cannol be performed, lhe design documentation shall be wrlfied lo assure Iha! the Installed canister.; meet the 
performance requirements, (differential pressure/flow rate), of canisters used during shop testing oflhe test canister sampling system. 

893 TA-4746 Elficllic Healer PerfOfmance Test (F): 
With design airflow (+/.10%) through the heater bank, the electrical supply voltage, amperage, and phase balance of each healer circull, and 

d,iffererillal temperature and air flow across the heater bank shall be measured. Leaving air temperature shall be monitored so thal temperature 
ilinllsare not challenged. Following one hour of continuous operation, the healer shall be secured and a detailed visual inspection lor signs of 
damaoa or ifeoradalion shall be conducted, · 

894 TA-47~0 Acceptance Criteria: 
The followlnc acce•tance criteria are In addition lo TA-3600. 

895 TA-4751. Aiif/ow Distribution Test Acceptance Criteria: 
Wilh the system operating within +/-10% of design flow rate, lhe variation in velocity measurements across the face of the adsorber ba~ks shell 

be limited to +1-20% of the averaoe when measured in accordance with Mandatcrv Acoendix TA-IV. 
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TA-4752 Air-Aerosol Mixing Test·Acceprance Criteria; . 
With the system operating within +/.10o/o of design fiow rate, the variation in the challenge gas or aerosol concentralion readings Immediately 

upstream of ea~h adsorber banks shall be llmi!ed to +/-20% of the average, when measured in acCOldance with Mandatory Appendix TA•V. 

TA-4753 Test Canister. flow Rare Test ~cceptance Criteria: 
The les! canister velocity shall be \'.Jilhlri +/-10% of the average ad sorter design velocity· as specified bof the Ownefs Design Speclllcalion, 

T~-4754 

• Accaplance Test Requirements; 
Verify that laboratory acceptance tests have been perlorm·ed on a representative sample of adsorberit per FF-5000. Test results shall be 

doc men ed In accordance with TA-6300 and shall be retained as rel rence values for com arison to ertodic in-servl e test re ul s 
TA-4820 LelloratoryAnalysis ofi4dsor~nf (LAS): 

New ad&orb~nt.lnstalled lri the ·adsorber banks shall be certified In accordance with the Manufacture(s test data for radloiodlne penetraUon (see 
FF-5000). Adsorbent stored more than SO¾ of Manufacture(s assigned shelf life or 5 year.; per FF-5000 shall have a laboratory test conducted In 

. ·accorda ce with ASTM 0-3803-89 nor to lnstallaUon. · · 
TA-49!)0 : lntegrated·System Tests: 

TA-4910 

TA-4920 

TA-4930 

TA-4940 

Each system shall be tesled to vei1fy the functional performance al design operattng conditions. Integrated system tests shall be conducted tc 
challenge.all Integrated control functions including inteifocks and manual or aulomatlc actuation circuits, (damper position changes, fan starts and 
steps, compressor and pump st~res. or stops, valve position changes, heater energization or de-energizallon). Actuations can·be from a number cf 
·different sources including radiation sensors, temperature sensors, chlorine sensor.;, pressure sensors, manual controls and emergency safeguard 
signals, Sensor operation shall be verift~d in addition tc control circuitry. Integrated testing shall also include an overell &ystem leak test to verify 
that there are no unacceptable bypasses cf lhe HEPA filter or adsorber banks, Integrated system testing shall verify that the intended design 
function of the system Is achieved In accordance with the Owner's Design Specification. Test results shall be documented In accordance with TA• 
6300. . . 
Fan Integrated System Test Requli'ements (F): . . 

°Fans designed to respond automatically 10 a process. or emergency actuation signal shall be tested. Sequencing of 5tarts, 5lops and speed 
chan es shall be conducted illzln a actual or simulated actuation i nal. 
Damper lntegrate_d Sysrem Test Requirements (F): 

·Dampers designed to respond au1omaticaffy to a process or emergency actuation slgnat shall be tested. Sequencing of damper position changes 
shall be conducted u1llizl an actual or slmulated actuation sl nal. · 
Refrigeration and Conr/11/onlng tnregratea System Test Requirements (F): 

Refrigeration· and conditioning equipment designed to respond automatically to a process or emergency actuation signal shall be tested. 
Sequencing of equipment operation (starts, st.ops, speed changes, valve operations or Isolation, heater operation) shall be conducted utiliiing an 
actual or simulated actuation· st nal. · 
HEPA and Adsorbar Sank lntegratea System Test Requirements (F): 

.. All potential HEPA filter aQd adsorbei' bank bypass flow paths. including housing bypass ducts and associated dampers, shall be challenged to 
v.erify that leak rates ~re within !he Ownefs Design Specification. Bypass fiow palhs may be challenged during the in-place leak test specified In 
TA-4634 end TA-4744, by ~itsuring that the challenge aeros?I or gas injection and sample ports e~mpass all P,otentlal bypass flow paths (see 
Mandatory Appendix TA.Y, Subartlcle TA-V-1'100). If a· potential bypass fiow path within the system Is not challenged during these In-place tests, a 
separate test shall be performed using· Mandatory.Appendix TA,VI or TA-VII to verify that.the HEPA or adsorber banks are not being bypassed in 

· the limits s eclfied In the OWne(s sl n S e · 
·g 

General: 
Field testing of nuclear air treatment, heating. ventilating, and air conditioning systems shall be conducted In accordance with the quality 

assurance re uiremerits of A icle AA-8000 a d ANSI/ASME NO -1. · 
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T A·6200 Personnel: . 
Tests shall be conducted by personnel who have demonstrated competence to perfonn the specified tests, as evidenced by documented 

experience ancftrainlng. Personnel shall be certified in accordance with ANSVASME NQA-1 or ANS 3, 1, and In accOrdance with the Owne(s 
re ulrements. . · · · · 

}~"&"11~§!'/li,~rars.- -:ow .!if.SU - 'Wk1\1Ci5 1,::i;i.:B1,.f<il .•:', :.lfiiI~,"' .rR' ·, ;I:' L .. '... ·, ;, ",;1/ii ~ • , .. :i.-~ . '' ... ,.;,~ ~ .!.. 

909 TA-6310 . Proce,dures: 

910 

911 

912 

913 

Writlen acceptance test procedures shall document the field acceptance testing perfonned and test results obtained as specified In TA•4001l, 
These records shall e malnlained for the .life of the faclli . 

TA-6320 Repor1s: , . 

TA,I-1100 

. A written report shall be provided to documenl the acceptance le sting performed In accordance with TA-4000. The report shall contain the 
following as a minimum: 

(a) the system name, tesl/lnsp·ecllon proceaure(s) used, date o( test results, and the test performe(s signature; 
(b) ldel)tlficallon of instrum,ents, equipment, tools, and documents to Iha extent that they oi their equlvalents can be ldenllfied for future 

examinations; 
(c) observations and dimensional checks specified by the respective test da.ta and reports developed during Inspection and tesUng; 
(d) conclusions and recommendations by visual examination and testing personnel: 

to re · or reins eciion · 

General: . 
A specific Inspection checklist for each component In lhe system shall be Included In the acceptance test procedures, • This Appendix lists typical 

items for each component that n_eed to be inspected visually in Ar1icle TA•4000 (Acceptance tesls), As a minimum, the lists of Items Indicated 
below shall be checked for compllanci with the Owner's' Specifications. The Inspection shall be conducted In accordance wllh Tl\,-341 O. The 
acce lance criteria for ese Ins clions shall be in accordance with TA-3500 and TA-3510. 
Fan lnsp·ec//on Items: 

(a) housing and duct Interface 
(b) fan belt and shall guards 
(c) lntirferences with moving parts 
(d) fan shaft.seal 
(e) bell adjustment and condition 
(I) lubricant levels 
(g) supports and attachments 
(h) bolUng and fasteners 
(I) lnstr\Jmentalion 
O) eleclrical connections 
(k) control system components 
(I) pneumatic connections 
(m) as built configuration In accordance with design drawings 
(n) f.in nameplate 
o revisions for asses or erformln tests and maintenance 

TA•l-1200 oamper Inspection //ems: 
(a) housing and duct Interface 
(b) actuator linkage, motor, controller 
(c) · Interferences with moving-parts 
(a) damper shaft seal 
'(e) blade edge seals, damper seat 
(I) limit switches 
(g) supports and attachments 
(hl belling and fasteners 
(I) Instrumentation 
Ol electrical connections 
(k) pneumatic connections 
(I) as built configura\lon In accordance with design drawings 
(m) damper nameplate · 

rovl I ns fa assess for erformin ts and malntena ce 
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914 TA-1-1300 

915 TA-1-1300 

916 TA•l•1400 

917 TA•l-1500 

Dale Printed: 21•Dec•04 

Requirement Text 

Duct, Housing and Mounting Freme Inspection Items: 
(a) ·housing ~nd duct c;onnectlons (no caulking) 
(bl provision.for ~penlng access dciors from both inside and outside 
(cl access·door seals. gaskets 
(d) access door latches 
(el housing Internal access ladders and. platforms 
en sample and injection ports. locaUqn and caps 
(g)• supports and attachments 
(h) bolling-and fasteners 
(i) lnstrumenlatlon, connections 
or electrical connec:Uons 
(k) houslngld~cl penelration seals 
II\ loco seals /waler level\. drain connections 

Duel, Housing and Mounting Frame 'inspeclion Items: · 
(m) 1ightln9.conduits, sockst housing Se!)ls (flush mounted) 
(n) HEPAfadsorber mo~nllng frame contil)uous seal welds 
(o) Mounting frame penetrations seal welded 
.(P) MounUng frame seating surface (weld. splatter, flatness, scratches) 
(q) Sample canister Installation 
(r) MQunting frame clamping devices 
(s) as buill canftguralian In accordance with design drawings 
(t) pr011isl0ns (or assess far performing tests and maintenance · 
ful llnhtlnn for test and maintenance available 

F/efrlgeralion Equipment Inspection Items: 
(a) housing or quct Interface with refrigeration equipment 
(bl fan, pump, compressor belt, and coupling guards 
(c) Interferences with moving parts 
Id) bell adjustment and condition 
(e) fluid leaks 
(I) lubric~nt levels 
(g) supports and attachments 
(h) baiting and fastene_rs 
(i) instrumentation 
a> electrical cannectlons 
(k) conirol syslem and components 
(I) pneumatic cannecUons and tubing (no crimping) 
(m) as built configuratlah in accordance with design drawings 
(n) fan, pump. _and compressor nameplate 
lo\ ora,;islons for assess for oerformino lesls and maintenance 

Condllioning Eq11/pment /nspacr/on Items: 
(aJ housing or duct Interface with conditioning equipment 
(b) belt and coupling guards 
(c) inlerferences with moving parts· 
(d) bell tightness 
(el fluid leaks 
(fl lubricant levels 
(g} supports and attachments 
(h) bolting and fasteners 
(I) instrumentation 
U> · electrical connections 
(k) control system and components 
(I) pneumatic connections and tubing (no crimping) 
(m) drains and spray nozzles m)I plugged 
(n) as built configuration In accordance with design drawings 
(0) fan, pump, and compressor nameplate 
la\ ~-visions far assess for oerfonnlno tes1s and maintenance 
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TA-1-1600 Moisture Separator Sank, Pre-filter Bank. HEPA FIiter Sank Inspection Items: 
(a) moislure separator media, frame, clamps, and gaskets 
(b) moisture separator water collection system and drains 
(c) P.re-filter media, frame, clamps, and gaskets 
(d) HEPA filter media, frame, clamps, 'and gaskets 
(e) Sealant or caulking (none allowed) 
(fl Moisture separator, pre-filter, HEPA orientation (verti~IJ · 
(g) bolling and fasteners 
(h) as bulll cooflgurallon In accordance with design drawings 
Ci) HEPA filter nameplate 
· revisions for as e s ro erformln lests and maintenance 

TA-1-1700 Type II, Type Ill Adsorber Bank Inspection Items: 

TA0 ll0 2000 

TA-11•3.000 

· TA-11·4000 

(a) type II media, frame, screen, clamps, and gaskets 
(b) sealant or caulking (none allowed) 
(c) type Ill media, screens, rrame 
(d) 1'1SI canisters 
(e) ·bulk lo~dlng equipment , 
(fl fire prolec1ion system piping, nozzles, instn,mentallon 
(g) bolling and rasleners 
(h) as built configuraUon In accordance with qesign drawings 
(I) · adsoiber nameplate 

Summary of Me/hod: 
Ducts and housings which rorm the pressure bcundary of the system shall be pressure tested, wllh air, 10 the slructural capability pressure to 

verify thal lher~ Is no breach oflntegrity or unacceplable distortion. Fans, dampers, and olher components which rorm parts of the pressure 
liounda shall be lnslailed and e ed with the duels and housin s to veri the Interface connection lnle rll . 
Prer11quisite:.: 

Conslrvction, modificalions, or repairs affecting lhe lest boundary shall be complele and Inlet and discharge openings of the duct or housing 
sealed berore the lest is started. Electrical, piping, and Instrument connections shall be complete and all perma~nt seals Installed before the test 
is started. 
Test Equipment: 

(a) pressurization source 
(bl coYers to seal test boundaries 
c ressure indlcatln device accurate to +/-0. 1 In. w. 

Procedural Guidelines: 
(a) Connect the pressurization source to the duct or housing. 
(b) Install instrvmentaUon to Indicate the pressure Inside the duct or housing being tested, 
(cl Start lhe pressurlzaUon source and operate until the structural capability pressure Is achieved. Maintain pressure for the duration of the 

inspection. 
(d) Inspect the test boundary for breach or Integrity or distortion. 
e Release ressure and Ins eel for rmanent dlstoition. 

Summary of Me/hod: 
Qucts and housings that rorm the pressure boundary or lhe system shall be leak tested, with air, using one of the methods listed In this procedure, 

Either method-may be used and will produce a similar result, The conslanl pressure method Is useful in testing small volumes whereas the 
pressure decay method is useful ln•lesting large volumes. Fans, dampers, and other components that are part of the pressure bound~ry shall be 
l9slalled and tesl\ld with the pressure boundary to verify Interface connection leak lightness. If the measured leak rate is In excess of the 
acceptance ciiteria, the leaks shall be located by one of lhe methods listed In this procedure. After leaks ara repaired, the duel and housing shall 
be re'tested to veri le k ass. · · 

Dale Printed: 21-Dec-04 Example ASME AG-1 Compliance Matrix 
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926 TA•lfl•2000 Prerequis~es: 
Construction, modificalions, and iepairs affecting the lest boundary shall be complete and.the inlet and discharge openings of the duct or housing 

sealed berore the test Is started, All electrical, piping, and instrument connections shall be complete and all permanent seals shall be installed 
before the test Is started. For oressure decav testina the volume of the oressure test boundarv must be calculated. 

927 TA•llI•3000 Test-Equipment: 
(a) pressurization source 
Cb) covers to seal test boundaries 
(cl clock or timer accurate to +/• 1.0 second 
(d) pressure indicating device accurate to +/. o, 1 In. 
(e) · nowmeter or totalizing gas volume meter accurate 15) +/•5o/, (constant pressure method) 
(f) temperature indicatlng·deviGe accurate to +/-0.5 degraes F 
(9) bubble solution ror detecting air leaks (bubble method) 
(h) optional portable electronic sound detection equipment (audible leak method) 
.m barometer 

i~~~~J$:f{f;.~:~J>:;;p. t:'l'A'ffilfi4001Ji l?.R'SCEDCiR1di'\'G\:Jfl)EUll14E"$'l\'mW.%.,~W{>W!'f\%©~%1¥il'.i~tl'W.f.@'ijf~~:@r.~;~4,'-t~A'f~l%f1Mlr&1w;f,fl'Mlr~,;;,"J.'/:"-<f1'!,l:(~Jq,W,;;/Jsi~Ii/.:., ., •.f. . ' w~---..-v ,,,,; ... ,/'..,' ,, t,;')J I ?,,,: .. ~r.im 
928 TA-111-4100 Constant Pressure Metho.d: · 

(a) Connec!, the pressurization sou rte to the duct or housing. 
(b). Connect the nowmeter or totalizing gas wlume meter between the pressurization source and the housing (downstream of the throttling valve, 

if used), 
(c) install temperature_ and prassure Indicating devices so that they will indicale representative temperalure and pressure Inside the duct or 

housing b.e_lng tested. 
(d) Seal test boundaries and close access doois In the normal manner, Oo not use lemporaiy sealants, duct tape, or similar temporary materials 

except ror sealing the temporaiy blank:.Off panels. · 
(e) Start the pressurization source and operate it until tho maximum operating pressure Is acliieved. Maintain pressure constant with the flow 

control device until temperature remains.constant within +0.5 deg F (0.25 deg C) for a minimum of 10 minutes, Record the lnltlal stablliz_ed 
lnressurn temnerature and barometric oressure. 

929 TA-I11•4100 Cons/an/ Pressure Method: 
(f) Measure the flow· rate or the air being added to or removed lrom the duct or housing while maintaining the maximum operating pressure within 

+/.(J, 1 in, w.g. [0.025 Kpa(gage)J. When using the now meter, record flow readings once a minute !or a :; minute continuous period and average the 
readings to calculate the m~asured·teak rate; When using a lotali_zlng gas volume meter, measure the total volume of air !or a 10 minute 
continuous period and divide the measured volume by time (10 minutes) to calculate the measured leak rate, R~ord final pressure, temperature 
and barometric pressure, 

(g) Convert the final calculated leak rate to standard cubic feet per mfnute (cubic meters per second) in accordance with the method illustrated In 
ACGIH Industrial Ventilation A Manual of Recommended Practice. 

930 TA•lll•420.0 Pressure Decay Test: 
(a) Connect the pressurization source (with a leak tight shutoff valve) to the duct or housing, 
(bl Install the temperature and pressure lndic~ting devices where they wlli indicate representative temperature and pressure Inside the duct or 

housing _being tested. 
(c) Seal test boundaries and close access doors in the normal manner, Do not use temporary sealants, duct tape, or similar temporary materials 

except ror sealing the temporary blank-off panels. 
(d) Start the pressurization source and operate until the pressure Is 1.25 times the maximum operating pressuiv (but not to e~ceed the structural 

capability pressure), M<1lntaln this pressure constant with a flow contrcl device until temperature ramains constant within +/-0.5 deg F (0.25 deg C) 
for a minimum of 10 minutes. Close shutoff valve. . • 

Oate Printed: 21•Dec-04 Example ASME AG·1 Compliance Matrix Page 80 of 110 
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TA-11I-4200 Pressure Decay Test: . 
NOTE: If the slructural capatiiiity pressure for the duct or housing is less than 1 .~5 times the maximum operating pressure, the final lest pressure 

shall be calculated as follows to achieve an average test pressure equal to the maximum operating pressure: 
P,= 0.8(OP,..,) +·(1.25(OP.,..,) • SCP) . 

where 
p; = final test pressure 
OP~,.= maximum operating pressure 
SCP a structural capablllly pressure 

(e) Record the Initial time, pressure, temperature. and barometric pressure. 
(I) Record pressure readings once a minute until pressure decays to 80% of the mailmum operating pressure, or for a minimum of 15 minutes 

(see NOTE in (d) above), 
(g) Record final time, pressure, temperature, and 

barometrlc pressure. 

TA-11I-4200 Pressure Decay Test: 

TA•l/I-4300 

TA-1/1-4400 

TA•lll-4500 

TA•IV•2000 

(h) Calculate the leak rate from the following equation In English Units: 
Q,,. = (PIT,·• Pi{T,)' V / (R'llt'0.075) 

Metric units: 
a ... = (1.39 • 1 ir'i • (PIT,· P,/T,l 'V / (R'llt) 

where 
a,., = average leak rate, sclm (sm'ls). [air density = 0,075 tblft' (1.2 Kgs/M3

)] 

v· .. volume within test bcundary, ft' (m') 
P, = initlal'pressure within tesi boundary, psf A.BS [Pa(absolute]J 
P, = final pressure within test boundary, psi ABS [Pa(absolule)J 
T1 = absolute temperature at start or test, R (K) 
T1 = absolute temperature at end or test, R (K) 

61 = ~ • ~ time difference (minutes) 
~ = time at start or test (minutes) 
~ = time at end of test (minutes) 
R = gas constant for air; 53.35 ft-lb. (0.286 kJ, lb•R, kg-K) 

Acceptance CrUeria: 
lithe calculaled leak rate exceeds lhe Owne(s acceptance crile~a. locale teaks in accordance with one ol the techniques outlined In 111-4400 or 

IU-4500: 
Bubble Leak Location Method: 

(ai' Pressurize the test boundary to the maximum operating pressure for the system .. 
(b) With the lest boundary under continuous pressure, apply bubble solution to areas to be tested. Identify places where bubbles are found and 

perform corrective actions. 
c Followln corrective actions retest In accord nee with 111-4100 or 111-4200. 

Audible Leak Location Methpd: 
(a) Pressurize the test boundary to the maximum operating pressure for the system. . 
(b) With the tett boundary continuously pressurized, locate audible leaks (alectronlc sound detecUcin equipment oplional) and perform c:orreclive 

actions, · 
C Followln COITecli 

I~t~1~0~ 
Summilry.ofMelhod: . 

The system is operated at design flow rate. Airflow velocity readings are measured downstream of each moisture separator, pre-filter, and HEPA 
flller In the bank. For ad_sorbers,.readings shall be taken in line wilh the flow slots. Each reading Is compared to the average forlhe bank. 

flow rate. 
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938 TA•IV-4000 Procedvrai Guidelines: 

939 

940 TA•V•1300 

941 TA•V-2000 

942 TA•V-4000 

943 . TA-V-400Q 

944 

. i;>ate Printed: 21 ·0ec•04 

(a) For each moisture separa1or. premier, and HEPA filter, measure the air velocity at the approximate cemers ot equal areas with at least one 
measuremenl per each moisture sepa_rator, prefilter. and HEPA Otter, and a minimum of 9 measurements per bank. Adsort>er velocity 
measurements shall be made in lhe approximate center or the flow slots. For low sl01s greater than 24 inches long (60 cm), measurements shall 
be nominally ewry 12 inches (30 cm) along the length of the siol 

(bl Calculate_lhe average velocity (V,,.) using the following formula: 

where 
tV1 • sum of individual velocily readings 
n ." number of readings 

(c) ldenlify the highest and lowest wtocily readings and calculate the percentage they vary from the average calculated above. 

System Test: . 
Injection and sample pan location shall be located so !hat the entire &yslem, including housing bypass ducts and associated dampers, Is 

challenged for lnadverient bypass flow paths around the HEPA ,filter or absorber banks. If this canno1 be accomplished: and Integrated system lest 
shall be Included-In addl Ion to the bank t sis outlined In Mandato A endices TA-VI TA-VII and TA-4940. 
Injection Port Selection Criteria: 

Injection ports should be located upstream of a now disturbance to maximize mixing. The chall.enge gas will pass through the HEPA bank and 
challenge the absorber bank. For systems with two or more HEPA filter banks in series, or l\'.>'O ·or more absorber banks In series, separate 
Injection pons must be qualified for each bank .. Use of injection manifolds may be necessary when there Is Insufficient room between banks to 

rovide ade uate mlxln . 
Prereq11i1,i/es: 

The system Is operating within ~/-10% of design flow rate. The airflow distribution has beeri verified in accordance with Mandatory Appendb: TA• 
IV. 
Proceduta/ Guidelines: 

(a) Connect challenge aerosol or gas generator to the Injection poll lo be tested. 
(b) Place the.~hallenge aerosol or gas measuring Instrument sample probe upstream of the bank 10 be tested with adequate hose length to reach 

all·~reas of the ba·nk .• 
(c) Start the challenge aerosol or gas injection and establish a constant injection i:ate. 
(d) Take a concentration reading upstream of and at'ihe approximate centers of equal areas, with at least one reading per HEPA fdter and a 

minimum of 9 r11adlngs per HE~A bank. For type II and type Ill adsorbers, readings shall be taken upstream of and In the app_roxlmate cent~rot 
each flow slot. For flow slots greater tha('l 24 inches (60 cm) in'length, a reading shall be taken nominally every;12 Inches (30 cm) along the length 
of the slot • • . . · • 
Procedural Guide/Ines: . 

(e) Calculate the aver.age concentradon (C,,.) readings-using the following formula: 
C.,. .. tC.i n 

where 
tC1 = sum of Individual velocity readings 
n a number of readings 

(f) Identify the_ highe.sl and lowest concentration readings and calculate the percentage they vary from the average calOJlated above. 

Prfll'e,q111$i/e.: 
Airflow dl.stribution shall be verlfled In accordance with Appendix TA-IV. The injection pon shall be qualified to provide uniform air-aerosol mixing 

in accordance with Manda o A endix'TA•V. 
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TA-Vl-4000 Procedural Guidelines: 
(a) Connecl challenge aerosol generalor Jo the qualified Injection port. . 
(b) Place the challenge aerosol measuring lnslrument sample probes upslreem and downstream of lhe bank to be tasted. The sample tubing 

shall be of equal bore and approximately equal lengths and as short as possible to minimize the measuring lnsllument respon$8 time. The 
upstream sample probe shall be located in approximately lhe center of the bank. The downstream sample probe shall be located In a downslmam 
sample manifold or downslream of a mixing source such as a turbulent fan discharge. · 

(cl Start the system and verify stable flow rate within 210% of design flow rate. 
(d) Measure the upstream and downstream aerosol background concentration. The pre-Injection background levels shall be stable io ensure 

correct Instrument respon~e and shall not ln1elfere with the detectofs ability lo detect leaks in excess of the maximum allowed by the acceptance 
crfterfa. · 

TA-Vl-4000 Procedural Guidelines: 
·ce) Start the challenge aero501 lnjeclion. . 
(0 Record the upstream and downstream concentrations. Repeat until at least three ol the readings are stablei 
(g) Slop lhe ifllectlon. · . . '·: . 
(h) U.sing lhe ~nal set of tea dings meeting the stablllty and tolerance criterta, calculate the bank leak rate uslng'the formula below: 

1. " 11 ooic.ic. · · 
where 

I.=% leak 
c. " downstream concentration 
Cu " upslream concenlralion 

PrereqvisUos: 
Airflow qistribulion shall be verified in accordance with Appendix TA-IV, The lnjecllon port shall be qualified to provide uniform alr,a·erosol mixing 

In accordance with Mandato A endix TA-V. · · 
TA-Vll'4000 Procedural Guidelines: 

(a) 'Connect challe,nge gas generator lo the qualified injeclion port. 
(bl Pl.ace the challenge gas measuring lnslrumenl sample probes upstream an<! downstream of the bank to be tested. The sample lubing shall 

be of equal-bore and approximately equal lengths and as short as possible to minimize lhe measuring inslrument response time. The upstream 
sample prpbe shall be located ·1n approximately the center or the bank, The downstream sample probe shall be localed in a downstream sample 
manifold or qownstream of a mixing source s~ch as a turbulent Ian discharge. · 

(c) Start.the system and verlfy stable flpw rale and within 210% of design flow rale. 
(d) Measure the upstream and downstream challenge gas background concentration. The pre-Injection background levels shall be stable to 

ensure correct Instrument response and shall not inlerfere with the deteclo(s ability to detect challenge eas leaks Jess than the maximum allowed 
b the acce tance criteiia. 

TA•Vlt-4000 Procedural Guidelines: 
(el Starj the challeng·e gas Injection, 

. (0 Record lhe upstream and downslream concentrations, as rapidly as instrument response time allows, until sufficienl data have been recorded 
to allow calculalion of adsorber bank leak rale. Care must be taken to obtain sufficient readings quickly after injection. 

(gi Terminate challenge gas Injection, 
(h) Using the. upstream and downstream concenlrallon data, calculale the adsorber bank leak rate using the formula below: 

I." (100)CJCu . 
where 

I.=% leak 
c. = downstream concentration 
Cu= upslream concentration 

Prerequisites:· 
(a) · All flar11 •. flange solder, b(aze, weld, or thread fittings mechanically light. 
(bl All seals, packing glands, and service valve packing nuts mechanically light. 
(c) All ·service, purge, l!nd . .cr,arglng valves closed to the atmosphere. 
d Wire brush nd wl e flux and oxl es from all heated olnls. 
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ReQulrement 
Number 

951 

952 

953 

954 

Source 

TA-Vlll-4100 

TA•Vlll-4100 

TA-Vlll•4200 

TA•Vlll-4210 

Requirement Text 

Leak Test Procedural Guidelines: 
(a) Open all lnterconnecling manual system valves, solenoid and expansion valves to ensure access to the complete system wlume. 
CAUTION: Do not exceed the safe test p~ssure limits established by the unll manufacturer. · . 

. NOTE: II ls advantageous and less cosUy to use an inert gas (nitrogen or carbon dioxide) to back up the refrigerant vapor pressure. Only about 
5% to 10°/o of the total mixture need be refrigerant vapor for this method to work. 

(b) Pressurize the entire system to the Manufactvre~s recommended test pressure with the test mixture. 
NOTE: Allow time for the refri erant and Inert as to mix before check n for leaks. 

Leek Test Procedural Guidelines: 
(c) Leak lesl the entire system, including factory joints, seals, and ·insulated lines with an electronic leak detector, Usually a one inch (2.5 cm) 

per second movement of the detector probe is sufficient to pick up leaks, Soap solution may also be used to locate leaks. 
(d) Mark or Identify any leaks l9cated. . 
CAUTION: Use appropriate reclaim equlpmAnt to prevent release of refrigerant gas to the atmosphere. 
(e) Leak testing is complete when all leaks have been repaired and the system has been re-pressurized and retested to verify that there are no 

leaks. 
Evacilat/911 and Dehydration Procedure: 
· Evacuate and dehydrate after leak.testing per VllI•4100. Proper evacuaUon and dehydration prove system lightness, expel non-eondensables, 
and assure ad ·s stem.before char In with refri eranl. 
Deep Vacuum Method: 

(a) Vent all system pressure. 
CAUTION: Use appropriate reclaim equipment to prevent release of refrigerant gas to the atmosphere, 
(b) Connect a ·temporary connecllon between the system high and I.OW pressure sides. Connect the vacuum pul)lp. vacuum indicator, and 

refrlger_ant cylinder. to the .system. 
(c) Open the vacuum ·pump suction and start the evacuation. 
(d) When the system reaches less than 500 micrometers (Hg) absolute, it Is isolated from the vacuum pump. 
(e) When the system holds_ 500 micrometer (Hg) absol(!le for at least 15 minutes, with the vacuum source Isolated, the system is free of moisture 

and leaks and the vacuum should be released b char i with refrl erant. 

r;::'.r;.:~~_;.r~;:~ ;l{~;~<- , ~~~~~~~1:~4w,. :1:~~~~~0.'e~,,:,;~,:~~p1:~~fil~~~7~i'.~i~~~~l~~~~~/~'.:,:w.~9~,;~i,n;~x 
;...;.:._.;.9.;..5;.5:....;;:a~"-"'=;:::.:;=4 . :.:,n~qu:..:iry:..:,F:.?:or;:.:m::.;a~, • .:;. =;:.:. 

956 1·2000 

Date Printed: 21•Dec-04 

inquiries st.ill be limited strictly tci Interpretations of !he requirements or to the consideration of revisions io the present requirements on the basis 
of new data or technology. Inquiries shall Include the following: 
· (aJ Scope: Preferably Involve a single requirement or closely related requirements. An Inquiry letter concerning unrelated subJecls will be 
subdivided by the Committee, considered Individually, and may be responded lo lndlvid1.1ally. 

(b)' Background: Stale purpose of Inquiry, which would be either to obtain an interpretation of Code requirements or to propose !=Qnslderallon of a 
revision to the present requirements. Provide concisely the information needed for the Committee's understanding of the inQulry (with sketches as 
necessary). being sure to Include references to !he applicable Code Section, Division, edition, Addenda, paragraphs, figures, and tables. 

tnqu//y Format: 
(c) Inquiry Structure: State In a condensed and precise question formal, omitting superfluous background information, and where appropriate, 

compose in such a way that "yes" or 'no' (perhaps with provisos) would be an acceptable reply. This Inquiry statement should be technically and 
editorially corr~ct, Those Inquiries which In the Committee's (or the ASME staff Secrelary's) Judgment are not clear will be returned to the sender 
for clarificallon and resubmlttal. 

(d) Proposed Reply: State what it is believed that the Code requires. If In the inquire(s opinion a revision to the Code Is needed, recommended 
wording should be provided, 

Additionally, the Inquiry shall: 
(a) be submitted in typewritten form; however, legible, handwritten Inquiries will be considered; 
(b) include name and malling address of the inquirer; 
(cl be submitted to the following address: . 

Secrelary ASME Committee on Nuclear Air and Gas Treatment 
345 East 47th Street 
New York NY 10017 
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957 3 HabltabHity Systems: 
Habi!abiUty systems (as defined In ASME NS09), must meet the requirements of 10 Code of Federal Regulation (CFR), Appendix A, general 

deslon criteria 4 5 and 19. • · · . . · 
~i?•t1tlt~l~ij jJ'/$~fflt¼l.~ F,_WfAJil\ 

958 4,1,a General: 
. Prefilters ~re required In alr-c:leaning units when design inlet particulate concentrations and particle size are such tlial the HEPA filter may be 

rendered lneffeclive prematurely. On other air-cleaning units prefilters are recommended· only when It Is desired to Increase HEPA filter Ille. 

959 4,1,b General: 
HEPA filters are required· fn· alf air-cleaning units when filtration· of inlet particulate matter requires a minimum efficiency of 99.97% for particles 

eq4al IQ 0,3 micrometer In size. 

960 4,1.c General: 
Adsorbers are reoulred when alr-cle~nlnn ·units are desioned for removal of adsorbabie comnounds. 

961 4.1.d General: 
Mol.sture separators (demisters) are required when entrained water droplet concentration may be greater than 1 lb (0.45 kg) of water per 1.000 c 

h (1,700 m3/hr) of alrjlow .• 
962 4,1,e General: 

Heaters should be utilized for air-cleaning unils with a~sorbers exceeds 70% based upon the 1 % percenlile meteqrolaglcal conditions (where 
· applicable), .For nuclear air treatment ·systems which are unaffected by outside air meteorological con0ltions, heaters should bo Ullliied when an 

accident would result In an air-stream exceedlnn' 70% relative humldJtv for more than 1 llr.. . · · 
963· 4.1.f General: 

When adsorbers are used in ESF air-cleaning units, provision shall be made for a postfiller to retein carbon fines. Postfitters stiQuld also be 
considered In non-ESF alr-cleaninn uolls dlscharninn Into occunied snaces where carbon fine car,vover Is not aecentable. 

964 4,2 Design Parameters: 
Values of the·followlng design parameters shall be specified when invoking this standard and shall be i15ed whenever referenced: 

a) volumetric air n_l)iv rate; ~elm (m3/hr); 
1) ·minimum ftow rate: 

• 2) maxim_u!ll flow rate; -· 3) design flow rate; 
bf deslgn·pressures, ln·w.g.(Pa); · 

.0,. 

1) maxlriwm operaUng pressure: 
2) leak·test pressure: 
3) maximum design pressure; 
41 ·structural can•bflitu nressuie lusualfv determine• bu comnonent desinnerl 

~5 4,2 Design Parameters: 
c) pressure-time transient (If applicable), In. w.g.lsec (Pa/5ec): 
. d) maximum an~ minimum gas temperature (F) and density, lblft3 (kglm3); 

, . 
e) maximum Inlet relatlv11 humidity (percent): 
f) ·entrained liquid water (mass now rate), lb/min (kg/min): 
g) concentrations of specific contaminants lri airslr\jam; 
h) required deconlaminaUon·tactors for each contaminant: 
I) component radlati_on integrated life dose (rad) and maximum dose rate (rad/hr); 
j) maximum dirty filter pressure.differential, In. w.g.(Pa): 

966 4.2 Design Parameters: 
k) structural loadings; 
I) duct and· houslrtg maximum permissible leak rate (scfm) (m•3/hr) and associated operaQng pressure, in. w.9.(Pa); 
m) environmental design condltio.ns·1ncludlng temperature, pressure, and relative humidity; 
n) expected durallon and environmental conditions of storage area: 
o) particle size distribution and quantity of aerosols and contaminants under normal and accident condilions (II known); · 
p) safety classification (ESF or non-ESF); 
q) number of adsorber test canls1ers pe.r adsorber bank: 
rl heater csoacitv. wans voflane JemneraJura differential If annlicable. 
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Requirement Text 

Size (Installed papacity) of A/r,C/eaning Unit: 
The lnSlalled. capacity elm (m•3/hr) of the air cleaning unit shall be no greater than lhe llmltlng Installed capacity of any bank of components 

contained I~ the air cleaniaig-unil through which the aiiflow must pass. The lnstall.ed capacity of any bank or stage of components shall not exceed 
the number of components In the ba_nk limes the raled capacity or the Individual components, Test canisters shall not be Included In determining 
the Installed canacitv of anv bank or slaoe of adsorbers. 
Envvonment~I Dealgn Conditions: 

All parts and ·componenls ·01 the air-cleaning unit shall be selected or designed lo operate under the environmental i;ondltlons (temperature, 
relative humidity, pressure, rijdlatlon, etc.) specified In paragraph 4,2, Materials of constnictlon al)d components Shall be selected or treated to 
limit generation of combustibles and contaminants and to resist corrosion and degradation that would result In loss of function when expoi;ed to the 
specified environmental condllldns f0t the design Ille of the component. 
·environmental qualiflcalion.r:equiremenls are contalned In 10 CFR 50.49 and IEEE 323 and ASME AG1, Section AA and var1ous specific ASMI: 

AG-1 Code·sectlons, 
Structural Load Requirements: 

Eriglneered Safety Feature (ESF) systems and all of their components shall be shown, either by testing or by a mathematical technique, to 
remain functional under the structural loading specified in ASME AG-1, Article AA-4000 and various speciftc ASME AG-I Code sections, . . . . . . 

970 4.6 · The maximum design pressure shall be documented by calculation, including the basis for the condition, and included In procurement specifications 
ior manulaclurei's desi11n. · 

971 4.6(a) 

972 4,6 (b) 

Positive P(!!ssure: Air-cleaning units and components including duels located on the discharge side of fan(s) which can be Isolated by closure of a 
downstream damper, or potehtially plugged components, shall be designed lo wllhstarid a poslUve Internal pressure equal to or greater than the 
peak pressure of the fan(s), If provision Is made 10 deenergize fans on high differential pressure or low flow, the components shall be designed lo 

. withstand the trtp point .design pressure plus a margin to include the rate of pressure rise between reaching the pressure setpoilJI and the lime for 
lhe instrumentation resoonse, or 10% whichever Is areater. 
Negative Pressure. Air-cleaning units and components· localed on the inlet side of lan(s) which can be Isolated by closure or an upstream damper, 
or potentially plugged comporients shall be designed lo wlthsland a negative Internal pressure equal to or more negative than the peak pressure of 
)he fan(s), II provision Is made to deenerglze fan(s) on high differential pressure or low fiow, the components shall be designed lo withstand the trip 
point design pressure rlus a margin to Include the rate of pressure rise between reaching the pressure setpolnt and the time lorthe Instrumentation 
resnonse or 10% whlehever Is areater. · 

Verlttc.auonNailaa 
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973. 4. 7 Physical location and arrangement of the components of a nuclear air-treatment system influence the requirements for leak lightness for lhe various 

parts of the pressure boundary. Air flow should ·be from potenilally less contaminated areas lo potentially more· contaminated areas, Whenever 
possible, routing of contamlpated alr .. through clean spaces or inlerspaces should be avoided. If this can not be done. the general guidance In this 
Section should be followed. Figures 8•1410•1 ,B-1410•2, and 8-1410-3 of ASME AG-1, Section SA schemaUcally depict examples of possible 
combinallons and· location of fan and air-cleaning unit to minimize Impact of system contaminated oulleakage on sumiundlng clean spaces and 
lnlerscaces as well as conlamihaled inleakaoe Into a cleaner svstem comoonant. 

11:1'?..:'!,,)f!,ci'.t'f(f' ~W-\:'4-.'VJ.'f.~'it<~ ~~l;Ul:fEN:tllNlileUB'A~{Alli~-Rl'!A:TiMEftt-$:'l-St<EM1lt)f-0:.1£i:IRGU~A1t~li-':r.i'PJ.l!f:%'f?~i@:¥f.,1f/11!r,;'~1i!t-.W.f.~i,>(~!;,'l;'Zm~@Wff,m1,w.<r~~ifl,\'.il'!lt\~-t tf%;.f;t:;l;f~~l\Ki~-l½~t~®l.0$. 
974 <1,7, 1.a Maintain duels conveying contaminated air Jhrough cleanspaces or clean interspaces al a negative pressure wilh respect to the surrounding 

975 4.7.1.b 

976 4.7.1.c 

977 4,7.1.d 

areas. 
With air-cleaning unit located In a clean lnterspace, exhaust fan shall be located downstream of air-cleaning unit In order lo keep air-cleaning unit 

under naoalive nressure. Anv leakaoe throuoh Ian shaft wlll be from clean lnterscace. 
With air-cleaning units localed in conlamtnated·spaces or ir.lerspacas, the Ian shall be located upstream of the alr,cleanlng unit to prevent 

infiltrallon of contaminated air throuah fan shaft or into the filter houslno downstream of filters lherebv bvoasslna filters. 
The length of positive pre55ure discharge ducts from the air-cleaning unit routed through clean spaces or inlel'$paces should be kepi as short as 

loraclical lo minimize oulleakeoe from ductwork from lmoactlna lnalanl oersonnelexoosure, 
. ~-~i.~·::~t:%~:~·;·{·>~·.~fif.~ ~/~~!f~r~~~:~~, H~~Bl1'~B·1art1?1~~$YSliE:rv1S:iY.,f~.l't.-I~':f~~~,~~l,{f,:~?~~~'.s;!.~~~w·!:?7:~~-f:ht~:~~~J:;,?!~~t;;*'·/~~~m~17~i;~~;i~1%~#f.~}t~~-~3/t.i:~i~W~~~~~~;~~%J;W.ff~i.Wff.'i:~.-:-.~;~Jl :~1t3r.:.~;~g,r:,;~~~<~ fJt mi;:~?.'-f.·~~f~~~~ff.'~~~~?,;~~N:1f.~1 

S78 <1.7.2.a . Outside air ducts routed through clean spaces or inlerspaces that may convey radioactive air lollowlng a release shall be under a negative 
oressure relallve lo ine soacas. 

979 4.7.2.b 
980 4.7.2.c 

981 4.7.2.d 

Dale Printed: 21-0ec-Q4 

Neoative ·cressure reclrculatlno air duels lhal aass outside the habitable soace should be ·avoided or addillonal fillratlon orovlded, 
The makeup air fans shall be located: 

. (1) upstream of air-cleaning unit if alr-cJeanlng.unlt Is in a contaminated space, 
121 downstream of air-cleanlna unit If alr-cleanina unll Is in a clean snace. 

The length or posltlve pressure ducts outside of the habitable boundary should be kepi as short as practical to redlll:e effect of duct leakage on 
ablljty to press_urlie · · 
habttable bouridarv. 
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986 

987 

968 

989 

990 

991 
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993 
994 

Source Requirement Text 

4,7,2.e Recirculating system housings should be kept at a positive pressure If located outside habitable boundary in a conta.minated space or interspace. 

4,8,1.a 

4.8, 1.b 

4,8,1.c 

4,8,1,d 

4.8.1.e 
4,8.1.f 

··4.8,1, 
4.8,2 

e;r,w:/1:.1:,) 111r-rn4~1ot4:iW 'A"dsor0ent:coo11rc 
996 · · Where heat. of radioactive decay or heat of oxidation or both may be significant, means shall be provlde.d to remove this heat from the adsorbent 

beds lo limit 
temp.eratures to values below 300'F (149'.C) to prevent significant Iodine desorplion. 

For this purpose, a minim.um clrculatoiy air flow shall be available for all operational modes of the air-cleaning unit and shall be based on the 
maximum possible radioactivity · 

"""=="""""-'""""'"""""'""'="lo,;iad5'1':in:.:o:;;n;,,l;;,;h::,e nt beds. W se. 
!,r~UY.i~?a~~1~5J~ ~:~;· ·: . r. it""' ~Ui~R · 

997 General: 
Nuclear air treatment systems shall 9e designed, fabricate<!, and Installed so as to minimize the use of combustibles, Filler mec;tla, sealants, 
askets and tnsuta Ion shall meet her uirements cf ASME-AG-1, 

998 4. 11 .2 Fite Dete~tion: 
Whe~ air-cleaning units are provided with adsorbers, a fire detection system shall be lnslalled downstream of each carb.on adsorber bank to 

deiect either abnormally elevated temperature _or products of combustion. The fire detection sys1em shall be designed to be responsive to the 
unique. features of.the install:alio_n and aPAlication (e.g .. low air velocity, stratification). A ·two-stage alarm shall be pro)llded. The fire detection 
system· shall operate an alarm (first stage) upon detecUon of temperature above a prearranged set-point and auiomalically trtp fan(s) and isolilte 
the.aJr-cleaning unit, The se~ond stage shalroperate an alarm when a flre Is detected, Documentation shall be provided to the owner which shows 
that the flre detection system is d.eslg_ned lo be responsive to a Ore within the carbon adsorber bed, 

999 4.11.3, · flr11 Hazard Procedures. Plant ftre protection procedures should include requirements that upon firststage, high-temperature alarm. the plant fire 
bri ade Is dis atched to the area to take a ro riate action. · 
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1000 4.11.4 Fire Ha-zard Analysis: 
A fire h~ard analysis shall be performed ror all air-cleaning units and components in accordance with 10 Code or Federal Regulations (CFR) 50, 

Appen_dlx R and National Fire Protection Agency (NFPA) 803, except lhal ror adsorbers consideration shall be given to the type of c:arbon (or other 
medla\·ulilized In adsorbers and the ootential for fire. · · 

1001 4,11.5 Fire. Protec/km Sys/ams. Fire protection systems, when provided, may use waler deluge, ln!Jrt gases (e.g., halon. CO2) or other extinguishing 
agents as app"ropriate 
ror Iha hazard and deslaned In accordance-wilh all.aoolicable NFPA standards. 

1002 4.11,6" Water Oetuge Systems: 
Deluge nozzles should be permanently mounte·d within tt,e housing and localed to ensure that bolh deep-seated or surface fires can be 

extinguished. Nozzles shall be piped to an acc~sslble to_atlon outside lhe housing and provided wilh redundant leak-tight Isolation valves and a 
connectloa sullabl_a lor manual attachent to lhe plant's fire prolectlon syslem. Permanently connected fire protection systems are not 
recommended· but mav be used In lieu or manual hose connections, 

1003 4,11.7 Acluallon of Fife•Pictectlon Systems. lllhe result of the fire hazard analysis requires that a fire protecllon system be provided for an air-cleaning 
uni~ the fire prolectlon system should be manually aclualed. Automalic actualing water deluge systems are not recom,r,ended because spurious 
actuation of deteclion/automatic protection systems will significantly degrade adsorber capability and damage the adsorber, 

1004 4,11,8 Permanently Connected Fire Protection System, When air-cleaning unils are provided.with permanently connected fire proteclion syslems, 
provislo.ns shall be made to activate an alarm upon lnltiallon of flow of extinguishing agent (e.g., water, halon, CO2). 

1005 4.11",9 Returning Air-Cleaning l.lntt-/9 Service: . . 
· If carbon does become wet, 1h11 wei i;arbon shall be removed from the adsorber lo prevent structural damage lo Iha adsorber due to chemical 

Interaction. Before placing the air-cleaning unit back In service, the adsorber she/Iba rhorolighly dried and visually Inspected for ccnoslon damage. 
Orled carbon shall be laboratory teslecl per ASME AG-1, Section FF and adsorber leek testing shall be performed per ASME AG-1, Section rA. 

1006 4.12 Insulation: 
Acouslic linings, thermal (nsulalion, and similar materials shall not be applied to the Inside or air lreatment system ducts and housings. Materials 

applied to the o.ulSide or ducts and housings shall nol prevent access lo.any bolted.conslruclion joint, door, access halch, or lnslrument In the 
housing or duels or result In pene1ratlons through the pressure boundary which would result in exceeding allowable leakage rales In accordance 
wllh oaraaraoh 4.14. or ASME N509. · 

1007 4.13.a · Testebflity.: 
To ensure lhat the lasting requiremenlS of lhis Standard can be met, sufficlen1 permanently installed halide <1nd DOP Injection and sampling ports 

shall·be provided to permit accurate testing in accordance wilh ASME AG-1, Section TA. here required for proper challenge agent mixing andtor 
sa·mp11n9, multiple inlet.or outlet distribution man1roIds shall be provided lo allow ln)ectlon and sampling per ASME AG•1, Section TA. 

1008 4.13.b · rest11blllty: 
Sufficient l&sl cannisters or-other means of obtaining samples (see Mandatory Appe_ndix I) of used adsorbenl shall be lnslalled In the adsorber 

system to provide a represenlaUve delerml"<1Uon or 1he response of the adsorbenl lo the service envlronmenl over lhe predJcled life or the 
adsorbent Test cannisters shall be installed in a localion Where they will be exposed to the ~ame alrtlow conditions as lhe adsorbent in the system, 
shall have the same adsorbent.bed-<lepth as the adsorbenl in lhe system, and shall be filled with representative adsorbenl from the same batch of 
adsorbent as that or Iha system. 

The quantify of test cannlsteis lo be provided· shall be based on lhe expected frequency of operation, For continuously operating systems, where 
labQralory leilllng of carbon Is required every 720 hr of operalion, a minimum or 18 test cannlslers Is recommended. For those systems where 
laboratorv carbon testina Is reaulred once evenr 18 months a minimum of 6 lest camlsters Is recommended. lfthe adsorber ooerallon mav varu 

1009 4.13.b The type or tesl cannisler design (Including connection to aasorber bank) shall be qualified by lhe manufacturer. Any change In the cannister .. 
deslgf! or mounting lo bank shall req_uire a retest. The quallflcatlon lesl shall measure air velocily at the test cannister. Measured. velocity shall be 
+/-10% of adsorber bank desian velocltv. Tests on each oroducVon alr-cleanlna unit are not reaulred. 

1010 4.13.c TestabUity: 
Access shall be provided between banks of componenls in Iha air-cleaning unit housing to permit physical inspection of both sides of each bank. 

Componenls shall not be Installed back•to,back on the same or opposlte sides of the same mounting frame, or on adjacent mounting frame, or on 
ailiacent mountlna frames which are so close as nol to oermlt ade~uate access soace between banks. 
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4.14.1 Maximum Allowable Leakage: 
Maximum allowable leakage across the pressure boundary or any portion or a nuclear air-treatment system shall be based on health physics 

requirements. Leakage into or out or 
nuclear air treatment systems may affect: (a) control room habitability: 
(b) plant personnel exposure during normal plant operation due to contaminated oulleakage Jn clean spaces or clean lnterspaces: 
(c) plant persoMal exposure due to excessive system lnleakage which prevents the nu.clear air-treatment system rrom performing Its design 
function in·contaminated spaces or contaminated lnlerspaces during plant normal, ups.et, or accident conditions; (d) offsite exposure 
durin Jani no al u set or accl ent condi1ions. 

4.14.2 Calculallon of Allowable Leakage: 

4,14.3 

The system designer (Engineer) shall determine leakage criteria and allowable leakage lo meet governing Codes, Standards, regulations, and 
plant-specific rilqulrements for required 
portions or the nuclear alr-lrealmenl sysiem pressure boundary (ducts, housing, dampers, fans, ate.), The basis ror determining the .leak rate, and 
coincident operating (st~tlc) pressure shau be documented and provided to the owner, 
Additional leakage criteria may be applied lo the pressure bOundary as determined by the owner to meet plant-specific ALARA programs and/or 
regulatory requirements. . 
Additional leakage criteria can be round in nonmandatory Appendix SA·B of ASME AG•1, including examples of detenmjnlng allowable leakage for 

t ical installallons. • · 
,aak- Tasr Parameters: 

Components shall be designed, fabricated, and Installed lo not exceed allowable leakage at specified operating pressule. See norvnandatory 
A endix CA• 0 1. ==..,.,,,i;, :ce,i,!;:,·11a, l~i.',i:it~""';r:),,:;;. l'Ja:iie 

5.1 

5.2 

5.3 

5.4 

s.s 
5,5,1 

5.5.2 

5.5.3 

5.5.4 

5.6.1 

5.7.1 

HEPA Pillers: 
. HEPA fil ·ers shall meet the re ulrements of ASME AG-1 Secllon FC. 
Tray-Type Sad and Deep E!ed Adsorber Cells: . Tray-type and deep bed adsorber cells shall meet the 
requirements ror Type II or Type Ill cells, respectively, or ASME AG-1, Sections FD, Type II Adsorbers, and FE, Type Ill AdS<lrbers: and shall be 
filled with an adsorbent which meets the re uiremenls of ASME AG-1 Se lion FE. 
Prefi//ers and Post FR/er$; 

edium efficlenc refilters and oslfillers shall meet the re uiremenl of ACME AG-1 Section FB. 
Moisture Separarors: 

Moisture se arators shall meet the re uirements of ACME AG-1 Sec ion FA. 
AitHeafers: 

Heaters shall meet the re ulrements of ACME AG-1 Section CA 
Hearer Stage: 
. The.heater stage shall be sized on the basis or heat transfer calculations showing a capability of reducing the maximum. expected relative humidity 
of the entering airstream mixture lo pproximately 70% in the housing space between the moisture separator or housing inlet (whichever is 
applicable) and the refilter stage, at the system design flow rate. The sensible heat produced by·the heater stage shall not result In !!)Creasing air 
temperatures to n:iore than 22~'F, An overtemperature cutoff switch set at this value shall be provided. Manually reset overtemperature cutoff 
switches are not recommended for ESF air-cleaning units localed in areas not accessible following a OBA. 

Drawings: 
Drawings showing the details of construction, dimensions, dimensional tolerances, size and location of services (I.e .. electrical connections) and 

method of lnstallalion of the eir-cleanin unit heaters shall be furnished to the owner. 
Heaters for ESF Syslems: Heaters In ESF alrcleaning units shall be qualified lo meal the. 
re ulrements of IEEE 323. IEEE 344, and ACME AG-1 Section CA. 
Dowmenlal/on: 

A report containing description and results of qualifications testing and the resistance, certification and serial number (s) of the air-cleaning unit 
heaters purchased shall be rumished to the owner. 1r small scale model tests are the bases of design, scaled-up calculations must be provided. 
Heat transfer · ed to the o ted. 
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1025 5,7.1 Fans shall be selecled on the basis of detailed system pressure loss calculallons, and shall be capable of producing the specified design now 
rates. The sys/em designer shall, In accordance with AMCA 201, prepare a system charactensllc curve for design and limiting conditions under 
which the fans will be renuired to ooeraie. - · 

1026 5.7.1 All resistances In the system, Including clean and dirty component pre~sure drops (as well as test pressure dlfferenUal), full-open and lntennediate 
control damper positions; duel inlet losses, an~ losses in ducts, housing inlels and cutlets, and fan Inlets and outlets shall be considered in the 
estimate of the system characteristics, A set o( constant speed fan performance curves, showing the static or total pressure, corresponding·• 
efficiency, capacity, and brake horsepow~r shall be obtained from the fan manufacturer roreach fan configuratlcri. Fan Inlet and discharge 
conflgurallons, or·olher system characteristics, that would adversely alter the published fan perfonnance shall be av.aided. Fan size shall be chosen 
alter perftlrmlng an analysis of the sys1eni characteristic and Ian performance. curves, considering all system factors lnclUding tempera1ure, 
pressure, required airflow and, particularly for fans operating In post•accioent pri,naiy containment atmospheres, dens.lly and viscosity of the air or 
air-steam-entrained water mixiure. · 

1027 5,7.1 · Fan selection shall also allow for test'condllions in accordance with ASME AG-1, Section TA. The sy5tem designer sliall Identify the maximum 
allowable differential 
pressure for each filter. bank plus a margin to accommodate filter load Ing which may occur prior to the next surveillance (typically 25% of the 
C!)incident dirty filter ililferentlal pressure). The fan and system characteristic curves shall be included In tt,e system documentation, The Ian shall 
be selected I.a ope(ate on the stable portion of Its pressure curve under all operating conditions, Provision shall be made In the des.lgn to maintain 
stable operation under the design nows and varying pressure range. Inlet vanes, inlet/outlet damper modulatlon, variable speed fan control are 
accectable alternatives . 

~~i.;7;'1::~t,::t:r:::~, . ~Jf,!!;%'i!Silt)%\i~ ~Ni-
1028 Fan drives shall meet the reauireinenls of ACME AG-1, Section BA. 
1029 5.8.1 Integral Horsepower Motors - General: 

Mo 1011, shall comply wijh and be tested and rated In accordance with appllcabl.e requirements of NEMA MG 1, and· 1eee 112A. Performance shall 
be verified by either lei;\ or certlflcallon as specified for each requirement. Rated service /actor shall be a minimum of 1,0 unless specified 
otherwise. 

1030 5.8.1 Motors ·shall be sized to supply maximum mechanical load demand without exceeding the rated horsepower under au Identified ope~ting 
conditions and to produce the required torque and acceleration as required by the driven equipment under the most ·adverse voltage, frequency and 
conditions saecified and shall be deslcned for the startlnc secuence saeclfied bv the encineer. · 

1031 5.8.2 Drives for E:SF Systems: 
Drives In Engineered .safety Feature (ESF) systems shall comply with lnstitUle of E:lectrical and Electronic Engineers (iE:E:E) 323, In addition, 

drives of ESF systems located Inside containment shall be qualified in accoraance with IEEE 334. 
ESF fan drives shall be qualified In accoraance with 1eee 344, Moto'r supports and hangers shall be designed to withstand all seismic and 

oceratlna loads with the motor in its nonnal ooeratinc orientation without lmaainnenl of ooeratinc characteristics. · 
>ffl'.£?~~~1·:;.s:1$~;'.~t:! :}'~(~ll¥,!5'{9'~~ S'-'M~i:R.S"t-r~'#.I1~2fM!'l#i!t~J.~1iWli'r~~~J~!f*J®\m1eM&!tt~~'li~~,,{~~~Jt1'-W.M · s P,.~~~~JJ3~ ~.•/$,., ~~~ ~.r->C'.1,· .. 

1032 5.9 girJ;-:~:r .. ~ ::·-: .. = •• :: . .-~~:i· H'>~ ,e;;,:.fc:S;:tO'!?II :~JfJl'lr!l~~rtF:~~~;;..: }!!)t),1~t~ .. t{ff1'~{1fijW.f~~~ 
1033 5.10 · Ducts shall meet the reaulrement of ACME AG-1, Secclloil SA 

,li•'::•:·t{"'.•.r./:·:·.:~1:·; ··)t:~:;t~:6 '.~:{~;'•::1: PACKA'GING•t$AIP.RIN'GWREC~MNG'•1ST.ORAGE\;\:iN11.:f.l~NDL1NG'.0!iJCOMF!:0.NENT$?s½-&tl;Wti\'~!f~f,~~~~\1),)~~f,%%i:I1.f..Jl ~ittns~iiti1~i~t k'9ti~!W/11i!.1ll.1~~ll1\~~,f:°A\\i:i:.\fI~ 
1034 6 Packaging, shipping, receiving, storage, and handling ~hall meet the requirements of ASMI: NQA-1; ASMI: AG·1, /.lrticle AA-7000, end various 

soecific.ASMI: AG-1 Code section. 
!f;~u:•;J~r:-1'1~~~:-197 ?,;,t,'!i}ltW1!;1'm INSTA:!Z~Atll1l~tA'i-lD.~SRE:~RilNt~3.~t(~l$.,~1~~~<i%M~,i'Jf~~ifti'.n•~Kl'i:~.i.'~},~~&'i!i:..;;,,,,:,,,,:1JP . - ' , 1 .• ;.,.~~f~ t~l~"1.';,,,~ ' • fd.-. .,, ;;;,. . 

1035 7.1 Drawings: 
Complete air-cleaning.system iayout drawings showing the location of housing, duels, Ian dampers;and the other external components In each of 

three mutually perpendicular planes shall·be prepared prior to the start of erection. Drawings shall show all connections, hangers, and anchors, the 
location and joint details for all welds, and the procedure specification for each weld, The layout drawings shall reference dimension and shop 
drawings of components, as applicable. Layout shall be checked ror interferences with other items to be Installed In the area, an<fconflicts shall be 
resolved before installation. 

1036 7.2 Erection: 
All ducts, housings, fans, dampers, hangers, anchors, and services (electrical, steam, drains, etc.) shall be Installed In strtct conformance with the 

layout drawings; deviations of more than the design tolerance tram the location In any plane from the position shown In the drawings shall be 
approved by the system designer or other responsible Engineer, and shall be documented by •as-bulll drawings." Prefabricated duct 
subassemblles should be made as large as practicable to minimize field joints and field welding. Housings shall not be used to support other 
equipment of the facility for which ii was not designed; field runs of pipe, duct, or conduit or other systems of the facility shall not be permitted to 
penetrate the housing, Internal components (fillers, adsorbers, etc.) shall not be Installed until immediately before the system is presented for 
testing, and shall not be removed from their cartons or crates unlll they are ready to be Installed. The recommendations for handling and installation 
of HEPA filters elven in ASME AG•I Section FC shall be comalied.with. 
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